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Differences among Products

Differences in Functions

86CH49 86CM49 86PM49 86CS49 86FS49 86FS49A 86FS49B
ROM 16 Kbytes | 32 Kbytes 32 Kbytes 60 Kbytes 60 Kbytes
(Mask) (Mask) (OTP) (Mask) (Flash)
RAM 512 bytes 1 Kbyte 1 Kbyte 2 Kbytes 2 Kbytes
128 bytes 128 bytes
DBR(note1) (Flash control register not contained) (Flash control register contained)

110 56 pins

High-current port 13 pins (sink open drain)

Interrupt External: 5 interrupts, Internal: 19 interrupts
Timer/counter 16-bit: 2 channels
8-bit: 4 channels
UART 2 channels
SIO 2 channels
12c 1 channel
Key-on wake-up 4.channels
10-bit AD rt
! converter 16 channels
(note2)
Read/Write
Flash Security N.A. Read protect I
protect
VDD without protect diode VDD without-protect diode VDDi without protect diode
on the VDD side on the VDD side on the VDD side
Structurer of R R R R R
TEST pin R R
I without pull I without pull without pull without pull
down resister down resister down resister down resister
Emulation chip TMP86C949XB
QFP64- QFP64-P-1414-0.80A QFP64-P-1414-0.80A
Package P-1414- LQFP64-P-1010-0.50D LQFP64-P-1010-0.50D
0.80A SDIP64-P-750-1.78 -

Note 1: The products with Flash memory (86FS49, 86FS49A, 86F S49B) contain the Flash control register (FLSCR) at OFFFH in
the DBR area. The products-with mask ROM.or OTP and the emulation chip do not have the FLSCR register. In these

devices, therefore, a program that accesses the FLSCR register cannot function properly (executes differently as in the
case of a Flash product).

Note 2: In this data sheet,the following pin names-and register names have been changed from the data sheet of the old edition
Although'the names have been changed, their functions remain the same.
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OLD name NEW name

P60(AINOO) P60(AINO)

P61(AINO1) P61(AIN1)

P62(AINO2) P62(AIN2)

P63(AINO3) P63(AIN3)

P64(AIN04) P64(AIN4)

P65(AINO5) P65(AIN5)

P66(AINOG) P66(AING)

AD Converter P67(AINO7) P67(AIN7)
analog input pin name P70(AIN10) P70(AIN8)
P71(AIN11) P71(AIN9)

P72(AIN12) P72(AIN10)

P73(AIN13) P73(AIN11)

P74(AIN14) P74(AIN12)

P75(AIN15) P75(AIN13)

P76(AIN16) P76(AIN14)

P77(AIN17) P77(AIN15)

0000:AINOO 0000:AINO

0001:AINO1 0001:AIN1

0010:AINO2 0010:AIN2

0011:AINO3 0011:AIN3

0100:AINO4 0100:AIN4

0101:AINO5 0101:AIN5

0110:AINO6 0110:AIN6

ADCCR1 register <SAIN> 0111:AINO7 0111:AIN7
function name 1000:AIN10 1000:AIN8
1001:AIN11 1001:AIN9

1010:AIN12 1010:AIN10

1011:AIN13 1011:AIN11

1100:AIN14 1100:AIN12

1101:AIN15 1101:AIN13

1110:AIN16 1110:AIN14

1111:AIN17 1111:AIN15
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Differences in Electrical Characteristics

86CH49
86CM49 86CS49 86FS49 86FS49A 86FS49B
86PM49
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g = Operating current varies with each product. For details, refer to the datasheet (electrical characteristics).of each product.
]
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Note 1: With the 86CS49, the operating temperature (Topr).is/-20 °C to 85 °C when the supply voltage VDD is less than
2.0V

Note 2: With the 86FS49, the supply voltage VDD is specified as two separate ranges. While the MCU is operating, do not
change the supply voltage from range (a) to-range (b) or from range (b) to range (a).

Note 3: With.the 86FS49A, the operating temperature (Topr) is -20 °C to 85 °C when the supply voltage VDD is less than
3.0V.

Note 4: With the 86FS49A/B, when a program is executing in the Flash memory or when data is being read from the Flash
memory, the Flash memory operates in an intermittent manner causing peak currents in the Flash memory
momentarily, as shown in Figure.-In this case, the supply current IDD (in NORMAL1, NORMALZ2 and SLOW1
modes) is'defined as the sum of the average peak current and MCU current.

1 machine‘cycle (4/fc-or 4/fs)
o —

Programcounter(PC):X n ):( n+l X n+2 X n+3 X

-n-- <«—Momentary Flash current

Max. current\ Sum of average momentary
} -;Typ. current J Flash current and MCU current

: H . <_MCU current
Intermittent Operation of Flash Memory
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Caution in Setting the UART Noise Rejection Time

When UART is used, settings of RXDNC are limited depending on the transfer clock specified by BRG. The com-
bination "O" is available but please do not select the combination "-".

The transfer clock generated by timer/counter interrupt is calculated by the following equation :

Transfer clock [Hz] = Timer/counter source clock [Hz] + TTREG set value

RXDNC setting

11
) Transfer 01 10
BRG setting clock [Hz] 00 . ) (Reject pulses shorter
. N (Reject pulses shorter. | (Reject pulses shorter
(No noise rejection) . ) than 127/fc[s] as
than 31/fc[s] as noise)-| than 63/fc[s] as noise) .
noise)

000 fc/13 0] o o -

110 fc/8 O £ - -

(When the Fransfer clockl gen- fc/16 o o _ _
erated by timer/counter inter-

rupt is the same as the right fc/32 o o o) _

side column)

The setting except the above (0] (€] (©) (0]
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CMOS 8-Bit Microcontroller

TMP86CS49FG

ROM
Product No. (MaskROM) RAM Package FLASH MCU Emulation Chip
TMP86CS49FG 61)1)1‘::: 53:; i QFP64-P-1414-0.80A TMP86FS49AFG TMP86C949XB

1.1 Features

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

- Instruction execution time :
0.25 ps (at 16 MHz)

122 pus (at 32.768 kHz)
- 132 types & 731 basic instructions
2. 24interrupt sources (External : 5 Internal : 19)
Input / Output ports (56 pins)
Large current output: 13pins (Typ. 20mA), LED direct drive

4. Watchdog Timer
5. Prescaler
- Time base timer
- Divider output function
6. 16-bit timer counter: 1 ch
- Timer, External trigger, Window, Pulse width measurement,
Event counter; Programmable pulse generate (PPG) modes
7. 16-bit timer counter: 1 ch
- Timer, Event counter, Window modes
8. 8-bit timer counter : 4 ch

- Timer, Event counter, Programmable divider output (PDO),

Pulse width modulation (PWM) output,

060116EBP

» The’/information-contained herein is 'subject.to.change without notice. 021023_D

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

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

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

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

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

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

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

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

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

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

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

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

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

own risk. 021023_B

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

» The information contained herein is presented only as a guide for the applications of our products. No responsibility is assumed by
TOSHIBA for any infringements of patents or other rights of the third parties which may result from its use. No license is granted by impli-
cation or otherwise under any patent or patent rights of TOSHIBA or others. 021023_C

* The products described in this document are subject to the foreign exchange and foreign trade laws. 021023_E

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

TMP86CS49FG

Programmable pulse generation (PPG) modes
9. 8-bit UART : 2 ch
10. High-Speed SIO: 2ch

11. Serial Bus Interface(IZC Bus): 1ch

12. 10-bit successive approximation type AD converter
- Analog input: 16 ch

13. Key-on wakeup : 4 ch

14. Clock operation

Single clock mode

Dual clock mode

15. Low power consumption operation

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

SLOWI1 mode: Low power consumption operation using low-frequency clock.(High-frequency clock
stop.)

SLOW2 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 fre-
quency clock. Release by falling edge of the source clock which is set by TBTCR<TBTCK>.

IDLE1 mode: CPU stops and peripherals operate using high frequency clock. Release by interru-
puts(CPU restarts).

IDLE2 mode: CPU stops and peripherals-operate using high-and low frequency clock. Release by inter-
ruputs. (CPU restarts).

SLEEPO mode: CPU stops, and only the Time-Based-Timer(TBT) on peripherals operate using low fre-
quency clock.Release by falling-edge of the source clock which-is set by TBRTCR<TBTCK>.

SLEEP1 mode: CPU stops, and peripherals operate using low frequency clock. Release by interru-
put.(CPU restarts).

SLEEP2 mode: CPU stops and peripherals operate using high and low frequency clock. Release by
interruput,

16. Wide operation voltage:

4.5V to 5.5 Vat 16MHz /32.768 kHz
2.7 Vto5.5Vat 8 MHz /32.768 kHz
18V to5.5Vat 4.2MHz /32.768 kHz
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1.2 Pin Assignment

(INT3/TC2) P15 —{
(PDO5/PWM5/TC5) P16 —T
(PDO6/PWM6/PPG6/TC6) P17 T
(SCL) P50 1

(SDA) P51 1T

P52 1

P53 11

P54 1T

P30 11

P31

P32 1T

P33 11

P34 11

P35 1T

P36 117

P37 1

0
O]
Q.
[
= |
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2R P
gle - g5 §§ e3¢
NQoos KNG X ZzzzZ
SPERBE 338 #& 222
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L e - - - D S
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e aR
49@??? gvvvmmmmm (V)32 P74(A|N12)
50 31 [T P73(AIN11)
51 30[TTIP72(AIN10)
52 29[TT1P71(AIN9)
53 28 TT1P70(AIN8)
54 27 [T P67(AIN7/STOP3)
55 26 TT1P66(AIN6/STOP2)
56 25[TT_1P65(AIN5/STOP1)
57 24 TT1P64(AIN4/STOPO)
58 23 TT—1 P63(AIN3)
59 22[TT1 P62(AIN2)
60 21 [TTIP61(AINT)
61 20[[TT1 P60(AINO)
62 19T AVDD
63 Q 18[TT1VAREF
MHvamohmmaﬁﬁQEQSU :IP07(INT2)
NZEFEFAQATNIFOO - N® $'0©
2R3V aapacEEEEE S
A gekpEsarser
= Z|z z2 ‘O
59 E"éé: Lla
% ]9
L

Figure 1-1 Pin Assignment
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1.3 Block Diagram

TMP86CS49FG

1.3 Block Diagram

High—frequency clock
oscillator

Low—frequency clock
oscillator

Timing Generator

Standby Controller

Interrupt Controller

CPU (TLCS-8704C)

ITlo|o|s
- |m |

g T2 ZREE

10-bit AD
Converter(16ch)

HS10(2ch)

SBI(1ch)

Key On Wakeup

Time Base Timer

16Bit Timer,
Counter{TE1}

16Bit Timer/
Gounter[TG2)

RAM(2048Byies)

Bbit Timer, Colnter{d4ah)

MaskROME1440Bytes)

UART(2ch)

P1

Watch Dog Timer

P2

P3

P4

P35

P&

PT

Figure 1-2 Block Diagram
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1.4 Pin Names and Functions

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

Pin Name Pin Number Input/Output Functions

P07 17 10 | PORTO7

INT2 | External interrupt 2 input

P06 16 10 | PORT06

SCK1 10 | Serial clock input/output 1

P05 15 10 | PORTO05

SO1 O | Serial data output 1

P04 14 10 | PORT04

S | | Serial data input1

P03 13 10 | /PORTO3

INT1 | External interrupt 1 input

P02 12 10| PORT02

TXD1 O | UART data output 1

PO1 1" 10 {"PORTO1

RXD1 | UART data input1

P00 10 10 | PORT00

INTO | | ExternalinterruptQ input

P17 10 [ PORT17

TC6 51 | | TC6.input

PDO6/PWM6/PPG6 O | PDO6/PWM6/PPG6 output

P16 10% [ PORT16

TC5 50 | [ TC5 input

PDO5/PWM5 O |- PDO5/PWMS5 output

P15 10..| PORT15

TC2 49 | | TC2input

INT3 | External interrupt 3 input

P14 10 | PORT14

TC4 48 I | TC4 input

PDO4/PWM4/PPG4 O | PDO4/PWM4/PPG4 output

P13 10 | PORT13

TC3 47 I | TC3input

PDO3/PWM3 O | PDO3/PWM3 output

P12 46 10 | PORT12

PPG O | PPG output

P11 45 10 | PORT11

Dvo O | Divider Output

P10 a 10 | PORT10

TC1 I | TC1input

P22 o PORT22

XTOUT 7 o Resonator connecting pins(32.768kHz) for inputting external
clock

P21 0 PORT21

XTIN 6 | Resonator connecting pins(32.768kHz) for inputting external
clock

P20 10 | PORT20

INT5 9 | | External interrupt 5 input

STOP | | STOP mode release signal input
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1.4 Pin Names and Functions

TMP86CS49FG

Table 1-1  Pin Names and Functions(2/3)
Pin Name Pin Number Input/Output Functions
P37 64 10 | PORT37
P36 63 10 | PORT36
P35 62 10 | PORT35
P34 61 10 | PORT34
P33 60 10 | PORT33
P32 59 10 | PORT32
P31 58 10 | PORT31
P30 57 10 | PORT30
P47 43 10 | PORT47
P46 42 10 | PORT46
SCK2 10 | Serial clock input/output 2
P45 1 10 |- PORT45
S02 O_| Serial data output 2
P44 0 10 | PORT44
SI2 I | Serial data input2
P43 39 10 | PORT43
P42 38 10 | PORT42
TXD2 O | UART data output 2
P41 37 10 | PORT41
RXD2 1/|. UART data input 2
P40 36 10 [ PORT40
P54 56 10-{ "PORT54
P53 55 10 | PORT53
P52 54 10 | PORT52
P51 53 10 | PORT51
SDA 10 | 12C bus data
P50 52 10 | PORT50
SCL 10 | 12C bus clock
P67 10 | PORT67
AIN7 27 I | Analog Input7
STOP3 | | STOP3 input
P66 10 | PORT66
AING 26 I | Analog Input6
STOP2 | | STOP2 input
P65 10 | PORT65
AIN5 25 | | Analog Input5
STOP1 | | STOP1 input
P64 10 | PORT64
AIN4 24 I | Analog Input4
STOPO | | STOPO input
P63 23 10 | PORT63
AIN3 I | Analog Input3
P62 29 10 | PORT62
AIN2 I | Analog Input2
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Table 1-1  Pin Names and Functions(3/3)

Pin Name Pin Number Input/Output Functions
P61 21 10 | PORT61
AIN1 I | Analog Input1
P60 20 10 | PORT60
AINO I | Analog InputO
P77 35 10 | PORT77
AIN15 | Analog Input15
P76 34 10 | PORT76
AIN14 | Analog Input14
P75 33 10 | PORT75
AIN13 I | Analoginput13
P74 39 10 | PORT74
AIN12 I | Analognput12
P73 31 10 || \PORT73
AIN11 | |Analog Input11
P72 30 10 [ PORT72
AIN10 .| Analog Input10
P71 29 10 | PORT71
AIN9 I | Analog Input9
P70 28 10 | PORT70
AIN8 | Analog Input8
XIN 2 | Resonator connecting pins for high-frequency clock
XOouT 3 O | Resonator connecting pins for high-frequency clock
RESET 8 | Reset signal
TEST 4 I |. Testpin for out-going test. Normally, be fixed to low.
VAREF 18 | | Analog Base Voltage Input Pin for A/D Conversion
AVDD 19 I | Analog Power Supply
VDD 5 I | +5V
VSS 1 I | O(GND)
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TMP86CS49FG

2. Operational Description

2.1 CPU Core Functions

The CPU core consists of a CPU, a system clock controller, and an interrupt controller.

This section provides a description of the CPU core, the program memory, the data memory, and the reset circuit.

2.1.1

Memory Address Map

The TMP86CS49FG memory is composed MaskROM, RAM, DBR(Data buffer register) and SFR(Special

function register). They are all mapped in 64-Kbyte address space. Figure 2-1 shows the TMP86CS49FG

memory address map.

0000

SFR
003F

0040,

RAM
083Fy

0F80,

DBR

OFFFy
1000,

MaskROM
FFBOy

FFBFy
FFCOy

FFDFy
FFEOy

FFFFy

2.1.2 Program Memory (MaskROM)

64 bytes

2048
bytes

128
bytes

61440
bytes

SFR: Special function register includes:
1/0 ports
Peripheral control registers
Peripheral status registers
System control registers
Program status word

RAM: Random access memory-includes:
Data memory
Stack

DBR: Data buffer register includes:
Peripheral control registers
Peripheral status registers

MaskROM:. “Program memory

Vector table for interrupts
(16 bytes)

Vector table for vector call instructions
(32 bytes)

Vector table for interrupts
(32 bytes)

Figure 2-1 Memory Address Map

The TMP86CS49FG has a 61440 bytes (Address 1000H to FFFFH) of program memory (MaskROM ).

2.1.3 Data Memory (RAM)

The TMP86CS49FG has 2048 bytes (Address 0040H to 083FH) of internal RAM. The first 192 bytes
(0040H to O0OFFH) of the internal RAM are located in the direct area; instructions with shorten operations are
available against such an area.
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2. Operational Description

2.2 System Clock Controller
TMP86CS49FG

The data memory contents become unstable when the power supply is turned on; therefore, the data memory
should be initialized by an initialization routine.

Example :Clears RAM to “00H”. (TMP86CS49FG)

LD HL, 0040H ; Start address setup
LD AH ; Initial value (O0OH) setup
LD BC, 07FFH
SRAMCLR: LD (HL), A
INC HL
DEC BC
JRS F, SRAMCLR

2.2 System Clock Controller

The system clock controller consists of a clock generator, a timing generator, and a standby controller.

Timing generator control register

Clock

;=== generator -------; ﬂOO%H

; ifc o P
High-frequency g Timing Standby controller
clock oscillator | generator [

: ooseHﬁ oongﬁ
ifs ¢ ¢ ¢ ¢ [ SYSCRL | [ syscr2 ]

System control registers

Low-frequency

clock oscillator System clocks

AT

Clock'generator control

Figure 2-2 System Colck Control

2.2.1 Clock Generator

The clock generator generates the basic clock which provides the system clocks supplied to the CPU core
and peripheral hardware. It contains two oscillation circuits: One for the high-frequency clock and one for the
low-frequency clock. Power consumption can be reduced by switching of the standby controller to low-power
operation based on the low-frequency clock.

The high-frequency (fc) clock and low-frequency (fs) clock can easily be obtained by connecting a resonator
between the XIN/XOUT.and XTIN/XTOUT pins respectively. Clock input from an external oscillator is also
possible. In this case, external clock is applied to XIN/XTIN pin with XOUT/XTOUT pin not connected.
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el High-frequency clock --==-=----=-=---- " el Low-frequency clock -=-=-=------=------ "
XIN XOUT XIN X%T XTIN XTOUT XTIN XTI%IJT
i (Open) i i (Open) i
'(a) Crystal/Ceramic (b) External oscillator ! - (¢) Crystal (d) External oscillator !
! resonator ' ' :

Figure 2-3 Examples of Resonator Connection

Note: The function to monitor the basic clock directly at external.is not provided for hardware, however, with dis-
abling all interrupts and watchdog timers, the oscillation frequency.can be adjusted by monitoring the pulse
which the fixed frequency is outputted to the port by the program.

The system to require the adjustment of the oscillation frequency should create the program for the adjust-
ment in advance.
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2. Operational Description
2.2 System Clock Controller
TMP86CS49FG

2.2.2 Timing Generator

The timing generator generates the various system clocks supplied to the CPU core and peripheral hardware
from the basic clock (fc or fs). The timing generator provides the following functions.

Generation of main system clock

Generation of divider output (DVO) pulses

Generation of source clocks for time base timer
Generation of source clocks for watchdog timer
Generation of internal source clocks for timer/counters

AN e

Generation of warm-up clocks for releasing STOP mode

2.2.2.1 Configuration of timing generator

The timing generator consists of a 2-stage prescaler; a 21-stage divider, a main'system clock generator,
and machine cycle counters.

An input clock to the 7th stage of the divider depends on the operating mode; SYSCR2<SYSCK> and
TBTCR<DV7CK>, that is shown in Figure 2-4. As reset and STOP mode started/canceled, the prescaler
and the divider are cleared to “0”.

q Main system clock generator fcorfs /g Machine cycle counters
SYSCK
DV7CK
Divider
High-frequency 1]2 fer4 »1]2(3 8| 9 |10[11[12|13|14]|15)|16|17|18|19(20(21
clock fc
\ 4
Low-frequency S | Multiplexer
clock fs —> BO
> B1
A0 YO >
» a1 viP>» | Warm-up
controller
>
>
..—>
> Watchdog
> timer
YV Vv YVVVYVY YVYVYVYY V¥ vV

Timer counter, Serial interface, Time-base-timer, divider output, etc. (Peripheral functions)

Figure 2-4 Configuration of Timing Generator
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Timing Generator Control Register

TBTCR 7 6 5 4 3 2 1 0
(0036H) | (DVOEN)l (DVOCK) | DV7CK | (TBTEN)l (TBTCK) (Initial value: 0000 0000)

Selection of input to the 7th stage 0: fc/28 [Hz]

DV7CK
of the divider 1:fs

R/W

Note 1: In single clock mode, do not set DV7CK to “1”.

Note 2: Do not set “1” on DV7CK while the low-frequency clock is not operated stably.

Note 3: fc: High-frequency clock [Hz], fs: Low-frequency clock [Hz], *: Don’t care

Note 4: In SLOW1/2 and SLEEP1/2 modes, the DV7CK setting is ineffective, and fs is input to the 7th stage of the divider.

Note 5: When STOP mode is entered from NORMAL1/2 mode, the DV7CK setting is.ineffective during the warm-up period after
release of STOP mode, and the 6th stage of the divider is input to the 7th stage-during this period-

2.2.2.2 Machine cycle

Instruction execution and peripheral hardware-operation are synchronized with the'main system clock.

The minimum instruction execution unit is-called an “machine cycle”. There are a total of 10 different
types of instructions for the TLCS-870/C Series: Ranging from 1-cycle instructions which require one
machine cycle for execution to 10-cycle instructions which require 10 machine cycles for execution. A
machine cycle consists of 4 states (SO to/S3), and each state consists of one main system clock.

1/fc or 1/fs [s]

>

Main system clock —l | | | | | | | | | | | | | | |_

State so | s1 s2 | s3 so | st [ s2 | sz |

i¢—— Machine cycle ——————»

Figure 2-5 Machine Cycle

2.2.3 Operation Mode Control Circuit

The operation-mode control circuit starts and stops the oscillation circuits for the high-frequency and low-
frequency clocks, and switches the main system clock. There are three operating modes: Single clock mode,
dual clock mode and STOP meode. These modes are controlled by the system control registers (SYSCR1 and
SYSCR2). Figure 2-6 shows the operating mode transition diagram.

2.2.3.1_ Single-clock mode
Only the oscillation circuit for the high-frequency clock is used, and P21 (XTIN) and P22 (XTOUT)
pins are used as input/output ports. The main-system clock is obtained from the high-frequency clock. In
the single-clock mode, the machine cycle time is 4/fc [s].
(1) NORMAL1 mode

In this mode, both the CPU core and on-chip peripherals operate using the high-frequency clock.
The TMP86CS49FG is placed in this mode after reset.
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2232

(2) IDLE1 mode

In this mode, the internal oscillation circuit remains active. The CPU and the watchdog timer are
halted; however on-chip peripherals remain active (Operate using the high-frequency clock).

IDLE1 mode is started by SYSCR2<IDLE> = "1", and IDLE1 mode is released to NORMALI1
mode by an interrupt request from the on-chip peripherals or external interrupt inputs. When the IMF
(Interrupt master enable flag) is “1” (Interrupt enable), the execution will resume with the acceptance
of the interrupt, and the operation will return to normal after the interrupt service is completed. When
the IMF is “0” (Interrupt disable), the execution will resume with the instruction which follows the
IDLE1 mode start instruction.

(3) IDLEO mode

In this mode, all the circuit, except oscillator and the timer-base-timer, stops operation.
This mode is enabled by SYSCR2<TGHALT> ="1".

When IDLEO mode starts, the CPU stops and the timing generator stops-feeding the clock to the
peripheral circuits other than TBT. Then, upon'detecting the falling edge of the source clock selected
with TBTCR<TBTCK>, the timing generator starts feeding the clock to all peripheral circuits.

When returned from IDLEO mode, the CPU restarts operating, entering NORMAL1 mode back
again. IDLEO mode is entered and returned regardless of how TBTCR<TBTEN> is set. When IMF =
“1”, EF7 (TBT interrupt individual enable flag) = “1”, and TBTCR<TBTEN> = “1”, interrupt pro-
cessing is performed. When IDLEQ mode is entered while TBTCR<TBTEN> = “1”, the INTTBT
interrupt latch is set after returning to NORMAL1 mode.

Dual-clock mode

Both the high-frequency and low-frequency oscillation circuits are used in this mode. P21 (XTIN) and
P22 (XTOUT) pins cannot be used as input/output. ports. The main system clock is obtained from the
high-frequency clock in NORMAL?2 and IDLE2 modes, and is obtained from the low-frequency clock in
SLOW and SLEEP modes. The machine cycle time'is 4/fc [s] in the NORMAL2 and IDLE2 modes, and
4/fs [s] (122 ps-at fs =32.768 kHz) in the SLOW and SLEEP modes.

The TLCS-870/C is placed in the signal-clock mode during reset. To use the dual-clock mode, the low-
frequency. oscillator should be turned on at the start of a program.

(1). /NORMAL2 mode
In-this'mode, the CPU core operates with the high-frequency clock. On-chip peripherals operate
using the high-frequency clock and/or low-frequency clock.
(2), SLOWZ2 mode
In this mode, the CPU core operates with the low-frequency clock, while both the high-frequency
clock and the low-frequency clock are operated. As the SYSCR2<SYSCK> becomes "1", the hard-
ware changes into SLOW?2 mode. As the SYSCR2<SYSCK> becomes “0”, the hardware changes
into NORMAL2 mode. As the SYSCR2<XEN> becomes “0”, the hardware changes into SLOW1
mode. Do not clear SYSCR2<XTEN> to “0” during SLOW2 mode.

(3) SLOW1 mode

This mode can be used to reduce power-consumption by turning off oscillation of the high-fre-
quency clock. The CPU core and on-chip peripherals operate using the low-frequency clock.
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Switching back and forth between SLOWI1 and SLOW2 modes are performed by
SYSCR2<XEN>. In SLOWI1 and SLEEP modes, the input clock to the st stage of the divider is
stopped; output from the 1st to 6th stages is also stopped.

(4) IDLE2 mode

In this mode, the internal oscillation circuit remain active. The CPU and the watchdog timer are
halted; however, on-chip peripherals remain active (Operate using the high-frequency clock and/or
the low-frequency clock). Starting and releasing of IDLE2 mode are the same as for IDLE1 mode,
except that operation returns to NORMAL2 mode.

(5) SLEEP1 mode

In this mode, the internal oscillation circuit of the low-frequency clock remains-active. The CPU,
the watchdog timer, and the internal oscillation circuit of the high-frequency clock are halted; how-
ever, on-chip peripherals remain active (Operate using the low-frequency clock). Starting and releas-
ing of SLEEP mode are the same as for IDLE1/mode, €xcept that operation returns to SLOW 1 mode.
In SLOW1 and SLEEP1 modes, the input clock to‘the 1st stage of the divider is'stopped; output from
the 1st to 6th stages is also stopped.

(6) SLEEP2 mode

The SLEEP2 mode is the idle mode corresponding to the SLOW2 mode. The status under the
SLEEP2 mode is same as that'under the SLEEP1 mode; except for the oscillation circuit of the high-
frequency clock.

(7) SLEEPO mode

In this mode, all the circuit, except oscillator and the timer-base-timer, stops operation. This mode
is enabled by setting “1” on bit SYSCR2<TGHALT>.

When SLEEPO mode starts, the CPU stops and the timing generator stops feeding the clock to the
peripheral circuits other than TBT. Then, upon detecting the falling edge of the source clock selected
with. TBTCR<TBTCK>, the timing generator starts feeding the clock to all peripheral circuits.

When returned from SLEEPO mode, the CPU restarts operating, entering SLOW1 mode back
again. SLEEPO mode is entered and returned regardless of how TBTCR<TBTEN> is set. When IMF
=17, EF7 (TBT interrupt individual enable flag) = “1”, and TBTCR<TBTEN> = “1”, interrupt pro-
cessing is performed. When SLEEPO mode is entered while TBRTCR<TBTEN> = “1”, the INTTBT
interrupt latch is set after returning to SLOW1 mode.

2.2.3.3- STOP mode

In this mode, the internal oscillation circuit is turned off, causing all system operations to be halted. The
internal status immediately prior to the halt is held with a lowest power consumption during STOP mode.

STOP mode is started by the system control register 1 (SYSCR1), and STOP mode is released by a
inputting (Either level-sensitive or edge-sensitive can be programmably selected) to the STOP pin. After
the warm-up period is completed, the execution resumes with the instruction which follows the STOP
mode start instruction.
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IDLEO
mode Resetrelease | RESET
A
SYSCR2<TGHALT> ="1" Note 2
___ SYSCR2<IDLE>="1" : SYSCR1<STOP>="1"
IDLE1 [‘ NORMAL1 ']
mode > mode <
Interrupt 7 STOP pin input
(@) Single-clock mode SYSCR2<XTEN> = "0" SYSCR2<XTEN>="1"
_ SYSCR2<IDLE>="1" : SYSCRI1<STOP>="1" _
IDLE2 [‘ NORMAL2 ']
mode > mode <
Interrupt 4 STOP pin input
SYSCR2<SYSCK> ="0" SYSCR2<SYSCK> ="1"
STOP
_ SYSCR2<IDLE>="1" s
SLEEP2 [‘ SLOW2
mode > mode
Interrupt y
SYSCR2<XEN> ="1" SYSCR2<XEN> = "0"
__ SYSCR2<IDLE>="1" *— SYSCR1<STOP>=1"1" _
SLEEP1 [‘ SLOW1 ']
mode > mode <
Interrupt ini
(b) Dual-clock mode P 1 STOP pin input
Note 2 SYSCR2<TGHALT> ="1"
A 4
SLEEPO
mode

Note 1: NORMAL1 and NORMAL2 modes are generically called NORMAL; SLOW1 and SLOW2 are called SLOW; IDLEO, IDLE1
and IDLEZ2 are called IDLE; SLEEPO,'SLEEP1 and SLEEP2 are called SLEEP.
Note 2: The mode is released by falling edge of TBTCR<TBTCK> setting:

Figure 2-6< Operating Mode Transition Diagram

Table 2-1 Operating-Mode and Conditions

Oscillator
. Other Machine Cycle
O ting Mod i CPUC TBT
P PNQN High Low ore Peripherals Time
Frequency | Frequency
RESET Reset Reset Reset
NORMALA1 Operate
Oscillation Operate 4ffc [s]
Single clock.| IDLE1 Stop Operate
IDLEO Halt
Halt
STOP Stop Halt -
NORMAL2 Qperate with
high frequency 4/fc [s]
IDLE2 Halt
Oscillation -
SLOW?2 Operate with
low frequency Operate
illati t
Dual clock | SLEEP2 Oscillation Halt Operate
SLOWA Operate with 4/fs [s]
low frequency
SLEEP1 Stop
SLEEPO Halt
Halt
STOP Stop Halt -
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System Control Register 1

SYSCR1 7 6 5 4 3 2 1 0
(0038H) | STOP | RELM | RETM | OUTEN | WuT | ‘ ‘ (Initial value: 0000 00**)
0: CPU core and peripherals remain active
STOP STOP mode start R/W
mode sta 1: CPU core and peripherals are halted (Start STOP mode)
RELM Release method for STOP 0: Edge-sen5|'t|.ve release RIW
mode 1: Level-sensitive release
Operating mode after STOP 0: Return to NORMAL1/2 mode
RETM mode 1: Return to SLOW1 mode RIW
0: High i d
OUTEN | Port output during STOP mode a1 impedance RIW
1: Output kept
Return to NORMAL mode Return to.SLOW mode
Warm-up time at releasing 00 3x2'%o 3x2'%s
16 13
WUT 1 TP mode o1 2 4c S RV
10 3 x 2"4ife 3x 2%fs
11 2145¢ 28/fs

Note 1:

Note 2:
Note 3:
Note 4:
Note 5:

Note 6:
Note 7:

Note 8:

Always set RETM to “0” when transiting from NORMAL mode to STOP mode. Always'set RETM to “1” when transiting
from SLOW mode to STOP mode.

When STOP mode is released with RESET pin input,-a return is made to NORMAL1 regardless of the RETM contents.
fc: High-frequency clock [Hz], fs: Low-frequency clock [Hz], *; Don’t care
Bits 1 and 0 in SYSCR1 are read as undefined data when a read instruction is executed.

As the hardware becomes STOP mode under OUTEN = “0”, input-value is fixed-to-“0”; therefore it may cause external
interrupt request on account of falling edge:

When the key-on wakeup is used, RELM-should be set to "1".

Port P20 is used as STOP pin. Therefore, when stop mode is started, OUTEN does not affect to P20, and P20 becomes
High-Z mode.

The warmig-up time should be set correctly for using oscillator.

System Control Register 2

SYSCR2 7 6 5 4 3 2 1 0
(0039H) | XEN | XTEN | SYSCK | IDLE | | TGHALT | ‘ ‘ (Initial value: 1000 *0*)
0: T ff oscillati
XEN High-frequency oscillator control armo OSCI, @ !on
1: Turn on oscillation
0:-Turn off oscillation
XTEN Low-fi illat trol
ow-fequency oscillafor cantro 1: Turn on oscillation R/IW
Mai t lock select
L (vjr':::)ﬁ:lr:: Zfer:izf:k +oni. | 0: Hign-frequency clock (NORMAL 1/NORMAL2/IDLE/IDLE2)
4 1: Low-frequency clock (SLOW1/SLOW2/SLEEP1/SLEEP2)
tor (Read)
IDLE CPU and watchdog timer control | 0: CPU and watchdog timer remain active
(IDLE1/2 and’SLEEP1/2 -modes) | 1: CPU and watchdog timer are stopped (Start IDLE1/2 and SLEEP1/2 modes)
0: Feeding clock to all peripherals from TG R/W
TGHALT ;idC:sr;trol (IDLEQ and SLEEPO 1: Stop feeding clock to peripherals except TBT from TG.
(Start IDLEO and SLEEPO modes)

Note 1:

Note 2:
Note 3:
Note 4:
Note 5:

Note 6:
Note 7:
Note 8:

A reset is applied if both XEN and XTEN are cleared to “0”, XEN is cleared to “0” when SYSCK = “0”, or XTEN is cleared
to “0” when SYSCK = “1”.

*: Don’t care, TG: Timing generator, *; Don’t care

Bits 3, 1 and 0 in SYSCR2 are always read as undefined value.
Do not set IDLE and TGHALT to “1” simultaneously.

Because returning from IDLEO/SLEEPO to NORMAL1/SLOW1 is executed by the asynchronous internal clock, the period
of IDLEO/SLEEPO mode might be shorter than the period setting by TBTCR<TBTCK>.

When IDLE1/2 or SLEEP1/2 mode is released, IDLE is automatically cleared to “0”.
When IDLEO or SLEEPO mode is released, TGHALT is automatically cleared to “0”.

Before setting TGHALT to “1”, be sure to stop peripherals. If peripherals are not stopped, the interrupt latch of peripherals
may be set after IDLEO or SLEEPO mode is released.
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2.2.4 Operating Mode Control

2.2.4.1 STOP mode

STOP mode is controlled by the system control register 1, the STOP pin input and key-on wakeup input
(STOP3 to STOPO0) which is controlled by the STOP mode release control register (STOPCR).
The STOP pin is also used both as a port P20 and an INT5 (external interrupt input 5) pin. STOP mode is
started by setting SYSCR1<STOP> to “1”. During STOP mode, the following status is maintained.

1. Oscillations are turned off, and all internal operations are halted.

2. The data memory, registers, the program status word-and port output latches are all held in the
status in effect before STOP mode was entered.

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

4. The program counter holds the address 2 ahead of the instruction (e.g., [SET (SYSCRI1).7])
which started STOP mode.

STOP mode includes a level-sensitive mode and an-edge-sensitive mode, either-of which can be
selected with the SYSCRI<RELM>. Do not use any key-on wakeup input (STOR3 to STOPO) for releas-
ing STOP mode in edge-sensitive mode.

Note 1: The STOP mode can be released by either the STOP or key-on wakeup pin (STOP3 to STOPO).
However, because the STOP pin is-different from the key-on wakeup-and:can'not inhibit the release
input, the STOP pin must be used for releasing STOP mode.

Note 2: During STOP period (from start of STOP mode to end of warm up), due to changes in the external
interrupt pin signal, interrupt latches may be set to “1”-and-interrupts-may be accepted immediately
after STOP mode is released. Before starting STOP mode, therefore, disable interrupts. Also, before
enabling interrupts after STOP mode is released, clear unnecessary interrupt latches.

(1) Level-sensitive release mode (RELM = “1?)

In this mode, STOP mode is released by setting the STOP pin high or setting the STOP3 to STOPO
pin input which is enabled by STOPCR. This mode is used for capacitor backup when the main
power supply is cut off’and long term battery backup.

Even if an instruction for starting STOP mode is executed while STOP pin input is high or STOP3

to STOPO input is low, STOP mode does not start but instead the warm-up sequence starts immedi-
ately. Thus, to.start STOP mode in the level-sensitive release mode, it is necessary for the program to
fitst confirm that the STOP pin-input is low or STOP3 to STOPO input is high. The following two
methods-can be used for confirmation.

1. Testing a port.
2. Using an’external interrupt input INT5 (INTS5 is a falling edge-sensitive input).

Example 1 :Starting STOP.mode from NORMAL mode by testing a port P20.

LD (SYSCR1), 01010000B ; Sets up the level-sensitive release mode
SSTOPH: TEST (P2PRD). 0 ; Wait until the STOP pin input goes low level

JRS F, SSTOPH

DI i IMF « 0

SET (SYSCR1).7 ; Starts STOP mode
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Example 2 :Starting STOP mode from NORMAL mode with an INTS5 interrupt.

PINTS: TEST (P2PRD). 0 ; To reject noise, STOP mode does not start if
JRS F, SINT5 port P20 is at high
LD (SYSCR1), 01010000B ; Sets up the level-sensitive release mode.
DI ; IMF « 0
SET (SYSCR1). 7 ; Starts STOP mode
SINT5: RETI

STOP pin \ ‘ ViH \

)
J
1
7 \
1

: 4 i
xoursn [T -
1

NORMAL : STOP e : NORMAL
operation E operation ' Warm up — operation
Confirm by program that the \_

STOP mode is released by the hardware.
STOP pin input is low and start <

oTOP mode. Always released if the STOP>

pin input is high.

Figure 2-7 Level-sensitive Release Mode

Note 1: Even if the STOP pin input is-low after warm-up'start, the STOP mode is not restarted.

Note 2: In this case of changing to.the level-sensitive-mode from the edge-sensitive mode, the release
mode is not switched until'a rising edge of the STOP pin input is detected.

(2) Edge-sensitive release mode (RELM = “07)

In this mode, STOP 'mode is released by a rising edge of the STOP pin input. This is used in appli-
cations where a relatively short program is executed repeatedly at periodic intervals. This periodic
signal/(for example,a clock from a low-power consumption oscillator) is input to the STOP pin. In
the edge-sensitive release mode, STOP mode is started even when the STOP pin input is high level.
Do notuse-any STOP3 to, STOPO pin input for releasing STOP mode in edge-sensitive release mode.

Example :Starting STOP mode from NORMAL mode
DI ; IMF <0

LD (SYSCR1), 10010000B ; Starts after specified to the edge-sensitive release mode

. 27
STOP pin \ 7[ Vin \ \
£ . %

7 97

. £ |
xourein TN | QI

NORMAL STOP ' STOP

i <« i —>ie Warmup —
operation operation NORMAL operation
STOP mode started operation

by the program.

STOP mode is released by the hardware at the rising
edge of STOP pin input.

Figure 2-8 Edge-sensitive Release Mode
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STOP mode is released by the following sequence.

1.

Note 1:

Note 2:

Note 3:

In the dual-clock mode, when returning to NORMAL?2, both the high-frequency and low-
frequency clock oscillators are turned on; when returning to SLOW1 mode, only the low-
frequency clock oscillator is turned on. In the single-clock mode, only the high-frequency
clock oscillator is turned on.

A warm-up period is inserted to allow oscillation time to stabilize. During warm up, all
internal operations remain halted. Four different warm-up times can be selected with the
SYSCR1<WUT> in accordance with the resonator characteristics.

When the warm-up time has elapsed, normal operation resumes-with the instruction follow-
ing the STOP mode start instruction.

When the STOP mode is released, the start is made after the prescaler and the divider of the
timing generator are cleared to "0".

STOP mode can also be released by inputting low level on the'/RESET pin, which immediately
performs the normal reset operation.

When STOP mode is released with a low hold voltage, the following cautions'must be-observed.
The power supply voltage must be at the operating voltage level before releasing- STOP mode.
The RESET pin input must also be “H” level, rising together with the power 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 input voltage level of the RESET pin drops below the non-inverting high-level
input voltage (Hysteresis input).

Table 2-2 Warm-up Time Example (at fc = 16.0 MHz, fs = 32.768 kHz)

Warm-up Time [ms]
WUT
Return to NORMAL Mode Return'to SLOW Mode
00 12.288 750
01 4.096 250
10 3.072 5.85
11 1.024 1.95

Note 1:

The warm-up time-is obtained by dividing the basic clock by the divider. Therefore, the warm-up
time may include a certain amount of error if there is any fluctuation of the oscillation frequency
when STOP mode is released. Thus, the-warm-up time must be considered as an approximate
value.

Page 20



TMP86CS49FG

TOSHIBA

ases|al apow 4O1S (Q)

”X P X z X T X 0 X dn junoo X o
j '
¥ + & ssalppe uononisuy| X € +'& §SaIppe uononusy| X 24 B ssalippe-uononasul ) . .

/ ! ! e
”X 9+® X G+e X v+ e X cre
] 1
Uy Wy _
i i
1
uo uing —j Jo uiny

j j
= ~
o dn wrem i

(e ssalppe e pareso| uononisul £ ((THOSAS) L3S yim Lels iajdwex3) peis-apow dO1s (e)

v +u

X

c+Uu

X

T+U

L (THISAS) L3S

c+e

X

-

uo uing

10 uing.

1epna

uonnoaxa
uononisui

131UNod
welboid

32019
waisAs
urep

N0
101e|[19SO

ndul
uid do1s

1epIna

uonnoaxa
uonanisui

131Unod
welboid

39019
waisAs
urep

N0
101e|[19SO

Figure 2-9 STOP Mode Start/Release
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2242

IDLE1/2 and SLEEP1/2 modes are controlled by the system control register 2 (SYSCR2) and maskable

IDLE1/2 mode and SLEEP1/2 mode

interrupts. The following status is maintained during these modes.

1.

Operation of the CPU and watchdog timer (WDT) is halted. On-chip peripherals continue to

operate.

The data memory, CPU registers, program status word and port output latches are all held in the
status in effect before these modes were entered.

The program counter holds the address 2 ahead of the instruction which starts these modes.

Normal
release mode

Figure 2-10

)

Y

Starting IDLE1/2 and
SLEEP1/2 modes by
instruction

v

CPU and WDT are halted

Reset input

Interrupt request

Yes

Interrupt processing

—

Execution of the instruc-
tion which follows the
IDLE1/2 and SLEEP1/2
modes-start instruction

<

IDLE1/2 and SLEEP1/2 Modes

Reset

“1” (Interrupt release mode)
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« Start the IDLE1/2 and SLEEP1/2 modes

After IMF is set to "0", set the individual interrupt enable flag (EF) which releases IDLE1/2
and SLEEP1/2 modes. To start IDLE1/2 and SLEEP1/2 modes, set SYSCR2<IDLE> to “1”.

» Release the IDLE1/2 and SLEEP1/2 modes

IDLE1/2 and SLEEP1/2 modes include a normal release mode and an interrupt release mode.
These modes are selected by interrupt master enable flag (IMF). Afterjreleasing IDLE1/2 and
SLEEP1/2 modes, the SYSCR2<IDLE> is automatically cleared to <0 and the operation mode

is returned to the mode preceding IDLE1/2 and SLEEP1/2 'modes.

IDLE1/2 and SLEEP1/2 modes can also be released by inputting low level on the RESET pin.
After releasing reset, the operation mode is started from NORMALI1 mode.

(1) Normal release mode (IMF = “0”)

IDLE1/2 and SLEEP1/2 modes are released by any interrupt source enabled by the individual
interrupt enable flag (EF). After the interrupt is generated, the program operation is resumed from the
instruction following the IDLE1/2 and SLEEP1/2 modes start instruction. Normally, the interrupt
latches (IL) of the interrupt source used for releasing must be cleared to “0” by load instructions.

(2) Interrupt release mode (IMF =1?)

IDLE1/2 and SLEEP1/2 modes are released by any interrupt source enabled with the individual
interrupt enable flag (EF) and the interrupt processing is started. After the interrupt is processed, the
program operation is resumed from the instruction following the instruction, which starts IDLE1/2
and SLEEP1/2 modes.

Note: When a watchdog timer interrupts is generated.immediately before IDLE1/2 and SLEEP1/2
modes are started, the watchdog timer interrupt will be processed but IDLE1/2 and SLEEP1/2
modes will not be started.
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Figure 2-11 IDLE1/2 and SLEEP1/2 Modes Start/Release
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2.2.4.3 IDLEO and SLEEPO modes (IDLEO, SLEEPO)

IDLEO and SLEEPO modes are controlled by the system control register 2 (SYSCR2) and the time base
timer control register (TBTCR). The following status is maintained during IDLEO and SLEEP0O modes.

1. Timing generator stops feeding clock to peripherals except TBT.

2. The data memory, CPU registers, program status word and port output latches are all held in the
status in effect before IDLEO and SLEEPO modes were entered.

3. The program counter holds the address 2 ahead of the instruction which starts IDLEO and
SLEEPO modes.

Note: Before starting IDLEO or SLEEPO mode, be sure to stop (Disable) peripherals.

Y

Stopping peripherals
by instruction

v

Starting IDLEO, SLEEPO
modes by instruction

|

CPU and WDT are halted

Reset input
No

TBT
source clock
falling
edge

Yes
TBTCR<TBTEN>
="1"
Yes
TBT interrupt
enable
Yes

Yes (Interrupt release mode)

Reset

(Normal release mode)

Interrupt processing

Execution of the instruction
which follows the IDLEDO,
SLEEPO modes start
instruction

<

Figure 2-12 |IDLEO and SLEEPO Modes
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« Start the IDLEO and SLEEPO modes
Stop (Disable) peripherals such as a timer counter.

To start IDLEO and SLEEPO modes, set SYSCR2<TGHALT> to “1”.

» Release the IDLEO and SLEEPO modes
IDLEO and SLEEPO modes include a normal release mode and an interrupt release mode.

These modes are selected by interrupt master flag (IMF), the individual interrupt enable flag
of TBT and TBTCR<TBTEN>.

After releasing IDLEO and SLEEPO modes, the-SYSCR2<TGHALT> is automatically
cleared to “0” and the operation mode is returned to the mode preceding IDLEO and SLEEPO
modes. Before starting the IDLEO or SLEEPO mode, whenthe TBTCR<TBTEN> is set to “1”,

INTTBT interrupt latch is set to “1”.

IDLEO and SLEEPO modes can also be released by inputting low level on the RESET pin.
After releasing reset, the operation mode is-started from NORMAL1 mode.

Note: IDLEO and SLEEPO modes start/release without reference to TBTCR<TBTEN> setting.

(1)  Normal release mode (IMFeEF7¢TBTCR<TBTEN> = “0”)

IDLEO and SLEEPO modes are released by the source clock falling edge, which is setting by the
TBTCR<TBTCK>. After the falling-edge is detected, the program operation is resumed from the
instruction following the IDLEQ and SLEEPO modes start instruction. Before starting the IDLEO or
SLEEPO mode, when the TBTCR<TBTEN> is set to “1”, INTTBT interrupt latch is set to “1”.

(2) Interrupt release’' mode (IMFeEF7e¢TBTCR<TBTEN> = “1”)

IDLEO and SLEEPO modes are released by the source clock falling edge, which is setting by the
TBTCR<TBTCK> and INTTBT interrupt processing is started.

Note'1: Because returning from.IDLEO, SLEEPO to NORMAL1, SLOW1 is executed by the asynchro-
nous.internal clock, the period of IDLEO; SLEEPO mode might be the shorter than the period set-
ting by TBTCR<TBTCK>.

Note 2: When a watchdog timer interrupt is generated immediately before IDLEO/SLEEPO mode is
started, the watchdog timer interrupt will be processed but IDLEO/SLEEPO mode will not be
started.
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Figure 2-13 IDLEO and SLEEPO Modes Start/Release
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2.2.4.4 SLOW mode

SLOW mode is controlled by the system control register 2 (SYSCR?2).

The following is the methods to switch the mode with the warm-up counter.

(1) Switching from NORMALZ2 mode to SLOW1 mode

First, set SYSCR2<SYSCK> to switch the main system clock to-the low-frequency clock for
SLOW?2 mode. Next, clear SYSCR2<XEN> to turn off high-frequency oscillation.

Note: The high-frequency clock can be continued oscillation in-order to return'to NORMAL2 mode from
SLOW mode quickly. Always turn off oscillation of high-frequency clock when switching from
SLOW mode to stop mode.

Example 1 :Switching from NORMAL?2 mode to SLOW1 mode.

SET (SYSCR2). 5 ; SYSCR2<SYSCK> «<— 1
(Switches the main system clock tothe low-frequency.
clock for SLOW2)

CLR (SYSCR2). 7 : SYSCR2<XEN><— 0

(Turns off high-frequency oscillation)

Example 2 :Switching to the SLOW1 mode after low-frequency clock has stabilized:

SET (SYSCR2). 6 + SYSCR2<XTEN> <—1
LD (TC5CR), 43H ; Sets mode for TC6, 5 (16-bit mode, fs for source)
LD (TC6CR), 05H ; Sets warming-up counter mode
LDW (TTREG5),-8000H ; Sets warm-up time (Depend on oscillator accompanied)
DI ; IMF << 0
SET (EIRE). 2 ; Enables INTTC6
El JIMF <= 1
SET (TC6CR). 3 ;. Starts TC6, 5
PINTTC6: CLR (TC6CR). 3 ; Stops TC6, 5
SET (SYSCR2). 5 ; SYSCR2<SYSCK> <— 1

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

CLR (SYSCR2). 7 ; SYSCR2<XEN> <— 0
(Turns off high-frequency oscillation)

RETI

VINTTCG: DW PINTTC6 ; INTTCG vector table
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(2) Switching from SLOW1 mode to NORMAL2 mode

First, set SYSCR2<XEN> to turn on the high-frequency oscillation. When time for stabilization
(Warm up) has been taken by the timer/counter (TC6,TC5), clear SYSCR2<SYSCK> to switch the
main system clock to the high-frequency clock.

SLOW mode can also be released by inputting low level on the RESET pin.-After releasing reset, the
operation mode is started from NORMAL1 mode.

Note: After SYSCK is cleared to “0”, executing the instructions is-continiued by the low-frequency clock
for the period synchronized with low-frequency and high-frequency-clocks.

High-frequency clock _|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_
Low-frequency clock _l—l_—l—l_

Main system clock _I—I_LI_I_I_I_I_I_I_I_I_I_I—
SYSCK —_—

Example :Switching from the SLOW1 mode to the NORMAL2 mode (fc = 16 MHz, warm-up time is 4.0 ms).

PINTTCG:

VINTTCE:

SET (SYSCR2). 7 ;. SYSCR2<XEN> <— 1 (Starts high-frequency oscillation)
LD (TC5CR), 63H ;-Sets mode for TCB, 5 (16-bit- mode; fc for source)

LD (TC6CR), 05H ; Sets warming-up counter mode

LD (TTREGS6), OF8H ; Sets warm-up time

DI ; IMF <=0

SET (EIRE). 2 ; Enables INTTC6

El ; IMF <=1

SET (TC6CR). 3 ; Starts TC8, 5

CLR (TC6CR). 3 ; Stops TC6, 5

CLR (SYSCR2). 5 ; SYSCR2<SYSCK> <— 0

(Switches the main system clock to the high-frequency clock)

RETI

DW PINTTC6 ; INTTCS6 vector table
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2.3 Reset Circuit

The TMP86CS49FG has four types of reset generation procedures: An external reset input, an address trap reset, a
watchdog timer reset and a system clock reset. Of these reset, the address trap reset, the watchdog timer and the sys-
tem clock reset are a malfunction reset. When the malfunction reset request is detected, reset occurs during the max-
imum 24/fc[s].

The malfunction reset circuit such as watchdog timer reset, address trap reset and system clock reset is not initial-
ized when power is turned on. Therefore, reset may occur during maximum 24/fc[s] (1.5us at 16.0 MHz) when
power is turned on.

Table 2-3 shows on-chip hardware initialization by reset action.

Table 2-3 Initializing Internal Status by Reset Action

On-chip Hardware Initial Value On-chip Hardware Initial Value
Program counter (PC) (FFFEH)
Stack point SP) | Not initialized
ack pointer (SP) ot intiatize Prescaler and divider of timing generator 0
General-purpose registers o
Not initialized
(W,A,B,C,D,E, H, L, IX 1Y)
Jump status flag (JF)| Not initialized | Watchdog timer Enable
Zero flag (ZF)| Not initialized
Carry flag (CF)| Not initialized
Half carry flag (HF) | Not initialized
Output latches of I/O ports Refer to 1/0 port circuitry
Sign flag (SF) | Not initialized
Overflow flag (VF)| Not initialized
Interrupt master enable flag (IMF) 0
Interrupt individual enable flags  (EF) 0 ) Refer to each of control
Control registers .
Interrupt latches (IL) 0 register
RAM Not initialized

2.3.1 External Reset'Input

The RESET pin contains a Schmitt trigger (Hysteresis) with an internal pull-up resistor.

When the RESET pin is held at “L” level for at least 3 machine cycles (12/fc [s]) with the power supply volt-
age within the operating voltage range and- oscillation stable, a reset is applied and the internal state is initial-
ized.

When the RESET pin input goes high, the reset operation is released and the program execution starts at the
vector address stored at addresses FFFEH to FFFFH.

VDD

RESET Internal reset

Watchdog timer reset |

Malfunction
reset output
circuit

Address trap reset |

th

System clock reset |

Figure 2-15 Reset Circuit
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2.3 Reset Circuit
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2.3.2 Address trap reset

If the CPU should start looping for some cause such as noise and an attempt be made to fetch an instruction
from the on-chip RAM (when WDTCR1<ATAS> is set to “1”), DBR or the SFR area, address trap reset will be
generated. The reset time is maximum 24/fc[s] (1.5us at 16.0 MHz).

Note: The operating mode under address trapped is alternative of reset or interrupt. The address trap area is alter-
native.

Instruction JP a (Reset release Xlnstruction at address r
execution !

Address trap is occurred

Internal reset |

»!

16/fc[s]

1

|

[

]

1

]
<& i »&
€ LY LN

1
]

maximum 24/fc [s] 4/fc to 12/fc [s]

Note 1: Address “a” is in the SFR, DBR or on-chip RAM (WDTCR1<ATAS> = “1”) space.
Note 2: During reset release, reset vector “r’ is read out, and an instruction-at address “r’ is fetched and decoded:

Figure 2-16 Address Trap Reset

2.3.3 Watchdog timer reset

Refer to Section “Watchdog Timer”.

2.3.4 System clock reset

If the condition as follows is detected, the system clock reset occurs automatically to prevent dead lock of the
CPU. (The oscillation is continued without stopping.)

- In case of clearing SYSCR2<XEN> and SYSCR2<XTEN> simultaneously to “0”.
- In case of clearing SYSCR2<XEN> to “0”, when the SYSCR2<SYSCK> is “0”.
- In case of clearing SYSCR2<XTEN> to “0”; when the SYSCR2<SYSCK> is “1”.

The reset time/is maximum 24/fc (1.5 us at 16.0MHz).
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3. Interrupt Control Circuit

The TMP86CS49FG has a total of 24 interrupt sources excluding reset. Interrupts can be nested with priorities.
Four 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 independent vectors.
The interrupt latch is set to “1” by the generation of its interrupt request which requests-the CPU to accept its inter-
rupts. Interrupts are enabled or disabled by software using the interrupt master enable flag (IMF) and interrupt enable
flag (EF). If more than one interrupts are generated simultaneously, interrupts are accepted in order which is domi-
nated by hardware. However, there are no prioritized interrupt factors among non-maskable interrupts.

Interrupt Factors Enable Condition lni:::]pt A\;Zc;teosrs Priority
Internal/External (Reset) Non-maskable - FFFE 1
Internal INTSWI (Software interrupt) Non-maskable - FFFC 2
Internal :::::F;:;EF (Executed the undefined instruction Non-fraskable A EFFC 2
Internal INTATRAP (Address trap interrupt) Non-maskable L2 FFFA 2
Internal INTWDT (Watchdog timer interrupt) Non-maskable IL3 FFF8 2
External INTO IMF+ EF4 =1, INTOEN = 1 IL4 FFF6 5
Internal INTTC1 IMF+ EF5 =1 IL5 FFF4 6
External INT1 IMF« EF6 =1 IL6 FFF2 7
Internal INTTBT IMF+ EF7 =1 IL7 FFFO 8
External INT2 IMF+ EF8=1 IL8 FFEE 9
Internal INTTC4 IMF+ EF9 = 1 IL9 FFEC 10
Internal INTTC3 IMF+ EF10 =1 IL10 FFEA 1
Internal INTSBI IMF+ EF11 =1 IL11 FFE8 12
External INT3 IMF-EF12 =1 IL12 FFE6 13
Internal INTSIO1 IMF EF13'= 1 IL13 FFE4 14
Internal INTSIO2 IME= EF14 =1 IL14 FFE2 15
Internal INTADC IMF+ EF15 =1 IL15 FFEO 16
Internal INTRXD1 IMF+ EF16 = 1 IL16 FFBE 17
Internal INTTXD1 IMF« EF17 =1 IL17 FFBC 18
Internal INTTC6 IMF+ EF18 =1 IL18 FFBA 19
Internal INTTC5 IMF+ EF19 =1 IL19 FFB8 20
Internal INTRXD2 IMF« EF20 = 1 IL20 FFB6 21
Internal INTTXD2 IMF+ EF21 =1 IL21 FFB4 22
Internal INTTC2 IMF+ EF22 =1 IL22 FFB2 23
External INT5 IMF+ EF23 =1 IL23 FFBO 24

Note-1: To usethe address trap'interrupt (INTATRAP), clear WDTCR1<ATOUT> to “0” (It is set for the “reset request” after reset is
cancelled). For details, see “Address Trap”.

Note 2: To use the watchdog timer interrupt (INTWDT), clear WDTCR1<WDTOUT> to "0" (It is set for the "Reset request" after
reset is released). For details, see "Watchdog Timer".

Note 3: If an INTADC interrupt request is generated while an interrupt with priority lower than the interrupt latch IL15 (INTADC) is
being accepted, the INTADC interrupt latch may be cleared without the INTADC interrupt being processed. For details,
refer to the corresponding notes in the chapter on the AD converter.

3.1 Interrupt latches (IL23 to IL2)

An interrupt latch is provided for each interrupt source, except for a software interrupt and an executed the unde-
fined instruction interrupt. When interrupt request is generated, the latch is set to “1”, and the CPU is requested to
accept the interrupt if its interrupt is enabled. The interrupt latch is cleared to "0" immediately after accepting inter-
rupt. All interrupt latches are initialized to “0” during reset.
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3.2 Interrupt enable register (EIR) TMPS6CS49FG

The interrupt latches are located on address 002EH, 003CH and 003DH in SFR area. Each latch can be cleared to
"0" individually by instruction. However, IL2 and IL3 should not be cleared to "0" by software. For clearing the
interrupt latch, load instruction should be used and then IL2 and IL3 should be set to "1". If the read-modify-write
instructions such as bit manipulation or operation instructions are used, interrupt request would be cleared inade-
quately if interrupt is requested while such instructions are executed.

Interrupt latches are not set to “1” by an instruction.

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

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

In interrupt service routine, because the IMF becomes "0" automatically, clearing IMF need not execute normally on
interrupt service routine. However, if using multiple interrupt on interrupt service routine,-manipulating EF or IL
should be executed before setting IMF="1".

Example 1 :Clears interrupt latches

DI ; IMF<—0
LDW (ILL), 1110100000111111B ;IL12,1L10 to IL6 <— 0
El SIMF 4— 1

Example 2 :Reads interrupt latchess

LD WA, (ILL) ;W< ILH, A <— ILL

Example 3 :Tests interrupt latches
TEST (ILL). 7 ; ifIL7 =1 then jump
JR F, SSET

3.2 Interrupt enable register (EIR)

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

The EIR consists of an interrupt master enable flag (IMF) and the individual interrupt enable flags (EF). These
registers are located on address 002CH, 003AH and 003BH in SFR area, and they can be read and written by an
instructions (Including read-modify-write instructions such as bit manipulation or operation instructions).

3.2.1_ Interrupt master enable flag (IMF)

The interrupt enable register (IMF) enables and disables the acceptance of the whole maskable interrupt.
While IMF = “0”, all maskable-interrupts are not accepted regardless of the status on each individual interrupt
enable flag (EF). By setting IMF to “1”, the interrupt becomes acceptable if the individuals are enabled. When
an.interrupt is accepted, IMF is cleared to “0” after the latest status on IMF is stacked. Thus the maskable inter-
rupts which follow are disabled. By executing return interrupt instruction [RETI/RETN], the stacked data,
which was the status before interrupt acceptance, is loaded on IMF again.

The IMF is located on bit0 in EIRL (Address: 003AH in SFR), and can be read and written by an instruction.
The IMF is normally set and cleared by [EI] and [DI] instruction respectively. During reset, the IMF is initial-
ized to “0”.
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3.2.2 Individual interrupt enable flags (EF23 to EF4)

Each of these flags enables and disables the acceptance of its maskable interrupt. Setting the corresponding
bit of an individual interrupt enable flag to “1” enables acceptance of its interrupt, and setting the bit to “0” dis-
ables acceptance. During reset, all the individual interrupt enable flags (EF23 to EF4) are initialized to “0” and
all maskable interrupts are not accepted until they are set to “1”.

Note:In main program, before manipulating the interrupt enable flag (EF) or the interrupt latch (IL), be sure to clear
IMF to "0" (Disable interrupt by DI instruction). Then set IMF newly again as required after operating on the EF
or IL (Enable interrupt by El instruction)

In interrupt service routine, because the IMF becomes "0" automatically, clearing IMF_need not execute nor-
mally on interrupt service routine. However, if using multiple interrupt on interrupt service routine, manipulat-
ing EF or IL should be executed before setting IMF="1".

Example 1 :Enables interrupts individually and sets IMF
DI ; IME =0

LDW (EIRL), 1110100010100000B +EF15to EF13, EF11, EF7, EF5 ¢ 1
: Note: IMF should not be set.

El ;IMF <— 1

Example 2 :C compiler description example
unsigned int _io (3AH) EIRL; /* 3AH shows EIRL address */
_DIQ;
EIRL = 10100000B;

_EI();
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3.2 Interrupt enable register (EIR) TMPS6CS49FG

Interrupt Latches

(Initial value: 00000000 000000**)
ILH.ILL 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
(003DH,003CH)| IL15| IL14‘ IL13‘ IL12‘ IL11 ‘ ||_10‘ IL9 ‘ IL8 | IL7 ‘ IL6 ‘ IL5 ‘ IL4 | IL3 ‘ IL2 ‘ ‘ ‘

ILH (003DH) ILL (003CH)

(Initial value: 00000000)

ILE 7 6 5 4 3 2 1 0
(002EH) | IL23| ||_22| IL21 | |L20| ||_19| IL18| IL17| IL16|
ILE (002EH)
at RD at WR
IL23 to IL2 Interrupt latches 0: No interrupt request 0: Clears the interrupt request R/W
1: Interrupt-request 1: (Interrupt latch-is not set.)

Note 1: To clear any one of bits IL7 to IL4, be sure to write "1" into IL2 and IL3.

Note 2: In main program, before manipulating the interrupt enable flag (EF) or the interrupt latch (IL), be sure to clear IMF to "0"
(Disable interrupt by DI instruction). Then set IMF newly again-as required after operating on the EF or IL (Enable interrupt
by El instruction)

In interrupt service routine, because the IMF becomes "0" automatically, clearing IMF need not execute normally on inter-
rupt service routine. However, if using multiple interrupt on interrupt service routine, manipulating EF or IL should be exe-
cuted before setting IMF="1".

Note 3: Do not clear IL with read-modify-write instructions such-as bit operations.

Interrupt Enable Registers

(Initial value: 00000000 0000***0)

EIRH.EIRL 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
(003BH,003AH)| EF15‘ EF14‘ EF13| EF12‘ EF11 ‘ EF10| EF9 ‘ EF8 | EF7 ‘ EF6 ‘ EF5 ‘ EF4 | ‘ ‘ | IMF |
EIRH.(003BH) EIRL (003AH)

(Initial value: 00000000)
EIRE 7 6 5 4 3 2 1 0
(002CH) | EF23| EF22| EF21| EF20| EF19| EF18| EF17| EF16|
EIRE (002CH)

EF23 t6 EF4 Individual-interrupt enable flag | 0: Disables the acceptance of each maskable interrupt.
(Specified for each bit) 1: Enables the acceptance of each maskable interrupt.
R/W
0: Disables the acceptance of all maskable interrupts
IMF Int t i ble fl
niemplgager enable flag 1: Enables the acceptance of all maskable interrupts

Note 1: *:Don’t care

Note 2: Do not set IMF and the interrupt enable flag (EF15 to EF4) to “1” at the same time.

Note 3:In main program, before manipulating the interrupt enable flag (EF) or the interrupt latch (IL), be sure to clear IMF to "0"
(Disable interrupt by DI instruction). Then set IMF newly again as required after operating on the EF or IL (Enable interrupt
by El instruction)

In interrupt service routine, because the IMF becomes "0" automatically, clearing IMF need not execute normally on inter-
rupt service routine. However, if using multiple interrupt on interrupt service routine, manipulating EF or IL should be exe-
cuted before setting IMF="1".
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3.3 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 (2 us @16 MHz) after the
completion of the current instruction. The interrupt service task terminates upon execution of an interrupt return
instruction [RETI] (for maskable interrupts) or [RETN] (for non-maskable interrupts). Figure 3-1 shows the timing
chart of interrupt acceptance processing.

3.3.1 Interrupt acceptance processing is packaged as follows.

a. The interrupt master enable flag (IMF) is cleared to “0” in.order to‘disable the acceptance of any fol-
lowing interrupt.
b. The interrupt latch (IL) for the interrupt source accepted is cleared to“0”.

c¢. The contents of the program counter (PC) and the program status word, including the interrupt master
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.

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

e. 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 IMF are also saved.

Interrupt service task

Y

1-machine cycle <

< T T T T T Y O A B S T P A N et S B

|
! I
) ) ) )
L} L} L} L}
Interrupt -/l_l 1 1 1
request L L : 1
L} L} L} L}
Interrupt : v H !
latch (L) . ' ' '
) ) ) )
T T : I—,_
e iR : : :
L} L} ] L}
) ) I I
Execute :\( Exocuie e
instruction instruction X Interrupt acceptance ihstruction Execute RETI instruction
Pe 2V X a ﬂ@@@.\@ (2 X+ 1Xa+2)
SP n

Note 1: a: Return address entry address, b: Entry address, c: Address which RETI instruction is stored

Note 2: On condition.that'interrupt is enabled, it takes 38/fc [s] or 38/fs [s] at maximum (If the interrupt latch is set at the first
machine cycle on 10 cycle instruction) to start interrupt acceptance processing since its interrupt latch is set.

Figure 3-1 Timing Chart of Interrupt Acceptance/Return Interrupt Instruction

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

Vector table address Entry address
D203H
Vector
D204H

Figure 3-2 Vector table address,Entry address

Interrupt
service
program
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3.3.2

3.3.2.1

A maskable interrupt is not accepted until the IMF is set to “1” even if the maskable interrupt higher than the
level of current servicing interrupt is requested.

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

To avoid overloaded nesting, clear the individual interrupt enable flag whose interrupt is currently serviced,
before setting IMF to “1”. As for non-maskable interrupt, keep interrupt service shorten compared with length
between interrupt requests; otherwise the status cannot be recovered as non-maskable interrupt would simply
nested.

Saving/restoring general-purpose registers

During interrupt acceptance processing, the program counter (PC) and the program status word (PSW,
includes IMF) are automatically saved on the stack, but the accumulator and others are not. These registers are
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.

Using PUSH and POP instructions

If only a specific register is saved or interrupts of the same source are nested, general-purpose registers
can be saved/restored using the PUSH/POP instructions.

Example :Save/store register using PUSH and POP instructions
PINTxx: PUSH WA ; Save WA register
(interrupt processing)
POP WA ; Restore WA register
RETI RETURN
......................................................... Address
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, (Example)
""""""""""" sp— T T  pes
R A Al 0 0 b-4
SP — w SP —| b-3
PCL PCL PCL b-2
o PcH | PCH (| PcH b-1
psw.\ | | psw [ | PSW SPot b

=) Atexecution of
PUSH instruction

C—) Atexecution of
POP instruction

At-acceptance of
aninterrupt

=

At execution of
RETI instruction

Figure 3-3 Save/store register using PUSH and POP instructions

3.3.2.2 Using data transfer instructions

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

Saving
registers

(& registers

4—
Interrupt return

Saving/Restoring general-purpose registers using-PUSH/POP data transferinstruction

\ Restoring

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

3.3.3 Interrupt return

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

[RETIV/[RETN] Interrupt Return

1. Program counter (PC) and program status word
(PSW, includes IMF) are restored from the stack.
2. Stack pointer (SP) is incremented by 3.

As for address trap interrupt (INTATRAP), it is required to alter stacked data for program counter (PC) to
restarting address, during interrupt service program.

Note:If [RETN] is executed with the above data unaltered, the program returns to the address trap area and
INTATRAP occurs again.When interrupt acceptance processing has completed, stacked data for PCL and
PCH are located on address (SP + 1) and (SP + 2) respectively.

Example 1:Returning from address trap-interrupt (INTATRAP) service program

PINTxx:

POP WA ; Recover SP by 2
LD WA, Return Address
PUSH WA ; Alter stacked data

(interrupt processing)

RETN ; RETURN
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3.4 Software Interrupt (INTSW) TMPS6CS49FG

Example 2 :Restarting without returning interrupt
(In this case, PSW (Includes IMF) before interrupt acceptance is discarded.)

PINTxx: INC SP ; Recover SP by 3
INC SP
INC SP

(interrupt processing)
LD EIRL, data ; Set IMF to “1” or clear it to “0”

JP Restart Address ; Jump into restarting address

Interrupt requests are sampled during the final cycle of the instruction being executed. Thus, the next inter-
rupt can be accepted immediately after the interrupt return instruction is executed.

Note 1: It is recommended that stack pointer be return to rate before INTATRAP (Increment 3 times), if return inter-
rupt instruction [RETN] is not utilized during interrupt service program-under INTATRAP (such as Example
2).

Note 2: When the interrupt processing time is longer than the interrupt request generation time, the interrupt service
task is performed but not the main task.

3.4 Software Interrupt (INTSW)

Executing the SWI instruction generates a software interrupt and immediately, starts interrupt processing (INTSW
is highest prioritized interrupt).

Use the SWI instruction only for detection of the address-error or for debugging.

3.4.1 Address error detection

FFH is read if for some cause such as noise the CPU attempts to fetch an instruction from a non-existent
memory address during single chip mode.-Code FFH is the SWI instruction, so a software interrupt is gener-
ated and an address error is detected. The address error detection range can be further expanded by writing
FFH to unused areas of the program memory. Address-trap. reset is generated in case that an instruction is
fetched from RAM, DBR or SFR areas.

3.4.2 Debugging

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

3.5 Undefined Instruction Interrupt (INTUNDEF)

Taking code which is not defined as authorized instruction for instruction causes INTUNDEF. INTUNDEF is gen-
erated when the CPU fetches such'a code and tries to execute it. INTUNDEEF is accepted even if non-maskable inter-
rupt-is-in-_process. Contemporary. process is broken and INTUNDEF interrupt process starts, soon after it is
requested.

Note: The undefined instruction interrupt (INTUNDEF) forces CPU to jump into vector address, as software interrupt
(SWI) does.

3.6 Address Trap Interrupt (INTATRAP)

Fetching instruction from unauthorized area for instructions (Address trapped area) causes reset output or address
trap interrupt (INTATRAP). INTATRAP is accepted even if non-maskable interrupt is in process. Contemporary pro-
cess is broken and INTATRAP interrupt process starts, soon after it is requested.

Note: The operating mode under address trapped, whether to be reset output or interrupt processing, is selected on
watchdog timer control register (WDTCR).
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3.7 External Interrupts

The TMP86CS49FG has 5 external interrupt inputs. These inputs are equipped with digital noise reject circuits
(Pulse inputs of less than a certain time are eliminated as noise).

Edge selection is also possible with INT1 to INT3. The INT0/P00 pin can be configured as either an external inter-
rupt input pin or an input/output port, and is configured as an input port during reset.

Edge selection, noise reject control and INT0/P00 pin function selection are performed by the external interrupt
control register (EINTCR).

Source Pin Enable Conditions Release Edge Digital Noise Reject

Pulses-of less than 2/fc [s] are eliminated as
noise/ Pulses of 7/fc [s] or more are considered
to be signals. In'the SLOW or the SLEEP mode,
pulses of less'than 1/fs [s] are eliminated as
noise. Pulses of 3.5/fs [s] or more are consid-
ered to be signals.

INTO INTO IMF ¢+ EF4 + INTOEN=1 Falling edge

Pulses of less than 15/fc or 63/fc [s]-are elimi-
nated as noise. Pulses of 49/fc or 193/fc [s] or
more are considered to be signals.-In'the SLOW
or the SLEEP mode, pulses of less than 1/fs [s]
are eliminated as noise. Pulses of 3.5/fs [s] or
more are considered-to be signals.

Falling edge
INT1 INT1 IMF + EF6 =1 or
Rising edge

Pulses of less-than 7/fc [s] are eliminated as
noise. Pulses of 25/fc [s] or more are considered
to be signals.In'the SLOW or the SLEEP mode,
pulses of less than 1/fs [s] are eliminated as
noise: Pulses of 3.5/fs [s] or more are consid-
ered to be signals.

Falling edge
INT2 INT2 IMF + EF8 =1 or
Rising-edge

Pulses of less than 7/fc [s] are eliminated as
noise: Pulses of 25/fc [s] or more are considered
to be signals. In the SLOW or the SLEEP mode,
pulses of less than 1/fs [s] are eliminated as
noise. Pulses of 3.5/fs [s] or more are consid-
ered to be signals.

Falling edge
INT3 INT3 IMF ¢« EF12 =1 or
Rising edge

Pulses of less than 2/fc [s] are eliminated as
noise. Pulses of 7/fc [s] or more are considered
to be signals. In the SLOW or the SLEEP mode,
pulses of less than 1/fs [s] are eliminated as
noise. Pulses of 3.5/fs [s] or more are consid-
ered to be signals.

INTS INTS IMF + EF23 =1 Falling edge

Note 1: In NORMAL1/2 or IDLE1/2 mode, if a signal with no noise is input on an external interrupt pin, it takes a maximum of "sig-
nal establishment time + 6/fs[s]" from the input signal's edge to set the interrupt latch.

Note 2: When INTOEN-= "0", IL4 is not set even if a falling edge is detected on the INTO pin input.

Note 3: When-a pin with more than one‘function is used as an output and a change occurs in data or input/output status, an inter-
rupt request signal is generated in‘a pseudo manner. In this case, it is necessary to perform appropriate processing such
as disabling the interrupt enable flag.
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3. Interrupt Control Circuit
3.7 External Interrupts

TMP86CS49FG
External Interrupt Control Register
EINTCR 7 6 5 4 3 2 1 0
(0037H) | INTINC | INTOEN | . - | INT3ES | INT2ES | INT1ES | (Initial value: 00** 000*)
. ) . 0: Pulses of less than 63/fc [s] are eliminated as noise
INTIN N t t lect R/W
c oise reject fime selec 1: Pulses of less than 15/fc [s] are eliminated as noise /
—_ ) . 0: POO input/output port
INTOEN POO/INT figurat ihad R/W
0 OO/INTO pin configuration 1: TNTO pin (Port P00 should be set to an input mode) /
INT3 ES INT3 edge select o R|3|lng edge R/W
1: Falling edge
INT2 ES INT2 edge select 0: Rising edge RIW
1: Falling edge
0: Rising ed
INT1 ES INT1 edge select Ising edge RIW
1: Falling edge

Note 1: fc: High-frequency clock [Hz], *: Don’t care

Note 2: When the system clock frequency is switched between high and low or when the external interrupt-control register
(EINTCR) is overwritten, the noise canceller may not operate normally: It is recommended that external interrupts are dis-
abled using the interrupt enable register (EIR).

Note 3: The maximum time from modifying INT1NC until a noise reject time is changed is 26/fc:
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4. Special Function Register (SFR)

The TMP86CS49FG adopts the memory mapped I/O system, and all peripheral control and data transfers are per-
formed through the special function register (SFR) or the data buffer register (DBR). The SFR is mapped on address
0000H to 003FH, DBR is mapped on address OF80H to OFFFH.

This chapter shows the arrangement of the special function register (SFR) and data buffer register (DBR) for

TMP86CS49FG.
41 SFR
Address Read Write
0000H PODR
0001H P1DR
0002H P2DR
0003H P3DR
0004H P4DR
0005H P5DR
0006H P6DR
0007H P7DR
0008H POOUTCR
0009H P1CR
000AH P4QUTCR
000BH POPRD -
000CH P2PRD -
000DH P3PRD -
000EH P4PRD -
000FH P5PRD -
0010H TC1DRAL
0011H TC1DRAH
0012H TC1DRBL
0013H TC1DRBH
0014H TTREG3
0015H TTREG4
0016H TTREG5
0017H TTREG6
0018H PWREG3
0019H PWREG4
001AH PWREG5
001BH PWREG6
001CH ADCCR1
001DH ADCCR2
001EH ADCDR?2 -
001FH ADCDR1 -
0020H SIO1CR
0021H SIO1SR -
0022H SIO1RDB SIO1TDB
0023H TC2CR
0024H TC2DRL
0025H TC2DRH
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4. Special Function Register (SFR)

4.1 SFR
TMP86CS49FG

Address Read Write
0026H TC1CR
0027H TC3CR
0028H TC4CR
0029H TC5CR
002AH TC6CR
002BH SIO2RDB SI02TDB
002CH EIRE
002DH Reserved
002EH ILE
002FH Reserved
0030H Reserved
0031H SIO2CR
0032H SIO2SR -
0033H Reserved
0034H - WDTCR1
0035H - WDTCR2
0036H TBTCR
0037H EINTCR
0038H SYSCR1
0039H SYSCR2
003AH EIRL
003BH EIRH
003CH ILL
003DH ILH
003EH Reserved
003FH PSW

Note 1: Do not access reserved areas by-the program.
Note 2: — ; Cannot be accessed.

Note 3: Write-only registers and interrupt latches cannot use the read-modify-write instructions (Bit manipulation instructions such
as SET, CLR, etc. and logical-operation instructions such'as AND, OR, etc.).
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TMP86CS49FG

4.2 DBR

Address Read I Write
OF80H Reserved

OF81H Reserved

OF82H Reserved

OF83H Reserved

OF84H Reserved

OF85H Reserved

OF86H Reserved

OF87H Reserved

OF88H Reserved

OF89H Reserved

OF8AH Reserved

OF8BH Reserved

OF8CH Reserved

OF8DH Reserved

OF8EH Reserved

OF8FH Reserved

O0F90H SBISRA SBICRA
O0F91H SBIDBR

0F92H - I2CAR
0F93H SBISRB SBICRB
0F94H Reserved

O0F95H UART1SR UART1CR1
0F96H - UART1CR2
O0F97H RD1BUF TD1BUF
O0F98H UART2SR UART2CR1
O0F99H - UART2CR2
OF9AH RD2BUF TD2BUF
O0F9BH P6CR1

OF9CH P6CR2

OF9DH P7CR1

OF9EH P7CR2

OF9FH - | STOPCR
Address Read I Write
OFAOH Reserved

OFBFH Reserved
Address Read I Write
OFCOH Reserved

OFDFH Reserved
Address Read I Write
OFEOH Reserved

OFFFH Reserved

Note 1: Do not access reserved areas by the program.
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4. Special Function Register (SFR)

4.2 DBR
TMP86CS49FG

Note 2: —; Cannot be accessed.

Note 3: Write-only registers and interrupt latches cannot use the read-modify-write instructions (Bit manipulation instructions such
as SET, CLR, etc. and logical operation instructions such as AND, OR, etc.).
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5. 1/0 Ports

The TMP86CS49FG has 8 parallel input/output ports (56 pins) as follows.

Primary Function Secondary Functions
Port PO 8-bit 1/0 port External interrupt, serial interface input/output, UART input/output.
Port P1 8-bit I/O port External interrupt, timer counter input/output, divider output.
Port P2 3bit 1/0 port Ir_ec:\;v:srg(qstijge::l)/ir:zzinator connections, external interrupt input, STOP mode
Port P3 8-bit 1/0 port
Port P4 8-bit I/O port Serial interface input/output and UART input/output.
Port P5 5-bit I/O port Serial bus interface input/output.
Port P6 8-bit /O port Analog input and key-on wakeup input.
Port P7 8-bit I/O port Analog input.

Each output port contains a latch, which holds the output data.”All input ports.do not'have latches, so the external
input data should be externally held until the input data is read from outside or reading should be performed several
timer before processing. Figure 5-1 shows input/output timing examples.

External data is read from an I/O port in the S1 state of the read cycle during execution of the read instruction. This
timing cannot be recognized from outside, so that transient input such as chattering must be processed by the pro-
gram.

Output data changes in the S2 state of the write cycle during execution of the instruction which writes to an I/O
port.

Fetch cycle Fetch cycle Read cycle

SO S1 S2 S3 SO0-.S1 S2 S3 SO S1 S2 S3

Instruction execution cycle Example: LD A, (x)
1 1 1 1 1 1

Input strobe ..... - |_| -
A X

Datainput /. o ~ A A ...
(&) Inputtiming
Fetch cycle Fetch cycle Write cycle
SO S1 S2 S3 SO S1 S2 S3 SO S1 S2 S3
Instruction execution cycle Example: LD (x), A |
Ay & 1 1 1 1 1 1 1 1 1 1 1 -
Output strobe ..... I_\_ ......
Data output Oid X New . ...

(b) Output timing

Note: The positions of the read and write cycles may vary, depending on the instruction.

Figure 5-1 Input/Output Timing (Example)
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5.1/0 Ports

5.1 Port PO (P07 to P00) TMP86CS49FG

5.1 Port PO (P07 to P0O)

Port PO is an 8-bit input/output port.
Port PO is also used as an external interrupt input, a serial interface input/output and an UART input/output.

When used as an input port, an external interrupt input, a serial interface input/output and an UART input/output,
the corresponding output latch (PODR) should be set to "1".

During reset, the PODR is initialized to "1", and the POOUTCR is initialized to "0".

It can be selected whether output circuit of PO port is a C-MOS output or a sink open drain individually, by setting
POOUTCR. When a corresponding bit of POOUTCR is "0". the output circuit is selected to a sink open drain and
when a corresponding bit of POOUTCR is "1", the output circuit is selected to a C-MOS output.

When used as an input port, an external interrupt input, a serial interface input and an UART input, the correspond-
ing output control (POOUTCR) should be set to "0" after PODR is set to "1".

PO port output latch (PODR) and PO port terminal input (POPRD) are located on their respective address.

When read the output latch data, the PODR should be read. When read the terminal input data, the POPRD register
should be read.

Table 5-1 Register Programming for Multi-function Ports (P07 to, PO0)

Programmed Value

Function
PODR POOUTCR
Port input, external input, serial interface inputor g o
UART input
Port “0” output “0”

Programming
for each applica-
“r tions

Port “1” output, serial interface output or UART
output

soe——{ > ?
OUTEN
POOUTCRI

POOUTCRI input <

Data input (POPRD) <,‘ N

A

Output latch.read (PODR) <

Data output (PODR) > \ : . D PO
Output latch_|

Control output

LA

Control input <

Note: i=71t00

Figure 5-2 Port 0 and POOUTCR
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TMP86CS49FG

7 6 5 4 3 2 1 0
PODR
(0000H) PO7 P06 P05 P04 P03 P02 PO1 P00
RIW INT2 SCKT SO1 s INTA TXD1 | RXD1 INTO | (nitial value: 1111 1111)
POOUTCR | | | | (Initial value: 0000.0000)
(0008H)
L e 0: Sink open-drain output
POOUTCR | Port PO output circuit control (Set for each bit individuall RIW
o output circuit control (Set for each bit individually) 1: G-MOS output
POPRD PO7 | P06 | P05 | P04 | P03 | P02 | P01 P00 |
(000BH)
Read only
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5.1/0 Ports

5.2 Port P1 (P17 to P10) TMP86CS49FG

5.2 Port P1 (P17 to P10)

Port P1 is an 8-bit input/output port which can be configured as an input or output in one-bit unit.

Port P1 is also used as a timer/counter input/output, an external interrupt input and a divider output.

Input/output mode is specified by the P1 control register (P1CR).

During reset, the PICR is initialized to "0" and port P1 becomes an input mode. And the P1DR is initialized to "0".

When used as an input port, a timer/counter input and an external interrupt input, the corresponding bit of P1CR
should be set to "0".

When used as an output port, the corresponding bit of P1CR should be set to "1".

When used as a timer/counter output and a divider output, PIDR is set to 1" beforehand and the corresponding bit
of P1CR should be set to "1".

When PICR is "1", the content of the corresponding output latch isread by reading P1DR.

Table 5-2 Register Programming for Multi-function Ports

Programmed Value
Function
P1DR P1CR
Port input, timer/counter input or external interrupt . e
input
Port “0” output “0” “1”
Port “1” output, a timer output or-a divider output “17 “17

Note: Asterisk (*) indicates “1” or “0” either of which can be selected.

Ten P '
OUTEN LD
PI1CRi —»|D " Q L

~

P1CRiinput | 4——<}——

Data‘input (P1DR)

A

Data output (P1DR)

Output latch

Y

Control.output

A

Control input

Note: i=71t00

Figure 5-3 Port 1 and P1CR

Note: The port set to an input mode reads the terminal input data. Therefore, when the input and output modes are used
together, the content of the output latch which is specified as input mode might be changed by executing a bit
Manipulation instruction.
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TOSHIBA

7 6 5 4 3 2 1 0
P1DR P17 P16 P15 P14 P13 P12 P11 P10
(001H) | TC8 TC5 TC2 TC4 TC3 PPG Vo TC1
RW pwve | Pwws | INT3 | Pwwa | PwwB (Initial value: 0000 0000)
PDO6 PDO5 PDO4 PDO3
PFGS PFGA
P1CR 7 6 5 4 3 2 1 0
(0009H) | | | | | | | | | (Initial value: 0000 0000)
PICR | /0 control for port P1 (Specified for each bit) 0: Input mode RIW
P P 1: Output mode
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5.3 Port P2 (P22 to P20) TMP86CS49FG

5.3 Port P2 (P22 to P20)

Port P2 is a 3-bit input/output port.

It is also used as an external interrupt, a STOP mode release signal input, and low-frequency crystal oscillator con-

nection pins. When used as an input port or a secondary function pins, respective output latch (P2DR) should be set
to (13 1 ’9.

During reset, the P2DR is initialized to “1”.

A low-frequency crystal oscillator (32.768 kHz) is connected to pins P21 (XTIN).and P22(XTOUT) in the dual-
clock mode. In the single-clock mode, pins P21 and P22 can be used as normal input/output ports.

It is recommended that pin P20 should be used as an external interrupt input, a STOP mode release signal input, or
an input port. If it is used as an output port, the interrupt latch is set on the falling edge of the output pulse.

P2 port output latch (P2DR) and P2 port terminal input (P2PRD) are located on their respective address.

When read the output latch data, the P2DR should be read and when read the terminal input data, the P2PRD reg-
ister should be read. If a read instruction is executed for port P2, read data of bits 7 to 3 are unstable:

Data input (P20PRD) < <|, ’ﬂ—

Data input (P20) <

Data output (P20) —»@ . l': [ ] P20 (INT5, STOP)
Output latch

Contorl input < @
Data input (P21PRD) < <}_qﬂ7

Output latch read (P21) < <}—1 Osc. enable
Data output (P21) ——»@ . l’>— P21 (XTIN)
Output latch

Data input (P22PRD) < <]—<3:_}

Output latch read (P22) < <}—1
Data output (P22) ——»@ .

Output latch

STOP _i I::

OUTEN
XTEN

fs «——g

A4
o o

[ ] P22 (xTouT)

Figure 5-4 Port 2

7 6 5 4 3 2 1 0
P2DR
(0002H) P22 P21 P20
RW XTOUT |  XTIN INT5 | (initial value: =** *111)
STOP
P2PRD ‘ ‘ ‘ ‘ | P22 | P21 | P20 |
(000CH)
Read only

Note: Port P20 is used as STOP pin. Therefore, when stop mode is started, OUTEN does not affect to P20, and P20 becomes
high-Z mode.
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TOSHIBA

5.4 Port P3 (P37 to P30) (Large Current Port)

Port P3 is an 8-bit input/output port.

When used as an input port, the corresponding output latch (P3DR) should be set to "1".

During reset, the P3DR is initialized to "1".

P3 port output latch (P3DR) and P3 port terminal input (P3PRD) are located on their respective address.

When read the output latch data, the P3DR should be read. When read the terminal input data, the P3PRD register
should be read.

Sor— >
OUTEN

Data input (P3PRD) <

A
o

Output latch read (P3DR) <

LA
Y7
2

Data output (P3DR) >

Note: i=71t00

Figure 5-5 Port 3

P3DR 7 6 5 4 3 2 1 0

(0003H)| P37 | P36 | P35 | P34 | P33 | P32 | P31 | P30 |(Initia|va|ue:1111 1111)
RIW

P3PRD P37 | P36 | P35 | P34 | P33 | P32 | P31 | P30 |

(000DH)

Read only
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5.1/0 Ports

5.5 Port P4 (P47 to P40) TMP86CS49FG

5.5 Port P4 (P47 to P40)

Port P4 is an 8-bit input/output port.
Port P4 is also used as a serial interface input/output and an UART input/output.

When used as an input port, a serial interface input/output and an UART input/output, the corresponding output
latch (P4DR) should be set to "1".

During reset, the PADR is initialized to "1", and the PAOUTCR is initialized to "0".

It can be selected whether output circuit of P4 port is a C-MOS output or a sink open drain individually, by setting
P4OUTCR. When a corresponding bit of PAOUTCR is "0". the output circuit is selected to a sink open drain and
when a corresponding bit of PAOUTCR is "1", the output circuit is selected to a C-MOS output.

When used as an input port, a serial interface input and an UART input, the corresponding output control
(P4OUTCR) should be set to "0" after PADR is set to "1".

P4 port output latch (P4DR) and P4 port terminal input (P4PRD) are located on their respective address.

When read the output latch data, the PADR should be read. When read the terminal input data, the P4APRD register
should be read.

Table 5-3 Register Programming for Multi-function Ports (P47 to, P40)

Programmed Value
Function
P4DR P4OUTCR
Port input UART input or serial interface input “1” “0”
Port “0” output “0” Programming
Port “1” output UART output or serial interface o for eac'h applica-
output tions

it p— 1
OUTEN
PAOUTCRI

PAOUTCRI input <

Data input (P4PRD) < <,‘ 0

Output latch read (P4DR) <

Data output (P4DR) > _{\/ . ] pai
Output latch |

Control output

LA

Control input <

Note: i=71t00

Figure 5-6 Port 4
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TMP86CS49FG

P4DR 7 6 5 4 3 2 1 0

(0004H) P47 P46 P45 P44 P43 P42 P41 P40 (Initial value: 1111 1111)

RwW SCK2 S02 SI2 TXD2 RXD2 :
P40OUTCR | | | | | (Initial value:" 0000 0000)

(000AH)

0: Sink open-drain output
P4OUTCR | Port P4 output circuit control (Set for each bit individually) 3 Clr:\ﬂ g geonut;jt'” ot RIW

P4PRD P47 | P46 | P45 | P44 | P43 | P42 | P41 | P40 |

(000EH)
Read only
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5.1/0 Ports
5.6 Port P5 (P54 to P50) (Large Current Port)
TMP86CS49FG

5.6 Port P5 (P54 to P50) (Large Current Port)

Port P5 is an 5-bit input/output port.

Port P5 is also used as an I°C Bus input/output.

When used as an input port and I°C Bus input/output, the corresponding output latch (P5SDR) should be set to "1".
During reset, the PSDR is initialized to "1".

P5 port output latch (PSDR) and P5 port terminal input (PSPRD) are located on their respective address.

When read the output latch data, the PSDR should be read. When read the terminal input data, the PSPRD register
should be read.

If a read instruction is executed for port P5, read data of bit 7 to 5 are unstable.

STOP :Dc
OUTEN
Data input (P5PRD) < <|l S
Output latch read (P5DR) < <}
Data output (P5DR) »D Q| D 'l\/ ! 7] Psi
Control output Output Iatch§|

Control input <

Note: i=41t00
Figure 5-7 Port 5

P5DR 7 6 5 4 3 2 1 0

(0005H) P54 P53 P52 P51 P50 y

RIW SDA scL (Initial value: ***1 1111)
P5PRD ‘ ‘ N ‘ : | P54 | P53 | P52 | P51 | P50 |

(000FH)
Read only
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TMP86CS49FG

5.7 Port P6 (P67 to P60)

Port P6 is an 8-bit input/output port which can be configured as an input or output in one-bit unit.

Port P6 is also used as an analog input and key-on wakeup input.

Input/output mode is specified by the P6 control register (P6CR1) and P6 input control register (P6CR?2).

During reset, the P6CR1 is initialized to "0" the P6CR?2 is initialized to "1" and port-P6 becomes an input mode.

And the P6DR is initialized to "0".

When used as an output port, the corresponding bit of P6CR1 should be set to "1".

When used as an input port , the corresponding bit of P6CR1 should be set to "0" and then, the corresponding bit of

P6CR2 should be set to "1".

When used as a key-on wakeup input , the corresponding bit of POCR1/ should be set to "0" and then, the corre-

sponding bit of STOPKEN should be set to "1".

When used as an analog input, the corresponding bit of P6CR1 should be set to "0" and then, the corresponding bit

of P6CR2 should be set to "0".

When P6CR1 is "1", the content of the corresponding output latch'is read by reading P6DR.

Table 5-4 Register Programming for Multi-function Ports

Programmed Value
Function
P6DR P6CR1 PBCR2 STOPKEN
Port input * “Q” “qp N
Key-on wakeup input * " * nqw
Analog input * 0" “0” N
Port “0” output “Q 1 N R
Port “1” output 1 “1” * *

Note: Asterisk (*) indicates “1” or “0” either of which can be selected-

Table 5-5. “Values Read from P6DR and Register Programming

Values Read from P6DR

“?

Terminal input data

Conditions
P6CR1 P6CR2
“«" “«r
“? “qr

“Qr
o
qn

Output latch contents
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5.7 Port P6 (P67 to P60) TMP86CS49FG

P6CR2i D »
=]
P6CR2i input
P6CR1i D Q

P6CR1iinput «——

‘qu

A

Control input

A

Data input (P6DRIi)

Data output (P6DRI)

D Q
[
STOP
OUTTEN :Dc
Analog input <

AINDS
SAIN

e

a) P63 to P60

Key-on wakeup < \ll—l
STOPKEN
_ol_/

P6CR2j D Q *
P6CR2j input <—I
P6CR1j D Q

P6CR1j input <—————-

Data input (P6DR]j) < ‘[

Data output (P6DR}j) D Q
OUTTEN
Analog input <

AINDS
SAIN

i7
g

b) P67 to P64

Note 1:i=3100,j=71t04,k=31t00

Note 2: STOP is bit7 in SYSCR1.

Note 3: SAIN is AD input select signal.

Note 4: STOPKEN is input select signal in a key-on wakeup.

Figure 5-8 Port 6, P6CR1 and P6CR2
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7 6 5 4 3 2 1 0
P6DR
(0006H) P67 P66 P65 P64 P63 P62 P61 P60
RIW AN7 | AN6 | AIN5 | ANg4 | AN3 | AN2 | AN AINO | (Initial value: 0000 0000)
sToP3 | sToP2 | sTOP1 | STOPO
P6CR1 7 6 5 4 3 2 1 0
(OF9BH) | | | | | | | | | (Initial valte: 0000 0000)
P6CR1 | 1/0 control for port P6 (Specified for each bit) 0: Input mode RIW
P P 1: Output-mode
P6CR2 7 6 5 4 3 2 1 0
(OF9CH) | | | | | | | | | (Initial value: 1111.1111)
0° Analdg input
P6CR2 | P6 port input control (Specified for each bit) neeg/inpu RIW

1:-Port-input

Note 1: The port placed in input mode reads the pin input state: Therefore, when the input.and-output modes are used together,
the output latch contents for the port in input mode might be changed by executing a bit manipulation instruction.

Note 2: When used as an analog inport, be sure to clear the corresponding bit of PEBCR2 to disable the port input.
Note 3: Do not set the output mode (P6CR1 = “1”) for the pin.used as an analog input pin.

Note 4: Pins not used for analog input can be used as /O ports. During AD-conversion, ‘output instructions should not be executed
to keep a precision. In addition, a variable signal should not be/input to a port adjacent to the analog input during AD con-
version.
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5.8 Port P7 (P77 to P70)

Port P7 is an 8-bit input/output port which can be configured as an input or output in one-bit unit.
Port P7 is also used as an analog input.
Input/output mode is specified by the P7 control register (P7CR1) and P7 input control register (P7CR2).

During reset, the P7CR1 is initialized to "0" the P7CR2 is initialized to "1" and port-P7 becomes an input mode.
And the P7DR is initialized to "0".

When used as an output port, the corresponding bit of P7CR1 should be set to "1".

When used as an input port, the corresponding bit of P7CR1 should be set to "0"and then, the corresponding bit of
P7CR2 should be set to "1".

When used as an analog input, the corresponding bit of P7CR1 should be set to "0" and then, the corresponding bit
of P7CR2 should be set to "0".

When P7CR1 is "1", the content of the corresponding output latch is read by reading P7DR.

Table 5-6 Register Programming for Multi-function Ports

Programmed Value
Function
P7DR P7CR1 P7CR2

Port input external interrupt input or key-on wakeup . w0 Ny
input

Analog input * “? “Q
Port “0” output “Q? wq N
Port “1” output “q uq *

Note: Asterisk (*) indicates “1” or “0” either of which can be selected.

Table 5-7 Values Read from P7DR-and Register Programming

Conditions,
Values-Read from P7DR
P7CR1 P7CR2

“Qor “«r “«"

“0” “17 Terminal input data
“«

“1” Output latch contents
“q
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P7CR2i input

P7CR1i —Db Q

P7CR1liinput —mM8Mm
Control input <

Data input (P7DRi)

Data output (P7DRi) —B . AN Dpﬂ
OUTTEN

Analog input
AINDS
SAIN

r
:
;

Note 1:i=71to 0
Note 2: STOP is bit7 in SYSCR1.
Note 3: SAIN is AD input select signal.

Figure 5-9 Port 7,,P7CR1 and P7CR2

P7DR 7 6 5 4 3 2 1 0
(0007H) P77 P76 P75 P74 P73 P72 P71 P70 o
RIW AN15 | AINT4 | AN13 | ANtz [-AINTT | ANto | ANg | Aig | (italvalue: 00000000)
P7CR1 7 6 5 4 3 2 1 0
(OF9DH) | | | | | | | | | (Initial value: 0000 0000)
. ) 0: Input mode
P7CR1 1/0._control for port P7 (Specified for each bit) R/W
1: Output mode
P7CR2 7 6 5 4 3 2 1 0
(OF9EH) | | | | | | | | | (Initial value: 1111 1111)
0: Analog input
P7CR2 P7 port'input-control (Specified for each bit) 1: Port input, external interrupt input or key-on wakeup R/W

input

Note 1: The port placed in input mode reads the pin input state. Therefore, when the input and output modes are used together,
the output latch contents for the port in input mode might be changed by executing a bit manipulation instruction.

Note 2: When used as an analog inport, be sure to clear the corresponding bit of P7CR2 to disable the port input.
Note 3: Do not set the output mode (P7CR1 = “1”) for the pin used as an analog input pin.

Note 4: Pins not used for analog input can be used as /O ports. During AD conversion, output instructions should not be executed
to keep a precision. In addition, a variable signal should not be input to a port adjacent to the analog input during AD con-
version.
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6. 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 signal for detecting malfunctions can be programmed only once as “reset request” or “inter-
rupt request”. Upon the reset release, this signal is initialized to “reset request”.

When the watchdog timer is not used to detect malfunctions, it can be used as the timer to provide a periodic inter-

rupt.

Note: Care must be taken in system design since the watchdog timer functions are not be operated completely due to

effect of disturbing noise.

6.1 Watchdog Timer Configuration

Reset release

&=
WDT output
— [> R Reset
D_ S.Q request
Interrupt request
) ), » INTWDT
interrupt

request

WDTOUT

fci2?8 orfsf21® — 3 Binary counters
fe/2?t orfs/2® — 31 2 Clock
fe/2' or fs/2"! ——pf 2 Overflow
fe/2orfs/2® — |
aerors L Clear L 2
A —>
2//
Internal reset
Q
S R
WDTEN Wit Wit
riting riting
wolg disable code | clear'code
Controller
0034y 00354
WDTCR1 WDTCR2

Watchdog timer control registers

Figure 6-1 Watchdog Timer Configuration
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6.2 Watchdog Timer Control

The watchdog timer is controlled by the watchdog timer control registers (WDTCR1 and WDTCR?2). The watch-
dog timer is automatically enabled after the reset release.

6.2.1 Malfunction Detection Methods Using the Watchdog Timer

The CPU malfunction is detected, as shown below.

1. Set the detection time, select the output, and clear the binary counter.

2. Clear the binary counter repeatedly within the specified detection time.

If the CPU malfunctions such as endless loops or the deadlock conditions-occur for some reason, the watch-
dog timer output is activated by the binary-counter overflow unless-the binary counters are cleared. When
WDTCRI<WDTOUT> is set to “1” at this time, the reset request is_generated and then internal hardware is
initialized. When WDTCR1<WDTOUT> is set to “0”, a watchdog timer interrupt INTWDT).is generated.

The watchdog timer temporarily stops counting in the STOP. mode including the warm-up or IDLE/SLEEP
mode, and automatically restarts (continues counting) whenthe STOP/IDLE/SLEEP mode is inactivated.

Note: The watchdog timer consists of an internal divider and-a two-stage binary counter.-When the clear code 4EH
is written, only the binary counter is cleared, but notthe internal divider. The minimum binary-counter overflow
time, that depends on the timing at which the clear code (4EH) is written to the WDTCR2 register, may be 3/
4 of the time set in WDTCR1<WDTT>. Therefore; write the clear code using a cycle shorter than 3/4 of the
time set to WDTCR1<WDTT>.

Example :Setting the watchdog timer detection time to 22!/fc [s], and resetting the CPU malfunction detection

LD (WDTCR2),4EH : Clears the binary counters.
LD (WDTCR1),:00001101B :WDTT <— 10, WDTOUT <«— 1
LD (WDTCR2), 4EH : Clears the binary counters (always clears immediately before and

after changing WDTT).

Within 3/4 of WDT
detection time

- LD (WDTCR2),4EH : Clears the binary counters.

Within 3/4 of WDT.

detection time

LD (WDTCR2), 4EH : Clears the binary counters.
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Watchdog Timer Control Register 1
WDTCR1 7 6 5 4 3 2 1 0
(0034H) | (ATAS) | (ATOUT) | WDTEN | WDTT | WDTOUT| (Initial value: **11 1001)
0: Disable (Writing the disable code to WDTCR2 i ired. Writ
WDTEN | Watchdog timer enable/disable isable (Writing the disable code to Is required.) rie
1: Enable only
NORMAL1/2 mode SLOW1/2
DV7CK =0 DV7CK =1 mode
25 17 17
WDTT Watchdog timer detection time 0o 27e 2''fs 2''fs Write
[s] 01 223f¢ 21545 2155 only
10 221f¢ 2"34fs 213
1 2"9%f¢ 2"s 2"s
0: Interrupt t Writ
WDTOUT | Watchdog timer output select nierruptreques e
1: Reset request only

Note 1: After clearing WDTOUT to “0”, the program cannot set it to “1”-
Note 2: fc: High-frequency clock [Hz], fs: Low-frequency clock [Hz], *: Don’t care

Note 3: WDTCR1 is a write-only register and must not be used with any ‘of read-modify-write instructions: If WDTCR1 is read, a
don’t care is read.

Note 4: To activate the STOP mode, disable the watchdog timer or clearthe counter immediately before entering the STOP mode.
After clearing the counter, clear the counter again immediately after the STOP mode is inactivated.

Note 5: To clear WDTEN, set the register in accordance with.the procedures shown in “6.2:3 Watchdog Timer Disable”.

Watchdog Timer Control Register 2

WDTCR2 7 6 5 4 3 2 1 0
(0035H) | ‘ ‘ ‘ ‘ ‘ | (Initial value: **** ****)
4EH: Clear the watchdog timer binary counter (Clear code)
WDTCR2 Write B1H: Disable the watchdog timer (Disable code) Write
Watchdog timer control.code D2H: Enable assigning address trap area only

Others: Invalid

Note 1: The disable-code is valid-only when WDTCR1<WDTEN> = 0.
Note 2: *: Don’t care
Note 3: The binary counter of the watchdog timer must not be cleared by the interrupt task.
Note 4: Write the clear.code 4EH using a cycle shorter than 3/4 of the time set in WDTCR1<WDTT>.

6.2.2 Watchdog Timer Enable

Setting WDTCR1<WDTEN>to'“1” enables the watchdog timer. Since WDTCRI<WDTEN> is initialized
to “1” during reset, the watchdog timer is enabled automatically after the reset release.
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6.2.3 Watchdog Timer Disable

To disable the watchdog timer, set the register in accordance with the following procedures. Setting the reg-
ister in other procedures causes a malfunction of the microcontroller.

Set the interrupt master flag (IMF) to “0”.
Set WDTCR?2 to the clear code (4EH).
Set WDTCR1<WDTEN> to “0”.

Set WDTCR?2 to the disable code (B1H).

e bh =

Note: While the watchdog timer is disabled, the binary counters of the watchdog timer are cleared.

Example :Disabling the watchdog timer

DI S IMF <— 0
LD (WDTCR2), 04EH : Clears the binary.counter
LDW (WDTCR?1), 0B101H : WDTEN <— 0, WDTCR2 <— Disable code

Table 6-1 Watchdog Timer Detection Time (Example: fc =/16.0'MHz, fs = 32.768 kHz)

Watchdog Timer Detection Time[s]
WDTT NORMAL1/2 mode SLOW
DV7CK =0 DV7CK =1 mode
00 2.097 4 4
01 524,288 m 1 1
10 131.072 m 250'm 250 m
11 32.768'm 62.5m 62.5m

6.2.4 Watchdog Timer Interrupt (INTWDT)
When WDTCR1<WDTOUT> is cleared to “0”, a watchdog timer interrupt request (INTWDT) is generated
by the binary-counter overflow.

A watchdog timer interrupt is the non-maskable interrupt which can be accepted regardless of the interrupt
master flag (IMF).

When a watchdog timer interrupt is generated while the other interrupt including a watchdog timer interrupt
is-already accepted, the new watchdog timer interrupt is processed immediately and the previous interrupt is
held pending. Therefore;. if watchdog timer interrupts are generated continuously without execution of the
RETN instruction, too many levels of nesting may cause a malfunction of the microcontroller.

To generate a watchdog timer interrupt, set the stack pointer before setting WDTCR1<WDTOUT>.

Example :Setting watchdog timer interrupt

LD SP, 083FH : Sets the stack pointer

LD (WDTCR1), 00001000B :WDTOUT <—0
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6.2.5 Watchdog Timer Reset

When a binary-counter overflow occurs while WDTCR1<WDTOUT> is set to “1”, a watchdog timer reset
request is generated. When a watchdog timer reset request is generated, the internal hardware is reset. The reset
time is maximum 24/fc [s] (1.5 pus @ fc = 16.0 MHz).

Note:When a watchdog timer reset is generated in the SLOW1 mode, the reset time‘is-maximum 24/fc (high-fre-
quency clock) since the high-frequency clock oscillator is restarted. However, when crystals have inaccura-

cies upon start of the high-frequency clock oscillator, the reset time should be considered-as an approximate
value because it has slight errors.

219/fc [s]

. 4

Clock

J S N R I B O A
Binary counter ZX 2 )@( 0 X 1 X 2 X 3 X 0

Overflow

INTWDT interrupt request :
(WDTCR1<WDTOUT>= "0") /

Internal reset i R ,
(WDTCR1<WDTOUT>="1") reset occurs

Write 4E to WDTCR2

Figure 6-2- Watchdog Timer Interrupt
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6.3 Address Trap

The Watchdog Timer Control Register 1 and 2 share the addresses with the control registers to generate address

traps.

Watchdog Timer Control Register 1

WDTCR1 7 6 5 4 3 2 1 0
(0034H) ‘ ‘ | ATAS | ATOUT | (WDTEN) | (WDTT) (WDTOUT) | (Initial value: **11 1001)
Select address trap generation in 0: Generate no address trap
ATAS the internal RAM aprga 1: Generate address traps (After setting ATAS to “1”, writing the control code )
D2H to WDTCR2 is required) Write
only
0: Int t t
ATOUT Select operation at address trap nierrupt reques
1: Reset request
Watchdog Timer Control Register 2
WDTCR2 7 6 5 4 3 2 1 0
(0035H) | ‘ ‘ ‘ ‘ ‘ | (Ifitial value: =% #++%)
Write D2H: Enable-address trap area selection (ATRAP control code)

WDTCR2 Watchdog timer control code 4EH: Clear the watchdog timer binary counter (WDT clear code) Write
and address trap area control B1H: Disable the watchdog timer (WDT disable code) only
code Others: Invalid

6.3.1 Selection of Address Trap in Internal RAM (ATAS)

6.3.2

6.3.3

WDTCRI1<ATAS> specifies whether or not to generate address traps in the internal RAM area. To execute
an instruction in the internal RAM area; clear WDTCR1<ATAS> to “0”. To enable the WDTCR1<ATAS> set-
ting, set WDTCR1<ATAS> and thenwrite D2H to WDTCR2.

Executing an instruction in the SER or DBR area generates an address trap unconditionally regardless of the
setting in WDTCR1<ATAS>.

Selection of Operation at Address Trap (ATOUT)

When an address-trap is generated, ecither the interrupt request or the reset request can be selected by
WDTCRI1<ATOUT>.

Address Trap Interrupt (INTATRAP)

While WDTCRI1<ATOUT>is “0”,if the CPU should start looping for some cause such as noise and an
attempt be made to fetch an instruction from the on-chip RAM (while WDTCR1<ATAS> is “1”), DBR or the
SFR-area, address trap interrupt (INTATRAP) will be generated.

An address trap interrupt is a non-maskable interrupt which can be accepted regardless of the interrupt mas-
ter flag (IMF).

When an address trap interrupt is generated while the other interrupt including an address trap interrupt is
already accepted, the new address trap is processed immediately and the previous interrupt is held pending.
Therefore, if address trap interrupts are generated continuously without execution of the RETN instruction, too
many levels of nesting may cause a malfunction of the microcontroller.

To generate address trap interrupts, set the stack pointer beforehand.
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6.3.4 Address Trap Reset

While WDTCRI<ATOUT> is “1”, if the CPU should start looping for some cause such as noise and an
attempt be made to fetch an instruction from the on-chip RAM (while WDTCR1<ATAS> is “1”), DBR or the
SFR area, address trap reset will be generated.

When an address trap reset request is generated, the internal hardware is reset. The reset time is maximum
24/fc [s] (1.5 us @ fc = 16.0 MHz).

Note:When an address trap reset is generated in the SLOW1 mode, the reset time is maximum 24/fc (high-fre-
quency clock) since the high-frequency clock oscillator is restarted. However, when-crystals have inaccura-
cies upon start of the high-frequency clock oscillator, the reset time should be considered as an approximate
value because it has slight errors.
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7. Time Base Timer (TBT)

The time base timer generates time base for key scanning, dynamic displaying, etc. It also provides a time base
timer interrupt (INTTBT).

7.1 Time Base Timer

7.1.1  Configuration

fc/223 or fs/215 >———
fc/221 or fs/213 >———
fc/218 or fs/28 >——
fc/214 or fs/28 >———
fc/2'3 or fs/2% >———
fc/212 or fs/24 >——
fc/2" or fs/23 >——
fc/29 or fs/2 >——

7.1.2 Control

Time Base Timer is controlled by Time Base Timer control register (TBTCR).

IDLEO, SLEEPO

MPX
Source clock Falling edge
detector
3
TBTEN

TBTCK

| TBTCR |

Time base timer control register

Figure 7-1 /'Time Base Timer configuration

Time Base Timer Control Register

» release request
]—D—) INTTBT
interrupt, request

7 6 5 4 3 2 1 0
TBTCR iti
(0036H) (DVOEN) (DVOCK) (DV7CK)|. TBTEN TBTCK (Initial Value: 0000 0000)
Time Base Timer 0: Disable
TBTEN enable / disable 1: Enable
NORMAL1/2, IDLE1/2 Mode SLOW1/2
DV7CK =0 DV7CK =1 SL,EE;; ?
000 fc/223 fs/21° fs/21°
001 fc/2?! fs/213 fs/213
B
‘ 011 fo/21 fs/28 -
100 fc/213 fs/25 -
101 fc/21? fs/2* -
110 fo/2M fs/23 -
111 fc/2° fs/2 -

Note 1: fc; High-frequency clock [Hz], fs; Low-frequency clock [Hz], *; Don't care
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Note 2: The interrupt frequency (TBTCK) must be selected with the time base timer disabled (TBTEN="0"). (The interrupt fre-
quency must not be changed with the disable from the enable state.) Both frequency selection and enabling can be per-
formed simultaneously.

Example :Set the time base timer frequency to fc/2' [Hz] and enable an INTTBT interrupt.

LD (TBTCR), 00000010B : TBTCK « 010
LD (TBTCR), 000010108 ; TBTEN « 1
DI ;IMF <0

SET (EIRL). 7

Table 7-1 Time Base Timer Interrupt Frequency ( Example :fc =160 MHz, fs = 32.768 kHz )

Time Base Timer Interrupt Frequency [Hz]
TBTCK
NORMAL1/2, IDLE1/2 Mode NORMAL1/2, IDLE1/2 Mode SLOW1/2, SLEEP1/2 Mode
DV7CK =0 DV7CK =1
000 1.91 1 1
001 7.63 4 4
010 24414 128 -
01 976.56 512 -~
100 1953.13 1024 -
101 3906.25 2048 -
110 7812.5 4096 -
11 31250 16384 -

7.1.3 Function

An INTTBT ( Time Base Timer Interrupt ) is generated on the first falling edge of source clock ( The divider
output of the timing generator which is selected by TBTCK. ) after time base timer has been enabled.

The divider'is not cleared by the program,; therefore, only the first interrupt may be generated ahead of the set
interrupt period (‘Figure 7-2°).

Source clock | I I I

TBTCR<TBTEN> I
A
1
1
1
1
1
1

—3 -7

INTTBT " "_

€
' Interrupt period *

Enable TBT

Figure 7-2 Time Base Timer Interrupt
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7.2 Divider Output (DVO)

Approximately 50% duty pulse can be output using the divider output circuit, which is useful for piezoelectric
buzzer drive. Divider output is from DVO pin.

7.2.1 Configuration

Output latch

Data output

fc/213 or fs/2% >—
fc/212 or fs/24 >—B
fc/2" or fs/23
fc/210 or fs/22

Port output latch _l l_l

TBTCR<DVOEN>

L

1

|

1 | 1
— 1

DVO pin output | | | | | | | | | | ! 'I | |

(a) configuration (b) Timing chart

DVOCK DVOEN

Divider output control register

Figure 7-3 Divider Output

7.2.2 Control

The Divider Output is controlled by the Time Base Timer Control Register.

Time Base Timer Control Register

7 6 5 4 3 2 1 0
TBTCR iti
(0036H) DVOEN DVOCK (DV7CK) | (TBTEN) (TBTCK) (Initial value: 0000 0000)
Divider output 0: Disable
DVOEN R/W
enable / disable 1: Enable
NORMAL1/2, IDLE1/2 Mode SLOW1/2
SLEEP1/2
DV7CK =0 DV7CK =1 Mode
ivi DVO 00 fc/213 fs/2° fs/2°
DVOCK | ey saoston ] RIW
PR ' 01 fe/212 fs/2* fs/2*
10 fe/2 fs/23 fs/23
11 fc/210 fs/22 fs/22

Note: Selection of divider output frequency (DVOCK) must be made while divider output is disabled (DVOEN="0"). Also, in other
words, when changing the state of the divider output frequency from enabled (DVOEN="1") to disable(DVOEN="0"), do not
change the setting of the divider output frequency.
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Example :1.95 kHz pulse output (fc = 16.0 MHz)

LD (TBTCR), 00000000B ; DVOCK « "00"
LD (TBTCR), 10000000B ; DVOEN « "1"
Table 7-2 Divider Output Frequency ( Example :fc= 16.0 MHz, fs = 32.768 kHz )
Divider Output Frequency [Hz]
DVOCK NORMAL1/2, IDLE1/2 Mode SLOW1/2. SLEEP1/2
DV7CK =0 DV7CK = 1 Mode
00 1.953 k 1.024 k 1.024 k
01 3.906 k 2.048k 2.048 k
10 7.813k 4.096'k 4.096 k
11 15.625 k 8.192 k 8.192 k
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8. 16-Bit TimerCounter 1 (TC1)

Configuration
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8.2 TimerCounter Control

The TimerCounter 1 is controlled by the TimerCounter 1 control register (TC1CR) and two 16-bit timer registers
(TC1DRA and TC1DRB).

Timer Register

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TC1DRA | TG1DRAH (0011H) | TC1DRAL (0010H) |
(0011H, 0010H) (Initial value: 1111 1111 1111 1111) Read/Write
TC1DRB | TC1DRBH (0013H) | TC1DRBL (0012H) |
(0013H, 0012H) (Initial value: 1111 1111 1111 1111) Read/Write (Write enabled only in the PPG output mode)

TimerCounter 1 Control Register

7 6 5 4 3 2 1 0
TC1CR ACAP1
(00268 TFF ll\\/I/I(I.E\”'?'lI:"11 Te18 Teiek I :_\I)r?i;ai(:afv\\/l:ltje: 0000 0000)
MPPG1
TFF1 Timer F/F1 control 0: Clear 1: Set R/W
ACAP1 Auto capture control 0:Auto-capture disable 1:Auto-capture enable

Pul idth -
MCAP1 uise widih measure 0:Double edge capture 1:Single edge capture
ment mode control
R/W

Ext | tri ti
METT1 ng;n:onr:i?er imer 0:Trigger start 1:Trigger start and stop

MPPG1 PPG output control 0:Continuous pulse generation 1:One-shot
Extrig- Win-
Timer xirg Event " Pulse PPG
ger dow
00: Stop and-counter clear (0] (0] O (0] O (0]
01:Command start O - - - - 0}

10: Rising edge start
TC1S TC1 start control - (Ex-trigger/Pulse/PPG) o o o o o R/W
Rising edge count (Event)

Positive logic count (Window)

11: Falling edge start
(Ex-trigger/Pulse/PPG)

) - (o} o (o} o (o}
Falling edge count (Event)
Negative logic count (Window)
NORMAL1/2, IDLE1/2 mode SLOW,
Divider | SLEEP
DV7CK =0 DV7CK =1 mode
To1CK [THCZ] source clock select /| 00 for2! fs/23 DVO | fs/23 RW
01 fc/2” fc/2” DV5 -
10 fc/2® fc/23 DVA1 -
11 External clock (TC1 pin input)
00: Timer/external trigger timer/event counter mode
TC1 operating mode 01: Window mode
TC1M R/W
select 10: Pulse width measurement mode

11: PPG (Programmable pulse generate) output mode

Note 1: fc: High-frequency clock [Hz], fs: Low-frequency clock [Hz]

Note 2: The timer register consists of two shift registers. A value set in the timer register becomes valid at the rising edge of the
first source clock pulse that occurs after the upper byte (TC1DRAH and TC1DRBH) is written. Therefore, write the lower
byte and the upper byte in this order (it is recommended to write the register with a 16-bit access instruction). Writing only
the lower byte (TC1DRAL and TC1DRBL) does not enable the setting of the timer register.

Note 3: To set the mode, source clock, PPG output control and timer F/F control, write to TC1CR during TC1S=00. Set the timer F/
F1 control until the first timer start after setting the PPG mode.
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Note 4: Auto-capture can be used only in the timer, event counter, and window modes.

Note 5: To set the timer registers, the following relationship must be satisfied.
TC1DRA > TC1DRB > 1 (PPG output mode), TC1DRA > 1 (other modes)

Note 6: Set TFF1 to “0” in the mode except PPG output mode.
Note 7: Set TC1DRB after setting TC1M to the PPG output mode.

Note 8: When the STOP mode is entered, the start control (TC1S) is cleared to “00” automatically, and the timer stops. After the
STOP mode is exited, set the TC1S to use the timer counter again.

Note 9: Use the auto-capture function in the operative condition of TC1. A captured value may- not be fixed if it's read after the
execution of the timer stop or auto-capture disable. Read the capture value in a capture enabled condition.

Note 10:Since the up-counter value is captured into TC1DRB by the source clock of up-counter after setting TC1CR<ACAP1> to

"1". Therefore, to read the captured value, wait at least one cycle of the internal source clock before reading TC1DRB for
the first time.
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8.3 Function

TimerCounter 1 has six types of operating modes: timer, external trigger timer, event counter, window, pulse width
measurement, programmable pulse generator output modes.

8.3.1 Timer mode

In the timer mode, the up-counter counts up using the internal clock. When a match between the up-counter and the timer
register 1A (TC1DRA) value is detected, an INTTC1 interrupt is generated and the up-counter is cleared. After being
cleared, the up-counter restarts counting. Setting TCICR<ACAP1> to “1” captures the up-counter value into the timer reg-
ister 1B (TC1DRB) with the auto-capture function. Use the auto-capture function in the operative condition of TC1. A cap-
tured value may not be fixed if it's read after the execution of the timer stop or auto-capture disable. Read the capture value
in a capture enabled condition. Since the up-counter value is captured into TC1DRB by the source clock of up-counter after
setting TC1ICR<ACAP1>to "1". Therefore, to read the captured value, wait at least one cycle of the internal source clock
before reading TC1DRB for the first time.

Table 8-1 Internal Source Clock for TimerCounter 1 (Example: fc = 16 MHz, fs =32.768 kHz)
NORMAL1/2, IDLE1/2 mode
TC1CK SLOW, SLEEP mode
DV7CK =0 DV7CK =1
Resolution Maximum Time Setting Resolution Maximum Time Setting | Resolution 2_/:?”):21?
[us] Is] fus] Bl sl | g o
00 128 8.39 24414 16.0 24414 16.0
01 8.0 0.524 8.0 0.524 - -
10 0.5 32.77m 0.5 32.77m - -

Example 1 :Setting the timer mode with source clock fe2tl [Hz] and generating an interrupt 1 second later
(fc = 16 MHz, TBTCR<DV7CK> = “0™)

LDW (TC1DRA), 1E84H ;/Sets the timer register (1 s = 2'"/fc = 1E84H)
DI ;- IMF= 0"
SET (EIRL). 5 ; Enables INTTCA1
El ; IMF= 1"
LD (TC1CR), 00000000B ; Selects the source clock and mode
LD (TC1CR), 00010000B ; Starts TC1
Example 2 :Auto-capture
LD (TC1CR), 01010000B ; ACAP1 « 1
LD WA, (TC1DRB) ; Reads the capture value

Note: Since the up-counter value is captured into TC1DRB by the source clock of up-counter after setting TC1CR<ACAP1> to "1".
Therefore, to read the captured value, wait at least one cycle of the internal source clock before reading TC1DRB for the first
time.
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Timer start

Source clock I | I:l I | I | I | I | I | I | I | I | I | I | | | I | I | I | I | I |
Counter 0 naan n-1Xn X0 1 2 3 4 XZX 6 X 7 x
! A

TC1DRA > X n )

1
. : Match detect Counter clear
INTTCL1 interruput request 1 MI—I‘

(a) Timer mode

Source clock N I 6 O o O B O
i§

Counter X m-2 X m-1 X X me1 X m+2 X ;{ X-n-1 X n X e X

Capture ¢ Capture

(4
TC1DRB 2 Xvm-1 Xvm X m+1 X ma2 x o x n-1 X—¥n X/ n+1 X
ACAP1 |

3

(b) Auto-capture

Figure 8-2 Timer Mode Timing Chart
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8.3.2 External Trigger Timer Mode

In the external trigger timer mode, the up-counter starts counting by the input pulse triggering of the TC1
pin, and counts up at the edge of the internal clock. For the trigger edge used to start counting, either the rising
or falling edge is defined in TC1CR<TC1S>.

e When TCICR<METT1> is set to “1” (trigger start and stop)

When a match between the up-counter and the TC1DRA value is/detected after the timer starts, the
up-counter is cleared and halted and an INTTC1 interrupt request is generated.

If the edge opposite to trigger edge is detected before 'detecting a match between the up-counter
and the TC1DRA, the up-counter is cleared and halted without generating an interrupt request.
Therefore, this mode can be used to detect exceeding the specified pulse by interrupt.

After being halted, the up-counter restarts counting when the trigger edge is detected.

e When TC1ICR<METT1> is set to “0” (trigger start)

When a match between the up-counter and the TC1DRA value is detected after the timer starts, the
up-counter is cleared and halted and an INTTCI1 interrupt request is generated.

The edge opposite to the trigger edge hasno effect in count up. Thetrigger edge for the next count-
ing is ignored if detecting it before detecting-a match between the up-counter and the TC1DRA.

Since the TC1 pin input has the noise rejection, pulses of 4/fc [s] or less are rejected as noise. A pulse width
of 12/fc [s] or more is required to ensure edge detection. The rejection circuit is turned off in the SLOW1/2 or
SLEEP1/2 mode, but a pulse width of one machine cycle or more-is required.

Example 1 :Generating an interrupt 1 ms after the rising edge of the input pulse to the TC1 pin

(fc =16 MHz)
LDW (TC1DRA), 007DH ; 4ms + 27/fc = 7DH
DI ; IMF=“0”
SET (EIRL). 5 ; Enables INTTC1 interrupt
El ; IMF= 1"
LD (TC1CR), 00000100B ; Selects the source clock and mode
LD (TC1CR), 00100100B ; Starts TC1 external trigger, METT1 =0

Example 2 :Generating-an interrupt when the low-level pulse with 4 ms or more width is input to the TC1 pin

(fc =16 MHz)
LbwW (TC1DRA), 01F4H ;4 ms = 27ffc = 1F4H
DI ; IMF=“0"
SET (EIRL). 5 ; Enables INTTC1 interrupt
El ; IMF= 1"
LD (TC1CR), 00000100B ; Selects the source clock and mode
LD (TC1CR), 01110100B ; Starts TC1 external trigger, METT1 =1
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At the rising
Count start Count start edge (TC1S = 10)

TC1 pin input I | T

Source clock I | I | I | I | I | I | I | I | I | I | I | I | I | I | I | I | I | I | I | I |
€ 6 6 6 = 0 o
A

TC1DRA x n Match detect @ Count clear

INTTC1 hrr
interrupt request

(a) Trigger start (METTL1 = 0)

At the rising
Count start Count clear Count start edge (TC1S = 10)

TC1 pin input _T l T L

1 1 1 1 1 1
- = x

TC1DRA x n Match detect Q Count clear
INTTC1 er
interrupt request

Note: m<n

(b) Trigger start and stop (METT1 =1)

Figure 8-3 External Trigger Timer Mode Timing Chart

Page 83



8. 16-Bit TimerCounter 1 (TC1)

8.3 Function

TMP86CS49FG

v

Up-counter

TC1DRA

INTTC1
interrput request

8.3.3 Event Counter Mode

In the event counter mode, the up-counter counts up at the edge of the input pulse to the TC1 pin. Either the
rising or falling edge of the input pulse is selected as the count up edge in TCICR<TC1S>.

When a match between the up-counter and the TC1DRA value is detected, an INTTC1 interrupt is generated
and the up-counter is cleared. After being cleared, the up-counter restarts counting at.each edge of the input
pulse to the TC1 pin. Since a match between the up-counter and the value set to TCIDRA is detected at the
edge opposite to the selected edge, an INTTCI interrupt request is generated after a match of the value at the
edge opposite to the selected edge.

Two or more machine cycles are required for the low-or high-level pulse input to the TC1 pin.

Setting TCICR<ACAPI1> to “1” captures the up-counter value into TC1DRB with the auto capture function.
Use the auto-capture function in the operative condition of TC1, A captured value may not be fixed if it's read
after the execution of the timer stop or auto-capture disable. Read the capture value in.a capture enabled condi-
tion. Since the up-counter value is captured into TC1DRB-by the source clock of up-counter after setting
TCI1CR<ACAPI1> to "1". Therefore, to read the captured value, wait at least one cycle of the internal source
clock before reading TC1DRB for the first time.

Timer start

At the
rising edge

|_|
o XlX 2 X:::: Xnvl X:EX_AT_X 1 X 2 (TC1S=10)

2 X n q

D
' Match detect &I—V Counter clear

Figure 8-4 Event Counter Mode Timing Chart

Table 8-2/ Input Pulse Width to TC1 Pin

Minimum Pulse Width [s]

NORMAL1/2, IDLE1/2 Mode SLOW1/2, SLEEP1/2 Mode
High-going 23/c 2%fs
Low-going 23/fc 23/fs
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8.3.4 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 TC1 pin (window pulse) and the internal source clock: Either the positive logic (count
up during high-going pulse) or negative logic (count up during low-going pulse).can be selected.

When a match between the up-counter and the TC1DRA value is detected, an INTTCY interrupt is generated
and the up-counter is cleared.

Define the window pulse to the frequency which is sufficiently lower than the internal source clock pro-
grammed with TC1CR<TC1CK>.

Count start Count stop Count start

Timer start v A A

TC1 pin input

Internal clock

"0 XA XXX s XXX oxs)
: K
(0)

TC1DRA 2 X 7

INTTC1L Match detect hﬂ/ Counter clear
interrput request d

(a) Positive logic (TC1S =10)

Timer start Count start Count stop Count start

y y A 4

TC1 pin input

Internal clock

Counter > XIXZXEXLX 5 X 6 XZXS XoXoX 1

A
TC1DRA 2 X /9 P
: Match detect L
INTTC1 :
interrput request : | | Counter

. . clear
(b). Negative logic (TC1S =11)

Figure 8-5 Window Mode Timing Chart
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8.3.5 Pulse Width Measurement Mode

In the pulse width measurement mode, the up-counter starts counting by the input pulse triggering of the
TCI pin, and counts up at the edge of the internal clock. Either the rising or falling edge of the internal clock is
selected as the trigger edge in TC1CR<TC1S>. Either the single- or double-edge capture is selected as the trig-
ger edge in TCICR<MCAP1>.

¢ When TCICR<MCAPI1> is set to “1” (single-edge capture)

Either high- or low-level input pulse width can be measured. To-measure the high-level input pulse
width, set the rising edge to TC1CR<TC1S>. To measure the low-level input pulse width, set the
falling edge to TC1CR<TC1S>.

When detecting the edge opposite to the trigger edge used to start counting after the timer starts,
the up-counter captures the up-counter value into-TC1DRB and generates an INTTCI1 interrupt
request. The up-counter is cleared at this time, and then restarts counting when detecting the trigger
edge used to start counting.

e When TC1ICR<MCAPI1> is set to “0” (double-edge capture)

The cycle starting with either the high--or low-going input pulse can be measured. To measure the
cycle starting with the high-going pulse, set the rising edge to TCICR<TC1S>. To measure the cycle
starting with the low-going pulse, set the falling edge to TCICR<TC1S>.

When detecting the edge opposite to the trigger edge used to start counting after the timer starts,
the up-counter captures the-up-counter value‘into TCIDRB and generates an INTTCI1 interrupt
request. The up-counter continues counting up, and captures the up-counter value into TC1DRB and
generates an INTTC1 interrupt request when detecting-the frigger edge used to start counting. The
up-counter is cleared-at this time, and then continues counting.

Note 1: The captured value must.be read from TC1DRB-until-the next trigger edge is detected. If not read, the cap-
tured value becomes.a don’t care. It is recommended to-use a 16-bit access instruction to read the captured
value from TC1DRB:

Note 2: For the single-edge capture, the counter after capturing the value stops at “1” until detecting the next edge.
Therefore, the second captured value is “1” largerthan the captured value immediately after counting
starts.

Note 3: The first captured value after the timer starts may be read incorrectively, therefore, ignore the first captured
value.
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Example :Duty measurement (resolution fc/2” [Hz])

CLR

LD
DI
SET
El
LD

PINTTC1: CPL
JRS
LD
LD
LD
RETI

SINTTC1: LD
LD
LD

RETI

VINTTCH1: DW

TC1 pin

INTTCY interrupt request

INTTC1SW

(INTTC1SW). 0

(TC1CR), 00000110B

(EIRL). 5

(TC1CR), 00100110B

(INTTC1SW). 0
F, SINTTC1

A, (TC1DRBL)

W,(TC1DRBH)

(HPULSE), WA

A, (TC1DRBL)

; INTTC1 service switch initial setting
Address set to convert INTTC1SW at each INTTC1

; Sets the TC1 mode and source clock
; IMF= 0"

; Enables INTTC1

; IMF= 1"

; Starts TC1 with an external trigger at MCAP1 =0

; INTTC1 interrupt, inverts and tests INTTC1 service switch

; Reads TC1DRB (High-level pulse width)

; Stores high-level pulse width in RAM

; Reads TC1DRB (Cycle)

W,(TC1DRBH)
(WIDTH), WA ;. Stores cycle in RAM
; Duty calculation
PINTTC1 ; INTTC1 Interrupt vector
€ WIDTH >
- _HPULSE _: :
=

[1

;
[
L
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TC1 pin input

Internal clock

Counter

TC1DRB

INTTC1
interrupt request

TC1 pin input

Internal clock

Counter

TC1DRB

INTTC1
interrupt request

Count start

Count start

« § rcis="109

| Trigger § +

n

S U Ui UL

{(
)]
b e

I €V €5 €9, €D #4200/

Capture

X

1

[Application] High-or-low-level pulse width measurement

(a) Single-edge capture (MCAP1 ="1")

Count start

i 4

Count-start

( (TC1s ="10"

L))

U WL UL

PR T

EEETED €9 €3 6 € 89

e n R0+ X0+ 20 + 3K X 2Km - TXXOX_1 X 2
Capture v | Capture
n

X
I

[Application] (1) Cycle/frequency measurement
(2) Duty measurement

(b) Double-edge capture (MCAP1.="Q")

Figure 8-6 Pulse Width Measurement Mode
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8.3.6 Programmable Pulse Generate (PPG) Output Mode

In the programmable pulse generation (PPG) mode, an arbitrary duty pulse is generated by counting per-
formed in the internal clock. To start the timer, TC1CR<TC1S> specifies either the edge of the input pulse to
the TC1 pin or the command start. TC1CR<MPPG1> specifies whether a duty pulse is produced continuously
or not (one-shot pulse).

* When TCICR<MPPG1> is set to “0” (Continuous pulse generation)

When a match between the up-counter and the TC1DRB value is detected after the timer starts, the
level of the PPG pin is inverted and an INTTC]1 interrupt requestis generated. The up-counter contin-
ues counting. When a match between the up-counter and the TC1DRA value is detected, the level of
the PPG pin is inverted and an INTTC1 interrupt request is generated. The up-counter is cleared at
this time, and then continues counting and pulse generation.

When TCIS is cleared to “00” during PPG output, the PPG pin retains thelevel immediately before
the counter stops.

* When TCICR<MPPGI1> is set to “1” (One-shot pulse generation)

When a match between the up-counter and the TC1DRB value is-detected after the timer starts, the
level of the PPG pin is inverted and an INTTCI1 interrupt request is generated. The up-counter contin-
ues counting. When a match between the up-counter and the TC1DRA value is detected, the level of
the PPG pin is inverted and an INTTC1 interrupt request is generated. TC1CR<TCI1S> is cleared to
“00” automatically at this time, and the timer stops. The pulse generated by PPG retains the same
level as that when the timer stops.

Since the output level of the PPG pin can be set with TCICR<TFF1> when the timer starts, a positive or neg-
ative pulse can be generated. Since the inverted level of the timer F/F1 output level is output to the PPG pin,
specify TCICR<TFF1> to“0”to set the high level-to the PPG pin, and “1” to set the low level to the PPG pin.
Upon reset, the timer F/F 1 is/initialized to “0”.

Note 1: To change TC1DRA or TC1DRB during a run.of the timer, set a value sufficiently larger than the count value
of the counter. Setting‘a value smaller than the count value of the counter during a run of the timer may
generate a pulse different from that specified.

Note 2: Do not change TC1CR<TFF 1> during-a-run.of the timer. TC1CR<TFF1> can be set correctly only at initial-
ization (after reset). When the timer stops during PPG, TC1CR<TFF1> can not be set correctly from this
point onward if the PPG output has the level which is inverted of the level when the timer starts. (Setting
TC1CR<TFF1> specifies the timer F/F1 to the level inverted of the programmed value.) Therefore, the
timer F/E1'needs to be initialized to ensure an arbitrary level of the PPG output. To initialize the timer F/F1,
change TC1CR<TC1M> to the timer mode (it is not required to start the timer mode), and then set the PPG
mode. Set TC1CR<TFF1> at this time.

Note 3: In the PPG mode, the following relationship must be satisfied.
TC1DRA > TC1DRB

Note 4:'Set TC1DRB after changingthe mode of TC1M to the PPG mode.
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Example :Generating a pulse which is high-going for 800 ps and low-going for 200 us
(fc=16 MHz)
Setting port
LD (TC1CR), 10000111B ; Sets the PPG mode, selects the source clock
LDW (TC1DRA), 007DH ; Sets the cycle (1 ms = 27/fc ms = 007DH)
LbwW (TC1DRB), 0019H ; Sets the low-level pulse width (200 ps + 27/fc = 0019H)
LD (TC1CR), 10010111B ; Starts the timer
Example :After stopping PPG, setting the PPG pin to a high-level to restart PPG
(fc=16 MHz)
Setting port
LD (TC1CR), 10000111B ; Sets the PPG mode, selects the source clock
LDW (TC1DRA), 007DH : Sets the cycle (1 ms = 27/fc ps = 007DH)
LDW (TC1DRB), 0019H ; Sets the low-level pulse width. (200 yis = 27/fc = 0019H)
LD (TC1CR), 10010111B ; Starts the timer
LD (TC1CR), 10000111B ; Stops the‘timer
LD (TC1CR), 10000100B ; Sets the timer mode
LD (TC1CR), 000001118 ; Sets the PPG mode, TFF1 =0
LD (TC1CR), 000101118 ; Starts the timer

Port output
1/0 port output latch enable

shared with PPG output
Data output>—D  Q iD_{&D PPG pin

Function output

TC1CR<TFF1> ) —Fsa
Write to TC1CR °
Internal reset >—0Q:>7 Clear Q_{>°—

Match to TC1DRB
Match to TClDRA>_q>—.—D Toggle

Timer F/F1

— INTTCL1 interrupt request

TC1CR<KMPPG1> >——D—>TC1CR<TC1S> clear

Figure 8-7 PPG Output
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Timer start

Internal clock

Counter

TC1DRB

! Match detect\

TCIDRA X - ] N y

PPG pin output

INTTC1 I‘l I‘l I‘l I‘l
interrupt request

Note:m >n

(@) Continuous pulse generation (TC1S = 01)

Count start

TC1 pin input TTrigger |

Internal clock I:ll|||||||||||||||||||||||||||||
Counter 10 x:x: mX o

TC1DRB :X E"‘

TC1DRA :X m ] §

PPG pin output

INTTC1 |‘| |‘|
interrupt request

(b) ©ne-shot pulse generation (TC1S = 10)

[Application] One-shot pulse output
Note:m >n

Figure 8-8 PPG Mode Timing Chart
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9. 16-Bit Timer/Counter2 (TC2)

9.1 Configuration

Port TC2S
O— > H
TC2 pin (Note)
Window
fc/223 fs/215 »—>A Clear
fc/2'3 fs/25 >—>»{B Timer/ 16-hit up counter
fc/28 »—»|C event counter A | Source
fc/2® »—>»{D ] 4 clock
fc > E
fs —»|F, cMP y INTTC2
S Match interrupt
SF TC2S
TC2CK T
TC2CR TC2DR
TC2 control register 16-bit timer register 2

Note: When control input/output is used, 1/0O port setting should be set correctly. For details, refer to the section "I/O ports".

Figure 9-1 Timer/Counter2 (TC2)
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9.2 Control
The timer/counter 2 is controlled by a timer/counter 2 control register (TC2CR) and a 16-bit timer register 2
(TC2DR).
TC2DR 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
(0025H, TC2DRH (0025H) TC2DRL (0024H)
0024H) (Initial value: 1111 1111 1111 1111) RIW
TC2CR 7 6 5 4 3 2 1 0
(0023H) ‘ ‘ | TC2S | TC2CK | | TG2M-_| (Inifial value: *00 00*0)
TC2s | TC2 start control 0:Stop and counter clear RIW
1:Start
NORMAL1/2, IDLE1/2 mode SLOW1/2 |- SLEEP1/2
Divider
DV7CK =0 DV7CK =1 mode mode
000 fc/22® fs/215 DV21 fs/21° fs/21°
001 fc/213 fs/2° DV fs/2° fs/25
010 fc/28 fc/28 DV6 - -
TC2CK TC2 sotﬂ:i cI[ochli select Cl C RIW
’ 011 fe/23 fo/23 DVA - -
100 - - - fc (Note7) -
101 fs fs - - -
110 Reserved
111 External clock (TC2 pin input)
TCoM TC2 operating mode 0:T|mer/event counter mode RIW
select 1:Window mode

Note 1: fc: High-frequency clock [Hz], fs: Low-frequency clock [Hz], *: Don't care

Note 2: When writing to the Timer Register 2 (TC2DR), always write-to the lower side (TC2DRL) and then the upper side
(TC2DRH) in that order. Writing to-only the lower side (TC2DRL) or:the upper side (TC2DRH) has no effect.

Note 3: The timer register 2 (TC2DR) uses the value previously-set in it for coincidence detection until data is written to the upper
side (TC2DRH) after writing data to the lower side (TC2DRL).

Note 4: Set the mode and source clock when the TC2 stops (TC2S = 0).
Note 5: Values to be loaded to the timer register must satisfy the following condition.
TC2DR > 1 (TC2DR5 to TC2DR44 > 1 at warm up)
Note 6: If a read instruction is executed for TC2CR,; read-data of bit 7, 6 and 1 are unstable.
Note 7: The high-frequency clock (fc) canbe selected-only when the time mode at SLOW2 mode is selected.

Note 8: On entering STOP mode, the TC2 start control(TC2S) is cleared to "0" automatically. So, the timer stops. Once the STOP
mode has beenreleased, to start using the timer counter, set TC2S again.
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9.3 Function

The timer/counter 2 has three operating modes: timer, event counter and window modes.

NORMALZ2, the timer/counter2 can generate warm-up time until the oscillator is stable.

9.3.1

Timer mode

In this mode, the internal clock is used for counting up. The contents of TC2DR-are compared with the con-
tents of up counter. If a match is found, a timer/counter 2 interrupt (INTTC2) is generated, and the counter is
cleared. Counting up is resumed after the counter is cleared.

When fc is selected for source clock at SLOW2 mode, lower 11-bits of TC2DR are ignored and generated a
interrupt by matching upper 5-bits only. Though, in this situation, it is necessary to set TC2DRH only.

And if fc or fs is selected as the source clock in timer mode, when switching the timer mode from SLOW1 to

Table 9-1  Source Clock (Internal clock) for Timer/Counter2 (at fc =16 MHz, DV7CK=0)
TC2C NORMAL1/2, IDLE1/2 mode
SLOW1/2 mode SLEEP1/2 mode
K DV7CK =0 DV7CK =1
Maxi- Maxi-
) Maximum Time Set- ) Maximum Time Set- Resolu- mum Resolu- mum
Resolution . Resolution . . . ) )
ting ting tion Time tion Time
Setting Setting
000 524.29 [ms] 9.54 [h] 1s] 18.2[h] 1][s] 18.2[h] 11[s] 18.2[h]
) 1.07 1.07
001 512.0 [ms] 33.55[s] 0.98[ms] 1:.07 [min] 0.98 [ms] [min] 0.98 [ms] [min]
010 16.0 [ms] 1.05 [s] 16.0 [ms] 1.05 [s] - - - -
011 0.5 [ms] 32.77 [ms] 0.5 [ms] 32.77 [ms] - - - -
100 - - - - 62.5 [ns] - - -
101 30.52 [ms] 2s] 30.52 [ms] 2s] - - - -

Note:When fc is'selected as the source clock in timer mode, it is-used at warm-up for switching from SLOW1 mode
to NORMAL2 mode.

Example :Sets the timer mode with-source clock fc/2® [Hz] and generates an interrupt every 25 ms (at fc =16 MHz )

; IMF= 0"

; IMF=*1”

; Sets TC2DR (25 ms 2 28/fc = 061AH)

; Enables INTTC2 interrupt

LDW (TC2DR), 06 1AH

DI

SET (EIRE). 6

El

LD (TC2CR), 00001000B

LD

(TC2CR), 00101000B

; Source clock / mode select

; Starts Timer
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Source clock

Up-counter

TC2DR

INTTC2 interrupt

Timer start

B0 6 60 SIS ® (066 6 &

Match detect

S
Counter clear

X

[

7

Figure 9-2 Timer Mode Timing Chart
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9.3.2 Event counter mode

In this mode, events are counted on the rising edge

of the TC2 pin input. The contents of TC2DR are com-

pared with the contents of the up counter. If a match is found, an INTTC2 interrupt is generated, and the

counter is cleared. Counting up is resumed every the
cleared.

rising edge of the TC2 pin input after the up counter is

Match detect is executed on the falling edge of the TC2 pin. Therefore, an INTTC2 interrupt is generated at
the falling edge after the match of TC2DR and up counter.

The minimum input pulse width of TC2 pin is shown in Table 9-2.-Two or more machine cycles are required

for both the “H” and “L” levels of the pulse width.

Example :Sets the event counter mode and generates an INTTC2 interrupt 640 counts later.

LDW (TC2DR), 640
DI

SET (EIRE). 6

El

LD (TC2CRY), 000111008
LD (TC2CR), 001111008

Table 9-2 Timer/Counter 2 -External

; Sets TC2DR

; IMF=0"

;Enables-INTTC2 interrupt

;s IMF="*1"

; T€2 source vclock / mode select

; Starts TC2

Input Clock Pulse Width

Minimum Input Pulse Width [s]

NORMAL1/2, IDLE1/2 mode

SLOW1/2, SLEEP1/2 mode

“H" width 23/fc 23/fs
“L" width 23/fc 2%/fs
Timer start

TC2 pin input ' | | | I | |

Counter

_I_I_I_\_._LI_\_FLI‘

Match detect Counter clear

io Y1 X 2 XEX:
TC2DR :X n

(]

INTTC2 interrupt

Y

Figure 9-3 Event Counter

9.3.3 Window mode

Mode Timing Chart

In this mode, counting up performed on the rising edge of an internal clock during TC2 external pin input

(Window pulse) is “H” level. The contents of TC2DR
found, an INTTC?2 interrupt is generated, and the up-c

are compared with the contents of up counter. If a match
ounter is cleared.

The maximum applied frequency (TC2 input) must be considerably slower than the selected internal clock

by the TC2CR<TC2CK>.

Note: It is not available window mode in the SLOW/SLEEP

mode. Therefore, at the window mode in NORMAL

mode, the timer should be halted by setting TC2CR<TC2S> to "0" before the SLOW/SLEEP mode is entered.
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9. 16-Bit Timer/Counter2 (TC2)

9.3 Functi
unetion TMP86CS49FG

Example :Generates an interrupt, inputting “H” level pulse width of 120 ms or more. (at fc = 16 MHz, TBRTCR<DV7CK> =

“0”)
LDW (TC2DR), 00EAH : Sets TC2DR (120 ms 2 2'3/fc = 00EAH)
DI ; IMF="0"
SET (EIRE). 6 ; Enables INTTC2 interrupt
El ; IMF= 1"
LD (TC2CR), 00000101B ; TC2sorce clock / mode select
LD (TC2CR), 00100101B ; Starts TC2
Timer start

TC2 pin input i I | |
Internal clock ' i ' :
D €D € 4 (= GETE & 00 €9 6) €
§
n (0]

Match detect 3‘“’ Counter clear

Counter

TC2DR X

INTTC2 interrupt

Figure 9-4 Window Mode Timing Chart
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10. 8-Bit TimerCounter (TC3, TC4)

10.1 Configuration

PWM mode
Overflow \_D—
? INTTC4
1 3 | _D_) interrupt request
fc/i2'' or fs/2° —-(A T |\,Iear
fc/2’—>»B Y > —)l 8-bit up-counter
fol2® —»|c —>B | S—OU s
fc/?3 —> E S —|—|—5 PDO, PPG mode
S _> v A
fe/2 = 16-bit mode \:> Y _3:>_ Toggle
fc —>»|G B S Q
TC4 pi H P —
pin [ }—> S 16-bit Cimer Bdnt >Set PDO4/PWM4/
made Counter | PPG4 pin
TCAM €«— A S mode Clear
TC4S 4—‘ TCA4CK :> . Timer F/F4
TFF4 A .

N

PDO, PWM,

| TTREG4 || PWREG
PPG mode

U

| PWM, PPG mode | Decodegy

TFF4

16-bit
mode

ﬁ@

TC3S E
PWM moge '_Dg:)—) INTTC3
fc/2' or fs/28 —3p[A Clear [ ] interrupt request
fc/2” —>»B Y —)l 8-bit up-counter, erflow 16-bit mode
fc/2° —»{C PDO mode
fc/2® —>»D
fs —>»|E Toggle
fc/2 —»{F ‘
fc —>»{G 16-bit mode Q
TC3 pin[J—>H Timer, > Set PDO3/PWM3/
IS Event Couter mode .
Clear pin
TT%%’g < ATC3CK Timer F/F3
TFF3 €—
TC3CR PWM mode PDO, PWM mode

DecodeEN

| TTREG3 || PWREG3 | 16-bit mode

T 0

Figure 10-1 8-Bit TimerCounter 3, 4
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10. 8-Bit TimerCounter (TC3, TC4)

10.1 Configuration
TMP86CS49FG

10.2 TimerCounter Control

The TimerCounter 3 is controlled by the TimerCounter 3 control register (TC3CR) and two 8-bit timer registers
(TTREG3, PWREG?3).

TimerCounter 3 Timer Register

TTREG3 7 6 5 4 3 2 1 0

(0014H)
RIW (Initial value: 1111.1111)

PWREG3 7 6 5 4 3 2 1 0

(0018H)
RIW (Initial value: 1111 1111)

Note 1: Do not change the timer register (TTREG3) setting while the timer is/running.
Note 2: Do not change the timer register (PWREG3) setting in the operating mode except the 8-bit and 16-bit PWM modes while
the timer is running.

TimerCounter 3 Control Register

TC3CR 7 6 5 4 3 2 1 0
(0027H) | TFF3 | TC3CK | TC3S | TC3M (Initial value: 0000 0000)
: |
TFF3 | Time F/F3 control 0 Lry RIW
1: Set
NORMAL1/2; IDLE1/2 mode SLOW1/2
SLEEP1/2
DV7CK =0 DV7CK =1 mode
000 fe/2' fs/23 fs/23
001 fc/2? fcr2” -
010 S 5 -
TC3CK Operating clock selection [Hz] fgi2 fer2 R/W
014 fc/23 fc/28 -
100 fs fs fs
101 fc/2 fc/2 -
110 fc fc fc (Note 8)
111 TC3 pin input
0: O ti it d ter cl
TC3S | TC3 start control peration stop and counter clear R/W
1:~._Operation start
000:  8-bit timer/event counter mode
001:  8-bit programmable divider output (PDO) mode
010:  8-bit pul idth modulati PWM tput mod
TC3M TC3M operating mode select ! lpu se width modulation ( ) output mode R/W
011: 16-bit mode
(Each mode is selectable with TC4M.)
1**-  Reserved

Note 1: fc: High-frequency clock [Hz] fs: Low-frequency clock[Hz]

Note 2: Do not change the TC3M, TC3CK and TFF3 settings while the timer is running.

Note 3: To stop the timer operation (TC3S= 1 — 0), do not change the TC3M, TC3CK and TFF3 settings. To start the timer opera-
tion (TC3S=0 — 1), TC3M, TC3CK and TFF3 can be programmed.

Note 4: To use the TimerCounter in the 16-bit mode, set the operating mode by programming TC4CR<TC4M>, where TC3M must
be fixed to 011.

Note 5: To use the TimerCounter in the 16-bit mode, select the source clock by programming TC3CK. Set the timer start control
and timer F/F control by programming TC4CR<TC4S> and TC4CR<TFF4>, respectively.

Note 6: The operating clock settings are limited depending on the timer operating mode. For the detailed descriptions, see Table
10-1 and Table 10-2.
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Note 7: The timer register settings are limited depending on the timer operating mode. For the detailed descriptions, see Table 10-
3.

Note 8: The operating clock fc in the SLOW or SLEEP mode can be used only as the high-frequency warm-up mode.
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10. 8-Bit TimerCounter (TC3, TC4)

10.1 Configuration
TMP86CS49FG

The TimerCounter 4 is controlled by the TimerCounter 4 control register (TC4CR) and two 8-bit timer registers
(TTREG4 and PWREG4).

TimerCounter 4 Timer Register

TTREG4 7 6 5 4 3 2 1 0

(0015H)
R/W (Initial value: 1111 1111)

PWREG4 7 6 5 4 3 2 1 0

(0019H)
RIW (Initial value: 11111111)

Note 1: Do not change the timer register (TTREG4) setting while the timer is running.

Note 2: Do not change the timer register (PWREG4) setting in the operating mode except the 8-bit and 16-bit PWM modes while
the timer is running.

TimerCounter 4 Control Register

TC4CR 7 6 5 4 3 2 1 0
(0028H) | TFF4 | TC4CK | TC4S | TC4M (Initial value: 0000-0000)
TFF4 | Timer F/F4 control 0: Cleor RIW
1: Set
NORMAL1/2, IDLE1/2 mode SLOW1/2
SLEEP1/2
DV7CK =0 DV7CK = 1 mode
000 for2' fs/23 fs/28
001 fel2? fer2’ -
010 5 5 -
TC4CK | Operating clock selection [Hz] 2 fer2 RIW
011 fc/28 fc/28 -
100 fs fs fs
101 fc/2 fc/2 -
110 fc fc -
1M1 TC4 pin input
: i t t |
TC4S TC4 start control 0: Opera !on stop and counter clear R/W
1: Operation start
000:-./8-pit timer/event counter mode
001:  8-bit programmable divider output (PDO) mode
010:  8-bit pulse width modulation (PWM) output mode
011: R d
TC4M TC4M operating mode select esgrvle R/W
100: 16-bit timer/event counter mode
101: Warm-up counter mode
110: 16-bit pulse width modulation (PWM) output mode
111: 16-bit PPG mode

Note 1: fc: High-frequency clock [Hz] fs: Low-frequency clock [Hz]

Note 2: Do not change the TC4M, TC4CK and TFF4 settings while the timer is running.

Note 3: To stop the timer operation (TC4S= 1 — 0), do not change the TC4M, TC4CK and TFF4 settings.
To start the timer operation (TC4S=0 — 1), TC4M, TC4CK and TFF4 can be programmed.

Note 4: When TC4M= 1** (upper byte in the 16-bit mode), the source clock becomes the TC3 overflow signal regardless of the
TCACK setting.

Note 5: To use the TimerCounter in the 16-bit mode, select the operating mode by programming TC4M, where TC3CR<TC3M>
must be set to 011.
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Note 6: To the TimerCounter in the 16-bit mode, select the source clock by programming TC3CR<TC3CK>. Set the timer start
control and timer F/F control by programming TC4S and TFF4, respectively.

Note 7: The operating clock settings are limited depending on the timer operating mode. For the detailed descriptions, see Table
10-1 and Table 10-2.

Note 8: The timer register settings are limited depending on the timer operating mode. For the detailed descriptions, see Table 10-
3.

Table 10-1 Operating Mode and Selectable Source Clock (NORMAL1/2 and IDLE1/2 Modes)

fol2" TC3 TC4
Operating mode or fc/2” fc/2® fc/23 fs fc/2 fc pininput | pin input

fs/23
8-bit timer (6] (0] (6] (0] - A P - _
8-bit event counter - - - - - - - 0 0
8-bit PDO (0] (0] (0] (0] - = - = _
8-bit PWM (0] (0] (0] [0) (0) (0] 0 - -
16-bit timer (0) o (0) (¢] - - - N -
16-bit event counter - - - - - - - 0 _
Warm-up counter - - - — (0} - - - _
16-bit PWM (6] o (6] {0) (6] (0] (¢] (0] -
16-bit PPG (0] (0] o (0) - - - [0) -

Note 1: For 16-bit operations (16-bit timer/event counter, warm-up counter, 16-bit PWM and 16-bit PPG), set its source clock on
lower bit (TC3CK).

Note 2: 0 : Available source clock

Table 10-2 Operating Mode and Selectable Source Clock (SLOW1/2.and SLEEP1/2 Modes)

fo/2! TC3 TC4
Operating mode or fc/27 fc/25 fc/23 fs fc/2 fc pin input | pin input

fs/23
8-bit timer (0} - - - - - - - -
8-bit event counter - - - = - - - 0 0
8-bit PDO (0] - - - - - - - —
8-bit PWM (0] = - - 0 - - - -
16-bit timer (0) - - - - - - - —
16-bit event counter - - - - - - - 0 -
Warm-up counter - - - - - - 0 - -
16-bit PWM (0] - - - 0 - - 0 —
16-bit PPG (0] - - - - - - [0) -

Note1: For 16-bit operations (16-bit timer/event counter, warm-up counter, 16-bit PWM and 16-bit PPG), set its source clock on
lower bit (TC3CK).
Note2: O : Available source clock
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10. 8-Bit TimerCounter (TC3, TC4)
10.1 Configuration

TMP86CS49FG

Table 10-3 Constraints on Register Values Being Compared

Operating mode

Register Value

8-bit timer/event counter

1< (TTREGn) <255

8-bit PDO

1< (TTREGn) <255

8-bit PWM

2< (PWREGHh) <254

16-bit timer/event counter

1< (TTREG4, 3) <65535

Warm-up counter

256< (TTREG4, 3) <65535

16-bit PWM 2< (PWREGH4, 3) <65534

1< (PWREGH4, 3) < (TTREG4, 3) <65535
16-bit PPG and

(PWREGH4, 3) + 1 < (TTREG4, 3)
Note: n=3to 4
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10.3 Function

The TimerCounter 3 and 4 have the 8-bit timer, 8-bit event counter, 8-bit programmable divider output (PDO), 8-
bit pulse width modulation (PWM) output modes. The TimerCounter 3 and 4 (TC3, 4) are cascadable to form a 16-
bit timer. The 16-bit timer has the operating modes such as the 16-bit timer, 16-bit event counter, warm-up counter,
16-bit pulse width modulation (PWM) output and 16-bit programmable pulse generation (PPG) modes.

10.3.1 8-Bit Timer Mode (TC3 and 4)

In the timer mode, the up-counter counts up using the internal clock. When a match between the up-counter
and the timer register j (TTREG;j) value is detected, an INTTC;j interrupt’is generated and the up-counter is
cleared. After being cleared, the up-counter restarts counting.

Note 1: In the timer mode, fix TCJCR<TFFj> to 0. If not fixed, the PDOj, PWMj and PPGj pins may output pulses.

Note 2: In the timer mode, do not change the TTREG;j setting while the timer.is running. Since TTREG;j.is not in the
shift register configuration in the timer mode, the new value programmed in TTREG;j is in effect immediately
after the programming. Therefore, if TTREGi is changed while the timer is running, an.expected operation
may not be obtained.

Note 3:j=3, 4

Table 10-4 Source Clock for TimerCounter 3, 4 (Internal Clock)

Source Clock Resolution Maximum Time Setting
NORMAL1/2, IDLE1/2 mode SLOW1/2,
SLEEP1/2 fc = 16 MHz fs = 32.768 kHz fc'= 16 MHz fs = 32.768 kHz
DV7CK =0 DV7CK =1 mode
fc/2' [Hz] fs/23 [Hz] fs/23 [Hz] 128 us 24414 ps 32.6 ms 62.3 ms
fcl2” fc/2” - 8 us = 2.0ms -
fc/28 fc/2® = 2 s - 510 ps -
fc/23 fc/23 - 500 ns - 127.5 us -

Example :Setting the timer mode with-source clock fc/2” Hz and generating an interrupt 80 ps later
(TimerCounter4, fc =16.0 MHz)

LD (TTREG4), OAH : Sets the timer register (80 us+27/fc = 0AH).

DI

SET (EIRH). 1 : Enables INTTC4 interrupt.

El

LD (TC4CR),/00010000B : Sets the operating clock to fc/27, and 8-bit timer mode.
LD (TC4CR), 00011000B : Starts TC4.
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10. 8-Bit TimerCounter (TC3, TC4)

10.1 Confi ti
onfiguration TMP86CS49FG

TC4CR<TC4S> I

Internal ] 1
Source Clock : :

o TDEE xz:xm OO0

TTREG4 ? X n :
1

1

: Match detect Counter clear !

| Match detect Counter clz:gar
1

{(
R

Figure 10-2 8-Bit Timer Mode Timing Chart (TC4)

INTTC4 interrupt request

10.3.2 8-Bit Event Counter Mode (TC3, 4)

In the 8-bit event counter mode, the up-counter counts up at the falling edge of the input pulse to the TCj pin.
When a match between the up-counter and the TTREGj value is detected, an INTTC] interrupt is generated and
the up-counter is cleared. After being cleared, the up-counter restarts counting at the falling edge of the input
pulse to the TCj pin. Two machine cycles are required for the low- or high-level pulse input to the TCj pin.

Therefore, a maximum frequency to be supplied is fe/2* Hz in the NORMAL1/2 or IDLE1/2 mode, and fs/2*
Hz in the SLOW1/2 or SLEEP1/2 mode.

Note 1: In the event counter mode, fix TCJCR<TFFj> to 0. If not fixed, the PDQj, PWMj and PPGj pins may output
pulses.

Note 2: In the event counter mode, do'not change the TTREG; setting while the timer is running. Since TTREG] is
not in the shift register configuration inthe event counter mode; the new value programmed in TTREG;j is in
effect immediately after the programming. Therefore, if TTREGiI is.changed while the timer is running, an
expected operation may not be obtained.

Note 3:j=3, 4

TC4CR<TC4S> I
1 1
1 1
TC4 pin input | | : | | | | | | | | | | l | | l | l | | l l | l : | | I
: 1 1 1 1 1 1 1 1 1 1 1 1 1 :
Counter o X 1 X2 x] X n-1 @@ 1 X 2 X n-1 @@ 1 ).( 0
: (( \ ( \ X
TTREG4 ZX n 7 7 4 ] :
1
Counter
Match detect\ /clear Match detec\l-l/gggpter E

INTTC4 interrupt request
Figure 10-3 8-Bit Event Counter Mode Timing Chart (TC4)

10.3.3 8-Bit Programmable Divider Output (PDO) Mode (TC3, 4)

This mode is used to generate a pulse with a 50% duty cycle from the PDOj pin.

In the PDO mode, the up-counter counts up using the internal clock. When a match between the up-counter
and the TTREG; value is detected, the logic level output from the PDOj pin is switched to the opposite state and
the up-counter is cleared. The INTTC] interrupt request is generated at the time. The logic state opposite to the
timer F/Fj logic level is output from the PDO;j pin. An arbitrary value can be set to the timer F/Fj by
TCjCR<TFFj>. Upon reset, the timer F/Fj value is initialized to 0.

To use the programmable divider output, set the output latch of the I/O port to 1.
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Example :Generating 1024 Hz pulse using TC4 (fc = 16.0 MHz)

Setting port
LD (TTREG4), 3DH : 1/1024=27ffc+2 = 3DH
LD (TC4CR), 00010001B : Sets the operating clock to fc/27, and 8-bit PDO mode.
LD (TC4CR), 00011001B : Starts TC4.

Note 1: In the programmable divider output mode, do not change the TTREG;j setting while the timer is running.
Since TTREG;j is not in the shift register configuration in the programmable divider output mode, the new
value programmed in TTREG;j is in effect immediately after programming: Therefore, if TTREGi is changed
while the timer is running, an expected operation may not be obtained.

Note 2: When the timer is stopped during PDO output, the PDOj pin holds the output status when the timer is
stopped. To change the output status, program TCjCR<TFFj> after the timer is stopped. Do not change the
TCjCR<TFFj> setting upon stopping of the timer.

Example: Fixing the PDOj pin to the high level when the TimerCounter-is stopped
CLR (TCjCR).3: Stops the timer.
CLR (TCjCR).7: Sets the PDQ;j pin to the high level.

Note 3:j=3, 4
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10. 8-Bit TimerCounter (TC3, TC4)

10.1 Configuration
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Figure 10-4 8-Bit PDO Mode Timing Chart (TC4)
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10.3.4 8-Bit Pulse Width Modulation (PWM) Output Mode (TC3, 4)

This mode is used to generate a pulse-width modulated (PWM) signals with up to 8 bits of resolution. The
up-counter counts up using the internal clock.

When a match between the up-counter and the PWREG;j value is detected, the logic level output from the
timer F/Fj is switched to the opposite state. The counter continues counting.-The logic level output from the
timer F/Fj is switched to the opposite state again by the up-counter overflow, and the counter is cleared. The

INTTC; interrupt request is generated at this time.

Since the initial value can be set to the timer F/Fj by TCjCR<TFFj>, positive and negative pulses can be gen-
erated. Upon reset, the timer F/Fj is cleared to 0.

(The logic level output from the PWM; pin is the opposite to the timer F/Fj logic level.)

Since PWREG;] in the PWM mode is serially connected to the shift register, the value set to PWREG;j can be
changed while the timer is running. The value set to PWREGj-during a-tun of the timer is shifted by the
INTTC;j interrupt request and loaded into PWREG]. While the timer is stopped, the value-is shifted immedi-
ately after the programming of PWREG;. If executing the read instruction to PWREGj 'during PWM output,
the value in the shift register is read, but not the value set in PWREG;j. Therefore, after writing to PWREG;, the
reading data of PWREG; is previous value until INTTC;jis generated.

For the pin used for PWM output, the output latchof the I/O-port must be setto-1.

Note 1: In the PWM mode, program the timer register PWREGj immediately after the INTTCj interrupt request is
generated (normally in the INTTC] interrupt‘service routine.) If the programmingof PWREGj and the inter-
rupt request occur at the same time, an unstable value is shifted, that may resultin.generation of the pulse
different from the programmed value until the next INTTC;j interrupt request is'generated.

Note 2: When the timer is stopped during PWM output, the PWM; pin_holds the output status when the timer is
stopped. To change the output status, program TCjCR<TFFj> after the timer-is stopped. Do not change the
TCjCR<TFFj> upon stopping of the timer.

Example: Fixing the PWM; pin to the highlevel when the TimerCounter is stopped
CLR (TCjCR).3: Stops the timer.
CLR (TCjCR).7: Sets the PWM;j pin to the high level.

Note 3: To enter the STOP mode during. PWM output, stop the timer and then enter the STOP mode. If the STOP
mode is entered without stopping the timer when fc, fc/2 or fs is selected as the source clock, a pulse is out-
put from the PWNj pin during the warm-up period time after exiting the STOP mode.

Note 4:j=3, 4

Table 10-5 PWM Output Mode

Source Clock Resolution Repeated Cycle
NORMAL1/2, IDLE1/2 mode SLOW1/2,
SLEEP1/2 fc =16 MHz fs = 32.768 kHz fc =16 MHz fs = 32.768 kHz
DV7CK =0 DV7CK =1 mode
fc/2" [Hz] fs12% [Hz] fs/2% [Hz] 128 ps 24414 ps 32.8 ms 62.5ms
fc/2” fc/r2” - 8 us - 2.05ms -
fc/2° fc/25 = 2 s - 512 s -
fc/28 fc/23 - 500 ns - 128 us -
fs fs fs 30.5 us 30.5 us 7.81 ms 7.81ms
fcr2 fc/2 - 125 ns - 32 us -
fc fc - 62.5ns - 16 pus -
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10.1 Configuration

TMP86CS49FG
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Figure 10-5 8-Bit PWM Mode Timing Chart (TC4)
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10.3.5 16-Bit Timer Mode (TC3 and 4)

In the timer mode, the up-counter counts up using the internal clock. The TimerCounter 3 and 4 are cascad-
able to form a 16-bit timer.

When a match between the up-counter and the timer register (TTREG3, TTREG4) value is detected after the
timer is started by setting TC4CR<TC4S> to 1, an INTTC4 interrupt is generated and the up-counter is cleared.
After being cleared, the up-counter continues counting. Program the lower byte-and upper byte in this order in
the timer register. (Programming only the upper or lower byte should not be attempted.)

Note 1: In the timer mode, fix TCJCR<TFFj> to 0. If not fixed, the PDOj, PWMj, and PPGj pins may output a pulse.

Note 2: In the timer mode, do not change the TTREG;j setting while the timer is running: Since TTREG; is not in the
shift register configuration in the timer mode, the new value programmed in TTREG; is in effect immediately
after programming of TTREG;. Therefore, if TTREG;j is changed while the timer is'running, an expected
operation may not be obtained.

Note 3:j=3, 4

Table 10-6 Source Clock for 16-Bit Timer Mode

Source Clock Resolution Maximum Time Setting
NORMAL1/2, IDLE1/2 mode SLOW1/2,
SLEEP1/2 fc = 16 MHz fs = 32.768 kHz fc=16 MHz fs/= 32.768 kHz
DV7CK =0 DV7CK =1 mode
fo/2™ fs/23 fs/23 128 \is 244.14 us 8.39's 16's
fc/2” fc/2” - 8 is - 5243 ms -
fc/2% fc/2% - 2ps - 131.1 ms -
fc/23 fc/23 - 500.ns - 32.8ms -

Example :Setting the timer mode with source clock fc/2” Hz, and generating an interrupt 300 ms later
(fc =16.0 MHz)

LDW (TTREG3), 927CH : Sets the timer register (300 ms+27/fc = 927CH).

DI

SET (EIRH). 1 :Enables INTTC4 interrupt.

El

LD (TC3CR), 13H :Sets the operating clock to fc/27, and 16-bit timer mode
(lower byte).

LD (TC4CR), 04H : Sets the 16-bit timer mode (upper byte).

LD (TC4CR), OCH : Starts the timer.

TC4CR<TC4S> I

Internal
source clock

Counter 0 : X1X2YXs ><22:an-1@<§\>< 1 X 2 (n-1YorXoX 1 )@Ix 0

)) ))
? n <5 (5
(Lower byte) :X T 4 4

TTREG4 )() () ()
Match Counter Match Counter
detect clear detect clear

(Upper byte)
16-Bit Timer Mode Timing Chart (TC3 and TC4)

INTTC4 interrupt request

Figure 10-6
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10.3.6 16-Bit Event Counter Mode (TC3 and 4)

In the event counter mode, the up-counter counts up at the falling edge to the TC3 pin. The TimerCounter 3
and 4 are cascadable to form a 16-bit event counter.

When a match between the up-counter and the timer register (TTREG3, TTREG4) value is detected after
the timer is started by setting TC4CR<TC4S> to 1, an INTTC4 interrupt is-generated and the up-counter is
cleared.

After being cleared, the up-counter restarts counting at the falling edge of the input pulse to the TC3 pin.
Two machine cycles are required for the low- or high-level pulse input to the TC3-pin.

Therefore, a maximum frequency to be supplied is fc/2* Hz in the NORMAL1/2 or IDLE1/2 mode, and fs/

2% in the SLOW1/2 or SLEEP1/2 mode. Program the lower byte (TTREG3), and upper byte (TTREG4) in this
order in the timer register. (Programming only the upper or lower byte should not be attempted.)

Note 1: In the event counter mode, fix TCJCR<TFFj> to 0. If not fixed, the PDOj, PWMj and PPGj pins may.output pulses.

Note 2: In the event counter mode, do not change the TTREG] setting while the timer is running. Since TTREG;] is not in
the shift register configuration in the event counter mode, the new value programmed.in TTREG; is in effect imme-
diately after the programming. Therefore, if TTREG;j is changed while the/timer is running, an expected operation
may not be obtained.

Note 3: j=3,4

10.3.7 16-Bit Pulse Width Modulation (PWM) Output Mode (TC3 and 4)

This mode is used to generate a pulse-width modulated (PWM) signals with up to 16 bits of resolution. The
TimerCounter 3 and 4 are cascadable to form the 16-bit PWM signal generator.

The counter counts up using the internal clock or external clock.

When a match between the up-counter-and the timer register (PWREG3, PWREG4) value is detected, the
logic level output from the timer F/F4 is switched to the opposite state. The counter continues counting. The
logic level output from the timer F/F4 is switched to the opposite state again by the counter overflow, and the
counter is cleared. The INTTC4 interrupt is generated at this time.

Two machine cyeles are required for the high- or low-level pulse input to the TC3 pin. Therefore, a maxi-

mum frequency to be supplied-is fc/2% Hz in the NORMAL1/2 or IDLE1/2 mode, and £s/2* to in the SLOW1/2
or SLEEP1/2 mode,

Since the initial value can be set'to the timer F/F4 by TC4CR<TFF4>, positive and negative pulses can be
generated. Upon reset, the timer F/F4-is cleared to 0.

(The logic level output from the PWM4 pin is the opposite to the timer F/F4 logic level.)

Since PWREG4 and 3 in the PWM mode are serially connected to the shift register, the values set to
PWREGH4 and 3 can be changed while the timer is running. The values set to PWREG4 and 3 during a run of
the timer are shifted by the INTTC;j. interrupt request and loaded into PWREG4 and 3. While the timer is
stopped, the values/are shifted immediately after the programming of PWREG4 and 3. Set the lower byte
(PWREG3) and upper byte (PWREGH4) in this order to program PWREG4 and 3. (Programming only the lower
or upper byte of the register should not be attempted.)

If executing the read instruction to PWREG4 and 3 during PWM output, the values set in the shift register is
read, but not the values set in PWREG4 and 3. Therefore, after writing to the PWREG4 and 3, reading data of
PWREGH4 and 3 is previous value until INTTC4 is generated.

For the pin used for PWM output, the output latch of the I/O port must be set to 1.

Note 1: In the PWM mode, program the timer register PWREG4 and 3 immediately after the INTTC4 interrupt
request is generated (normally in the INTTC4 interrupt service routine.) If the programming of PWREG;j and
the interrupt request occur at the same time, an unstable value is shifted, that may result in generation of
pulse different from the programmed value until the next INTTC4 interrupt request is generated.

Note 2: When the timer is stopped during PWM output, the PWM4 pin holds the output status when the timer is
stopped. To change the output status, program TC4CR<TFF4> after the timer is stopped. Do not program
TC4CR<TFF4> upon stopping of the timer.

Example: Fixing the PWM4 pin to the high level when the TimerCounter is stopped
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CLR (TCA4CR).3: Stops the timer.
CLR (TC4CR).7 : Sets the PwWM4 pin to the high level.

Note 3: To enter the STOP mode, stop the timer and then enter the STOP mode. If the STOP mode is entered with-
out stopping of the timer when fc, fc/2 or fs is selected as the source clock, a pulse is output from the PWM4
pin during the warm-up period time after exiting the STOP mode.

Table 10-7 16-Bit PWM Output Mode

Source Clock Resolution Repeated Cycle
NORMAL1/2, IDLE1/2 mode SLOW1/2,
SLEEP1/2 fc =16 MHz fs = 32.768 kHz fc.= 16 . MHz fs = 32.768 kHz
DV7CK=0 DV7CK =1 mode
fe/21 fs/2° [Hz] fs/2% [Hz] 128 us 244 14 ps 8.39s 16's
fc/2’ fc/2” - 8 us - 524.3 ms -
fc/25 fc/25 - 2 ps - 131.1 ms -
fc/23 fc/23 - 500 ns - 32.8 ms -
fs fs fs 30.5 us 30.5us 2s 2s
fc/2 fc/2 - 125 ns - 8.2ms -
fc fc - 62.5ns - 4.1 ms -

Example :Generating a pulse with 1-ms high-level width and a period of 32.768 ms (fc = 16.0-MHz)
Setting ports

LDW (PWREGS3), 07DOH : Sets the pulse width.

LD (TC3CR), 33H : Sets the‘operating clock to fc/23, and 16-bit PWM output
mode (lower byte).

LD (TC4CR), 056H : Sets TFF4 to the.initial value 0, and 16-bit PWM signal
generation mode (upper byte).

LD (TCACR), O5EH : Starts the timer.
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10.3.8 16-Bit Programmable Pulse Generate (PPG) Output Mode (TC3 and 4)

This mode is used to generate pulses with up to 16-bits of resolution. The timer counter 3 and 4 are cascad-
able to enter the 16-bit PPG mode.

The counter counts up using the internal clock or external clock. When a match between the up-counter and
the timer register (PWREG3, PWREG4) value is detected, the logic level output from the timer F/F4 is
switched to the opposite state. The counter continues counting. The logic level output from the timer F/F4 is
switched to the opposite state again when a match between the up-counter and the timer register (TTREGS3,
TTREG#4) value is detected, and the counter is cleared. The INTTC4 interrupt is generated at this time.

Two machine cycles are required for the high- or low-level pulse input/to the TC3 pin. Therefore, a maxi-

mum frequency to be supplied is fc/2% Hz in the NORMAL1/2 or IDLE1/2 mode; and £s/2* to in the SLOW1/
2 or SLEEP1/2 mode.

Since the initial value can be set to the timer F/F4 by TC4CR<TFF4>, positive and negative pulses can be
generated. Upon reset, the timer F/F4 is cleared to 0.
(The logic level output from the PPG4 pin is the opposite to the timer F/F4.)

Set the lower byte and upper byte in this order to program the timer register. (TTREG3 — TTREG4,
PWREG3 —» PWREGH4) (Programming only the upper or lower byte should not be attempted.)

For PPG output, set the output latch of the I/O port'to 1.

Example :Generating a pulse with 1-ms high-level width anda period of 16.385 ms/(fc =16.0 MHz)

Setting ports

LDW (PWREG3), 07DOH : Sets the pulse width.
LDW (TTREG3), 8002H : Sets the cycle period.
. ; 3 _hi
LD (TC3CRY), 33H : Sets the operating-clock to fc/2°, and16-bit PPG mode
(lower byte).
: Sets TFF4 to the initial value 0, and 16-bit
LD TC4CR 7H '
(TC4CR), 05 PPG mode (upper byte).
LD (TC4CR), 05FH Starts the timer.

Note 1: In the PPG mode, do not change the PWREGi and TTREGi settings while the timer is running. Since
PWREGi and TTREGiare not in the shift register configuration in the PPG mode, the new values pro-
grammed-in PWREGi and TTREGi are in effect immediately after programming PWREGi and TTREGi.
Therefore, if PWREGi and TTREGi-are changed while the timer is running, an expected operation may not
be obtained.

Note 2: When the timer is stopped during PPG.output, the PPG4 pin holds the output status when the timer is
stopped. To change the output status, program TC4CR<TFF4> after the timer is stopped. Do not change
TC4CR<TFF4> upon stopping of the timer.

Example: Fixing the PPG4 pin to the high level when the TimerCounter is stopped
CLR (TC4CR).3: Stops the timer

CLR (TC4CR).7: Sets the PPG4 pin to the high level
Note 3:i=3, 4
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10.3.9 Warm-Up Counter Mode

In this mode, the warm-up period time is obtained to assure oscillation stability when the system clocking is
switched between the high-frequency and low-frequency. The timer counter 3 and 4 are cascadable to form a
16-bit TimerCounter. The warm-up counter mode has two types of mode; switching from the high-frequency to
low-frequency, and vice-versa.

Note 1: In the warm-up counter mode, fix TCICR<TFFi> to 0. If not fixed, the PDOi, PWMi and.PPGi pins may output
pulses.

Note 2: In the warm-up counter mode, only upper 8 bits of the timer register TTREG4 and.3 are used for match
detection and lower 8 bits are not used.

Note 3:1=3, 4

10.3.9.1 Low-Frequency Warm-up Counter Mode
(NORMAL1 - NORMAL2 — SLOW2 — SLOW1)

In this mode, the warm-up period time from a stop of the low-frequency clockfs to oscillation stability
is obtained. Before starting the timer, set SYSCR2<XTEN> to 1 to oscillate' the low-frequency clock.
When a match between the up-counter and the timer register (TTREG4, 3) value is detected after the timer
is started by setting TC4CR<TC4S> to 1, the counter-is cleared by ‘generating the INTTC4 interrupt
request. After stopping the timer in the INTTC4 interrupt service routine, set SYSCR2<SYSCK> to 1 to
switch the system clock from the high-frequency-to low-frequency, and then clear of SYSCR2<XEN> to
0 to stop the high-frequency clock.

Table 10-8 Setting Time of Low-Frequency Warm-Up Counter Mode/(fs = 32.768 kHz)

Minimum Time Setting Maximum Time Setting
(TTREG4, 3 = 0100H) (TTREG4, 3 = FFOOH)
7.81ms 1.99s

Example :After checking low-frequency clock oscillation stability with TC4 and 3, switching to the SLOW1 mode

SET (SYSCR2).6 TSYSCR2<XTEN> «— 1
LD (TC3CR), 43H : Sets TFF3=0, source clock fs, and 16-bit mode.
LD (TC4CR), 05H : Sets TFF4=0, and warm-up counter mode.
: Sets the warm-up time.
LD (TTREG3), 8000H (The warm-up tir:e depends on the oscillator characteristic.)
DI (IMF « 0
SET (EIRH). 1 : Enables the INTTC4.
El D IMF « 1
SET (TC4CR).3 : Starts TC4 and 3.
PINTTC4: CLR (TC4CR).3 : Stops TC4 and 3.
SET (SYSCR2).5 : SYSCR2<SYSCK> « 1
(Switches the system clock to the low-frequency clock.)
CLR (SYSCR2).7 : SYSCR2<XEN> « 0 (Stops the high-frequency clock.)
RETI
VINTTC4: DW PINTTC4 - INTTC4 vector table
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10.3.9.2 High-Frequency Warm-Up Counter Mode
(SLOW1 — SLOW2 — NORMAL2 — NORMAL1)

In this mode, the warm-up period time from a stop of the high-frequency clock fc to the oscillation sta-
bility is obtained. Before starting the timer, set SYSCR2<XEN> to 1 to oscillate the high-frequency clock.
When a match between the up-counter and the timer register (TTREG4, 3) value is detected after the timer
is started by setting TC4CR<TC4S> to 1, the counter is cleared by generating the INTTC4 interrupt
request. After stopping the timer in the INTTC4 interrupt service routine, clear SYSCR2<SYSCK> to 0 to
switch the system clock from the low-frequency to high-frequency, and then SYSCR2<XTEN> to 0 to

stop the low-frequency clock.

Table 10-9 Setting Time in High-Frequency Warm-Up Counter Mode

Minimum time Setting
(TTREG4, 3 = 0100H)

Maximum time Setting
(TTREG4,-3= FFOOH)

16 us

4.08 ms

Example :After checking high-frequency clock oscillation stability-with-TC4 and 3, switching to the NORMAL1 mode

SET (SYSCR2).7
LD (TC3CRY), 63H
LD (TCACRY), 05H
LD (TTREG3), OF800H
DI
SET (EIRH). 1
El
SET (TC4CR).3

PINTTCA4: CLR (TC4CR).3
CLR (SYSCR2).5
CLR (SYSCR2).6
RETI

VINTTC4! DW PINTTC4

1 SYSCR2<XEN> <« 1

: Sets TFF3=0, source clock fc,.and16-bit mode.

: Sets TFF4=0, and warm-up counter mode.

: Sets the warm-up time.

(The warm-up time depends-on'the oscillator characteristic.)

(IMF <0

: Enables the INTTCA4.

CIMF « 1

: Starts the TC4 and 3.

 Stops the TC4 and 3.

»SYSCR2<SYSCK> «- 0

(Switches the system clock to the high-frequency clock.)

1 SYSCR2<XTEN> «- 0

(Stops the low-frequency clock.)

: INTTC4 vector table

Page 118



TO s H I BA TMP86CS49FG

11. 8-Bit TimerCounter (TC5, TC6)

11.1 Configuration

PWM mode
Overflow \_D—
? INTTC6
1 3 | _D_) interrupt request
fc/i2'' or fs/2° —-(A T |\,Iear
fc/2’—>»B Y > —)l 8-bit up-counter
fc/2° —»|C —>B | S—OL ces
fc/?3 —> E S —|—|—5 PDO, PPG mode
S _> v A
fe/2 = 16-bit mode \:> Y _3:>_ Toggle
fc —>»|G B S Q
TC6 pi H —
pin [ }—> S 16-bit Cimer Bdnt > Set PDOG/PWM6/
mode | Counter | PPG6 pin
TCEM A S mode Clear
TCeS 4—‘ TCECK —) . Timer FIF6
TFF6 <€— A ’
TC6CR ’y__‘> H:)— B _,—Di

(2]

PDO, PWM,

| TTREG6 || PWREG
PPG mode

U

| PWM, PPG mode | Decodegy

TFF6

16-bit
mode

ﬁ@

TC5S E
PWM moge '_Dg:)—) INTTC5
fc/2' or fs/28 —3p[A Clear [ ] interrupt request
fc/2” —>»B Y —)l 8-bit up-counter, 16-bit mode
verflow|
fc/2° —»{C PDO mode
fc/2®> —»>D
fs —>»|E Toggle
fc/2 —»{F ‘
fc —»|G 16-bit mode Q
TC5 pin| |—> H Timer, »Set PDO5/PWM5/
IS Event Couter mode "
Clear pin
Tr((::%l\é S Sm— ATCSCK Timer F/F5
TFF5 <€—
TC5CR PWM mode PDO, PWM mode

DecodeEN

| TTREG5 || PWREGS | 16-bit mode

T 0

Figure 11-1 8-Bit TimerCounter 5, 6
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11.2 TimerCounter Control

The TimerCounter 5 is controlled by the TimerCounter 5 control register (TC5CR) and two 8-bit timer registers
(TTREGS5, PWREGS).

TimerCounter 5 Timer Register

TTREGS 7 6 5 4 3 2 1 0

(0016H)
RIW (Initial value: 1111.1111)

PWREG5 7 6 5 4 3 2 1 0

(001AH)
R/W (Initial value: 1111 1111)

Note 1: Do not change the timer register (TTREGS5) setting while the timer is/running.
Note 2: Do not change the timer register (PWREG5) setting in the operating mode except the 8-bit and 16-bit PWM modes while
the timer is running.

TimerCounter 5 Control Register

TC5CR 7 6 5 4 3 2 1 0
(0029H) | TFF5 | TC5CK | TC5S | TC5M (Initial value: 0000 0000)
: |
TFF5 | Time F/F5 control 0 Lry RIW
1: Set
NORMAL1/2; IDLE1/2 mode SLOW1/2
SLEEP1/2
DV7CK =0 DV7CK =1 mode
000 fe/2' fs/23 fs/23
001 fc/2? fcr2” -
010 S 5 -
TC5CK Operating clock selection [Hz] fgi2 fer2 R/W
014 fc/23 fc/28 -
100 fs fs fs
101 fc/2 fc/2 -
110 fc fc fc (Note 8)
111 TC5 pin input
0: O ti it d ter cl
TC5S | TC5 start control peration stop and counter clear R/W
1:~._Operation start
000:  8-bit timer/event counter mode
001:  8-bit programmable divider output (PDO) mode
010:  8-bit pul idth modulati PWM tput mod
TC5M TC5M operating mode select ! lpu se width modulation ( ) output mode R/W
011: 16-bit mode
(Each mode is selectable with TC6M.)
1**-  Reserved

Note 1: fc: High-frequency clock [Hz] fs: Low-frequency clock[Hz]

Note 2: Do not change the TC5M, TC5CK and TFF5 settings while the timer is running.

Note 3: To stop the timer operation (TC5S= 1 — 0), do not change the TC5M, TC5CK and TFF5 settings. To start the timer opera-
tion (TC5S=0 — 1), TC5M, TC5CK and TFF5 can be programmed.

Note 4: To use the TimerCounter in the 16-bit mode, set the operating mode by programming TC6CR<TC6M>, where TC5M must
be fixed to 011.

Note 5: To use the TimerCounter in the 16-bit mode, select the source clock by programming TC5CK. Set the timer start control
and timer F/F control by programming TC6CR<TC6S> and TC6CR<TFF6>, respectively.

Note 6: The operating clock settings are limited depending on the timer operating mode. For the detailed descriptions, see Table
11-1 and Table 11-2.
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Note 7: The timer register settings are limited depending on the timer operating mode. For the detailed descriptions, see Table 11-
3.

Note 8: The operating clock fc in the SLOW or SLEEP mode can be used only as the high-frequency warm-up mode.
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The TimerCounter 6 is controlled by the TimerCounter 6 control register (TC6CR) and two 8-bit timer registers
(TTREG6 and PWREGH).

TimerCounter 6 Timer Register

TTREG6 7 6 5 4 3 2 1 0

(0017H)
R/W (Initial value: 1111 1111)

PWREG6 7 6 5 4 3 2 1 0

(001BH)
RIW (Initial value: 11111111)

Note 1: Do not change the timer register (TTREGS) setting while the timer is running.

Note 2: Do not change the timer register (PWREGSB) setting in the operating mode except the 8-bit and 16-bit PWM modes while
the timer is running.

TimerCounter 6 Control Register

TC6CR 7 6 5 4 3 2 1 0
(002AH) | TFF6 | TC6CK | TC6S | TCBM (Initial value: 0000-0000)
TFF6 | Timer F/F6 control 0: Cleor RIW
1: Set
NORMAL1/2, IDLE1/2 mode SLOW1/2
SLEEP1/2
DV7CK =0 DV7CK = 1 mode
000 for2' fs/23 fs/28
001 fel2? fer2’ -
010 5 5 -
TC6CK | Operating clock selection [Hz] 2 fer2 RIW
011 fc/28 fc/28 -
100 fs fs fs
101 fc/2 fc/2 -
110 fc fc -
1M1 TC6 pin input
: i t t |
TC6S TC6 start control 0: Opera !0n stop and counter clear R/W
1: Operation start
000:-./8-pit timer/event counter mode
001:  8-bit programmable divider output (PDO) mode
010:  8-bit pulse width modulation (PWM) output mode
011: R d
TC6M TC6M operating mode select esgrvle R/W
100: 16-bit timer/event counter mode
101: Warm-up counter mode
110: 16-bit pulse width modulation (PWM) output mode
111: 16-bit PPG mode

Note 1: fc: High-frequency clock [Hz] fs: Low-frequency clock [Hz]

Note 2: Do not change the TC6M, TC6CK and TFF6 settings while the timer is running.

Note 3: To stop the timer operation (TC6S= 1 — 0), do not change the TC6M, TC6CK and TFF6 settings.
To start the timer operation (TC6S=0 — 1), TC6M, TC6CK and TFF6 can be programmed.

Note 4: When TC6M= 1** (upper byte in the 16-bit mode), the source clock becomes the TC5 overflow signal regardless of the
TC6CK setting.

Note 5: To use the TimerCounter in the 16-bit mode, select the operating mode by programming TC6M, where TC5CR<TC5M>
must be set to 011.
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Note 6: To the TimerCounter in the 16-bit mode, select the source clock by programming TC5CR<TC5CK>. Set the timer start
control and timer F/F control by programming TC6S and TFF6, respectively.

Note 7: The operating clock settings are limited depending on the timer operating mode. For the detailed descriptions, see Table
11-1 and Table 11-2.

Note 8: The timer register settings are limited depending on the timer operating mode. For the detailed descriptions, see Table 11-
3.

Table 11-1 Operating Mode and Selectable Source Clock (NORMAL1/2 and IDLE1/2 Modes)

fol2" TC5 TC6
Operating mode or fc/2” fc/2® fc/23 fs fc/2 fc pininput | pin input

fs/23
8-bit timer (6] (0] (6] (0] - A P - _
8-bit event counter - - - - - - - 0 0
8-bit PDO (0] (0] (0] (0] - = - = _
8-bit PWM (0] (0] (0] [0) (0) (0] 0 - -
16-bit timer (0) o (0) (¢] - - - N -
16-bit event counter - - - - - - - 0 _
Warm-up counter - - - — (0} - - - _
16-bit PWM (6] o (6] {0) (6] (0] (¢] (0] -
16-bit PPG (0] (0] o (0) - - - [0) -

Note 1: For 16-bit operations (16-bit timer/event counter, warm-up counter, 16-bit PWM and 16-bit PPG), set its source clock on
lower bit (TC5CK).

Note 2: 0 : Available source clock

Table 11-2 Operating Mode and Selectable Source Clock (SLOW1/2,and SLEEP1/2 Modes)

fo/2! TC5 TC6
Operating mode or fc/27 fc/25 fc/23 fs fc/2 fc pin input | pin input

fs/23
8-bit timer (0} - - - - - - - -
8-bit event counter - - - = - - - 0 0
8-bit PDO (0] - - - - - - - —
8-bit PWM (0] = - - 0 - - - -
16-bit timer (0) - - - - - - - —
16-bit event counter - - - - - - - 0 -
Warm-up counter - - - - - - 0 - -
16-bit PWM (0] - - - 0 - - 0 —
16-bit PPG (0] - - - - - - [0) -

Note1: For 16-bit operations (16-bit timer/event counter, warm-up counter, 16-bit PWM and 16-bit PPG), set its source clock on
lower bit (TC5CK).
Note2: O : Available source clock
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Table 11-3 Constraints on Register Values Being Compared

Operating mode

Register Value

8-bit timer/event counter

1< (TTREGn) <255

8-bit PDO

1< (TTREGn) <255

8-bit PWM

2< (PWREGHh) <254

16-bit timer/event counter

1< (TTREGS, 5) <65535

Warm-up counter

256< (TTREGS6, 5) <65535

16-bit PWM 2< (PWREGS, 5) <65534

1< (PWREGS, 5) < (TTREGS, 5) <65535
16-bit PPG and

(PWREGS, 5) + 1 < (TTREGS, 5)
Note: n=5t0 6
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11.3 Function

The TimerCounter 5 and 6 have the 8-bit timer, 8-bit event counter, 8-bit programmable divider output (PDO), 8-
bit pulse width modulation (PWM) output modes. The TimerCounter 5 and 6 (TCS5, 6) are cascadable to form a 16-
bit timer. The 16-bit timer has the operating modes such as the 16-bit timer, 16-bit event counter, warm-up counter,
16-bit pulse width modulation (PWM) output and 16-bit programmable pulse generation (PPG) modes.

11.3.1 8-Bit Timer Mode (TC5 and 6)

In the timer mode, the up-counter counts up using the internal clock. When a match between the up-counter
and the timer register j (TTREG;j) value is detected, an INTTC;j interrupt’is generated and the up-counter is
cleared. After being cleared, the up-counter restarts counting.

Note 1: In the timer mode, fix TCJCR<TFFj> to 0. If not fixed, the PDOj, PWMj and PPGj pins may output pulses.

Note 2: In the timer mode, do not change the TTREG;j setting while the timer.is running. Since TTREG;j.is not in the
shift register configuration in the timer mode, the new value programmed in TTREG;j is in effect immediately
after the programming. Therefore, if TTREGi is changed while the timer is running, an.expected operation
may not be obtained.

Note 3:j=5,6

Table 11-4 Source Clock for TimerCounter 5, 6 (Internal Clock)

Source Clock Resolution Maximum Time Setting
NORMAL1/2, IDLE1/2 mode SLOW1/2,
SLEEP1/2 fc = 16 MHz fs = 32.768 kHz fc'= 16 MHz fs = 32.768 kHz
DV7CK =0 DV7CK =1 mode
fc/2' [Hz] fs/23 [Hz] fs/23 [Hz] 128 us 24414 ps 32.6 ms 62.3 ms
fcl2” fc/2” - 8 us = 2.0ms -
fc/28 fc/2® = 2 s - 510 ps -
fc/23 fc/23 - 500 ns - 127.5 us -

Example :Setting the timer mode with-source clock fc/2” Hz and generating an interrupt 80 ps later
(TimerCounter6, fc =16.0 MHz)

LD (TTREGS6), 0OAH : Sets the timer register (80 us+27/fc = 0AH).

DI

SET (EIRE). 2 : Enables INTTCG interrupt.

El

LD (TC6CR),700010000B : Sets the operating clock to fc/27, and 8-bit timer mode.
LD (TC6CR), 00011000B : Starts TC6.
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11.1 Confi ti
onfiguration TMP86CS49FG

TC6CR<TC6S> I

Internal ] 1
Source Clock : :

o TDEE xz:xm OO0

TTREG6 ? X n :
1

1

: Match detect Counter clear !

| Match detect Counter clz:gar
1

{(
R

Figure 11-2 8-Bit Timer Mode Timing Chart (TC6)

INTTCS interrupt request

11.3.2 8-Bit Event Counter Mode (TC5, 6)

In the 8-bit event counter mode, the up-counter counts up at the falling edge of the input pulse to the TCj pin.
When a match between the up-counter and the TTREGj value is detected, an INTTC] interrupt is generated and
the up-counter is cleared. After being cleared, the up-counter restarts counting at the falling edge of the input
pulse to the TCj pin. Two machine cycles are required for the low- or high-level pulse input to the TCj pin.

Therefore, a maximum frequency to be supplied is fe/2* Hz in the NORMAL1/2 or IDLE1/2 mode, and fs/2*
Hz in the SLOW1/2 or SLEEP1/2 mode.

Note 1: In the event counter mode, fix TCJCR<TFFj> to 0. If not fixed, the PDQj, PWMj and PPGj pins may output
pulses.

Note 2: In the event counter mode, do'not change the TTREG; setting while the timer is running. Since TTREG] is
not in the shift register configuration inthe event counter mode; the new value programmed in TTREG;j is in
effect immediately after the programming. Therefore, if TTREGiI is.changed while the timer is running, an
expected operation may not be obtained.

Note 3:j=5,6

TCB6CR<TC6S> I
1 1
1 1
TC6 pin input | | ' | | | | | | | | | | l | | l | l | | l l | l ! | | I
: 1 1 1 1 1 1 1 1 1 1 1 1 1 :
Counter o X 1 X2 x] X n-1 @@ 1 X 2 X n-1 @@ 1 ).( 0
: (( \ ( \ X
TTREG6 ZX n 7 7 3 ) !
1
Counter
Match detect\ /clear Match detec\l-l/gggpter E

INTTCS6 interrupt request
Figure 11-3" 8-Bit Event Counter Mode Timing Chart (TC6)

11.3.3 8-Bit Programmable Divider Output (PDO) Mode (TC5, 6)

This mode is used to generate a pulse with a 50% duty cycle from the PDOj pin.

In the PDO mode, the up-counter counts up using the internal clock. When a match between the up-counter
and the TTREG; value is detected, the logic level output from the PDOj pin is switched to the opposite state and
the up-counter is cleared. The INTTC] interrupt request is generated at the time. The logic state opposite to the
timer F/Fj logic level is output from the PDO;j pin. An arbitrary value can be set to the timer F/Fj by
TCjCR<TFFj>. Upon reset, the timer F/Fj value is initialized to 0.

To use the programmable divider output, set the output latch of the I/O port to 1.

Page 126



To s H I BA TMP86CS49FG

Example :Generating 1024 Hz pulse using TC6 (fc = 16.0 MHz)

Setting port
LD (TTREG6), 3DH : 1/1024=27ffc+2 = 3DH
LD (TCBCR), 00010001B : Sets the operating clock to fc/27, and 8-bit PDO mode.
LD (TC6CR), 00011001B : Starts TC6.

Note 1: In the programmable divider output mode, do not change the TTREG;j setting while the timer is running.
Since TTREG;j is not in the shift register configuration in the programmable divider output mode, the new
value programmed in TTREG;j is in effect immediately after programming: Therefore, if TTREGi is changed
while the timer is running, an expected operation may not be obtained.

Note 2: When the timer is stopped during PDO output, the PDOj pin holds the output status when the timer is
stopped. To change the output status, program TCjCR<TFFj> after the timer is stopped. Do not change the
TCjCR<TFFj> setting upon stopping of the timer.

Example: Fixing the PDOj pin to the high level when the TimerCounter-is stopped
CLR (TCjCR).3: Stops the timer.
CLR (TCjCR).7: Sets the PDQ;j pin to the high level.

Note 3:j=5,6
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11. 8-Bit TimerCounter (TC5, TC6)

11.1 Configuration
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Figure 11-4 8-Bit PDO Mode Timing Chart (TC6)
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11.3.4 8-Bit Pulse Width Modulation (PWM) Output Mode (TC5, 6)

This mode is used to generate a pulse-width modulated (PWM) signals with up to 8 bits of resolution. The
up-counter counts up using the internal clock.

When a match between the up-counter and the PWREG;j value is detected, the logic level output from the
timer F/Fj is switched to the opposite state. The counter continues counting.-The logic level output from the
timer F/Fj is switched to the opposite state again by the up-counter overflow, and the counter is cleared. The

INTTC; interrupt request is generated at this time.

Since the initial value can be set to the timer F/Fj by TCjCR<TFFj>, positive and negative pulses can be gen-
erated. Upon reset, the timer F/Fj is cleared to 0.

(The logic level output from the PWM; pin is the opposite to the timer F/Fj logic level.)

Since PWREG;] in the PWM mode is serially connected to the shift register, the value set to PWREG;j can be
changed while the timer is running. The value set to PWREGj-during a-tun of the timer is shifted by the
INTTC;j interrupt request and loaded into PWREG]. While the timer is stopped, the value-is shifted immedi-
ately after the programming of PWREG;. If executing the read instruction to PWREGj 'during PWM output,
the value in the shift register is read, but not the value set in PWREG;j. Therefore, after writing to PWREG;, the
reading data of PWREG; is previous value until INTTC;jis generated.

For the pin used for PWM output, the output latchof the I/O-port must be setto-1.

Note 1: In the PWM mode, program the timer register PWREGj immediately after the INTTCj interrupt request is
generated (normally in the INTTC] interrupt‘service routine.) If the programmingof PWREGj and the inter-
rupt request occur at the same time, an unstable value is shifted, that may resultin.generation of the pulse
different from the programmed value until the next INTTC;j interrupt request is'generated.

Note 2: When the timer is stopped during PWM output, the PWM; pin_holds the output status when the timer is
stopped. To change the output status, program TCjCR<TFFj> after the timer-is stopped. Do not change the
TCjCR<TFFj> upon stopping of the timer.

Example: Fixing the PWM; pin to the highlevel when the TimerCounter is stopped
CLR (TCjCR).3: Stops the timer.
CLR (TCjCR).7: Sets the PWM;j pin to the high level.

Note 3: To enter the STOP mode during. PWM output, stop the timer and then enter the STOP mode. If the STOP
mode is entered without stopping the timer when fc, fc/2 or fs is selected as the source clock, a pulse is out-
put from the PWNj pin during the warm-up period time after exiting the STOP mode.

Note 4:j=5,6

Table 11-5 PWM Output Mode

Source Clock Resolution Repeated Cycle
NORMAL1/2, IDLE1/2 mode SLOW1/2,
SLEEP1/2 fc =16 MHz fs = 32.768 kHz fc =16 MHz fs = 32.768 kHz
DV7CK =0 DV7CK =1 mode
fc/2" [Hz] fs12% [Hz] fs/2% [Hz] 128 ps 24414 ps 32.8 ms 62.5ms
fc/2” fc/r2” - 8 us - 2.05ms -
fc/2° fc/25 = 2 s - 512 s -
fc/28 fc/23 - 500 ns - 128 us -
fs fs fs 30.5 us 30.5 us 7.81 ms 7.81ms
fcr2 fc/2 - 125 ns - 32 us -
fc fc - 62.5ns - 16 pus -
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11.3.5 16-Bit Timer Mode (TC5 and 6)

In the timer mode, the up-counter counts up using the internal clock. The TimerCounter 5 and 6 are cascad-
able to form a 16-bit timer.

When a match between the up-counter and the timer register (TTREGS, TTREGO6) value is detected after the
timer is started by setting TC6CR<TC6S> to 1, an INTTCG6 interrupt is generated and the up-counter is cleared.
After being cleared, the up-counter continues counting. Program the lower byte-and upper byte in this order in
the timer register. (Programming only the upper or lower byte should not be attempted.)

Note 1: In the timer mode, fix TCJCR<TFFj> to 0. If not fixed, the PDOj, PWMj, and PPGj pins may output a pulse.

Note 2: In the timer mode, do not change the TTREG;j setting while the timer is running: Since TTREG; is not in the
shift register configuration in the timer mode, the new value programmed in TTREG; is in effect immediately
after programming of TTREG;. Therefore, if TTREG;j is changed while the timer is'running, an expected
operation may not be obtained.

Note 3:j=5,6

Table 11-6 Source Clock for 16-Bit Timer Mode

Source Clock Resolution Maximum Time Setting
NORMAL1/2, IDLE1/2 mode SLOW1/2,
SLEEP1/2 fc = 16 MHz fs = 32.768 kHz fc=16 MHz fs/= 32.768 kHz
DV7CK =0 DV7CK =1 mode
fo/2™ fs/23 fs/23 128 \is 244.14 us 8.39's 16's
fc/2” fc/2” - 8 is - 5243 ms -
fc/2% fc/2% - 2ps - 131.1 ms -
fc/23 fc/23 - 500.ns - 32.8ms -

Example :Setting the timer mode with source clock fc/2” Hz, and generating an interrupt 300 ms later
(fc =16.0 MHz)

LDW (TTREGS), 927CH : Sets the timer register (300 ms+27/fc = 927CH).

DI

SET (EIRE). 2 :Enables INTTCS interrupt.

El

LD (TC5CR), 13H :Sets the operating clock to fc/27, and 16-bit timer mode
(lower byte).

LD (TC6CR), 04H : Sets the 16-bit timer mode (upper byte).

LD (TC6CR), OCH : Starts the timer.

TC6CR<TC6S> I

Internal
source clock

Counter 0

TTREGS

1
)) ))
? n <5 (5
(Lower byte) :X T 4 4

TTREG6 )() () ()
Match Counter Match Counter
detect clear detect clear

(Upper byte)
16-Bit Timer Mode Timing Chart (TCS and TC6)

INTTCS6 interrupt request

Figure 11-6
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11.3.6 16-Bit Event Counter Mode (TC5 and 6)

In the event counter mode, the up-counter counts up at the falling edge to the TCS5 pin. The TimerCounter 5
and 6 are cascadable to form a 16-bit event counter.

When a match between the up-counter and the timer register (TTREGS, TTREG6) value is detected after
the timer is started by setting TCOCR<TC6S> to 1, an INTTCG6 interrupt is-generated and the up-counter is
cleared.

After being cleared, the up-counter restarts counting at the falling edge of the input pulse to the TC5 pin.
Two machine cycles are required for the low- or high-level pulse input to the TC5-pin.

Therefore, a maximum frequency to be supplied is fc/2* Hz in the NORMAL1/2 or IDLE1/2 mode, and fs/

2% in the SLOW1/2 or SLEEP1/2 mode. Program the lower byte (TTREGS), and upper byte (TTREG®6) in this
order in the timer register. (Programming only the upper or lower byte should not be attempted.)

Note 1: In the event counter mode, fix TCJCR<TFFj> to 0. If not fixed, the PDOj, PWMj and PPGj pins may.output pulses.

Note 2: In the event counter mode, do not change the TTREG] setting while the timer is running. Since TTREG;] is not in
the shift register configuration in the event counter mode, the new value programmed.in TTREG; is in effect imme-
diately after the programming. Therefore, if TTREG;j is changed while the/timer is running, an expected operation
may not be obtained.

Note 3: j=5,6

11.3.7 16-Bit Pulse Width Modulation (PWM) Output Mode (TC5 and 6)

This mode is used to generate a pulse-width modulated (PWM) signals with up to 16 bits of resolution. The
TimerCounter 5 and 6 are cascadable to form the 16-bit PWM signal generator.

The counter counts up using the internal clock or external clock.

When a match between the up-counter-and the timer register (PWREGS, PWREGO6) value is detected, the
logic level output from the timer F/F6 is switched to the opposite state. The counter continues counting. The
logic level output from the timer F/F6 is switched to the opposite state again by the counter overflow, and the
counter is cleared. The INTTCG6 interrupt is generated at this time.

Two machine cyeles are required for the high- or low-level pulse input to the TC5 pin. Therefore, a maxi-

mum frequency to be supplied-is fc/2% Hz in the NORMAL1/2 or IDLE1/2 mode, and £s/2* to in the SLOW1/2
or SLEEP1/2 mode,

Since the initial value can be set'to the timer F/F6 by TC6CR<TFF6>, positive and negative pulses can be
generated. Upon reset, the timer F/F6-is cleared to 0.

(The logic level output from the PWMBS6 pin is the opposite to the timer F/F6 logic level.)

Since PWREG6 and 5 in the/ PWM mode are serially connected to the shift register, the values set to
PWREGH6 and 5 can be changed while the timer is running. The values set to PWREG6 and 5 during a run of
the timer are shifted by the INTTC;j. interrupt request and loaded into PWREG6 and 5. While the timer is
stopped, the values/are shifted immediately after the programming of PWREG6 and 5. Set the lower byte
(PWREGS5) and upper byte (PWREG®6) in this order to program PWREG®6 and 5. (Programming only the lower
or upper byte of the register should not be attempted.)

If executing the read instruction to PWREG6 and 5 during PWM output, the values set in the shift register is
read, but not the values set in PWREG6 and 5. Therefore, after writing to the PWREG6 and 5, reading data of
PWREG®6 and 5 is previous value until INTTC6 is generated.

For the pin used for PWM output, the output latch of the I/O port must be set to 1.

Note 1: In the PWM mode, program the timer register PWREG6 and 5 immediately after the INTTCG6 interrupt
request is generated (normally in the INTTCG interrupt service routine.) If the programming of PWREG;j and
the interrupt request occur at the same time, an unstable value is shifted, that may result in generation of
pulse different from the programmed value until the next INTTC6 interrupt request is generated.

Note 2: When the timer is stopped during PWM output, the PWM6 pin holds the output status when the timer is
stopped. To change the output status, program TC6CR<TFF6> after the timer is stopped. Do not program
TCBCR<TFF6> upon stopping of the timer.

Example: Fixing the PWM®6 pin to the high level when the TimerCounter is stopped
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CLR (TC6CR).3: Stops the timer.
CLR (TCBCR).7 : Sets the PWM6 pin to the high level.

Note 3: To enter the STOP mode, stop the timer and then enter the STOP mode. If the STOP mode is entered with-
out stopping of the timer when fc, fc/2 or fs is selected as the source clock, a pulse is output from the PWM6
pin during the warm-up period time after exiting the STOP mode.

Table 11-7 16-Bit PWM Output Mode

Source Clock Resolution Repeated Cycle
NORMAL1/2, IDLE1/2 mode SLOW1/2,
SLEEP1/2 fc =16 MHz fs = 32.768 kHz fc.= 16 . MHz fs = 32.768 kHz
DV7CK=0 DV7CK =1 mode
fe/21 fs/2° [Hz] fs/2% [Hz] 128 us 244 14 ps 8.39s 16's
fc/2’ fc/2” - 8 us - 524.3 ms -
fc/25 fc/25 - 2 ps - 131.1 ms -
fc/23 fc/23 - 500 ns - 32.8 ms -
fs fs fs 30.5 us 30.5us 2s 2s
fc/2 fc/2 - 125 ns - 8.2ms -
fc fc - 62.5ns - 4.1 ms -

Example :Generating a pulse with 1-ms high-level width and a period of 32.768 ms (fc = 16.0-MHz)
Setting ports

LDW (PWREGS), 07DOH : Sets the pulse width.

LD (TC5CR), 33H : Sets the‘operating clock to fc/23, and 16-bit PWM output
mode (lower byte).

LD (TC6CR), 056H : Sets TFF6 to the.initial value 0, and 16-bit PWM signal
generation mode (upper byte).

LD (TC6CR), 05EH : Starts the timer.
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Page 134



TO s H I BA TMP86CS49FG

11.3.8 16-Bit Programmable Pulse Generate (PPG) Output Mode (TC5 and 6)

This mode is used to generate pulses with up to 16-bits of resolution. The timer counter 5 and 6 are cascad-
able to enter the 16-bit PPG mode.

The counter counts up using the internal clock or external clock. When a match between the up-counter and
the timer register (PWREGS, PWREG6) value is detected, the logic level output from the timer F/F6 is
switched to the opposite state. The counter continues counting. The logic level output from the timer F/F6 is
switched to the opposite state again when a match between the up-counter and the timer register (TTREGS,
TTREG®6) value is detected, and the counter is cleared. The INTTCG6 interrupt is generated at this time.

Two machine cycles are required for the high- or low-level pulse input/to the TC5 pin. Therefore, a maxi-

mum frequency to be supplied is fc/2% Hz in the NORMAL1/2 or IDLE1/2 mode; and £s/2* to in the SLOW1/
2 or SLEEP1/2 mode.

Since the initial value can be set to the timer F/F6 by TC6CR<TFF6>, positive and negative pulses can be
generated. Upon reset, the timer F/F6 is cleared to 0.

(The logic level output from the PPG6 pin is the opposite to the timer F/F6.)

Set the lower byte and upper byte in this order to program the timer register. (TTREG5S — TTREG®,
PWREGS5 — PWREG®6) (Programming only the upper or lower byte should not be attempted.)

For PPG output, set the output latch of the I/O port'to 1.

Example :Generating a pulse with 1-ms high-level width anda period of 16.385 ms/(fc =16.0 MHz)

Setting ports

LDW (PWREGS5), 07DOH : Sets the pulse width.
LDW (TTREGS), 8002H : Sets the cycle period.
. ; 3 _hi
LD (TC5CRY), 33H : Sets the operating-clock to fc/2°, and16-bit PPG mode
(lower byte).
: Sets TFFB to the initial value 0, and 16-bit
LD T R 7H '
(TCECR), 05 PPG mode (upper byte).
LD (TC6CR), 05FH Starts the timer.

Note 1: In the PPG mode, do not change the PWREGi and TTREGi settings while the timer is running. Since
PWREGi and TTREGiare not in the shift register configuration in the PPG mode, the new values pro-
grammed-in PWREGi and TTREGi are in effect immediately after programming PWREGi and TTREGi.
Therefore, if PWREGi and TTREGi-are changed while the timer is running, an expected operation may not
be obtained.

Note 2: When the timer is stopped during PPG.output, the PPG6 pin holds the output status when the timer is
stopped. To change the output status, program TC6CR<TFF6> after the timer is stopped. Do not change
TCBCR<TFF6> upon stopping of the timer.

Example: Fixing the PPG6.pin to the high level when the TimerCounter is stopped
CLR (TC6CR).3: Stops the timer

CLR (TC6CR).7: Sets the PPG6 pin to the high level
Note 3:i=5,6
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11.3.9 Warm-Up Counter Mode

In this mode, the warm-up period time is obtained to assure oscillation stability when the system clocking is
switched between the high-frequency and low-frequency. The timer counter 5 and 6 are cascadable to form a
16-bit TimerCounter. The warm-up counter mode has two types of mode; switching from the high-frequency to
low-frequency, and vice-versa.

Note 1: In the warm-up counter mode, fix TCICR<TFFi> to 0. If not fixed, the PDOI, PWMi and.PPGi pins may output
pulses.

Note 2: In the warm-up counter mode, only upper 8 bits of the timer register TTREG6 and.5 are used for match
detection and lower 8 bits are not used.

Note 3:i=5,6

11.3.9.1 Low-Frequency Warm-up Counter Mode
(NORMAL1 - NORMAL2 — SLOW2 — SLOW1)

In this mode, the warm-up period time from a stop of the low-frequency clockfs to oscillation stability
is obtained. Before starting the timer, set SYSCR2<XTEN> to 1 to oscillate' the low-frequency clock.
When a match between the up-counter and the timer register (TTREG®6, 5) value is detected after the timer
is started by setting TC6CR<TC6S> to 1, the counter-is cleared by ‘generating the INTTC6 interrupt
request. After stopping the timer in the INTTC6 interrupt service routine, set SYSCR2<SYSCK> to 1 to
switch the system clock from the high-frequency-to low-frequency, and then clear of SYSCR2<XEN> to
0 to stop the high-frequency clock.

Table 11-8 Setting Time of Low-Frequency Warm-Up Counter Mode /(fs = 32.768 kHz)

Minimum Time Setting Maximum Time Setting
(TTREGS, 5 = 0100H) (TTREGS, 5 = FFOOH)
7.81ms 1.99s

Example :After checking low-frequency clock oscillation stability with TC6 and 5, switching to the SLOW1 mode

SET (SYSCR2).6 TSYSCR2<XTEN> «— 1
LD (TC5CR), 43H : Sets TFF5=0, source clock fs, and 16-bit mode.
LD (TC6CR), 05H : Sets TFF6=0, and warm-up counter mode.
: Sets the warm-up time.
LD (TTREGS), 8000H (The warm-up tir:e depends on the oscillator characteristic.)
DI (IMF « 0
SET (EIRE). 2 : Enables the INTTC6.
El D IMF « 1
SET (TC6CR).3 : Starts TC6 and 5.
PINTTCG: CLR (TC6CR).3 : Stops TC6 and 5.
SET (SYSCR2).5 : SYSCR2<SYSCK> « 1
(Switches the system clock to the low-frequency clock.)
CLR (SYSCR2).7 : SYSCR2<XEN> « 0 (Stops the high-frequency clock.)
RETI
VINTTCS6: DW PINTTC6 - INTTCS6 vector table
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11.3.9.2 High-Frequency Warm-Up Counter Mode
(SLOW1 — SLOW2 — NORMAL2 — NORMAL1)

In this mode, the warm-up period time from a stop of the high-frequency clock fc to the oscillation sta-
bility is obtained. Before starting the timer, set SYSCR2<XEN> to 1 to oscillate the high-frequency clock.
When a match between the up-counter and the timer register (TTREG®6, 5) value is detected after the timer
is started by setting TCOCR<TC6S> to 1, the counter is cleared by generating the INTTC6 interrupt
request. After stopping the timer in the INTTCG6 interrupt service routine, clear SYSCR2<SYSCK> to 0 to
switch the system clock from the low-frequency to high-frequency, and then SYSCR2<XTEN> to 0 to

stop the low-frequency clock.

Table 11-9 Setting Time in High-Frequency Warm-Up Counter Mode

Minimum time Setting
(TTREGS, 5 = 0100H)

Maximum time Setting
(TTREG6,-5= FFOOH)

16 us

4.08 ms

Example :After checking high-frequency clock oscillation stability-with- TC6-and 5, switching to the NORMAL1 mode

SET (SYSCR2).7
LD (TC5CRY), 63H
LD (TCBCRY), 05H
LD (TTREGS5), OF800H
DI
SET (EIRE). 2
El
SET (TC6CR).3

PINTTCS: CLR (TC6CR).3
CLR (SYSCR2).5
CLR (SYSCR2).6
RETI

VINTTCS: DW PINTTC6

1 SYSCR2<XEN> <« 1

: Sets TFF5=0, source clock fc;-and-16-bit mode.

: Sets TFF6=0, and warm-up counter mode.

: Sets the warm-up time.

(The warm-up time depends-on'the oscillator characteristic.)

(IMF <0

: Enables the INTTCSG.

CIMF « 1

: Starts the TC6 and 5.

- Stops the TC6 and 5.

»SYSCR2<SYSCK> «- 0

(Switches the system clock to the high-frequency clock.)

1 SYSCR2<XTEN> «- 0

(Stops the low-frequency clock.)

1 INTTCG6 vector table
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12. Asynchronous Serial interface (UART1 )

12.1 Configuration

UART control register 1 Transmit data buffer .
9 Receive data buffer

| UARTICR1 I|| TD1BUF | oy

/3 /2 ;i
— - > T T
> = 2 3 _)| Shift register 1+ 1 |
35 = e
1] S ! -
L o Parity bit |
S f i O |«
: AN
INTTXD1<€ 5] o] Noise rejection
= 2
€ 9 ] circuit —D RXD1
(%2}
g 4 A
7;_ AR
TXD1
INTRXD1 <€ D
Transmit/receive clock
Y
SR IO R M, A< fc/2°
X v ) P, B fc/2’
! S : X ol fc/2®
fc/13 >—+—A ! S
fc/26  >——B i ) 1 A
fc/52 >—+—C ' 2 4 }
fc/104 >——{DO Y| Counter . A4 \ 4 2
fc/208  >—T—E ' UART1SR UART1CR2
fc/a16 >——F \
INTTC3 >—+—G ! UART status register UART control register 2
\ 1
fc/96  >——1H ' MPX: Multiplexer
1

: Baud rate generator

Figure 12-1 UART1 (Asynchronous Serial Interface)
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12. Asynchronous Serial interface (UART1 )
12.2 Control
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12.2 Control

UART!1 is controlled by the UART1 Control Registers (UART1CR1, UART1CR?2). The operating status can be
monitored using the UART status register (UART1SR).

UART1 Control Register1

UART1CR1 7 6 5 4 3 2 1 0
(OF95H) | TXE | RXE | STBT| EVEN| PE | BRG (Initial value: 0000-0000)
0: Disable
TXE | Transf t
ranster operation 1: Enable
0: Disable
RXE | Recei t
ecelve operation 1: Enable
0: 1hbit
STBT | Transmit stop bit length
ransmit stop Dit leng 1- 2 bits

. 0: Odd-numbered parity
EVEN Even- bered t
ven-numbered partty 1:  Even-numbered parity
0 N i Write
' - : _No parity
PE Parity addit onl
arity addition 17 Parity y
000:.fc/13 [Hz]
001:. fc/26
010:-_fe/52
. 011: fc/104
BRG Transmit clock select 100° f6/208
101:  fc/416
110:  TC3 ( Input INTTC3)
111:  fc/96

Note 1: When operations are disabled by setting TXE and RXE bit to “0”, the setting becomes valid when data transmit or receive
complete. When the transmit data is stored in the transmit-data buffer, the data are not transmitted. Even if data transmit is
enabled, until new data are written to the transmit data buffer,.the current data are not transmitted.

Note 2: The transmit clock and the parity-are common to transmit-and receive.
Note 3: UART1CR1<RXE>and UART1CR1<TXE> should-be set to “0” before UART1CR1<BRG> is changed.

UART1 Control Register2

UART1CR2 7 6 5 4 3 2 1 0
(OF96H) ‘ ‘ ‘ | RXDNC | STOPBRl (Initial value: **** *000)

00: No noise rejection (Hysteresis input)

RXDNG Selection of RXD input noise 01: Rejects pulses shorter than 31/fc [s] as noise
rejection time 10: Rejects pulses shorter than 63/fc [s] as noise Write
11: Rejects pulses shorter than 127/fc [s] as noise only
0: 1 bit

STOPBR | Receive stop bitlength
ecelve stop.pitleng 1: 2 bits

Note: When UART1CR2<RXDNC> = “01”, pulses longer than 96/fc [s] are always regarded as signals; when
UART1CR2<RXDNC> = “10”, longer than 192/fc [s]; and when UART1CR2<RXDNC> = “11”, longer than 384/fc [s].
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UART1 Status Register

UART1SR 7 6 5 4 3 2 1 0
(OF95H) | PERR | FERR | OERR | RBFL | TEND | TBEP | ‘ (Initial value: 0000 11**)
. 0:  No parity error
PERR Parit fl
arity error flag 1:  Parity error
FERR Framing error flag 0: No frémmg error
1:  Framing error
OERR Overrun error flag 0: No overrun error
1:  Overrun error Read
. 0: Receive data buffer empty only
RBFL R data buffer full fi
ecelve data bulter iut flag 1:  Receive data buffer full
. 0:  On transmitting
TEND Transmit end flag 1 Transmit end
TBEP Transmit data buffer empty flag 0: Transmit data buffer full (Transmit data writing is finished)
1:  Transmit data buffer empty

Note: When an INTTXD is generated, TBEP flag is set to "1" automatically.

UART1 Receive Data Buffer

RD1BUF 7 6 5 4 3 2 1 0 Read only
(OF97H) | | | | | | | | | (Initial value: 0000 0000)

UART1 Transmit Data Buffer

TD1BUF 7 6 5 4 3 2 1 0 Write only
(OF97H) | | | | | | | | | (Initial value: 0000 0000)

Page 141



12. Asynchronous Serial interface (UART1 )

123 T fer Data F t
ransfer Data Forma TMP86CS49FG

12.3 Transfer Data Format

In UART, an one-bit start bit (Low level), stop bit (Bit length selectable at high level, by UART1CR1<STBT>),
and parity (Select parity in UART1CR1<PE>; even- or odd-numbered parity by UART1CR1<EVEN>) are added to
the transfer data. The transfer data formats are shown as follows.

Frame Length
PE STBT
|1|2|3| |8|9|10|11|12|
0 0 “\_stan [ o X mits X----X sitc X Bit7 Y Stop
0 1 “\_stan [ o X mits X----X Bitc X Bit7 fstop1 Sstop2
1 0 _\ stat A Bito X Bitl XE——:X Bit6| X Bit7 X Parity ) Stopi
1 1 _\ stat A Bito X Bitl XE——:X Bit6 /X Bit7 X Parity ) Stop1’ Stop2

Figure 12-2 Transfer Data Format

Without parity / 1 STOP bit

= T

With parity / 1 STOP bit Without parity / 2 STOP bit

\ /

With parity / 2 STOP. bit

Figure 12-3- Caution‘on Changing Transfer Data Format

Note: In order to switch the transfer data format, perform transmit operations in the above Figure 12-3 sequence except
for theinitial setting.
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12.4 Transfer Rate

The baud rate of UART1 is set of UART1CR1<BRG>. The example of the baud rate are shown as follows.

Table 12-1 Transfer Rate (Example)

Source Clock

BRG

16 MHz 8 MHz 4 MHz
000 76800 [baud] 38400 [baud] 19200 [baud]
001 38400 19200 9600
010 19200 9600 4800
011 9600 4800 2400
100 4800 2400 1200
101 2400 1200 600

When TC3 is used as the UART1 transfer rate (when UART ICR1<BRG> = “110”), the transfer clock and transfer
rate are determined as follows:

Transfer clock [Hz] = TC3 source clock [Hz] / TTREG3 setting value
Transfer Rate [baud] = Transfer clock [Hz] /16

12.5 Data Sampling Method

The UARTI receiver keeps sampling input using the clock selected by UART1CR1<BRG> until a start bit is
detected in RXD1 pin input. RT clock starts detecting “L” level of the RXD1 pin. Once a start bit is detected, the
start bit, data bits, stop bit(s), and parity bit are sampled at three times of RT7, RTS8, and RT9 during one receiver
clock interval (RT clock). (RTO is the position where the bit supposedly starts.) Bit is determined according to major-
ity rule (The data are the same twice or more out of three samplings).

RXD1 pin \ Start bit /< Bit 0

RTOO-10 20 30 40 506070 80 90101 M2MA3M415 00 10 20 30 40 50 60 70 80 900100111

RT clock ||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Internal receive data \ Start bit lll /< Bit O * * *

(a) Without noise rejection circuit

RXD1pin [\ Start bit A sito X

RTOO 10 20 30 40 50 60 70 80 90101 M 2MA3M4IM5 00 10 20 30 40 50 60 70 80 90100111

RT clock

|| ]
Internal receive data \ Start bit l l l /< Bit 0 V * *

(b) With noise rejection circuit

Figure 12-4 Data Sampling Method
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12.6 STOP Bit Length
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12.6 STOP Bit Length
Select a transmit stop bit length (1 bit or 2 bits) by UART1ICRI<STBT>.
12.7 Parity
Set parity / no parity by UARTICRI<PE> and set parity type (Odd- ~or Even-numbered) by
UARTI1CRI<EVEN>,

12.8 Transmit/Receive Operation

12.8.1 Data Transmit Operation

Set UARTICRI<TXE> to “1”. Read UART1SR to check UART1SR<TBEP> =1”, then write data in
TD1BUF (Transmit data buffer). Writing data in TD1BUF-zero-clears UART1SR<TBEP>, transfers the data
to the transmit shift register and the data are sequentially output/ from the TXD1 pin. The data output include a
one-bit start bit, stop bits whose number is specified in UART1CR1<STBT> and a parity bit if parity addition
is specified. Select the data transfer baud rate using UARTTCR1<BRG>. When data transmit starts, transmit
buffer empty flag UART1SR<TBEP> is set to “1”-and an INTTXD!1 interrupt is generated.

While UART1CRI<TXE> = “0” and from when “1” is. written to UART1CR1<TXE> to when send data are
written to TD1BUF, the TXDI1 pin is fixed at high level.
When transmitting data, first read UART1SR, then write data in TD1BUF. Otherwise, UART1SR<TBEP> is
not zero-cleared and transmit does not start.

12.8.2 Data Receive Operation

Set UART1CRI1<RXE> to “1”. When data are received via the RXD1 pin, the receive data are transferred to
RDI1BUF (Receive data buffer). At this time, the data transmitted includes a start bit and stop bit(s) and a parity
bit if parity addition is specified. When stop bit(s) are received, data only are extracted and transferred to
RDI1BUF (Receive data buffer). Then the receive buffer-full flag UART1SR<RBFL> is set and an INTRXDI1
interrupt is generated. Select the data transfer baud rate using UART1CR1<BRG>.

If an overrun'error (OERR) occurs when data are received, the data are not transferred to RD1BUF (Receive
data buffer) but discarded; data in the RD1BUF arenot affected.

Note:When a receive operation is disabled by setting UART1CR1<RXE> bit to “0”, the setting becomes valid when
datareceive is completed. However, if-a framing error occurs in data receive, the receive-disabling setting
may not become valid. If a framing error occurs, be sure to perform a re-receive operation.
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12.9 Status Flag

12.9.1 Parity Error

When parity determined using the receive data bits differs from the received parity bit, the parity error flag
UART1SR<PERR> is set to “1”. The UARTISR<PERR> is cleared to “0” when the RD1BUF is read after

reading the UART1SR.
RXD1 pin X Parity y Stop
Shift register XXXXO** X PXXXX0* X Tpxxxx0

UART1SR<PERR> | After reading UART1SR then

RD1BUF clears/PERR:

INTRXD1 interrupt |_|

Figure 12-5 Generation of Parity Error

12.9.2 Framing Error

When “0” is sampled as the stop bit in the receive-data, framing error flag'UART1SR<FERR> is set to “1”.
The UART1SR<FERR> is cleared to “0” when the RD1BUF-is read after reading the UART1SR.

RXD1 pin X Final bit X Stop
Shift register XXXO** X XXXXO* X 0xxxx0
|
1
UART1SR<FERR> '/ After reading UART1SR then
d RD1BUF clears FERR.
1
INTRXD1 interrupt |_|

Figure 12-6 Generation of Framing Error

12.9.3 Overrun Error

When-all-bits in the next data are received while unread data are still in RDIBUF, overrun error flag
UARTISR<OERR> is set to “1”. In this case, the receive data is discarded; data in RD1BUF are not affected.
The UART1SR<OERR>is cleared to “0” when the RD1BUF is read after reading the UART1SR.
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UART1SR<RBFL>
RXD1 pin X Final bit )4 Stop
Shift register XXXO** X XXXXO* X 1Ixxxx0
"
RD1BUF yyyy
|
1
UART1SR<OERR> '/ After reading UART 1SR then
d RD1BUF clears OERR.
I
INTRXD1 interrupt I_l

Figure 12-7 Generation of Overrun Error

Note:Receive operations are disabled until the overrun error flag UART1SR<OERR>'is cleared.

12.9.4 Receive Data Buffer Full

Loading the received data in RD1BUF sets receive data buffer full flagonUART1SR<RBFL> to "1". The
UART1SR<RBFL> is cleared to “0” when the RD1BUF is read after reading the UART1SR.

RXD1 pin X Final bit )4 Stop
Shift register XXXO** X XXXXO0* X 1xxxx0
¥
RD1BUF yyyy X XXXX
|
UART1SR<RBFL> :/ After reading UART1SR then
! RD1BUF clears RBFL.
I
INTRXD1 interrupt |_|

Figure 12-8 Generation of Receive Data Buffer Full

Note: If the overrun error flag UART1SR<OERR> is set during the period between reading the UART1SR and read-
ing the RD1BUF, it cannot be cleared by only reading the RD1BUF. Therefore, after reading the RD1BUF,
read the UART1SR again to check whether or not the overrun error flag which should have been cleared still
remains set.

12.9.5 Transmit Data Buffer Empty

When no data is in the transmit buffer TD1BUF, that is, when data in TD1BUF are transferred to the transmit
shift register and data transmit starts, transmit data buffer empty flag UART1SR<TBEP> is set to “1”. The
UARTISR<TBEP> is cleared to “0” when the TD1BUF is written after reading the UART1SR.
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i Data write ¢ Data write
1
1

TD1BUF XXXX Yyyy - )CZZZZ
Y Y '
Shift register Fhkkk] X 1xxxx0 X *LXXXX x -— - X Hkrx] X X Fkxxx] X 1lyyyy0O x
1 1

| | ¥ v |
TXD1 pin \y Start 1! Bit0 - ——- X Finalbit Stop !\ £
! I
1

UART1SR<TBEP> 4:/_\ . 1/ \

1 : After reading UART1SR writing
INTTXD1 interrupt |_| . |_| TD1BUF clears TBEP.

Figure 12-9 Generation of Transmit Data Buffer Empty

12.9.6 Transmit End Flag

When data are transmitted and no data is in TDIBUF (UART1SR<TBEP> = “1”), transmit end flag
UARTI1SR<TEND> is set to “1”. The UARTISR<TEND> is cleared to “0” when the data transmit is started
after writing the TD1BUF.

Shift register *xxIXX X falalalal D¢ X LR X 1yyyyO X*]_yyyy
I
: ¢ l 1

TXD1 pin X y Stop \ Start W

Data write for TD1 BUF* 1

UART1SR<TBEP> : \ i/
! 1
! 1
1
UART1SR<TEND> 1
/ \
1
INTTXD1 interrupt |_|

Figure 12-10 Generation of Transmit End Flag and Transmit Data Buffer Empty
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13. Asynchronous Serial interface (UART2 )

13.1 Configuration

UART control register 1 Transmit data buffer .
9 Receive data buffer

| UART2CR1 I|| TD2BUF | vy

/3 /2 ;i
— - > T T
> = 2 3 _)| Shift register 1+ 1 |
35 = e
1] S ! -
L o Parity bit |
S f i O |«
: AN
INTTXD2<€ 3] o [~ Noise rejection
= 2
€ 9 ] circuit —D RXD2
(%2}
g 4 A
7;_ AR
TXD2
INTRXD2 <€ D
Transmit/receive clock
Y
SR IO R M, A< fc/2°
X v ) P, B fc/2’
! S : X ol fc/2®
fc/13 >—+—A ! S
fc/26  >——B i ) 1 A
fc/52 >—+—C ' 2 4 }
fc/104 >——{DO Y| Counter . A4 \ 4 2
fc/208  >—T—E ' UART2SR UART2CR2
fc/a16 >——F \
INTTC5 >—+—G ! UART status register UART control register 2
\ 1
fc/96  >——1H ' MPX: Multiplexer
1

: Baud rate generator

Figure 13-1 UART2 (Asynchronous Serial Interface)
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13.2 Control
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13.2 Control

UART?2 is controlled by the UART2 Control Registers (UART2CR1, UART2CR?2). The operating status can be
monitored using the UART status register (UART2SR).

UART2 Control Register1

UART2CR1 7 6 5 4 3 2 1 0
(OF98H) | TXE | RXE | STBT| EVEN| PE | BRG (Initial value: 0000-0000)
0: Disable
TXE | Transf t
ranster operation 1: Enable
0: Disable
RXE | Recei t
ecelve operation 1: Enable
0: 1hbit
STBT | Transmit stop bit length
ransmit stop Dit leng 1- 2 bits

. 0: Odd-numbered parity
EVEN Even- bered t
ven-numbered partty 1:  Even-numbered parity
0 N i Write
' - : _No parity
PE Parity addit onl
arity addition 17 Parity y
000:.fc/13 [Hz]
001:. fc/26
010:-_fe/52
. 011: fc/104
BRG Transmit clock select 100° f6/208
101:  fc/416
110:  TCS5 ( Input INTTC5)
111:  fc/96

Note 1: When operations are disabled by setting TXE and RXE bit to “0”, the setting becomes valid when data transmit or receive
complete. When the transmit data is stored in the transmit-data buffer, the data are not transmitted. Even if data transmit is
enabled, until new data are written to the transmit data buffer,.the current data are not transmitted.

Note 2: The transmit clock and the parity-are common to transmit-and receive.
Note 3: UART2CR1<RXE>and UART2CR1<TXE> should-be set to “0” before UART2CR1<BRG> is changed.

UART2 Control Register2

UART2CR2 7 6 5 4 3 2 1 0
(OF99H) ‘ ‘ ‘ | RXDNC | STOPBRl (Initial value: **** *000)

00: No noise rejection (Hysteresis input)

RXDNG Selection of RXD input noise 01: Rejects pulses shorter than 31/fc [s] as noise
rejection time 10: Rejects pulses shorter than 63/fc [s] as noise Write
11: Rejects pulses shorter than 127/fc [s] as noise only
0: 1 bit

STOPBR | Receive stop bitlength
ecelve stop.pitleng 1: 2 bits

Note: When UART2CR2<RXDNC> = “01”, pulses longer than 96/fc [s] are always regarded as signals; when
UART2CR2<RXDNC> = “10”, longer than 192/fc [s]; and when UART2CR2<RXDNC> = “11”, longer than 384/fc [s].
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UART?2 Status Register

UART2SR 7 6 5 4 3 2 1 0
(OF98H) | PERR | FERR | OERR | RBFL | TEND | TBEP | ‘ (Initial value: 0000 11**)
. 0:  No parity error
PERR Parit fl
arlly errorfag 1: Parity error
FERR Framing error flag 0: No frémmg error
1:  Framing error
OERR Overrun error flag 0: No overrun error
1:  Overrun error Read
. 0: Receive data buffer empty only
RBFL R data buffer full fi
ecelve data bulter iut flag 1:  Receive data buffer full
. 0:  On transmitting
TEND Transmit end flag 1 Transmit end
TBEP Transmit data buffer empty flag 0: Transmit data buffer full (Transmit data writing is finished)
1:  Transmit data buffer empty

Note: When an INTTXD is generated, TBEP flag is set to "1" automatically.

UART2 Receive Data Buffer

RD2BUF 7 6 5 4 3 2 1 0 Read only
(OF9AH) | | | | | | | | | (Initial value: 0000 0000)

UART2 Transmit Data Buffer

TD2BUF 7 6 5 4 3 2 1 0 Write only
(OF9AH) | | | | | | | | | (Initial value: 0000 0000)
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13.3 Transfer Data Format

In UART?2, an one-bit start bit (Low level), stop bit (Bit length selectable at high level, by UART2CR1<STBT>),
and parity (Select parity in UART2CR1<PE>; even- or odd-numbered parity by UART2CR1<EVEN>) are added to
the transfer data. The transfer data formats are shown as follows.

Frame Length
PE STBT
|1|2|3| |8|9|10|11|12|
0 0 “\_stan [ o X mits X----X sitc X Bit7 Y Stop
0 1 “\_stan [ o X mits X----X Bitc X Bit7 fstop1 Sstop2
1 0 _\ stat A Bito X Bitl XE——:X Bit6| X Bit7 X Parity ) Stopi
1 1 _\ stat A Bito X Bitl XE——:X Bit6 /X Bit7 X Parity ) Stop1’ Stop2

Figure 13-2 Transfer Data Format

Without parity / 1 STOP bit

= T

With parity / 1 STOP bit Without parity / 2 STOP bit

\ /

With parity / 2 STOP. bit

Figure 13-3- Caution‘on Changing Transfer Data Format

Note: In order to switch the transfer data format, perform transmit operations in the above Figure 13-3 sequence except
for theinitial setting.
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13.4 Transfer Rate

The baud rate of UART?2 is set of UART2CR1<BRG>. The example of the baud rate are shown as follows.

Table 13-1 Transfer Rate (Example)

Source Clock

BRG

16 MHz 8 MHz 4 MHz
000 76800 [baud] 38400 [baud] 19200 [baud]
001 38400 19200 9600
010 19200 9600 4800
011 9600 4800 2400
100 4800 2400 1200
101 2400 1200 600

When TCS5 is used as the UART?2 transfer rate (when UART2CR1<BRG> = “110”), the transfer clock and transfer
rate are determined as follows:

Transfer clock [Hz] = TCS source clock [Hz] / TTREGS setting value
Transfer Rate [baud] = Transfer clock [Hz] /16

13.5 Data Sampling Method

The UART2 receiver keeps sampling input using the clock selected by UART2CR1<BRG> until a start bit is
detected in RXD2 pin input. RT clock starts detecting “L” level of the RXD2 pin. Once a start bit is detected, the
start bit, data bits, stop bit(s), and parity bit are sampled at three times of RT7, RTS8, and RT9 during one receiver
clock interval (RT clock). (RTO is the position where the bit supposedly starts.) Bit is determined according to major-
ity rule (The data are the same twice or more out of three samplings).

RXD2 pin \ Start bit /< Bit 0

RTOO-10 20 30 40 506070 80 90101 M2MA3M415 00 10 20 30 40 50 60 70 80 900100111

RT clock ||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Internal receive data \ Start bit lll /< Bit O * * *

(a) Without noise rejection circuit

RXD2 pin [\ Start bit A sito X

RTOO 10 20 30 40 50 60 70 80 90101 M 2MA3M4IM5 00 10 20 30 40 50 60 70 80 90100111

RT clock

|| ]
Internal receive data \ Start bit l l l /< Bit 0 V * *

(b) With noise rejection circuit

Figure 13-4 Data Sampling Method
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13.6 STOP Bit Length
Select a transmit stop bit length (1 bit or 2 bits) by UART2CRI<STBT>.
13.7 Parity
Set parity / no parity by UART2CRI<PE> and set parity type (Odd- ~or Even-numbered) by
UART2CRI<EVEN>,

13.8 Transmit/Receive Operation

13.8.1 Data Transmit Operation

Set UART2CRI<TXE> to “1”. Read UART2SR to check UART2SR<TBEP> =1”, then write data in
TD2BUF (Transmit data buffer). Writing data in TD2BUF-zero-clears UART2SR<TBEP>, transfers the data
to the transmit shift register and the data are sequentially output/ from the TXD2 pin. The data output include a
one-bit start bit, stop bits whose number is specified in UART2CR1<STBT> and a parity bit if parity addition
is specified. Select the data transfer baud rate using UART2CR1<BRG>. When data transmit starts, transmit
buffer empty flag UART2SR<TBEP> is set to “1”-and an INTTXD?2 interrupt is generated.

While UART2CRI<TXE> = “0” and from when “1” is. written to UART2CR1<TXE> to when send data are
written to TD2BUF, the TXD2 pin is fixed at high level.
When transmitting data, first read UART2SR, then write data in TD2BUF. Otherwise, UART2SR<TBEP> is
not zero-cleared and transmit does not start.

13.8.2 Data Receive Operation

Set UART2CR1<RXE> to “1”. When data are received via the RXD2 pin, the receive data are transferred to
RD2BUF (Receive data buffer). At this time, the data transmitted includes a start bit and stop bit(s) and a parity
bit if parity addition is specified. When stop bit(s) are received, data only are extracted and transferred to
RD2BUF (Receive data buffer). Then the receive buffer-full flag UART2SR<RBFL> is set and an INTRXD?2
interrupt is generated. Select the data transfer baud rate using UART2CR1<BRG>.

If an overrun'error (OERR) occurs when data are received, the data are not transferred to RD2BUF (Receive
data buffer) but discarded; data in the RD2BUF are not affected.

Note:When a receive operation is disabled by setting UART2CR1<RXE> bit to “0”, the setting becomes valid when
datareceive is completed. However, if-a framing error occurs in data receive, the receive-disabling setting
may not become valid. If a framing error occurs, be sure to perform a re-receive operation.
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13.9 Status Flag

13.9.1 Parity Error

When parity determined using the receive data bits differs from the received parity bit, the parity error flag
UART2SR<PERR> is set to “1”. The UART2SR<PERR> is cleared to “0” when the RD2BUF is read after

reading the UART2SR.
RXD2 pin X Parity y Stop
Shift register XXXXO** X PXXXX0* X Tpxxxx0

UART2SR<PERR> | After reading UART2SR then

RD2BUF clears/PERR:

INTRXD2 interrupt |_|

Figure 13-5 Generation of Parity Error

13.9.2 Framing Error

When “0” is sampled as the stop bit in the receive-data, framing error flag' UART2SR<FERR> is set to “1”.
The UART2SR<FERR> is cleared to “0”” when the RD2BUF-is read after reading the UART2SR.

RXD2 pin X Final bit X Stop
Shift register XXXO** X XXXXO* X 0xxxx0
|
1
UART2SR<FERR> '/ After reading UART2SR then
d RD2BUF clears FERR.
1
INTRXD2 interrupt |_|

Figure 13-6 Generation of Framing Error

13.9.3 Overrun Error

When-all-bits in the next data are received while unread data are still in RD2BUF, overrun error flag
UART2SR<OERR> is set to “1”. In this case, the receive data is discarded; data in RD2BUF are not affected.
The UART2SR<OERR>'is cleared to “0” when the RD2BUF is read after reading the UART2SR.
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UART2SR<RBFL>

RXD2 pin X Final bit y Stop

Shift register XXX0** X XXXXO0* X 1xxxx0
i’

RD2BUF yyYy

|
1
UART2SR<OERR> v/ After reading UART2SR then
RD2BUF clears OERR.

INTRXD2 interrupt I_l

Figure 13-7 Generation of Overrun Error

Note: Receive operations are disabled until the overrun error flag UART2SR<OERR>'is cleared.

13.9.4 Receive Data Buffer Full

Loading the received data in RD2BUF sets receive data buffer full flagonUART2SR<RBFL> to "1". The
UART2SR<RBFL> is cleared to “0” when the RD2BUF is read after reading the UART2SR.

RXD2 pin X Final bit )4 Stop
Shift register XXXO** X XXXXO0* X 1xxxx0
¥
RD2BUF yyyy X XXXX
|
UART2SR<RBFL> :/ After reading UART2SR then
! RD2BUF clears RBFL.
I
INTRXD2 interrupt |_|

Figure 13-8 Generation of Receive Data Buffer Full

Note: If the overrun error flag UART2SR<OERR> is set during the period between reading the UART2SR and read-
ing the RD2BUF, it cannot be cleared by only reading the RD2BUF. Therefore, after reading the RD2BUF,
read the UART2SR again to check whether or not the overrun error flag which should have been cleared still
remains set.

13.9.5 Transmit Data Buffer Empty

When no data is in the transmit buffer TD2BUF, that is, when data in TD2BUF are transferred to the transmit
shift register and data transmit starts, transmit data buffer empty flag UART2SR<TBEP> is set to “1”. The
UART2SR<TBEP> is cleared to “0” when the TD2BUF is written after reading the UART2SR.
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i Data write ¢ Data write
1
1

TD2BUF XXXX Yyyy - )CZZZZ
Y Y '
Shift register Fhkkk] X 1xxxx0 X *LXXXX x -— - X Hkrx] X X Fkxxx] X 1lyyyy0O x
1 1

| | ¥ v |
TXD2 pin \y Start 1! Bit0 - ——- X Finalbit Stop !\ £
! I
1

UART2SR<TBEP> 4:/_\ . 1/ \

1 : After reading UART2SR writing
INTTXD2 interrupt |_| . |_| TD2BUF clears TBEP.

Figure 13-9 Generation of Transmit Data Buffer Empty

13.9.6 Transmit End Flag

When data are transmitted and no data is in TD2BUF (UART2SR<TBEP> = “1”), transmit end flag
UART2SR<TEND> is set to “1”. The UART2SR<TEND> is cleared to “0” when the data transmit is started
after writing the TD2BUF.

Shift register *xxIXX X falalalal D¢ X LR X 1yyyyO X*]_yyyy
I
: ¢ l 1

TXD2 pin X Y. stop \ Start W

Data write for TDZBUF¢ 1

UART2SR<TBEP> : \ i/
! 1
! 1
1
UART2SR<TEND> 1
/ \
1
INTTXD2 interrupt |_|

Figure 13-10 Generation of Transmit End Flag and Transmit Data Buffer Empty
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14. Synchronous Serial Interface (S101)

The serial interfaces connect to an external device via SI1, SO1, and SCK1 pins.

When these pins are used as serial interface, the output latches for each port should be set to "1".

14.1 Configuration

Internal data bus %

SIO1CR SIO1SR
SIO1TDB
Y
1
Y
1

1

Shift register on transmitter

l T T Port ;
| | | |—>| (Note) |—| SO1-p|n
(Serial data output)
T T T T T T Port .
Lttt e (Ssljarm;l data input)
. . . ! Inpu
Shift register.on receiver P

SIO1RDB
T T

Shift clock

Control circuit

N MSB/LSB
selection

v l LA 2

i

> ort «—> D [
nter < (Note) SCK1 p
NTSIO ernal cloc

(Serial data output)
interrupt  input

Note: Set the register of port correctly for the port assigned as serial interface pins.
For details, see the description of the input/output port control register.

Figure 14-1.Synchronous Serial Interface (SIO)
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14.2 Control

The SIO is controlled using the serial interface control register (SIO1CR). The operating status of the serial inter-
face can be inspected by reading the status register (SIO1CR).

Serial Interface Control Register

SIO1CR 7 6 5 4 3 2 1 0
(0020H)
SIOS SIOINH SIOM SIODIR SCK (Initial value: 0000 0000)
. 0: Stop
SIoS Specify start/stop of t f
pecify start/stop of transfer 1: Start
SIOINH Forcibly stops transfer (Note 1) 0:—
¥ stop 1: Forcibly stop (Automatically cleared to "0" after stopping)
00: Transmit mode
SIOM Selects transfer mode ot: Recewej' modg
10: Transmit/receive mode
11: Reserved
N 0: MSB (Transfer, beginning with bit7)
IODIR lect: 1 f transf
SIo Selects direction of transfer 1: LSB (Transfer beginning with bit0)
NORMAL1/2 or IDLE1/2 modes
SLOW/SLEEP
TBTCR TBTCR mode RIW
<DV7CK> ="0" <DV7CK> ="1"
000 fc/212 fsi2* fs/2*
001 fc/28 fc/28 Reserved
7 7
SCK Selects serial clock 010 fei2 fe/2 Reserved
011 fcr28 fc/28 Reserved
100 fc/28 fc/28 Reserved
101 fc/2* fo/24 Reserved
110 fe/23 fc/23 Reserved
111 External clock (Input from SCK1 pin)

Note 1: When SIO1CR<SIOINH> is.set to “1”, SIO1CR<SIOS>; SIO1SR register, SIO1RDB register and SIO1TDB register are
initialized.

Note 2: Transfer mode, direction of transfer and serial clock mustbe select during the transfer is stopping (when SIO1SR<SIOF>
"),

Note 3: fc: High-frequency clock [Hz], fs: Low-frequency clock [Hz], *: Don’t care
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Serial Interface Status Register

SIO1SR 7 6 5 4 3 2 1 0
(0021H)
SIOF SEF TXF RXF TXERR [ RXERR (Initial value: 0010 00**)
SIOF Serial transfer operation status | 0: Transfer finished
monitor 1: Transfer in progress
SEF Number of clocks monitor 0: 8 clocks
1: 110 7 clocks Read
. 0: Data exists in transmit buffer only
TXF Transmit buffer emply flag 1: No data exists in transmit buffer
0: No dat ists i ive buff
RXF Receive buffer full flag © cala exists in recelve butler
1: Data exists in receive buffer

Read

0: — (No error exist)

1: Transmit buffer under run occurs in an external clock mode
Write

0: Clear the flag

1: — (A write of "1" to this-bit is. ignored)

TXERR Transfer operation error flag

R/W

Read

0: — (No error exist)

1: Receive buffer over run occurs in an external clock mode
Write

0: Clear the flag

1: — (A write of "1" to this bit is ignored)

RXERR Receive operation error flag

Note 1: The operation error flag (TXERR and RXERR) are not.automatically cleared by stopping transfer with SIO1CR<SIOS>
"0". Therefore, set these bits to "0" for clearing these error flag. Or set SIO1CR<SIOINH> to "1".

Note 2: *: Don't care

Receive buffer register

SIO1RDB 7 6 5 4 3 2 1 0 Read only
(0022H)

{ (Initial value: 0000 0000)

Transmit buffer register

SIO1TDB 7 6 5 4 3 2 1 0 Write only
(0022H) T

(Initial value: **** ****)

Note 1: SIO1TDB.is write only register. A bit manipulation should not be performed on the transmit buffer register using a read-
modify-write instruction.

Note 2: The SIO1TDB should be written after checking SIO1SR<TXF> "1". When SIO1SR<TXF> is "0", the writing data can't be
transferred to SIO1TDB even if write instruction is executed to SIO1TDB

Note 3: *:'Don't care
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14.3 Function

14.3.1 Serial clock

14.3.1.1 Clock source

The serial clock can be selected by using SIO1CR<SCK>. When the serial clock is changed, the writing
instruction to SIOICR<SCK> should be executed while the transfer is stopped (when SIO1SR<SIOF>

“O”)

(1) Internal clock

Setting the SIO1CR<SCK> to other than “111B” outputs the clock (shown. in "-Table 14-1 Serial
Clock Rate (fc = 16 MHz, fs = 32.768kHz) ") as serial clock’outputs from SCK1 pin. At the before

beginning or finishing of a transfer, SCK1 pin is kept in-high level.

When writing (in the transmit mode) or reading/(in the receive mode) data can not follow the serial
clock rate, an automatic-wait function is executed to stop the serial clock automatically and hold the
next shift operation until reading or writing is-completed (shown in " Figure 142 Automatic-wait
Function (Example of transmit mode) ). The maximum time/from-releasing the automatic-wait
function by reading or writing a data is.1 cycle of the selected serial clock until the serial clock comes

out from SCKI pin.

SIO1CR<SIOS> | Automatically wait

A—

SCK1 pin output ||||||||||||||||

SO1 pin

SIO1TDB

Table 14-1 Serial Clock Rate (fc = 16 MHz, fs = 32.768kHz)

\AXASXASKAXAIXAZXALX A0

I
\

L
(B7XBoXBEXBAXBIXB2XBIXEC

XA

X B

T

Automatic wait is released by writing SIO1TDB

Figure 14-2 - Automatic-wait Function (Example of transmit mode)

NORMAL1/2, IDLE1/2 Mode

SLOW1/2, SLEEP1/2 Mode

TBTCR<DV7CK> = "0" TBTCR<DV7CK> ="1"
Serial Clock Baud Rate
SCK Serial Clock Baud Rate Serial Clock Baud Rate
000 fc/212 3.906 kbps fs/24 2048 bps fs/24 2048 bps
001 fc/28 62.5 kbps fc/28 62.5 kbps Reserved -
010 fc/2? 125 kbps fc/2” 125 kbps Reserved -
oM fc/26 250 kbps fc/28 250 kbps Reserved -
100 fc/2° 500 kbps fc/2® 500 kbps Reserved -
101 fo/24 1.00 Mbps fc/24 1.00 Mbps Reserved -
110 fc/23 2.00 Mbps fc/23 2.00 Mbps Reserved
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(2) External clock
When an external clock is selected by setting SIOICR<SCK> to “111B”, the clock via the SCK1
pin from an external source is used as the serial clock.

To ensure shift operation, the serial clock pulse width must be 4/fc or more for both “H” and “L”
levels.

SCK1 pin \ /] \—/—

tSCKL tSCKH

A
A4
A

tSCKL, tSCKH > 4/fc

Figure 14-3 External Clock

14.3.1.2 Shift edge

The leading edge is used to transmit data, and the trailing edge is used to receive data,

(1) Leading edge shift

Data is shifted on the leading edge of the serial clock (falling edge of the SCK1 pin input/output).

(2) Trailing edge shift

Data is shifted on the trailing edge of the serial clock (rising edge of the SCK1 pin input/output).

SIO1CR<SIOS> |
SCKT pin 20 B s e 2 N 20 S 2 R 2 R 2 R 2

Shift register 01234567& *0123456 X **012345 X **%()1234 X *%5%()123 X *xAkx()] 2 X Fkdkxk() ] X Fhkxkdk () X Fkkkkkk
)/ shift out

SO1 pin N\ Btz X Bt X Bis X B4 X Bz X sz X s X Bi0

(a) Leading edge shift (Example of MSB transfer)

SIO1CR<SIOS> |
o [ Y N Y S B
Si1 pin X kBiﬂ X Bie X Bts X Bta X Bz X Bz X Btz X Bito

Shift register X 7 X 67 X 567+ X ase7e X 345670+ X 234567+ X 1234567+ X 01234567

(b) Trailing edge shift (Example of MSB transfer)

Figure 14-4 Shift Edge
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14.3.2 Transfer bit direction
Transfer data direction can be selected by using SIOICR<SIODIR>. The transfer data direction can't be set
individually for transmit and receive operations.

When the data direction is changed, the writing instruction to SIO1CR<SIODIR> should be executed while
the transfer is stopped (when SIOICR<SIOF>= “0”)

SlocR<sios> |
SR pin S R S A S S S A A G 2 B

SIO1TDB XA
SO1 pin \A7XA6XA5XA4XA3XA2XA1XAO

(a) MSB transfer

SIO1CR<SIOS> I

SCK pin +\|+|+|+I+|+|+|+|
S|o1TDB:XA\

¥ Shift out
SO1 pin \ A0 X oA X oA X Ay X ar X a5 X A X A7

(b) LSB transfer

Figure 14-5 Transfer Bit Direction (Example of transmit mode)

14.3.2.1 Transmit mode

(1) MSB-transmit mode
MSB transmit mode is selected by setting SIOICR<SIODIR> to “0”, in which case the data is
transferred sequentially beginning with the most significant bit (Bit7).
(2) LSB transmit mode
LSB transmit mode is selected by setting SIO1CR<SIODIR> to “1”, in which case the data is

transferred sequentially beginning with the least significant bit (Bit0).

14.3.2.2 Receive mode

(1) MSB receive mode

MSB receive mode is selected by setting SIOICR<SIODIR> to “0”, in which case the data is
received sequentially beginning with the most significant bit (Bit7).
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(2) LSB receive mode

LSB receive mode is selected by setting SIOICR<SIODIR> to “1”, in which case the data is
received sequentially beginning with the least significant bit (Bit0).

14.3.2.3 Transmit/receive mode

(1) MSB transmit/receive mode
MSB transmit/receive mode are selected by setting SIO1CR<SIODIR> to “0” in which case the
data is transferred sequentially beginning with the most significant bit(Bit7) and the data is received
sequentially beginning with the most significant (Bit7).
(2) LSB transmit/receive mode
LSB transmit/receive mode are selected by setting/SIOICR<SIODIR>to <‘1”, in which case the

data is transferred sequentially beginning with the/least significant bit (Bit0) and the data is received
sequentially beginning with the least significant (Bit0).

14.3.3 Transfer modes

Transmit, receive and transmit/receive mode are selected by using SIO1CR<SIOM>,

14.3.3.1 Transmit mode

Transmit mode is selected by writing “00B” to SIO1CR<SIOM>,

(1) Starting the/tfransmit operation

Transmit mode-is selected by setting “00B” to SIOICR<SIOM>. Serial clock is selected by using
SIOTCR<SCK>. Transfer direction is selected by using SIO1CR<SIODIR>.

When a transmit data is-written to-the transmit buffer register (SIO1TDB), SIO1SR<TXF> is
cleared to <0,

After SIOICR<SIOS> is set to1”, SIO1SR<SIOF> is set synchronously to “1” the falling edge of
SCK1 pin!

The data is transferred sequentially starting from SO1 pin with the direction of the bit specified by
SIO1CR<SIODIR>; synchronizing with the SCK1 pin's falling edge.

SIO1SR<SEF> is kept in high level, between the first clock falling edge of SCK1 pin and eighth
clock falling edge.

SIO1SR<TXF>is set to “1” at the rising edge of pin after the data written to the SIOITDB is
transferred to shift register, then the INTSIO1 interrupt request is generated, synchronizing with the
next falling edge on SCK1 pin.

Note 1: In internal clock operation, when SIO1CR<SIOS> is set to "1", transfer mode does not start with-
out writing a transmit data to the transmit buffer register (SIO1TDB).

Note 2: In internal clock operation, when the SIO1CR<SIOS> is set to "1", SIO1TDB is transferred to
shift register after maximum 1-cycle of serial clock frequency, then a serial clock is output from
SCK1 pin.

Note 3: In external clock operation, when the falling edge is input from SCK1 pin after SIO1CR<SIOS> is
set to "1", SIO1TDB is transferred to shift register immediately.
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SIO1CR<SIOS>

SIO1SR<SIOF>

SIO1SR<SEF>

SCK1 pin outout

SO1 pin

SIO1SR<TXF>

INTSIO1
interrupt
request

SIO1TDB

(2) During the transmit operation

When data is written to SIO1TDB, SIO1SR<TXF> is cleared to “0”.

In internal clock operation, in case a next transmit data is not written to SIO1TDB, the serial clock
stops to “H” level by an automatic-wait function when all of the bit set in the SIOITDB has been
transmitted. Automatic-wait function is released by writing a transmit data to SIO1TDB. Then, trans-
mit operation is restarted after maximum 1-cycle of serial clock.

When the next data is written to the SIOITDB before termination of ‘previous 8-bit data with
SIOISR<TXF> “17, the next data is continuously transferred after transmission of previous data.

In external clock operation, after SIO1SR<TXF> is set.to “17, the'transmit data must be written to
SIO1TDB before the shift operation of the next data begins.

If the transmit data is not written to SIO1TDB, transmit error occurs immediately after shift opera-
tion is started. Then, INTSIO1 interrupt request is generated after SIOISR<TXERR> is set to “1”.

(3) Stopping the transmit operation

There are two ways for stopping transmits operation.

» The way of clearing SIO1CR<SIOS>:
When SIO1CR<SIOS> is cleared to <“0”, transmit operation-is stopped after all transfer of the
data is finished. When transmit operation is finished, SIO SR<SIOF> is cleared to “0” and
SO1 pin is kept in high level.
In external clock operation, SIOICR<SIOS> must be/cleared to “0” before SIO1SR<SEF> is
set to “1” by beginning/next transfer.

* The way of setting SIO1CR<SIOINH>.
Transmit operation is stopped immediately after SIO1CR<SIOINH> is set to “1”. In this
case, SIO1CR<SIOS>, SIO1SR register, SIOIRDB register and SIO1TDB register are ini-
tialized.

Clearing SIOS

5 ==

> Start shift Start shift Start shift

operation operation operation

Writing transmit  Writing transmit Writing transmit
data A data B data C

Figure 14-6 Example of Internal Clock and MSB Transmit Mode
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, Writing transmit data

>

Clearing SIOS
D) ]

!
|
T T

SIO1CR<SIOS> Q : |
1
1
[
|

:
[}
] ]
] +
1 \‘ 1
1 ]
SIO1SR<SIOF> ) ) ) 1
Start shift 1 Start shift !
operation ﬁ‘ operation 1
) )
]
] ]

! Start shift
¥ operation

SIO1SR<SEF>

SCK1 pin

SO1 pin

SIO1SR<TXF> _|

INTSIO1
interrupt

request r \ : \
SI01TDB <S|os>f>< A T)( B Xc

Writing transmit ~ Writing transmit Writing transmit
data A data B data C

Figure 14-7 Exaple of External Clock and MSB Transmit' Mode

SCK1 pin |

SIO1SR<SIOF> I

SO1 pin X . /

- lsopH
2200

4/fc < 'sODH < 8/fc

Figure 14-8 Hold Time of the End of Transmit Mode

(4) Transmit error processing

Transmit errors occur on the following situation.

+ Shift operation starts before writing next transmit data to SIO1TDB in external clock opera-
tion.
If transmit errors occur during transmit operation, SIO1SR<TXERR> is set to “1” immedi-
ately after starting shift operation. Synchronizing with the next serial clock falling edge,
INTSIOI1 interrupt request is generated.
If shift operation starts before writing data to SIO1TDB after SIO1CR<SIOS> is set to “17,
SIO1SR<TXERR> is set to “1” immediately after shift operation is started and then
INTSIO1 interrupt request is generated.
SIO1 pin is kept in high level when SIO1SR<TXERR> is set to “1”. When transmit error
occurs, transmit operation must be forcibly stop by writing SIO1CR<SIOINH> to “1”. In
this case, SIO1CR<SIOS>, SIO1SR register, SIO1RDB register and SIO1TDB register are
initialized.
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SIO1CR<SIOS>

—

Start shift
operation

SIO1SR<SIOF> Start shift
operation

Start shift

operation

SIO1SR<SEF>

SCK1 pin

SO1 pin A7

G AASAAINASAAZAAINAONB7ABONBSABAXB3AB2 X B1XBO,

SIO1SR<TXF> |

SIO1SR<TXERR> / /

INTSI01 K / k ¢ /
interrupt ” ” ”
request \ / /
SIO1TDB A X B ['[ / Unknown
1 t )
Writing transmit ~ Writing t it
SIOICR g n daaB

Figure 14-9 Example of Transmit Error Processingme

14.3.3.2 Receive mode

The receive mode is selected by writing “01B” to SIO1CR<SIOM>.

(1) Starting the receive operation
Receive-modeis selected by setting “01” to. SIO1CR<SIOM>. Serial clock is selected by using
SIOICR<SCK>. Transfer direction is selected by using SIO1CR<SIODIR>.
After SIOTCR<SIOS> is set to “1”, SIOTSR<SIOF> is set synchronously to “1” the falling edge of
SCKI1 pin.

Synchronizing with the SCK1 pin's rising edge, the data is received sequentially from SI1 pin with
the direction of the bit specified by. SBI1DIR<SIODIR>.

SIO1SR<SEF> is kept in high level, between the first clock falling edge of SCK1 pin and eighth
clock falling edge.

When 8-bit data is received, the data is transferred to SIO1RDB from shift register. INTSIO]1 inter-
rupt request is generated and SIO1SR<RXF> is set to “1”

Note: In internal clock operation, when the SIO1CR<SIOS> is set to "1", the serial clock is generated
from SCK1 pin‘after maximum 1-cycle of serial clock frequency.

(2) During the receive operation

The SIO1SR<RXF> is cleared to “0” by reading a data from SIO1RDB.

In the internal clock operation, the serial clock stops to “H” level by an automatic-wait function
when the all of the 8-bit data has been received. Automatic-wait function is released by reading a
received data from SIO1RDB. Then, receive operation is restarted after maximum 1-cycle of serial
clock.

In external clock operation, after SIO1SR<RXF> is set to “1”, the received data must be read from
SIO1RDB, before the next data shift-in operation is finished.
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SIO1CR<SIOS>

SIO1SR<SIOF>

SIO1SR<SEF>

SCK1 pin

SlI1 pin

SIO1SR<RXF>

INTSIO1
interrupt
request

SIO1RDB

If received data is not read out from SIOIRDB receive error occurs immediately after shift opera-
tion is finished. Then INTSIOT1 interrupt request is generated after SIO1SR<RXERR> is set to “1”.

(3) Stopping the receive operation

There are two ways for stopping the receive operation.

* The way of clearing SIOICR<SIOS>.
When SIO1CR<SIOS> is cleared to “0”, receive operation is stopped after all of the data is
finished to receive. When receive operation is finished, SIO1SR<SIOF> is cleared to “0”.
In external clock operation, SIO1CR<SIOS> must be clearedto ¢‘0” before SIO1SR<SEF> is
set to “1” by starting the next shift operation.

* The way of setting SIO1CR<SIOINH>.
Receive operation is stopped immediately after SIO1CR<SIOINH> is set to “1”. In this case,
SIO1CR<SIOS>, SIO1SR register, SIO1RDB register and SIO1TDB register are initialized.

Clearing SIOS

e

Start shift

_
Start shift Start shift
4&(operaﬁon f operation '[ operation
|
e oseseese—pooeosec

|
\
A XB X
v V

Writing transmit Writing transmit Writing transmit
data A data B data C

Figure 14-10 Example of Internal Clock and MSB Receive Mode

Page 169




14. Synchronous Serial Interface (SI01)

14.3 Function
TMP86CS49FG

Reading received data

>
>

Clearing SIOS

<
<

Start shift

operation

H S

SIO1CR<SIOS>

SIO1SR<SIOF> ,
Start shift
operation

SIO1SR<SEF>

Start shift
operation

1
1
1
1
T
1
1
1
1
1
1
1
1
1
1
1

SCK1 pin

it pin W@@@@@@@‘i@@@@@@@@@@@@@@@ o
SI01SR<RXF> |—|
1@l
\

[
\

A X B
|

Writing transmit Writing transmit Writing transmit
data A data B dataC

INTSIO1
interrupt
request

SO

SIO1RDB

X C

|
|

Figure 14-11 Example of External Clock and MSB Receive Mode

(4) Receive error processing

Receive errors occur on the following situation. To protect SIOIRDB and the shift register con-
tents, the received data is ignored while the SIO1SR<RXERR> is “1”.

+ Shift operation is finished before reading out received data from SIOIRDB at
SIO1SR<RXF> is '1” in an external clock operation.
If receive error-occurs, set the SIO1ICR<SIOS> to “0” for reading the data that received
immediately before error occurence. And read the data from SIO1RDB. Data in shift register
(at errors occur) can be read by reading the SIO1RDB again.
When SIOISR<RXERR> is cleared to “0” after reading the received data, SIO1SR<RXF> is
cleared to“0”.
After clearing SIOTCR<SIOS>to “0”, when 8-bit serial clock is input to SCK1 pin, receive
operation is stopped. To restart the receive operation, confirm that SIO1SR<SIOF> is cleared
to “0”.
If the receive error occurs, set the SIO1CR<SIOINH> to “1” for stopping the receive opera-
tion immediately:. In this case, SIO1CR<SIOS>, SIO1SR register, SIOIRDB register and
SIO1TDB register are initialized.
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SIO1CR<SIOS>

SIO1SR<SIOF>

SIO1SR<SEF>

— |

Start shift Start shift Start shift I—
operation f operation foperation

SCK1 pin
SI1 pin
SIO1SR<RXF> | |
SI0O1SR<RXERR> | |k
\ Write a"0™ after reading the
!NTS|O1 * received data when a receive
interrupt " ” errer occurs.
request ¢
SIO1RDB X A X B

Writing transmit ~ Writing transmit
data-A data B

Figure 14-12 Example of Receive Error Processing

Note: If receive error is not corrected, an interrupt request does not generate after the error occurs.

14.3.3.3 Transmit/receive mode

The transmit/receive mode are selected by writing “10” to SIO1CR<SIOM>.

(1)

Starting the transmit/receive operation

Transmit/receive mode is selected by writing “10B” to SIOICR<SIOM>. Serial clock is selected
by using SIO1CR<SCK>. Transfer direction is selected by using SIO1CR<SIODIR>.

When a transmit data is ‘written-to the transmit buffer register (SIO1TDB), SIOISR<TXF> is
cleared to “0”.

After SIOICR<SIOS> is set to “1”, SIOISR<SIOF> is set synchronously to the falling edge of
SCKT pin.

The data is transferred sequentially starting from SO1 pin with the direction of the bit specified by
SIO1CR<SIODIR>, synchronizing with the SCK1 pin's falling edge. And receiving operation also
starts with ‘the direction’ of the bit specified by SIOICR<SIODIR>, synchronizing with the SCK1
pin's rising edge.

SIO1SR<SEF> is kept in high level between the first clock falling edge of SCK1 pin and eighth
clock falling edge.

SIOISR<TXF> is set to “1” at the rising edge of SCK1 pin after the data written to the SIOITDB is
transferred to shift register. When 8-bit data has been received, the received data is transferred to
SIO1RDB from shift register, then the INTSIO1 interrupt request occurs, synchronizing with setting
SIO1SR<RXF> to “1”.

Note 1: In internal clock operation, when the SIO1CR<SIOS> is set to "1", SIO1TDB is transferred to
shift register after maximum 1-cycle of serial clock frequency, then a serial clock is output from
SCK1 pin.

Note 2: In external clock operation, when the falling edge is input from SCK1 pin after SIO1CR<SIOS> is
set to "1", SIO1TDB is transferred to shift register immediately. When the rising edge is input
from SCK1 pin, receive operation also starts.
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During the transmit/receive operation

When data is written to SIOITDB, SIO1SR<TXF> is cleared to “0” and when a data is read from
SIOIRDB, SIO1SR<RXF> is cleared to “0”.

In internal clock operation, in case of the condition described below, the serial clock stops to “H”
level by an automatic-wait function when all of the bit set in the data has been transmitted.

» Next transmit data is not written to SIO1TDB after reading a received data from SIO1RDB.
* Received data is not read from SIO1RDB after writing a next transmit data to SIO1TDB.
» Neither SIOITDB nor SIOIRDB is accessed after transmission.

The automatic wait function is released by writing the next transmit data to SIO1TDB after reading
the received data from SIO1RDB, or reading the received data from SIO1RDB after writing the next
data to SIO1TDB.

Then, transmit/receive operation is restarted after maximum 1-cycle of serial clock.

In external clock operation, reading the received data from SIOIRDB and writing the next data to
SIO1TDB must be finished before the shift operation of the next data begins.

If the transmit data is not written to SIO1TDB after SIO1SR<TXF> is set to “1”, transmit error
occurs immediately after shift operation \is'/started. When, the ‘transmit  error occurred,
SIOISR<TXERR> is set to “1”.

If received data is not read out from SIOIRDB, before next shift operation-starts after setting
SIO1SR<RXF> to “1”, receive error occurs. immediately after shift operation is finished. When the
receive error has occurred, SIO1SR<RXERR>is set to “1”.

Stopping the transmit/receive operation

There are two ways for stopping the transmit/receive operation.

* The way of clearing SIO1CR<SIOS>.
When SIO1CR<SIOS>is cleared to “0”, transmit/receive operation is stopped after all trans-
fer of the data is finished. When transmit/receive operation is finished, SIO1SR<SIOF> is
cleared to “0” and SO1 pin is kept in high level.
In external.clock operation, SIO LCR<SIOS>must be cleared to “0” before SIOISR<SEF> is
set to “1°” by beginning next transfer.

» The way of setting SIO1CR<SIOINH>.
Transmit/receive operation is stopped immediately after SIO1CR<SIOINH> is set to “1”. In

this case, SIOICR<SIOS>; SIOISR register, SIOIRDB register and SIO1TDB register are
initialized.
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Clearing SIOS

1

1

SIO1CR<SIOS> J i
SIO1SR<SIOF> Start shift Start shift E Start shift
operation f operation :f operation

SIO1SR<SEF>

—
ww@wm@- PEERE

SCK1 pin output

SO1 pin ' AL B B4XB3XB

Si1 pin \o7Ko00H0I0IAN__ Do )

INTSIO1

interrupt "
request

3
SIO1SR<TXF> || (|_| %
X

SIO1TDB

Writing transmit Writing tranpmit Writing transmit
data A data B data C

SIO1SR<RXF> |—(|/ [ [ 1.
A
}

SIO1RDB

D X E X F
v v

Reading received Reading received Reading received
dataD data E data F

Figure 14-13 Example of Internal Clock and MSB Transmit/Receive Mode
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Reading received data
71, Clearing SIOS

A

' Writing transmit data !

Y

SIO1CR<SIOS>

SIO1SR<SIOF>

SIO1SR<SEF>

SCK1 pin output

SO1 pin

SI1 pin

INTSIO1
interrupt

Eﬂ operation

Start shift |

% operation

Start shift Start shift

% operation

i

W@@@@@@Q@@@@@@@@@@@@@@@w

@@@@@@@@@@@@@@@@@@@@@@@m

R S I 4

f--

L] |

l ﬂ [

request

SIO1SR<TXF>

—

1 I
a z

SIO1TDB

X A

B

: Xc

1

Writing transmit

data A

SIO1SR<RXF>

:Writing transmit Writing transmit
data C

Edata B
[

1

SIO1RDB

]
XE XF

{
X D
v z
Reading received
data E

b

Reading received
data F

Reading received
data D

Figure 14-14 Example of External Clock and MSB Transmit/Receive Mode

(4)

Transmit/receive error processing

Transmit/receive errors_ocecur on the following situation. Corrective action is different, which
errors occur transmits or receives.

(a) Transmit errors

Transmit errors.occur on the following situation.

«_Shift operation starts before writing next transmit data to SIO1TDB in external clock op-
eration.
If transmit errors occur during transmit operation, SIOISR<TXERR> is set to “1” im-
mediately after starting shift operation. And INTSIO1 interrupt request is generated af-
ter all of the 8-bit data has been received.
If shift operation starts before writing data to SIO1TDB after SIO1CR<SIOS> is set to
“1”, SIOISR<TXERR> is set immediately after starting shift operation. And INTSIO1
interrupt request is generated after all of the 8-bit data has been received.
SO1 pin is kept in high level when SIO1SR<TXERR> is set to “1”. When transmit error
occurs, transmit operation must be forcibly stop by writing SIO1CR<SIOINH> to “1”
after the received data is read from SIO1RDB. In this case, SIO1CR<SIOS>, SIO1SR
register, SIOIRDB register and SIO1TDB register are initialized.
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SIO1CR<SIOS>

SIO1SR<SIOF> 4&‘ Start shift Start shift Start shift |—

operation f operation f operation
SIO1SR<SEF> | | |

SCK1 pin output

I

SH1 pin

INTSIO1
interrupt
request

SIO1SR<TXF> |_|

SIO1SR<TXERR> r |

\

SIO1TDB X A X B

\
X\
Wxting transmit TWriting transmit
data A data B
SIO1SR<RXF> |_| |_| |_|
\
\

\Unknown

{ \
SIO1RDB X.D X E XF

b

Reading received Reading received Reading received
data D data E data F

N~ |

SIO1CR<SIOINH>

Figure 14-15 Example of Transmit/Receive (Transmit) Error Processing

(b) ~Receive-errors

Receive errors occur-on the following situation. To protect SIOIRDB and the shift register
contents, the received data is ignored while the SIOISR<RXERR> is “1”.

 Shift operation is finished before reading out received data from SIOIRDB at
SIO1SR<RXF>is “1” in an external clock operation.
If receive error occurs, set the SIOICR<SIOS> to “0” for reading the data that received
immediately before error occurence. And read the data from SIOIRDB. Data in shift
register (at errors occur) can be read by reading the SIOIRDB again.
When SIO1SR<RXERR> is cleared to “0” after reading the received data,
SIO1SR<RXF> is cleared to “0”.
After clearing SIO1CR<SIOS> to “0”, when 8-bit serial clock is input to SCK1 pin, re-
ceive operation is stopped. To restart the receive operation, confirm that
SIO1SR<SIOF> is cleared to “0”.
If the received error occurs, set the SIO1CR<SIOINH> to “1” for stopping the receive
operation immediately. In this case, SIOICR<SIOS>, SIO1SR register, SIOIRDB reg-
ister and SIO1TDB register are initialized.
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SIO1CR<SIOS>
1
SIO1SR<SIOF> Start shift Start shift Start shift
operation f operation f operation 1
SIO1SR<SEF> |_| |_|
SCK1 pin output |
S0t pin W@@@@@@@@@@@@@@@@@@ﬁ‘ 3
PEEEEEEEEEEEEEEROREMEEEE
interrupt
request ” ”
SIO1SR<TXF> _\—, F F / // /[
SI01TDB X A X B X c X' Unknown
WIting transmit Writinthransmit Writinthransmit
data A data B data C

SIO1SR<RXF> |

—

SIO1SR<RXERR>

\
SIO1RDB X.D XEW|[[ X ooH
v v

Reading received Reading received
data D data E

SIO1CR<SIOINH>

Figure 14-16 Example of Transmit/Receive (Receive) Error Processing

Note: If receive error is not corrected, an interrupt request does not generate after the error
occurs.

SCK1 pin |

SIO1SR<SIOF>

: /
| |
' SODH !
| |

SO1 pin X

4ffc < 'SODH < 8/fc

Figure 14-17 Hold Time of the End of Transmit/Receive Mode
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15. Synchronous Serial Interface (S102)

The serial interfaces connect to an external device via SI2, SO2, and SCK2 pins.

When these pins are used as serial interface, the output latches for each port should be set to "1".

15.1 Configuration

Internal data bus %

SIO2CR SIO2SR
SI02TDB
Y
1
Y
1

1

Shift register on transmitter

l T T Port ;
| | | |—>| (Note) |—| SOZ-pm
(Serial data output)
T T T T T T Port .
Lttt e (Ssirpg]l data input)
. . . ! Inpu
Shift register.on receiver P

SIO2RDB
T T

Shift clock

Control circuit

N MSB/LSB
selection

v l LA 2

i

e Note] — D SCK2 pl
nter < ( )
NTSIO2 ernal cloc

(Serial data output)
interrupt  input

Note: Set the register of port correctly for the port assigned as serial interface pins.
For details, see the description of the input/output port control register.

Figure 15-1.Synchronous Serial Interface (SIO)

Page 177



15. Synchronous Serial Interface (S102)

15.2 Control
TMP86CS49FG

15.2 Control

The SIO is controlled using the serial interface control register (SIO2CR). The operating status of the serial inter-
face can be inspected by reading the status register (SIO2CR).

Serial Interface Control Register

SIO2CR 7 6 5 4 3 2 1 0
(0031H) | SI0s | SIOINH | SIOM | SIODIR | SCK (Initial value: 0000.0000)
. 0: Stop
SIOS Specify start/stop of transf
pecify start/stop of transfer 1- Start
SIOINH Forcibly stops transfer (Note 1) 0:-
v stop 1: Forcibly stop (Automatically cleared to "0" after stopping)
00: Transmit mode
SIOM Selects transfer mode ot: Recewej' modg
10: Transmit/receive mode
11: Reserved
N 0: MSB (Transfer beginning with bit7)
IODIR lect: 1] f transfi
SIo Selects direction of transfer 1: LSB (Transfer beginning with bit0)
NORMAL1/2 or IDLE1/2 modes
SLOW/SLEEP
TBTCR TBTCR mode RIW
<DV7CK> ="0" <DV7CK> ="1"
000 fc/212 fs/24 fs/24
001 fc/28 fc/28 Reserved
7 7
SCK Selects serial clock 010 fe/2 fe/2 Reserved
011 fc/28 fc/28 Reserved
100 fc/28 fc/28 Reserved
101 fc/2* fo/24 Reserved
110 fc/23 fc/23 Reserved
111 External clock (Input from SCK2 pin)

Note 1: When SIO2CR<SIOINH> is'set-to “1”, SIO2CR<SIOS>, SIO2SR register, SIO2RDB register and SIO2TDB register are
initialized.

Note 2: Transfer mode, direction-of transfer and serial clock mustbe select during the transfer is stopping (when SIO2SR<SIOF>
"),

Note 3: fc: High-frequency clock [Hz], fs: Low-frequency clock’ [Hz], *: Don’t care
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Serial Interface Status Register

SIO2SR 7 6 5 4 3 2 1 0
(0032H) | SIOF | SEF | TXF | RXF | TXERR | RXERR | (Initial value: 0010 00**)
SIOF Serial transfer operation status | 0: Transfer finished
monitor 1: Transfer in progress
SEF Number of clocks monitor 0: 8 clocks
1: 110 7 clocks Read
. 0: Data exists in transmit buffer only
TXF Transmit buffer emply flag 1: No data exists in transmit buffer
0: No data exists i ive buff
RXF Receive buffer full flag 0 ¢ala exists In recelve BUlleg
1: Data exists in receive buffer

Read

0: — (No error exist)

1: Transmit buffer under run occurs in-an external clock mode
Write

0: Clear the flag

1: — (A write of "1" to this-bit is ignored)

TXERR Transfer operation error flag

R/W

Read

0: — (No error exist)

1: Receive buffer over run-occurs in an external clock mode
Write

0: Clear the flag

1: — (A write of "1" to this bit is ignored)

RXERR Receive operation error flag

Note 1: The operation error flag (TXERR and RXERR) are not-automatically cleared by stopping transfer with SIO2CR<SIOS>
"0". Therefore, set these bits to "0" for clearing these error flag. Or set SIO2CR<SIOINH> to "1".

Note 2: *: Don't care

Receive buffer register

SIO2RDB 7 6 5 4 3 2 1 0 Read only
(002BH) | ‘ ' ‘ ‘ (Initial value: 0000 0000)

Transmit buffer register

SI02TDB 7 6 5 4 3 2 1 0 Write only

(002BH) | ‘ ‘ ‘ (Initial value: **++ *+++)

Note 1: SIO2TDB is write only.register. A bit manipulation-should not be performed on the transmit buffer register using a read-
modify-write instruction.

Note 2: The/SIO2TDB should be written after checking SIO2SR<TXF> "1". When SIO2SR<TXF> is "0", the writing data can't be
transferred to SIO2TDB even if write instruction.is executed to SIO2TDB .

Note 3: *: Don't-care
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15.3 Function

15.3.1 Serial clock

15.3.1.1 Clock source

The serial clock can be selected by using SIO2CR<SCK>. When the serial clock is changed, the writing
instruction to SIO2CR<SCK> should be executed while the transfer is stopped (when SIO2SR<SIOF>

“O”)

(1) Internal clock

Setting the SIO2CR<SCK> to other than “111B” outputs the clock (shown. in "-Table 15-1 Serial
Clock Rate (fc = 16 MHz, fs = 32.768kHz) ") as serial clock’outputs from SCK2 pin. At the before

beginning or finishing of a transfer, SCK2 pin is kept in-high level.

When writing (in the transmit mode) or reading/(in the receive mode) data can not follow the serial
clock rate, an automatic-wait function is executed to stop the serial clock automatically and hold the
next shift operation until reading or writing is-completed (shown in " Figure 152 Automatic-wait
Function (Example of transmit mode) ). The maximum time/from-releasing the automatic-wait
function by reading or writing a data is.1 cycle of the selected serial clock until the serial clock comes

out from SCK2 pin.

SIO2CR<SIOS> | Automatically wait

A—

SCK2 pin output ||||||||||||||||

S02 pin

SI02TDB

Table 15-1 Serial Clock Rate (fc = 16 MHz, fs = 32.768kHz)

\AXASXASKAXAIXAZXALX A0

I
\

L
(B7XBoXBEXBAXBIXB2XBIXEC

XA

X B

T

Automatic wait is released by writing SIO2TDB

Figure 15-2 - Automatic-wait Function (Example of transmit mode)

NORMAL1/2, IDLE1/2 Mode

SLOW1/2, SLEEP1/2 Mode

TBTCR<DV7CK> = "0" TBTCR<DV7CK> ="1"
Serial Clock Baud Rate
SCK Serial Clock Baud Rate Serial Clock Baud Rate
000 fc/212 3.906 kbps fs/24 2048 bps fs/24 2048 bps
001 fc/28 62.5 kbps fc/28 62.5 kbps Reserved -
010 fc/2? 125 kbps fc/2” 125 kbps Reserved -
oM fc/26 250 kbps fc/28 250 kbps Reserved -
100 fc/2° 500 kbps fc/2® 500 kbps Reserved -
101 fo/24 1.00 Mbps fc/24 1.00 Mbps Reserved -
110 fc/23 2.00 Mbps fc/23 2.00 Mbps Reserved
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(2) External clock
When an external clock is selected by setting SIO2CR<SCK> to “111B”, the clock via the SCK2
pin from an external source is used as the serial clock.

To ensure shift operation, the serial clock pulse width must be 4/fc or more for both “H” and “L”
levels.

SCK2 pin \ /] \—/—

tSCKL tSCKH

A
A4
A

tSCKL, tSCKH > 4/fc

Figure 15-3 External Clock

15.3.1.2 Shift edge

The leading edge is used to transmit data, and the trailing edge is used to receive data,

(1) Leading edge shift

Data is shifted on the leading edge of the serial clock (falling edge of the SCK2 pin input/output).

(2) Trailing edge shift

Data is shifted on the trailing edge of the serial clock (rising edge of the SCK2 pin input/output).

SIO2CR<SIOS> |
SR pin 20 B s e 2 N 20 S 2 R 2 R 2 R 2

Shift register 01234567& *0123456 X **012345 X **%()1234 X *%5%()123 X *xAkx()] 2 X Fkdkxk() ] X Fhkxkdk () X Fkkkkkk
)/ shift out

S02 pin N\ Btz X Bt X Bis X B4 X Bz X sz X s X Bi0

(a) Leading edge shift (Example of MSB transfer)

SI02CR<SIOS> |
=5 [ Y N Y S B
SI12 pin X kBiﬂ X Bie X Bts X Bta X Bz X Bz X Btz X Bito

Shift register X 7 X 67 X 567+ X ase7e X 345670+ X 234567+ X 1234567+ X 01234567

(b) Trailing edge shift (Example of MSB transfer)

Figure 15-4 Shift Edge
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15.3.2 Transfer bit direction
Transfer data direction can be selected by using SIO2CR<SIODIR>. The transfer data direction can't be set
individually for transmit and receive operations.

When the data direction is changed, the writing instruction to SIO2CR<SIODIR> should be executed while
the transfer is stopped (when SIO2CR<SIOF>= “0”)

SI02CR<SI0S> |
SRz pin S R S A S S S A A G 2 B

SI02TDB XA
SO2 pin \A7XA6XA5XA4XA3XA2XA1XAO

(a) MSB transfer

SIO2CR<SIOS> I

SCR pin +\|+|+|+I+|+|+|+|
SIOZTDB:XA\

¥ Shift out
SO2 pin \ A0 X oA X oA X Ay X ar X a5 X A X A7

(b) LSB transfer

Figure 15-5 Transfer Bit Direction (Example of transmit mode)

15.3.2.1 Transmit mode

(1) MSB-transmit mode
MSB transmit mode is selected by setting SIO2CR<SIODIR> to “0”, in which case the data is
transferred sequentially beginning with the most significant bit (Bit7).
(2) LSB transmit mode
LSB transmit mode is selected by setting SIO2CR<SIODIR> to “1”, in which case the data is

transferred sequentially beginning with the least significant bit (Bit0).

15.3.2.2 Receive mode

(1) MSB receive mode

MSB receive mode is selected by setting SIO2CR<SIODIR> to “0”, in which case the data is
received sequentially beginning with the most significant bit (Bit7).
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(2) LSB receive mode

LSB receive mode is selected by setting SIO2CR<SIODIR> to “1”, in which case the data is
received sequentially beginning with the least significant bit (Bit0).

15.3.2.3 Transmit/receive mode

(1) MSB transmit/receive mode
MSB transmit/receive mode are selected by setting SIO2CR<SIODIR> to “0” in which case the
data is transferred sequentially beginning with the most significant bit(Bit7) and the data is received
sequentially beginning with the most significant (Bit7).
(2) LSB transmit/receive mode
LSB transmit/receive mode are selected by setting/SIO2CR<SIODIR>to <‘1”, in which case the

data is transferred sequentially beginning with the/least significant bit (Bit0) and the data is received
sequentially beginning with the least significant (Bit0).

15.3.3 Transfer modes

Transmit, receive and transmit/receive mode are selected by using SIO2CR<SIOM>,

15.3.3.1 Transmit mode

Transmit mode is selected by writing “00B” to SIO2CR<SIOM>,

(1) Starting the/tfransmit operation

Transmit mode-is selected by setting “00B” to SIO2CR<SIOM>. Serial clock is selected by using
SIO2CR<SCK>. Transfer direction is selected by using SIO2CR<SIODIR>.

When a transmit data is-written to-the transmit buffer register (SIO2TDB), SIO2SR<TXF> is
cleared to <0,

After SIO2CR<SIOS> is set to1”?, SIO2SR<SIOF> is set synchronously to “1” the falling edge of
SCK2 pin!

The data is transferred sequentially starting from SO2 pin with the direction of the bit specified by
SIO2CR<SIODIR>; synchronizing with the SCK2 pin's falling edge.

SIO2SR<SEF> is kept in high level, between the first clock falling edge of SCK2 pin and eighth
clock falling edge.

SIO2SR<TXF>is set to “1” at the rising edge of pin after the data written to the SIO2TDB is
transferred to shift register, then the INTSIO2 interrupt request is generated, synchronizing with the
next falling edge on SCK2 pin.

Note 1: In internal clock operation, when SIO2CR<SIOS> is set to "1", transfer mode does not start with-
out writing a transmit data to the transmit buffer register (SIO2TDB).

Note 2: In internal clock operation, when the SIO2CR<SIOS> is set to "1", SIO2TDB is transferred to
shift register after maximum 1-cycle of serial clock frequency, then a serial clock is output from
SCK2 pin.

Note 3: In external clock operation, when the falling edge is input from SCK2 pin after SIO2CR<SIOS> is
set to "1", SIO2TDB is transferred to shift register immediately.
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SIO2CR<SIOS>

SIO2SR<SIOF>

SIO2SR<SEF>

SCK2 pin outout

SO2 pin

SIO2SR<TXF>

INTSIO2
interrupt
request

SI02TDB

(2) During the transmit operation

When data is written to SIO2TDB, SIO2SR<TXF> is cleared to “0”.

In internal clock operation, in case a next transmit data is not written to SIO2TDB, the serial clock
stops to “H” level by an automatic-wait function when all of the bit set in the SIO2TDB has been
transmitted. Automatic-wait function is released by writing a transmit data to SIO2TDB. Then, trans-
mit operation is restarted after maximum 1-cycle of serial clock.

When the next data is written to the SIO2TDB before termination of ‘previous 8-bit data with
SIO2SR<TXF> “17, the next data is continuously transferred after transmission of previous data.

In external clock operation, after SIO2SR<TXF> is set.to “17, the'transmit data must be written to
SIO2TDB before the shift operation of the next data begins.

If the transmit data is not written to SIO2TDB, transmit error occurs immediately after shift opera-
tion is started. Then, INTSIO2 interrupt request is generated after SIO2SR<TXERR> is set to “1”.

(3) Stopping the transmit operation

There are two ways for stopping transmits operation.

» The way of clearing SIO2CR<SIOS>:
When SIO2CR<SIOS> is cleared to <07, transmit operation-is stopped after all transfer of the
data is finished. When transmit operation is finished, SIO2SR<SIOF> is cleared to “0” and
SO2 pin is kept in high level.
In external clock operation, SIO2CR<SIOS> must be cleared to “0” before SIO2SR<SEF> is
set to “1” by beginning/next transfer.

* The way of setting SIO2CR<SIOINH>.
Transmit operation is stopped immediately after SIO2CR<SIOINH> is set to “1”. In this
case, SIO2CR<SIOS>, SIO2SR register, SIO2RDB register and SIO2TDB register are ini-
tialized.

Clearing SIOS

5 ==

> Start shift Start shift Start shift

operation operation operation

Writing transmit  Writing transmit Writing transmit
data A data B data C

Figure 15-6 Example of Internal Clock and MSB Transmit Mode
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, Writing transmit data

>

Clearing SIOS
D) ]

1
|
T T

SIO2CR<SIOS> : |
1
1
|
1

:
[}
] ]
] +
1 \‘ 1
1 ]
SIO2SR<SIOF> ) ) ) 1
Start shift 1 Start shift !
operation ﬁ‘ operation 1
) )
]
] ]

! Start shift
¥ operation

SIO2SR<SEF>

SCK2 pin

SO2 pin

SIO2SR<TXF> _|

INTSIO2
interrupt

request r \ : \
$1027DB <S|os>f>< A T)( B Xc

Writing transmit ~ Writing transmit Writing transmit
data A data B data C

Figure 15-7 Exaple of External Clock and MSB Transmit Mode

SCK2 pin |

SIO2SR<SIOF> I

SO2 pin X . /

- lsopH
2200

4/fc < 'sODH < 8/fc

Figure 15-8 Hold Time of the End of Transmit Mode

(4) Transmit error processing

Transmit errors occur on the following situation.

+ Shift operation starts before writing next transmit data to SIO2TDB in external clock opera-
tion.
If transmit errors occur during transmit operation, SIO2SR<TXERR> is set to “1” immedi-
ately after starting shift operation. Synchronizing with the next serial clock falling edge,
INTSIO2 interrupt request is generated.
If shift operation starts before writing data to SIO2TDB after SIO2CR<SIOS> is set to “17,
SIO2SR<TXERR> is set to “1” immediately after shift operation is started and then
INTSIO2 interrupt request is generated.
SIO2 pin is kept in high level when SIO2SR<TXERR> is set to “1”. When transmit error
occurs, transmit operation must be forcibly stop by writing SIO2CR<SIOINH> to “1”. In
this case, SIO2CR<SIOS>, SIO2SR register, SIO2RDB register and SIO2TDB register are
initialized.
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SI02CR<SIOS>

—

Start shift
operation

SIO2SR<SIOF> Start shift
operation

Start shift

operation

SIO2SR<SEF>

SCK2 pin

SO2 pin A7

G AASAAINASAAZAAINAONB7ABONBSABAXB3AB2 X B1XBO,

SIO2SR<TXF> |

SI02SR<TXERR> / /

INTSIO2 K y k / /
interrupt ” ” ”
request \ / /
SI02TDB A X B / / /Unknown
1 ) b
Writing transmit ~ Writing t it
fls?éﬁ\ﬁ> data A dart';}f ansm

Figure 15-9 Example of Transmit Error Processingme

15.3.3.2 Receive mode

The receive mode is selected by writing “01B” to SIO2CR<SIOM>.

(1) Starting the receive operation

Receive-modeis selected by setting “01” to. SIO2CR<SIOM>. Serial clock is selected by using
SIO2CR<SCK>. Transfer direction is selected by using SIO2CR<SIODIR>.

After SIO2CR<SIOS> is set to “1”, SIO2SR<SIOF> is set synchronously to “1” the falling edge of
SCK2 pin.

Synchronizing with the SCK2 pin's rising edge, the data is received sequentially from SI2 pin with
the direction of the bit specified by. SBI2DIR<SIODIR>.

SIO2SR<SEF> is kept in high level, between the first clock falling edge of SCK2 pin and eighth
clock falling edge.

When 8-bit data is received, the data is transferred to SIO2RDB from shift register. INTSIO2 inter-
rupt request is generated and SIO2SR<RXF> is set to “1”

Note: In internal clock operation, when the SIO2CR<SIOS> is set to "1", the serial clock is generated
from SCK2 pin-after maximum 1-cycle of serial clock frequency.

(2) During the receive operation

The SIO2SR<RXF> is cleared to “0” by reading a data from SIO2RDB.

In the internal clock operation, the serial clock stops to “H” level by an automatic-wait function
when the all of the 8-bit data has been received. Automatic-wait function is released by reading a
received data from SIO2RDB. Then, receive operation is restarted after maximum 1-cycle of serial
clock.

In external clock operation, after SIO2SR<RXF> is set to “1”, the received data must be read from
SIO2RDB, before the next data shift-in operation is finished.
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SIO2CR<SIOS>

SIO2SR<SIOF>

SIO2SR<SEF>

SCK2 pin

SI2 pin

SIO2SR<RXF>

INTSIO2
interrupt
request

SI02RDB

If received data is not read out from SIO2RDB receive error occurs immediately after shift opera-
tion is finished. Then INTSIO2 interrupt request is generated after SIO2SR<RXERR> is set to “1”.

(3) Stopping the receive operation

There are two ways for stopping the receive operation.

* The way of clearing SIO2CR<SIOS>.
When SIO2CR<SIOS> is cleared to “0”, receive operation is stopped after all of the data is
finished to receive. When receive operation is finished, SIO2SR<SIOF> is cleared to “0”.
In external clock operation, SIO2CR<SIOS> must be clearedto ¢‘0” before SIO2SR<SEF> is
set to “1” by starting the next shift operation.

* The way of setting SIO2CR<SIOINH>.
Receive operation is stopped immediately after SIO2CR<SIOINH> is set to “1”. In this case,
SIO2CR<SIOS>, SIO2SR register, SIO2RDB register and SIO2TDB register are initialized.

Clearing SIOS

e

Start shift

_
Start shift Start shift
4&(operaﬁon f operation '[ operation
|
e oseseese—pooeosec

|
\
A XB X
v V

Writing transmit Writing transmit Writing transmit
data A data B data C

Figure 15-10 'Example of Internal Clock and MSB Receive Mode
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Reading received data

>
>

Clearing SIOS

<
<

Start shift

operation

H S

SIO2CR<SIOS>

SIO2SR<SIOF> ,
Start shift
operation

SIO2SR<SEF>

Start shift
operation

1
1
1
1
T
1
1
1
1
1
1
1
1
1
1
1

SCK2 pin

$12 pin W@@@@@@@‘i@@@@@@@@@@@@@@@ o
SI02SR<RXF> |—|
1@l
\

[
\

A X B
|

Writing transmit Writing transmit Writing transmit
data A data B dataC

INTSIO2
interrupt
request

SO

SIO2RDB

X C

|
|

Figure 15-11 Example of External Clock and MSB Receive Mode

(4) Receive error processing

Receive errors occur on the following situation. To protect SIO2RDB and the shift register con-
tents, the received data is ignored while the SIO2SR<RXERR> is “1”.

+ Shift operation is finished before reading out received data from SIO2RDB at
SIO2SR<RXF> is '1” in an external clock operation.
If receive error-occurs, set the SIO2CR<SIOS> to “0” for reading the data that received
immediately before error occurence. And read the data from SIO2RDB. Data in shift register
(at errors occur) can be read by reading the SIO2RDB again.
When SIO2SR<RXERR> is cleared to “0” after reading the received data, SIO2SR<RXF> is
cleared to“0”.
After clearing SIO2CR<SIOS>to “0”, when 8-bit serial clock is input to SCK2 pin, receive
operation is stopped. To restart the receive operation, confirm that SIO2SR<SIOF> is cleared
to “0”.
If the receive error occurs, set the SIO2CR<SIOINH> to “1” for stopping the receive opera-
tion immediately:. In this case, SIO2CR<SIOS>, SIO2SR register, SIO2RDB register and
SIO2TDB register are initialized.
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SIO2CR<SIOS>

SIO2SR<SIOF>

SIO2SR<SEF>

— |

Start shift Start shift Start shift I—
operation f operation foperation

SCK2 pin
SI2 pin
SIO2SR<RXF> | |
SI02SR<RXERR> | |k
\ Write a"0™ after reading the
!NTSlOZ * received data when a receive
interrupt " ” errer occurs.
request ¢
SIO2RDB X A X B

Writing transmit ~ Writing transmit
data-A data B

Figure 15-12 Example of Receive Error Processing

Note: If receive error is not corrected, an interrupt request does not generate after the error occurs.

15.3.3.3 Transmit/receive mode

The transmit/receive mode are selected by writing “10” to SIO2CR<SIOM>.

(1)

Starting the transmit/receive operation

Transmit/receive mode is selected by writing “10B” to SIO2CR<SIOM>. Serial clock is selected
by using SIO2CR<SCK>. Transfer direction is selected by using SIO2CR<SIODIR>.

When a transmit data is ‘written-to the transmit buffer register (SIO2TDB), SIO2SR<TXF> is
cleared to “0”.

After SIO2CR<SIOS> is set to “1”, SIO2SR<SIOF> is set synchronously to the falling edge of
SCK2 pin.

The data is transferred sequentially starting from SO2 pin with the direction of the bit specified by
SIO2CR<SIODIR>, synchronizing with the SCK2 pin's falling edge. And receiving operation also
starts with ‘the direction’ of the bit specified by SIO2CR<SIODIR>, synchronizing with the SCK2
pin's rising edge.

SIO2SR<SEF> is kept in high level between the first clock falling edge of SCK2 pin and eighth
clock falling edge.

SIO2SR<TXF> is set to “1” at the rising edge of SCK2 pin after the data written to the SIO2TDB is
transferred to shift register. When 8-bit data has been received, the received data is transferred to
SIO2RDB from shift register, then the INTSIO2 interrupt request occurs, synchronizing with setting
SIO2SR<RXF> to “1”.

Note 1: In internal clock operation, when the SIO2CR<SIOS> is set to "1", SIO2TDB is transferred to
shift register after maximum 1-cycle of serial clock frequency, then a serial clock is output from
SCK2 pin.

Note 2: In external clock operation, when the falling edge is input from SCK2 pin after SIO2CR<SIOS> is
set to "1", SIO2TDB is transferred to shift register immediately. When the rising edge is input
from SCK2 pin, receive operation also starts.
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)

®)

During the transmit/receive operation

When data is written to SIO2TDB, SIO2SR<TXF> is cleared to “0” and when a data is read from
SIO2RDB, SIO2SR<RXF> is cleared to “0”.

In internal clock operation, in case of the condition described below, the serial clock stops to “H”
level by an automatic-wait function when all of the bit set in the data has been transmitted.

» Next transmit data is not written to SIO2TDB after reading a received data from SIO2RDB.
* Received data is not read from SIO2RDB after writing a next transmit data to SIO2TDB.
» Neither SIO2TDB nor SIO2RDB is accessed after transmission.

The automatic wait function is released by writing the next transmit data to SIO2TDB after reading
the received data from SIO2RDB, or reading the received data from SIO2RDB after writing the next
data to SIO2TDB.

Then, transmit/receive operation is restarted after maximum 1-cycle of serial clock.

In external clock operation, reading the received data from SIO2RDB and writing the next data to
SIO2TDB must be finished before the shift operation of the next data begins.

If the transmit data is not written to SIO2TDB after SIO2SR<TXF> is set to “1”, transmit error
occurs immediately after shift operation \is'/started. When, the ‘transmit  error occurred,
SIO2SR<TXERR> is set to “1”.

If received data is not read out from SIO2RDB, before next shift operation-starts after setting
SIO2SR<RXF> to “1”, receive error occurs. immediately after shift operation is finished. When the
receive error has occurred, SIO2SR<RXERR>is set to “1”.

Stopping the transmit/receive operation

There are two ways for stopping the transmit/receive operation.

* The way of clearing SIO2CR<SIOS>.
When SIO2CR<SIOS>is cleared to “0”, transmit/receive operation is stopped after all trans-
fer of the data is finished. When transmit/receive operation is finished, SIO2SR<SIOF> is
cleared to “0” and SO2 pin is kept in high level.
In external.clock operation, SIO2CR<SIOS>must be cleared to “0” before SIO2SR<SEF> is
set to “1°” by beginning next transfer.

» The way of setting SIO2CR<SIOINH>.
Transmit/receive operation is stopped immediately after SIO2CR<SIOINH> is set to “1”. In

this case, SIO2CR<SIOS>; SIO2SR register, SIO2RDB register and SIO2TDB register are
initialized.
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Clearing SIOS

1

1

SIO2CR<SIOS> J i
SIO2SR<SIOF> Start shift Start shift E Start shift
operation f operation :f operation

SIO2SR<SEF>

—
ww@wm@- PEERE

SCK2 pin output

S02 pin ' AL B B4XB3XB

SI2 pin \o7Ko00H0I0IAN__ Do )

INTSIO2

interrupt "
request

3
SI02sR<TXF> || (|_| %
X

SI02TDB

Writing transmit Writing tranpmit Writing transmit
data A data B data C

SI02SR<RXF> |—(|/ [ [ 1.
A
}

SIO2RDB

D X E X F
v v

Reading received Reading received Reading received
dataD data E data F

Figure 15-13 Example of Internal Clock and MSB Transmit/Receive Mode
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Reading received data
71, Clearing SIOS

A

' Writing transmit data !

Y

SIO2CR<SIOS>

SIO2SR<SIOF>

SIO2SR<SEF>

SCK2 pin output

S02 pin

SI2 pin

INTSIO2
interrupt

Eﬂ operation

Start shift |

% operation
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% operation

i
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SIO2SR<TXF>
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1 I
a z

SI02TDB

X A

i X c

1

Writing transmit

data A

SIO2SR<RXF>
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data C
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1

SIO2RDB

]
XE XF

{
X D
v z
Reading received
data E

b

Reading received
data F

Reading received
data D

Figure 15-14 Example of External Clock and MSB Transmit/Receive Mode

(4)

Transmit/receive error processing

Transmit/receive errors_ocecur on the following situation. Corrective action is different, which
errors occur transmits or receives.

(a) Transmit errors

Transmit errors.occur on the following situation.

«_Shift operation starts before writing next transmit data to SIO2TDB in external clock op-
eration.
If transmit errors occur during transmit operation, SIO2SR<TXERR> is set to “1” im-
mediately after starting shift operation. And INTSIO2 interrupt request is generated af-
ter all of the 8-bit data has been received.
If shift operation starts before writing data to SIO2TDB after SIO2CR<SIOS> is set to
“17, SIO2SR<TXERR> is set immediately after starting shift operation. And INTSIO2
interrupt request is generated after all of the 8-bit data has been received.
SO2 pin is kept in high level when SIO2SR<TXERR> is set to “1”. When transmit error
occurs, transmit operation must be forcibly stop by writing SIO2CR<SIOINH> to “1”
after the received data is read from SIO2RDB. In this case, SIO2CR<SIOS>, SIO2SR
register, SIO2RDB register and SIO2TDB register are initialized.
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SIO2CR<SIOS>

SIO2SR<SIOF> 4&‘ Start shift Start shift Start shift |—

operation f operation f operation
SIO2SR<SEF> | | |

SCK2 pin output

I

SI2 pin

INTSIO2
interrupt
request

SI02SR<TXF> |_|

SIO2SR<TXERR> r |

\

SI02TDB X A X B

\
X\
Wxting transmit TWriting transmit
data A data B
SIO2SR<RXF> |_| |_| |_|
\
\

\Unknown

{ \
SIO2RDB X.D X E XF

b

Reading received Reading received Reading received
data D data E data F

N~ |

SIO2CR<SIOINH>

Figure 15-15 Example of Transmit/Receive (Transmit) Error Processing

(b) ~Receive-errors

Receive errors occur-on the following situation. To protect SIO2RDB and the shift register
contents, the received data is ignored while the SIO2SR<RXERR> is “1”".

 Shift operation is finished before reading out received data from SIO2RDB at
SIO2SR<RXF>is “1” in an external clock operation.
If receive error occurs, set the SIO2CR<SIOS> to “0” for reading the data that received
immediately before error occurence. And read the data from SIO2RDB. Data in shift
register (at errors occur) can be read by reading the SIO2RDB again.
When SIO2SR<RXERR> is cleared to “0” after reading the received data,
SIO2SR<RXF> is cleared to “0”.
After clearing SIO2CR<SIOS> to “0”, when 8-bit serial clock is input to SCK2 pin, re-
ceive operation is stopped. To restart the receive operation, confirm that
SIO2SR<SIOF> is cleared to “0”.
If the received error occurs, set the SIO2CR<SIOINH> to “1” for stopping the receive
operation immediately. In this case, SIO2CR<SIOS>, SIO2SR register, SIO2RDB reg-
ister and SIO2TDB register are initialized.
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SIO2CR<SIOS>
1
SIO2SR<SIOF> Start shift Start shift Start shift
operation f operation f operation 1
SIO2SR<SEF> |_| |_|
SCK2 pin output |
S02 pin W@@@@@@@@@@@@@@@@@@ﬁ‘ 3
PEEEEEEEEEEEEEEROREMEEEE
interrupt
request ” ”
SIO2SR<TXF> _\—, F F / // /[
SI02TDB X A X B X c X' Unknown
WIting transmit Writinthransmit Writinthransmit
data A data B data C

SIO2SR<RXF> |

—

SIO2SR<RXERR>

\
SI02RDB X.D XEW|[[ X ooH
v v

Reading received Reading received
data D data E

SIO2CR<SIOINH>

Figure 15-16 Example of Transmit/Receive (Receive) Error Processing

Note: If receive error is not corrected, an interrupt request does not generate after the error
occurs.

SCK2 pin |

SIO2SR<SIOF>

: /
| |
' SODH !
| |

SO2 pin X

4ffc < 'SODH < 8/fc

Figure 15-17 Hold Time of the End of Transmit/Receive Mode
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16. Serial Bus Interface(I2C Bus) Ver.-D (SBI)

The TMP86CS49FG has a serial bus interface which employs an I2C bus.
The serial interface is connected to an external devices through SDA and SCL.

The serial bus interface pins are also used as the port. When used as serial bus interface pins, set the output latches
of these pins to "1". When not used as serial bus interface pins, the port is used as a normal I/O port.

Note 1: The serial bus interface can be used only in NORMAL1/2 and IDLE1/2 mode. It.can not be-used in IDLEO,
SLOW1/2 and SLEEP0/1/2 mode.

Note 2: The serial bus interface can be used only in the Standard mode of I2C. The fastmode and the high-speed mode
can not be used.

Note 3: Please refer to the 1/0 port section about the detail of setting port.

16.1 Configuration

—>> INTSBI interrupt request

»|SCL _D SCL

fe/4 —>{ Divider ] Input/
output
Transfer control
P Y control K
< 12C bus circuit
Noise clock sysn. > AA y
> canceller | + Control [
A Shift »{1°C bus data Noise )
register |« control ! <¥> D SDA
9 N canceller [ >1SPA
Y <
SBICRB/ SBICRA/
SBISRB | | 12C/% | | SBIDBR | | SBISRA |
SBI control register B/ PPCbus SBI data SBI control register A/
SBI status register B address register buffer register SBI status register A

Figure 16-1 Serial Bus Interface (SBI)

16.2 Control

The following registers are used for control the serial bus interface and monitor the operation status.
» Serial bus interface control register A (SBICRA)
+ Serial bus interface control register B (SBICRB)
* Serial bus interface data buffer register (SBIDBR)
« I2C bus address register (I2CAR)
* Serial bus interface status register A (SBISRA)
+ Serial bus interface status register B (SBISRB)

16.3 Software Reset

A serial bus interface circuit has a software reset function, when a serial bus interface circuit is locked by an exter-
nal noise, etc.

To reset the serial bus interface circuit, write “10”, “01” into the SWRST (Bitl1, 0 in SBICRB).
And a status of software reset canbe read from SWRMON (Bit0 in SBISRA).
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16.4 The Data Format in the 1°C Bus Mode

The data format of the I2C bus is shown below.

(a) Addressing format

l«— 8hbits 1|« 1to8bits »|1}€« 1to8bits 1]

FTTTTI
R|A A A
S| Slave address |/ [C Data Cc 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]

FTTTTT T T T T
R[A A RIA A
S| Slave address |/ |C Data C|S| Slave address | /'|C Data C|P
WK K WK K

I(— 1 —>|(—10rmore—>| I(— 1 —>|(— 1ormore—>|

(c) Free data format

l«— 8nits 1}« 1to8bits >|1|€ 1to8bits 1]
|

FTTTT1
A A A
S Data C Data (] Data C|[P
K K K

|<— 1 —>|<— 10rmore4>|

S _ : Start condition
R/W : Direction bit
ACK : Bcknowledge bit
P  : Btop condition

Figure 16-2, Data Formatin of I1°C Bus
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16.5 12C Bus Control

The following registers are used to control the serial bus interface and monitor the operation status of the I>C bus.

Serial Bus Interface Control Register A

SBICRA 7 6 5 4 3 2 1 0
(OF90H) BC | ACK | | SCK (Initial value: 0000 *000)
ACK =0 ACK =1
PO | Numberof | gy | Numberf | g
000: 8 8 9 8
001: 1 1 2 1
BC Number of transferred bits 010: 2 2 3 2 vc\)l:lt
011: 3 3 4 3
100: 4 4 5 4
101: 5 5 6 5
110: 6 6 7 6
11: 7 7 8 7
ACK Master mode Slave mode
Not generate a clock pulse for Not.count a clock pulse for
ACK ::I(:Zi(f)i\(::i(:)iemem mode o: an a?:knowledgement? an acknowledgemint. R/W
4! Generate a clock pulse for an Count a clock pulse for an
acknowledgement. acknowledgement.
SCK n Atfc=16 MHz | Atfc=8 MHz | Atfc=4 MHz
000: 4 Reserved Reserved 100.0 kHz
001: 5 Reserved Reserved 55.6 kHz
Serial clock (fscl) selection’( ', o10; 6 Reserved 58.8 kHz 29.4 kHz
SCK (U on NP o11: 7 60.6 kHz 30.3 kHz 152 kHz Vg:lte
[fsol = 4/(2"¥ i+ 8/fc)] 100 8 30.8 kHz 15.4 kHz 7.7 kHz ’
101: 9 15.5 kHz 7.8 kHz 3.9 kHz
110: 10 7.8 kHz 3.9 kHz 1.9 kHz
11: Reserved
Note 1: fc: High-frequeney clock [Hz], *: Don't care
Note 2: SBICRA cannot be used with any. of read-modify-write instructions such as bit manipulation, etc.
Note 3: Do not set SCK as the frequency that.is over 100 kHz.
Serial Bus Interface Data Buffer Register
SBIDBR 7 6 5 4 3 2 1 0
(OF91H) ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ (Initial value: **** ****) R/W

Note 1: For writing transmitted data, start from the MSB (Bit7).

Note 2: The data which was written into SBIDBR can not be read, since a write data buffer and a read buffer are independent in
SBIDBR. Therefore, SBIDBR cannot be used with any of read-modify-write instructions such as bit manipulation, etc.

Note 3: *: Don't care
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12C bus Address Register
12CAR 7 6 5 4 3 2 1 0
(OF92H) Slave address (Initial value: 0000 0000)
ALS
SA6 | SAS5 | SA4 | SA3 | SA2 | SA1 | SAO
SA Slave address selection
- — Write
ALS Address recognition mode spec- 0:  Slave address recognition only
ification 1:  Non slave address recognition

Note 1: I2CAR is write-only register, which cannot be used with any of read-modify-write instruction such as bit manipulation, etc.
Note 2: Do not set I2CAR to "00H" to avoid the incorrect response of acknowledgment in.slave mode. ( If "00H" is set to I2CAR as
the Slave Address and a START Byte "01H" in I2C bus standard is recived, ‘the device detects slave address match.)

Serial Bus Interface Control Register B

SBICRB 7 6 5 4 3 2 1 0
(OF93H) | MST | TRX | BB | PIN | SBIM | SWRST1 | SWRSTO | (Initial value’ 0001 0000)
0: Slave
MST Master/slave selection
1: Master
0: Receiver
TRX Transmitter/receiver selection
1:— Transmitter
0: Generate a stop condition-when MST, TRX and PIN are "1"
BB Start/stop generation
1:-_Generate a start condition when MST, TRX and PIN are "1"
0: . — (Can not clear this bit by a software) Write
PIN Cancel interrupt service request

1: / Cancel interrupt service request only

00: Port mode (Serial bus interface output disable)

Serial bus interface operating 01: Reserved

SBIM

mode selection 10:  12C bus'mode
11: Reserved
SWRST1 . ! S wa i
SWRSTO Software reset start-bit Software reset starts by first writing "10" and next writing "01

Note 1: Switch a mode to port after confirming that-the bus is free.

Note 2: Switch a mode to I2C bus mode after confiming that the port is high level.
Note 3: SBICRB has write-only register and must not be used with any of read-modify-write instructions such as bit manipulation,
etc.

Note 4: When the SWRST (Bit1, 0 in SBICRB) is written to "10", "01" in 12C bus mode, software reset is occurred. In this case, the
SBICRA, 12CAR, SBISRA and SBISRB registers are initialized and the bits of SBICRB except the SBIM (Bit3, 2 in SBI-
CRB) are also initialized.

Serial Bus Interface Status Register A

SBISRA 7 6 5 4 3 2 1 0
(OF90H) ‘ ‘ ‘ ‘ ‘ ‘ | SWRMON | (Initial value: *** *+*1)
0: During software reset Read
SWRMON Software reset monitor
1: - (Initial value) only
Serial Bus Interface Status Register B
SBISRB 7 6 5 4 3 2 1 0
(OF93H) | MST | TRX | BB | PIN | AL | AAS | ADO | LRB | (Initial value: 0001 0000)
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MST Mas?er/slave selection status Slave
monitor Master
TRX Transmitter/receiver selection Receiver
status monitor Transmitter
Bus free
BB Bus status monitor
Bus busy
PIN Interrupt service requests sta- Requesting interrupt service
tus monitor Releasing interrupt service request Read
— only
AL Arbitration lost detection monitor
Arbitration lost detected
AAS Slave address match detection -
monitor Detect slave address match or "GENERAL CALL"
ADO "GENERAL CALL" detection -
monitor Detect "GENERAL CALL"
0: Lastreceive bitis "0"
LRB Last received bit monitor
1: Last receiv bit is "1"

16.5.1 Acknowledgement mode specification

16.5.1.1 Acknowledgment mode (ACK =*1")

To set the device as an acknowledgment mode, the ACK (Bit4 in SBICRA) should be set to “1”. When
a serial bus interface circuit is a master. mode, an additional clock pulse is generated for an acknowledge
signal. In a slave mode, a clockis-counted for the acknowledge signal.

In the master transmitter mode; the SDA pin is released in-order to receive an acknowledge signal from
the receiver during additional clock pulse cycle. In'the master receiver mode, the SDA pin is set to low
level generation an acknowledge signal during additional clock pulse cycle.

In a slave mode, when a received slave address matches to a slave address which is set to the I2CAR or
when a “GENERALICALL?” is received, the SDA pin is set to low level generating an acknowledge sig-
nal. After the matching of slave address or-the detection of “GENERAL CALL”, in the transmitter, the
SDA pin'is released-in order to receive an acknowledge signal from the receiver during additional clock
pulse cycle. In a receiver, the SDA pin is set.to low level generation an acknowledge signal during addi-
tional clock pulse cycle after the matching of slave address or the detection of “GENERAL CALL”

The Table 16-1 shows the SCL and SDA pins status in acknowledgment mode.

Table16-1 SCL'and SDA Pins| Status in Acknowledgement Mode

Mode Pin Transmitter Receiver
SCL An additional clock pulse is generated.
Master SDA Released in order to receive | Set to low level generating an
an acknowledge signal. acknowledge signal
SCL A clock is counted for the acknowledge signal.

When slave address matches

Slave or a general call is detected
SDA

Set to low level generating an
acknowledge signal.

Released in order to receive
an acknowledge signal.

After matching of slave
address or general call

Set to low level generating an
acknowledge signal.

16.5.1.2 Non-acknowledgment mode (ACK = “0”)

To set the device as a non-acknowledgement mode, the ACK (Bit4 in SBICRA) should be cleared to
‘GO”.
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In the master mode, a clock pulse for an acknowledge signal is not generated.

In the slave mode, a clock for a acknowledge signal is not counted.

16.5.2 Number of transfer bits

The BC (Bits7 to 5 in SBICRA) is used to select a number of bits for next transmitting and receiving data.

Since the BC is cleared to “000” by a start condition, a slave address and direction bit transmissions are
always executed in 8 bits. Other than these, the BC retains a specified value.

16.5.3 Serial clock

16.5.3.1 Clock source

The SCK (Bits2 to 0 in SBICRA) is used to select a-maximum transfer frequency output from the SCL
pin in the master mode.

Four or more machine cycles are required for-both-high-and low levels-of pulse width in the external
clock which is input from SCL pin.

Note: Since the serial bus interface can not be used as-the fast mode and the high-speed mode, do not set
SCK as the frequency that is over 100 kHz.

m@(— 1/fscl ———»

SCK (Bits2 to 0 in the SBICRA)
tLow = 2"fc 000
tHIGH = 2"ffc + 8/fc 001
fscl = 1/(ILOW + tHIGH) 010
011
100
101
110 10

© 00 N O 01 S

v/ N

"tsckL MtsckH

tSCKL: tsckH > 4tcyc

Note 1: fc = High-frequency clock
Note 2: tcyc = 4/fc (in NORMAL mode, IDLE mode)

Figure 16-3 Clock Source

16.5.3.2 Clock synchronization

In the I2C bus, in order to drive a bus with a wired AND, a master device which pulls down a clock
pulse to low will, in the first place, invalidate a clock pulse of another master device which generates a
high-level clock pulse.

Page 200



To s H I BA TMP86CS49FG

The serial bus interface circuit has a clock synchronization function. This function ensures normal
transfer even if there are two or more masters on the same bus.

The example explains clock synchronization procedures when two masters simultaneously exist on a
bus.

SCL pin (Master 1) \ /' Wait \Count start \)
1

SCL pin (Master 2) ; Count restart /" ) Count reset

SCL (Bus)

Figure 16-4 Clock Synchronization

As Master 1 pulls down the SCL pin to the low level at point “a”, the SCL line of the bus becomes the
low level. After detecting this situation, Master 2 resets-counting a clock‘pulse in the high level and sets
the SCL pin to the low level.

Master 1 finishes counting a clock pulse in the low level at point “b*-and sets the SCL pin to the high
level. Since Master 2 holds the SCL line-of the bus at the low level,- Master 1 waits for counting a clock
pulse in the high level. After Master 2 sets a-clock pulse to the high level at point “c” and detects the SCL
line of the bus at the high level, Master 1 starts counting-aclock pulse in the high level. Then, the master,
which has finished the counting a clock pulse’in the high level; pulls down the SCL pin to the low level.

The clock pulse on the bus is determined by the master device with the shortest high-level period and
the master device with the longest low-level period from among those master devices connected to the
bus.

16.5.4 Slave address and address recognition mode specification

When the serial bus interface circuit is used with an addressing format to recognize the slave address, clear
the ALS (Bit0 in I2CAR)to.“0”, and set the SA (Bits7 to 1 in [2CAR) to the slave address.

When the serial bus interface circuit is used with a free data format not to recognize the slave address, set the
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 start condition.

16.5.5 Master/slave selection

To set-a master device, the MST. (Bit7 in SBICRB) should be set to “1”. To set a slave device, the MST
should be cleared to “0”,

When a stop condition. on the bus or an arbitration lost is detected, the MST is cleared to “0” by the hard-
ware:

16.5.6 Transmitter/receiver selection

To set the device as a transmitter, the TRX (Bit6 in SBICRB) should be set to "1". To set the device as a
receiver, the TRX should be cleared to “0”. When data with an addressing format is transferred in the slave
mode, the TRX is set to "1" by a hardware if the direction bit (R/W) sent from the master device is “1”, and is
cleared to “0” by a hardware if the bit is “0”. In the master mode, after an acknowledge signal is returned from
the slave device, the TRX is cleared to “0” by a hardware if a transmitted direction bit is “1”, and is set to "1"
by a hardware if it is “0”. When an acknowledge signal is not returned, the current condition is maintained.
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When a stop condition on the bus or an arbitration lost is detected, the TRX is cleared to “0” by the hardware.
" Table 16-2 TRX changing conditions in each mode " shows TRX changing conditions in each mode and TRX
value after changing

Table 16-2 TRX changing conditions in each mode

Mode Direction Bit Conditions TRX after Changing
Slave 0" A received slave address is 0"
Mode nqn the same value set to I2CAR nqn
ng W
Mastt
aster ACK signal is returned
Mode nqn nge

When a 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 a start condition. The TRX is not changed by a hard-
ware.

16.5.7 Start/stop condition generation

When the BB (Bit5 in SBISRB) is “0”, a slave address-and a direction bit which are set to the SBIDBR are
output on a bus after generating a start condition by writing “1” to the MST, TRX, BB and PIN. It is necessary
to set ACK to “1” beforehand.

1

SCL pin Lo 1 2 3 4 5 6 7 8 9
! ——-
1

SDA pin i_\j/AGXA5XA4XA3XA2XA1XAOXR/W/

i~ Slave address and the direction bit

Start condition !{ ;! Acknowledge signal

Figure 16-5 Start Condition Generation and Slave Address Generation

When the BB is “17, sequence of generating a stop condition is started by writing “1” to the MST, TRX and
PIN, and “0’”to the BB. Do not modify the contents of MST, TRX, BB and PIN until a stop condition is gener-
ated on a bus.

When a stop condition’is generated and the SCL-line on a bus is pulled-down to low level by another device,
a stop condition is generated after releasing the SCL line.

SCL pin / ' T
-———— 1

Stop condition

Figure 16-6 Stop Condition Generation

The bus condition can be indicated by reading the contents of the BB (Bit5 in SBISRB). The BB is set to “1”
when a start condition on a bus is detected (Bus Busy State) and is cleared to “0” when a stop condition is
detected (Bus Free State).

16.5.8 Interrupt service request and cancel

When a serial bus interface circuit is in the master mode and transferring a number of clocks set by the BC
and the ACK is complete, a serial bus interface interrupt request (INTSBI) is generated.
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In the slave mode, the conditions of generating INTSBI interrupt request are follows:

» At the end of acknowledge signal when the received slave address matches to the value set by the
12CAR

+ At the end of acknowledge signal when a “GENERAL CALL” is received

+ At the end of transferring or receiving after matching of slave address or receiving of “GENERAL
CALL”

When a serial bus interface interrupt request occurs, the PIN (Bit4 in SBISRB)-is cleared to “0”. During the
time that the PIN is “0”, the SCL pin is pulled-down to low level.

Either writing data to SBIDBR or reading data from the SBIDBR sets the PIN to “1”.

The time from the PIN being set to “1” until the SCL pin is released takes 4 o

Although the PIN (Bit4 in SBICRB) can be set to “1” by the softrware, the PIN can not be cleared to “0” by
the softrware.

Note:When the arbitration lost occurs, if the slave address sent from the other master devices is not match, the
INTSBI interrupt request is generated. But the PIN is not cleared.

16.5.9 Setting of 12C bus mode

The SBIM (Bit3 and 2 in SBICRB) is used to set IC bus mode.

Set the SBIM to “10” in order to set I?C bus mode. Before setting of I°C bus mode, confirm serial bus inter-
face pins in a high level, and then, write “10” to SBIM. And switch a port mode after confirming that a bus is
free.

16.5.10Arbitration lost detection monitor

Since more than one master device can exist simultaneously on a bus, a bus arbitration procedure is imple-
mented in order to guarantee the contents of transferred data.

Data on the SDA line is used for bus arbitration of the I12C bus.

The following shows an example of a bus arbitration procedure when two master devices exist simulta-
neously on a bus. Master 1-and Master 2 output the'same data until point “a”. After that, when Master 1 outputs
“1” and Master-2 outputs “0”, since the SDA line-of a bus is wired AND, the SDA line is pulled-down to the
low level by Master-2.:-When the SCL line of a-bus.is pulled-up at point “b”, the slave device reads data on the
SDA line, that is data in Master 2. Data transmitted from Master 1 becomes invalid. The state in Master 1 is
called “arbitration 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.

T A G\ U/ N/ A NV NV A N A

SDA pin (Master 1) \ / \ / “— SDA pin becomes "1" after losing arbitration.

SDA pin (Master 2) \ / \ E
SDA (Bus) \ / \ E
a

Figure 16-7 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 the AL (Bit3 in SBISRB) is set to “1”.
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When the AL is set to “1”, the MST and TRX are cleared to “0” and the mode is switched to a slave receiver
mode. Thus, the serial bus interface circuit stops output of clock pulses during data transfer after the AL is set
tO “173'

The AL is cleared to “0” by writing data to the SBIDBR, reading data from the SBIDBR or writing data to
the SBICRB.

SCL pin

SDA pin \D7A XD6AX D5AYD4AX D3AX D2AXD1AXDOA / \D7AXD6AXD5A’

SCL pin _/I\_/E\_/3‘\ /4 1'5‘\ 1'6 A 1’8 N 9‘\ ’
w7 w7 w7 Ay w7 A\ L/

Master B F—> Stop clock output

SDA pin D7B T Releasing SDA pin and SCL pin to highjlevel as losing arbitration.

Master A

AL

MST \

4
TRX —l

Accessed to SBIDBR or SBICRB

:\./ [

INTSBI

Figure 16-8 Example of when a Serial Bus Interface Circuit is a Master B

16.5.11Slave address match-detection monitor

In the slave mode, the AAS (Bit2 in SBISRB) is set to “1” when the received data is “GENERAL CALL” or
the received data matches the slave address setting by [2CAR with an address recognition mode (ALS = 0).

When a serial bus’ interface circuit operates-in the free data format (ALS = 1), the AAS is set to “1” after
receiving the first 1-word of data.

The AAS'is cleared to “0” by writing data-to the SBIDBR or reading data from the SBIDBR.

16.5.12GENERAL CALL detection monitor

The ADO (Bitl in'SBISRB) is set to “1”” when all 8-bit received data is “0” immediately after a start condi-
tion 1n a slave mode. The ADO-is cleared to “0” when a start or stop condition is detected on a bus.

16.5.13Last received bit monitor

The SDA line value stored at the rising edge of the SCL line is set to the LRB (Bit0 in SBISRB). In the
acknowledge mode, immediately after an INTSBI interrupt request is generated, an acknowledge signal is read
by reading the contents of the LRB.
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16.6 Data Transfer of I2C Bus

16.6.1 Device initialization

For initialization of device, set the ACK in SBICRA to “1” and the BC to “000”. Specify the data length to 8
bits to count clocks for an acknowledge signal. Set a transfer frequency to the SCK in SBICRA.

Next, set the slave address to the SA in I2CAR and clear the ALS to “0” to set an addressing format.

After confirming that the serial bus interface pin is high level, for specifying the default setting to a slave
receiver mode, clear “0” to the MST, TRX and BB in SBICRB, set “1” to the PIN; “10” to the SBIM, and “00”
to bits SWRST1 and SWRSTO.

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.

16.6.2 Start condition and slave address generation

Confirm a bus free status (BB = 0).
Set the ACK to “1” and specify a slave address and a direction bit to be transmitted to the SBIDBR.

By writing “1” to the MST, TRX, BB and PIN, the start condition is generated-on a bus and then, the slave
address and the direction bit which are set to the-SBIDBR are output, The time from generating the START
condition until the falling SCL pin takes t;ow-

An INTSBI interrupt request occurs-at the 9th falling edge of a SCL) clock cycle, and the PIN is cleared to
“0”. The SCL pin is pulled-down to the low level while the PIN.is “0”, When an interrupt request occurs, the
TRX changes by the hardware according to the direction bit only when an acknowledge signal is returned from
the slave device.

Note 1: Do not write a slave address to be output to the SBIDBR while data is transferred. If data is written to the
SBIDBR, data to been outputting may be destroyed.:

Note 2: The bus free must be confirmed by software within98.0 ps (The shortest transmitting time according to the

I2C bus standard) after setting of the slave/address to be output. Only when the bus free is confirmed, set
"1" to the MST, TRX, BB, and PIN to generatethe start conditions. If the writing of slave address and setting
of MST, TRX, BB and PIN doesn't finish within-98.0-us, the other masters may start the transferring and the
slave address data written in SBIDBR may.be broken.

SCL pin ! \ 1 2 3 4 5 6 7 8 9
N
p—— D 1
. 1 — A} 4
SDA pin D\ / a6 X a5 X A4 X A3 X A2 X AL X A0 X RW /\.-___,'
LT v J Acknowledge
Start condition Slave address + Direction bit g:gczlg(’g{ég
PIN

INTSBI ﬂ
interrupt request | |_

Figure 16-9 Start Condition Generation and Slave Address Transfer

16.6.3 1-word data transfer

Check the MST by the INTSBI interrupt process after an 1-word data transfer is completed, and determine
whether the mode is a master or slave.
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16.6.3.1 When the MST is “1” (Master mode)

Check the TRX and determine whether the mode is a transmitter or receiver.

(1) When the TRX is “1” (Transmitter mode)

Test the LRB. When the LRB is “1”, a receiver does not request data. Implement the process to
generate a stop condition (Described later) and terminate data transfer.

When the LRB is “0”, the receiver requests next data. When the next transmitted data is other than
8 bits, set the BC, set the ACK to “1”, and write the transmitted data‘to the SBIDBR. After writing
the data, the PIN becomes “1”, a serial clock pulse is generated for transferring a next 1 word of data
from the SCL pin, and then the 1 word of data is transmitted. After the data is transmitted, and an
INTSBI interrupt request occurs. The PIN become “0” and the SCL/pin is set to low level. If the data
to be transferred is more than one word in length, repeat the procedure from the LRB test above.

SCL pin 1 2 3 4 5 6 7 8 9

Write to SBIDBR

_+
SDA pin \ D7 X Dps X D5 X D4 X b3 X-D2 X DL X DO f \_,'lAcknowmde

A signal fromga
PIN J

receiver
INTSBI ﬂ

interrupt request |-|

Figure 16-10 Example of when BC'= “000”, ACK = “1”

(2) When the TRX is “0” (Receiver mode)

When the next transmitted data is other than of 8 bits, set the BC again. Set the ACK to “1” and
read the received data from the SBIDBR (Reading data is undefined immediately after a slave
address is sent). After the data is read, the PIN becomes “1”. A serial bus interface circuit outputs a
serial clock pulse to the SCL pin to transfer next 1-word of data and sets the SDA pin to “0” at the
acknowledge signal timing.

An INTSBI interrupt request occurs and the PIN becomes “0”. Then a serial bus interface circuit
outputs a clock pulse for 1-word of data transfer and the acknowledge signal each time that received
data is read from the SBIDBR.

Read SBIDBR

SCL pin

— P mmm=m=- Ll Wl W el U il Wl WY Sl N A S a il o el
SDA pin D7 )" D6 Y -D5 ¢ D4 Y D3 Y D2 Y D1 = DO New D7
............ A N e ) S A G A G Y, _————
Acknowledge
PIN signal to a
J | transmitter
INTSBI ﬂ

interrupt request |-|

Figure 16-11 Example of when BC = “000”, ACK = “1”
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To make the transmitter terminate transmit, clear the ACK to “0” before reading data which is 1-
word before the last data to be received. A serial bus interface circuit does not generate a clock pulse
for the acknowledge signal by clearing ACK. In the interrupt routine of end of transmission, when
the BC is set to “001” and read the data, PIN is set to “1” and generates a clock pulse for a 1-bit data
transfer. 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 an ACK signal. The receiver indicates to the trans-
mitter 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.

SCL pin 1 2 3 4 5 6 7 8 / 1\

... TEmEEEmE=== PVt Wl WAl W il Wl WAl il U Sl S Py S
SDA pin D7 /‘ D6 "‘ D5 "‘ D4 1 D3 " D2 "‘ D1 r DO , \_
A A A A Acknowledge signal
sent to a transmitter

PIN _|_| |_| |_
- [JREaN

INTSBI 1 [

interrupt request I | : n
{ Clear ACK to "0"

before reading SBIDBR Set BC to "001"
before reading SBIDBR

Figure 16-12 Termination of Data Transfer in Master Receiver Mode

16.6.3.2 When the MST is “0” (Slave mode)

In the slave mode, a serial bus interface circuit operates either in normal slave mode or in slave mode
after losing arbitration.

In the slave mode, the conditions of generating INTSBI interrupt request are follows:

+ At the end of acknowledge signal when the received slave address matches to the value set by the
I2CAR

+ Atthe end of acknowledge signal whena “GENERAL CALL” is received
+ At'the end of transferring or receivingafter matching of slave address or receiving of “GENERAL
CALL”

A serial bus interface circuit changes to a slave mode if arbitration is lost in the master mode. And an
INTSBI interrupt request occurs when word data transfer terminates after losing arbitration. The behavior
of INTSBI interrupt request and PIN after losing arbitration are shown in Table 16-3.

Table 16-3 The Behavior of INTSBI interrupt request and PIN after Losing Arbitration

When the Arbitration Lost Occurs during Trans- When the Arbitration Lost Occurs during Trans-

mission of Slave Address as a Master mission of Data as a Master Transmit Mode
INTSBI
interrupt INTSBI interrupt request is generated at the termination of word data.
request

When the slave address matches the value set
by I2CAR, the PIN is cleared to "0" by generating
PIN of INTSBI interrupt request. When the slave PIN keeps "1" (PIN is not cleared to "0").
address doesn't match the value set by I2CAR,
the PIN keeps "1".

When an INTSBI interrupt request occurs, the PIN (bit 4 in the SBICRB) is reset, and the SCL pin is set
to low level. Either reading or writing from or to the SBIDBR or setting the PIN to “1” releases the SCL
pin after taking t; qw.
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Check the AL (Bit3 in the SBISRB), the TRX (Bit6 in the SBISRB), the AAS (Bit2 in the SBISRB),
and the ADO (Bitl in the SBISRB) and implements processes according to conditions listed in " Table 16-
4 Operation in the Slave Mode ".

Table 16-4 Operation in the Slave Mode

TRX AL AAS ADO Conditions Process

A serial bus interface circuit loses arbitra-
tion when transmitting a slave address.
1 1 0 And receives a slave address of which the

value of the direction bit sent from another
master is "1". Set the number of bits in 1 word to the BC

and write transmitted data to the SBIDBR.

In the slave receiver mode, a serial bus
interface circuit receives a slave address
of which the value of the direction bit sent
1 from the master is "1".

Test the LRB. If the LRB is set to "1";.set
0 the PIN to "1" since the receiver.does not
request next data. Then, clear the TRX to
In the slave transmitter mode, 1-word data [ "0" to release the bus. If the LRBis set to
is transmitted. "0", set the number of bitsiin"1-word to the
BC and write transmitted data to the
SBIDBR since the receiver requests next
data.

A serial bus interface circuit loses arbitra-

tion when transmitting.a slave address. .
R the SBIDBR fi tting the PIN t
And receivesa slave address of which the eqdyrss or setting the °

! 1o value of the direction bit sent from another tr11e (lzzadmg dummy data) or write *1" to

master is "0".orreceives a "GENERAL
1 CALL"

A serial bus interface circuit loses arbitra-

. - A serial bus interface circuit is changed to
tion when transmitting a slave address or

0 0 data. And terminates transferring word slave mode. To clear AL to "0, read the
0 data. SBIDBR or write the data to SBIDBR.

In'the slave receiver mode, a serial bus
interface circuit receives a slave address Read the SBIDBR for setting the PIN to

1 1/0 of which the value of the direction bit sent | "1" (Reading dummy data) or write "1" to
from the master is "0" or receives "GEN- the PIN.

0 ERAL CALL™

,In the slavg relcelver.mode, a sejn'al bus Set the number of bits in 1-word to the BC

0 1/0 interface circuit terminates receiving of 1-

and read received data from the SBIDBR.
word data.

Note: In the slave mode, i the slave address set in I2CAR is "00H", a START Byte "01H" in I12C bus standard is recived, the
device detects slave address match and the TRX is set to "1".

16.6.4 Stop condition generation

When the BB is “1”,.a'sequence of generating a stop condition is started by setting “1” to the MST, TRX and
PIN, and clear “0” to the BB.. Do not modify the contents of the MST, TRX, BB, PIN until a stop condition is
generated on a bus.

When a SCL line on a bus is pulled-down by other devices, a serial bus interface circuit generates a stop con-
dition after they release a SCL line.

The time from the releasing SCL line until the generating the STOP condition takes t; oy
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"0" — BB

"1" — MST
"1" = TRX }
"1" — PIN

[Stop condition
- _I
1

SCL pin / ; ‘li
PIN ] - ;)
BB (Read) |

Figure 16-13 Stop Condition Generation

16.6.5 Restart

SCL

/
\
SCL pin / )

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 a-serial bus interface circuit.

Clear “0” to the MST, TRX and BB and set “1”” to the PIN. The SDA pin retains the high-level and the SCL
pin is released. Since a stop condition is/not generated on a bus, a bus'is assumed to be in a busy state from
other devices. Test the BB until it becomes “0” to check that the SCL pin-of a serial bus interface circuit is
released. Test the LRB until it becomes “1” to.check that'the SCL line on a bus is not pulled-down to the low
level by other devices. After confirming that abus stays in a free state, generate a start condition with proce-
dure " 16.6.2 Start condition and slave address generation ".

In order to meet setup time when restarting, take at least 4.7 ps of waiting time by software 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 devcie
before the STOP condtion is' generated. To stop-the transmission, the master device make the slave device
receiving a’negative acknowledge. Therefore, the’ LRB.is "1" before generating the Restart and it can not be
confirmed that SCL line.is not pulled-<down by.other devices. Please confirm the SCL line state by reading the
port.

"1" — MST
"1" = TRX

"0" — MST wn

'0" — TRX } i - Eﬁ\]

"0" — BB -

"1" = PIN 2.7us (Min) Start condition
= a7ps (vin) >3 [

(Bus) Y

______

SDA pin
7
LRB &
¥
BB | |
PIN | |

Figure 16-14 Timing Diagram when Restarting
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16. Serial Bus Interface(I12C Bus) Ver.-D (SBI)

16.6 Data Transfer of 12C Bus
TMP86CS49FG
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17.10-bit AD Converter (ADC)

The TMP86CS49FG have a 10-bit successive approximation type AD converter.

17.1 Configuration

The circuit configuration of the 10-bit AD converter is shown in Figure 17-1.

It consists of control register ADCCR1 and ADCCR?2, converted value register ADCDRI1 and ADCDR2, a DA
converter, a sample-hold circuit, a comparator, and a successive comparison circuit.

DA converter
VAREF D—;:I_i_l—_}i—'vw—'w»— ——————————————— [vss
I : R2 R R/2
AVDD 44
D Analog input Refveéﬁgcz A
multiplexer _Sample hold __ 9
: circuit I
|
AINO D_ A Y i ‘VAVA' - T
I L
Y 110
5 : 7 16—7
Analog
comparator
ANTS[F—1n ) |Successive approximate circuit
S EN Shift clock > INTADC
4‘\ A | Control circuit I >
1 A A % A [
SAIN|  |AINDS B2 )5 13 18 2 [EOCF|ADBF
< |AMD /X ACK A \
| apbccrr | | apccrz | Apbcori || ADCDR2

Note: Before using AD converter, set appropriate value to I/O-port register conbining a analog input port. For details, see the sec-

tion on "I/O ports".

AD converter control register 1, 2

AD conversion result register 1, 2

Figure 17-1-10-bit AD Converter
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17.2 Register configuration
TMP86CS49FG

17.2 Register configuration

The AD converter consists of the following four registers:

1. AD converter control register 1 (ADCCRI1)

This register selects the analog channels and operation mode (Software start or repeat) in which to per-
form AD conversion and controls the AD converter as it starts operating.

2. AD converter control register 2 (ADCCR?2)

This register selects the AD conversion time and controls the connection-of the DA converter (Ladder
resistor network).

3. AD converted value register | (ADCDR1)

This register used to store the digital value fter being converted by the AD converter.
4. AD converted value register 2 (ADCDR2)

This register monitors the operating status of the AD converter.

AD Converter Control Register 1

ADCCR1 7 6 5 4 3 2 1 0
(001CH) | ADRS | AMD | AINDS | SAIN (Initial value: 0001 0000)

ADRS AD conversion start 0: A )
1: AD conversion start
00: AD operation disable
. 01: Software start mode
AMD AD operating mode 10: Reserved
11: Repeat mode
. 0: Analog input enable
AINDS | Anal t trol
nalog Input contro 1: Analog input disable
0000: AINO
0001:  AIN1
0010:  AIN2
0011:  AIN3 R/W
0100: AIN4
0101:  AIN5
0110: - AIN6
; 0111:  AIN7
SAIN Analog input channel select 1000-— AINS
1001:  AIN9
1010:. ~AIN10
1011:  AIN11
1100:  AIN12
1101:  AIN13
1110:  AIN14
1111:  AIN15

Note 1: Select analog input channel during’AD converter stops (ADCDR2<ADBF> ="0").

Note 2: When the analog input channel is all use disabling, the ADCCR1<AINDS> should be set to "1".

Note 3: During conversion, Do not perform port output instruction to maintain a precision for all of the pins because analog input
port use as general input port. And for port near to analog input, Do not input intense signaling of change.

Note 4: The ADCCR1<ADRS> is automatically cleared to "0" after starting conversion.

Note 5: Do not set ADCCR1<ADRS> newly again during AD conversion. Before setting ADCCR1<ADRS> newly again, check
ADCDR2<EOCF> to see that the conversion is completed or wait until the interrupt signal (INTADC) is generated (e.g.,
interrupt handling routine).

Note 6: After STOP or SLOW/SLEEP mode are started, AD converter control register1 (ADCCR1) is all initialized and no data can
be written in this register. Therfore, to use AD converter again, set the ADCCR1 newly after returning to NORMAL1 or
NORMAL2 mode.
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AD Converter Control Register 2

ADCCR2 7 6 5 4 3 2 1 0

(001DH) ' |RE|:oN| e | ACK | "o ‘(Initialvalue:**o* 000%)

IREFON DA converter (Ladder resistor) connection 0: Connected only during AD.-conversion
control 1: Always connected
000: 39/fc
001: Reserved
AD conversion time select 81 :) :zg;:fc R/W
ACK il::;zrntc;:ee)followmg table about the con- 100 312/fc
101:  624/fc

110:  1248/fc
111:  Reserved

Note 1: Always set bit0 in ADCCR2 to "0" and set bit4 in ADCCR2 to "1".
Note 2: When a read instruction for ADCCR2, bit6 to 7 in ADCCR2 read in-as undefined data.

Note 3: After STOP or SLOW/SLEEP mode are started, AD converter control register2 (ADCCR?2).is-all initialized and no data can
be written in this register. Therfore, to use AD converter.again, set the ADCCR2 newly after returning to NORMAL1 or
NORMAL2 mode.

Table 17-1 ACK setting and Conversion time

conditon Conversion | & \hz 8 MHzZ 4 MHZ 2 MHz 10 MHz 5 MHz 2.5 MHz
ACK time

000 39/fc ; - ; 19.5 s ; ; 15.6 s
001 Reserved

010 78/fc ; - 19.5 s 39.0 s ; 15.6 s 31.2 s
011 1561fc ; 19.5 us 39.0 us 78.0 s 15.6 s 31.2 s 62.4 us
100 312/ 195 s 39.0 us 78.0 us 156.0'us 31.2 s 62.4 us 124.8 us
101 624/fc 39.0/s 78.0 us 156.0 i - 62.4 us 124.8 us -
110 1248lfc 78.0us 156.0.us / ; 124.8 ps ; ;

1M Reserved

Note 1: Setting for "-" in the above table are inhibited. — fc:-High Frequency oscillation clock [Hz]
Note 2: Set conversion time setting should be kept-more than the following time by Analog reference voltage (VAREF) .

- VAREF=45t055V 15.6 us and more
- /VAREF =2.7t0 5.5V 31.2 us and more
- \VAREF =18t05.5V 124.8 us and more

AD Converted value Register1

ADCDR1 7 6 5 4 3 2 1 0

(001FH) | AD09 | ADO8 | ADO7 | ADO06 | ADO5 | ADO4 | ADO3 | ADO02 |(Initia|va|ue:00000000)

AD Converted value Register 2

ADCDR2 7 6 5 4 3 2 1 0
(001EH) | ADO1 | ADOO | EOCF | ADBF | ‘ ‘ (Initial value: 0000 ***)
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17.2 Register configuration

TMP86CS49FG
. Bef i i
EOCF AD conversion end flag 0 etore o_r during conversion
1. Conversion completed Read
: During stop of AD i only
ADBF | AD conversion BUSY flag 0: During stop of AD conversion
1:  During AD conversion

Note 1: The ADCDR2<EOCF> is cleared to "0" when reading the ADCDR1. Therfore, the AD conversion result should be read to
ADCDR2 more first than ADCDR1.

Note 2: The ADCDR2<ADBF> is set to "1" when AD conversion starts, and cleared to "0" when AD conversion finished. It also is
cleared upon entering STOP mode or SLOW mode .

Note 3: If a read instruction is executed for ADCDRZ2, read data of bit3 to bitO are unstable.
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17.3 Function

17.3.1 Software Start Mode

After setting ADCCR1<AMD> to “01” (software start mode), set ADCCR1<ADRS> to “1”. AD conver-
sion of the voltage at the analog input pin specified by ADCCRI1<SAIN> is thereby started.

After completion of the AD conversion, the conversion result is stored in AD-converted value registers
(ADCDRI1, ADCDR?2) and at the same time ADCDR2<EOCF> is set to 1, the AD conversion finished inter-
rupt (INTADC) is generated.

ADRS is automatically cleared after AD conversion has started:. Do not set ADCCR1<ADRS> newly again
(Restart) during AD conversion. Before setting ADRS newly again, check- ADCDR2<EOCF> to see that the
conversion is completed or wait until the interrupt signal (INTADC) is generated (e.g., interrupt handling rou-
tine).

AD conversion start AD conversion start

ADCCR1<ADRS> ] ]

ADCDR2<ADBF> | I

ADCDR1 status Indeterminate X 1st conversion result X 2nd conversion result

‘ EOCF cleared by reading
ADCDR2<EOCF> | | conversion result

' 3

I

INTADC interrupt request

ADCDR1
Conversion result Conversion result
ADCDR2 |‘| read |‘| read
Conversion result Conversion result
read read

Figure 17-2 Software Start Mode

17.3.2 Repeat Mode

AD conversionof the voltage at'the analog input pin specified by ADCCR1<SAIN> is performed repeatedly.
In this mode, AD conversion is'started by setting ADCCRI<ADRS> to “1” after setting ADCCR1<AMD> to
“11”’'(Repeat mode).

After completion of thel AD conversion, the conversion result is stored in AD converted value registers
(ADCDRI1, ADCDR?2) and at the'same time ADCDR2<EOCF> is set to 1, the AD conversion finished inter-
rupt (INTADC) is generated.

Inrepeat mode, each time one AD conversion is completed, the next AD conversion is started. To stop AD
conversion, set ADCCR1<AMD> to “00” (Disable mode) by writing 0s. The AD convert operation is stopped
immediately. The converted value at this time is not stored in the AD converted value register.
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17.3 Function

TMP86CS49FG

ADCCR1<AMD> x “11” X “00”

AD conversion start
ADCCR1<ADRS>

1

_ _ | r——— Y <AD convert operation suspended.
Conversion operation ! result X 2nd conversion result X 3rd conversion result X \COHVETSiOﬂ result is not stored.
ADCDR1,ADCDR2 Indeterminate X 1st conversion result X 2nd conversion result X 3rd conversion result
ADCDR2<EOCF> | | I | I |
A A A ]
EOCEF cleared by reading
INTADC interrupt request |_| |_| |_| conversion result
ADCDR1
Conversion Conversion Conversion

ADCDR2 |_| result read |_| result read |_| result read

Conversion Conversion Conversion
result read result read result read

Figure 17-3 Repeat Mode

17.3.3 Register Setting

1.

Set up the AD converter control register 1 (ADCCR1) as follows:

* Choose the channel to'AD convert using AD input channel select (SAIN).

+ Specify analog input-enable for analog input control (AINDS).

* Specify AMD for the AD converter control operation mode (software or repeat mode).
Set up the AD converter control register 2 (ADCCR?2) as follows:

+ Set the AD conversion time using AD conversion time (ACK). For details on how to set the con-
version time; referto Figure 17-1 and AD converter control register 2.

e Choose IREFON for DA converter control.

After setting up (1) and (2) above, set AD conversion start (ADRS) of AD converter control register 1
(ADCCRI)to1”. If software start mode has been selected, AD conversion starts immediately.

After an elapse of the specified AD conversion time, the AD converted value is stored in AD con-
verted value register 1 (ADCDR1) and the AD conversion finished flag (EOCF) of AD converted
value register 2 (ADCDR?2) is set to “1”, upon which time AD conversion interrupt INTADC is gener-
ated.

EOCF is cleared to“‘0" by a read of the conversion result. However, if reconverted before a register
read, although EOQCF is cleared the previous conversion result is retained until the next conversion is
completed.
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Example :After selecting the conversion time 19.5 us at 16 MHz and the analog input channel AIN3 pin, perform AD con-
version once. After checking EOCEF, read the converted value, store the lower 2 bits in address 0009EH nd store
the upper 8 bits in address 0009FH in RAM. The operation mode is software start mode.

;Set port register approrriately before setting AD

: (port setti
(port setting) converter registers.
(Refer to section 1/O_port in details)
LD (ADCCR1), 00100011B ; Select AIN3
D (ADCCR2), 110110008 ;Select conversion time(312/fc) and operation
mode
SET (ADCCR1) .7 ;. ADRS = 1(AD conversion start)
SLOOP : TEST (ADCDR2) . 5 ; EOCF=17
JRS T, SLOOP
LD A, (ADCDR2) ; Read result data
LD (9EH) , A
LD A, (ADCDRT1) ; Read result data
LD (9FH), A

17.4 STOP/SLOW Modes during AD Conversion

When standby mode (STOP or SLOW mede) is-entered forcibly during AD conversion, the AD convert operation
is suspended and the AD converter is initialized (ADCCR1 and ADCCR?2 are initialized to initial value). Also, the
conversion result is indeterminate. (Conversion results up to the previous operation are cleared, so be sure to read
the conversion results before entering standby mode (STOP or SLOW mode).) When restored from standby mode
(STOP or SLOW mode), AD conversion is not automatically restarted, so it is necessary to restart AD conversion.
Note that since the analog reference voltage'is automatically ‘disconnected, there is no possibility of current flowing
into the analog reference voltage.
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17. 10-bit AD Converter (ADC)

17.5 Analog Input Voltage and AD Conversion Result
TMP86CS49FG

17.5 Analog Input Voltage and AD Conversion Result

The analog input voltage is corresponded to the 10-bit digital value converted by the AD as shown in Figure 17-4.

A
3FF, + —
3FE, + —
3FDy, + —
AD
conversion == —
result S
034 T —
02y T ~ -
OlH T 7 a
. VAREF. — VSS
: : : x¢ =N Y
0 1 2 3 10211022 1023 1024 1024

Analog inputvoltage

Figure 17-4 Analog Input Voltage and AD Conversion Result (Typ.)
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17.6 Precautions about AD Converter

17.6.1 Restrictions for AD Conversion interrupt (INTADC) usage

When an AD interrupt is used, it may not be processed depending on program composition. For example, if
an INTADC interrupt request is generated while an interrupt with priority lower than the interrupt latch IL15
(INTADC) is being accepted, the INTADC interrupt latch may be cleared without the INTADC interrupt being
processed.

The completion of AD conversion can be detected by the following methods:
(1) Method not using the AD conversion end interrupt

Whether or not AD conversion is completed can be detected by monitoring the AD conversion end flag
(EOCF) by software. This can be done by polling EOCF or monitoring EOCF at regular intervals after start of
AD conversion.

(2) Method for detecting AD conversion end while a lower-priority interrupt is being processed

While an interrupt with priority lower than INTADC is being processed, check the-AD conversion end flag
(EOCF) and interrupt latch IL15. If IL15 = 0 and EOCF =1, call the AD conversion end interrupt processing
routine with consideration given to PUSH/POP operations. At this time, if an-interrupt request with priority
higher than INTADC has been set, the AD conversion end-interrupt processing routine will be executed first
against the specified priority. If necessary, we recommend that the AD conversion-end interrupt processing rou-
tine be called after checking whether or not an‘interrupt request with priority-higher than INTADC has been
set.

17.6.2 Analog input pin voltage range

Make sure the analog input pins (AINO to AIN15) are used at voltages within VAREF to VSS. If any voltage
outside this range is applied to one of the-analog input pins, the converted value on that pin becomes uncertain.
The other analog input pins also-are affected by that.

17.6.3 Analog input shared pins

The analog/input pins (AINO to AIN15) are shared with input/output ports. When using any of the analog
inputs to execute-AD /conversion, do not execute input/output instructions for all other ports. This is necessary
to prevent the accuracy of AD conversion from degrading. Not only these analog input shared pins, some other
pins may also be affected by noise arising from input/output to and from adjacent pins.

17.6.4 Noise Countermeasure

The internal equivalent circuit of the analog input pins is shown in Figure 17-5. The higher the output
impedance-of the analog input source, more easily they are susceptible to noise. Therefore, make sure the out-
putimpedance of the signal source in your design is 5 kQ or less. Toshiba also recommends attaching a capac-
itor external to the chip.

Internal resistance Analog comparator
AINi 5kQ (typ)

| S AAA I | I AAA

vy
Permissible signal Internal capacnance
source impedance

=12 pF (typ. );
5 kQ (max)

DA converter
Note)i=15t00

Figure 17-5 Analog Input Equivalent Circuit and Example of Input Pin Processing
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18. Key-on Wakeup (KWU)

In the TMP86CS49FG, the STOP mode is released by not only P20(INT5/STOP) pin but also four (STOPO to
STOP3) pins.

When the STOP mode is released by STOPO to STOP3 pins, the STOP pin needs to be used.
In details, refer to the following section " 18.2 Control ".

18.1 Configuration

INTS
4—1 o@ -

S'Il'OP mode |

(1: Roleass) oé ] sTopo
°< [ stop1
°< [ sTop2
0< {1 sTops

STOPCR E E E E

(OF9FH) O | OO O

===

nlnfwn|ln

Figure 18-1 Key-on Wakeup Circuit
18.2 Control

STOPO to STOP3 pins-can controlled by Key-on Wakeup Control Register (STOPCR). It can be configured as
enable/disable in 1-bit unit. When those pins are used for STOP mode release, configure corresponding I/O pins to
input mode by I/O port register beforehand.

Key-on Wakeup Control Register

STOPCR 7 6 5 4 3 2 1 0
(OF9FH) | STOP3 | STOP2 | STOP1 | STOPO | ‘ ‘ ‘ ‘(Initial value: 0000 *+**)

0:Disabl Wit
STOR3 | STOP mode released by STOP3 sable e
1:Enable only
0:Disabl Wit
STOP2 | STOP mode released by STOP2 sable e
1:Enable only
0:Disabl Wit
STOP1 | STOP mode released by STOP1 sable e
1:Enable only
0:Disabl Wit
STOPO | STOP mode released by STOPO sable e
1:Enable only

18.3 Function

Stop mode can be entered by setting up the System Control Register (SYSCR1), and can be exited by detecting the
"L" level on STOPO to STOP3 pins, which are enabled by STOPCR, for releasing STOP mode (Notel).
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18.3 Function
TMP86CS49FG

Also, each level of the STOPO to STOP3 pins can be confirmed by reading corresponding I/O port data register,
check all STOPO to STOP3 pins "H" that is enabled by STOPCR before the STOP mode is started (Note2,3).

Note 1: When the STOP mode released by the edge release mode (SYSCR1<RELM> = “0”), inhibit input from STOPO to
STOP3 pins by Key-on Wakeup Control Register (STOPCR) or must be set "H" level into STOPO to STOP3 pins
that are available input during STOP mode.

Note 2: When the STOP pin input is high or STOPO to STOP3 pins input which is enabled by STOPCR is low, executing an
instruction which starts STOP mode will not place in STOP mode but instead will immediately start the release
sequence (Warm up).

Note 3: The input circuit of Key-on Wakeup input and Port input is separated, so each input voltage threshold value is dif-
ferent. Therefore, a value comes from port input before STOP mode start may be different-from a value which is
detected by Key-on Wakeup input (Figure 18-2).

Note 4: STOP pin doesn’t have the control register such as STOPCR, so when STOP mode is released by STOPO to
STOP3 pins, STOP pin also should be used as STOP mode release function:

Note 5: In STOP mode, Key-on Wakeup pin which is enabled as input mode (for releasing STOP mode) by Key-on
Wakeup Control Register (STOPCR) may generate the penetration current, so the said pin must be disabled AD
conversion input (analog voltage input).

Note 6: When the STOP mode is released by STOPO to STOP3 pins, the level of STOP pin should hold "L" level (Figure

18-3).
Port input <|| [C] External pin
Key-on wakeup %]—
input
Figure 18-2 Key-on Wakeup Input and Port Input
a) STOP b) In case of STOPOto STOP3
STOP pin | STOP pin "L"
E(— Release
<>
STOP mode SToPmode o100 pin —l—
€«— Release
STOP mode _ + STOP mode

Figure 18-3 Priority of STOP pin and STOPO to STOP3 pins

Table'18-1 Release level (edge) of STOP mode

Release level (edge)
e SYSCR(KOTS‘)M):W SYSCR1<RELM>="0"
STOP "H" level Rising edge
STOPO "L" level Don’t use (Note1)
STOP1 "L" level Don’t use (Note1)
STOP2 "L" level Don’t use (Note1)
STOP3 "L" level Don’t use (Note1)
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19. Input/Output Circuit

19.1 Control pins

The input/output circuitries of the TMP86CS49FG control pins are shown below.

Control Pin /10 Input/Output Circuitry Remarks
Osc.enable —):DO_ > fc
AAA . .
VDD Wr VDD Rgsonator connecting pins
XIN Input f EE Ro (high frequency)
XOuT Output | ] Re=1.2 MQ (typ.)
Ro =0.5 kQ (typ.)
XIN XOUT
XTEN
Osc.enable—):D_ > > fs
AW Resonator connecting pins
XTIN Input VDb R; =R vDD (Low frequency)
XTOUT Output 770 R¢=6 MQ (typ.)
Ro = 220 k€2 (typ.)
XTIN XTOUT
VDD
R Rin Hysteresis input
W : EI Pull-up resistor
RESET Input
npu Ry = 220 kQ (typ.)
Address-trap-reset R=100 Q (typ.)
Watchdog-timer-reset '
System-clock-reset
VDD
Pull-down resistor
TEST Input pd ,".Ff.' : n| Rin = 70 k2 (typ.)
N Rin R =100 Q (typ.)
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19.2 Input/Output Ports

TMP86CS49FG
19.2 Input/Output Ports
Port /0 Input/Output Circuitry Remarks
Initial "High-Z"
VDD
Data output
D Tri-state 1/0
P1 110 Hysteresis input
Disable =R R=100 Q2 (typ.)
Pin input 4
p AN
Initial "High-2"
D Sink open drain output
P3 110 High-current output
Data output
. =R R'=100 2 (typ.)
Output latch input T
Pin input <7
p <
Initial "High-Z" VDD
—D Sink open drain output
P2 110 Data output Hysteresis input
Output latch input =R R=100Q (typ))
Pin input 4
p ]
Initial "High-z"
Sink open drain output
—D High current output
Po Vo Data output Hysteresis input
Output latch input =R R =100 Q (typ.)
Pin input 4‘
p \I
Initial "High-z"
VDD
P-ch control %
Data-output Sink open drain output or
PO o e 1 | c-MOs output
Output latch input %} .
P4 ‘Do4 L Hysteresis input
Disable >——— =R R =100 2 (typ.)
Pin input (Control input 4‘
put ( put) AN
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Port 110 Input/Output Circuitry Remarks
Initial "High-Z"
Analog input
ginp $ VDD
Data output
P67
P66 o Output latch input 1 { Trisstate 10
P65 L R=100 Q (typ.)
P64 Disable =R
Pin input <|I
Key-on Wakeup é}
Initial "High-2"
Analog input
g1np $ VDD
P63 Data output
ng o Tri-state 1/0
PO Output latch input ] R=100 Q (typ.)
P7 <
Disable =R
Pin input <|I
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20. Electrical Characteristics

20.1 Absolute Maximum Ratings

The absolute maximum ratings are rated values which must not be exceeded during operation, even for an instant.
Any one of the ratings must not be exceeded. If any absolute maximum rating is exceeded, a device may break down
or its performance may be degraded, causing it to catch fire or explode resulting in injury to the user. Thus, when
designing products which include this device, ensure that no absolute maximum rating value will ever be exceeded.

(VSS=0V)
Parameter Symbol Pins Ratings Unit
Supply voltage Vbp -0.3t06.5 \%
Input voltage ViN -0.3to Vpp + 0.3
Output voltage VouT1 -0.3to Vpp +0.3 V
louT1 PO, P1, P4, P8, P7 ports -1.8
Output current (Per 1 pin) louT2 PO, P1, P2, P4, P6, P7 ports 3.2
louTs P3, P5 ports 30 mA
2 louT1 PO, P1, P2/P4, P6, P7ports 60
Output current (Total)
= lout2 P3, P5 ports 80
Power dissipation [Topr = 85 °C] Pp 250 mwW
Soldering temperature (time) Tsid 260 (10 s)
Storage temperature Tstg -55 to 125 °C
Operating temperature Topr -40 to 85
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20.2 Recommended Operating Conditions

The recommended 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 recommended
operating conditions (supply voltage, operating temperature range, specified AC/DC values etc.), malfunction may
occur. Thus, when designing products which include this device, ensure that the recommended operating conditions
for the device are always adhered to.

(Vas = 0V, Topr = -40 to 85°C)

Parameter Symbol Pins Ratings Min Max Unit

NORMAL1, 2'modes
fo =16 MHz IDLEO, 1, 2 modes 7

NORMAL1, 2 modes
fo=8MHz IDLEO, 1, 2 modes 21

Supply voltage Vbp _ NORMALT1, 2 modes 55
fo=4.2 MHz IDLEO; 1, 2 modes

1.8
SLOW1,.2 modes
fs = 32.768 KHz SLEEPO, 1.2 modes (Note)

STOP mode v
ViH1 Except hysteresis input Vpp x0.70
Vpp=4.5V
Input high level ViH2 Hysteresis input Vpp* 0.75 Vbp
V|H3 VDD <45V VDD x.0.90
Vi1 Except hysteresis input Vpp x 0.30
Vpp 24.5V
Input low level Vi Hysteresis input 0 Vpp x 0.25
V||_3 VDD <45V VDD x 0.10
Vpp = 1.8 to 5.5V (Note) 4.2
fc XIN, XOUT Vpp = 2.7 to 5.5V 1.0 8.0 MHz
Clock frequency
Vpp=4.5t055V 16.0
fs XTIN, XTOUT 30.0 34.0 kHz

Note: When the supply voltage Vpp is less than 2.0 V, the operating temperature Topr must be in a range of -20°C to
85°C.
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20.3 DC Characteristics

(Vgs =0V, Topr =-40 to 85 °C)

Parameter Symbol Pins Condition Min Typ. Max Unit
Hysteresis voltage Vs Hysteresis input - 0.9 - \%
lin1 TEST
Vpp=5.5V,V|y=5.5V/I0V
Input current lin2 Sink open drain, tri-state port — - +2 A
IiN3 RESET, STOP
Rin TEST pull-down Vpp=55V,V|y=55V ] 70 -
Input resistance kQ
Rin2 | RESET pull-up Vpp=55V,Vy=0V 100 220 450
ILo1 | Sink open drain port Vpp=5.5V,Vour =55V - - 2
Output leakage current pA
lLo2 | Tri-state port Vpp = 5.5V, Voyr =55 V/0 V - - 2
Output high voltage Vou Tri—state port Vpp =4.5V, lgy =-0.7 mA 41 - —
\Y
Output low voltage VoL | Except XOUT, P3, P5 Vpp=4.5V, lgy=1.6 mA - S 0.4
High current port
Output low curren I Vpp=4.5V, Vg =1.0V - 20 - mA
uiputfow cu oL | (P3, P5 Port) ep oL
Supply current in Vpp =5.5V - 85 1.5
NORMAL1, 2 modes Vin=5.3V/02V
mA
Supply current in IDLE fc =16 MHz 6.0 65
0, 1, 2 modes fs =.32.768 kHz J : :
Supply current in
SLOW1 mode - 83 20.0
S | . |DD VDD =30V
upply current in
VN = 2.8 V/0.2V - 6.1 15.0
SLEEP1 mode Vi
fs'=32.768 kHz HA
Supply current in 50 1.0
SLEEPO mode - ' '
Suppl ti Vpp=5.5V
upply current in DD B 05 10

STOP mode

Viy=5.3 V02V

Note 1: Typical values show those at'Topr,= 25°C and Vpp =5 V.

Note 2: Input current.(l;1, hngz): The current through pull-up or pull-down resistor is not included.

Note 3: Ipp does notinclude Iggg-

Note 4: The supply currents of SLOW2 and SLEEP2 modes are equivalent to those of IDLEO, IDLE1 and IDLE2 modes.

Page 229




20. Electrical Characteristics

20.1 Absolute Maximum Ratings
TMP86CS49FG

20.4 AD Characteristics

(Vss = 0.0V, 4.5V <Vpp < 5.5V, Topr = -40 to 85 °C)

Paramete Symbol Condition Min Typ. Max Unit
Analog reference voltage VAREF Aypp - 1.0 - Avbp
Power supply voltage of analog control
- Avpbp Vbp
circuit v
Analog reference voltage range (Note 4) AVAREF 35 — _
Analog input voltage VaiN Vss \- VAREF
Power supply current of analog refer- Vpp = A =V =55V
pply g Iner DD = AvDD = VAREF > 06 10 mA
ence voltage Vgs=0.0V
Non linearity error - - +2
Zero point error Vbp =Avpp=5.0V, - - "
Vs =00V LSB
Full scale error - _ +2
u VAREF =50V
Total error - - +2

(Vss = 0V, 2.7 V.< Vpp <4.5 V, Topr = -40 to 85°C)

Parameter Symbol Condition Min Typ- Max Unit
Analog reference voltage VAREF Aypp- 1.0 - Avbp
Power supply voltage of analog control
o Avbp Vop
circuit Vv
Analog reference voltage range (Note 4) AVpRer 2.5 - -
Analog input voltage VaiN Vss - VAREF
Power supply current of analog refer- Vop = Avpp =V =45V
wer supply cu g Ingr DD =~ AvDD, = VAREF / 0.5 0.8 mA
ence voltage Vgs=0.0V
Non linearity error - - 12
Vpp = A =27V
Zero point error Oy VDD - - +2
Vgg=0.0V LSB
Full scale error Vangr = 2.7V - - +2
Total error - - 12

(Vss =0V, 2.0V < Vpp < 2.7V, Topr = -40 to 85°C) (Note6)

(Vss =0V, 1.8V < Vpp < 2.0V, Topr = -10 to 85°C) (Note6)

Parameter Symbol Condition Min Typ. Max Unit
Analog reference voltage VAREF Aypp-0.9 - Avpp
Power supply voltage of analog control
- Avpp Vbp
circuit
\Y
1.8V<VDD<20V 1.8 - -
Analog reference voltage range (Note 4) A VaRer
2.0V<VDD<27V 2.0 - -
Analog input-voltage Vain Vss - VAREF
Power supply. current of analog refer- Vop = Avpp =V, =27V
pply. g lner DD = AvDD = VAREF _ 03 05 mA
ence voltage Vgs=0.0V
Non linearity error - - 4
Zero point error Vop =Avpp = 1.8V _ _ +4
Vgg=0.0V LSB
Full scale error - - 4
VAREF =18V
Total error - - 4

Note 1: The total error includes all errors except a quanitization error, and is defined as a maximum deviation from the ideal con-
version line.

Note 2: Conversion time is defferent in recommended value by power supply voltage.

Note 3: The voltage to be input on the AIN input pin must not exceed the range between Vrer and Vgg. If a voltage outside this
range is input, conversion values will become unstable and conversion values of other channels will also be affected.

Note 4: Analog reference voltage range: AVarer = VaRer - Vss

Note 5: When AD converter is not used, fix the AVDD and VAREF pin on the Vpp level.
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Note 6: When AD is used with VDD < 2.0 V, the guaranteed temperature range varies with the operating voltage.
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20.1 Absolute Maximum Ratings
TMP86CS49FG

20.5 AC Characteristics

(Vss =0V, 4.5V <Vpp < 5.5V, Topr = -40 to 85°C)

Parameter Symbol Condition Min Typ. Max Unit
NORMAL1, 2 modes
0.25 - 4
IDLEO, 1, 2 modes
Machine cycle time tey us
SLOW1, 2 modes
117.6 = 133.3
SLEEPO, 1, 2 modes
High-level clock pulse width twen For external clock operation (XIN input) A o5 ns
Low-level clock pulse width twel fc =16 MHz
High-level clock pulse width twsH For external clock operation (XTIN input) 15.26 s
- - - - B
Low-level clock pulse width twsL fs = 32.768 kHz

(Vss =0V, 2.7V < Vpgp <4.5.V, Topr = -40 to 85°C)

Paramete Symbol Condition Min Typ: Max Unit
NORMAL1, 2 modes
0.5 — 4
IDLEO, 1, 2 modes
Machine cycle time tey us
SLOWH1, 2 modes
117.6 = 133.3
SLEEPO, 1, 2 modes
High-level clock pulse width twen For external clock operation (XIN input) 625 ns
Low-level clock pulse width twel fc =8 MHz
High-level clock pulse width twsH For external clock operation (XTIN input) 15.26 s
- - - - i
Low-level clock pulse width twsL fs = 32.768 kHz

(Vss =0V, 2.0V < Vpp < 2.7 V, Topr = -40 to 85°C) (Note1)

(Vss =0V, 1.8V < Vpp < 2.0V, Topr = -20 to 85°C) (Note1)

Paramete Symbol Condition Min Typ. Max Unit
NORMAL1, 2 modes
0.95 - 4
IDLEO, 1, 2 modes
Machine cycle time tey us
SLOW1, 2'modes
117.6 - 133.3
SLEEPO, 1, 2 modes
High-level clock pulse width twen For external-clock operation (XIN input) 119.05 ns
Low-level clock pulse/width tweL fc=4.2 MHz
High-level clock pulse width twsH For'external clock operation (XTIN input) 15.26 s
1 - . - i
Low-level clock pulse width twsL fs.= 32.768 kHz

Note 1:"When the supply voltage Vpp is less than 2.0 V, the operating temperature Topr must be in a range of -20°C to 85°C.
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20.6 Recommended Oscillating Conditions

Note 1:

Note 2:

Note 3:

Note 4:

XIN XOouT XTIN XTOUT
Cll l C2 Cll l C,
(1) High-frequency Oscillation (2) Low-frequency Oscillation

A quartz resonator can be used for high-frequency oscillation only when VDD is 2.7-V or above. If VDD is below 2.7 V, use
a ceramic resonator.

To ensure stable oscillation, the resonator position, load capacitance; etc. must-be appropriate. Because these factors are
greatly affected by board patterns, please be sure to evaluate operation on.the board on which the device will actually be
mounted.

When using the device (oscillator) in places exposed to high electric fields such as cathode-ray tubes; we recommend
electrically shielding the package in order to maintain normal operating condition.

The product numbers and specifications of the resonators by Murata Manufacturing Co., Ltd. are’subject to change. For
up-to-date information, please refer to the following URL:

http://www.murata.co.jp/
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20.1 Absolute Maximum Ratings
TMP86CS49FG

20.7 Handling Precaution

- The solderability test conditions for lead-free products (indicated by the suffix G in product name) are shown

below.

1. When using the Sn-37Pb solder bath
Solder bath temperature = 230 °C
Dipping time = 5 seconds
Number of times = once
R-type flux used

2. When using the Sn-3.0Ag-0.5Cu solder bath
Solder bath temperature = 245 °C
Dipping time = 5 seconds
Number of times = once
R-type flux used

Note: The pass criteron of the above test is as follows:
Solderability rate until forming > 95 %

- When using the device (oscillator) in places exposed to high electric fields. such as cathode-ray tubes, we recommend elec-
trically shielding the package in order to maintain normal operating condition.
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21. Package Dimensions

QFP64-P-1414-0.80A Rev 01
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This is a technical document that describes the operating functions and electrical specifications of the 8-bit
microcontroller series TLCS-870/C (LSI).

Toshiba provides a variety of development tools and basic software to enable efficient software
development.

These development tools have specifications that support advances in microcomputer hardware (LSI) and
can be used extensively. Both the hardware and software are supported continuously with version updates.

The recent advances in CMOS LSI production technology have been phenomenal and microcomputer
systems for LSI design are constantly being improved. The products described in this document may also
be revised in the future. Be sure to check the latest specifications before using.

Toshiba is developing highly integrated, high-performance microcomputers using advanced MOS
production technology and especially well proven CMOS technology.

We are prepared to meet the requests for custom packaging for a variety of application areas.
We are confident that our products can satisfy your application needs now and inthe future.
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