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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, \badily 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 conditionssset forth in the “Handling. Guide for
Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability Handbook” et¢; 021023 _A

The TOSHIBA products listed in this document are-intended for usage-in general/ electronics
applications (computer, personal equipment, office equipment, measuring equipment, industrial
robotics, domestic appliances, etc.).

These TOSHIBA products are neither intended-nor-warranted for usage. inzequipment that requires
extraordinarily high quality and/or reliability or a malfunction or failure’of which may cause loss of
human life or bodily injury (“Unintended Usage®).-Unintended-Usage-incldde atomic energy control
instruments, airplane or spaceship instruments, transportation instruments, traffic signal instruments,
combustion control instruments, medical instruments, 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 beised 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 présented-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 implication or otherwise under any
patents or other rights-of TOSHIBA or (the third parties. 070122_C

The products_described in this documentare subject to foreign exchange and foreign trade control
laws. 060925-E

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

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 followingequation :

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

RXDNC setting
11
) Transfer 01 10
BRG setting lock [H 00 . . (Reject pulses shorter
clock [Hz] . o (Reject pulses shorter |“(Rejectpulses 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 (0] £ - -
(When the Fransfer clock gen- fc/16 o g — _
erated by timer/counter inter-
rupt is thf-:‘ same as the right fc/32 o o o _
side column)
The setting except the above (0] (9] (0) (0]
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TO s H I BA TMP86PS23UG

CMOS 8-Bit Microcontroller

TMP86PS23UG

The TMP86PS23UG is a single-chip 8-bit high-speed and high-functionality microcomputer incorporating 61440
bytes of One-Time PROM. It is pin-compatible with the TMP86CP23AUG (Mask ROM version). The
TMP86PS23UG can realize operations equivalent to those of the TMP86CP23AUG_by programming the on-chip

PROM.
Product No ROM RAM Package MASKROMMCU Emulation Chi
’ (EPROM) 9 p
61440 2048
TMP86PS23UG LQFP64-P-1010-0.50E TMP86CP23AUG TMP86C923XB
bytes bytes

1.1 Features

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

0.25 pus (at 16 MHz)

122 us (at 32.768 kHz)
- 132 types & 731 basic instructions
2. 20interrupt sources (External : 5 Internal { 15)
Input / Output ports (1/0 : 48 pins Qutput .3 pins)
Large current output: 5pins (Typ-20mA), LED direct.drive

4. Prescaler
- Time base timer
- Divider output function
5. Watchdog Timer
6. 18-bit Timer/Counters. Ieh
Timer Mode
Event Counter Mode
Pulse Width Measurement Mode
Frequency Measurement Mode

« The/informatien-centained herein is'subject to.change without notice. 021023_D

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

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

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

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

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

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

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

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

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

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

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

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

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

own risk. 021023 _B

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

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

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

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

Page 1
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1.1 Features TMP86PS23UG

7. 8-bit timer counter : 4 ch
- Timer, Event counter, Programmable divider output (PDO),
Pulse width modulation (PWM) output,

Programmable pulse generation (PPG) modes
8. 8-bit UART :1ch
9. 8-bit SIO: 1 ch
10. 10-bit successive approximation type AD converter
- Analog input: 8 ch
11. Key-on wakeup : 4 ch
12. LCD driver/controller
- LCD direct drive capability (MAX 32 seg x 4 com)
- 1/4,1/3,1/2duties or static drive are programmably selectable
13. Multiply accumulate unit (MAC)
- Multiply or MAC mode are selectable
- Signed or unsigned operation are selectable
14. Clock operation

Single clock mode

Dual clock mode
15. Low power consumption operation

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

SLOW?1 mode: Low power consumption-operation’ using low-frequency clock.(High-frequency clock
stop.)

SLOW?2 mode: Low power\consumption operation using lew-frequency clock.(High-frequency clock
oscillate.)

IDLEO mode: CPU stops, and)anly 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.réestarts).

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

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

SLEEP2 mode: CPU stops.and’peripherals operate using high and low frequency clock. Release by
interruput.
16. Wide operation voltage:

3.5Vto55Vat 16MHz 732.768 kHz
2.7Vt05.5Vat 8 MHz /32.768 kHz
1.8V t05.5Vat 4.2MHz /32.768 kHz

Page 2
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TOSHIBA

TMP86PS23UG

1.2 Pin Assignment

(SEG2) P85

(SEG1) P86 —

(SEGO) P87

COM3 1

COM2 1]

COM1 —T

COMO 11

VLC 11

(TC4/SI) P30 T

(TC3/S0) P31 [

(SCK) P32 ]
(TC6/PDO6/PWME/PPG6) P33 —TT]
(TC5/PDOS/PWMS) P34 CTT]
(PDO4/PWM4/PPG4) P35 —TT]
(PDO3/PWM3) P36 1T
(bvo) P37 1
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Figure 1-1 Piry Assignment

[ TT1P54(SEG19)
[T P53(SEG20)
S~ P52(SEG21)
[TT—1P51(SEG22)
LT P50(SEG23)
[T P17(SEG24)
[T P16(SEG25)
P'TT—1 P15(SEG26)
[T P14(SEG27/INT3)
[T P13(SEG28/NT2)
[TT1 P12(SEG29/INTI)
[T P11(SEG30/TXD)
[TT1 P1O(SEG31/RXD/BOOT)
[T P67(AIN7/STOPS)
[T P66(AING/STOP4)
[TT=1P65(AINS/STOP3)
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1.3 Block Diagram

TMP86PS23UG
1.3 Block Diagram
High—frequency clock CPU (TLOS-87T040) 10-bi AD GConverter(8ch)
oscillator O
- - "
Low—frequency clock Bo g o 18 @r Counter
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HL H L
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(AN Q)
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P? &%}% Timer UART(1ch)
z S
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Standby Controller

A
v
N
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U

o
"N

P

O

Figure 1-2 Block Diagram
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TOSHIBA

TMP86PS23UG

1.4 Pin Names and Functions

The TMP86PS23UG has MCU mode and PROM mode. Table 1-1 shows the pin functions in MCU mode. The

PROM maode is explained later in a separate chapter.

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

Downloaded from AFfOW.com.

Pin Name Pin Number Input/Output Funetions
P17 o7 10 | PORT17
SEG24 O | LCD segmentoutput 24
P16 26 10 | PORT16
SEG25 O | LCD segmentoutput 25
P15 25 10 | PORT15
SEG26 O | LCD segment output 26
P14 10 /| /PORT14
SEG27 24 O \ |\ LCD segment outpuy27
INT3 | External interrupt 3 input
P13 10 | "PORT13
SEG28 23 O~| LCD segment output 28
INT2 I/ External interrupt 2 input
P12 10 | PORT12
SEG29 22 O | LCD segmentoutput 29
INT1 | Externalinterrupt-1 input
P11 10 [NPORT11
SEG30 21 O | LCB.segment/output 30
TXD O | UART data output
P10 10\ [\PORT10
SEG31 20 O__| \LED segment output 31
RXD K~ UART data input
PORT22
P22 10 . ) . )
7 Resonator connecting pins(32.768kHz) for inputting external
XTOUT Q
clock
PORT21
P21 10 ) . . .
XTIN 6 | Resonator connecting pins(32.768kHz) for inputting external
clock
P20 10 | PORT20
STOP 9 I | STOP mode release signal input
INT5 | | External interrupt 5 input
P37 64 O | PORT37
DVO O | Divider Output
P36 63 O | PORT36
PDO3/PWM3 O | PDO3/PWM3 output
P35 62 O | PORT35
PDO4/PWM4/PPG4 O | PDO4/PWM4/PPG4 output
P34 10 | PORT34
PDO5/PWM5 61 O | PDO5/PWMS5 output
TC5 I | TC5input
P33 10 | PORT33
PDO6/PWM6/PPG6 60 O | PDO6/PWM6/PPG6 output
TC6 I | TC6 input
P32 59 10 | PORT32
SCK 10 | Serial Clock /1O
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TMP86PS23UG

Table 1-1 Pin Names and Functions(2/3)
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Pin Name Pin Number Input/Output Functions
P31 10 | PORT31
SO 58 O | Serial Data Output
TC3 I | TC3input
P30 10 | PORT30
Sl 57 | Serial Data Input
TC4 I | TC4input
P57 35 10 | PORT57
SEG16 O | LCD segment.output’ 16
P56 24 10 | PORT56
SEG17 O | LCD segmentoutput 17
P55 a3 10 | PORT55
SEG18 O | LCD segmentoutput 18
P54 22 10 /| ,PORTS4
SEG19 (e] K'CD segment output-19
P53 a1 1 |\ PORT53
SEG20 O [“LCD segment output 20
P52 30 10~/ PORT52
SEG21 O | LCD segment outptit 21
P51 29 10 | PORT51
SEG22 O | LCD-segment output 22
P50 28 10 | PORT50
SEG23 O | LCD segment/output 23
P67 10 | PORT67
AIN7 19 K [\ Analog Input7
STOP5 | [\STOPS5 input
P66 10|, PORT66
AING6 18 L] Analog Inputé
STOP4 | | STOP4 input
P65 10 | PORT65
AIN5 17 I | Analog Input5
STOP3 I | STOP3 input
P64 10 | PORT64
AIN4 16 I | Analog Input4
STOP2 | | STOP2 input
P63 10 | PORT63
AIN3 15 I | Analog Input3
INTO | External interrupt O input
P62 10 | PORT62
AIN2 14 I | Analog Input2
ECNT I | ECNT input
P61 10 | PORT61
AIN1 13 | | Analog Inputl
ECIN I | ECIN input
P60 ” 10 | PORT60
AINO I | Analog Input0
P77 43 10 | PORT77
SEG8 O | LCD segment output 8
P76 1 10 | PORT76
SEG9 O | LCD segment output 9
Page 6
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Table 1-1 Pin Names and Functions(3/3)

Pin Name Pin Number Input/Output Functions
P75 “ 10 PORT75
SEG10 O | LCD segment output 10
P74 40 10 PORT74
SEG11 O | LCD segment output 11
P73 39 10 PORT73
SEG12 O | LCD segment output 12
P72 a8 10 | PORT72
SEG13 (0] LCD segmentoutput™13
P71 a7 10 | PORT71
SEG14 O | LCD segmentautput14
P70 36 10 | PART0
SEG15 O | LCD segment output 15
P87 51 10 ||\ PORT8?
SEGO O |\ LED-segment output®
P86 50 10 PORT86
SEG1 O. | LCD segment output ¥
P85 49 10 PORT85
SEG2 O | LCD segment oltput'2
P84 48 10 | PORT84
SEG3 (e] LCD segment autput 3
P83 a7 10 | PORT83
SEG4 O | LCD segmerit gutput 4
P82 16 10 PORT82
SEG5 O |\.CD segment output 5
P81 458 10, PORTS81
SEG6 O | LCD segment output 6
P80 na 10 PORTS80
SEG7 @ | LCD segment output 7
COM3 52 O | LCD common output 3
Ccom2 53 O LCD common output 2
CcoM1 54 O LCD common output 1
COMO 55 (e] LCD common output O
XIN 2 I | Resonator connecting pins for high-frequency clock
XQUT 3 O | Resonator connecting pins for high-frequency clock
RESET 8 | Reset signal
TEST 4 I | Test pin for out-going test. Normally, be fixed to low.
VAREF 11 I | Analog Base Voltage Input Pin for A/D Conversion
AVDD 10 I | Analog Power Supply
VDD 5 | +5V
VSS 1 I | O(GND)
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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 TMP86PS23UG memory is composed OTP, RAM, DBR(Data buffer-register) and SFR(Special func-

tion register). They are all mapped in 64-Kbyte address space. Figure 2-1 shéws the TMPS6PS23UG memory
address map.

0000y SERY /Special function register includes:
SFR 64 bytes 11O ports
| 003Fy Peripheral control registers
0040y Peripheral status registers
System control registers
2048 Program status word
tes RAM: andom access memory-includes:
RAM by Rand infclud
Data memory
083Fy Stack
O0F80y DBR: ™. Data buffer register includes:
DBR 128 Peripheral’ cantrol registers
bytes Peripheral/status registers
OFFFy LCD display memory
1000y QTP \Program memory
61440
OTP
bytes
FFBO =
H Vector table for interrupts
FFBFy (16 bytes)
PFCOH Vector table for vector call instructions
FFDFH (32 bytes)
FFEOy Vector table for interrupts
FFEFy (32 bytes)

Figure 2-1 Memory Address Map

2.1.2 Program Memory (OTP)

The TMP86PS23UG has a 61440 bytes (Address 1000H to FFFFH) of program memory (OTP ).

2.1.3 Data Memory (RAM)

The TMP86PS23UG has 2048 bytes (Address 0040H to 083FH) of internal RAM. The first 192 bytes
(0040H to 00FFH) 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
TMP86PS23UG

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”. (TMP86PS23UG)

LD HL, 0040H ; Start address setup
LD A H ; 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 staridby)controller.

Timing generator control register

Clock
;=== generator -------; ﬂOO%H
; ifc O <
High-frequency g Timing Standby controller
clock oscillator | 4 gengrator [

§ 0038Hﬁ oongﬁ
ifs ¢ ¢ ¢ ¢ [ SYSCRL | [ syscr2 ]

System control registers

Low-frequeney

clock oscillator System clocks

.

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-frequeney~(fc) clack-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, externalclock is applied to XIN/XTIN pin with XOUT/XTOUT pin not connected.

Page 10
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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 fréquengy, can be adjusted by manitoring.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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2.2.2 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
Generation of warm-up clocks for releasing STOP mode
LCD

N o gk~ owbdPE

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”.

', Main system clock generater fcorfs® Machine cycle counters
SYSCK
DV7CK
Divider
High-frequency 1]2 fer4 »1]213 8| 9[t0]11[12|13|14|15]|16(17|18]|19|20|21
clock fc
4
Low-frequency S | Multiplexer
clock fs —> BO
» B1
» A0 YO
» AL y1»> | Warm-up
controller
>
» | Watchdog
> | timer
YVV L AL AAAN] YYVYVYY ¥ \ A

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

Figure 24 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]
of the divider 1:fs

DV7CK RIW

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-eperation are synchronized withdhe/main system clock.

The minimum instruction execution unit is-called an_¥machine cycle”.There areatotal of 10 different
types of instructions for the TLCS-870/C, Séries:_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 t0/S3);-and-each state consistsof ene main system clock.

1/fc or 1/fs [s]

>

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

1 ! T
1 ! 1
|

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

54— Machine cycle—bs

1 +

Figure 2-5 Machine Cycle

2.2.3 Operation Mode Control Circuit

The opeération-mode control cifcuit starts and stops the oscillation circuits for the high-frequency and low-
frequéncy-clocks, and switches'the main system clock. There are three operating modes: Single clock mode,
dual clock mode and STOP mode:These modes are controlled by the system control registers (SYSCR1 and
SYSCR2).Figure 2-6-shows'the eperating 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) NORMALL mode

In this mode, both the CPU core and on-chip peripherals operate using the high-frequency clock.
The TMP86PS23UG is placed in this mode after reset.
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(2)

3)

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 NORMAL1
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 interfuptservice is completed. When
the IMF is “0” (Interrupt disable), the execution will resume with the.instruction which follows the
IDLE1 mode start instruction.

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 seurce clock selected
with TBTCR<TBTCK>, the timing generator starts-feeding the clock-to alperipheral circuits.

When returned from IDLEO mode, the' CPU restarts operating, enteringt NORMAL1 mode back
again. IDLEO mode is entered and retutned regardless of how TBTCR<TBTEN> is set. When IMF =
“1”, EF6 (TBT interrupt individual enable flag) = “1”, and TBTCR<TBTEN> = “1”, interrupt pro-
cessing is performed. When IDLEQ-mode is entered while’ FTBTCRSTBTEN> = “1”, the INTTBT
interrupt latch is set after returning to NORMALZ1 mode.

2.2.3.2 Dual-clock mode

Both the high-frequency-and tew-=frequency oscillation circuits are used in this mode. P21 (XTIN) and
P22 (XTOUT) pins cannat be Used as input/output ports. The main system clock is obtained from the
high-frequency clock in NORMAIL?2 and IDLEZ modes;.and is obtained from the low-frequency clock in
SLOW and SLEEP,medes, The machine cycle-time.is 4#fc [s] in the NORMALZ2 and IDLE2 modes, and
4/fs [s] (122-ps.at fs =/32.768 kHz) in the SLOW-and SLEEP modes.

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

@)

NORMAL2 mode

In.this’mode, the CRU core operates with the high-frequency clock. On-chip peripherals operate
using the high-frequency.clock and/or low-frequency clock.

(2) SsLOW2'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 SLOW2 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.

Downloaded from AFfOW.com.
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Switching back and forth between SLOW1 and SLOW2 modes are performed by
SYSCR2<XEN>. In SLOW1 and SLEEP modes, the input clock to the 1st 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 CPY 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/dow-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/modg, except that operation-returns-fo SLOW1 mode.
In SLOW1 and SLEEP1 modes, the input clock tothe/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, SLOW?2 mode. The status under the
SLEEP2 mode is same as thatunderthe SLEEP1 mede;.except-forthe 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 SLEEROmode starts, the CPU Stops and the timing generator stops feeding the clock to the
peripheral circuitsother than TBT. Then,upon detecting the falling edge of the source clock selected
with TBTCR<TBVCK>, 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
Z/'1”, EF6 (TBT interrupt individual enable flag) = “1”, and TBTCR<TBTEN> = “1”, interrupt pro-
cessing/is performed. VWWhen SLEEPO mode is entered while TBTCR<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" a SYSCR1<STOP> = "1"
IDLE1 [‘ NORMAL1 ']
mode > mode <
Interrupt 7 STOP pih input
(@) Single-clock mode SYSCR2<XTEN> = "0" SYSCR2<XTEN>="1"
 SYSCR2<IDLE>="1" 2 SYSCR1<STOP>)= "1"
IDLE2 [‘ NORMAL2 ']
mode > mode <
Interrupt 1 STOR pin input
SYSCR2<SYSCK> ="0" SYSCR2<SYSek> = "1
STOP
_ SYSCR2<IDLE>="1" A
SLEEP2 [‘ SLOW2
mode > modé¢
Interrupt y
SYSCR2<XEN> ="1" SYSCR2<XEN> = "0
__SYSCR2<IDLE> ="1" ’— SYSCRI<$TOPS="1" _
SLEEP1 [‘ SLOWY ,]
mode > maode <
Interrupt in i
(b) Dual-clock mode P 1 STOP pin input
Note 2 SYSCR2<TGHALT> ="1"
A 4
SLEERO
mode

Note 1: NORMAL1 and NORMAL2 modes-are generically called NORMAL; SLOW1 and SLOW?2 are called SLOW; IDLEO, IDLE1
and IDLE2 are called IDLE; SLEEPO/SLEEP1 and SLEEP2 are called SLEEP.
Note 2: The mode is released by falling edge of TBTCR<TBTCK5 setting.

Figure 2-6{Operating Mode Transition Diagram

Table 2-1 Operating. Mode and Conditions

Oscillator
. Other Machine Cycle
Operating Mode i CPU Core TBT
P 9 High Low Peripherals Time
Frequency | Frequency
RESET Reset Reset Reset
NORMAL1 Operate
Oscillation Operate 4/fc [s]
Singleelock | IDLE1 Stop Operate
IDLEO Halt
Halt
STOP Stop. Halt -
NORMALZ2 Qperate with
high frequency 4ffc [s]
IDLE2 Halt
Oscillation -
SLOW? Operate with
low frequency Operate
Oscillation Operate
bual clock | SLEEP2 Halt P
SLOW1 Operate with 4/fs [s]
low frequency
SLEEP1 Stop
SLEEPO Halt
Halt
STOP Stop Halt -
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System Control Register 1

SYSCR1

(0038H) | STOP | RELM | RETM | OUTENl

Note 1:

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

Note 6:
Note 7:

Note 8:

7 6 5 4 3 2 1 0

WUT | ‘ ‘ (Initial value: 0000 00%)

STOP STOP mode start 0: CPU core and peripherals remain active RIW
1: CPU core and peripherals are halted (Start STOP mode)
Release method for STOP 0: Edge-sensitive release
RELM " R/W
mode 1: Level-sensitive release
RETM Operating mode after STOP 0: Return to NORMAL1/2 mode: RIW
mode 1: Return to SLOW1 mode
0: High impedance
OUTEN Port output during STOP mode 'gh imp R/W
1: Output kept
Return to NORMAL mode Return to,. SLOW mode
Warm-up time at releasing 00 342N 32
WuT 16, 13 R/W
STOP mode 01 2 s
10 3% Z14te 3\x 25/fs
1 2145¢ 25)fs

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

When STOP mode is released with RESET pin input;.aeturn'is made to NORMAL fegardless of the RETM contents.
fc: High-frequency clock [Hz], fs: Low-frequency-elock [Hz]; *; Don't care
Bits 1 and 0 in SYSCR1 are read as undefined data when a read instruction is €xecuted.

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. Therefare, when stop mode is started;,, OUTEN does not affect to P20, and P20 becomes
High-Z mode.

The warmig-up time should be’ setcoyrectly for using oscillator.

System Control Register 2

SYSCR2

7 6 5 4 3 2 1 0
(0039H) | XEN | XTEN | SYSCK ] IDLE | | TEHALT | ‘ ‘ (Initial value: 1000 *0*)
) . 0: TFurn~off oscillation
XEN High-frequengy oscillator control -
1: Turn on oscillation
XTEN Low-frequency oscillator control OsJ0rg off oscillation
q y 1: Turh on oscillation R/W
Main’system clock select .
. ) .| 0: High-frequency clock (NORMAL1/NORMAL2/IDLE1/IDLE2)
SYSCK (Write)/main system cloek moni-
1: Low-frequency clock (SLOW1/SLOW2/SLEEP1/SLEEP2)
tor (Read)
BLE 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 RIW
TG control(IDLEO~and SLEEPO . .
TGHALT modes) ( 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 SYSCR?2 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
(STOP5 to STOP2) which is controlled by the STOP mode release contral 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 part. output latches are all held in the
status in effect before STOP mode was entered.

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

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

STOP mode includes a level-sensitive mode and-an. edgessensitive mode, either. of which can be
selected with the SYSCR1<RELM>. Do not use any(key-an wakeup input (3TOPR5 to STOP2) for releas-
ing STOP mode in edge-sensitive mode.

Note 1: The STOP mode can be released by either the"SFOP or key-on wakeup pin (STOP5 to STOP2).
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 forreleasing STOP mode.

Note 2: During STOP period (from start' of STOP meade to end of warm'up); dug to changes in the external
interrupt pin signal, interrupt Jatches may, be set to 71”-and-interrupts_may be accepted immediately
after STOP mode is released. Befere starting STOR 'mode, therefore, disable interrupts. Also, before
enabling interrupts after STOPmode is released, clear.unnecessary interrupt latches.

(1) Level-sensitive rélease.mode (RELM = 1)

In this mode, STOP-mode is released by setting-the STOP pin high or setting the STOP5 to STOP2
pin input which is/enabled by STOPCR:-This 'mode is used for capacitor backup when the main
power supply is cat off/and long term battery backup.

Even if an-instruction for starting STOP-mode is executed while STOP pin input is high or STOP5

to STOPZ.input is low, STOP mode does not start but instead the warm-up sequence starts immedi-
ately. Thus, to/start STOP mode inthe-level-sensitive release mode, it is necessary for the program to
first confirm that the STOP pin_input is low or STOP5 to STOP2 input is high. The following two
methods.can be used for confirmation.

1. Testing a port.
2. Using anexternakinterrupt input INT5 (INT5 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
[o]] i IMF <0
SET (SYSCR1). 7 ; Starts STOP mode
Page 18
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Example 2 :Starting STOP mode from NORMAL mode with an INT5 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 JIMF <0
SET (SYSCR1). 7 ; Starts STOP mode
SINTS: RETI

STOP pin \ ‘ ViH \

)
J
1
7 \
1

: 4 i
xoursn [T -G
1

NORMAL : STOP Sie : NORMAL
operation E operation 1 Warm up > gperation
Confirm by program that the \_

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

STOP mode. Always released'if the STOP>

pin input is high.

Figure 2-7 Level-sensitive Release Made

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 te the level-sensitive.mede from the edge-sensitive mode, the release
mode is not switched untila\rising edge of the STOP-pin input is detected.

(2) Edge-sensitive release mode (RELM = “0%)

In this mode, STORmode 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
thé.edge-sensitive release mode,"STOP‘mode is started even when the STOP pin input is high level.
Do notusé.any STOP5 to STOP2 pininput for releasing STOP mode in edge-sensitive release mode.

Example :Starting STOP mode from NORMAL-maede
[9)) ; IMF <0

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

. 27
STOP pin \ 7[ Vin \ \
i . %

7 97

. £ |
xourein TN | QI

NORMAL STOP ' STOP

i <« i —>ie Warmup S
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

1.

Note 1:

Note 2:

Note 3:

mode is released by the following sequence.

In the dual-clock mode, when returning to NORMALZ2, 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 afterthe-presealer and the divider of the
timing generator are cleared to "0".

STOP mode can also be released by inputting low level'onthe’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/Tisingtogether with the power supply waltage. In this
case, if an external time constant circuit has\béen connected, the RESET(pin)input-voltage will
increase at a slower pace than the power supply-voltage. At this'time, there is & danger that a
reset may occur if input voltage level 0fthe"RESET pin drops below the non-invérting high-level
input voltage (Hysteresis input).

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

Warm-up Time [ms]
WuT
Return to.NORMAL ‘Mode Return-to'SLOW Mode
00 12.288 750
01 4096 230
10 3072 5.85
11 1.024 1.95

Note 1: The warm-up'time-is obtained by dividingsthe 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.
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2.2.4.2 |IDLE1/2 mode and SLEEP1/2 mode

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

2. 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.

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

Y

Starting IDLE1/2 and
SLEEP1/2 modes by
instruction

'

CPU and WDT are halted

Yes

Resetinput Reset

lnterrupt réquest

“1” (Intercupt release mode)

Normal
release mode

Interrupt processing

—

Execution of the instruc-
tion'which_follews the
IDLE}/2 and SLEEP1/2
modes-start instruction

<

Figure 2<10. IDLE1/2 and SLEEP1/2 Modes
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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 (IMFE). Afterreleasing IDLE1/2 and
SLEEP1/2 modes, the SYSCR2<IDLE> is automatically clearedto 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 releasedby-inputting low level on the RESET pin.
After releasing reset, the operation mode is started from NORMALZ1 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 1oad instructions.

(2) Interrupt release mode (IMF 1Y)

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-fram the instruction fellowing 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 SLEEPO 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 IDLEQ 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 instraction

|

CPU and WDT-are halted

Reset input
No

TBT
source clock
falling
edge

Yes
TBTERITBTEN>
="1"
Yes
TIBT interrupt
enable
Yes

Yes (Interrupt release mode)

Reset

(Normal release mode)

Interrupt processing

Execution of the instruction
which follows the IDLEO,
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; when/the 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-stapted from NORMALL mode:

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

(1) Normal release mode (IMFeEF6¢TBTCR<TBTEN> = “0%)

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

(2) Interrupt release’mode(IMFeEF6e 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 isgenerated 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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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 NORMAL2 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-oscitlation.

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

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

SET (SYSCR2). 5 ; SYSCR2<8YSEK> <1
(Switches the/main system clock te.the low-frequency,
clock for SLOW?2)

CLR (SYSCR2). 7 ; SYSCR2<XEN><— 0

(Turns-eff high-frequency oscillation)

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

SET (SYSCR2). 6 + SYSCR2<XTEN><=1
LD (TC3CR), 43H ; Sets modefor-TC4, 3 (16-bit mode, fs for source)
LD (TC4CR), 05H ; Sets warming-up ceunter mode
LDW (TTREG3),-8000H ; Sets warm=up time (Depend on oscillator accompanied)
DI [ IMF &4 Q
SET (EIRH). 4 ; Enables INTTC4
El VIMF <5 1
SET (TC4CR). 3 . Starts TC4, 3
PINTTC4: CLR (TCACR). 3 ; Stops TC4, 3
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

VINTTCA4: DW PINTTC4 ; INTTCA4 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 (TC4,TC3), 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 reser 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 _|—|_—|—|_

Main system clock - o RguugT
SYSCK - 1

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

SET (SYSCR2). 7 ; SYSCR2<XEN> <— 1 (Starts high-frequency oscillation)
LD (TC3CR), 63H +Sets mode for T€4, 3(16-bitmode;f¢/for source)
LD (TC4CR), 05H ; Sets warming<up counter mode
LD (TTREG4), OF8H ; Sets warm-up time
DI ; IMF <— 0
SET (EIRH) ; EnablesINTTC4
El ; IMF <=1
SET (TC4ACR). 3 ) Stafts TC4, 3
PINTTC4: CLR (TCACR). 3 ~Stops TC4, 3
CLR (SYSCR2).5 ; SYSCR2<SYSCK> <— 0

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

RETI

VAINTTC4: DW PINTTC4 ; INTTCA4 vector table
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2.3 Reset Circuit

The TMP86PS23UG 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/f¢[s}H1.5us 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 pointer SP Not initialized
po! P iniahz Prescaler and divider of timing,generator 0

General-purpose registers

Not initialized
(W, A, B, C,D,E, H, L, IX, 1Y)
Jump status flag (JF) | Notinitialized | Watchdag/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) | Notinitialized
Interrupt master enable flag (IMF) 0
Interrupt individual enable flags  (EF) 0 ) Refer to each of control
Control registers, .
Interrupt latches (L) ) register
LCD data buffer Not initialized
RAM Not initialized

2.3.1 External Reset Input

The RESET pin contains a Schmitttrigger (Hystéresis) with an internal pull-up resistor.

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

When-the/RESET pin input.gogs. 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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2.3.2 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 X Instruction at address r
execution , !

Address trap is occurred

(
L
‘
Internal reset | :
- kll L|4 !
< it <t

maximum 24/fc [s] 4/fc to 12/fc [s] ! 16/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 ahd 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-eccurs’automatically to prevent dead lock of the
CPU. (The oscillation is continued witheutstopping.)

- 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 ps at 16:0/MHz).
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3. Interrupt Control Circuit

The TMP86PS23UG has a total of 20 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 aceepted/in order which is domi-
nated by hardware. However, there are no prioritized interrupt factors among non-maskable interrupts.

Interrupt Factors Enable Condition Interrupt Vector Priority
Latch Address

Internal/External (Reset) Non-maskable - FFFE 1
Internal INTSWI (Software interrupt) Non-maskable - FEFC 2
Internal :::gﬁzl;)EF (Executed the undefined instruction Non-fraskable j| FEEC 2
Internal INTATRAP (Address trap interrupt) Non-maskable L2 FFFA 2
Internal INTWDT (Watchdog timer interrupt) Non-maskable 13 FFF8 2
External INTO IMEs EF4 =1, INTOEN = 1 L4 FFF6 5
External INT1 IMFeEF5 =1 IL5 FFF4 6
Internal INTTBT IMFe EF6 =1 IL6 FFF2 7
Internal INTTC1 IMFe EF7 =1 L7 FFFO 8
Internal INTSIO IMFe EF8= 1 IL8 FFEE 9
External INT2 IMFeEF9=1 IL9 FFEC 10
Internal INTRXD IMFe EF10 =1 IL10 FFEA 11
Internal INTTXD IMFe EF11 =1 IL11 FFE8 12
Internal INTTC4 IMFeEF12 =1 1L12 FFE6 13
Internal INTTC6 IMEs EF13.= 1 IL13 FFE4 14
Internal INTRTC IMFe EF14 =1 IL14 FFE2 15
Internal INTADC IMFe EF15=1 IL15 FFEO 16
Internal INFTC3 IMFe EF16 = 1 IL16 FFBE 17
External INT3 MFe EF17 =1 IL17 FFBC 18
Internal INTTCS IMFe EF18 =1 1L18 FFBA 19
External INTS IMFe EF19 =1 1L19 FFB8 20
- Reserved IMFe EF20 =1 IL20 FFB6 21

- Resefved IMFe EF21 =1 1L21 FFB4 22

- Reserved IMFe EF22 =1 IL22 FFB2 23

- Reserved IMFe EF23 =1 IL23 FFBO 24

Nete 1. To usethe address.trap’intertupt-({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 timerinterrupt (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 detalils,
refer to the corresponding notes in the chapter on the AD converter.

3.1 Interrupt latches (IL19 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) TMP86PS23UG

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-en the EF or IL
(Enable interrupt by El instruction)

In interrupt service routine, because the IMF becomes "0" automatically, clearing IME 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 AME£=0
LDW (ILL), 1110100000111111B JML12, IL10to IL6 <— 0
El NME <1

Example 2 :Reads interrupt latchess

LD WA, (ILL) s W< ILH, A < ILL

Example 3 :Tests interrupt latches
TEST (ILL). 7 ;IPIL7=1 then jump

JR F, SSET.

3.2 Interrupt enable register(EIR)

The interrupt enable-register (EIR) enables and disables the-aceeptance of interrupts, except for the non-maskable
interrupts (Software’/interrupt, undefined instruction intérrupt, 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 (Incloding read-modify-write instructions such as bit manipulation or operation instructions).

3.2.1 Intefrupt'master enable-flag (IMF)

The_interrupt enable register (IMF) enables and disables the acceptance of the whole maskable interrupt.
White 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 (EF19 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 (EF19 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 interruptilatch (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 intérrupt,/Service routine, manipulat-

Example 1 :Enables interrupts individually and sets IMF

DI ;IMF<—0

LDW (EIRL), 1110100010100000B +-EF1540 EF13, EF11, EF7, EF5'$—1
: Note7IMF should not be set,

El NMF <— 1

Example 2 :C compiler description example

unsigned int _io (3AH) EIRL; /* 3AH shows EIRL address */

_DI0;
EIRL = 10100000B;

_EI);
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3.2 Interrupt enable register (EIR) TMP86PS23UG

Interrupt Latches

(Initial value: 00000000 000000*)
ILH.ILL 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

(003DH,003CH)| IL15| IL14‘ ILlB‘ ILlZ‘ ILll‘ IL10‘ IL9 ‘ IL8 | IL7 ‘ IL6 ‘ ILs ‘ IL4 | IL3 ‘ IL2 ‘ ‘ ‘

ILH (003DH) ILL(003CH)
(Initial value: ****0000)
ILE 7 6 5 4 3 2 1 0
(002EH) | - | ~ | { | R | IL19 | IL18 | IL17 | IL16 |
ILE (002EH)
at RD at WR
IL19to IL2 Interrupt latches 0: No interfupt request 0: Clears the interrupt request R/W
1: Interrupt request 1: (Interrupt/fatch.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 enaple 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-en-the EFEor IL (Enable interrupt
by El instruction)

In interrupt service routine, because the IMF becofmes "0" automatically, clearing. IMF._need not execute normally on inter-
rupt service routine. However, if using multiple interrupten interrupt service routine, marnipulating 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
(0035H,003AH)| EFlS‘ EF14‘ EF13| EFlZ‘ EFll‘ EF10| EF9 ‘ EF8 | EF7 ‘ EF6 ‘ EF5 ‘ EF4 | ‘ ‘ | IMF |
ERH.(003BH) EIRL (003AH)

(Initial value: ****0000)

EIRE 7 6 5 4 3 2 1 0

(002CH) | _ | _ | _ | _ |EF19| EF18| EF17| EF16|

EIRE (002CH)

£F10 thEFA 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 Interrupt master enable flag )
1: Enables the acceptance of all maskable interrupts

Note 1: * . Doen’t care
Neote 27 Do-net 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 instruetion). 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” inerder\to/tisable the acceptance of any fol-
lowing interrupt.

b. The interrupt latch (IL) for the interrupt source accepted isicleared t0,*“0”.

¢. 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.séquence.of PSW + IMF,(PCH,"RCL. 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.

. ! Interfupt service task
1-machine cycle < >l

e 1 P R Y T B

1

'
Interrupt 1 /
request r
Interrupt : &
'
'

latch (IL)

: '
T T
IMF ' |
' ' 0
' ' .
Execute x Execute | \/Execuie
instruction instruction X Interrupt acceptance Instruction Execute RETI instruction
P ¥V X ﬂ@@@i\@ 2 KX r2)

SP 0

D,

Note 1: a: Refurnaddress 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
maghine cycle on 10 cycle instruction) to start interrupt acceptance processing since its interrupt latch is set.

Figure-3=1/Timing Chart-ef\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 Interrupt Sequence
TMP86PS23UG

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 ser¢ice shorten compared with length
between interrupt requests; otherwise the status cannot be recovered as non-maskable interrupt would simply
nested.

3.3.2 Saving/restoring general-purpose registers

During interrupt acceptance processing, the program counter (RC) 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 servic€s-are-nested, it is also necessary to avoid using
the same data memory area for saving registers. The following metheds are used to saVe/restore the general-
purpose registers.

3.3.2.1 Using PUSH and POP instructions

If only a specific register is saved or interrdpts-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 s |y b-5
Y AN ] e b-4
SP —» w SP — b-3
PCL PCL PCL b-2
CpeH N[ | PCH ..... PCH .................... b-1
Psw\ | | PSW _PSW SPot b
Atacceptance of [=) Atgxecution of C—)> Atexecution of C—>  Atexecution of

aninterrupt RUSH instruction POP instruction 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

Restoring
registers

)

4—
Interrupt return

Saving/Restoring general-purpose registers using PUSH/POP data tfansfey/instruction

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

3.3.3 Interrupt return

Interrupt return instructions\[RETI)/[RETN] perform-asfollows.

[RETI)/[RETN] Intersupt 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?lf [RETNJis 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
RCH are located on address (SP+ 1) and (SP + 2) respectively.

Example 1.:Returning from addresstrap.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) TMP86PS23UG

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 exécuted,

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 underINTATRAP (such as Example
2).

Note 2: When the interrupt processing time is longer than the interruptrequest-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 hoise 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, DBRor SFR-areas.

3.4.2 Debugging

Debugging efficieney 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. INTUNDEF is accepted even if non-maskable inter-
rupt-is—in_process. Contemporary_pracess 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 TMP86PS23UG 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/P63 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/P63 pin function selection are performed by the external interrupt
control register (EINTCR).

Source Pin Enable Conditions Release Edge Digital Noise Reject

Pulses.ofless-than 2/fc [s] are eliminated as
noise/Pulses of 7/fc [s] or more are considered
to be signals. Inthe SLOW or the SLEEP mode,
pulses-of lessthan 1/fs [s] are eliminated as
noise."Rulses 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 lor 63/fe [S}.are elimi-
nated as noise. Pulses of 49/fc or 193/fc [s] or
more are considered to be signals,-Inithe SLOW
or the SLEEP mode;-pulses of less/than 1/fs [s]
are eliminated as noise. Rulses of 3.5/fs [s] or
more are considefed-to be-signals.

Falling edge
INT1 INT1 IMF ¢+ EF5=1 or
Rising edge

Pulses of less.than 7/f¢ [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 lgss than 1/fs [s] are eliminated as
noise. Pulses of 3.5/fs [s] or more are consid-
eredto be signals.

Falling'edge
INT2 INT2 IMF+EF9 =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 ¢ EF17 =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.

INT5 INT5 IMF ¢« EF19="1 Falling gdge

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 sef 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\disablihg the interrupt epable flag.
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TMP86PS23UG
External Interrupt Control Register
EINTCR 7 6 5 4 3 2 1 0
(0037H) | INTINC | INTOEN | - ) | INT3ES | INT2ES | INTLES | (Initial value: 00* 000%)
INTING Noise reject time select 0: Pulses of less than 63/fc [s] are el?minated as no?se RIW
1: Pulses of less than 15/fc [s] are eliminated as noise
N ) . 0: P63 input/output port
INTOEN P63/INT f t — R
0 B3/INTO pin configuration 1: INTO pin (Port P63 should be set to an‘input mode) w
INT3 ES INT3 edge select 0: RISI,ng edge R/W
1: Falling edge
INT2 ES INT2 edge select 0: Rising edge RIW
1: Falling edge
0: Risi d
INT1 ES INT1 edge select ISI.ng edge R/W
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 orwhen the external interrupt.control register
(EINTCR) is overwritten, the noise canceller may not operate nofmally, It is recommended that external interrupts are dis-
abled using the interrupt enable register (EIR).

Note 3: The maximum time from modifying INTAINC until a noise reject.time is changed is 25/fe.
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4. Special Function Register (SFR)

The TMP86PS23UG adopts the memory mapped 1/0O 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

TMP86PS23UG.
4.1 SFR

Address Read Write
0000H Réserved

0001H P1DR

0002H P2DR

0003H P3DR

0004H R3OUTCR

0005H P5DR

0006H P6DR

0007H P7DR

0008H P8DR

0009H P1CR

000AH R5CR

000BH P6ERT

000CH P6CR2

000DH P7CR

000EH ADCCR1

000FH ADCCR2

0010H TREG1AL

0011H TREG1AM

0012H TREG1AH

0013H TREG1B

0014H TCICR1 | TCICR
0015H TC1CR2

00164 TC1SR ’ -
0017H RTCCR

0018H TC3CR

0019H TC4CR

001AH TC5CR

001BH TC6CR

001CH TTREG3

001DH TTREG4

001EH TTREG5

001FH TTREG6

0020H ADCDR2 -
0021H ADCDR1 -
0022H Reserved

0023H Reserved

0024H P8CR

0025H UARTSR UARTCR1
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4.1 SFR
TMP86PS23UG

Address Read Write
0026H - UARTCR2
0027H LCDCR
0028H PWREG3
0029H PWREG4
002AH PWREGS5
002BH PWREG6
002CH EIRE
002DH Reserved
002EH ILE
002FH Reserved
0030H Reserved
0031H Reserved
0032H Reserved
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 Jatches cannot yse the, read-modify-write instructions (Bit manipulation instructions such
as SET, CLR, étc. and logical-operation instructions such{as AND, OR, etc.).

Page 46

Downloaded from AFfOW.com.


http://www.arrow.com

TOSHIBA

TMP86PS23UG

4.2 DBR
Address Read I Write
OF80H SEG1/0
OF81H SEG3/2
OF82H SEG5/4
OF83H SEG7/6
OF84H SEGY/8
OF85H SEG11/10
OF86H SEG13/12
OF87H SEG15/14
OF88H SEG17/16
OF89H SEG19/18
OF8AH SEG21/20
OF8BH SEG23/22
OF8CH SEG25/24
OF8DH SEG27/26
OF8EH SEG29/28
OF8FH SEG31/30
OF90H SIOBRO
OF91H SIOBR1
0F92H SIOBR2
OF93H SIOBR3
0F94H SIOBR4
OF95H SIOBRY
OF96H SIOBR6
OF97H SIOBR7
0F98H - SIOCR1
0F99H SIOSR SIOCR2
OF9AH - STOPCR
OF9BH RDBUF TDBUF
OF9CH P2PRD -
OF9DH P3PRD -
OF9EH P1LCR
OF9FH P5LCR
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4.2 DBR
TMP86PS23UG

Address Read Write
OFAOH P7LCR

OFA1H P8LCR

OFA2H Reserved

OFA3H Reserved

OFA4H MACCR

OFA5H MACSR -
OFAGH MPLDRL

OFA7H MPLDRH

OFA8H MPCDRL

OFA9H MPCDRH

OFAAH RCALDR1 MADDR1
OFABH RCALDR2 MADDR2
OFACH RCALDR3 MADDR3
OFADH RCALDR4 MADDRA4
OFAEH Réserved

OFAFH Resgerved

OFBOH Reserved

OFB1H Reserved

OFB2H Reserved

OFB3H Reserved

OFB4H Reserved

OFB5H Reserved

OFB6H Reserved

OFB7H Reserved

OFB8H Reserved

OFB9H Reserved

OFBAH Reserved

OFBBH Reserved

OFBEH Reserved

OFBDH Reserved

OFBEH 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.
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. 1/0O Ports

The TMP86PS23UG has 7 parallel input/output ports (48 pins) and output ports (3 pins) as follows.

Primary Function Secondary Functions
Port P1 8-bit 1/O port External interrupt input, UART input/output, and segment output.
Port P2 3bit /0 port Low-frequency resonator corr;r;:::sr;isg;:;t?r:gjlt.interrupt input, STOP mode
5-bit I/O port Timer/counter input/output serial interface.input/outpGt/and divider output.
PortPs 3-bit I/O port Timer/counter input/output.
Port P5 8-bit I/O port LCD segment output.
Port PG 8-bit 110 port Analog input, external inter::g;zgustié:r;i:z:mer input and STOP mode
Port P7 8-bit 1/O port LCD segment output’
Port P8 8-bit 1/0 port LCD segmentoutput.

Each output port contains a latch, which holds the output-data. Al input ports do not haye’latches, so the external
input data should be externally held until the input data is fead 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 exectutionof the read instruction. This
timing cannot be recognized from outside, so that transient.input such as chattefing must be processed by the pro-

gram.

Output data changes in the S2 state of the write cycl¢ during/eXecution of the instruction which writes to an I/O

port.

Instruction

Fetch-eycle Fetch cycle Read cycle

(SO 81 S2 S3 S0 S1.S2 83 SO0 S1 S2 S3

IEx: !_D AI (x)I

|

execution cycle _ - _ 1 1 1 L 1 1 1

Input strobe

Data input

Instruction

=

"X

(a) Input timing

Fetch cycle Fetch cycle Write cycle
____ S0/ s1 s2 S3 S0 S1 S2 83 SO S1 S2 83
Ex:LD (x),A |

execution cycle ____ h 1 1 ! | 1 ! I

Output strobe | |

Data output

old 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 Port P1 (P17 to P10)

Port P1 is an 8-bit input/output port which can be configured as an input or an output in one-bit unit. Port P1 is also
used as a UART input/output, an external interrupt input and segment output of LCD. Input/output mode is specified

by the P1 control register (P1CR).

When used as an input port or a secondary function input pins (UART input or external interrupt input), the corre-

sponding bit of P1CR and P1LCR should be cleared to “0”.

When used as an output port, the corresponding bit of P1CR should be set to “1(’] and the,respective PILCR bit
should be cleared to “0”. When used as an UART output pin, the corresponding bit 0f PACR and the output latch
(P1DR) should be set to “17, and the respective P1LCR bit should be cleared tg 07,

When used as a segment pins of LCD, the respective bit of PILCR should beset to*517.

During reset, the PIDR, PICR and P1LCR are initialized to “0”.

When the bit of PICR and PILCR is “07, the corresponding bit databy read instruction is a terminal input data.

When the bit of PICR is “0” and that of PILCR is “17, the corfesponding bit data by read instruction is always

“0”

When the bit of PICR is “1”, the corresponding bit data by read instruction is the valu¢ off P1DR.

Table 5-1 Register Programming for Multi-function Ports
Programmed Value
Function
P1DR P1CR P1LCR

Port input, UART input, and external intefrupt N @ “Qr
input

Port “0” output 0" “1” ‘0"
Port “1” output and UART output 1 “a” “0”

LCD segment output

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

Table'5-2._Valyes Read from P41DR and Register Programming

Conditions
Values Read from P1DR
P1CR PTLCR
“0” “0” Terminal input data
“g «qr “o"

Output latch contents
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P1LCRIi input

P1LCRI

oreN ——d P10
OUTEN
a._/

P1CRi

5
P1CRi input <—<}—
—f o

<
Data input (P1DRI) < I Q_‘
Data output (P1DRi) —)IE ¢ P1i

Output latch Note:i=7to 0
Control output
Control input <€
LCD data output l\l/

Figure 5-2 Port P1

7 6 5 4 3 2 1 0
P1DR P17 P16 P15 P14 R13 P12 P11 R10
(0001H) | sEG24 | SEG25 | SEG26 | SEG27 | SEG28 | SEG29 | SEGS0 | SEG3{
RIW B 4 ] (Initial value: 0000 0000)
INT3 INT2 INT1 TXD RXD
P1LCR 7 6 5 4 3 2 1 0
(OF9EH) | | | | | | | | | (Initial value: 0000 0000)
PILCR Port P1/segment outputeontrol | 0: P1 input/output port-er.secondary function (expect for segment) RIW
(set for each bit individually) 1: LCD segment output
P1CR 7 6 5 4 3 2 1 0
(0009H) | | | | l | | | | (Initial value: 0000 0000)
PICR P1 port input/o'ut'put' éontrol Q: Input mode RIW
(set for each bit individually) 1. Output mode

Note: 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.
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5.2 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 “17.

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, @/ 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 onytheir respective address.

When read the output latch data, the P2DR should be read and whénread 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 pnstable.

Data input (P20PRD) <€
Data input (P20)

!

—>»D Q

Data output (P20)

Output latch

Control input

Data input (P21PRD)

TA A

Output latch read (P21}

=Y

"1
b
<<

Osc. enable

[

D] P20 (inT5, sTOP)

Data output (P21)
Output latch

«
__,@ .

Data input (P22PRD)
Output latch read (P22}

Data output (P22)

N/

<l

D P21 (XTIN)

T

\X//

Qutput latch ?:/\
STOP
QUTEN
XTEN
fs <€ é‘l
Figure 5-3 Port P2
7 6 5 4 3 2 1 0
P2DR
(0002H) P22 P21 P20
RIW XTOUT | XTIN TS
STOP
PoPRD 7 6 5 4 3 2 1 0
(OFQCH)‘ ‘ ‘ ’ | P22 | P21 | P20 |
Read only

] ] P2 (xToum)

(Initial value: **** *111)

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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5.3 Port P3 (P37 to P30)

Port P3 is a 3-bit output and a 5-bit input/output pott.

It is also used as a timer/counter input/output, serial interface input/output or divider output.

When used as a timer/counter output, serial interface output or divider output, respective output latch (P3DR)

should be set to “1”.

It can be selected whether output circuit of P30 to P34 port is C-MOS output or a/sink-open drain individually, by
setting P3OUTCR. When a corresponding bit of PZOUTCR is “0”, the output circuit is selgctéd to a sink open drain
and when a corresponding bit of PSOUTCR is “1”, the output circuit is selected-to-a €-MOS output. When used as
an input port, serial interface input or timer/counter input, respective output control (PZOUTCR) should be set to “0”

after P3DR is set to “17. During reset, the P3DR is initialized to “1”, andthe P3OUTCR is initialized to “0”.

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

When read the output latch data, the P3DR should be read and whenread-the t¢rminal input data, the P3PRD reg-
ister should be read. If a read instruction is executed for the P3PRD) and'the P3OUTCR, read data ef bits 7 to 5 are

unstable.

Table 5-3 Register Programming for\Multi-function ports (P34-t6/P30)

Programmed Value

or timer counter output

Function
P3DR P30OUTCR
Port input, serial interface input, 1 iy
or timer counter input
Port “0” output g Programming
Port “1” output, serial interface output, am for each
1 applications

Table 5-4 Register Programming for"Multi-function (P37 to P35)

Programmed
Function Value
P3DR
Port/*Q" output ‘0"
Port “1* output, timer cotnter-output, ordivider output “1”
YL —
OUTEN
P3OUTCRI
P30OUTCRI input < P
Datainput (P3PRD) < < Q]

Output Tatch read (P3DR) <—Q—<

Data output (P3DR) —
Output latch
Control output

\

Control input <€

STOP
OUTEN

Output latch read (P3DRj) <€

Data output (P3DRj)
Output latch
Control output

> [ ]

Figure 5-4 Port P3

D P3i

4t00

J
Note:j=7t0 5
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5.3 Port P3 (P37 to P30)

TMP86PS23UG
7 6 5 4 3 2 1 0
P3DR P37 P36 P35 P34 P33 P32 P31 P30
(0003H) DVO PWM3 PWM4 PWM5 PWM6 SCK SO S|
RW PDO3 PDO4 PDO5 PDO6 TC3 TC4 (Initial value: 1111 111)
PPG4 TC5 PPG6
TC6
P30UTCR 7 6 5 4 3 2 1 0
(0004H) ‘ ‘ | | | | (iliatvalie=—>0 0000)
Port P3 output circuit control 0: Sink open-drain output
P3OUTCR (set for each bit individually) 1: C-MOS output RW
P3PRD 7 6 5 4 3 2 1 Q
(OF9DH) ‘ ‘ | P34 | P33 | P32 | P31 P30 |
Read only
Page 54
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5.4 Port P5 (P57 to

P50)

Port PS5 is an 8-bit input/output port which can be configured as an input or an output in one-bit unit. Port P5 is also
used as a segment output of LCD. Input/output mode is specified by the PS5 control register (PSCR).

When used as an input port, the corresponding bit of PSCR and P5LCR should be cleared to ““0”.

When used as an output port, the corresponding bit of PSCR should be set to “17, and the respective PSLCR bit

should be cleared to “0™.

When used as a segment pins of LCD, the respective bit of PSLCR should be set t6 1.
During reset, the output latch (P5SDR), PSCR and P5LCR are initialized to “0”.
When the bit of PSCR and PSLCR is “0”, the corresponding bit data by read instruction-is-a’terminal input data.
When the bit of PSCR is “0” and that of PSLCR is “17, the corresponding bit data/by fead instruction is always “0”.

When the bit of PSCR is “17, the corresponding bit data by read instruction-is the alug/of PSDR.

Table 5-5 Register Programming for Multi-function Ports

Programmed Value

Function
P5DR P5CR P5LCR
Port input * “0” “a”
Port “0” output 0" “1” ‘0"
Port “1” output N “1” 0"

LCD segment output

*

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

Table 5-6 Values Read.from P5DR and Register Programming

Conditions
Values Read fremP35DR
P5CR B5LER

“0" “0 Terminal input data

“ Z «o
Qg

“q” OutpUt latch contents
“qr

STOP

OUTEN
PSLCRI input

PSLCRI
P5CRi input

P5CRIi

Data input (P5DRi)

Data output (P5DRi)

LCD data output

— J p———

D————
=D

<—<}—
.
<—<]——
G

-
«

1\/}_‘\1

—f 4

Output latch

©

L~

Figure 5-5 Port P5

D P5i

Note:i=7to 0
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5.4 Port P5 (P57 to P50) TMP86PS23UG

7 6 5 4 3 2 1 0
P5DR
P57 P56 P55 P54 P53 P52 P51 P50
0005H Initial value: 0000 0000
¢ - )| sects | sect7 | secis | secte | sec2o | sec2t | seczz | seces | (Mt value )
P5LCR 7 6 5 4 3 2 1 0
(OF9FH) | | | | | | | | | (Initial value: 0000/0000)
P5LCR Port P5/segmelnt. ou.t;?ut control | O: P5 input/output port RIW
(Set for each bit individually) 1: LCD segment output
P5CR 7 6 5 4 3 2 1 0
(000AH) | | | | | | | I | dhitial value: 0000 DOCO)
PS5 port input/output control 0: Input mode
PSCR (Set for each bit individually) 1: Output mode RW

Note: The port placed in input mode reads the pin input state. Therefore, whenh the input and gutputmodes are used together, the
output latch contents for the port in input mode might be(changed. by executing a bit maniputationlinstrlction.
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5.5 Port P6 (P67 to P60)

Port P6 is an 8-bit input/output port which can be configured as an input or an output in one-bit unit. Port P6 is also
used as an analog input, Key on Wake up input, timer/counter input and external interrupt input. Input/output mode
is specified by the P6 control register (P6CR1) and input control register (P6CR2).

When used as an output port, the corresponding bit of P6CR1 should be set to <},

When used as an input port, timer/counter input or an external interrupt input, the corresponding bit of P6CR1
should be cleared to “0”, and then, the corresponding bit of P6CR2 should be set to (1.

When used as an analog input or key on wake up input, the corresponding bit-of P6CER L-should be cleared to “07,
and then, the corresponding bit of P6CR2 should be cleared to <“0” .

The output latch of each digital input port with multiple functions should'besetto <0 to prevent flow-through cur-
rent. Therefore, the output latch of each port to be used for analog input should\bepreprogrammed to “0”. The con-
version input channel to be used is actually selected by ADCCRI<SAIN>,

During reset, the output latch (P6DR) and P6CR1 are initialized to 0%, PGER?2 is initialized/to 1%
When the bit of P6CR1 and P6CR2 is “0”, the corresponding bit data by read instructiofyis-always “0”.

When the bit of P6CR1 is “0” and that of P6CR2 is “17, the corfesponding bit data by(read instruction is a terminal
input data.

When the bit of P6CR1 is “17, the corresponding bit data by read instruction is the valuc ef P6DR.

Table 5-7 Register Programming for,Multi-function Ports

Programmed Value
Function
PEDR P6CRA1 P6CR2
Port input external interrupt input or timer counter input * ‘0’ “1”
Analog input or key-on wake-up input * ‘0" ‘0"
Port “0" output “0” “1” *
Port “1” output “ “1” *

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

Tablé/5-8 Values Read from P6DR/ and Register Programming

Conditions
Values Read from P6DR
P6CR1 P6CR2

“ g “gr

‘0" “1" Terminal input data
R

“1” Output latch contents
eqr

Page 57

Downloaded from AFFOW.com.


http://www.arrow.com

5. 1/0 Ports
5.5 Port P6 (P67 to P60)
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Analog input «€

AINDS
SAIN
P6CR2i D Q

=9

P6CR2i input

a

P6CR1i D Q

P6CR1i input

N

Data input (P6DR) <€

@

A=Y

Data output (P6DR)

N

Control input <€

i

=
o

D——C

i — -
OUTEN
STOPK
Key on wake up <€
Analog input <€
AINDS
SAIN
P6CR2) D Q
P6CR2j input <—<]—
P6CR1] D Q
P6CR1j input <—<]—

Data input (P6DR) <€

@

d

L,

[ ] ee

Note 171=0to 3,j=4to 7, k=210 5

Note 2: STOP is bit 7 i’'SYSCR1

Note 8: SAIN is AD input seleet signal.

Note 4: STOPK is input select signal
in a key on' wake up:

Data output (P6DR)

STOP

g

OUTEN

Note 1:

Figure 5-6-Port-P6

D PB;

The port placed.in4nput mode reads the pin input-state. Therefore, when the input and output modes are used

together, the output latch contents for the_portin-input, mode might be changed by executing a bit manipulation

instruction.
Note 2:
Note 3:
Note 4:

Whén-used as an analog inport, be sure to'clear the corresponding bit of PECR2 to disable the port input.
Do nat set the oltput mode (P6CRY = “1") for the pin used as a analog input pin.
Pinsnot.used-fof analog input can be used as I/O ports. During AD conversion, output instructions should not be

executed tg keep a precision. In-addition, a variable signal should not be input to a port adjacent to the analog

input during AD conversion,
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7 6 5 4 3 2 1 0
P6DR
(0006H) P67 P66 P65 P64 P63 P62 P61 P60
R/W AIN7 AIN6 AINS AIN4 AIN3 AIN2 AIN1 AINO (Initial value: 0000 0000)
STOP5 | STOP4 | STOP3 | STOP2 INTO ECNT ECIN
P6CRA1 7 6 5 4 3 2 1 0
(000BH) | | | | | | | | (Initial value: 0000 0000)
0: Port input, K ki input,
I/O control for port P6 ort NPUL, 1By on wake up Input ; -
P6CR1 ” X Analog input, external interrupt input optimeresounterinput R/W
(Specified for each bit)
1: Port output
P6CR2 7 6 5 4 3 2 1 Q
(000CH) | | | | | | | | (Initial value: 1111 1111)
PECR2 P86 port input control 0: Analog input or Key onlwake up input RIW

(Specified for each bit)

1: Port input , external interrupt input or timer counter input
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5.6 Port P7 (P77 to P70)

Port P7 is an 8-bit input/output port which can be configured as an input or an output in one-bit unit. Port P7 is also
used as a segment output of LCD. Input/output mode is specified by the P7 control register (P7CR).

When used as an input port, the corresponding bit of P7CR and P7LCR should be cleared to “0”.

When used as an output port, the corresponding bit of P7CR should be set to “1™*, and the respective P7LCR bit
should be cleared to “0”.

When used as a segment pins of LCD, the respective bit of P7LCR should be set to 1.
During reset, the output latch (P7DR), P7CR and P7LCR are initialized to “0”
When the bit of P7CR and P7LCR is “0”, the corresponding bit data by-read instruetion is a terminal input data.

When the bit of P7CR is “0” and that of P7LCR is “17, the corresponding bit data by read instruction is always
6606‘.

When the bit of P7CR is “17, the corresponding bit data by read instruction is the value of P7DR:

Table 5-9 Register Programming for Multi-funetion Ports

Programmed Value
Function
PZDR P7CR P7LER
Port input * ‘0" Jor
Port “0” output ‘0% “1’ ‘0"
Port “1” output " A “0”
LCD segment output * * “1”

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

Table 5-10 Values Read from P7DR ‘and Register Programming

Conditions
Values Read from P7DR
P7CR P7LCR
“0" “0” Terminal input data
A.On «qr “«0
Q"
N Output latch contents
“qr

P7LCRIi input <—<]_
P7CRi input <—<]_
< <H
Data input (P7DRi) <€ | \/]_‘
Data output (P7DRi) —)IE ¢ N P7i
L D Note:i=7to 0
Output latch N
LCD
CD data output L~

OTen ——deRr——
QUTEN d ———
d._/

Figure 5-7 Port P7
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P7DR
(0007H)
RIW

P7LCR
(OFAOH)

P7CR
(O0ODH)

5 4 3 2 1 0
P77 P76 P75 P74 P73 P72 P71 P70
Initial value: 0000 0000
SEG8 | SEG | SEG10 | SEG11 | SEG12 | SEG13 | secia | seais | (MHElvalue )
7 6 5 4 3 2 1 0
| | | (Initial ¥alue’ 0000 0000)
P7LCR Port P7/segme.nt. oqtput control | 0: P7 input/output port RIW
(set for each bit individually) 1: Segment output
7 6 5 4 3 2 1 0
| | | (Initi4l value: 0000 0000)
P7 port input/output control (set | O: Input mode
P7CR T R/W
for each bit individually) 1: Output mode

Note: 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-€xecuting a bitmanipulation instruction.
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5.7 Port P8 (P87 to P80)

Port P8 is an 8-bit input/output port which can be configured as an input or an output in one-bit unit. Port P8 is also
used as a segment output of LCD. Input/output mode is specified by the P8 control register (P8CR).

When used as an input port, the corresponding bit of PSCR and PSLCR should be cleared to “0”.

When used as an output port, the corresponding bit of PSCR should be set to “1™*, and the respective PSLCR bit
should be cleared to “0”.

When used as a segment pins of LCD, the respective bit of PSLCR should be set to 1.
During reset, the output latch (P8DR), PBCR and P8LCR are initialized to “0”
When the bit of PBCR and P8LCR is “07, the corresponding bit data by-read instruetion is a terminal input data.

When the bit of PSCR is “0” and that of PSLCR is “17, the corresponding bit data by read instruction is always
“«0”.

When the bit of P8CR is “17, the corresponding bit data by read instruction is the value of PSDR:

Table 5-11 Register Programming for Multi-function, ports

Port Input
Function
P8DR P8CR P8LER
Port input * “0” Jor
Port “0” output ‘0% “17 “0”
Port “1” output " A “0”
LCD segment output * * “1”

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

Table 5-12 Values Read from P8DR ‘and Register Programming

Conditions
Values Read from P8DR
P8CR P8LCR
“0" “0” Terminal input data
A.On «qr “«0
Q"
N Output latch contents
“qr

P8LCRI input

OTen ——deRr——
QUTEN d ———
d._/

P8CRi input

P8CRI

<—<]—
PSLCRI —>|ZQ—|

<—<}—

—p

< -
Data input (P8DRi) < | \/'_
Data output (P8DRi) —)IE N P8i

L D Note:i=7to 0

Output latch N
LCD data output L~

Figure 5-8 Port P8

Page 62

Downloaded from AFFOW.com.


http://www.arrow.com

Tos H I BA TMP86PS23UG

PSDR 7 6 5 4 3 2 1 0
(0008H) P87 P86 P85 P84 P83 P82 P81 P80
R/W (Initial value: 0000 0000)
SEGO | SEG1 SEG2 | SEG3 | SEG4 | SEG5 | SEG6 | SEG7
P8LCR 7 6 5 4 3 2 1 0

(OFATH) | | | | I | | | | (Initial ¥alue: 0000 0000)

PSLCR P8 po.rt. segment output control | O: Input/Output port RIW
(Specified for each bit) 1: LCD segment output
P8CR 7 6 5 4 3 2 1 0
(0024H) | | | | | | | | | (Initi4l value: 0000 0000)
P8 port input/output control 0: Input mode
P8CR . . R/W
(Specified for each bit) 1: Output mode

Note: 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-€xecuting a bitmanipulation instruction.
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6. 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).

6.1 Time Base Timer

6.1.1 Configuration

fc/223 or fs/215 >——
fc/22L or fs/213 >———
fc/218 or fs/28 >——
fc/214 or fs/28 >———
fc/213 or fs/2% >——
fc/212 or fs/24 >——
fe/2t or fs/23 >——
fc/29 or fs/2 >——

6.1.2 Control

MPX
Source clock Falling edge
detector
3
TBTEN

TBTCK

IDLEO, SLEEPO

| TBTCR |

Time base timer control register

Figure 6-1 /Fime Base Timer-configuration

» felease request
]—D—> INTTBT.
interrupt request

Time Base Timer is cantrollech\by Time Base Timer-control register (TBTCR).

Time Base Timer Control Register

7 6 5 4 3 2 1 0
TBTCR iti
(0036H) (DVOEN) (DVOCK) (DV7€K). TBTEN TBTCK (Initial Value: 0000 0000)
Time Base Timer 0: Disable
TBIRY enable / disable 1: Enable
NORMAL1/2, IDLE1/2 Mode SLOW1/2
DV7CK =0 DV7CK =1 SL,EE;; ?
000 fc/223 fs/215 fs/215
001 fc/2?1 fs/213 fs/213
R
o1 fc/214 fs/25 -
100 fc/213 fs/25 -
101 fc/21? fs/2* -
110 fc/2lt 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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6.1 Time Base Timer
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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/216 [Hz] and enable an INTTBT interrupt.

LD (TBTCR), 00000010B ; TBTCK « 010
LD (TBTCR), 00001010B {TBTEN « 1
DI IMF <0

SET (EIRL) . 6

Table 6-1 Time Base Timer Interrupt Frequency ( Example :(fc =16.,0 MHz, fs = 32.768 kHz )

Time Base Timer Interrupt Frequency {Hz}
TBTCK
NORMAL1/2, IDLE1/2 Mode NORMALL1/2, IDLE1/2 Mode SLOW1/2, SLEER1/2 Mode
DV7CK =0 DV7CK =T
000 1.91 1 1
001 7.63 4 4
010 244.14 128 -
011 976.56 512 ~
100 1953.13 1024 -
101 3906.25 2048 -
110 7812.5 4096 -
111 31250 16384 -

6.1.3 Function

An INTTBT ( Time Base Timer Interrupt ) is generatechon 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 dividey/is not cleared by the program; therefore) anly the first interrupt may be generated ahead of the set
interrupt period (\Eigure 6=2).

Seurce clock | I I I

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

—3 -7

INTTBT " "_

€
' Interrupt period *

Enable TBT

Figure 6-2 Time Base Timer Interrupt
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6.2 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.

6.2.1 Configuration

Output latch

Data output

fc/213 or fs/25 >—
fc/212 or fs/24 >—
fe/211 or fs/23

fc/210 or fs/22

Port output latch _I | I

TBTCR<LDVOEN>

L

I
1 : 1
—_— 1

(a) configuration (b) Timing chart

DVOCK DVOEN

Divider output control register

Figure 6-3 Dividéer Output

6.2.2 Control

The Divider Output is controlled, by-the Time Base Timer ControlMRegister.

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
PYOEN RIW
enable / disable 1: Enable
NORMAL1/2, IDLE1/2 Mode SLOW1/2
SLEEP1/2
DV7CK =0 DV7CK =1 Mode
ivi DVO 00 fc/213 fs/25 fs/25
ST T s i RIW
quengy : 01 fe/212 fsi2® s/t
10 fc/2lt fs/23 fs/23
1 fc/210 fs/22 fs/22

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)

Downloaded from AFfOW.com.

LD (TBTCR), 000000008 ; DVOCK « "00"
LD (TBTCR), 100000008 ; DVOEN « "1"
Table 6-2 Divider Output Frequency ( Example~fc.= 160 MHz, fs = 32.768 kHz )
Divider Output Frequency [Hz]
DVOCK NORMAL1/2, IDLE1/2 Mode SLOW1/2/SLEEPL/2
DV7CK =0 DV7CK =1 Mode

00 1.953k 1.024k 1.024 k

01 3.906 k 2.048k 2.048 k

10 7.813k 4096 k 4.096 k

11 15.625 k 81192 k 8.197Kk
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7. 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-ance 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 perated completely due to
effect of disturbing noise.

7.1 Watchdog Timer Configuration

Reset release

fci223 or fs/21® — 3 Binary counters L
fc/2?orfsi2® 3| 2 Clock R
f6/219 or fs/211 > 2 Overflow WDT output
fc/217 or fs/2° — 3 1 2 P—D_ — Reset
L Clea_r> 3 Q_[>_> request
2 Interrupt request
7 ) ) P » INTWDT
interrupt
request
Internal reset
Q
S R
WDTEN Wit Writi
WDTT /riting riting WDTOUT
disable code | c¢lear’code
Contraller.
0034y 0035p
WDTCR1 WDTCR2

Watchdog timer.control registers

Figuré 7-1\Watchdog Timer Configuration
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7.2 Watchdog Timer Control

The watchdog timer is controlled by the watchdog timer control registers (WDTCR1 and WDTCR2). The watch-
dog timer is automatically enabled after the reset release.

7.2.1 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 conditiens.occur for some reason, the watch-
dog timer output is activated by the binary-counter overflow unless.the bihary counters are cleared. When
WDTCR1<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 watghdog timer interrupt (INTWDT) is_generated.

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

Note: The watchdog timer consists of an internal divider and.atwo=stage binary counter. When'the clear code 4EH
is written, only the binary counter is cleared, but not the internal divider. The minimum-hinary-counter overflow
time, that depends on the timing at which the cleareode (4EH) is written to the'WDTER2register, may be 3/
4 of the time set in WDTCR1<WDTT>. Therefore, write:the clear code using'‘a cyele shorter than 3/4 of the
time set to WDTCR1<WDTT>.

Example :Setting the watchdog timer detection‘time to 22Yfc [s],and Tesetting the CPU malfunction detection

Within 3/4 of WDT
detection time

Within 3/4 of WDT
detection time

LD

LD

LD

LD

LD

(WDTCR2)/4EH

: Clears the-binary counters.

(WDTCR1);,00001101B :WDTT ¢— 10, WDTQUT <— 1

(WDTCR2),4EH

(WDTCR2),4EH

(WDTCR2);4EH

: Clears the'binary counters (always clears immediately before and
after changing WDTT).

: Clears the binary counters.

: 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 WDTCR?2 is required. Write
WDTEN Watchdog timer enable/disable ( 9 q )
1: Enable only
NORMAL1/2 mode SLOW1/2
DV7CK =0 DV7CK =1 mode
25 17 17
WDTT Watchdog timer detection time 0o 27l 2" 2''fs Write
[s] 01 253fc 21545 215s only
10 2%Y4c 2%3fs 21%s
1 219¢ 28 2%
0: Interrupt request Write
WDTOUT | Watchdog timer output select upt requ !
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], t: ([Den't care

Note 3: WDTCRL1 is a write-only register and must not be used with any‘of read-modify-write instructions! f'WDTCRL1 is read, a
don't care is read.

Note 4: To activate the STOP mode, disable the watchdog timer ar 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 “7.2.3'Watchdog Timer Disable”.

Watchdog Timer Control Register 2

WDTCR2 7 6 5 4 3 2 Y 0
(0035H) | ‘ ‘ } ‘ } | (Initial value: *x *xs)

4EH: Clear the watghdog timer binary counter (Clear code)
Write B1H: Disable the watchdog timer (Disable code) Write
Watchdog timer control.code D2H: Enable assigning-address trap area only
Others: Invalid

WDTCR2

Note 1: The disable.code is valid’only when WDTCRI<WDTENS> = 0.

Note 2: *: Don't care

Note 3: The binary counterofthe watchdog timer must not be cleared by the interrupt task.

Note 4: Write the clear code 4EH using-a-eycle sharter than 3/4 of the time set in WDTCR1<WDTT>.

7.2.2 Watchdog Timer Enable

Setting WDTCR1<WDTEN>.10\"1" enables the watchdog timer. Since WDTCR1<WDTEN> is initialized
to “1¥ during reset, the watchdog.timer, is enabled automatically after the reset release.
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7.2 Watchdog Timer Control
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7.2.3 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.

1. Set the interrupt master flag (IMF) to “0”.
2. Set WDTCR2 to the clear code (4EH).

3. Set WDTCR1<WDTEN> to “0”.

4. Set WDTCR2 to the disable code (B1H).

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

Example :Disabling the watchdog timer

DI (IMF <0
LD (WDTCR2), 04EH : Clears the binary counter
LDW (WDTCR1), 0B101H : WBTEN <—0, WDTCR2 <— Disable code

Table 7-1 Watchdog Timer Detection Time (Example: fc = 16/0'MHz, fs = 32.768 kHz)

Watchdog Timer Detection-Fime[s]
WDTT NORMALI/2 mode SLOW
DV7CK =0 DV7CR= 1 mode
00 2.097 4 4
01 524.288 m 1 1
10 131072 ™ 250'm 250 m
11 37768 m 62.5 m 62.5m

7.2.4 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\(NIF).

When.awatchdog 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 watehidog 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
Page 72

Downloaded from AFfOW.com.


http://www.arrow.com

TO s H I BA TMP86PS23UG

7.2.5 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 us @ fc = 16.0 MHz).

Note:When a watchdog timer reset is generated in the SLOW1 mode, the reset timelis 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 copSidered as an approximate
value because it has slight errors.

. 4

Clock

—> :
L L LT L[ o=
Binary counter EX 2 XEX 0 X 1 X 2 X 3 X 0

Overflow

INTWDT interrupt request

(WDTCR1<WDTOUT>="0") /

Internal reset i R t

(WDTCR1<WDTOUT>= "1") reset occurs
Write 4EH to WDTCR2

Figure 7-2-Watechdog Timer-Interrupt
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7.3 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

(0034H) ‘ ‘ | ATAS | ATOUT | (WDTEN)l (WDTT) (WDTOUT) | (Initialvalue’*+12 1001)

0: Generate no address trap
1: Generate address traps (Aftersetting ATAS to “1”/writing the control code

D2H to WDTCR?2 is required) Write
only

Select address trap generation in

ATAS
the internal RAM area

0: Interrupt request

ATOUT Select operation at address trap
1: Reset request

Watchdog Timer Control Register 2

WDTCR2 7 6 5 4 3 2 1 0
(0035H) | ‘ ‘ ‘ ‘ ] | (Iitjal valles e pxs*y
Write D2H: Enable-address trap area selection (ATRAP controlcode)
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:-nvalid

7.3.1 Selection of Address Trap in‘internal RAM (ATAS)

WDTCR1<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>1t0.0”. 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>.

7.3.2 Selection of Operation at Address Trap (ATOUT)

When an address-irap is generated, either=the,interrupt request or the reset request can be selected by
WDTCR1<ATOUT>.

7.3.3 Address Trap Interrupt(INTATRAP)

While-WDTCR1<ATOUT>-is “0™vif the CPU should start looping for some cause such as noise and an
atteript 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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7.3.4 Address Trap Reset

While WDTCR1<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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8. 18-Bit Timer/Counter (TC1)

8.1 Configuration
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Figure 8-1 Timer/Counterl
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8.2 Control
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8.2 Control

The Timer/counter 1 is controlled by timer/counter 1 control registers (TCLCR1/TC1CR2), an 18-bit timer register
(TREG1A), and an 8-bit internal window gate pulse setting register (TREG1B).

Timer register

7 6 5 4 3 2 1 0
TREG1AH
(0012H) - - - - - - TREGIAH (Initialvalue: ***x* **00)
R/W
7 6 5 4 3 2 T Q
TREG1AM
(0011H) TREG1AM (Initial value: 0000 0Q00)
R/W
7 6 5 4 3 2 1 0
TREG1AL
(0010H) TREGIAL (Initial value: 0000 0000)
R/W
7 6 5 4 3 2 1 0
TREG1B
¢ Ta Th (Initial value: 0000 0000)
(0013H)
NORMAL1/2,IDLE1/2 modes SLOW1/2,
WGPSCK
DV7CK=0 DV7CK=1 SLEEP1/2 modes
] ) ] 00 (16 - Ta) x 212/fc (16 - Ta) x 2%fs (16 - Ta) x 2%fs
Ta Setting,”H" level period of the window of 13, 5 5
gate pulse (16 - Ta) x 2%3/fc (16 - Ta) x 2%/fs (16 - Ta) x 2%/fs RIW
10 (16-Ta)x 2%ic | (16-Tayx2%fs | (16 - Ta)x 28/fs
) ) ) 00 (16 - Tb) x 2%2/fc (16 - Th) x 2%fs (16 - Tb) x 2%fs
Setting "L"\level period of the window. 13 5 5
Th gate pulse 01 (16 - Tb) x 2%3fc | (16-Tb) x 2%fs | (16 - Tb) x 25/fs
10 (16 -Tb) x 2%%fc | (16-Th)x2%s | (16 - Th) x 25/fs
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Timer/counter 1 control register 1

7 6 5 4 3 2 0
TC1CR1 -
TC1C TC1S TC1CK TC1IM (Initial value: 1000 1000)
(0014H)
I Te Counter/overfow flag 0: Clear Counter/overflow flag ( “1” is automatically set after,clearing.) RIW
controll 1: Not clear Counter/overflow flag
00: Stop and counter clear and overflow flag clear
TC1S TC1 start control 10: Start R/IW
*1: Reserved
NORMAL1/2,IDLE1/2 modes SLOWL2 SLEEP1/2
DV7CK="0" DV7CK="1" made mogs
000: ;C ;C fe 1€
001 - A - -
15 15
TCICK | TC1 source clock select | 010: fe/2 is2 fs/2 fs/2 R/W
011: fc/213 fsr2 fs/25 s/25
100: f/21t fs/23 fs/23 fs/2?
1ot fc/2’ fei2” - -
1o fcr23 fcr2® p -
111: External clock (ECIN pin \input)
00: Timer/Event counter mode
01: Reserved
TC1M TC1 mode select _ R/W
10: Pdlse width measurement mode
11: Frequency measurement mode

Note 1: fc; High-frequency clock [Hz] fs; Lew-frequency clock [Hz] *;\Don’t care

Note 2: Writing to the low-byte of the timer register 1A (TREG1AL, TREG1AM), the compare function is inhibited until the high-
byte (TREG1AH) is written.

Note 3: Set the mode and sourceclock,/and edge (selectionfwhen'the TC1 stops (TC1S=00).

Note 4: “fc” can be selected.as the source clock only in the-timer mode.during SLOW mode and in the pulse width measurement
mode during/NORMAL 1/2-ar IDLE 1/2 mode.

Note 5: When a read-instruction isexecuted to the timer register (TREG1A), the counter immediate value, not the register set
value, is read-out. Therefore it is impossible to_read out-the written value of TREG1A. To read the counter value, the read
instruction shoulthbe-executed when the counter-stops to avoid reading unstable value.

Note 6: Set the timer register (TREG1A) to >1:

Note 7: Whén using the timer mode and pulse width-measurement mode, set TC1CK (TC1 source clock select) to internal clock.

Note 8: Whenusing-the /eévent counter mode, set TC1CK (TCL1 source clock select) to external clock.

Note 9: Because-the read value is different(from the written value, do not use read-modify-write instructions to TREG1A.

Note 10:fc/27, fc/23¢an not be used as source-clock in SLOW/SLEEP mode.
Note I1:The read data of bits 7 to 2 in TREG1AH are always “0”. (Data “1” can not be written.)
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Timer/Counter 1 control register 2
7 6 5 4 3 2 1 0
TC1CR2 -,
SEG SGP SGEDG WGPSCK TC60UT "0 (Initial value: 0000 000%)
(0015H) |
SEG External input clock (ECIN) edge | O: Counts at the falling edge RIW
select 1: Counts at the both (falling/rising) edges
00: ECNT input
) 01: Internal window gate pulse (TREG1B)
SGP Wind te pul lect =
indow gate puise selec 10:  PWM6/PDO6/PPG6 (TC6)output
11:  Reserved RIW
Window gate pulse interrupt edge | O: Interrupts at the falling edge
SGEDG LT
select 1: Interrupts at the falling/rising-edges
NORMAL1/2,IDLEY2 modes SLOW1/2 SLEER1/2
DV7CK="0" DV7EK=1" mode made
Wind te pul lock
WGPSCK sellr;c?w gate pulse source clock 1. 2%2/i¢ 24fs 2%ffs 241 RIW
oL 213fc 25/fs 258 25fs
10: 2445 25/fs 25/ts 26/fs
1L Reserved Reserved Reserved Reserved
T PWM6/PDO6/PPGB, :
TCEOUT C6 output (PWM6/PDO6/PPG6) 0 Output to R33 RIW
external output select 1: No-output to P33

Note 1: fc; High-frequency clock [Hz] fs; Low-frequency elock [Hz] *;"Bon't care

Note 2: Set the mode, source clock, and edge (selection) when the TC1 stops{TC1S = 00).

Note 3: If there is no need to use PWM6/PDOB/PPG6’as window gate pulse of TC1 always write "0" to TC60UT.
Note 4: Make sure to write TC1CR2 "0"to bit,0.in TC1CR2.

Note 5: When using the event counter,mode or pulse width measurement mode, set SEG to "0".
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TC1 status register

7 6 5 4 3 2 1 0
TC1SR HECF HEOVF "0" "o" "0" "o" "0" "o" (Initial value: 0000 0000)
(0016H) ’
Stop (during Tb) or disable
HECF Operating Status monitor P g. ) )
1:  Under counting (during Ta) Read
) No overflow only
HEOVF Counter overflow monitor
1: Overflow status

8.3 Function

TC1 has four operating modes. The timer mode of the TC1 is(used at\warm-up when switching form SLOW mode
to NORMAL2 mode.

8.3.1 Timer mode

In this mode, counting up is performed using the-internal clock. The ¢ontents of TREGIA are compared with
the contents of up-counter. If a match is/found, an INTTC1 interrupt\sgenerated, and the counter is cleared.
Counting up resumes after the counter i§ cleared.

Table 8-1 Source clock (internal clock) of) Timer/Counter 1

Source Clock Resolution Maximum Time Setting
NORMAL Y2, IDLEL2 Mode SLOW.Mode | SLEEP Mode | fo=demiz |, ° 02708 | fooqemmg | ST52768
DV7CK =0 DV7CK=1 kHz kHz
fc/222 [Hz] fs/2%5 [Hz] fs/215 [Hz] fs/21° [Hz] 0.52s 1s 38.2h 72.8h
fc/213 fs/25 fs25 fs125 512 ms 0.98 ms 2.2 min 4.3 min
fc/2lt fs/23 fs/23 fs/23 128 ms 244 ms 0.6 min 1.07 min
fc/2’ fc/2” - < 8 ms - 21s -
fc/23 fc/23 - - 0.5 ms - 131.1ms -
fc fc fc (Note) - 62.5ns - 16.4 ms -
fs fs - - - 30.5ms - 8s

Noete:-When-fc is selected for the source clock in SLOW mode, the lower bits 11 of TREG1A is invalid, and a match of the upper
bits-7-makes interrupts,
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8.3 Function
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Command Start
1

Upcounter 0 :xlxzxsxm(jg xn.12x3x4x5x6)(

TREG1A >< n ¢ )
: Match detect / Counter clear.
INTTC1 interrupt '

Figure 8-2 Timing chart for timer mode

8.3.2 Event Counter mode

It is a mode to count up at the falling edge of(the /ECIN pin input. Whenusing this mode, set
TC1CR1<TC1CK> to the external clock and then set TCICR2<SEG> to “0” (Both-edgescan not be used).

The countents of TREG1A are compared with the contents of up-counter—If a-match-is‘found, an INTTC1
interrupt is generated, and the counter is cleared/ Counting up resumes for ECHN pin‘input edge each after the
counter is cleared.

The maximum applied frequency is fc/2* [Hz]in NORMAL 1/2 or(IDLE 1/2 mode and fs/24[Hz] in SLOW
or SLEEP mode . Two or more machine cycles-are required for both the “H” and “L” levels of the pulse width.

Start
1

ECIN pin input | |: | | | | |_| () |_|_| |_| !—l

Up counter , (E) o X:Z() X p-1 1 X 2

: Match Detect\ Counter clear
INTTCL interrupt '

Figure 8-3 Event counter mode timing chart
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8.3.3 Pulse Width Measurement mode

In this mode, pulse widths are counted on the falling edge of logical AND-ed pulse between ECIN pin input
(window pulse) and the internal clock. When using this mode, set TCICR1<TC1CK> to suitable internal clock
and then set TC1CR2<SEG> to “0” (Both edges can not be used).

An INTTCL1 interrupt is generated when the ECIN input detects the falling edge of the-window pulse or both
rising and falling edges of the window pulse, that can be selected by TCICR2<SGEDG>.

The contents of TREG1A should be read while the count is stopped (ECIN pin is low), then clear the counter
using TC1CR1<TC1C> (Normally, execute these process in the interrupt program).

When the counter is not cleared by TC1CR1<TC1C>, countingtup resumes from previous stopping value.
When up counter is counted up from 3FFFFH to 00000H, an overflow eccurs. At that time, TCISR<HEOVF>
is set to “1”. TCISR<HEOVF> remains the previous data until_the counter is required~to be cleared by
TC1CR1<TCI1C>.

Note:In pulse width measurement mode, if TCLICR1<TC1S> is written/to "00" while ECIN inputis."1", INTTC1 inter-
rupt occurs. According to the following step, when timer\counter js/stopped, INTTCL1 interrupt latch should be

; Stop timer coute
; Clear bit7 of ILL

~Set bit7 of EIRL

; Elear bit7 of EIRL

rl

the pulse width measurement mode, an INTTE L interrupt is generated by setting TC1S (TC1 start control)

Count Start

cleared to "0".
Example :
TC1STOP :
i i
DI ;/Clear IMF
CLR (EIRL) 7
LD (TC1CR1), 00011010B
LD (ILL)/ 01111111B
SET (EIRL). 7
El ; Set IMF
1 1
1 1

Note 1: WhenSGEDG (windew gate pulse interrupt €dge select) is set to both edges and ECIN pin input is "1" in
to "10" (start):

Note 2: In the pulse width measurement. mede, HECF-(operating status monitor) cannot used.

Note 3=Bgcause the up counter is counted on the falling edge of logical AND-ed pulse (between ECIN pin input and
thé-internal clock), if ECIN input becomes/falling edge while internal source clock is "H" level, the up
counter-stops plus "1".

Count Start I Count Stop
))
ECIN pin input

Internahcloek |||||||||||||||||||||||||||||||||

AND-ed pulse | | | | | | | | |

(Internal signal)

:

LML

Up counter

0 XlXZ

INTTCL1 interrupt

0 X1X2X3><:Z:X”'2X”'1ij nill

" Read

>

Clear

Interrupt

TC1CR1<TC1C>

Figure 8-4 Pulse width measurement mode timing chart
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8.3.4 Frequency Measurement mode

In this mode, the frequency of ECIN pin input pulse is measured. When using this mode, set
TC1CR1<TC1CK> to the external clock.

The edge of the ECIN input pulse is counted during “H” level of the window gate pulse selected by
TC1CR2<SGP>. To use ECNT input as a window gate pulse, TCICR2<SGP> should be set to “00”.

An INTTC1 interrupt is generated on the falling edge or both the rising/falling edges of the window gate
pulse, that can be selected by TC1CR2<SGEDG>. In the interrupt service program, read the contents of
TREG1A while the count is stopped (window gate pulse is low), then—elear the counter using
TC1CR1<TC1C>. When the counter is not cleared, counting up resumes/from previous stopping value.

The window pulse status can be monitored by TC1SR<HECF>.

When up counter is counted up from 3FFFFH to 00000H, an “everflow occurs. At that time,
TC1SR<HEOVF> is set to “1”. TCISR<HEOVF> remains the previous data until the counter is required to be
cleared by TCICR1<TC1C>.

Using TC6 output (PWM6/PDO6/PPG6) for the window gate pulse, external outpyt-of PWM6B/PDO6/PPG6 to
P33 can be controlled using TC1CR2<TC60UT>. Zero~clearing-TC1CR2<TC6QUT> outputs PWM6/PDO6/
PPG6 to P33; setting 1 in TCLCR2<TC60UT=> | dges \not output RWM6/PDO6/PPG6 to P33.
(TC1CR2<TC60OUT> is used to control output to P33.only.—Fhus, use thetimer counter/6)control register to
operate/stop PWM6/PDO6/PPG6.)

When the internal window gate pulse is selected; the. window gate putse-is setas’follows.

Table 8-2 Internal window gate pulse setting time

NORMAL/2,IDLE1/2 mades SLOW1L/2
WGPSCK '
DV7CK=0 DV7EeK=1 SLEEP1/2 modes
] ) ] 00 (16 - Ta) x 2¥%/fc (16 - Ta) x 2%fs (16 - Ta) x 2%fs
Setting "H" level period of the window b 5 5
Ta gate pulse 01 (16 - Tay <218/ (16 - Ta) x 2%/fs (16 - Ta) x 2%/fs RIW
10 (16 - Ta)w2¥ic |y (16-Tayx2%fs | (16 - Ta) x 28/fs
i _ i 00 (16-Thyx2%/c | (16-Th)x2%s | (16- Tb) x 2%fs
Setting "L" level period of'the‘window 13 5 5
Th date plise 01 (@64 Thyx 2%3/fc | (16-Th)x2%fs | (16 - Tb) x 25/fs
10 (Y6/- Ty ¥/ 2%%fc | (16-Th)yx2%fs | (16 - Th) x 28/fs

The internal windew-gate pulse<consists of “H™level period (Ta) that is counting time and “L” level period
(Th) that is counting stop time. Ta or Th can be individually set by TREG1B. One cycle contains Ta + Th.

Note 1/Because the internal window gate pulse is generated in synchronization with the internal divider, it may be
delayed fof a maximum of orje cycle of the source clock (WGPSCK) immediately after start of the timer.

Note/2: Set the internal window gate pulse when the timer counter is not operating or during the Tb period. When
Tb js/overwritten during-the Th.period, the update is valid from the next Tb period.

Note 3:+-In-case of TCTER2<SEG>"< "1", if window gate pulse becomes falling edge, the up counter stops plus "1"
regardless Of ECIN input level. Therefore, if ECIN is always "H" or "L" level, count value becomes "1".

Note 47 In case of TCTCR2<SEG>= "0", because the up counter is counted on the falling edge of logical AND-ed
pulse (between’ ECINpin input and window gate pulse), if window gate pulse becomes falling edge while
ECIN input is "H" levelthe up counter stops plus "1". Therefore, if ECIN input is always "H" level, count
value becomes "1".
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Table 8-3 Table Setting Ta and Th (WGPSCK = 10, fc = 16 MHz)

Setting Value Setting time Setting Value Setting time
0 16.38ms 8 8.19ms
1 15.36ms 9 7.17msg
2 14.34ms A 6.14ms
3 13.31ms B 5.12ms
4 12.29ms C 4.10ms
5 11.26ms D 3.07ms
6 10.24ms E 2.05ms
7 9.22ms F 1.02ms

Table 8-4 Table Setting Ta and Tb (WGPSCK'=10, fs = 32.768°kH2)

Setting Valuen Setting time Setting Value Setting’time
0 31.25ms 8 15.63ms
1 29.30ms 9 13.67ms
2 27.34ms X 11.72ms
3 25.39ms B 9.77ms
4 23.44ms C 7:81lms
5 21.48ms D 5.86ms
6 19.53ms E 3.91ms
7 17.58ms F 1.95ms
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ECIN pin input |||||||||||||||||||||||||||||||:||

1
Window gate | I
pulse A _—
1
1
AND-ed pulse ||||||||||||' ||||||||||||

(Internal signal) ’
Up counter o X1X2X3X4X5X 6 0 X1X2X3X4XE>(6
| ¢ A

INTTCL1 interrupt "Read Clear "

TC1CR1<TC1C>

a) TC1CR2<SEG> ="Q'|

TC1CR2<SEG>

ECIN pin input |||||||||||||||||||||||||||||||:||

Window gate | I
pulse A I

Up counter 000060000008 “09996@@99@ 12
INTTC1 interrupt i]Read Clear i]

a) TCICR2<SEG>="1"

Figure 8-5 Timing chart.for the frequency measurement mode (Window gate pulse falling
interrupt)
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9. 8-Bit TimerCounter (TC3, TC4)
9.1 Configuration
PWM mode
|O verfiow - \_D— INTTC4
interrupt request
fe/21 or fS/Zg—) A Ib|ear /7J prrea
fc/2’—>»B Y >»A Y —)l 8-bit up-counter
fc/2° —»|C —>B | SO s
fC/f23 —>»|D S —|—|—5 PDO, PPG Mmode
s —»|E v A i:
fe/2 —»IF 16-bit mode \:> I:D, Y B Toggle
fc —>»|G B Q
TC4 pin [ }—>»[H . S > PDO4/PWM
s 16-bit Timen Bvént »Set PDO4/PWMA/
mode Counter mode Clear PPG4 pin
TCAM€—— A S X
TC4S Tcack [—) R « Timer-E/F4
TFF4 €— ¥
TCACR : H:)— B _,—Di
| TTREG4 | | PWREG4 | PWM, PPG mode DecodeEN PDQ, PWM,
PPG mode
ﬁ ﬁ TFF4
16-bit
modg
’_< %TCSS
PWM moge ’_Dg:)—) INTTC3
fc/2™ or fs/28 —3p[A Clear [ ] interrupt request
fc/2” —>»B Y —)l 8-bit up-countér verflow 16-bit mode
fc/2° —»{C PDO mode
fc/2® —>»D
f /f; —)E Toggle
c/2 —>»
fc —»|G ] 16-bit mode Q
TC3 pin[[J}—>H Timer, »|Set PDO3/PWM3/
P IS Event Couter'mode 4 Clear pin
TTcéggrg < ATCSCK Timer F/F3
TFF3 <€—
TC3CR PWNM mode Decodegy PDO, PWM mode

| TTREG3 || PWREG3 |

I

TFF3

Figure(9-1 8-Bit TimerCounter 3, 4

16-bit mode
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9.1 Configuration
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9.2 TimerCounter Control

The TimerCounter 3 is controlled by the TimerCounter 3 control register (TC3CR) and two 8-bit timer registers
(TTREG3, PWREGS3).

TimerCounter 3 Timer Register

TTREG3 7 6 5 4 3 2 1 0
(001CH)
R/IW (Initial value: 1113 1111)

PWREG3 7 6 5 4 3 2 1 0

(0028H)
R/W (Initial value; 1311 1111)

Note 1: Do not change the timer register (TTREG3) setting while the timer js'running.

Note 2: Do not change the timer register (PWREG3) setting in the operating mode except the 8-bit anth16-bit PWM modes while
the timer is running.

TimerCounter 3 Control Register

TC3CR 7 6 5 4 3 2 1 0
(0018H) | TFF3 | TC3CK | TC3S | TC3M (Initial value: 0000'0000)
TFF3 | Time F/F3 control 0: Clear RIW
1. Set
NORMAL1/2, IDLE1/2 mode SLOW1/2
SLEEP1/2
DV7CK =0 BV7CK =1 mode
000 fo/2tt fs/23 fs/28
001 fc/2? fer2’ -
010 5 5 —
TC3CK Operating clock-selection.[Hz] c/2 fe/2 R/W
oy fc)2? fc/2® -
100 fs fs fs
104 fc/2 fcl2 -
110 fc fc fc (Note 8)
111 TC3 pin input
0: Operation stop and counter clear
TC3S TC3 start\control ) R/W
I+ Operation start
000:  8-hit timer/event counter mode
001:  8-bit programmable divider output (PDO) mode
010: 8-bit pulse width modulation (PWM) output mode
TC3M TC3M operating mode select ! -pu w ulation ( ) outpu 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
9-1 and Table 9-2.
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Note 7: The timer register settings are limited depending on the timer operating mode. For the detailed descriptions, see Table 9-
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 4 is controlled by the TimerCounter 4 control register (TC4CR) and two 8-bit timer registers
(TTREG4 and PWREGA4).

TimerCounter 4 Timer Register

TTREG4 7 6 5 4 3 2 1 0

(001DH)
RIW (Initial value: 1111 1111)

PWREG4 7 6 5 4 3 2 1 0
(0029H)
R/IW (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 RWM modes while
the timer is running.

TimerCounter 4 Control Register

TC4CR 7 6 5 4 3 2 1 0
(0019H) | TFF4 | TC4CK | TC4S | TCAM (Initial valug® 0000-0060)
0: CJ
TFF4 | Timer F/F4 control Va RIW
1. Set
NORMAL1/2, IDLE1/2 mode SLOW1/2
SLEEP1/2
DV7CK =0 DV7CK = 1 mode
Q00 for2lt fs/28 fs/2®
001 fe/27 fc/2’ -
010 5 5 -
TC4CK Operating clock selection [Hz] Q22 fe/2 R/W
011 for2® fc/2® -
100 fs fs fs
101 fc/2 fc/l2 -
110 fc fc -
111 TC4 pin input
0: Operation stop and counter clear
TC4S TC4 start control perat P RIW
1: Operation start
000/ 8-bit timer/event counter mode
001:  8-hit programmable divider output (PDO) mode
010:  8-bit pulse width modulation (PWM) output mode
X 011: Reserved
TC4M TC4M operating modg select o 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
TCA4CK 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
9-1 and Table 9-2.

Note 8: The timer register settings are limited depending on the timer operating mode. For the detailed descriptions, see Table 9-
3.

Table 9-1 Operating Mode and Selectable Source Clock (NORMAL1/2 and IBLE1/2 Modes)

for2 TC3 TC4
Operating mode or fc/27 fc/25 fc/23 fs fcl2 fc pininput | pin input

fs/28
8-bit timer (0) O (0) (¢} - - pA - -
8-bit event counter - - - - - - - 0 0
8-bit PDO (6] O (6] (@) — - - _ —
8-bit PWM (6] O (6] O O 0] (6] — -
16-bit timer (0] (6] (6] (6] = - - ~ _
16-bit event counter - - - - - - - 0 _
Warm-up counter - - - — (0] - = - _
16-bit PWM (0] (0] (0] (0] (0] [0) o (@) -
16-bit PPG (6] (@) (6] O - - - (@) -

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

Note 2: 0 : Available source clock

Table 9-2 Operating Mode and Selectable Source Clock (SLOW1/2,and SLEEP1/2 Modes)

fo/2lt

. TC3 TC4
Operating mode or fc/2? fc/28 fe/23 fs fc/2 fc o o
pin input | pin input

fs/2®
8-bit timer O - - = - - - - —
8-bit event counter - - - £ - - - 0 0
8-bit PDO (o) - > - - - - - _
8-bit PWM o) 4 = - 0 - - _ _
16-bit timer (0} - - - - - - - _
16-bit event counter. - - - - - - - 0 _
Warm-up counter - - - - - - 0 - _
16itPWM 0 ~ - — o - _ o _
16-bit PPG (0] - - - - - - 0 _

Netel: 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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Table 9-3 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< (PWREGnN) <254

16-bit timer/event counter

1< (TTREG4, 3) <65535

Warm-up counter

256< (TTREG4, 3) <65535

16-bit PWM

2< (PWREGH4, 3) <65534

16-bit PPG

1< (PWREGH4, 3) < (TTREG4, 3) <65535
and
(PWREGH4, 3) + 1 < (TTREG4, 3)

Note: n=3t0 4
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9.3 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.

9.3.1 8-Bit Timer Mode (TC3 and 4)

In the timer mode, the up-counter counts up using the internal clock. When & match between the up-counter
and the timer register j (TTREG]) value is detected, an INTTCj%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, PWNjand PPGj pins may output pulses.

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

Note 3:j=3,4

Table 9-4 Source Clock for TimerCounter 3, 4 (Internal Clock)

Source Clock Reselution MaXimum Time Setting
NORMAL1/2, IDLE1/2 mode SLOW1/2,
SLEEP1/2 fc = 16"MHz fs = 32.768 kHz fo = 16 MHz fs = 32.768 kHz
DV7CK =0 DV7CK =1 mode
fc/2X [Hz] fs/23 [Hz] fs/23 [Hz] 128 ps 244.14 ps 32.6 ms 62.3 ms
fc/2” fc/2” - 8 us < 2.0ms -
fc/2% fc/2% = 2 s - 510 ps -
fc/23 fc/23 - 500 ns - 127.5 s -

Example :Setting the timer mode with-source clock fc/2” Hz'and generating an interrupt 80 ps later

(TimerCounter4,f¢=/16.0 MHZz)
LD (TTREG4), 0AH : Sets the timer register (80 us+27/fc = 0AH).

DI

SET (EIRH)..4 : Enables INTTC4 interrupt.

El
LD (TC4CR);:000100008 : Sets the operating clock to fc/27, and 8-bit timer mode.
LD (TC4CR),\00011000B : Starts TC4.
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TCACR<TC4S> I

Internal ] 1
Source Clock : :

st ot o

TTREG4 ? x h :
X 1
' Match detect\ /Counter clear /: " II
INTTC4 interrupt request ! Match detect ounter clear

{(
)

Figure 9-2 8-Bit Timer Mode Timing Chart (TC4)

9.3.2 8-Bit Event Counter Mode (TC3, 4)

In the 8-bit event counter mode, the up-counter counts up 4t the/falling edge of the-irput pulse to the TCj pin.
When a match between the up-counter and the TTREGj.valueis detected, an INTTC]j 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-lével\pulse input to the TCj pin.

Therefore, a maximum frequency to be supplied is-fe/2* Hz in the NORMALZ/2.6r 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 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 plew 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’netbe obtained.

Note 3:j=3,4

TC4CR<TC4S> I
1 1
1 1
TC4 pin input | | X | | | l | | | | | | | | | l | l | | l l | l ! | | |
1 1
(.
))

1 1 1 1 1 1 1 1 1 1 1 1 1 1 |
Counter o X7 1 X2 x ¥ n-1 @@ 1 X 2 X n-1 @Q 1 ).( 0
: \ ( \ X
TTREG4 X n " ¢ ] ]
1
Match detect Counter Counter !
\ /clear Match detec\n/clear :

INTTC4 interruptrequest
Figure 9-3£8-Bit Event Counter Mode Timing Chart (TC4)

9.3.3 8-Bit Programmable Divider Output (PDO) Mode (TC3, 4)

This mode is used to generate a pulse with a 50% duty cycle from the PDO;j 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]j interrupt request is generated at the time. The logic state opposite to the
timer F/Fj logic level is output from the PDOj 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 1/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 programmablé divider output mode, the new
value programmed in TTREG;j is in effect immediately after programming. Thérefore, 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> aftenthe timerjis 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 PDO;j pin to the high level.

Note 3:j=3,4
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9.3.4 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

INTTCj 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;j pin is the opposite to the timerF/Fj togic level.)

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

For the pin used for PWM output, the output latch-of the HO-port must be sette 1.

Note 1: In the PWM mode, program the timer registef PWREG]j immediately after the INFTCj interrupt request is
generated (normally in the INTTC]j interrupt{service routine.) If the programmingof PWREG] and the inter-
rupt request occur at the same time, an unstable value is shifted, that may result-in,generation of the pulse
different from the programmed value untitthe nextINTTCj interrupt request is\generated.

Note 2: When the timer is stopped during PWM output, thé PWMj pin holds the'autput status when the timer is
stopped. To change the output status| program TCjCR<TFEj>-afterthe timeris stopped. Do not change the
TCjCR<TFFj> upon stopping of the tiner.

Example: Fixing the PWM;j pin to the high-level when the-TimerCounter is stopped
CLR (TCjCR).3: Stops the timer.
CLR (TCjCR).7: Sets the PWNj“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'ar fs is selected as the source clock, a pulse is out-
put from the PWMj pin during the warm-up period time-after.exiting the STOP mode.

Note 4:j=3,4

Table 9-5 PWM Output Mode

Downloaded from AFfOW.com.

Souree Cloek 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/21t [Hz] fs/23 [Hz] fs/23 [Mz] 128 us 244.14 ps 32.8ms 62.5 ms
fcr2? fer2’ - 8 ps - 2.05 ms -
fc2s fc/2% - 2us - 512 ps -
fc/23 fc/23 - 500 ns - 128 ps -
fs fs fs 30.5 us 30.5 us 7.81 ms 7.81ms
fel2 fc/2 - 125 ns - 32 us -
fc fc - 62.5ns - 16 us -
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9.3.5 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, TTREGA4) value is detected after the
timer is started by setting TCACR<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 PPG;j pins may output a pulse.

Note 2: In the timer mode, do not change the TTREG;j setting while the timer is runhing/ Since TTREG;j 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;j. Therefore, if TTREG] is changed while the timer is’running, an expected
operation may not be obtained.

Note 3:j=3,4

Table 9-6 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 = 32768 kHz fc/216 MHZ fs/= 32.768 kHz
DV7CK =0 DV7CK =1 mode
fc/2t fs/23 fs/23 128 yis 244.14 ps 8.39s 16s
fc/2’ fc/2’ - 8 s - 524/3/ms -
fc/2° fc/2° - 2us - 131.1 ms -
fc/28 fc/28 - 500.ns - 32.8ms -

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

LDW (TFREGS), 927CH . Sets-the timer register (300 ms=+2ffc = 927CH).

DI

SET (EIRH). 4 3 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 (TCG4E€R), OCH : Starts the timer.

TC4CR<TC4S> I

1 1
Internal ] !
source cloek : 1
1

Counter 0 inX2X3><Zz:an-1@<§\X1X2X: @@ 1)@( 0
TTREG3 ZX n: ?? S ?? 0 :

(Lower byte)

)) )) !

(( ((
)) ))

((
)

((
T 7 )7
! Match Counter Match Counter
: detect clear detect clear
1

Figure 9-6 16-Bit Timer Mode Timing Chart (TC3 and TC4)

TTREG4 ? m
(Upper byte)

INTTC4 interrupt request
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9.3.6 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 TCACR<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 (TFREG3), and upper byte (TTREGA4) 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 PDQ}, 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 mgde, the new-value programmed in TTREG; is in effect imme-
diately after the programming. Therefore, if TTREG;] is\changed while the‘timer is running,an.expected operation
may not be obtained.

Note 3: j=3,4

9.3.7 16-Bit Pulse Width Modulation (PWM)-Output Mode (TC3 and 4)

This mode is used to generate a pulse-width modulated (PWM)-sighals-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 internahcloek or externalclock.

When a match between the up-counter-and the timer register (RWREG3, 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 Jis switched to the opposite state again by the counter overflow, and the
counter is cleared. The INTFC4-interrupt is generated-at this time.

Two machine cycles arerequired for the high-_or Tow-leyvel 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 fs/2* to in the SLOW1/2
or SLEEP1/2 mode,

Since the initiahvalue can be setto-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'lagic level output from the PWM4 pin‘is the opposite to the timer F/F4 logic level.)

Since-PWREG4 and 3 in thel PWM mode are serially connected to the shift register, the values set to
PWREG4 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 INTTCj 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 (PWREG4) 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
PWREG4 and 3 is previous value until INTTC4 is generated.

For the pin used for PWM output, the output latch of the 1/0O 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 (TCA4CR).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 9-7 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

fo/2ll fs/23 [Hz] fs/23 [Hz] 128 ps 2441248 8.39s 16s

fer2? fer2’ - 8 us - 524.3 ms -

fc/2® fc/2® - 2ps - 131.1 ms -

fcr2® fcr2® - 500 ns - 32.8 ms -
fs fs fs 30.5 us 30.5.us 2s 2s

fc/2 fc/2 - 125 ns - 8.2 ms -

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 (PWREG3), 07D0OH : Sets the pulse width.

LD (TC3CR), 33H : Sets theloperating 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 (TC4CR), OS5EH : Starts\the timer.
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Figure 9-7 16-Bit PWM Mode Timing Chart (TC3 and TC4)
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9.3.8 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 (TTREG3,
TTREG4) 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 inputto the\TC3 pin. Therefore, a maxi-

mum frequency to be supplied is fc/2* Hz in the NORMAL1/2 or IDLE1/2 mode, and fs/2* to in the SLOW1/
2 or SLEEP1/2 mode.

Since the initial value can be set to the timer F/F4 by TC4CR<TFFR4>, 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 \progfam)the timer_register. (TTREG3 — TTREG4,
PWREG3 — PWREGA4) (Programming only the upper-orlower byte should’not be-attempted))

For PPG output, set the output latch of the 1/O pertito I:

Example :Generating a pulse with 1-ms high-level width and-aperiod of 16.385 ms/(f¢,=/16.0 MHz)

Setting ports

LDW (PWREG3), 07D0OH : Sets the/pulse width:
LDW (TTREG3),,8002H : Sets the tycle.period.
. ; 3 _hi
LD (TC3CRY), 33H : Sets the operating.clock to fc/2°, and16-bit PPG mode
(lower byte).
: Sets TRF4 to the initial value 0, and 16-bit
LD TC4 H
(TCACR). 057 PPG-mode (upper byte).
LD (7C4ACR), 05FH -Starts the timer.

Note 1: In thé PPG mode, do not change the PWREGI and TTREGI settings while the timer is running. Since
PWREGI and/ TTREG/ are not in the-shift register-configuration in the PPG mode, the new values pro-
grammed.in‘PWREGi and TTREGi are’in_effect imnmediately after programming PWREGi and TTREGiI.
Therefore, iFPWREGI and TTREGiI-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
TCACR<TFF4> upon stopping of the timer.

Example: Fixing the PPG4 pin to the high level when the TimerCounter is stopped
CLR (TC4CR).3: Stops thetimer

CLR (TC4CR).7: Sets the PPG4 pin to the high level
Note 3~ =3, 4
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9.3.9 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 tsed for match
detection and lower 8 bits are not used.

Note 3:1=3,4

9.3.9.1 Low-Frequency Warm-up Counter Mode
(NORMAL1 - NORMAL2 —» SLOW2 — SLOWL1)

In this mode, the warm-up period time from a stop ofthe.Jow-fréquency 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 (TTREGA4, 3) value'is detected after the timer
is started by setting TCACR<TC4S> to 1, the countér-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 9-8 Setting Time of Low-Frequency Warm-Up Counter Mode)(fs = 32.768 kHz)

Minimum Time Setting
(TTREG4, 3 = 0100H)

Maximum Time Setting
(TTREG4) 3 = FFOOH)

7.81 ms

1.99s

Example :After checking low-frequency clock-oscillation stability with FC4 and 3, switching to the SLOW1 mode

SET (SY$CR2).6 “SYSCR2ZXTEN> «— 1
LD (TC3CR), 43H :/Sets TFF3=0, source clock fs, and 16-bit mode.
LD (TC4CR), O5H ~Sets TFF4=0, and warm-up counter mode.
: Sets th -up time.
LD (TTREG3), 8000H Sgts the warm-up time _ o
(The warm-up time depends on the oscillator characteristic.)
DI IMF <0
SET (EIRH). A4 : Enables the INTTC4.
El CIMF « 1
SET (FC4CR).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
VINTTCA4: DW PINTTC4 - INTTC4 vector table
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9.3.9.2 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 TCACR<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 9-9 Setting Time in High-Frequency Warm-Up Counter-Modé

Minimum time Setting
(TTREG4, 3 = 0100H)

Maximum time Setting
(TTREG#4;-3.= FFOOH)

16 ps

4.08 ms

Example :After checking high-frequency clock oscillation stability-with T€4 and 3, switching to-the NORMALL mode

SET (SYSCR2).7
LD (TC3CR), 63H
LD (TCACR), 05H
LD (TTREG3), OF800H
DI
SET (EIRH). 4
El
SET (TC4CR).3
PINTTC4: CLR (TCAER).3
CLR (SYSCR2).5
6LR (SYSCR2).6
RETI
VINTTC: pW PINTTCZ

{SYSCR2<XEN> «— 1

: Sets TFF3=0, source clock f¢, and-16-bit mode.

:'Sets TFF4=0, and warm-up-counter mode.

,Sets the warm-up time,

(The warm-up time depends-or/the oscillator characteristic.)

T IMF 0

: Enablesthe INTTC4,

CIMF <1

: Stelrts\the TC4 and 3.

+-Stops.the TC4 and 3.

» SYSCR2<SYSCK> «- 0

{Switches the system clock to the high-frequency clock.)

: SYSCR2<XTEN> « 0

(Stops the low-frequency clock.)

1 INTTC4 vector table
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PWM mode
Overflow \_D—
| T INTTC6
interrupt request
fc/2l2 or fs/2° —3p[A — 1Clear /7J Pres
fc/27—>»B Y > —>| 8-bit up-counter
fc/2° —>»|C —>(B | SOL s
fC/f23 —> E S —|—|—5 PDO, PPG fode
S — | 14 A {:
fe/2 —»IF 16-bit mode \:> Y N Toggle
fc —>»|G B S Q
TC6 pi H BRAR/ DWW
pin [ }—> s 16-bit Timer Event > Set PDO6/PWM6/
mode | Count: PPG6 pin
TCEM A S ounter mode Clear
TC6S TC6CK —) . TimerE/F6
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Figure 10-1 8-Bit TimerCounter 5, 6
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10.2 TimerCounter Control

The TimerCounter 5 is controlled by the TimerCounter 5 control register (TC5CR) and two 8-bit timer registers
(TTREG5, PWREGSH).

TimerCounter 5 Timer Register

TTREG5 7 6 5 4 3 2 1 0
(001EH)
R/IW (Initial value: 1111 1111)

PWREGS5 7 6 5 4 3 2 1 0
(002AH)
R/W (Initial value; 1311 1111)

Note 1: Do not change the timer register (TTREGS5) setting while the timer js'running.

Note 2: Do not change the timer register (PWREGD5) setting in the operating mode except the 8-bit anth16-bit PWM modes while
the timer is running.

TimerCounter 5 Control Register

TC5CR 7 6 5 4 3 2 1 0
(001AH) | TFF5 | TC5CK | TC5S | TC5M (Initial value: 0000'0000)
TFF5 | Time F/F5 control 0: Clear RIW
1. Set
NORMAL1/2, IDLE1/2 mode SLOW1/2
SLEEP1/2
DV7CK =0 BV7CK =1 mode
000 fo/2tt fs/23 fs/28
001 fc/2? fer2’ -
010 5 5 —
TC5CK Operating clock-selection.[Hz] c/2 fe/2 R/W
oy fc)2? fc/2® -
100 fs fs fs
104 fc/2 fcl2 -
110 fc fc fc (Note 8)
111 TC5 pin input
0: Operation stop and counter clear
TC5S [TC5 start\control ) R/W
I+ Operation start
000:  8-hit timer/event counter mode
001:  8-bit programmable divider output (PDO) mode
010: 8-bit pulse width modulation (PWM) output mode
TC5M TC5M operating mode select ! -pu w ulation ( ) outpu 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
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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The TimerCounter 6 is controlled by the TimerCounter 6 control register (TC6CR) and two 8-bit timer registers
(TTREG6 and PWREGS).

TimerCounter 6 Timer Register

TTREG6 7 6 5 4 3 2 1 0

(001FH)
R/W (Initial value: 1111 (1111)

PWREG6 7 6 5 4 3 2 1 0
(002BH)
R/IW (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 (PWREGS6) setting in the operating/mode except the 8-bit and 16-bit RWM modes while
the timer is running.

TimerCounter 6 Control Register

TC6CR 7 6 5 4 3 2 1 0
(001BH) | TFF6 | TC6CK | TC6S | TCEM (Initial valug® 0000-0060)
0: CJ
TFF6 | Timer F/F6 control Va RIW
1. Set
NORMAL1/2, IDLE1/2 mode SLOW1/2
SLEEP1/2
DV7CK =0 DV7CK =1 mode
Q00 for2lt fs/28 fs/2®
001 fe/27 fc/2’ -
010 5 5 -
TC6CK Operating clock selection [Hz] Q22 fe/2 R/W
011 for2® fc/2® -
100 fs fs fs
101 fc/2 fc/l2 -
110 fc fc -
111 TC6 pin input
: i |
TCeS TCE Start comtiol 0 Operatfon stop and counter clear RIW
1: Operation start
000/ 8-bit timer/event counter mode
001:  8-hit programmable divider output (PDO) mode
010:  8-bit pulse width modulation (PWM) output mode
011: Reserved
TC6M TC6M operating modg select . V 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
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.

Note 9: To use the PDO, PWM or PPG mode, a pulse is not output from the timer output pin.when TC1CR2<TC60UT> is setto 1.
To output a pulse from the timer output pin, clear TCICR2<TC60UT> to 0.

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

fo/2 TC5 TC6
Operating mode or fc/2’ fc/2° fc/23 fs fc/2 fc pin input | pin input

fs/23
8-bit timer (6] (6] (6] (0] - - - - _
8-bit event counter - - - - £ - _ o) 1)
8-bit PDO (6] O (6] O = - - — —
8-bit PWM (6} (6] (0} O 0} O (0} - -
16-bit timer (6] (6] (6] (6] - - — 4 _
16-bit event counter - - - [4 - - AN o) —
Warm-up counter - - - AN 0 - _ - _
16-bit PWM o) 0 o) o) 0 o) 0 0 -
16-bit PPG o (6] 0} 0 - v - (6] -

Note 1: For 16-bit operations (16-bit timer/event coeunter, warm-up counter, 16-bitPWM and 16-bit PPG), set its source clock on
lower bit (TC5CK).

Note 2: O : Available source clock

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

T2 TC5 TC6
Operating mode ar fer2? fc/2° fel28 fs fc/2 fc pininput | pin input

15(23
8-bit timer o - - - - - - - —
8-bit event counter - - ~ - - - - 0 0
8-bit PDO (6] — = - - - - - -
8-bit PWM (6] - = - (6] - - - —
16-bit timer o S, - - - - — — —
16-bit event counter - ~ - - - - - o} —
Warm-Up.counter - - - - - - 0 - _
16-bit PWM o) - - - 0 - - 0 _
16-bitPPG ol - - - - - - o) _

Notel: 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 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< (PWREGnN) <254

16-bit timer/event counter

1< (TTREGS, 5) <65535

Warm-up counter

256< (TTREGS, 5) <65535

16-bit PWM

2< (PWREGS, 5) <65534

16-bit PPG

1< (PWREGS, 5) < (TTREGS, 5) <65535
and
(PWREGS, 5) + 1 < (TTREGS, 5)

Note: n=5t06
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10.3 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 (TC5, 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.

10.3.1 8-Bit Timer Mode (TC5 and 6)

In the timer mode, the up-counter counts up using the internal clock. When & match between the up-counter
and the timer register j (TTREG]) value is detected, an INTTCj%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, PWNjand PPGj pins may output pulses.

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

Note 3:j=5,6

Table 10-4 Source Clock for TimerCounter 5, 6 (Internal Clock)

Source Clock Reselution MaXimum Time Setting
NORMAL1/2, IDLE1/2 mode SLOW1/2,
SLEEP1/2 fc = 16"MHz fs = 32.768 kHz fo = 16 MHz fs = 32.768 kHz
DV7CK =0 DV7CK =1 mode
fc/2X [Hz] fs/23 [Hz] fs/23 [Hz] 128 ps 244.14 ps 32.6 ms 62.3 ms
fc/2” fc/2” - 8 us < 2.0ms -
fc/2% fc/2% = 2 s - 510 ps -
fc/23 fc/23 - 500 ns - 127.5 s -

Example :Setting the timer mode with-source clock fc/2” Hz'and generating an interrupt 80 ps later
(TimerCounter6,fc=/16.0 MHZz)

LD (TTREGS6), 0AH : Sets the timer register (80 us+27/fc = 0AH).
DI

SET (EIRH)..5 : Enables INTTCG interrupt.

El
LD (TC6CR);:000100008 : Sets the operating clock to fc/27, and 8-bit timer mode.
LD (TC6CR),\00011000B : Starts TC6.
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TC6CR<TC6S> I

Internal ] 1
Source Clock : :

=t ot o

TTREG6 ? x h :
X 1
' Match detect\ /Counter clear /: " II
INTTCS interrupt request ! Match detect ounter clear

{(
)

Figure 10-2 8-Bit Timer Mode Timing Chart (TC6)

10.3.2 8-Bit Event Counter Mode (TC5, 6)

In the 8-bit event counter mode, the up-counter counts up 4t the/falling edge of the-irput pulse to the TCj pin.
When a match between the up-counter and the TTREGj.valueis detected, an INTTC]j 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-lével\pulse input to the TCj pin.

Therefore, a maximum frequency to be supplied is-fe/2* Hz in the NORMALZ/2.6r 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 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 plew 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’netbe obtained.

Note 3:j=5,6

TC6CR<TC6S> I
1 1
1 1
TC6 pin input | | X | | | l | | | | | | | | | l | l | | l l | l ! | | |
1 1
(.
))

1 1 1 1 1 1 1 1 1 1 1 1 1 1 |
Counter o X7 1 X2 x ¥ n-1 @@ 1 X 2 X n-1 @Q 1 ).( 0
: \ ()() \ X
TTREG6 X n o ] I
1
Match detect Counter Counter !
\ /clear Match detec\n/clear :

INTTCG interruptrequest
Figure 10-3_8-Bit Event Counter Mode Timing Chart (TC6)

10.3.3 8-Bit Programmable Divider Output (PDO) Mode (TC5, 6)

This mode is used to generate a pulse with a 50% duty cycle from the PDO;j 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]j interrupt request is generated at the time. The logic state opposite to the
timer F/Fj logic level is output from the PDOj 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 1/O port to 1.

Page 114

Downloaded from AFfOW.com.


http://www.arrow.com

To s H I BA TMP86PS23UG

Example :Generating 1024 Hz pulse using TC6 (fc = 16.0 MHz)

Setting port

LD (TTREGS), 3DH : 1/1024+27ffc+2 = 3DH
LD (TC6CR), 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 programmablé divider output mode, the new
value programmed in TTREG;j is in effect immediately after programming. Thérefore, 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> aftenthe timerjis 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 PDO;j pin to the high level.

Note 3:j=5,6
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Figure 10-4 8-Bit PDO Mode Timing Chart (TC6)
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10.3.4 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

INTTCj 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;j pin is the opposite to the timerF/Fj togic level.)

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

For the pin used for PWM output, the output latch-of the HO-port must be sette 1.

Note 1: In the PWM mode, program the timer registef PWREG]j immediately after the INFTCj interrupt request is
generated (normally in the INTTC]j interrupt{service routine.) If the programmingof PWREG] and the inter-
rupt request occur at the same time, an unstable value is shifted, that may result-in,generation of the pulse
different from the programmed value untitthe nextINTTCj interrupt request is\generated.

Note 2: When the timer is stopped during PWM output, thé PWMj pin holds the'autput status when the timer is
stopped. To change the output status| program TCjCR<TFEj>-afterthe timeris stopped. Do not change the
TCjCR<TFFj> upon stopping of the tiner.

Example: Fixing the PWM;j pin to the high-level when the-TimerCounter is stopped
CLR (TCjCR).3: Stops the timer.
CLR (TCjCR).7: Sets the PWNj“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'ar fs is selected as the source clock, a pulse is out-
put from the PWMj pin during the warm-up period time-after.exiting the STOP mode.

Note 4:j=5,6

Table 10-5 PWM Output Mode

Downloaded from AFfOW.com.

Souree Cloek 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/21t [Hz] fs/23 [Hz] fs/23 [Mz] 128 us 244.14 ps 32.8ms 62.5 ms
fcr2? fer2’ - 8 ps - 2.05 ms -
fc2s fc/2% - 2us - 512 ps -
fc/23 fc/23 - 500 ns - 128 ps -
fs fs fs 30.5 us 30.5 us 7.81 ms 7.81ms
fel2 fc/2 - 125 ns - 32 us -
fc fc - 62.5ns - 16 us -
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Figure 10-5 8-Bit PWM Mode Timing Chart (TC6)
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10.3.5 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 (TTREG5, TTREGS6) value is detected after the
timer is started by setting TC6CR<TC6S>to 1, an INTTCG 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 PPG;j pins may output a pulse.

Note 2: In the timer mode, do not change the TTREG;j setting while the timer is runhing/ Since TTREG;j 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;j. Therefore, if TTREG] is changed while the timer is’running, an expected
operation may not be obtained.

Note 3:j=5,6

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 = 32768 kHz fc/216 MHZ fs/= 32.768 kHz
DV7CK =0 DV7CK =1 mode
fc/2t fs/23 fs/23 128 yis 244.14 ps 8.39s 16s
fc/2’ fc/2’ - 8 s - 524/3/ms -
fc/2° fc/2° - 2us - 131.1 ms -
fc/28 fc/28 - 500.ns - 32.8ms -

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

LDW (TFREGS), 927CH . Sets-the timer register (300 ms=+2ffc = 927CH).

DI

SET (EIRH). 5 3 Enables INTTCS6 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 (TG6ER), OCH : Starts the timer.

TC6CR<TC6S> I

1 1
Internal ] !
source cloek : 1
1

Counter 0 inX2X3><Zz:an-1@<§\X1X2X: @@ 1)@( 0
TTREG5 ZX n: ?? S ?? 0 :

(Lower byte)

)) )) !

(( ((
)) ))

((
)

((
T 7 )7
! Match Counter Match Counter
: detect clear detect clear
1

Figure 10-6 16-Bit Timer Mode Timing Chart (TC5 and TC6)

TTREG6 ? m
(Upper byte)

INTTCS6 interrupt request
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10.3.6 16-Bit Event Counter Mode (TC5 and 6)

In the event counter mode, the up-counter counts up at the falling edge to the TC5 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 (TTREG5, TTREG6) value is detected after
the timer is started by setting TC6CR<TC6S> to 1, an INTTCS 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 (TFREGS), and upper byte (TTREGS6) 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 PDQ}, 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 mgde, the new-value programmed in TTREG; is in effect imme-
diately after the programming. Therefore, if TTREG;] is\changed while the‘timer is running,an.expected operation
may not be obtained.

Note 3: j=5,6

10.3.7 16-Bit Pulse Width Modulation (PWM)-Output Mode (TC5 and 6)

This mode is used to generate a pulse-width modulated (PWM)-sighals-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 internahcloek or externalclock.

When a match between the up-counter-and the timer register (RWREG5, PWREGS6) 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 Jis switched to the opposite state again by the counter overflow, and the
counter is cleared. The INTFC6-interrupt is generated-at this time.

Two machine cycles arerequired for the high-_or Tow-leyvel 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 fs/2* to in the SLOW1/2
or SLEEP1/2 mode,

Since the initiahvalue can be setto-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'lagic level output from the PWM®6 pin‘is the opposite to the timer F/F6 logic level.)

Since-PWREGSH and 5 in thel 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 PWREGS6 and 5 during a run of
the timer are/shifted by the INTTCj 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
(PWREGS) and upper-byte (PWREGS) in this order to program PWREG6 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 PWREGS6 and 5. Therefore, after writing to the PWREGS6 and 5, reading data of
PWREGS6 and 5 is previous value until INTTCS6 is generated.

For the pin used for PWM output, the output latch of the 1/0O 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 INTTCS6 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 PWMS6 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
TC6CR<TFF6> upon stopping of the timer.

Example: Fixing the PWM6 pin to the high level when the TimerCounter is stopped
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CLR (TC6CR).3: Stops the timer.
CLR (TC6CR).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 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

fo/2ll fs/23 [Hz] fs/23 [Hz] 128 ps 2441248 8.39s 16s

fer2? fer2’ - 8 us - 524.3 ms -

fc/2® fc/2® - 2ps - 131.1 ms -

fcr2® fcr2® - 500 ns - 32.8 ms -
fs fs fs 30.5 us 30.5.us 2s 2s

fc/2 fc/2 - 125 ns - 8.2 ms -

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 (PWREGS5), 07D0OH : Sets the pulse width.

LD (TC5CR), 33H : Sets theloperating 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), OS5EH : Starts\the timer.
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Figure 10-7 16-Bit PWM Mode Timing Chart (TC5 and TC6)
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10.3.8 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 (PWREG5, PWREGS6) 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 (TTREGS5,
TTREGS) value is detected, and the counter is cleared. The INTTC6 interrupt\is\generated at this time.

Two machine cycles are required for the high- or low-level pulse inputto the\TC5 pin. Therefore, a maxi-

mum frequency to be supplied is fc/2* Hz in the NORMAL1/2 or IDLE1/2 mode, and fs/2* to in the SLOW1/
2 or SLEEP1/2 mode.

Since the initial value can be set to the timer F/F6 by TC6CR<TFR6>, positive and negative pulses can be
generated. Upon reset, the timer F/F6 is cleared to 0.
(The logic level output from the PPGB6 pin is the opposite to the timer F/F6.)

Set the lower byte and upper byte in this order to \progfam)the timer_register. (TTREG5 — TTREGS,
PWREG5 — PWREGS6) (Programming only the upper-orlower byte should’not be-attempted))

For PPG output, set the output latch of the 1/O pertito I:

Example :Generating a pulse with 1-ms high-level width and-aperiod of 16.385 ms/(f¢,=/16.0 MHz)

Setting ports

LDW (PWREGS5), 07D0OH : Sets the/pulse width:
LDW (TTREGS),/8002H : Sets the tycle.period.
. N 3 hi
LD (TC5CRY), 33H : Sets the operating.clock to fc/2°, and16-bit PPG mode
(lower byte).
: Sets TRF6 to the initial value 0, and 16-bit
LD T H
(TCECR). 057 PPG-mode (upper byte).
LD (7C6CR), 05FH -Starts the timer.

Note 1: In thé PPG mode, do not change the PWREGI and TTREGI settings while the timer is running. Since
PWREGI and/ TTREG/ are not in the-shift register-configuration in the PPG mode, the new values pro-
grammed.in‘PWREGi and TTREGi are’in_effect imnmediately after programming PWREGi and TTREGiI.
Therefore, iFPWREGI and TTREGiI-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
TC6CR<TFF6> upon stopping of the timer.

Example: Fixing the PPG6_pin to the high level when the TimerCounter is stopped
CLR (TC6CR).3: Stops thetimer

CLR (TCBECR).7: Sets the PPG6 pin to the high level
Note 3~i=5,6
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Figure 10-8 16-Bit PPG Mode Timing Chart (TC5 and TC6)
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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 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 tsed for match
detection and lower 8 bits are not used.

Note 3:i=5,6

10.3.9.1 Low-Frequency Warm-up Counter Mode
(NORMAL1 - NORMAL2 —» SLOW2 — SLOWL1)

In this mode, the warm-up period time from a stop ofthe.Jow-fréquency 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 (TTREGSG, 5) valueis detected after the timer
is started by setting TC6CR<TC6S> to 1, the countér-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 10-8 Setting Time of Low-Frequency Warm-Up Counter Made (fs = 32.768 kHz)

Minimum Time Setting
(TTREGS, 5 = 0100H)

Maximum Time Setting
(TTREGS6) 5 = FFOOH)

7.81 ms

1.99s

Example :After checking low-frequency clock-oscillation stability with FC6 and 5, switching to the SLOW1 mode

SET (SY$CR2).6 SYSCR2ZXTEN> «— 1
LD (TC5CR), 43H :/Sets TFF5=0, source clock fs, and 16-bit mode.
LD (TC6CR), O5H ~Sets TFF6=0, and warm-up counter mode.
LD (TTREGS), 8500H : (S;:Z tthrvr:i:r;-t?r::Ln:[l)ends on the oscillator characteristic.)
DI tIMF « 0
SET (EIRH). 5 : Enables the INTTCS6.
El CIMF « 1
SET (FC6CR).3 : Starts TC6 and 5.
PINTTCSG: 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
VINTTCG6: DW PINTTC6 - INTTCG6 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 (TTREGS, 5) value is detected after the timer
is started by setting TC6CR<TC6S> to 1, the counter is cleared by ‘generating the INTTCG6 interrupt
request. After stopping the timer in the INTTCS6 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
(TTREGS, 5 = 0100H)

Maximum time Setting
(TTREGS6;-5.= FFOOH)

16 ps

4.08 ms

Example :After checking high-frequency clock oscillation stability-with T€6 and 5, switching to-the NORMALL mode

SET (SYSCR2).7
LD (TC5CR), 63H
LD (TCBCR), 05H
LD (TTREGS5), OF800H
DI
SET (EIRH). 5
El
SET (TC6CR).3
PINTTCS: CLR (TC6ER).3
CLR (SYSCR2).5
6LR (SYSCR2).6
RETI
VINTTCB' pW PINTTC6

{SYSCR2<XEN> «— 1

: Sets TFF5=0, source clock f¢, and-16-bit mode.

:'Sets TFF6=0, and warm-up-counter mode.

,Sets the warm-up time,

(The warm-up time depends-or/the oscillator characteristic.)

T IMF 0

: Enables'the INTTCS6,

CIMF <1

: Stelrts\the TC6 and 5.

+-Stops.the TC6 and 5.

» SYSCR2<SYSCK> «- 0

{Switches the system clock to the high-frequency clock.)

: SYSCR2<XTEN> « 0

(Stops the low-frequency clock.)

1 INTTCS6 vector table
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11. Asynchronous Serial interface (UART )

11.1 Configuration

UART control register 1 Transmit data buffer .
9 Receive data buffer

| UARTCR1 | | | TDBUF | g

/3 /2 ;i
— - > T T
> = 2 3 _)| Shift register 1+ 1 |
= = e
o k3] i i
L = Pafity bit |
S f i S /<&
£ N
INTTXD<€ 8 o Noise rejection
= =
€ 3 ] circuit —D RXD
(%2}
g 4 A
7;_ AKX
TXD
INTRXD <€ D
Transmit/receive clock
¥
I D D ™ A< fc/2°
' v 1 P) B fc/2’
! S \ X ol fc/2®
fc/13 >—+——A : S
fc/26  >—+—B ' ) 1 A
fc/52 >—+—C X 2 4 4
fc/104 >——DO Y| Counter . A4 ¥ 2
fc/208 >——E ' UARTSR UARTCR2
fc/a16 >——F \
INTTC5 >—+—G : UART status register UART control register 2
1
fc/96  >——1H ' MPX: Multiplexer
1

: Baud-rate generator

Figure 11-1 "UART-(Asynchronous Serial Interface)
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11.2 Control
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11.2 Control

UART is controlled by the UART Control Registers (UARTCR1, UARTCR2). The operating status can be moni-
tored using the UART status register (UARTSR).

UART Control Registerl

UARTCR1 7 6 5 4 3 2 1 0
(0025H) | TXE | RXE | STBT| EVEN| PE | BRG (Initial value: 0000.0000)

Disable

TXE Transf ti
ranster operation Enable

Disable

RXE Recei ti
eceive operation Enable

1 bit

STBT T it stop bit length
ransmit stop bit leng 2 bits

Odd-numbered parity

EVEN Even-numbered parity Even-numbered parity

Write

NO parity. only

PE Parity additi
arity addition Paity

RoelRQIROIROIRQ

000:_~fc/13 [Hz]

001; fel26

010:._fc/52

011: fc/104

100>, fc/208

101: fc/416

110:  TC5 (Input INTTC5)
111: fc/96

BRG Transmit clock select

Note 1: When operations are disabled/by setting TXE and RXE bit t0 “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-te‘the transmit data buffer, the ‘eurrent data are not transmitted.

Note 2: The transmit clock and the parity.are common to transmit.and.receive.
Note 3: UARTCR1<RXE>and UARTCR1<TXE> should be-set.to “0™before UARTCR1<BRG> is changed.

UART Control Register2

UARTCR2 7 6 5 4 3 2 T 0
(0026H) ‘ ‘ ‘ | RXDNC | STOPBRl (Initial value: ** *000)

00: No noise rejection (Hysteresis input)

AXBNG 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: 1hbit

STOPBR | Receive stop bitlength
Ve SEIRNY 1 2bits

Note: When UARTCR2<RXDNC> = “01", pulses longer than 96/fc [s] are always regarded as signals; when UARTCR2<RXDNC>
=*"10", longer than 192/fc [s]; and when UARTCR2<RXDNC> = “11", longer than 384/fc [s].
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UART Status Register

UARTSR 7 6 5 4 3 2 1 0
(0025H) | PERR | FERR | OERR | RBFL | TEND | TBEP | ‘ (Initial value: 0000 11*)
. 0: No parity error
PERR Parit fl
artty error flag 1: Parity error
0: No frami
FERR Framing error flag © ra.lmlng error
1: Framing error
OERR Overrun error flag 0: No overrun error
1. Overrun error Read
) 0: Receive data buffer empty. only
RBFL Receive data buffer full fla
9 1: Receive data buffer full
0: On transmittin
TEND Transmit end flag . g
1: Transmit end
. 0: Transmit data-buffer fulk(Transmit data writing is finished)
TBEP Transmit data buffer empty flag .
1: Transmit data buffer empty

Note: When an INTTXD is generated, TBEP flag is set to "1" automatically.

UART Receive Data Buffer

RDBUFE 7 6 5 4 3 2 1 0 Read only

(OF9BH) | | | | | | | | |(Initialva|ue: 0000 0G00)

UART Transmit Data Buffer

TDBUF 7 6 5 4 3 2 1 0 Write only
(OF9BH) | | | | | | | | | (Initiatvalue: 0000 0000)
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11.3 Transfer Data Format

In UART, an one-bit start bit (Low level), stop bit (Bit length selectable at high level, by UARTCR1<STBT>), and
parity (Select parity in UARTCR1<PE>; even- or odd-numbered parity by UARTCR1<EVEN>) are added to the
transfer data. The transfer data formats are shown as follows.

Frame Length
PE STBT

Bit 7 (Y /Stop 1

\ A X X

o | 1| \sw mEC- X e e s
\ A X X
\ A X X

Bit 0

Bit 1 x———-x Bit 6
Bit 1 x———-x Bit/6

Start Bit.7 X Parity y Stop1

Start Bit 0 Bit7 X Parity ) Stopl) Stop2

Figure 11-2 Transfer Data Format

Without-parity /"¥ STOP bit

= T

With parity / 1 STOP bit Without parity / 2 STOP bit

\ /

With parity / 2 STOR bt

Figure/11-3 Caution/on Changing Transfer Data Format

Note: In order to switch the transfer data format, perform transmit operations in the above Figure 11-3 sequence except
for the-initial setting.
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11.4 Transfer Rate

The baud rate of UART is set of UARTCR1<BRG>. The example of the baud rate are shown as follows.

Table 11-1 Transfer Rate (Example)

Source Clock

BRG

16 MHz 8 MHz 4 MHz
000 76800 [baud] 38400 [baud] 19200-_[bayd]
001 38400 19200 9600
010 19200 9600 A800
011 9600 4800 2400
100 4800 2400 1200
101 2400 1200 600

When TC5 is used as the UART transfer rate (when UARTCR1<BRG3 = “110"), the-transfer_clock and transfer
rate are determined as follows:

Transfer clock [Hz] = TC5 source clock [Hz] / TTREG5-setting value
Transfer Rate [baud] = Transfer clock [Hz] /16

11.5 Data Sampling Method

The UART receiver keeps sampling /input-using the clock selected by UARTCR1<BRG> until a start bit is
detected in RXD pin input. RT clock starts\detecting “L” level of the RXD,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, RT8, and RT9 during one receiver clock
interval (RT clock). (RTO is the position where the bit supposedly starts.) Bit is determined according to majority
rule (The data are the same twice or'more-out of three samplings)s

RXD pin \ Start bit /< Bit 0

RTOS-10 20 30 40 58.60.70°8J 90101 M2A3M415 00 10 20 30 40 50 60 70 80 900100111

RT clock ||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Internal receive data \ Start bit lil /< Bit O * * *

(a) Without noise rejection circuit

RXD pin | \ Start-hit /< Bit 0 x

RTOL 10 2080 40 50 60 70 80 90101 M 234115 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 11-4 Data Sampling Method
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11.6 STOP Bit Length

Select a transmit stop bit length (1 bit or 2 bits) by UARTCR1<STBT>.

11.7 Parity
Set parity / no parity by UARTCR1<PE> and set parity type (Odd- or Even-numbered) by UARTCR1<EVEN>.

11.8 Transmit/Receive Operation

11.8.1 Data Transmit Operation

Set UARTCR1<TXE> to “1”. Read UARTSR to check UARTSR<TBEP> = “1”, then-write data in TDBUF
(Transmit data buffer). Writing data in TDBUF zero-clears UARTSR<TBEP>, transfersithe datato the transmit
shift register and the data are sequentially output from the TXDpin. The data output include a one-bit start bit,
stop bits whose number is specified in UARTCR1<STBT>/and & parity bit if parity addition is specified.
Select the data transfer baud rate using UARTCR1<BRG>/When data transmit starts,/ transmit buffer empty
flag UARTSR<TBEP> is set to “1” and an INTTXD interrupt-is generated.

While UARTCR1<TXE> = “0” and from whef“1*.is written to UARTCR1<TXE> to when send data are
written to TDBUF, the TXD pin is fixed at highlevel.
When transmitting data, first read UARTSRthen write data in TDBUF.-Otherwise, UARTSR<TBEP> is not
zero-cleared and transmit does not start.

11.8.2 Data Receive Operation

Set UARTCR1<RXE> to “1”. When-data are received via the ' RXD pin, the receive data are transferred to
RDBUF (Receive data buffer)/ Atthis 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 reeeived, data only are extracted and transferred to
RDBUF (Receive data buffer).~Then’the receive buffer-full flag UARTSR<RBFL> is set and an INTRXD
interrupt is generated. Seléct the data transfer baud-rate-using UARTCR1<BRG>.

If an overrup efror (OERR) 0ccurs when data‘are/received, the data are not transferred to RDBUF (Receive
data buffer) but discarded;-data in the RDBUF are’not affected.

Note: When a receive operation is disabled-by-setting"UARTCR1<RXE> bit to “0”, the setting becomes valid when
data receive is completed. However,f a framing-error occurs in data receive, the receive-disabling setting
may not become valid. If a framing error-eccurs, be sure to perform a re-receive operation.
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11.9 Status Flag

11.9.1

11.9.2

11.9.3

Parity Error

When parity determined using the receive data bits differs from the received parity bit, the parity error flag
UARTSR<PERR> is set to “1”. The UARTSR<PERR> is cleared to “0” when the RDBUF is read after read-
ing the UARTSR.

RXD pin X Parity y Stop

Shift register XXXXO** X PXXXX0* X 1pxxxx0

|}

UARTSR<PERR> | After reading UARTSR then

RDBUF clears PERR:

INTRXD interrupt |_|

Figure 11-5 Generation-of-Parity Error

Framing Error

When “0” is sampled as the stop bit in‘the receive’ data, framing error flag UARTSR<FERR> is set to “1”.
The UARTSR<FERR> is cleared to “07 whenthe RDBUF /is-read-after reading the UARTSR.

RXD pin X Final bit X Stop

Shift register XXXO0** X XXXXO* X Oxxxx0

UARTSR<FERR> '/ After reading UARTSR then

. RDBUF clears FERR.
1

INTRXD interrupt |_|

Figure 11-6-Generation of Framing Error

Overrun-Error

When-_all-bits in the next data\are received while unread data are still in RDBUF, overrun error flag
UARTSR<OERR>(is set.ta “1”. In this case, the receive data is discarded; data in RDBUF are not affected.
The UARTSR<OERR> is clearedto “0” when the RDBUF is read after reading the UARTSR.
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UARTSR<RBFL>
RXD pin X Final bit )4 Stop
Shift register XXXO** X XXXXO0* X 1Ixxxx0
="
RDBUF yyyy
|
1
UARTSR<OERR> l/ After reading UARTSR then
+ RDBUF clears OERR.
¥
INTRXD interrupt |_|

Figure 11-7 Generation of Overrun Error

Note: Receive operations are disabled until the overrun error flag UARTSR<OERR=> is cleared:

11.9.4 Receive Data Buffer Full

Loading the received data in RDBUF sets-receive data buffer full flag UARTSR<RBFL> to "1". The
UARTSR<RBFL> is cleared to “0” whenthe RDBUF is read after reading the UARTSR.

RXD pin X Final bit )4 Stop
Shift register XXXQ** X XXXXQ* X 1xxxx0
¥
RDBUF yyyy X XXXX
|
UARTSR<RBFL> :/ After reading UARTSR then
! RDBUF clears RBFL.
I
INTRXD interrupt |_|

Figure 11-8 Generation, of Receive Data Buffer Full

Note! If the overrun error flag UARTSR<OERR> is set during the period between reading the UARTSR and reading
the RDBUF, it cannot becleared by only reading the RDBUF. Therefore, after reading the RDBUF, read the
UARTSR again'to check whether or not the overrun error flag which should have been cleared still remains
set.

11.9.5 Transmit Data Buffer Empty

When no data is in the transmit buffer TDBUF, that is, when data in TDBUF are transferred to the transmit
shift register and data transmit starts, transmit data buffer empty flag UARTSR<TBEP> is set to “1”. The
UARTSR<TBEP> is cleared to “0” when the TDBUF is written after reading the UARTSR.
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i Data write ¢ Data write
TDBUF XXXX X yyyy - )CZZZZ
Y ! Y X
Shift register Fhkkk] X 1xxxx0 X *LXXXX x -— - X Hkrx] X X Fkxxx] X 1lyyyy0O x
1 1

T Yy
TXD pin \y Start 1! Bit0 - ——- X Finalbit Stop | (\ £
! I
1

UARTSR<TBEP> 4:/_\ . 17 \

1
1 1~ After reading UARTSR writing TDBUF
INTTXD interrupt |_| . |_| clears TBEP.

Figure 11-9 Generation of Transmit Data Buffer Empty

11.9.6 Transmit End Flag

When data are transmitted and no data is in| TDBUE (UARTSR<TBEP>.=.“1"),transmit end flag
UARTSR<TEND> is set to “1”. The UARTSR<TEND= is cleared to “0” when the.data transmit is started after
writing the TDBUF.

Shift register *xxIXX X falalalal D¢ X Farwx] X 1yyyyO X*]_yyyy
1
! ¢ l 1

TXD pin X )/ Stop \ Start W

Datawrite for TDBUF* 1
1
1

A

UARTSR<TBEP> : \ i/
y 1
! 1
1
UARTSR<TEND> 1
/ \
1
INTTXD interrupt |_|

Figure 11-10 Generation of Transmit End Flag and Transmit Data Buffer Empty
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12. Synchronous Serial Interface (SIO)

The TMP86PS23UG has a clocked-synchronous 8-bit serial interface. Serial interface has an 8-byte transmit and
receive data buffer that can automatically and continuously transfer up to 64 bits of data.

Serial interface is connected to outside peripherl devices via SO, SlI, SCK port.

12.1 Configuration

SIO control / status register

SIOSR SIOCR1 SIOCR2
T T T T T T T T T T T T
| || || .. cpu

All I I I I I I I I I I I ﬁ
[—

Transmit and

receive data-buffer
Control circuit |<—> gt’gj: cantrol (8 bytes in DBR)
A
Shift register ﬁ
Shiftd 7~ 65 4 3 \27/1))o

A

T T T T T T SO
lock —> >
N I = L L L | ’—> ! 1 1 | E:l Serial data output

8-bit transfer 4-bit transfer ' s

Serial data input

Y Serial clock D‘ e
INTSIO interrupt request erial cloc > SCK
1
1

Serial clock 110

Figure 12-1 Serial-nterface

Page 137

Downloaded from AFfOW.com.


http://www.arrow.com
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12.2 Control
TMP86PS23UG

12.2 Control

The serial interface is controlled by SIO control registers (SIOCR1/SIOCR2). The serial interface status can be
determined by reading SIO status register (SIOSR).

The transmit and receive data buffer is controlled by the SIOCR2<BUF>. The data buffer is assigned to address
O0F90H to OF97H for SIO in the DBR area, and can continuously transfer up to 8 words (bytes or nibbles) at one time.
When the specified number of words has been transferred, a buffer empty (in the transmit mode) or a buffer full (in
the receive mode or transmit/receive mode) interrupt (INTSIO) is generated.

When the internal clock is used as the serial clock in the 8-bit receive mode and the 8-bit' transmit/receive mode, a
fixed interval wait can be applied to the serial clock for each word transferréd->Four different wait times can be
selected with SIOCR2<WAIT>.

SIO Control Register 1

SIOCR1 7 6 5 4 3 2 T 0

(OF98H) | SI0s | SIOINHl SIOM SCK (Initial galde: 0000-0000)
0: Stop

SIOS Indicate transfer start / stop
1: Start
0: Cahtinuausly transfer
SIOINH | Continue / abort transfer

1: Aborttransfer{Automatically cleared-after abort)
000: 8:-bit.transmit mode Write
010: 4-bit transmit mode only
100;: 8=hiptransmit / rec€ive mode

SIOM Transfer mode select
101: 8-bit receive mode

110: 4-bit receive mode

Except the above: Reserved

NORMAL1/2, IDLE1/2 mode SLOW1/2
SLEEP1/2
DVZICK =0 DV7CK =1 mode
000 fcrpt? fs/2® fs/2®
001 fc/28 fc/28 -
7 7 R i
SCK Serial*elock select %0 fer2 fer2 Vg:ltye
041 fc/28 fc/28 -
100 fc/2° fc/25 -
10¥ fe/2* fc/2* -
110 Reserved
111 External clock ( Input from SCK pin )

Note I~fc;High-frequency/clock [Hz], fs; Low-frequency clock [Hz]
Note-2:-Set SIOS to "0" and _SIOINH-\to 1" when setting the transfer mode or serial clock.
Nete-3: SIOCRL1 is write-only.yegister, which cannot access any of in read-modify-write instruction such as bit operate, etc.

SIO Control Register 2

SIOCR2 7 6 5 4 3 2 1 0

(OF99H) ‘ ‘ ‘ | WAIT BUF (Initial value: **0 0000)
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Always sets "00" except 8-bit transmit / receive mode.
00: T = Tp(Non wait)
WAIT Wait control 01: T¢ = 2Tp(Wait)
10: T = 4Tp(Wait)
11: T = 8Tp (Wait)
000: 1 word transfer OF90H .
Write
001: 2 words transfer ~ OF90H ~ OR91H only
010: 3 words transfer  OF90H~ 0F92H
Number of transfer words 011: 4 words transfef~._ OF90H » 0F93H
BUF (Buffer address in use) 100: 5 words transfer ~QF90H~0F94H
101: 6 words transfer | ( OF90H ~0F95H
110: 7 words transfer  “0F90H ~ 0F96H
111: 8 words transfer ~ OF90H ~ OF97H

Note 1: The lower 4 bits of each buffer are used during 4-bit transfers-Zeres (0) are stored to the upper 4bits.when receiving.

Note 2: Transmitting starts at the lowest address. Received data are also stored starting from the' Iowest address to the highest
address. ( The first buffer address transmitted is OF90H ).

Note 3: The value to be loaded to BUF is held after transfer is completed.
Note 4: SIOCR2 must be set when the serial interface is stopped (SIOF.Z 0).

Note 5: *: Don't care

Note 6: SIOCR2 is write-only register, which cannot access any-of in read-modify-write_instructien/such as bit operate, etc.

SIO Status Register

SIOSR 7 6 5 4 3 2 1 0
(OF99H) | SIOF | SEF | ‘ \ ‘ ’ ‘
SIOF Serial transfer operating status|moni- 0: Transferterminated
tor 1 Transferin process Read
) ) ) o: Shiftoperation terminated only
SEF Shift operating status\monitor . P L
1; Shift-eperation in process

Note 1: Ty; Framedime, TpyData transfer time

Note 2: After SIOS is cleared to "0", SIOF is cleared to."0" at the termination of transfer or the setting of SIOINH to "1".

(output)
SCK output |||||||||||||||| ||||

TD

>
>

AA

Figure- 122 ‘Frame time (Ts) and Data transfer time (Tp)

12.3 Serial clock

12.3.1 Clock source

Internal clock or external clock for the source clock is selected by SIOCR1<SCK>.

Tf

N
y !
1
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12.3 Serial clock
TMP86PS23UG

12.3.1.1 Internal clock
Any of six frequencies can be selected. The serial clock is output to the outside on the SCK pin. The
SCK pin goes high when transfer starts.

When data writing (in the transmit mode) or reading (in the receive mode or the transmit/receive mode)
cannot keep up with the serial clock rate, there is a wait function that automatically stops the serial clock
and holds the next shift operation until the read/write processing is completed.

Table 12-1 Serial Clock Rate

NORMAL1/2, IDLE1/2 mode SLOW1/2,
DV7CK =0 DV7CK = 1 SLEEP1/2 mode

SCK Clock Baud Rate Clock Baud Rate Clock Baud Rate
000 fc/213 1.91 Kbps fs/2° 1024 bps fs722 1024 bps
001 fc/28 61.04 Kbps fc/28 61.04 Kbps - -
010 fe/2? 122.07 Kbps fc/2? 122.07 Kbps - -
011 fc/26 244.14 Kbps fc/28 244.14Kbps 4 -
100 fc/25 488.28 Khps fc/2® 488.28 Kbps - -
101 fc/2% 976.56 Kbps fc/24 976.56 Kbps - -
110 - - E > - -
111 External External External External External External

Note: 1 Kbit = 1024 bit (fc = 16 MHz, fs*= 32.768 kHz)

Automatically
wait function

l«<———F—>

pin (output)

rs)i?l (output) a3 m Co A C1

Written transmit
data a X b X ¢

Figure 12-3/ Automatic Wait Function (at 4-bit transmit mode)

12.3.1.2/External clock

An-external clack connected to'the SCK pin is used as the serial clock. In this case, output latch of this
port should beset to "1%. To ensure shifting, a pulse width of at least 4 machine cycles is required. This
pulse is needed for the shift operation to execute certainly. Actually, there is necessary processing time for
interrupting, writing;.and reading. The minimum pulse is determined by setting the mode and the pro-
gram. Therfore, maximum transfer frequency will be 488.3K bit/sec (at fc=16MHz).

E;K(Output) I_I l | | | | |

<><> teye = 4fic (In the NORMAL1/2, IDLE1/2 modes)
tsckL tsckH 4/fs (In the SLOW1/2, SLEEP1/2 modes)

tsckLs tsckn > 4teyc

Figure 12-4 External clock pulse width
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12.3.2 Shift edge

The leading edge is used to transmit, and the trailing edge is used to receive.

12.3.2.1 Leading edge
Transmitted data are shifted on the leading edge of the serial clock (falling edge of the SCK pin input/
output).
12.3.2.2 Trailing edge

Received data are shifted on the trailing edge of the serial clgck (rising edge of the SCK pin input/out-
put).

SCKpin | v v o]

SO pin K Bito X Bit1 X Bit2 X Bit3

1
Shift register X 3210 X »321( (X w32 K o3

(a) Leadingedge

SCKpin | i N I O
Si pin X B;itO X\ Biv1 X Bit2 X Bit3

Shift register Fkfh X OF** X 10** X 210* X3210 *; Don'’t care

(b)) Trailing edge

Figure 12-5 Shift.edge

12.4 Number of bhits to transfer

Either 4-bit.or 8-bit serial transfer can be selected. When 4-bit serial transfer is selected, only the lower 4 bits of
the transmit/receive data buffer register are used."The upper 4 bits are cleared to “0” when receiving.
The data is transferred-in sequence starting at the least significant bit (LSB).

12.5 Number-of words to transfer

Up.to 8 words consisting of ‘4 bitsof data (4-bit serial transfer) or 8 bits (8-bit serial transfer) of data can be trans-
ferred-continuously. The number.of.words to be transferred can be selected by SIOCR2<BUF>.

An INTSIO interrupt is generated when the specified number of words has been transferred. If the number of
words is to be changed during transfer, the serial interface must be stopped before making the change. The number of
words can be changed during automatic-wait operation of an internal clock. In this case, the serial interface is not
required to be stopped.
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12.6 Transfer Mode
TMP86PS23UG

ﬁpin ||||||||
sopn e 6

INTSIO interrupt |_|

(a) 1 word transmit

sopn e e e X e X

INTSIO interrupt |_|

(b) 3 words transmit

ScK i Uy U U
S1pin (20 K2 X 22 K2 X oK PrXibe K 0 X o KoonKeaX &/

INTSIO interrupt |_|

(c) ~3.words receive

Figure 12-6 Number of words to transfer/ (Example: 1word = 4bit)

12.6 Transfer Mode

SIOCR1<SIOM> is used to select the-transmit, receive, ortransmit/receive mode.

12.6.1 4-bit and 8+bit transfermodes

In these modes,_ firstly set the SO _control.register to the transmit mode, and then write first transmit data
(number of transfer wards to be transferred)-to_the data buffer registers (DBR).

Afterthe’data are written, the transmission is started by setting SIOCR1<SIOS> to “1”. The data are then
output sequentially to the SO pin.in synchronous with the serial clock, starting with the least significant bit
(LSB)-As-soon-as the LSB has been output, the data are transferred from the data buffer register to the shift
register. When the final data bit-has.been transferred and the data buffer register is empty, an INTSIO (Buffer
empty) interrupt is generated to_request the next transmitted data.

When-the internal clock is‘used, the serial clock will stop and an automatic-wait will be initiated if the next
transmitted data are net loaded-tothe data buffer register by the time the number of data words specified with
the-SIOCR2<BUF> hds been-transmitted. Writing even one word of data cancels the automatic-wait; therefore,
when transmitting two or more words, always write the next word before transmission of the previous word is
completed.

Note: Automatic waits are also canceled by writing to a DBR not being used as a transmit data buffer register; there-
fore, during SIO do not use such DBR for other applications. For example, when 3 words are transmitted, do
not use the DBR of the remained 5 words.

When an external clock is used, the data must be written to the data buffer register before shifting next data.
Thus, the transfer speed is determined by the maximum delay time from the generation of the interrupt request
to writing of the data to the data buffer register by the interrupt service program.

The transmission is ended by clearing SIOCR1<SIOS> to “0” or setting SIOCR1<SIOINH> to “1” in buffer
empty interrupt service program.
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SIOCR1<SIOS> is cleared, the operation will end after all bits of words are transmitted.

That the transmission has ended can be determined from the status of SIOSR<SIOF> because SIOSR<SIOF>
is cleared to “0” when a transfer is completed.

When SIOCR1<SIOINH> is set, the transmission is immediately ended and SIOSR<SIOF> is cleared to
“0”.

When an external clock is used, it is also necessary to clear SIOCR1<SIOS>"to “0” before shifting the next
data; If SIOCR1<SIOS> is not cleared before shift out, dummy data will be trafismitted and the operation will
end.

If it is necessary to change the number of words, SIOCR1<SIOS>/shauld be cleared to “0”, then
SIOCR2<BUF> must be rewritten after confirming that SIOSR<SIOF> has been cleared to “0”.

1 Clear 3I0S

SIOCR1<SIOS> ! |
1
1 \
T
1
1
1

A

SIOSR<SIOF> |
1
1
SIOSR<SEF> | | |:
- 1 ) 1
1
(Output) !

50 pin (o X2 X 2 X2 X s K Roas K2 X bo KoK ba X b5 X s X bs X bs X b7 /
INTSIO interrupt |_| |_|

v
o5 G
A

WriteOWriteO
(a) ()

Figure 12-7 - Transfer Mode (Example:-8bit,-Iword transfer, Internal clock)

! Clear SIOS

SIOCR1<SIOS> { | : :
1
1
T
| 1
1 |
1

A
A

SIOSR<SIOF>

SIOSR<SEF>

SCK pin
(Input)

SO pin
INTSIO interrupt |_| |_|

v
DBR x:x b
A A

WriteOWrite
(@ (b

Figure 12-8 Transfer Mode (Example: 8bit, 1word transfer, External clock)
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12.6 Transfer Mode
TMP86PS23UG

SCK pin |
1

SIOSR<SIOF> ' l
1
1

1
SO pin X MSB of last word V

tsopn = mMin 3.5/fc [s] ( In the NORMAL1/2, IDLE1/2-modes)
tsopn = Min 3.5/fs [s] (In the SLOW1/2 /SEEEPR1/2 modes)

Figure 12-9 Transmiiied Data Hold Time at'End of Transfer

12.6.2 4-bit and 8-bit receive modes

After setting the control registers to the receive mode, set SIOCR1<SI@S> to 1”10 enable receiving. The
data are then transferred to the shift register via the S1 pin.in-synchronous with the-serial ¢locK. When one word
of data has been received, it is transferred from the shift register to the databuffer.register (DBR). When the
number of words specified with the SIOCR2<BUF>-has_been received, an INTSIO (Buffer full) interrupt is
generated to request that these data be read out-The data are then read from the data buffer registers by the
interrupt service program.

When the internal clock is used, and the previous data are-not-read-frem-the data buffer register before the
next data are received, the serial clock will.stop and an aytomatic-wait will be initiated until the data are read.
A wait will not be initiated if even one data'woyd has been.read.

Note: Waits are also canceled by reading-a DBR not being used as a received/data buffer register is read; therefore,
during SIO do not use such-DBR for-ethér applications.

When an external clock is used, the shift operation-is ‘synchronized with the external clock; therefore, the
previous data are read before-the-next data are transferred-to the data buffer register. If the previous data have
not been read, the next datawill'not be transferredtothe'data buffer register and the receiving of any more data
will be canceled, When‘\anexternal clock is used, the maximum transfer speed is determined by the delay
between the time when the interrupt request is\gengrated and when the data received have been read.

The receiving-is-ended by clearing SIOCR1<SIOS>"t0 “0” or setting SIOCR1<SIOINH> to “1” in buffer full
interrupt service program.

When SIOCR1<SIOS> is cleared, the-current data are transferred to the buffer. After SIOCR1<SIOS>
cleared;.théreceiving is ended at the time thatthe final bit of the data has been received. That the receiving has
ended can'be determined from the-status of SIOSR<SIOF>. SIOSR<SIOF> is cleared to “0” when the receiv-
ing is-ended. After confirmed the receiving termination, the final receiving data is read. When SIOCR1<SIO-
INH> (is set, the receiving is immediately ended and SIOSR<SIOF> is cleared to “0”. (The received data is
ignored;-and it is not required-te-pe read out.)

H-it isynecessary\to_change-the’ number of words in external clock operation, SIOCR1<SIOS> should be
cleared to “0” then SIOCR2<BUF> must be rewritten after confirming that SIOSR<SIOF> has been cleared to
“Q*.Jf it is necessary to change the number of words in internal clock, during automatic-wait operation which
occurs after completion of data receiving, SIOCR2<BUF> must be rewritten before the received data is read
out.

Note: The buffer contents are lost when the transfer mode is switched. If it should become necessary to switch the
transfer mode, end receiving by clearing SIOCR1<SIOS> to “0”, read the last data and then switch the trans-
fer mode.
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Clear SIOS

SIOCR1<SIOS>

SIOSR<SIOF>

SIOSR<SEF>

] ~3
\ 7
1 5

SCK pin
(Output)

Sl pin

INTSIO Interrupt |_| |_|
DBR Xa X

Read-ouf Read out

Figure 12-10 Receive Mode (Example:-8hit, Tword transfer, Internal clock)

12.6.3 8-bit transfer / receive mode

After setting the SIO control register to-the 8-bit transmit/receive mode, write the data to be transmitted first
to the data buffer registers (DBR)./After that,“enable the transmit/recejve by setting SIOCR1<SIOS> to “1”.
When transmitting, the data are output from the SO pin at leading-edges of the serial clock. When receiving,
the data are input to the Sl pin-at-the-trailing edges of the serial clock. When the all receive is enabled, 8-bit
data are transferred from the shift régister to the data buffer register. An INTSIO interrupt is generated when
the number of data words specifiedAyith the SIOCR2<BUF> has been transferred. Usually, read the receive
data from the buffer register,in the interrupt servige.. The. data’buffer register is used for both transmitting and
receiving; therefore, always Write the data to be transmitted after reading the all received data.

When the internal ¢clock isused, a wait is initiated until the received data are read and the next transfer data
are written. A.wait will-net-bé initiated if-even one-transfer data word has been written.

When an externak-clock is used{ the_shift-operation is synchronized with the external clock; therefore, it is
necessary to read the received data and.write the data to be transmitted next before starting the next shift oper-
ation. Wheh’an external clock is used, the transfer speed is determined by the maximum delay between genera-
tion of afvinterruptyrequest and the-received data are read and the data to be transmitted next are written.

The transmit/receive operation is-ended by clearing SIOCR1<SIOS> to “0” or setting SIOCR1<SIOINH> to
12 inINTSIO interrupt seyvice-program.

When-SIOCR1<SIQS> is ‘cleared, the current data are transferred to the buffer. After SIOCR1<SIOS>
cleared, the transmitting/receiving is ended at the time that the final bit of the data has been transmitted.
That the transmitting/receiving has ended can be determined from the status of SIOSR<SIOF>.
SIOSR<SIOF> is cleared to “0” when the transmitting/receiving is ended.

When SIOCR1<SIOINH> is set, the transmit/receive operation is immediately ended and SIOSR<SIOF> is
cleared to “0”.

If it is necessary to change the number of words in external clock operation, SIOCR1<SIOS> should be
cleared to “0”, then SIOCR2<BUF> must be rewritten after confirming that SIOSR<SIOF> has been cleared to
“0”.

If it is necessary to change the number of words in internal clock, during automatic-wait operation which
occurs after completion of transmit/receive operation, SIOCR2<BUF> must be rewritten before reading and
writing of the receive/transmit data.
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12.6 Transfer Mode
TMP86PS23UG

Note: The buffer contents are lost when the transfer mode is switched. If it should become necessary to switch the
transfer mode, end receiving by clearing SIOCR1<SIOS> to “0”, read the last data and then switch the trans-
fer mode.

Clear SIOS

< |
Y

>
SIOCR1<SIOS> E | /

SIOSR<SIOF>

_ ZB_
SIOSR<SEF> Q |_| Zl—

SCK pin Q
(output)

50 pin (2o X X @ X as X @ X as X as X ar | K[Bo Kb X 2 X bs X ba R Xobe X b7 /
St pin (o Ko X2 X o X o X &5 X G X &7 /- Ko Rt X 02 X s XX X de X dr
INTSIO interrupt |_| |_|

DBR )$(a b )+<E

Write (a) Read-out’(c) Write (b) Read out (d)

/
y

Figure 12-11 Transfer / Receive Mode (Example: 8bit, 1word transfer, Internal clock)

SCK pin |
1

SIOSR<SIOF> ' l
K
1

SO pin Bit 6 X Bit 7-of last word :/
! 1
€E——p
| !
tsopn = Min 4/fc [s] ( In the NORMAL1/2, IDLE1/2 modes)
tsopn =.Min 4/fs [s] (In the SLOW1/2, SLEEP1/2 modes)

Figure 12-12 Transmitted-Data Hold Time at End of Transfer / Receive
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13. 10-bit AD Converter (ADC)

The TMP86PS23UG have a 10-bit successive approximation type AD converter.

13.1 Configuration

The circuit configuration of the 10-bit AD converter is shown in Figure 13-1.

It consists of control register ADCCR1 and ADCCR2, converted value register ADCDR1 and ADCDR2, a DA
converter, a sample-hold circuit, a comparator, and a successive comparison circuit.

DA converter
VAREF D—l:l_i_l—_}i—'vw—'w»— ——————————————— [ vss
| R2 R R/2
AVDD e el
D Analog input Refve(:ﬁgcg A
multiplexer _Sample hold _ " g

: circuit ]
I
AINO D_ A Y i ‘VAVA' - T

I 2

Y 110
|
5 . 7 16—7
Analog
comparator
AIN7 D_ n__ _ |Successive approximate circuit
S EN Shift clock > INTADC
4“ A | €ontrol cifcuit I >
1 KA % A [
SAIN|  |AINDS 2l )5 13 18 2 [EOCF|ADBF
<|\ [AMD/|X ACK A y A
| abccre, || apccrz { | Apbcori || ADCDR2
AD'converter control register 1,2 AD conversion result register 1, 2

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™.

Figure 13-1. 10-bit AD Converter
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13.2 Register configuration
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13.2 Register configuration

The AD converter consists of the following four registers:

1. AD converter control register 1 (ADCCR1)

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 (ADCCR2)

This register selects the AD conversion time and controls the connection.of the DA converter (Ladder
resistor network).

3. AD converted value register 1 (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 canverter.

AD Converter Control Register 1

ADCCR1 7 6 5 4 3 2 T 0

(000EH) | ADRS | AMD | AINDS | SAIN @initiakvalye: 0001 0000)

ADRS AD conversion start - )
1: AD conversion start
00: ADoperation disable

AMD AD operating mode 01: Software start/mgde
10: Reserved
11: Repeat mode

AINDS | Analog input control o Analog input enable

1 Analog input disable
0000: AINO
0001: AIN1
0010: AINZ2
0011:  AIN3 RIW
0100: |AIN4
0101: AINS
0110: ~_AIN6

SAIN Analog input channel select QLLL QNG
1000:—Reserved
1001: Reserved
1010:; ~Reserved
1011: ~ Reserved
1100: Reserved
1101: Reserved
1110:  Reserved
1111: Reserved

Nete 17 Seleet analog input'ehannel 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 registerl (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
(00OFH) IREFON |

4 3 2 1 0

nn | ACK |

"o ‘ (Initial value: *0* 000%)

|REFON DA converter (Ladder resistor) connection 0: Connected only during AD.eonversion

control 1: Always connected
000: 39/fc
001: Reserved

Lo 010: 78/fc
AD conversion time select 011 156/
ACK (Refer to the following table about the con-

version time) 100: - 31.2/fc
101: 624/fc
110: 1248lfc
111: Reserved

R/W

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 réad in/as.undefined data.

Note 3: After STOP or SLOW/SLEEP mode are started, AD converter controlregister2 (ADCCR2) 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 13-1 ACK setting and Conversion time

condlton Conyersion 16 MHz 8 MHz 4 MHz 2 MHz 10MHz 5 MHz 2.5 MHz
ACK time

000 39/fc - - - 19.5 ps - - 15.6 ps
001 Reserved

010 78lfc - - 19.5 us 39.0 us - 15.6 us 31.2 us
011 156/fc - 19.5 us 39.0 us 78.0 us 15.6 us 31.2us 62.4 us
100 312/fc 195us 39.0 us 78.0 us 156.0 pus 31.2 us 62.4 us 124.8 us
101 624/fc 39/0/us 78.0 us 156.0 s - 62.4 us 124.8 ps -
110 1248/fc 78.0-ps 156.0 us - - 124.8 us - -
111 Reserved

Note 1: Setting for "-"

in the above table are‘inhibited:

fe:-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=451055V
- /VAREEF=2.7t055V
- \VAREF~=1.8t05.5V

AD Converted value Register1

ADCDR1 7 6 5

15.6 ys;and more
312 ps\and more

124-8 us-and,more

4 3 2 1 0

(0021H) | ADO9 | ADO8 | ADO7 |

ADO6 | ADO5 | ADO4 | ADO3 | ADO2

| (Initial value: 0000 0000)

AD Converted value Register 2

ADCDR2 7 6 5

(0020H) | ADO1 | ADOO | EOCF |

(Initial value: 0000 ****)
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. Bef i i
EOCF | AD conversion end flag 0: Before or during conversion
1. Conversion completed Read
: During stop of AD [ only
ADBF | AD conversion BUSY flag 2 uring stop ot AL conversion

During AD conversion

Note 1: The ADCDR2<EOCF> is cleared to "0" when reading the ADCDRL1. 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 ADCDR2, read data of bit3 to bitO are unstable:
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13.3 Function

13.3.1 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 ADCCR1<SAIN> is thereby started.

After completion of the AD conversion, the conversion result is stored in AD._converted value registers
(ADCDR1, 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

ADCCR1<ADRS> ] ]

AD conversion-start

ADCDR2<ADBF> | I

N

ADCDRL1 status Indeterminate X 1st convérsion result

X

2nd conversion result

ADCDR2<EOCF>

EQCF cleared by reading
| conversion result

.
I

INTADC interrupt request

i

\

ADCDR1

Conversion result

|‘| read

ADCDR2

Conversion result

|‘| read

Conversion result
read

Conversion result
read

Figure 13-2 Software Start Mode

13.3.2 Repeat,Mode

AD conversion/of the voltage at'the analog input pin specified by ADCCR1<SAIN> is performed repeatedly.
In this’made, AD conversion is-started by setting ADCCR1<ADRS> to “1” after setting ADCCR1<AMD> to
“11”|(Repeat mode).

After-completion,0f thel AD conversion, the conversion result is stored in AD converted value registers
(ADEDR1, ADCDRZ2) 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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ADCCR1<AMD> X “11” X “00”

AD conversion start
ADCCR1<ADRS>

1

. _ X — Y /AD convert operation suspended.
Conversion operation ! result X 2nd conversion result X 3rd conversion result X \COHVGTSiOﬂ 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 réad |_| result read

Conversion Conveérsion Caonyersion
result read resultread result read

Figure 13-3 Repeat Mode

13.3.3 Register Setting

1.

Set up the AD converter control register 1 (ADCCR1) as follows:

» Choose the channel tol AD convert using AD input chanpel select (SAIN).

« Specify analog input-enablefor 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(conveérsion time using AD-canversion time (ACK). For details on how to set the con-
version time, réfer'to Figure 13-1 and AD converter control register 2.

¢ Choose//REEQON for DA convertercontrol.

Aftersetting up (1) and (2) above,set-AD-conversion start (ADRS) of AD converter control register 1
(ADCCRDL).fo-“1". 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-
vetted value register 1 (ADCDR1I)-and the AD conversion finished flag (EOCF) of AD converted
value register 2 (ADCDR?) is set to “1”, upon which time AD conversion interrupt INTADC is gener-
ated.

EOGCF is cleared to*0™hy-aread of the conversion result. However, if reconverted before a register
read, although EQCF 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 EOCF, 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 settin
® 9 converter registers.
(Refer to section /O port in details)
LD (ADCCR1), 00100011B ; Select AIN3
;Select eonversion time(312/fc) and operation
LD (ADCCR?2) , 110110008 : version time(312/fc) and operati
mode
SET (ADCCR1) .7 . ADRS = L(AD conversion start)
SLOOP : TEST (ADCDR2) . 5 TEOCE=17
JRS T, SLOOP
LD A, (ADCDR2) ; Read result data
LD (9EH) , A
LD A, (ADCDR1) ; Read result data,
LD (9FH), A

13.4 STOP/SLOW Modes during AD-Conversion

When standby mode (STOP or SLOW mode) is_entered forcibly during AD conversion, the AD convert operation
is suspended and the AD converter is initialized (ADCCR1 and ADCCR2 are initialized to initial value). Also, the
conversion result is indeterminate. (Conversion results up to the previqus,/Operation are cleared, so be sure to read
the conversion results before entering standby mode (STOP pr 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 automaticallysdisconnected, there is no possibility of current flowing
into the analog reference voltage.
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13.5 Analog Input Voltage and AD Conversion Result
TMP86PS23UG

13.5 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 13-4.

A
3FF, + —
3FE, + —
3FDy T —
AD
conversion == —
result S
034 T —
02y T ~ -
OlH T 7 a
. VAREFR, —¥/SS
: : : T( A SN () S
0 1 2 3 10214022 V1023 1024 1024

Analog inpUt-voltage

Figure 13-4 Analog Input Voltage and AD’ Conversion-Result (Typ.)
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13.6 Precautions about AD Converter

13.6.1 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 lewer than the interrupt latch 1L15
(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 manitoring the AD conversion end flag
(EOCF) by software. This can be done by polling EOCF or monitoring EQGF 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 progessed, check the.AD-conversion end flag
(EOCF) and interrupt latch IL15. If IL15 = 0 and EOCR =/1/ call the AD gonversion end.interrupt processing
routine with consideration given to PUSH/POP operatiohs. At this time, if ap.interrupt request with priority
higher than INTADC has been set, the AD conversionend.interrupt processing-routine will be executed first
against the specified priority. If necessary, we recompamend that the AD conyersion-endJnterrupt processing rou-
tine be called after checking whether or not aninterrupt request with priority-higher than INTADC has been
set.

13.6.2 Analog input pin voltage range

Make sure the analog input pins (AINOto AIN7) 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.

13.6.3 Analog input shared pins

The analog/input pins (AINO to AINY) are \shared‘with input/output ports. When using any of the analog
inputs to execute. AD/Conversion, do notexecute.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.

13.6.4 Noise Countermeasure

The \internal equivalent circuit of the analog input pins is shown in Figure 13-5. The higher the output
impedance-of the analeg inplt source, more easily they are susceptible to noise. Therefore, make sure the out-
putimpedance of the'signalsource in your design is 5 kQ or less. Toshiba also recommends attaching a capac-
itor external to the chip.

Internal resistance Analog comparator
AINi 5 kQ (typ)
. . Internal capacitance
Permissible signal i
source impedance ; i C=22pF (typ'); I
5 ka2 (max) DA converter
Note) i=71to 0

Figure 13-5 Analog Input Equivalent Circuit and Example of Input Pin Processing
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14. Key-on Wakeup (KWU)

In the TMP86PS23UG, the STOP mode is released by not only P20(INT5/STOP) pin but also four (STOP2 to
STOPS) pins.

When the STOP mode is released by STOP2 to STOP5 pins, the STOP pin needs-to be used.
In details, refer to the following section " 14.2 Control ".

14.1 Configuration

INTS
4—1 o@ -

S'Il'OP mode |
release signal
It Releasge) oé [ stvor2
Oé [ stops3
°< [1 stop4
0< [ stoPs
STOPCR (1512
(0F9AH) |G | Ol 1O
e
n|lunlunw
Figure 14-1 Key-on Wakeup Circuit
14.2 Control

STOP2 to STOP5 pins.can controlled by Key-on/Wakeup Control Register (STOPCR). It can be configured as
enable/disable in 14bit unit. When those ping-are used/far STOP mode release, configure corresponding I/O pins to
input mode by 1/0 partregister-beforehand.

Key-on Wakeup Control Register

STOPCR 7 6 5 4 3 2 1 0
(OF9AH) | STOPS | STOP4 | STOP3 | sTOP2 | ‘ ‘ ‘ ‘ (Initial value: 0000 *++)
0:Disable Write
STOP5 | STOP mofie refeased by STOPS ! '
1:Enable only
0:Disable Write
STOP4 | STOP mode released by STOP4 ! I
1:Enable only
0:Disable Write
STOP3 | STOP mode released by STOP3 ! '
1:Enable only
0:Disable Write
STOP2 | STOP mode released by STOP2 ! '
1:Enable only

14.3 Function

Stop mode can be entered by setting up the System Control Register (SYSCR1), and can be exited by detecting the
"L" level on STOP2 to STOP5 pins, which are enabled by STOPCR, for releasing STOP mode (Notel).
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Also, each level of the STOP2 to STOP5 pins can be confirmed by reading corresponding I/O port data register,
check all STOP2 to STOPS 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 STOP2 to
STOPS pins by Key-on Wakeup Control Register (STOPCR) or must be set "H" level into STOP2 to STOPS5 pins
that are available input during STOP mode.

Note 2: When the STOP pin input is high or STOP2 to STOP5 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 14-2).

Note 4: STOP pin doesn't have the control register such as STOPCR, so when,/STOP madé/is released by STOP2 to
STOPS 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 feleasing 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 STOP2 to STOPS5 pins, the Iével'of STOP pin should hold *L"level (Figure

14-3).
Port input <|| 1 External pin
Key-on wakeup %]—
input
Figure 14-2 Key-on Wakeup-/Input and Port Input
a) STOP b) In case of STOP2.to STOP5
STOP pin | STOP pin "L
E(— Release
A S e—
STOP mode STOPmode o1 oo pin —l—
€«— Release
STOP mode & STOP mode

Figure 14-3 Priority-of STOPpin and STOP2 to STOP5 pins

Table’14-1 Release’level (edge) of STOP mode

Release level (edge)
Pin pame —uan
SYSCR1<RELM>="1
SYSCR1<RELM>="0"
(Note2)

STOR "H" level Rising edge
STOP2 "L" level Don't use (Notel)
STOP3 "L" level Don't use (Notel)
STOP4 "L" level Don't use (Notel)
STOP5 "L" level Don't use (Notel)
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15. LCD Driver

The TMP86PS23UG has a driver and control circuit to directly drive the liquid crystal device (LCD). The pins to
be connected to LCD are as follows:

1. Segment output port 32 pins (SEG31 to SEGO)
2. Common output port 4 pins (COM3 to COMO)

In addition, VLC pin is provided for the LCD power supply.

The devices that can be directly driven is selectable from LCD of thefollowing drive|methods:

1/4 Duty (1/3 Bias) LCD  Max 128 Segments (8 segments x (16 digits)
1/3 Duty (1/3 Bias) LCD Max 96 Segments (8 segments x 12 digits)
1/3 Duty (1/2 Bias) LCD ~ Max 96 Segments (8 segments x-J2 digits)
1/2 Duty (1/2 Bias) LCD Max 64 Segments (8 segments-x 8 digits)
Static LCD Max 32 Segments (8 segments x4 digits)

A

15.1 Configuration

LCDCR
7 6 5 4 3 2 1 0
[EDSP| LRSE DUTY. SLF
— | DBR
17 ¢]
fe/2 7, fs/2 display data area

fc/218 fs/28

fc/2'°
fcr2'4 {)
; YVYVY

Duty : Timing i )
> cSnfrol E control E Display data select control
IIIIIIIIIIIII|IIIIII|III|III
«| “Blanking Display data buffer register

control
Y &)

Power Switch and
Bias. Bleeder —bi Common driver |—>| Segment driver

& é _________ & % ____________________________________

VLC

Figure 15-1 LCD Driver
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15.2 Control

The LCD control register (LCDCR) controls the LCD driver. EDSP specifies whether to enable the LCD display.
If EDSP is cleared to “0” for blanking, the power switch for the VLLC pin is turned off. So, the COM pin and pin out-
put selected with SEG enter GND level.

LCD Driver Control Register
LCDCR 7 6 5 4 3 2 1 0
(0027H) | EDSP | LRSEL DUTY SLF (Initial valugT0000 0000)
) 0: Blanking
EDSP LCD displ trol
Ispiay contro 1: Enables LCD display (Blanking isTeleased)
NORMAL1/2, IDLE/1/2 mode SLOW1/2, SLEEP1/2 mode
SLF Setting SLF Setting
Period selection of enabling " 10 01 00 01 Q0
(turn on) of the low bleeder
LRSE resistor (for implementing 00: 285c | 27fe— 28| 2%¢c 1/fs 2ffs
appropriate LCD panel drive
pprop P 01 | 2%c | 20%¢/ ) 2V | 2'%c 2%fs 2%fs
capability)
10: Always enabling
11: Reserved
000: 1/4 Duty (173 Bias)
001: 1/3 Duty-(1/3 Bias) RIW
010,173 Buty (1/2-Bias)
) . 011t 1/2 Duty (1/2 Bias)
DUTY Selection of driving methods 100: Static
101: Reserved
110 Reserved
T11: Resgerved
NORMAL1/2, IDLEQ/1/2/mode SLOW1/2, SLEEP1/2 mode
. 17 9
SLF Selection of LCD fradmé fre- 00: fC/216 Hz] fs/2” [Hz]
quency 01: fef2 fg/28
10: fc/218 Reserved
11: /213 Reserved

Note 1: The base-freéguency, (SLF) source clock is switched petween high and low frequencies by the SYSCR2<SYSCK> pro-
gramming/ The base frequency does notdepend\ohthe TBTCR<DV7CK> programming.

Note 2: If the setting of SYSCR2<SYSCK>is changed, be sure-to turn off the LCD (clear EDSP to “0”) to avoid the output of incor-
rect waveform.

Note 3: Programming LRSE properly according.tothe LCD panel used. As the LRSE programming increases (lengthen the period
of enabling of the low resistor), the drive capability becomes higher while the power dissipation increases. Reversely, as
the LRSE-programming decreases shorten the-period of enabling of the low resistor, the drive capability becomes lower
while the power consumption decreases.

Note 4: If the tDLEO, SLEEPO, or STOP.mode is activated when the display is enabled, LCDCR<EDSP> is automatically changed

to “Q” to blank the display.
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15.2.1 LCD driving methods

As for LCD driving method, 5 types can be selected by LCDCR<DUTY>. The driving method is initialized
in the initial program according to the LCD used.

>

Vico — : WfFﬂ Viep — » ViE
0 —— [] 0 -t (1]
] HE N . ] HEEEN
Viep — Ve —
l¢«—— Data"1" —>l¢— Data "0" —» le— Data/1" —pi¢— Data "0" —p»
(a) 1/4 Duty (1/3 Bias) (b) 1/3 Duty (1/3 Bias)
<> <>
Vico — + /fF —I_ Vico : 1/fF|—|
0 ——T1 o = 0 —l—l
VicDp — \—l -Viep —
>t ————> > —————>
Data"1" Data "0" Data"1"/ ,Data "0"
(c) 1/3 Duty (1/2 Bias) (dy’ 1/2 Duty (1/2 Bias)
i 1/fF —>
VicD —
0 1
-VLeb -

l¢—— Data"1" —>&— Data"0" —»

(e) ~Static

Note 1: fg: Frame frequengy,
Note 2: V| ¢p: LCD drive.voltage (= Vpp — Vie)

Figure 15-2 LCD Drive Waveform (COM - SEG pins)
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15.2.2 Frame frequency

Frame frequency (f}) is set according to driving method and base frequency as shown in the following Table

15-1. The base frequency is selected by LCDCR<SLF> according to the frequency fc and fs of the basic clock
to be used.

Table 15-1 Setting of LCD Frame Frequency for high frequency clock

(a) Atthe SYSCR2<SYSCK> ="0".

Frame Frequency [Hz]
SLF Base Frequency [Hz]
1/4 Duty 1/3 Duty 1/2 Duty) Static
fo fo 4, fc 4, fc ¢
217 217 3 21 2 217 217
00
(fc = 16 MHz) 122 163 244 122
(fc = 8 MHz) 61 81 122 61
fo fo 4/ fc 4, fo 504
216 216 3 216 2 216 216
01
(fc = 8 MHz) 122 163 244 122
(fc = 4 MHz) 61 81 122 61
fe fc 4, fc 4, fe fc
215 215 3 21 2 215 215
10
(fc = 4 MHz) 122 163 244 122
(fc =2 MHz) 61 81 122 61
fe fo) 4 dc 4, fc fc
214 214 3 214 2 214 214
1
(fc = 2-MHz) 122 162 244 122
(f€ # 1 MHz) 61 81 122 61

Note: fc: High-frequency. ctock [Hz]

Table 15¢2. . Setting of LCD Frame Frequency for low frequency clock

(b) Atthe SYSCR2<SYSCK> =*“1".

Frame Frequency [Hz]
SLF Base Frequency [Hz]
1/4.Duty 1/3 Duty 1/2 Duty Static
fs fs 4. fs 4.fs fs
00 29 29 3 29 2 29 29
(fs = 32.768 kHz) 64 85 128 64
fs fs 4. fs 4.fs fs
01 28 28 3 28 2 28 28
(fs = 32.768 kHz) 128 171 256 128
1* Reserved
Note: fs: Low-frequency clock [HZ]
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15.2.3 LCD drive voltage

LCD driving voltage VLCD is given as potential difference VDD — VLC between pins VDD and VLC.
Therefore, when the CPU voltage and LCD drive voltage are the same, VLC/pin will be connected to VSS pin.
The LCD lights when the potential difference between segment output and common output is =VLCD. Other-
wise it turns off.

During reset, the power switch of LCD driver is automatically turned off, shutting-off the VL.C voltage.

After reset, if the P*LCR register (*; Port No.) for each port is.set to (17 with LCDCR<EDSP> = <07, a
GND level is output from the pin which can be used as segment.

The power switch is turned on to supply VLC voltage to LCD driver by setting with LCDCR<EDSP> to “1”.

If the IDLEO, SLEEPO, or STOP mode is activated, LCDCR<EDSP>-s automatically. changed to “0” to
blank the display. To turn the display back on after releasing from the previous mode, §¢t LCDCR<EDSP> to

“17” again.

Note:During reset, the LCD common outputs (COM3 to COMO) are’fixed “0” level. However( the multiplex port
(input/output port or SEG output is selectable) becomes high-impedance. Theréfore, whenthe reset input is
long remarkably, ghost problem may appear in LCD display.

15.2.4 Adjusting the LCD panel drive capability

The LCD panel drive capability canrbe adjusted by programming ECDCR<LRSE>. When the period of
enabling of the low bleeder resistor is lengthened, the drive capability, becomes higher while the power con-
sumption increases. Reversely, whenrthe period of enabling-of-the loyw bleeder resistor is shortened, the drive
capability becomes lower while the ‘\power consumption decreases./If the drive capability is not enough, the
LCD display might present a ghost problem. So, implement the optimum drive capability for the LCD panel
used. The figure below showsg the bleeder resistance timing and equivalent circuit for 1/4 duty and 1/3 bias.

I Framefrequency I

High/low vbD
resistance A"[>°L
switching R R
signal H %
When LCDCR E(R—>E<R—)E<R—PE<R—PE<R—PE 4_1 M1
<LRSE>= "10B" ! Lt : Lt : Lt : Lt : Lt : RH%
r . : : : | I
When LCDCR . HEP 4 pid— 1€ Pid PP D Dt > >
<LRSE> = TR RAt RiprRy Ree: Rue Rug i Ryt Rig Ry
"QOBZor "01B™ R N R B

(a) ON Timing for Low Bleeder Resistance VLC

Ry: High reS|stance
R : Low resistance
VLC
Ryt Period during which resistance Ry is selected (Time specified with LCDCR<LRSE>) (b) Equivalent Circuit for
Ryt: Period during which resistance Ry is selected Bleeder Resistance
(Time specified with LCDCR<SLF> + 4 — Time specified with LCDCR<LRSE>)

Figure 15-3 Bleeder Resistance Selection with LCDCR<LRSE> (for 1/4 duty and 1/3 bias)
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15.3 LCD Display Operation

15.3.1

Display data setting

Display data is stored to the display data area (address OF80H to OF8FH, 16 bytes) in the DBR. The display
data stored in the display data area is automatically read out and sent to the‘lLCD driver by the hardware. The
LCD driver generates the segment signal and common signal according to the display data and driving method.
Therefore, display patterns can be changed by only over writing the contents| of display data area by the pro-
gram. Table 15-4 shows the correspondence between the display data area and SEG/COM pins.

LCD light when display data is “1” and turn off when “0”. According td theé\driving method of LCD, the
number of pixels which can be driven becomes different, and the number ofbits in the display data area which
is used to store display data also becomes different.

Therefore, the bits which are not used to store display data as well'asthe data buffer which corresponds to the
addresses not connected to LCD can be used to store general user-precess data (see Table 15-3).

Table 15-3 Driving Method and Bit for Display Data

Driving methods Bit 7/3 Bit 6/2 Bit 5/1 Bit 4/0
1/4 Duty COM3 COM2 COoM1 COMO

1/3 Duty - comM2 com1 COMO

1/2 Duty ~ COM1 COMO
Static - s - COMO

Note: —: This bit is not used for display data

15.3.2

Table 15-4 LCD Display Data Area (DBR)

Address Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit2 Bit 1 Bit 0
OF80H SEGH1 SEGO
OF81H SEG3 SEG2
OF82H SEG5 SEG4
OF83H SEG7 SEG6
OF84H SEG9 SEGS8
OF85H SEG11 SEG10
OF86H SEG13 SEG12
OF87H SEG15 SEG14
OF88H SEG17 SEG16
OF89H SEG19 SEG18
OF8AH SEG21 SEG20
OR8BH SEG23 SEG22
OF8cH SEG25 SEG24
OF8DH SEG27 SEG26
OF8EH SEG29 SEG28
OF8FH SEG31 SEG30
COM3 COM2 COM1 COMO COM3 COM2 COM1 COMO
Blanking

Blanking is enabled when LCDCR<EDSP> is cleared to “0”.
To blank the LCD display and turn it off, a GND-level signal is output to the COM pin and the port which

can be used as the segment by setting of P*LCR register (*; Port No.). At this time, the power switch of VLC
pin is turned off.
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15.4 Control Method of LCD Driver

15.4.1 Initial setting

Figure 15-4 shows the flowchart of initialization.

Example :To operate a 1/4 duty LCD of 32 segments x 4 com-mons at frame frequency fe/210 THz],
The period of enabling of the low bleeder resistor: 28/fc

; Sets LCD driving method,/ The pefiod of enabling of low bleeder

LD (LCDCRY), 00000001B .
resistor and frame frequency/
LD (P*LCR), OFFH ; Sets segment output control register. (*; Port No.)
; Sets the injtial.value of-display data.
LD (LCDCR), 10000001B ; Display €nable

Y

Sets LCD driving method(DUTY):
Sets frame frequency (SLF).

Selects perigd,of.enabling
of low resistor (LRSE).

v

Sets segment/output control registers
(P*LCR (*; Part No.))

Initialization-of display data area.

v

Display enable (EDSP)
{Releases from blanking.)

v

Figure 15-4 Initial Setting of LCD Driver

15.4.2 Store of display data

Generally, display data are prepared as fixed data in program memory (ROM) and stored in display data area
by load eommand.,

Example :(1) To display using 1/4 duty LCD anumerical value which corresponds to the LCD data stored in data memory
ataddress 80H (when pins COM-and\SEG are connected to LCD as in Figure 15-5), display data become as
shownrin-Table 15-5.

LD A (80H)
ADD A, TABLE-$-7
LD HL, OF85H
LD W, (PC + A)
LD (HL), W
RET
TABLE: DB 110111118, 000001108,

111000118, 10100111B,
001101108, 10110101B,
111101018, 00010111B,
11110111B, 10110111B

Note: DB is a byte data definition instruction.
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COMO

g e

COM2
SEG10 COM3

SEG11

Figure 15-5 Example of COM, SEG Pin Connection (1/4 duty)

Table 15-5 Example of Display Data (1/4 duty)

No. Display Display data No. Display. Display data
c:U =

0 U 11011111 5 UD 10110101
4 J
Vo A
—

1 0 00000110 6 U<:> M110101
g
[ -
c:U =

2 P 11100041 7 U 00000111
d {

=

= =

3 C)U 10100111 8 U(DU 11110111
)
bO [N\
—

4 U(DU 0010110 9 UDU 10110111
N

Example’ (2) Table 15-6 shows an example of display data which are displayed using 1/2 duty LCD in the
same way/as Table,15-5. The connection between pins COM and SEG are the same as shown in Figure 15-6.

COMO

SEG13 9( i” SEG10
U Cl SEG12 COMA1
SEG11

Figure 15-6 Example of COM, SEG Pin Connection
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Table 15-6 Example of Display Data (1/2 duty)
Display data Display data
Number Number
High order address Low order address High order address Low order address

0 #0111 “*01**11 5 #1110 #0101
1 **00**10 **00**10 6 1111 *01*+01
2 **10**01 0111 7 *01**10 0011
3 *10**10 01711 8 11411 #0111
4 *11**10 **00**10 9 **11**10 **01**11

Note: *: Don’t care

15.4.3 Example of LCD driver output
COMO

ﬁi COM1

COM3

CoOM2

EDSP |
—ViLC
SEGI0 I—I I—l I | I I—‘ 0
—ViLC
SEG1/ |_| | | I I
—0
-V
Display-data area TYLe
COMO -
—0
Address
—ViLC
OF85H.|" 10110101 | comi | | |_| I_l | o
3 JL— e
COM2 o
COM3 o
—VLCD
[ l—|_| [ M
COMO-SEG10 ) J 0
(Selected)
—-VLCD
— ViLcD
COM2-SEG11 f lI T 0
(Non selected)
—-VLCD

Figure 15-7 1/4 Duty (1/3 Bias) Drive
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SEG11
SEG126] SEG10
EDSP
SEG10
Display data area SEGM
Address
SEG12
OF85H4 [ *111*010
OF86H [ **** *001
COMO
*: Don't care
COM1
COM2
COMO-SEG11
(Selected)
COM1SEG12

(Non selected)

Figure 15-8

e Y N s 0 I

N [ IS N SN gy -

1/3-Duty-(1/3 Bias) Drive

VLe

VLe

VLG

Vic

e

VLe

VLCD

-VLCD
VLeD

-VLCD
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SEG11
SEG12 SEG10 U@j COMO 630
i Bar §
> Q Q COM2 =V o
EDSP |
- VDD
— VLC
~ VDD
Display data area SEGT _
— ViC
T VDD
Address SEG12 _‘_\_I_,—L\—_
OF85H | *111*010 — Ve
T(vDD
OF86H 001 COMO | | A
= _Vic
* Don't care ~\pD
COM1 =
7)VLC
~ VDD
COM2 u m I -
— VLC
_l — VLep
COMO-SEG "9
(Selected) I I )
—-ViLcb
— VLeD
1 )
COMI-SEGA2 I I 0
(Ngr/selected) —-VLCD

Figure 15-9.1/3 Duty (1/2 Bias) Drive
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COMO

SEG13 @ SEG10 UGZU
O 7 SEG12 COM1 050
% Q SEG11 (N =V o

EDSP |

seo L I 14 I

— VL
T VDD

Display data area SEG |_|_,_‘ | —v
LC
Address SEG12 _‘_‘_I_‘_J_ : VbD
OF85H | **01**01 V¢
OF86H | **11**10 SEG13 L\VDD
= Vie
*: Don't care COMO | | : VDD
] L (Co, .
~ VDD

COM1 —

— ViIC
| | - VLCD

COMO-SEG11 0

(Selocted) | L —-VLcD

— Vicp
COMI-SEG12 |l Il I - 0
(N6n selected) —-VLCD

Figure 15-10_1/2(Duty{(1/2 Bias) Drive
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SEG15

SEG14U

SEG10
SEG11
SEG16
SEG12

SEG13V __SEG17

Display data area

COMO

Address EDSP
OF85H ***O ***1 SEG1O
OF86H ***1 ***1
OF87H ***1 ***0 SEG14
OF88H ***0 ***1

*: Don't care SEG17

COMO

COMO-SEG10
(Selected)

COMO-SEG14

(Non selected)

Figure 15-11 Static Drive

VDD

ViLC
VDD

VLG
VbD

VLC
VDD
Ve

VLcD

-VLCD

VLcD

-VLCD
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16. Real-Time Clock

The TMP86PS23UG include a real time counter (RTC). A low-frequency clock can be used to provide a periodic
interrupt (0.0625[s],0.125[s],0.25[s],0.50[s]) at a programmed interval, implement the clock function. The RTC can
be used in the mode in which the low-frequency oscillator is active (except for thezSLEEPO mode).

16.1 Configuration

RTCCR

Interruptrequest
Seleciop » (INTRTC

A A A A

RTCSEL

RTCRUN

211/fs [ 21245 |213/fs | 21/fs

fs
(32.768 kHz)

Binary-countef

A 4

Figure 16-1_Configuration-of.the RTC

16.2 Control of the RTC

The RTC is controlled by thé RTC eontrol register (RTCCR):

RTC Control Register

RTCCR 7 6 5 4 3 2 1 0
(0017H) ) | RTCSEL | RTCRUN | (Initial value: **** *000)
00: 0:50 [s]
Interfupt generation period 01:0.25 [s]
RFCSEL (fs = 32.768 kHz) 10: 0.125 [s]
11: 0.0625 [s] RW

0: Stops and clears the binary counter.

RTCRUN RTC control )
1: Starts counting

Note 1. Program the RTCCR-during-low-frequency oscillation (when SYSCR2<XTEN> = “1"). For selecting an interrupt genera-
tion period, program the RTCGSEL when the timer is inactive (RTCRUN = “0”). During the timer operation, do not change
the RTCSEL programming at the same moment the timer stops.

Note 2: The timer automatically stops, and this register is initialized (the timer's binary counter is also initialized) if one of the fol-
lowing operations is performed while the timer is active:

1. Stopping the low-frequency oscillation (with SYSCR2<XTEN> = “0")
2. When the TMP86PS23UG are put in STOP or SLEEPO mode
Therefore, before activating the timer after releasing from STOP or SLEEPO mode, reprogram the registers again.

Note 3: If a read instruction for RTCCR is executed, undefined value is set to bits 7 to 3.

Note 4: If break processing is performed on the debugger for the development tool during the timer operation, the timer stops
counting (contents of the RTCCR isn't altered). When the break is cancelled, processing is restarted from the point at
which it was suspended.
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16.3 Function

The RTC counts up on the internal low-frequency clock. When RTCCR<RTCRUN> is set to “1”, the binary
counter starts counting up. Each time the end of the period specified with RTCCR<RTCSEL> is detected, an
INTRTC interrupt is generated, and the binary counter is cleared. The timer continues counting up even after the
binary counter is cleared.
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17. Multiply-Accumulate (MAC) Unit

The TMP86PS23UG includes a multiply-accumulate (MAC) unit.

The MAC unit is capable of executing 16-bit x 16-bit multiplications and 16-bit x 16-bit + 32-bit multiply-accumu-

late operations.

The MAC unit supports only integer arithmetic, not fixed-point or floating-point arithmetic. Both signed and

unsigned operations can be performed.

The MAC unit can only be used in NORMAL1 or NORMAL2 mode. All the registers of the MAC unit are initial-

ized upon entering a mode other than NORMAL mode.

With development tools, if break mode is entered while the MAC unit/iscalculating, the calculation is continued
but its result is unpredictable. In this case, the calculation must be re-exeeuted) after break mode is exited. Do not
write to the multiplicand register in break mode. When the calculation.is eompleted, it is possible to enter break

mode and read the calculation result in break mode.

17.1 Configuration

Control circuit l:>| Arithmetic unit

I 1

il

| Temporary register | | Temporary register.2 | l Temporary register 3

]

| Command l | Status

registor recister| | Multiplier register | Multiplicandregister) |

Result register |

1 ]

Figure 17-1 MAC-Unit

17.2 Registers

The MAC unit consists-ofithe following registers:

Table 17-1. Registers in the MAC Unit

U

Register Address Number of Bits
Command register (MACCR) OFA4H 8 bits
Status register(MACSR) OFA5H 8 bits
Multiplier data register (MPLDRH, MPLDRL) OFA7H, OFA6H 16 bits
Multiplicand data register{MPCDRH, MPCDRL) OFASH, OFA8H 16 bits
Result register (RCALDR4 to RCALDR1) OFAAH to OFADH 32 bits
Addend register (MADDR4 to MADDR1) OFAAH to OFADH 32 bits

17.2.1 Command Register

The command register is used to enable and disable the MAC unit, specify the arithmetic mode, and clear the

result register.
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17.2.2 Status Register

The status register contains flags to indicate the operation status of the MAC unit and the calculation result.

17.2.3 Multiplier data Register

The data written to this register is calculated as a multiplier.

17.2.4 Multiplicand data Register

The data written to this register is calculated as a multiplicand.

17.2.5 Result Register

The calculation result is stored in this register.

17.2.6 Addend Register

The data written to this register is calculated~a$ an~addend in a multiplytaccumulate operation. An addend
must be written to this register while calculation is.het being performed (CALC = 07).

17.3 Control

Command Register

MACCR 7 6 5 4 3 2 1 0
(OFA4H) | RCLR | “qr ‘ “r “q cMOD | EMAC |(Initia|va|ue:01110000)

0: -(Keeps.thewalue ofthe result register.)
RCLR Result register clear 1: Clears the/result register. (This bit is automatically cleared to “0” one
machine cycle after it is set to “17.)

000:Unisigned multiply (16 bits x 16 bits)

001: Unsigned multiply-accumulate (16 bits x 16 bits + 32 bits)
CMOD Arithmetic tode 010: Signed multiply (16 bits x 16 bits)

041:Signed multiply-accumulate (16 bits x 16 bits + 32 bits)
1** Réserved

R/W

0: Disables the MAC unit.

EMAC, | MAC unit control 1: Enables the MAC unit.

Note 1. Setting-RCLR to “1” causes the result, addend, and status registers to be initialized. The multiplier, multiplicand, and com-
mand-registers remain the same as pefore. (RCLR is automatically cleared to "0” one machine cycle after it is set to “1".)

Note 2: Writing to CMOD (including an overwrite) makes no changes to the status, multiplier, multiplicand, result, and addend reg-
isters.

Note 3: Before changing the arithmetic mode, be sure to check that calculation is not being performed (CALC = “07).

Note 4: Clearing the result register with RCLR is possible only when calculation is not being performed (CALC = “0”). (RCLR can-
not be set to “1”during calculation.)

Note 5: Bits 6 to 4 are always read as “1”. ( “0” cannot be written.)

Status Register

MACSR 7 6 5 4 3 2 1 0
(OFAS5H) ‘ “gr ‘ “qr ‘ “qr | CARF | ZERF | SIGN | OVRF | CALC I(Initial value: 1110 0000)
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o

: No carry occurred in multiply-accumulate operation.

CARF [of fl
arry flag : Carry occurred in multiply-accumulate operation.

-

ZERF Zero flag (1): Calculation resulst is other than “00000000H".

: Calculation result is “00000000H".

. 0: Result register contents are positive or “00000000H”. Read
SIGN Sign flag ) .
1: Result register contents are negative. only
0: Overflow occurred.
OVRF Overflow fl
vertiow fiag 1: No overflow occurred.

: Calculation not in progress

CALC Operation status flag - Calculation in progress

= O

Note 1: The status register is initialized when the result register is cleared (RCLR.= “17).

Note 2: CARF, ZERF, SIGN, and OVREF are programmed at the end of calculation. They are not-affected by a read from the status
register.

Note 3: ZERF and SIGN are not affected by a write to the addend register.
Note 4: In multiply mode, OVRF and CARF are always read as “0”.
Note 5: Bit 7 to 5 are always read as “1".

Multiplier data Register

MPLDRH, MPLDRL 15 14 13 12 11 10 9 8 7 [ 5 4 3 2 1 0
(OFA7H, OFAGH) MPLDRH (OFA7H) MPLDRLA(OFAGH)
(Initial value00001\0000 0000 0000) R/W

Note: In signed arithmetic mode, bit 15 is treated as the-sigh-bit:

Multiplicand data Register

MPCDRH, MPCDRL 15 14 13 12 " 10 9 8 7 6 5 4 3 2 1 0
(OFASH, OFA8H) MPCDRH (OFAQH) MPCDRL (OFA8H)
(Initial value: 0000 0000 0000 0000) RIW

Note 1: In signed arithmetic mode, bit 16 is-ireated as the sign bit.

Note 2: Calculation can only be started by writing to both the lower byte (MPCDRL) and upper byte (MPCDRH) of the mul-
tiplicand register-in-this ‘order.

Note 3: The multiplicand register can only be programmed/when data is written in the order of lower byte and upper byte.
If data is anly written to-the-upper byte, the written data cannot be read out. (If data is only written to the lower
byte, the written-data can be'read out.)

Result Register

RCALDR4, RCALDR3 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

(OFADH, OFACH) | RCALDR4 (OFADH) | RCALDR3 (OFACH) |

(Initial value: 0000 0000 0000 0000) Read only
RCALDR2, RGALBR1 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
(OFABH;-OFAAH) | REALDR2 (OFABH) | RCALDR1 (OFAAH) |

(Initial value: 0000 0000 0000 0000) Read only
Note: In signed arithmetic mode, bit 31 contains the sign of the calculation result.

Addend Register

MADDR4, MADDR3 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
(OFADH, OFACH) | MADDR4 (OFADH) | MADDRS3 (OFACH) |

(Initial value: 0000 0000 0000 0000)  Write only
MADDR?2, MADDR1 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
(OFABH, OFAAH) | MADDR2 (OFABH) | MADDR1 (OFAAH) |
(Initial value: 0000 0000 0000 0000)  Write only
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Note 1: In signed arithmetic mode, bit 31 is treated as the sign bit.

Note 2: Writing to the addend register changes the contents of the result register. Thus, read from the result register before writing
to the addend register.

17.4 Register Description

17.4.1 EMAC

Setting MACCR<EMAC> to “1” enables the MAC unit. Once enabled,the M AC-unit remains enabled until
it is disabled.

17.4.2 CMOD

The MACCR<CMOD> is used to specify the arithmetic mede.

Calculation is started automatically when data is written-to-both the lower byte (MPCDRL) and upper byte
(MPCDRH) of the multiplicand register in this order. Thus, the multiplier register (MPLDRH, MPLDRL) must
be set before the multiplicand register. When calculation‘is completed, the résult 1s stored in the result register
(RCALDR4 to RCALDRI1).

The arithmetic mode is valid until the CMOD field.is-changed. Note that if the operation mode is changed to
IDLEO/1/2, SLOW1/2, or STOP mode, CMOD"s initialized.

During calculation, the next data can be wiritten to_ the multiplier and multiplicand registers only once. Do not
write to these registers more than once. Whether or not calculation is in‘pfogress can be checked by reading the
MACSR<CALC> flag.

Note 1: Before changing the arithmeti¢ mode, ensure that calculation.is not being performed (CALC = “07).

Note 2: Writing to the CMOD field (including an overwrite) makes no changes/to the status, multiplier, multiplicand,
result, and addend registers. Thus; to clear the status, result, and addend registers after a change of the
arithmetic mode, set the' RCLRbit to “1".

17.4.3 RCLR

When calculation 1s not being performed (CALC =“0”), setting MACCR<RCLR> to “1” causes the result,
addend, and status/régisters/to be initilized. (The-multiplier and multiplicand registers remain the same as
before.) RCLR is-automatically cleared to “0*one machine cycle after it is set to ““1”

Note:When calculation is in progress (CALC="1"), RCLR cannot be set to “1”. (The instruction to set it to “1”is
invalid.)

As shown in Table 17-2, the state of each register changes when: the MAC unit is disabled (EMAC = “07);
the r¢sult register is cleared (RELR = “17); or the operation mode is changed.

Table 17-2-Effects-of the ENJAC and RCLR Bits on the MAC Registers

IDLEO/1/2, SLOW1/2, or

Redister EMAC = “0” (Disable) RCLR = "1” (register clear) STOP Mode

Bits other than EMAC remain Bits other than RCLR remain the same as

Command register (MACCR) the same as before before. RCLR is cleared to “0” after one Initialized
machine cycle.

Status register (MACSR) Initialized Initialized Initialized
Multiplier data register (MPLDRH, MPLDRL) Initialized Remains the same as before Initialized
Multiplicand data register (MPCDRH, MPCDRL) Initialized Remains the same as before Initialized
Result register (RCALDR4 to RCALDR1) Initialized Initialized Initialized
Addend register (MADDR4 toMADDR1) Initialized Initialized Initialized

Note 1: The multiplier, multiplicand, and addend registers can be written to only when the MAC unit is enabled (EMAC = “1").

Note 2: When writing to the multiplicand register, be sure to write to the lower byte (MPCDRL) first and then to the upper byte
(MPCDRH).

Note 3: RCLR can be written to only when calculation is not being performed (CALC = “0”).

Page 178

Downloaded from AFFOW.com.


http://www.arrow.com

Tos H I BA TMP86PS23UG

Note 4: When the MAC unit is enabled (EMAC = “17), if the operation mode is changed to IDLE0/1/2, SLOW1/2, or STOP mode,
the command register (MACCR) is initialized and its contents are discarded. Thus, program the MACCR again after each
of these operation modes is exited.

17.5 Arithmetic Modes

The following four arithmetic modes are available:

Unsigned multiply (16 bits x 16 bits)

Signed multiply (16 bits x 16 bits)

Unsigned multiply-accumulate (16 bits x 16 bits + 32 bits)
Signed multiply-accumulate (16 bits x 16 bits + 32 bits)

N

17.5.1 Unsigned Multiply Mode

Setting the MACCR<CMOD?> field in the command register te_$000B” places the MAE unit in unsigned
multiply mode. In this mode, the values of the multiplier(and multiplicand. registers are each treated as 16-bit
data for calculation.

Calculation is started automatically by writing a-multiplier to the multiplierregister (MPLDRH, MPLDRL)
and then writing a multiplicand to the lower byte (MPCDRL) and upper byte (MPCDRH) of the multiplicand
register in this order. The calculation result is~stored ds 32-bit data in“th¢ result register (RCALDR4 to
RCALDRL1). (The previous calculation result is cleared.)

17.5.2 Signed Multiply Mode

Setting the MACCR<CMOD> field in the command registerto “010B” places the MAC unit in signed mul-
tiply mode. In this mode, bit 15 inthe-multiplier and multiplicand registers is each treated as the sign bit.

Calculation is started automatically by writing a multiplier to the multiplier register (MPLDRH, MPLDRL)
and then writing a multiplicand-to the’lower byte (MREDRL )\and upper byte (MPCDRH) of the multiplicand
register in this order. The cdl¢ulation result is $tored\as 32-bit data in the result register (RCALDR4 to
RCALDRI1). (Bif 31 contdins the sign, and the previous calculation result is cleared.) The sign of the calcula-
tion result varies depending onthe signs of the multiplier and multiplicand, as shown in Table 17-3.

Table 17-3._Signs Used in-Singed Multiply Mode

Sign of Multiplier Sign of Muttiplicand Sign of Calculation Result
0 0 0

0 1 1
1 0 1
1 1 0

17-5:3-Unsigned MultiplysAccumulate Mode

Setting the MACCR<CMOD> field in the command register to “001B” places the MAC unit in unsigned
multiply-accumulate mode. In this mode, the values of the multiplier and multiplicand registers are each
treated as 16-bit data for calculation.

Calculation is started automatically by writing a multiplier to the multiplier register (MPLDRH, MPLDRL)
and then writing a multiplicand to the lower byte (MPCDRH) and upper byte (MPCDRH) of the multiplicand
register in this order. First, the multiplier and multiplicand are multiplied. Then, the contents of the addend reg-
ister are added to the product. The sum is stored as 32-bit data in the result register.

In unsigned multiply-accumulate mode, any addend can be written to the addend register when calculation is
not being performed. If, for example, A x B is executed after arbitrary data C is written to the addend register,
the result of A x B + C is stored in the result register (RCALDR4 to RCALDRI). Setting the RCLR bit to “1”
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causes the result and addend registers to be cleared. After calculation is completed, the contents of the result
register are automatically stored in the addend register. Thus, if the contents of the addend register are not
changed, the result of the previous multiply-accumulate operation is used as an addend for the next calculation.

Note 1: Be sure to write to the addend register when calculation is not being performed (CALC = “0").

Note 2: Writing to the addend register changes the contents of the result register. Thus, read from the result register
before writing to the addend register.

17.5.4 Signed Multiply-Accumulate Mode

Setting the MACCR<CMOD?> field in the command register to,<011B”(places'the MAC unit in signed mul-
tiply-accumulate mode. In this mode, bit 15 in the multiplier and multiplidand register is each treated as the
sign bit.

Calculation is started automatically by writing a multiplier to the\multiplier register (MPLDRH, MPLDRL)
and then writing a multiplicand to the lower byte (MPCDRL) and uppetr byte (MPCDRH) of the multiplicand
register in this order. First, the multiplicand and multiplicand ate multiplied. Then, thel¢ontents-of the addend
register are added to the product. The sum is stored as signed 32-bit data in the restlt register (RCALDR4 to
RCALDRI). The sign of the result varies as shown in Table 1 7-4\ AS in the case of unsignedwnultiply-accumu-
late mode, any addend can be written to the addend registet avhen calculation is not being performed.

Note: In signed multiply-accumulate mode, bit 31 in the addend.register is treated as-the sign-bit.

Table 17-4 Signs Used in Sgined Multiply-Accumulate Mode

Sign (bit 31) of Calcutation Result
When OVRF = “0” When OVRF =“1"
0 0 0 1
“1” when gum < 0

0 1 -
“0” when'sum> 0

Sign of Product Sign of Addend

“1” when sum< 0
“0” when sum > 0

1 1 1 0

17.5.5 Valid Numerical Ranges

Table 17-5 shows the numerieal range that can be/hdandled in each arithmetic mode.

Table 17-5~Valid Numerical Ranges in Becimal (with hexadecimal shown in brackets)

Mode Addend Sum

0 to 4294836225
{O0000000H to FFFEOOO1H)
-1073709056 to 1073741824
(CO008000H to 40000000H)

0 to 4294967295

Multiplier/Muttiplicand

. . 0 to 65535
Unsignéd multiply (0000H to FFFFH) -

- , 32768 1632767
Signed multiply (8000H to (7FFFH) -

01065535

Unsigned multiply- 0 to 4294967295

accumulate (0000H to FFEFH)

(0O0000000H to FFFFFFFFH)

(00000000H to FFFFFFFFH)

Signed multiply- -32768 to 32767

accumulate (8060H to/7FFFH)

-2147483648 to 2147483647
(80000000H to 7FFFFFFFH)

2147483648 t0 2147483647
(80000000H~7FFFFFFFH)

17.6 Status Flags

The status register MACSR contains the following five flags. OVRF, CARF, SIGN, and ZERF are programmed

when calculation is completed, and these flags are not affected by a read from the status register.

wk Wb

Operation status flag (CALC)
Overflow flag (OVRF)

Carry flag (CARF)

Sign flag (SIGN)

Zero flag (ZERF)
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17.6.1 Operation Status Flag (CALC)

CALC indicates the status of the MAC unit. It is set to "1" when calculation is in progress and "0" when cal-
culation is not in progress.

17.6.2 Overflow Flag (OVRF)

OVRF is set to “1” if the sum of positive values is negative or the sum of negative values is positive in signed
multiply-accumulate mode. In other cases, it is cleared to “0”.

Note:In multiply mode, OVRF is always read as "0".

17.6.3 Carry Flag (CARF)

CAREF is set to “17 if a carry occurs in the highest-order bit (bit 31)n a multiply-a¢eumulate operation. In
other cases, it is cleared to "0".

Note: In multiply mode, CARF is always read as "0".

17.6.4 Sign Flag (SIGN)

SIGN contains the same data as the highest-erder bit (bit 31) of the caleulation result (regardless of whether
calculation is performed in signed or unsigned mode).

Note:SIGN is programmed by the calculation result. This flag is notaffected by a-write to the addend register.

17.6.5 Zero Flag (ZERF)

ZEREF is set to “1” if the result register contains “00000000H”. In other cases, it is cleared to “0”. It is also set
to 17 if the result register contains “00000000H” afteran-overflow or carry has occurred.

Note: ZERF is programmed by/the ¢alculation result. This-flagis not affected by a write to the addend register.

17.7 Example of Software’ Processing

The following shows anexample of cateutating X =-Gx + By + yz. The calculation time is 3us when fc = 8 MHz.
The multipli¢radd multiplicand are separately-stored in data RAM. The W and A registers are used as general-pur-
pose registers,/ The general-purpose registers are not saved on the stack. The processing for enabling/disabling the
MAC unit ig-net included.

Note_1: If\the operation mode is changed by-precessing an interrupt during calculation, the correct calculation result may
not'be obtained. Thus, before starting calculation, be sure to execute the DI instruction to disable interrupts.

Note 2: Before reading the result register after calculation is started, check that the CALC flag in the MACSR register is
"0"-orwait for at least three machiné cycles (e.g. NOP x 3).

Instruction Processing Time

DI (Disables interrupts.)
LD WA, (RAM_Multiplier o) 6 cycles/3 us

LD (MPLDRL), WA ; Multiplier register 6 cycles/3 us

LD WA, (RAM_Multiplier x) 6 cycles/3 us

LD (MPCDRL), WA ; Multiplicand register 6 cycles/3 us

; The next data can be
written in succession.
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LD

LD

LD

LD

; The first calculation is
already completed.
Thus, the next data
can be written.

LD

LD

LD

LD

NOP

NOP

NOP

LD

LD

LD

LD

El

Processing time

<CALL mn instruction>

RET

Total processing time

WA, (RAM_Multiplier p)
(MPLDRL), WA
WA, (RAM_Multiplicand Z)

(MPCDRL), WA

WA, (RAM_Multiplier y)
(MPLDRL), WA
WA, (RAM_Multiplicand Z)

(MPCDRL), WA

WA, (RCALDR1)

(RAM_Low-order part of
result X), WA

WA, (RCALDRS3)

(RAM_High-order part of
result Xy, WA

; Multiplier register

; Multiplicand register

; Multiplier register

; Multiplicand register

; Wait three maching cycles
or longer,

; (Note 2)

Low-order part of the
result’ register

; High-order part.of the
result register

6 cycles/3 us
6 cycles/3 us
6 cycles/3 us

6 cycles/3 us

6 cycles/3 us
6. cycles/3 s
6.cycles/3 us

6.cycles/3 us

6 cycles/3 us

&/cycles/3 us

6 cycles/3 us

6 cycles/3 ps

(Enables interrupts.)

51 ms

6 cycles/3 us

6 cycles/3 us

57 us
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18. OTP operation

This section describes the funstion and basic operationalblocks of TMP86PS23UG. The TMP86PS23UG has
PROM in place of the mask ROM which is included in the TMP86CP23AUG. The configuration and function are
the same as the TMP86CP23AUG. In addition, TMP86PS23UG operates as the single clock mode when releasing
reset. When using the dual clock mode, oscillate a low-frequency clock by [ SET. (SYSCR2). XTEN ] command at
the beginning of program.

18.1 Operating mode
The TMP86PS23UG has MCU mode and PROM mode.

18.1.1 MCU mode

The MCU mode is set by fixing the TEST/VPP pin to.the low level. (TEST/VPR pin-cannot be used open
because it has no built-in pull-down resistor).

18.1.1.1 Program Memory

The TMP86PS23UG has 60K bytes.built<in one-time-PROM ‘(addresses 1000 to FFFFH in the MCU
mode, addresses 0000 to EFFFH in"the: PROM mode).
When using TMP86PS23UG for evaluation of mask ROM-products, the program is written in the pro-
gram storing area shown in_Figure-18-1.

Since the TMP86PS23UG supports several mask'ROM sizes, check the difference in memory size and
program storing area between-the’one-time PROM:.and.the mask ROM to be used.
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0000H 0000H 0000H
1000H 1000H :
Program
Program Program
- . EFFFH
' ' : Don't use
FFFFH FFFFH FFFFH
Mask ROM MCU mode PROM mode
(a) ROM size = 64 Kbytes
0000H 0000H 00006H
: : : Don't use
: : 3000H
4000H 4000H '
Program
Program Program
H H EFFFH
: ' : Don'tuse
FFFFH FFFFH FFFFH
Mask ROM MEU maode PROM mode
(b) ROM sizZe = 48 Kbytes
0000H 0000H 0000H
: : : Don't use
: : 7000H
8000H 8000H !
Program
Program Program '
- : EFFFH
: ' : Don't use
FFFFH FFFFH FFFFH
Mask ROM MCU-mode PROM mode

TMP86PS23UG

(c) ROM size-=232 Kbytes

Figure 18-1 "Programy Memory Area

Note: The area that is not in use should be set data to FFH, or a general-purpose PROM programmer should
be set only in the program memory area to access.

18.1.1.2 Data Memory

TMP86PS23UG has a built-in 2048 bytes Data memory (static RAM).

18.1:1.3 Input/Output Circuiry

1. Control pins

The control pins of the TMP86PS23UG are the same as those of the TMP86CP23AUG
except that the TEST pin does not have a built-in pull-down resistor.
2. 1/0 ports

The 1/0O circuitries of the TMP86PS23UG 1/O ports are the same as those of the
TMP86CP23AUG.
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18.1.2 PROM mode

The PROM mode is set by setting the RESET pin, TEST pin and other pins as shown in Table 18-1 and Fig-
ure 18-2. The programming and verification for the internal PROM is acheived by using a general-purpose

PROM programmer with the adaptor socket.

Table 18-1 Pin name in PROM mode

Pin name o Function Pin name
(PROM mode) (MCU’'mode)
Al16 Input Program memory address input P80
A15 to A8 Input Program memory address input P77 to P70
A7 to A0 Input Program memory address input P57 to P50
D7 to DO Input/Output Program memory data input/output P67 ta P60
CE Input Chip enable signal input P14
OE Input Output enable signal input P13
PGM Input Program mode signal input P12
VPP Power supply +12.75V/5V (Power supply of-program) TEST
VCC Power supply +6,25V/I5V VDD
GND Power supply oV VSS
VvCC Setting pin Fix to "H"Jevel in PROM modg AVDD,P11,P21
GND Setting pin Fix/to "L™level in PROM mode VAREF,P15,P20,P22
RESET Setting pin Fix'to_"L"level in PROM mode RESET
XIN (CLK) Input Set oscillation with resonator XIN
In caseof external CLK input, set €LKto:XIN
XOouT Output and set XOUT to/Open. XOouT

Note 1: The high-speed program-mode can be used. The setting is different according to the type of PROM pro-

grammer to use, refer-to each description af PROM programmer.
TMP86PS23UG does not support the-electric-signature mode, apply the ROM type of PROM programmer

to TC571000B/AD.

Always set the adapter socket switch to the/'N" side when using TOSHIBA’s adaptor socket.
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TMP86PS23UG Vee
Vpp (12.5 V/5 V)/ <
Vcc setting pins { |«
TEST P
l P13 |«———OE
P57 P12 [«——PGM
A15~A0 Ty ¢ P70 P60
< | ! {=) Do~<D7
P77 P67
Al6 L P80 <
— XIN h
16 MHz GND setting pins : Refgrto pin function
w for the_other pinssetting.
r— XOUT <
VSS <
GND
Vedd ”

Note 1: EPROM adaptor socket (TC571000 ¢ 1M bjitERROM)

Note 2: PROM programmer connection adaptor sockets
BM11698 for TMP86PS23UG

Note 3: Inside pin name for TMP86PS23UG
Outside pin name for EPROM

Figure 18-2 PROM mode setting

Page 186

Downloaded from AFfOW.com.


http://www.arrow.com

TO s H I BA TMP86PS23UG

18.1.2.1 Programming Flowchart (High-speed program writing)

| Vee =6.25V |

v

| Vpp=12.75V |

¥

| Address = Start address |

N

<«

1
o

Y|z

A 4

Program 0.1 ms pulse
N

| =N +1 |

No
Address = Address + 1 OK
0

N

Last address 2

Yes

VCC:SV
VARESSY,

Read
all data

Error

Y
ﬂ
)

Figure.18-3 Programming Flowchart

The high-speed’/pregramming mode is set by applying Vpp=12.75V (programming voltage) to the Vpp
pin when the Vcc = 6.25 V. After the address and data are fixed, the data in the address is written by
applying 0.1[msec] of low level program pulse to PGM pin. Then verify if the data is written.

If the programmed data is incorrect, another 0.1[msec] pulse is applied to PGM pin. This programming
procedure is repeated until correct data is read from the address (maximum of 25 times).

Subsequently, all data are programmed in all address. When all data were written, verfy all address under
the condition Vcc=Vpp=5V.
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18.1.2.2 Program Writing using a General-purpose PROM Programmer

1. Recommended OTP adaptor
BM11698 for TMP86PS23UG

2. Setting of OTP adaptor

Set the switch (SW1) to "N" side.
3. Setting of PROM programmer

a. Set PROM type to TC571000D/AD.

Vpp: 12.75 V (high-speed program writing modg)
b. Data transmission ( or Copy) (Note 1)

The PROM of TMP86PS23UG is located ,on different address;- it depends on operating
mode: MCU mode and PROM mode. When you write the data of ROM for mask ROM prod-
ucts, the data shuold be transferred (or.copied”) from the address far MCU mode to that for
PROM mode before writing operation is-executed. For the-applicable program areas of MCU
mode and PROM maode are djfferent, refer to TMP86PS23UG™ Figure 18-1 Program Mem-
ory Area".

Example: In the block transfer (copy) mode, executed as(below.
60KB ROM capacity: 01000~0FFFFH—>-00000~0EFFFH
48 KB ROM capacity:-04000~0FFFFH-— 03000~0EFFFH
32KB ROM capacity; 08000~0FFFFH —070000EFFFH

c. Setting of the.program address (Note-1)

Startaddress: 0000H (When 48KB.ROM capacity, atart address is 3000H.
When-32 KB;-ROM capacity, start address is 7000H.)

End address: EFFFH

4. Writting

Write and verify accordingto the above procedure "Setting of PROM programmer”.

Nete 1:For the setting method/ refer to each description of PROM programmer.
Make sure to set the data of address area that is not in use to FFH.

Note 2:)When setting MCU-to.the adaptor or when setting the adaptor to the PROM programmer, set the first
pin of the . adaptor and. that of PROM programmer socket matched. If the first pin is conversely set,
MCU or(adaptar‘or programmer would be damaged.

Note 3: The TMR86PS23UG does not support the electric signature mode.
If PROM-programmer uses the signature, the device would be damaged because of applying voltage
of 12+0.5V to pin.9(A9) of the address. Don't use the signature.
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19.1 Control Pins
The input/output circuitries of the TMP86PS23UG control pins are shown below.
Control Pin 110 Input/Output Circuitry Remarks
Osc. enable —):DO_ > fc
VDD Wy VDD Resonator connecting pins
XIN In Rt = (high-fre
put 2 Rg 9 quency)
XOUT Output R; = 1.2 MQ (typ.)
Ro = 0.5 kQ (typ.)
XIN XOUF
XTEN
Osc. enable _):E}_ > > fs
AM Resohator connecting pins
vy
XTIN Input vbb Rf =R VDD (tow-frequency)
XTOUT Output 50 Rt = 6 MQ (typ.)
Ro =220 kQ (typ.)
XTIN XTOUT
? VDD
Rin %
4 | Hysteresis input
RESET Input \I Pull-up resistor
Address‘traptreset Rin =220 kQ (typ.)
Watehdog-timer
System-=clock-reset
/| .B D Without pull-down resistor
wy -
TEST input N _R=1ka (yp.) .
Fix the TEST pin at low-level in MCU
mode.

Note:~The\TEST pin of the TMP86PM23/PS23.does not have a pull-down resistor and protect diode (D4). Fix the TEST pin at low-

level.in MCU mode.
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19.2 Input/Output Ports
Port 110 Input/Output Circuitry Remarks
Initial "High-Z"  SEG output VDD
Data output @c I Fri-state 1/0
P1 1o _D Hysteresis input
) ——D_I L R =100 Q (typ.)
Disable =R LEeDb-segment output
Pin input éll
Initial "High-Z"  SEG output VDD
Dat tput
P5 ata otibd 1:)" Tri-state I/Q
P7 110 —— ] R =100'Q (typ.)
P8 Disable —_I>o‘| EE R LCD ségment output
Pin input <||
Initial "High-Z" VDD
D Sink open drain output
P2 110 Data output Hysteresis input
Input from =R R =100 Q (typ.)
output latch
Pin input é}
Initial "High-Z"
VoD Sink open drain output or
gcth cor;trol C-MOS output
ata outpu P
P34 to P30 ) _D Hysteress input
Input from L High current output (Nch)
olpdbtatsh 2R (Only P33, P34 port)
R =100 Q (typ.)
Pin input é‘l
Initial "High-Z"
Sink open drain output
P3710 P35 Outpay Data output High current output (Nch)
Input from
output latch
Initial "High-Z" AIN VoD
Data output ®: | Tri-state 1/0
Hysteresis input
P6 110 — 1 )
: ——Z>o_| AIN input
Disable =R R =100 Q (typ.)
Pin input é}
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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 ih(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 -0.31t0 6.5
Program voltage Vpp TEST/Vpp -0.3t0 13.0
Input voltage Vin -0.3t0 Vpp+.0:3 v
Output voltage Vour —0.3 to'Vpp +0.3
louT1 P1, P30 to P34, P5, P6,'P7<P8 port 8
Output current (Per 1 pin) louT2 P1, P2, P30 to P32, P5;.P6, P7, P8 port 32
louTs P33 to P37 port 30
mA
2 louTt P1, P30 to P34, P5, P6, P7, P8 port +30
Output current (Total) 2 louT? P1, P2| P30te P32, P5, P6, P7, P8 port 60
2 louTs P38 fo P37 part 80
Power dissipation [Topr = 85°C] Pp 350 mw
Soldering temperature (Time) Tsld 260 (10 s)
Storage temperature Tstg -55to 125 °C
Operating temperature Topr -40 to 85
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20.2 Operating Condition

The Operating Conditions show the conditions under which the device be used in order for it to operate normally
while maintaining its quality. If the device is used outside the range of Operating Conditions (power supply voltage,
operating temperature range, or AC/DC rated values), it may operate erratically. Therefore, when designing your
application equipment, always make sure its intended working conditions will not exceed the range of Operating

Conditions.
(Vss =0V, Topr = —40 to 85°C)
Parameter Symbol Pins Condition Min Max Unit
NORMAL1, 2-mode
fc =16 MHz 35
IDLEQ, 1, 2 mode
NORMAL1, 2 mode
fc =8 MHz 2.7
IDLEO, 1,,2 mode
Supply voltage Vbp fc = NORMAL1, 2 mode 5.5
4.2 MHz IDLEO, 1, 2:mode
1.8
fs = SLOWY, 2 mode
32.768 kHz | SPMEEPOA,/2 mode v
STOR mode
ViH1 Except hysteresis input Vpp % 06,70
Vpg 2 4.5V
Input high level A Hysteresis input Vpp¥0/75 Vpp
Vina Voo <45V Vpp x 0.90
Viu Except hysteresis input Vpp x 0.30
Vpp2 4.5V
Input low level Vi Hysteresis input 0 Vpp x 0.25
Viis Vph <45V Vpp x 0.10
Vpp=1.8V1t055V 4.2
fc XIN, XOUT, Vpp =2.7 V1055V 1.0 8.0 MHz
Clock frequency
Vpp =35V 1055V 16.0
fs XTIN, XTOUT 30.0 34.0 kHz
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20.3 DC Characteristics

(Vss =0V, Topr = —40 to 85°C)

Parameter Symbol Pins Condition Min Typ. Max Unit
Hysteresis voltage Vis Hysteresis input - 0.9 - \%
N1 TEST
Input current lin2 Sink open drain, Tri-state Vpp=55V,V|y=55V/0V - = +2 pA
IIN3 RESET, STOP
Input resistance Rint RESET pull-up 100 220 450 kQ
Output leakage current Lo Sink open drain, Tri-state Vpp =5.5V,Voyr=5.5V/I0V — - +2 uA
Output high voltage VoH C-MOS, Tri-st port Vpp=4.5V, Iy =-0.7mA 4.1 - -
\Y%
Output low voltage VoL Except XOUT and P3 port | Vpp =45V, g = 1.6 mA - - 0.4
High current port
Output low current | Vpp=45V,Vg =10V - 20 VA mA
P oL (P33 to P37 port) oD oL
Suppl ti =
upply current in Vop =55V ~ 11)5 16.5
NORMAL 1, 2 mode ViN=5.3002V A
Suppl ti fc =16 MHz
upply current in - _ 2% 11.0
IDLE 0, 1, 2 mode fs = 32.768-kHz
Suppl ti
upply current in . 190 33.0
SLOW 1 mode | Vpp =3.0V
- DD
Supply current in ViNy=2.8/0.2
PRy o a 13.0 26.0 WA
SLEEP 1 mode fs =32.768%kHz
Supply current in LCD-drive is not enable, 50 140
SLEEP 0 mode ' '
Supply current in Vpp=55V
upply current PP - 05 10 LA
STOP mode VN =5.3V/0.2V
Segment output low .
X R SEG - 20 -
resistance os1 pin
Common output low .
. R COM pin 20
resistance oct B
- kQ
Segment output high Rosa SEG pin 200
resistance
Common output high -
) R COM 200
resistance oc2 pin
Voarss 3.8 4.2
Segment/common Vpp=5.0V
9 Vous | SEGICOM pin Q0 3.3 - 3.7 v
output voltage VicF 20V
Voir 2.8 3.2

Nete 1: Typical values show those at Topr=25°C, Vpp =5V

Note 2:Input curfent (I;y1, Iino); Thecurrent threugh pull-up or pull-down resistor is not included.

Nete 3: Ipp does not include Iggg current.

Note 4: The supply currents of SLOW 2-and SLEEP 2 modes are equivalent to IDLE O, 1, 2.

Note 5:Output resistors ROS and-ROC indicate "ON" when switching levels.
Note 6: Vo3 indicates the output voltage at the 2/3 level when operating in the 1/4 or 1/3 duty mode.

Note 7: Vgy/, indicates the output voltage at the 1/2 level when operating in the 1/2 duty or static mode.

Note 8: Vg3 indicates the output voltage at the 1/3 level when operating in the 1/4 or 1/3 duty mode.

Note 9: When using LCD, it is necessary to consider values of Rggy/2 and Rocy/z-
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20.4 AD Conversion Characteristics

(Vss=0.0V, 45V < Vpp < 5.5 V, Topr = —40 to 85°C)

Parameter Symbol Condition Min Typ. Max Unit
Analog reference voltage VAREF Aypp — 1.0 - Avpp
Power supply voltage of analog control
o Avbb Vob
circuit (Note6) \%
Analog reference voltage range (Note4) AV AREF 35 - -
Analog input voltage VaIN Vsd - VAREF
Power supply current of analo Vpp = Avpp = VaRer = 5.5V
e 9 IReF - 06 1.0 mA
reference voltage Vgs=0.0V
Non linearity error - - +2
- Vpp = A =50V
Zero point error Db~ 7VDD - - +2
VSS =0.0V LSB
Full scale error Vaggr = 5.0V = - +2
Total error - - +2

(Vss = 0.0 V, 2.7 V< Vph <44 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 Avpp Vop
circuit (Note6) \%
Analog reference voltage range (Note4) AVpAREF 2.5 - -
Analog input voltage VaIN Vss - VAREF
Power supply current of analo Yop =Avpp =V, =45V
pply g lngr DD =\VDD = VAREF / 05 08 mA
reference voltage Vgs =00V
Non linearity error - - +2
- Vop=Aypp=2.7V
Zero point error Ph ~ 7DD - - +2
VSS =00V LSB
Full scale error _ - - +2
Varer = 2.7V
Total error - - +2

(Vgs=0.0V, 2.0V <Vpp<2.7V, Topr =-40 to 85°C) (Note5)
(Vgs=0.0V,1.8V<Vpp<2.0YV, Topr=-10to 85°C) (Note5)

Parameter Symbol C€ondition Min Typ. Max Unit
Analog reference voltage VAREF Aypp — 0.9 - Avbp
Power supply voltage of analog.control
- Avobp Vop
circuit (Note6)
1.8V<Vpp <20V 18 - - v
Analog reference voltage range (Note4) AVAREE
20V<Vpp<27V 2.0 - -
Analog input voltage ViaIN Vss - VAREE
Power supply eurrent of analog refer- Vpp =Avpp =V, =27V
pply g ner DD = AvDD = VAREF B 03 05 mA
ence voltage Vgs=0.0V
Non linearity error _ _ +4
- Vpp = A =18V
Zero point error DD ~ AAVDD B ~ "
Vgg=0.0V LSB
Full scale error - - +4
Vager = 1.8V
Total error - - +4

Note 1: The total error includes all errors except a quantization error, and is defined as a maximum deviation from the ideal con-
version line.

Note 2: Conversion time is different in recommended value by power supply voltage.
About conversion time, please refer to “Register Configuration”.

Note 3: Please use input voltage to AIN input Pin in limit of Vaggr to Vgs. When voltage of range outside is input, conversion value
becomes unsettled and gives affect to other channel conversion value.

Page 194

Downloaded from AFfOW.com.


http://www.arrow.com

TO s H I BA TMP86PS23UG

Note 4: Analog reference voltage range: AVarer = Varer — Vss
Note 5: When AD is used with Vpp < 2.7 V, the guaranteed temperature range varies with the operating voltage.
Note 6: The Aypp pin should be fixed on the Vpp level even though AD converter is not used.

20.5 AC Characteristics

(Vss = 0V, Vpp-= 3.5/10'5.5 V, Topr = —40 to 85°C)

Parameter Symbol Condition Min, Typ. Max Unit
NORMAL1, 2 mode
0:25 - 4
IDLEL, 2 mode
Machine cycle time tey us
SLOW1, 2 mode
117.6 - 133.3
SLEEP1, 2 mode
High level clock pulse width tweH For external clock operation
(XIN input) - 31.25 - ns
Low level clock pulse width tweL fc = 16 MHz
High level clock pulse width tweH For external clock operation
(XTIN input) - 15.26 L us
Low level clock pulse width twel fs = 32.768 kHz
(Vgs =0V, Vgp * 2.7 t0 5.5 V, Topr = 40 to 85°C)
Parameter Symbol Condition Min Typ. Max Unit
NORMAL1,'2 mode
0.5 - 4
IDLEZ, 2 mode
Machine cycle time tey us
SLOW1,2 made
117.6 - 133.3
SLEEP{1,'2 mode
High level clock pulse width tweH For-external clock operation
(XIN input) - 62.5 - ns
Low level clock pulse width twel fc = 8 MHz
High level clock pulse width twer Eor external clock opetation
(XTIN input) - 15.26 - us
Low level clock pulse width KyeL fs = 32.768 kHz
(Vss =0V, Vpp =1.8105.5V, Topr = 40 to 85°C)
Parameter Symbol Condition Min Typ. Max Unit
NORMAL1, 2 mode
0.95 - 4
IDLE1,2 mede
Machine cycle time tcy us
SLOWL1, 2 mode
117.6 - 133.3
SLEEP1, 2 mode
High level cleck pulse.width twen For external clock operation
(XIN input) - 119.05 - ns
Low level clock pulse. width tweL fc = 4.2 MHz
High levelelock pulse width tweH For external clock operation
(XTIN input) - 15.26 - us
Low level clock-pulse width twer fs = 32.768 kHz
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20.6 Timer Counter 1 input (ECIN) Characteristics

(Vss =0V, Topr = —40 to 85°C)

Parameter Symbol Condition Min Typ. Max Unit
Frequency measurement mode Single edge count = -
Vpp=3.5t055V e
pp =3.5105. Both edge count - -
1O input (ECIN input) N Frequency measurement mode Single edge count 2\ T 8 MH
inpu inpu TC1 - ?
Vpp=2.7t055V Both edge count ~ -
Frequency measurement mode | Single edge-count ~ _
Vpp=18to 55V 2
pp=1.8105. Both edge count = -
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20.7 DC Characteristics, AC Characteristics (PROM mode)

20.7.1 Read operation in PROM mode

(Vss =0V, Topr = -40 to 85°C)

Parameter Symbol Condition Min Typ. Max Unit
High level input voltage (TTL) ViHa 2.2 = Vee
Low level input voltage (TTL) ViLa 0 ~ 0.8
\
Power supply Vee
475 5.0 5.25
Program supply of program Vpp
Address access time tacc Vec=5.0+£0.25V ~ 1.5tcyc + 300 - ns

Note: tcyc =500 ns at fo x = 8 MHz

A6 to AD ) X

3
QPP
)

Q

tace

D7 to DO L@J/X Data output N )7
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20.7.2 Program operation (High-speed)

(Topr =25+ 5°C)

Parameter Symbol Condition Min Typ. Max Unit
High level input voltage (TTL) ViHa 2.2 - Vee
Low level input voltage (TTL) ViLa 0 - 0.8
\%

Power supply Vee 6.0 6.25 6.5
Program supply of program Vpp 125 12.75 13.0
Pulse width of initializing program thw Vec=6.0V 0.095 0.1 0.105 ms

High-speed program writing

A16 to AO X X

cE N\ S

oE ] \ S

D7 to DO Unknown )—( Input data )——( Output-data

tow
< AW
PGM T g/
7
< - >
Write Verify

Note 1: The power-supply‘of Vpp(12.75 V) must be set;power-on at the same time or the later time for a power sup-
ply of V¢ and must be clear powgr-on at the’same time or early time for a power supply of Vcc.

Note 2: The pull-up/ptll-down’device on the cendition-of Vgp = 12.75 V + 0.25 V causes a damage for the device.

Do not pultup/pull-down at programming.
Note 3: Use the recommended adapterand.mode.

Uging other than the above condition may cause the trouble of the writting.
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20.8 Recommended Oscillating Conditions

XIN XOouT XTIN XTOUT

] ]

(1) High-frequency Oscillation (2) Low-frequency Oscillation

Note 1: A quartz resonator can be used for high-frequency oscillation only when Vg is-2.7/V or above. If Vpp is below 2.7
V, use a ceramic resonator.

Note 2: To ensure stable oscillation, the resonator position, load capacitance) etc. must be appropriate-Because these
factors are greatly affected by board patterns, please be sure to-evaluate operation on the board.on.which the
device will actually be mounted.

Note 3: For the resonators to be used with Toshiba microcontrollers, we recommend ceramic resonators/manufactured by
Murata Manufacturing Co., Ltd.

For details, please visit the website of Murata at the following URL:
http://www.murata.com

20.9 Handling Precaution

- The solderability test conditions for lead-free products (indicated-hy-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 hathtemperature = 245 °C
Dipping/time = 5 seconds
Numbeér.of times =once
R-type flux Used

Note: The pass criteron of the-abeve test is‘as follows:
Solderability rate until forming > 95 %

- When4sing-the device (oscillator) in places exposed to high electric fields such as cathode-ray tubes, we
recommend electrically shielding the package in order to maintain normal operating condition.
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21. Package Dimensions

LQFP64-P-1010-0.50E Rev 02

Unit: mm
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o 10.0+0.1
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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-avariety of application‘areas.
We are confident that our products can satisfy your application needs now and-in-the future.
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