TENTATIVE

TOSHIBA TMP86CK74A/CM74A

CMOS 8-Bit Microcontroller
TMP86CK74A/TMP86CM74A

TMP86CK74A/CMT74A is a low power, high-speed and high-performance 8-bit single chip microcomputer,
including large capacity ROM/RAM, input/output ports, multiple timer/counter, serial interface, 8-bit AD
converter and VFT (Vacume Fluorescent Tube) driver.

Product No. ROM RAM Package OTP MCU
TMP86CK74AF 24 K x 8 bi 1K bit
............................................... x ItS .xs,s P_QFP80_1420-0_8OB TMP86PM74AF
TMP86CM74AF 32 K x 8 bits 2 K x 8 hits
Features P-LQFP80-1420-0.808

& 8-bit single chip microcomputer TLCS-870/C series
4 Minimum instruction execution time : 0.25 us (at 16 MHz)

122 s (at 32.768 kHz)
¢ 731 basic machine instructions : 132 types
& 17.interrupt sources (External : 6, Internal : 11)
¢ Input/output ports: 70 pins TMPB6CK74AF
TMP86CM74AF
@ 16-bit timer counters ; 2 channels TMP86PM74AF

® TC1: Timer, Event counter, PPG (Programmable Pulse
Generator) output, Pulse width measurement,
External trigger timer, and Window modes

® TC2: Timer, Eveni; counter,Window modes

® 8-bit timer counters : 2 channels
® TC3: Timer, Event counter, Capture modes (Pulse width/duty measurement).
® TC4: Timer, Event counter, PWM (Pulse width modulation) Output,
PDO (Programmable Divider Output)

000707€BP1

@ 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.

@ 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 comp!(v 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..

@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 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 instruments, all types of
safety_cf(evices, etc.. Unintended Usage of TOSHIBA products listed in this document shall be made at the customer's
Qwn. risk.

:The products described in this document are subject to the foreign exchange and foreign trade laws.
The information contained. herein is presented only as a guide for the applications of our products. No responsibility
is assumed by TOSHIBA CORPORATION for any infringements of intellectual property or other rights of the third
parties which may result from its use. No license is granted by implication or otherwise under any intellectual
property or other rights of TOSHIBA CORPORATION or others.

@ The information contained herein is subject to change without notice.
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¢ Time base timer

¢ Watchdog timer

¢ Interrupt source

4 Divider output function

¢ 4 Key-on wake up pins

¢ Serial interface
® 8-bit SIO : 1 channel (with 32 bytes FIFO)

4 8-bit successive approximation type AD converter
® Analoginput: 8 channels

4 Vacume flouorescent tube driver (automatic display)
® Programmable grid scan
® High breakdown voltage ports (max 40 V X 37 bits)

4 Low consumption power (9 modes)

¢ Dual clock operation

STOP mode
SLOW1 mode

SLOW2 mode

IDLEO mode

IDLE1 mode
IDLE2 mode

SLLEPO0 mode

SLEEP1 mode :

SLEEP2 mode :

Oscillation stop (Battery/Capacitor back-up).

Low consumption power operation by low-frequency clock (High-frequency clock
stop.)

Low consumption power operation by low-frequency clock (High-frequency clock
oscillate.)

CPU stops, and peripherals operate using high-frequency clock of Time-Base-
Timer.

Release by INTTBT interrupt.

CPU stops, and peripherals operate using high-frequency clock.

Release by interrupts.

~.CPU stops, and peripherals operate using high and low-frequency clock.

Release by interrupts.

CPU stops, and peripherals operate using low-frequency clock of Time-Base-
Timer.

Release by INTTBT interrupt.

CPU stops, and peripherals operate using low-frequency clock.

Release by interrupts.

CPU stops, and peripherals operate using high and low-frequency clock.

Release by interrupts.

¢ Single/Dual-clock mode
& Wide operating voltage: 4.5 V105.5Vat16 MH2z/32.768 kHz

2.7V t05.5Vat 8 MHz/32.768 kHz
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TOSHIBA

Pin Assignments (Top View)
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TMP86CK7AA/CMT7AA

Block Diagram

11O ports
e A N
PG7 to P60 P77 to P70 P87 to P8O P97 to P90 PD4A to PDO
VDD "
Power supply VDD
VAL
VET driver circuit {(automatic display)
VFT DO‘INe' VKK -~ Address/Data bus
e g i i
TLCS-870/C Data memory Program
CPU (RAM) memory (ROM)
> Standby control circuit (——"‘[ Interrupt controller l
Reser |1/10 RESET. . * 4 4 ] 4 * *
Test pin TEST »-| System control circuit
S Timer base 16-bit 8-bit .
'I;xmmg generator - timer Timer/Counter Timer/Counter 10 BAI;t
Resonator XIN 3| High
connecting  XOUT-= freq Y Clock TC1 l TC2 TC3 I TC4 converter
pins Low generator Watchdog IR T s W
r frequency timer L 3 F
<4 <> 44 <\
P2 P3 PO P1 P5 P4
= P - = e
L < P P g B ) &£ <
<> > > 9 > < 5>
P22toP20 P31toP30 P07 to POO P17to P10 P53to P50 VAREF pa7(AIN7)
. 1O port
- v “ Analog pag (AINO)
/O ports reference ;0 ports
pins  (Analog
Input)
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TOSHIBA TMP86CK74A/CM74A
Pin Functions
Pin Name 710 Function
8-bit programmable input/output port.
Each bit of this port can be individually
configured as an input or an output under
software control.
/[e} -
PO7
P10(TC2) /0 (Input) 8-bit programmable input/output port. External input for TC1
P11 (TC3/INT3) vo Each bit of this port can be individually External input for TC1
(input, Input) | configured as an input or an output under External interrupt input3
p12 .......................... |/oo ....... t ........ softwarecontrol. b
PWMAPDOATCE) |0 t( l:t;:u ' 9 When used as serial data input, external interrupt | PWWM output
( utput, Inpu input, timer/counter input, the input mode is PDO output
......................................................... configured.
PI3PPG) ok WO (Output) | When used as PWM output, PDO output, PPG
P14 (INT4) I/0 (Input) output, serial data output, serial clock Output, the [ g iorno) interrupt input4
......................................................... Jatch must be set to “1” and the Output mode is
P15 (SI) VO (Input) \ P % |serial data input
......................................................... configured.
PI6GO) ] YO (OutpuD) | when used as open-drain port, PIOUTCRSetto | Serial datainput
P17 (SCK) /0 (10) “0". When used as CMOS port, PIOUTCR set to Serial clock input/output
i
P20 (INT5/STOP1) 170 ( Input) 3-bit input/output port. External interrupt input5
......................................................... When used as input port, external interrupt STOP mode rerease signal input
P21 (XTIN) /O (Input) | input, STOP mode release signal input, theinput [ o\ resonator connection pin (32.768
................................ ersmeenntsnined o ele configured: KH2). For external clock. XTIN s used
P22 (XTOU : v .
( m /0 (Output) and XTOUT is opened
P30 2-bit programmable input/output port.
_______________________________ Each bit of this port can be individually
P31 /0 configured as an input or an output under -
software control.
8-bit programmable input/output port. AD converter analog input
Each bit of this port can be individually
VO (input) | configured as an input or an output under
software control.
............... - convert;l: analog.i};;;;:c“ - .
/o Key-on wake up input
(input, Input)
P47 (AIN7/STOPS)
PS0 (INTO) 4-bit programmable input/output port. External interrupt input0
P51 (INT1) O (Input) | Each bit of this port can be individually External interrupt input1
configured as an input or an output under
P52 (TC1/INT2) o) software control. External input for TC1
.................................. (input, Input) External interrupt input2
P53 (DVO) 1/0 (Output) Divider output

86CM74A-5
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TOSHIBA TMP86CK74A/CM74A
Pin Name o Function
POV ... 8-bit programmable input/output port.
P61 (V1) Each bit of this port can be individually
configured as an input or an output under
software control.
I/0 (Output) Grid output
POSNVI) e
PEOLVE) e
P67 (V7)
P70 (V8) 8-bit programmable input/output port.
P71(v9) Each bit of this port can be individually
P72 (V10)" configured as an input or an output under
PRI software control.
P74 (V12) I/0 (Output) Grid output
PI3MVIB)
PIOVIA) e
P77 (V15)
P80(V16) 8-bit programmable input/output port.
Each bit of this port can be individually
configured as an input or an output under
software control.
/0 (Output) Segment output
P87 (V23)
P90 (V24) 8-bit programmable input/output port.
Each bit of this port can be individually
configured as an input or an output under
software control.
1/0 (Output) Segment output
P97 (v31)
PDO (V32) 5-bit programmable input/output port.
Each bit of this port can be individually
VO (Output) [ configured as an input or an output under Segment output
software control.
e MRUE [ TestpIN for out-going test. Be ted tOlOW. e
110 Reset signal input.
...Mput Resonator connecting pins for high-frequency clock.
Output For inputting external clock, XIN is used and XOUT is opened.
0.0 [V](GND)
Power supply

VFT driver power supply

86CM74A-6
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TOSHIBA TMP86CK74A/CM74A

Operational Description

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, the
external memory interface, and the reset circuit.
1.1 Memory Address Map
The memory of TMP86CK74A/CMT74A consists of 4 blocks: ROM, RAM, DBR (Data Buffer Register)
and SFR (Special Function Register). They are all mapped in 64 Kbyte address space.Figure 1-1 shows
the memory address map of TMP86CK74A/CM74A. The general-purpose registers are not assigned to
the RAM address space.
0000y 0000y .
SFR{ 64 bytes ; 64 bytes Note:
003F 003Fy ROM ; Read Only Memory includes :
OOQOH 00404 Program memory
: Vector table
1024 bytes i RAM ; Random Access Memory includes :
RAM 5 2048 bytes Data memory i
043Fy | ' Stack
- : SFR; Special Function Register includes :
] 1 .
| | 083F 110 ports
! ) : H ! ! Peripheral status registers
) i ! ! System control registers
1 i ' ! Interrupt control registers
I ' H ] Program Status Word
OFQOH OFSPH DBR; Data Buffer Register includes :
DBR { 128 bytes 128 bytes VFT display data buffer
OFFFy | OFFFy .
: 1 ! : 1 ]
: i 1. 1 )
! H ] 1
! ! ) I
i i A i
] H H
i i 80004 f etuarraseessanassereusssnesssassasees e sas e s ooqu
»n o f
AO(?OH
32704 bytes
: 24512 bytes : :
ROMX 32768 bytes
FFBFy FFBFy
FFCOy FFC:OH Vector table for vector
: 32 bytes - 32 bytes call instructions (16 vectors)
FFD;H ...................... ;EESH
FFE i
L H 32bytes H 32 bytes 2/1e6c‘t’¢;:t tgrlzl)e for interrupt i
FFFFy FFFFy 7FFFy
TMP86CK74A TMP86CM74A TMP86PM74A
MCU mode PROM mode
Figure 1-1. Memory Address Maps
1.2 Program Memory (ROM)

The TMP86CK74A has an 24 KX8 bits (address A000g to FFFFp) of program memory, the
TMP86CM74A has 32 K X8 bits (address 8000y to FFFFy) of program memory (mask programmed
ROM). However, placing program memory on the internal RAM is deregulated if a certain procedure is
executed (See 2.4.5 Address trap).

86CM74A-7 2001-10-30




TOSHIBA TMP86CK74A/CM74A

1.3

Data Memory (RAM)

The TMP86CK74A has 1024 bytes (0040y to 043Fy) of internal RAM, the TMP86CM74A has 2048
bytes (0040 to 083Fy) of internal RAM,

The first 192 bytes (0040x to 00FFy) of the internal RAM are located in the direct area; instructions
with shorten operations are available against such an area.

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 1: ClearsRAM to 0. (TMP86CKT74A)

LD HL, 0040H ; Sets start address.

LD A H ; Setsinitial data (00H) to A register

LD BC, 03FFH ; Sets number of bytes (—1)
SRAMCLR: LD (HL), A

INC HL

DEC BC

JRS F, SRAMCLR
Example 2: Clears RAM to 0. (TMP86CM74A)

LD HL, 0040H ; Sets start address.

LD AH ; Setsinitial data (00H) to A register

LD BC, 07FFH ; Sets number of bytes (—1)
SRAMCLR: LD (HL), A

INC HL

DEC BC

JRS F, SRAMCLR

86CM72A-8 2001-10-30
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1.4

System Clock Controller

The system clock controller consists of a clock generator, a timing generator, and a stand-by controller.

Timing generator control register

TBTCR

........... Clock .. 0036y
; generator ;
fe

i | High-frequency : - T
: ek oscll Timing Stand-by controller
clock oscillator generator
ERER)
| Low-frequency System clocks 0038y @ 0039, ﬁ
clock oscillator [ syscri | [ svscrz |
Clock generator control System control registers

Figure 1-2. System Clock Control

1.4.1 Clock generator

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

The high-frequency (fc) and low-frequency (fs) clocks can easily be obtained by connecting a resonator
between the XIN/XOUT and XTIN/XTOUT pins respectively. Clock input from an external oscillator is
also possible. In this case, external clock is applied to XIN/XTIN pin with XOUT/XOUT pin not
connected.

————————————— High-frequency clock "-=======-===-1 ro=~-o=-==-== Low-frequency clock ---=-=--=-----n
] ] 1

] ! I

XIN XOuT XIN XOuT H | XTIN XTOUT XTIN XTOUT '

1 1 [}

(I Ll

(open) :I :l (open) :

1

L] L [l :

1 ] I

] 1 [}

i i i

I I ]

777 77 LA 77 3

] 1 ]

(a) Crystal/Ceramic (b) External oscillator | i () Crystal {d) External oscillator i
I R i

Figure 1-3. Examples of Resonator Connection

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

The system to require the adjustment of the oscillation frequency should create the program
for the adjustment in advance.
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1.4.2 Timing generator

4))

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/counter
® Generation of warm-up clocks for releasing STOP mode
@ Generation of source clocks for VFT driver circuit

Configuration of timing generator

The timing generator consists of a 3-stage precaler, a 21-stage divider, a main system clock generator,
and machine cycle counters.

An input clock to the 7th stage of the divider depend on the operating mode, DV7CK (bit4 in TBTCR),
that is shown in Figure 1-5. Asreset and STOP mode started/canceled, the prescaler and the divider are
cleared to “0”.
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e . fcorfs
! Main system clock generator > Machine cycle counters
A
SYSCK > )
DV7CK >
S Divider
High-frequency fua A
clock fc > 1]2 >11|23]4|5]6 vl»] 7 |8 ] 9 J10]11]12]13]14]15]16|17| 181920} 21
SEEHEE S NN EEEEEEEE R
Low-frequency o|o|a|a|a Multi-z 21Z21212121212121212] ziz13 s | Multiplexer
clock fc < B0
plexer
B1
21A0 Y0 |-
A1 Y Standby
controlier
<]  —
pra— ,]V.Vatchdog
P . timer
Timer/counters | < I >
e e
= |Timer base
- > [timer
NTE o
(= g
VFT control
\
(<
< »-\ Divider
Serial interface | « output
= » ) Circuit
=
DV7CK=0 DV7CK =1 DV7CK=0 DV7CK =1
DV1 fg23 f/23 DVi1 fe/213 fs/25
Dv2 fc/24 fc/24 DVi12 fa214 fs/26
DV3 fe/25 fe/25 DV13 fd215 fe/27
DV4 fc/26 fc/26 DVi4 fc/216 fs/28
DV5 fc/27 fa/27 DV15 fa217 fs/29
DVé fo/28 fc/28 DV16 fc/218 fs/210
Dv7 fc/29 fs/2 DV17 fa/219 fo/211
DV8 fe/210 fs/22 DV19 fe/221 fs/213
DV9 fa211 fs/23 DV20 fc/222 fy/214
DV10 fc/212 fs/24 DV21 fc/223 fs/215
Figure 1-4. Configuration of Timing Generator
7 6 5 4 3 2 1 0
TBTCR -
(0036, [(DVOEN)  (OvQcK) [ pvrck [(TBTEN) | (TBTCK) | | Gnitial value: 0++0 0s+#)
Selection of input to the 7th 0: {28 [Hz]
bv7CK stage of the divider 1: fs RW
Note 1: Do not set “1” on DV7CK when the single-clock mode.
Note 2: Do notset “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

Figure 1-5. Timing Generator Control Register
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(2)

Machine cycle

Instruction execution and peripheral hardware operation are synchronized with the main system clock.
The minimum instruction execution unit is called an “machine cycle”. There are a total of 10 different
types of instructions for the TLCS-870/C Series: ranging from 1-cycle instructions which require one
machine cycle for execution to 10-cycle instructions which require 10 machine cycles for execution.

A machine cycle consists of 4 states (S0 to S3), and each state consists of one main system clock.

Main sy\gte)m clock | |

1/fc or 1/fs [s]

[ I N I B A B B

(fm H

State 0 | st

2 s3 so | st | s2 | s3 |

]
(e Machine cycle !
1 . 1

Figure 1-6. Machine Cycle

1.4.3 Standby controller

(1

The standby controller starts and stops the oscillation circuits for the high-frequency and low-frequency
clocks, and switches the main system clock. There are two operating modes: single-clock and dual-
clock. These modes are controlled by the system control registers (SYSCR1 and SYSCR2).

Figure 1-7 shows the operating mode transition diagram and Figure 1-8 shows the system control
registers.

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].

O NORMALI1 mode

In this mode, both the CPU core and on-chip peripherals operate using the high-frequency clock.
The TMP86CK74A/CM74A are placed in this mode after reset.

® 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 the system control register 2 (SYSCR2), and IDLE1 mode is released to
NORMALI1 mode by an interrupt request from the on-chip peripherals or external interrupt inputs.
‘When the IMF (interrupt master enable flag) is “1” (interrupt enable), the execution will resume with
the acceptance of the interrupt, and the operation will return to normal after the interrupt service is
completed. When the IMF is “0” (interrupt disable), the execution will resume with the instruction
which follows the IDLE1 mode start instruction.

® IDLEO 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 TGHALT on the system control register 2 (SYSCR2).

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

86CM74A-12 2001-10-30
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When returned from IDLEQ mode, the CPU restarts operating, entering NORMAL1 mode back again.
IDLEO mode is entered and returned regardless of how TBTCR <TBTEN> is set. When IMF = “1”,
EF7 (IBT interrupt individual enable flag) = “1”, and TBTCR <TBTEN> = “1”, interrupt processing
is performed. When IDLEQ mode is entered while TBTCR <TBTEN> = “1”, the INTTBT interrupt
latch is set after returning to NORMAL1 mode.

(2) Dual-clock mode

Both the high-frequency and low-frequency oscillation circuits are used in this mode. P21 (XTIN) and
P22 (XTOUT) pins cannot be used as input/output ports. The main system clock is obtained from the
high-frequency clock in NORMAIL2 and IDLE2 modes, and is obtained from the low-frequency clock in
SLOW and SLEEP modes. The machine cycle time is 4/fc (s] in the NORMAIL2 and IDLE2 modes, and
4/fs [s] (122 ps at fs = 32.768 kHz) in the SLOW and SLEEP modes.

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

@O NORMALZ2 mode

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

@ SLOW2mode

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. On-chip peripherals are triggered by the low-frequency clock.
As the SYSCK on SYSCR2 becomes “0”, the hardware changes into NORMAL?2 mode. As the XEN on
SYSCR2 becomes “0”, the hardware changes into SLOW1 mode. Do not clear XTEN to “0” during
SLOW2 mode.

® SLOW1 mode

This mode can be used to reduce power-consumption by turning off oscillation of the high-frequency
clock. The CPU core and Gn—chip peripherals operate using the low-frequency clock.

Switching back and forth between SLOW1 and SLOW2 modes are performed by XEN bit on the system
control register 2 (SYSCR2). In SLOW1 and SLEEP mode, the input clock to the 1st stage of the divider
is stopped; output from the 1st to 6th stages is also stopped.

® IDLE2 mode

In this mode, the internal oscillation circuit remain active. The CPU and the watchdog timer are halted
; however, on-chip peripherals remain active (operate using the high-frequency clock and / or the low-
frequency clock). Starting and releasing of IDLE2 mode are the same as for IDLE1 mode, except that
operation returns to NORMALZ2 mode.

® SLEEP1 mode

In this mode, the internal oscillation circuit of the low-frequency clock remains active. The CPU, the
watchdog timer, and the internal oscillation circuit of the high-frequency clock are halted ; however, on-
chip peripherals remain active (operate using the low-frequency clock). Starting and releasing of
SLEEP mode are the same as for IDLE1 mode, except that operation returns to SLOW mode. In SLOW
and SLEEP mode, the input clock to the 1st stage of the divider is stopped; output from the 1st to 6th
stages is also stopped.

® SLEEP2 mode

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

86CM74A-13 2001-10-30



TOSHIBA TMP86CK74A/CM74A

@ SLEEPO mode

(3)

In this mode, all the circuit, except oscillator and the Time-Base-Timer, stops operation.,

This mode is enabled by setting “1” on bit TGHALT on the system control register2 (SYSCR2).

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

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

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 warming-up period is completed, the execution resumes with the instruction which follows the
STOP mode start instruction.
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IDLEO
mode Reset release RESET
A Falling edge of TBTCR
SYSCR2ZKTGHALT> ="1" <TBTCK> settin
SYSCR2<IDLE> = “1" YSCR1<STOP>="1"
IDLE1 NORMAL1 )
mode mode
Interrupt ; STOP pin input
(a) Single clock mode SYSCR2<XTEN> = “0* SYSCR2<XTEN> = “1”
_ SYSCR2<IDLE>="1" - ) SYSCR1<STOP>="1"
IDLE2 - NORMAL2 "']
mode > mode
Interrupt ; STOP pininput
SYSCR2<SYSCK> = "0" SYSCR2<SYSCK> ="1" STOP
SYSCR2<IDLE>="1" !
SLEEP2 SLOW2
mode mode
Interrupt ; -
SYSCR2<XEN> = “1" SYSCR2<XEN> = “0"
SYSCR2<IDLE> = “1* ) SYSCR1<STOP> =“1*
SLEEP1 SLOW1 'J
mode mode <
interrupt STOP pin input
(b) Dual clock mode 1 pin tnpu
. . SYSCR2CTGHALT> = “1%
Falling edge of TBTCR<TBTCK > setting {L
SLEEPO
mode

Note: NORMAL1 and NORMAL2 modes are generically called NORMAL ;
SLOW1 and SLOW?2 are called SLOW ;
IDLE1, IDLE2, SLEEP1 and SLEEP2 are called IDLE.

. Oscillator Other Machine
Operating Mode CPU core TBT . .
High-freq. | Low-freq. Peripherals Cycle Time
RESET Reset Reset Reset
. NORMAL1 Oscilla- Operate
Sélrzl: IDLE1 tion Stop Operate Operate alfelsl
IDLEO Halt Halt
STOP Stop Halt .
NORMAL2 Operate with
High Freq. 4/1c|s]
IDLE2 Oscilla- Halt
SLOW2 tion Operate with
bual Oscilla- Low Freq. Operate Operate
Clock SLEEP2 tion Halt
SLOW1 Operate with 4/fs[s)
Stop Low Freq.
SLEEP1
SLEEPQ Halt
STOP Stop Halt Halt —

Figure 1-7. Operating Mode Transition Diagram
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SYSCR1
(0038)

SYSCR2
(0039,)

System Control Register 1

7 6 4
[ sToP | RELM | RETM | OUTEN|

(Initial value: 0000 00#=)

0: CPU core and peripherals remain active
STOP  [STOP mode start 1: CPU core and peripherals are halted (start STOP mode)
RELM Release method 0: Edge-sensitive release
for STOP mode 1: Level-sensitive release
RETM Operating mode 0: Returnto NORMAL mode
after STOP mode 1: return to SLOW mode
OUTEN Port output during 0: High Impedance RIW
STOP mode 1: Output Kept
Return to NORMAL mode Return to SLOW mode
16, 13
Warming-up time at 00 3x Z‘SIfc 3x 2‘3/fs
wuTt releasing STOP mode 01 2%c 2%/s
10 3x2%fc 3 x 2%fs
11 . 2%/fc 25/fs
Note 1: Always set RETM to "0” when transiting from NORMAL mode to STOP mode. Always set RETM to “1*

Note 2:

Note 3:

Note 4:

Note 5:

Note 6:

when transiting from SLOW mode to STOP mode.

When STOP mode is released with RESET pin input, a return is made to NORMALT regardless of

the RETM contents.

fc; High-frequency clock [Hz]

fs,; Low-frequency clock [Hz]

*,; Don’t care

Bits 1 and 0 in SYSCR1 are read as undefined data when a read instruction is executed.

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

Port P20 is used as STOP pin. Therefore, when stop mode is started, OUTEN does not affect to P47, and
P20 becomes Hi-Z mode.

System Control Register 2

7 6 ~5 4
[ xen | xTen [sysck| iDLE | (Initial value: 1000 +0++)
XEN High-frequency oscillator 0: Turn off oscillation
control 1: Turn on oscillation
XTEN Low-frequency oscillator 0: Turn off oscillation
control 1: Turn on oscillation
SYSCK Main system clock select write)/ | 0: High-frequency clock
(main system clock monitor (read) | 1: Low-frequency clock RAW
. 0: CPU and watchdog timer remain active
IDLE (CSPLléEaPTIIZWIT)tfg 1;’; rgn;';:‘;r control 1: CPU and watchdog timer are stopped
’ (start SLEEP1/2 and IDLE1/2 mode)
TG control 0: TG provides source clock to all peripherals
TGHALT (SLEEPO, IDLEO mode) 1: TG stops source clock to peripherals except TBT
' (start SLEEPO and IDLEO mode)
Note 1: XEN and SYSCK are automatically overwritten in accordance with the contents of RETM (bit 5 in SYSCR1)
when STOP mode is released. But XTEN is not change.
RETM Operating mode after STOP mode XEN SYSCK
0 NORMAL 1/2 mode 1 0
1 SLOW mode 0 1
Note 2: A reset is applied (RESET pin output goes low) 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~
Note 3: +; Don’tcare
Note 4: Bits 3, 1and 0 in SYSCR2 are always read as undefined value.
Note 5: Make it sure not to set SYSCR2<IDLE> and SYSCR2Z<TGHALT> to” 1" at a same time.
Note 6: TG, Timing generator

Figure 1-8. System Control Registers
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1.4.4 Operating mode control

(1

STOP mode

STOP mode is controlled by the system control register 1 and the STOP pin input.

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 STOP (bit 7 in SYSCR1) to “1”. During STOP made, the following
status is maintained.

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

@ The data memory, registers, the program status word and port output latches are all held in the status

in effect before STOP mode was entered.

(® The prescaler and the divider of the timing generator are cleared to “0”.
@ The program counter holds the address 2 ahead of the instruction (e.g. [SET (SYSCR1).7]) which started

STOP mode.

Releasing STOP mode includes a level-sensitive mode and an edge-sensitive mode, either of which can
be selected with the RELM (bit 6 in SYSCR1).

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

a. Level-sensitive release mode (RELM =“1")

In this mode, STOP mode is released by setting the STOP pin high. This mode is used for capacitor
back-up when the main power supply is cut off and long term battery back-up.

When the STOP pin input is high executing an instruction which starts STOP mode will not place in
STOP mode but instead will immediately start the release sequence (warm-up). Thus, to start STOP
mode in the level-sensitive release mode, it is necessary for the program to first confirm that the STOP
pin input is low. The following two methods can be used for confirmation.

@ Testing a port P20.
@ Using an external interrupt 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

; Sets up the input mode
SSTOPH:TEST (P2DR). 0 ; Wait until the STOP pin input goes low level
JRS F,SSTOPH
SET (SYSCR1).7 ; Starts STOP mode
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Example 2: Starting STOP mode from NORMAL mode with an INTS interrupt.

PINT5: TEST (P2DR).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.
SET (SYSCR1).7 ; Starts STOP mode

SINT5: RETI

v L4
1

[}

STOP pin \ " Fuwe o\
g i
‘¢ |

xourgin  ||JIIIIHIAII - QU

NORMAL ' STOP i

H NORMAL
operation ~ ‘K: operation ? {: Warm-up —>i<— oration
Confirm by program that the

bt : STOP mode is released by the hardware.
STOP pin input is low and start (Always released if the STOP >

STOP made, pininput s high.

_Figure 1-9. Level-sensitive release Mode

Note 1: Even if the STOP pin input is low after warming up start, the STOP mode is not restarted.
Note 2: In this case of changing to the level-sensitive mode from the edge-sensitive mode, the
release mode is not switched until a rising edge of the STOP pin input is detected.

b. Edge-sensitive release mode (RELM=“0")

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

Example: Starting STOP mode from NORMAL mode
LD (SYSCR1),10010000B ; Starts after specified to the edge-sensitive release mode

{0

\ . 4 \

/L

Viy
1
i
1
]
r’’
o [ | QI

¢ 44

NORMAL \ STOP i H ! STOP
H iy - Warm-up —»le b S —
operation operation \ NORMAL /\ operation
STOP mode started operation

by the program.

STOP pin

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

Figure 1-10. Edge-sensitive release Mode
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STOP mode is released by the following sequence.

© In the dual-clock mode, when returning to NORMALZ2 or SLOWZ, 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 signal-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 WUT (bits 2 and 3
in SYSCR1) in accordance with the resonator characteristics.

(® When the warm-up time has elapsed, normal operation resumes with the instruction following the
STOP mode start instruction. The start is made after the prescaler and the divider of the timing
generator are cleared to “0”.

Table 1-1. Warm-up Time Example (at fc = 16.0 MHz, fs=32.768 kHz)

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

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

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

Note: When STOP mode is released with a low hold voltage, the following cautions must be
observed.
The power supply voltage must be at the operating voltage level before releasing STOP
mode. The RESET pin input must also be “H” level, rising together with the power supply
voltage. In this case, if an external time constant circuit has been connected, the RESET pin
input voltage will increase at a slower pace than the power supply voltage. At this time,
there is a danger that a reset may occur if input volitage level of the RESET pin drops below
the non-inverting high-level input voltage (hysteresis input).
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(2

IDLE mode (IDLEO, IDLE1, IDLE2, SLEEP1, SLEEP2)

IDLE mode is controlled by the system control register 2 (SYSCR2) and maskable interrupts. The
following status is maintained during IDLE mode.

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

@ The data memory, CPU registers, program status word and port output latches are all held in the
status in effect before IDLE mode was entered.

® The program counter holds the address 2 ahead of the instruction which starts IDLE mode.

Y

Starting IDLE mode
by instruction

\

CPU, WDT are haited

2

\ i

Reset

Reset input

Interrupt request

Normal
release mode

No

Yes (Interrupt release mode)

Interrupt processing

Execution of the
instruction which follows
the IDLE mode start
instruction

&

Figure 1-12. IDLE Mode

Example: Starting IDLE mode.
SET (SYSCR2).4 ; IDLE «1
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IDLE mode includes a normal release mode and an interrupt release mode. Selection is made with the
interrupt master enable flag (IMF). Releasing IDLE mode returns from IDLEQ/1 to NORMAL1, from
IDLE2 to NORMALZ2, from SLEEP0/1 to SLOW1 mode, and from SLEEP2 to SLOW2 mode.

a. Normal release mode (IMF = “0”)

IDLE mode is released by any interrupt source enabled hy the individual interrupt enable flag
(EF). Execution resumes with the instruction following the IDLE mode start instruction . The
interrupt latches (IL) of the interrupt source used for releasing must be cleared to “0” by load
instructions.

b. Interrupt release mode (IMF = “1”)

IDLE mode is released and interrupt processing is started by any interrupt source enabled with
the individual interrupt enable flag (EF). After the interrupt is processed, the execution resumes
from the instruction following the instruction which starts IDLE mode.

IDLE mode can also be released by inputting low level on the RESET pin, which immediately performs
the reset operation. After reset, the TMP86CK74A/CM74A are placed in NORMAL 1 mode.

Note: When a watchdog timer interrupt is generated immediately before IDLE1 mode is started, the
watchdog timer interrupt will be processed but IDLE1 mode will not be started.
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€)

SLOW mode

SLOW mode is controlled by the system control register 2 (SYSCR2).
The following is the methods to switch the mode with the warming-up counter 2 (TC2).

Switching from NORMAL?2 mode to SLOW1 mode

First, set SYSCK (bit 5 in SYSCR2) to switch the main system clock to the low-frequency clock for
SLOW2 mode.
Next, clear XEN (bit 7 in SYSCR2) to turn off high-frequency oscillation.

Note: The high-frequency clock oscillation can be continued to return quickly to NORMAL2 mode.

When the low-frequency clock oscillation is unstable, wait until oscillation stabilizes before performing
the above operations. The timer / counter 2 (TC2) can conveniently be used to confirm that low-
frequency clock oscillation has stabilized.

Examplel: Switching from NORMAL2 mode to SLOW1 mode.

SET (SYSCR2).5 ; SYSCK «1
(switches the main system clock to the low-frequency
clock for SLOW?2)

CLR (SYSCR2).7 ; XENe«O

(turns off high-frequency oscillation)
Example2: Switching to the SLOW1 mode after low-frequency clock has stabilized.

LD (TC2CR),14H s Sets mode for TC2 (16-bit TC, fs for source)
LDW (TC2DRL),8000H ; Setswarming-up time
(depend on oscillator accompanied)

DI
SET TEIRH).5 s  Enables INTTC2
EI
SET (TC2CR).5 ;  Starts TC2
PINTTC2: CLR (TC2CR).5 s  Stops TC2
SET (SYSCR2).5 ;  SYSCK <1 (Switches the main system clock to the
low-frequency clock)
CLR (SYSCR2).7 :  XEN <« 0 (Turns off high-frequency oscillation)
RETI
VINTTC2: DW PINTTC2 ;  INTTC2 vector table
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b. Switching from SLOW1 mode to NORMAL2 mode

First, set XEN (bit 7 in SYSCR2) to turn on the high-frequency oscillation. When time for stabilization
(warm-up) has been taken by the timer/counter 2 (T'C2), clear SYSCK (bit 5 in SYSCR2) to switch the
main system clock to the high-frequency clock.

Note 1: After 5YSCK is cleared to “0~, executing the instructions is continued by the low-frequency
clock for the period synchronized with low-frequency and high-frequency clocks.

High-frequency clock JWLI‘IJU’IJ‘LI‘LI‘LJ‘IJU‘U"
Low-frequency clock W
Main system clock W
SYSCK m——
Note 2: SLOW mode can also be released by inputting low level on the RESET pin, which immediately
performs the reset operation. After reset, the TMP86CK74AICM74A are placed in NORMAL1
mode.

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

SET (SYSCR2).7 ;  XEN <1 (Starts high-frequency oscillation)
LD (TC2CR),10H ;  Sets mode for TC2 (16-bit TC, fc for source)
LD (TC2DRH),0F8H ; Setswarming-up time

DI
SET (EIRH).5 ;  Enables INTTC2
El )
SET (TC2CR).5 ;  Starts TC2
PINTTC2: CLR (TC2CR).5 ; Stops TC2
CLR (SYSCR2).5 ;  SYSCR « 0 (Switches the main system clock to the
high-frequency clock)
RETI
VINTTC2: DW PINTTC2 ;  INTTC2 vector table
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1.5 Interrupt Control Circuit

The TMP86CK74A/CM74A have a total (Reset is exclude) of 16 interrupt sources for 17 interrupt
factors; 1 of the sources are multiplexed. Multiple interrupt with priorities is available. 4 of the
internal factors are non-maskable interrupts, and the rest of them are maskable interrupts.
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 interrupts. Interrupts are enabled or disabled by software using the
interrupt master enable flag (IMF) and interrupt enable flag (EF). If more than one interrupts are
generated simultaneously, interrupts are accepted in order which is dominated by software. However,
there is no priority among non-maskable interrupt factors.

Table 1-2. Interrupt Sources

Interrupt Factors Enable Condition Inlt_:nxp t X:;:::s Priority

'E';t;rr::'( (Reset) Non-maskable o FFFEy High 1
internal | INTSWI (Software interrupt) Non-maskable e FFFCy 2
Internal | INTUNDEF (Executed the undefined Instruction interrupt) | Non-maskable e FFFCy 2
Internal INTATRAP (Address trap interrupt) Non-maskable iLy FFFARQ 2
Internal | INTWDT (Watchdog timer interrupt) Non-maskable IL3 FFF8y 2
External |INTO (External interrupt 0) :MTFOEEI\::: =1 ! ILg FFF6y 5
Internal | INTTC1 (16-bit timer TC1 interrupt) IMF-EFg=1 ILs FFF4y 6
External |INT1 (External interrupt.1) IMF - EFg=1 ILg FFF2y 7
Internal INTTBT (Time base timer interrupt) IMF - EF7=1 ILy FFFOy 8
Internal | INTTC3 (8-bit timer TC3 interrupt) IMF-EFg=1 ILg FFEEy 9
Internal | INTSIO (High speed SIO intertupt) IMF-EFg=1 ILg FFECy 10
Internal | INTTC4 (8-bit timer TC4interrupt) IMF - EFqg =1 ILig FFEAY 11
External | INT3 (External interrupt 3) IMF - EF1 =1 IL44 FFE8y 12
External | INT4 (External interrupt 4) IMF-EFq3=1 ILy2 FFE6y 13
Internal INTTC2 (16-bit timer TC2 interrupt) IMF - EF43=1 ILy3 FFE4, 14
External |INTS (External interrupt S) IMF - EF14=1 ILya FFE2y 15
Internal INTADC (AD converter interrupt)

............................................................................................................... IMF « EFy5=1 Itys FFEOy Low 16
External | INT2 (External interrupt 2)

Note 1: The interrupt factor of INTADC and INT2 shares therm interrupt source; the factor is selected on the register INTSEL.
Note 2: 2 alternatives are to bo chosen in case INTATRAP (address trap interrupt) is executed: interrupt or reset.
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(1)

2

a)

Interrupt Latches (IL15 to iL))

An interrupt latch is provided for each interrupt source, except for a software 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. All interrupt latches are initialized to “0” during reset.

The interrupt latches are located on address 003Cy and 003Dy in SFR area. Except for ILz and ILg,
each latch can be cleared to “0” individually by instruction (However, the read-modify-write
instructions such as bit manipulation or operation instructions cannot be used. Interrupt request would
be cleared inadequately if interrupt is requested while such instructions are executed.). Thus interrupt
request can be canceled /initialized by software.

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.

Example 1: Clears interrupt latches

DI 3 IMF =4Q”
LDW (ILL), 1110100000111111B ; IL3g, ILjgtoILg <« 0
LD (ILH),11111000B ; ILiptoILg«0
E1 ; IMF =“1”
Example 2: Reads interrupt latches
LD WA, (TLL) s WeIly, A<ILy,
Example 3: Tests an interrupt latches
TEST (ILL). 7 ;  if ILy=1then jump
JR F,SSET

Interrupt Enable Register (EIR)

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

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

Interrupt master enable flag IMF)

The interrupt enable register (IMF) enables and disables the acceptance of the whole maskable-
interrupt. While IMF=0", all maskable interrupts are not accepted regardless of the status on each
individual interrupt enable flag (EF). By setting IMF to “1”, the interrupt becomes acceptable if the
individuals are enabled. When an interrupt is accepted, IMF is cleared to “0” after the latest status on
IMF is stacked. Thus the maskable interrupts 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: 003Ay 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 initialized to “0”, and maskable interrupts are not accepted until it is set to “1”,
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b) Individual interrupt enable flags (EF;5 to EFy4)

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” disables acceptance. The individual interrupt enable flags (EF;5 to EFy4) are
located on EIRL to EIRH (address: 003Ay to 003By in SFR), and can be read and written by an
instruction. During reset, all the individual interrupt enable flags (EF;5 to EFy4) are initialized to “0”
and all maskable interrupts are not accepted until they are set to “1”.

Exzample 1: Enablesinterrupts individually and sets IMF

DI ; IMF«0
LDW (EIRL), 1110100010100000B ; EF15toEF13, EFy1, EF7, EF5 <1
: Note: IMF is not set.
EI ; IMF «1
Example 2: C compiler description example
unsigned int __io (3AH) EIRL ; /*3AH shows EIRL address */
_DI();
EIRL =10100000B;
_EI();
Interrupt Latches
L 15 14 13 12 1 10 9 8 7 6 5 4 3
(003Dy4,003Cy) [ ILys flbyg i Mgz illyp Pllyy ilyg i lg : ILg | Iy  ILg | ILs § Iy : Iy |
\ N,
L (003Dy) I (003Cy)
(Initial value: 00000000 000000++)
. atRD _atWR
Listolly |imemupitatches |9 Nointeruptrequest  ¢: leasthe termptrequest (ote) | gy

Notel: IL2 and IL3 are prohibited from clearing.
Note 2: When manipulating IL, clear IMF (to disable interrupts) beforehand.

Interrupt Enable Registers -
EIR 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

(0038, 003Ay) | EFys { EFyq i EFyg {EFy EFy) [EFyg} EFg i EFg | EFy { EFg [ EFs ( EFa | | & [IMF]
\ 7\ /7
EIRy; (003By) EIR, (003An)

(Initial value: 00000000 00000+++)

Note 1: Do not clear IL with read-modify-write instructions such as bit operations.
Note 2: *, Don’t care

Note 3: When manipulating EF, clear IMF (to disable interrupts) beforehand.
Note 4: Do not set IMF ta 1 simultaneously with EF.

Figure 1-16. Interrupt Latch (IL), Interrupt Enable Registers (EIR)
(3) Selecting interrupt factor (INTSEL)

Each interrupt factor, that shares its interrupt source with other factors, enables its interrupt latch (IL)
only if it is selected on INTSEL. The interrupt controller does not hold the interrupt request, while the
factor gencrates the interrupt request is not selected on INTSEL. Therefore, set INTSEL appropriately
befor interrup factors arises.

Interrupt source selector

0
S YR OO SO S ST SO SO S [INTADER |
INTADER | Alternative of INTAD or INT2 ‘1’3 INTAD RIW

Figure 1-17. Interrupt Source Selector
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1.5.1 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
(4 us at 8.0 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 1-18 shows the timing chart of interrupt acceptance processing.

(1) Interrupt acceptance processing is packaged as follows.

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

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

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

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

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

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

Interrupt service task

(T L Y T S T T T

A

1 machine cycle

!‘”ﬂ
Al

Interrupt
request

[ I N N A D I B B

Interrupt
latch (IL)

IMF

e =l - s o e ] . G ——
SNRPUPIPS S RN S )

B

H
L
Execute :3(
Instruction ln?t(sl.lc&tlgn x interrupt acceptance 1(\53{?5%% \ Execute RETHinstruction X

S 5 © CIID GIN O 06\ DT

Note 1: a; return address entry address b, entry address ¢, address which RETI instruction is stored

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

Figure 1-18. Timing chart of Interrupt Acceptance/Return Interrupt instruction
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)

a)

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

Vector table address Entry address

Interrupt
service
program

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

In order to utilize nested interrupt service, the IMF is set to “1” in the interrupt service program. In
this case, acceptable interrupt sources are selectively enabled by the individual interrupt enable flags.
To avoid overloaded nesting, clear the individual interrupt enable flag whose interrupt is currently
serviced, before setting IMF to “1“. As for non-maskable interrupt, keep interrupt service shorten
compared with length between interrupt requests; otherwise the status cannot be recovered as non-
maskable interrupt would simply nested.

Saving/Restoring general -purpose registers

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

using PUSH and POP instructions
To save only a specificregister, PUSH and POP instructions are available.
Example: save/store regi;ur using PUSH and POP instructions

PINTxx: PUSH WA ;  Save WA register
(interrupt processing)
POP WA ; Restore WA register
RETI ;  RETURN
............................................................ cereerennerennnene.| Address
(Example)
023A4
0238
s -J p —» az3c
0230
023E
P 023F

At Acceptance of Cf} At Execution of [:> At Execution of ] At Execution of
an Interrupt PUSH instruction POP instruction an RETTinstruction
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b) using data transfer instructions

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

Example: save/store register using data transfer instructions

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

\

\Q
[ '"".};;';;;};;';;

Saving/Restoring general-purpose reéisters using PUSH/POP instruction

Saving
registers

Restoring
registers

%

(3

Figure 1-19. Saving/Restoring general-purpose registers under interrupt processing

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

[RETI]/ [RETN] Interrupt Return

@ Program Counter (PC) and program status word
(PSW, includes IMF) are restored from the stack.

@ Stack pointer (SP) isincremented by 3.

As for Address Trap interrupt INTATRTAP), it is required to alter stacked data for program counter
(PC) to restarting address, during interrupt service program, Otherwise returning interrupt causes
INTATRAP again. When interrupt acceptance processing has completed, stacked data for PCr, and

PCq are located on address (SP+1) and (SP+2) respectively.

Note: If [RETN] is executed with the above data unaltered. the program returns to the address trap
area and INTATRAP occurs again.
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1.5.2

Example 1: returning from address trap interrupt INTATRAP) service program

PINTxx: POP WA ;  Recover SP by 2
LD WA, Return Address ;
PUSH WA ; Alterstacked data
(interrupt processing)
RETN ;s RETURN

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

PINTxx: INC SP ; Recover SPby 3
INC SP ;
INC SP ;
(interrupt processing)
LD EIRL, data 3 SetIMF to “1” or clear it to “0”
JP Restart Address ; Jump into restarting address

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

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

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

Software interrupt (INTSW)

N
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.

@© Address error detection

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

® Debugging

153

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

Undefined instruction interrupt (INTUNDEF)

Taking code which is not defined as authorized instruction for instruction causes INTUNDEF,
INTUNDEF is generated when the CPU fetches such a code and tries to execute it. INTUNDEF is
accepted even if non-maskable interrupt is in process. Contemporary process is broken and
INTUNDETF 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.
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1.5.4 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 process is broken and INTATRAP interrupt process starts, soon after it is
requested.
The address trapped area is alternative: SFR and RAM, or SFR only.
Note: The operating mode under address trapped, whether to be reset-output or interrupt
processing, is selected on watchdog timer control register (WDTCR).
1.5.5 External Interrupts
The TMP86CK74A/CM74A have five external interrupt inputs. These input are equipped with digital
noise reject circuits (pulse input of less than a certain time are eliminated as noise).
Edge selection is also possible with INT1 to INT4. The INT0/P50 pin can be configured as either an
external interrupt input pin or an input/output, and is configured as an input port during reset.
Edge selection, noise reject control and INT0/P50 pin function selection are performed by the external
interrupt control register (EINTCR). '
Table 1-3. External Interrupts
. Seconda s . . .
Source Pin fuf‘c‘:i:n ;?i/n Enable conditions Edge Digital noise reject
Pulses of less than 2/fc [s] are eliminated as
noise. Pulses of 6/fc [s] or more are considered
e IMF=1, EFg=1, . to be signals.
INTO INTO | Ps0 INTOEN = 1 Falling edge In the SLOW or the SLEEP mode, pulses of less
than 1/fs [s] are eliminated as noise. Pulse of
= 3/fs [s] or more are consiered to be signals.
Pulses of less than 15/fc or 63/fc [s] are
eliminated as noise. Pulses of 48/fc or 192/fc [s]
“ or more are considered to be signals. Inthe
INT1 INT1 P51 { IMF - EFg= 1 SLOW or the SLEEP mode, pulses of less than
1/fs[s] are eliminated as noise. Pulse of 3/fs [s]
Falling edge or more are consiered to be signals.
or
INT2 INT2 P52 IMF - EFy5 =1 rising edge Pulses of less than 7/fc [s] are eliminated as
INTAD = 1 noise. Pulses of 24/fc [s] or more are
considered to be signals.
INT3 INT3  |P19/TC3 IMF - EFq1 =1 In the SLOW or the SLEEP mode, pulses of less
than 1/fs [s] are eliminated as noise. Pulse of
INT4 INT4 P14 IMF - EFy2 = 1 F§l!ing edge or 3/fs[s] or more are consiered to be signals.
rising edge or
falling/rising edge
or “H” level
Pulses of less than 2/fc [s] are eliminated as
noise. Pulses of 6/fc [s] or more are considered
J— S— . to be signals.
INTS INTS | P20/STOP  [IMF - EF1q=1 Falling edge In the SLOW or the SLEEP mode, pulses of less
than 1/fs [s] are eliminated as noise. Pulse of
3/fs [s] or more are consiered to be signals.

Note 1: If a noiseless signal is input to the external interrupt pin in the NORMAL 1/2 or IDLE 1/2
mode, the maximum time from the edge of input signal until the IL is set is as follows :
@ INT1 pin 49/fc[s] (INTINC =1), 193/fc[s] (INTINC =0)
@ INT2, INT3, INT4 pins 25/fc[s]
Note 2: Even if the falling edge of INTO pin input is detected at INTOEN =0, the interrupt latch ILg is
notset.
Note 3: When data changed and did a change of l/O when used external interrupt ports as a normal
ports, interrupt request signal occurs incorrectly. Handling of prohibition of external
interrupt control register (EINTCR) is necessary.
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External Interrupt Control Register

7 6 5 4 3 2 1 1]
BINTcR [ INTINC [iNToen | INTaes  |inT3es | inT2es | inTies | { (Initial value: 0000 000s)
0037,) e e e
. . . 0: Pulses of less than 63/fc [s] are eliminated as noise
INTINC | Noise reject time select of INT1 1: Pulses of less than 15/f¢ [s] are eliminated as noise
P —— . . 0: P50 Input/Output port
INTOEN | PS0/INTO pin configuration 1: TNTO pin (Port P50 should be set to on input mode)
00: Rising edge RIW
INT4ES 01: Falling edge
INT4 edge select 10: Rising/falling edge
11: “H" level
INT3ES .
0: Rising edge
INT2ES | INT3~INT1 edge select !
INT1ES 1: Fall.mg edge
Note 1: fc; High-frequency clock [Hz] *; Don't care
Note 2: Before rewriting the External Interrupt Control Register (EINTCR), be sure to disable external
interrupts by using the Interrupt Enable Register (EIR). This is so recommended because the
noise canceler may not operate normally before or after rewriting the register.
Note 3: When changing the main system clocks (SYSCR2<SYSCK>), the noise canceller may not
operate normally before or after operation modes change. Therefore, it is recommended
that external interrupts be disabled by using the interrupt Enable Register (EIR).

Figure 1-20. External Interrupt Control Register
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1.6

Reset Circuit
The TMP86CK74A/CM74A have four types of reset generation procedures: an external reset input, an
address trap reset output, a watchdog timer reset output and a system clock reset output. Table 1-4
shows on-chip hardware initialization by reset action.
The malfunction reset output circuit such as watchdog timer reset, address trap reset and system clock
reset is not initialized when power is turned on. The RESET pin can output level “L” at the maximum
24/fc[s] (1.5 us at 16.0 MHz) when power is turned on.
Table 1-4. Initializing Internal Status by Reset Action
On-chip hardware Initial value On-chip hardware Initial value
Program counter (PC) (FFFER)
Stack pointer (SP) Not initialized Prescaler and Divider of timing 0
General-purpose registers Not initialized generator
(W,A,B,C,D,E,H,L,IX,IY)
Jump status flag (JF) Not initialized Watchdog timer Enable
Zero flag (ZF) Notinitialized
Carry flag (CF) Not initialized
H.alf carry flag (HF) Not !n!tfalfzed Output latches of O ports R'efer to IO port
Sign flag (SF) Not initialized circuitry
Overflow flag (VF) Not initialized
Interrupt master enable flag  (IMF)
Int t individual ble flags
nterrupt individual enable flag . Refer o each of
(EF) Control registers ntrol register
COl I
Interrupt latches TIL) 9
RAM Not initialized

1.6.1 External Reset lnput\

The RESET pin contains a Schmitt trigger (hysteresis) with an internal pull-up resistor.
When the RESET pin is held at “L” level for at least 3 machine cycles (12/fc [s]) with the power supply
voltage within the operating voltage range and oscillation stable, a reset is applied and the internal

state is initialized.

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

VDD

RESET

P> Reset input

Malfunction

Watchdog timer reset I

o

reset output

circuit \—"‘"L_——i

Address trap reset |

System clock reset |

Figure 1-21. Reset Circuit
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1.6.2 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 ATAS is set to “1”) or the SFR area, address-trap-reset will be
generated. Then, the RESET pin output will go low. The reset time is about 8/fc to 24/fc [s] (0.5 to 1.5 us
at 16.0 MHz),

Instruction . P a = ( Reset release Xlnstrudion ataddressr
execution i .

Address-trap is occurred

| :

Internal RESET l ("L" output) / (High-2) :| !
¥ 4 1} 1

: - ; :

3 _iNota3 ! i

' 8/fc to 24/c [s] ! alfc | 16/ [s] i

to
12/fc [s]

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

Figure 1-22. Address-Trap-Reset

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

1.6.3 Watchdog timer reset
Refer to Section “2.5 Watchdog Timer”.
1.6.4 System-clock-reset

Clearing both XEN and XTEN (bits 7 and 6 in SYSCR2) to “0”, clearing XEN to “0” when SYSCK =0,
or clearing XTEN to “0” when SYSCK =1 stops system clock, and causes the microcomputer to
deadlock. This can be prevented by automatically generating a reset signal whenever
XEN=XTEN =0, XEN=SYSCK =0, or XTEN=0/SYSCK =1 is detected to continue the oscillation.
The, the RESET pin output goes low from high-impedance. The reset time is about 8/fc to 24/fc [s] (0.5 to
1.5 us at 16.0 MHz).
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On-Chip Peripherals Functions
Special Function Register (SFR)

The TMP86CKT74A/CM74A adopt the memory mapped I/O system, and all peripheral control and data
transfers are performed through the special function register (SFR) and data buffer register (DBR). The
SFR is mapped on address 0000y to 003Fy, DBR is mapped on address 0F80y to 0FFFy.

Address

Write

reserved

Note 1: Do not access reserved area by software
Note 2: —; Cannot be accessed

Address

Write

imer Counter 1 datareqister A7L™) . ...

e _VFTCR3 (VFT control reg
.. VFTSR (VFT status register) |’

reserved

...... rese Ned -

- STOPCR
(Key on wake up control register)

PSW (Program status word)

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

Figure 2-1(a). The Special Function Register
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VFT data buffer
Address

OF80y
81

CE
CF

Note 1: Do not access reserved area by software
Note 2: —; Cannot be accessed
Note 3: Write only register and interrupt latches cannot use the read-modify-write instructions

(bit manipulation instructions such as SET, CLR, etc. and logical operation such as AND, OR, etc.)

Figure 2-1 (b). The Data Buffer Register (DBR)
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2.2  I/OPorts
The TMP86CK74A/CM74A have 11 parallel input/output ports (70 pins) as follows.
Primary Functions Secondary Functions
Port PO 8-bit I/0 port -
i External interrupt input, timer/counter input/output,
PortP1 8-bit /O port Serial interface input/output
Port P2 3-bit /O port Low-frequency resonator connections, external interruptinput,
STOP mode release signal Input

Port P3 2-bit 1/0 port -

Port P4 8-bitl//Oport | Analog input, STOP mode release signal input

Port P5 4-bitl/O port | External interruptinput

Port P6 8-bit /O port | VFT output

Port P7 8-bit I/0 port VFT output

Port P8 8-bit1/0 port | VFT output

Port P9 8-bit1/0 port | VFT output

PortPD 5-bit /O port | VFT output

Each output port contains a latch, which holds the output data. All input ports do not have latches, so
the external input data should be externally held until the input data is read from outside or reading
should be performed several timer before processing. Figure 2-2 shows input/output timing examples.
External data is read from an I/O port in the S1 state of the read cycle during execution of the read
instruction. This timing cannot be recognized from outside, so that transient input such as chattering
must be processed by the program,

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

. Fetchcycle Fetch cycle

|3

SO ST S2 $3 SO S
l Ex: LD A,(x)
1 J 1 1

, _ Read cycle

P |
i

).
1

$2 53 S50 S1 S2 S3

Instruction execution cycle

Input strobe «...

oss oot - TN X

(a)

Input timing

_ Writecycle

e Fetch cycle < Fetch cycle

C |
[

. SO S1 S2 S3 SO S1 S2 S3 SO S1 S2 S3 —_——

Instruction execution cycle E)l(: LI? (’f)' AI L I
Output latch pulse o ... I I seem
Data output _ | Old X New

(b) Output timing

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

Figure 2-2. Input/Output Timing (Example)
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2.2.1 Port PO (P07 to POO)

Port PO is an 8-bit general-purpose input/output port which can be configured as an input or an output
in one-bit unit. Each bit of the port can be configured for either input or output separately, using the P0
port input/output control register (POCR). A reset clears the POCR to “0”, placing port PO in input mode.
A reset also initializes the PQ port output latch (PODR) to “0”.

Note: If the port is in input mode, it senses the state of an input to its pins. If some pins of the port
are in input mode, and others are in output mode, the content of the output latch related to a
port pin that is in input mode may be changed when a bit manipulation instruction is executed
on the port.

stop ——1 )
OUTEN 9.
POCRi —>{D Q *D‘]

/O control for _¢ ;

port PO /&1
Data input (PODR) J
Data output
(PODR) >D Q rl\/k ¢ ':I POi Note: i = 7t0 0
Output latch

PODR 7 6 5 4 3 2 1 0
©00004) [ P07 i Po6 : POS : POA i PO3 i P02 : PO1 i P00 | (lnitial value: 00000000)
RIW

6 5 4 3 2 1 0

POCR
|

(000A) | Gnitial value: 0000 0000)

IO control for port PO
POCR (This register can be set on bit
basis.)

0: Input mode RW
1: Output mode

Figure 2-3. Port PO and PO Port Control Register
2.2.2 PortP1 (P17 to P10)

Port P1 is an 8-bit input/output port, and also used as a timer counter input/output, external interrupt
input, and serial interface input/output. To use port P1 as an input port or secondary-function pins, set
its output latch (P1DR) to “1”. A reset sets the output latch to “1” and clears the push-pull control
(P1OUTCR) to “0”.

The P1IOUTCR can be used to select Nch O.D. output or CMOS output for the output circuit of port P1.
To use port P1 as an input port, set the P1DR to “1”, and then clear the corresponding bit of the
P1OUTCR to “0”.

Port P1 has separate data input registers. To sense the state of the output latch, read the P1DR. To
sense the state of the pins the port, read the PIPRD register.

The input waveform of a TC3 input can be inverted in terms of phase, using the TC3SEL register.

P10, P11, P12, P13, and P14 can work not only as a port but also as, respectively, the TC2, TC3/INT3,
PWMA4/PDO/TC4, PPG, and INT4 functions. To use the TC2, TC3, INT3, TC4, and INT4 functions,
place the respective pins in input mode. To use the PWM4, PDO, and PPG functions, place the
respective pins in output mode.

P15, P16, and P17 can work not only as a port but also as, respectively, the SI, SO, and SCK functions.
To use these functions, place the pin corresponding to the SI function in input mode, the pin
corresponding to the SO function in output mode, and the pin corresponding to the SCK function in
either input or output mode.
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STOP
ki
PIOUTCRi ~——3>ID Q
P1OUTCRI input e |

Data input (P1PDR) 6 I—_:
Data output (P1DR) ooy
Data output (P1IDR) —>{D Q E] Pl

T o o ot 0 0 s o S S v s s o s S ot e -
I 1
i TC3SEL —>D Q i
i . For P11 only i
i TC3SEL input o i
] t
i Control input (TC3) -= c<|[ l : Note: i = 7to0
i Control input ;
E_ (except for TC3) |
7 6 5 4 3 2 1 0
(&;&R) P17 i P16 : P15 : P14 : P13 ! P1“1;| P P11 i P10
H SCK : SO : SI :INT4 : IC1 :PWMA: TC3 : TC2 Initial value: 1111 1111
RIW ; : s i PPG :PDO4 : INT3 (Initial value: 11 )
: P TC4 ¢ :
P1OUTCR itial value:
(0008) [ | (nitial value: 0000 0000)
I/0 control for port P1
. . X 0 : Nch O.D. output
P1OUTCR (ThI.S register can be set on bit 1: CMOS output R/W
basis.)
P1PRD
0015, | |
Read only -
passgL P rreeerrsssg g (Initial value: ¥+++ +430)
i S S S S ]
. 0 : Normal input
TC3INV | TC3input control 1+ Inverted input RW
Figure 2-4. Port P1 and P1 Port Control Register
P1OUTCR P1DR Function
0 0 Low output
0 1 Input, O.D. output, or control
input
1 0 Low output
1 1 High output or control output
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2.2.3 PortP2 (P22 to P20)

Port P2 is a 3-bit input/output port. It can work not only as a port but also as external input, STOP
mode release signal input, and low-frequency resonator connection pins. To use it as an input port or
the secondary-function pins, set the output latch (P2DR) to “1”. A reset initializes the P2DR to “1”. To
run the device in dual clock mode, connect a low-frequenecy resonator (32.768 kHz) to pins P21 (XTIN)
and P22 (XOUT). When the device runs in single clock mode, P21 and P22 can be used as an ordinary
input/output port. It is recommended that pin P20 be used for external interrupt input, STOP release
signal input, or as an input port (if it is used as an output port, it is set with the content of the interrupt
latch at the negative-going edge of the signal.)

Port P2 has separate data input registers. To sense the state of the output latch, read the P2DR. To
sense the state of the pins of the port, read the P2PRD register.

If a read instruction is executed for the P2DR or P2PDR on port P2, the sensed state of bits 7 to 8 is
undefined.

Data input (P20) -

Data output (P20) »>D Q r___}>,,_I
Output latch

Data input (P20PRD),
Control input = @

Data input (P21PRD) = Qb=

Datainput (P21) Osc.enable

Data output (P21) D Q ] >o__|}i

Output latch

Data input (P22PRD) -= @——‘

\
Data input (P22) . T

Data output (P22) D Q ""‘Do—‘l )5‘7

{1 P20 (1NTS, STOP)

{1 P21 (xTivgy

] p22(xToum

7 6 5 4 3 2 1 0
paDR LTy SYRERSTRER -
(0002y) H XTouT | XTIN INTE (Initial value: =++x+111)
A S WONN RS S S i isTOP
PZPRD 7 6 i lsl!ll " ﬁllll “”3‘ 2 1 °
‘°°1.~) I-nnuu-ur:unnn T"" ;T i T Vi [ g ! I

Read only

Note:  Because pin P20 is used also as the STOP pin, its output high impedance becomes high when it enters the STOP mode
regardless of the state of OUTEM.

Figure 2-5. Port P2 and P2 Port Control Register
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2.2.4 PortP3(P31 to P30)

Port P3 is a 2-bit input/output port. To use it as an input port, set the output latch (P3DR) to “1”. A
reset initializes the output latch to “1”.

To use port P3 as an input port, set the P3DR to “1”,

Port P3 has separate data input registers. To sense the state of the output latch, read the PSDR. To
sense the state of the pins of the port, read the P3PRD register.

STOP
oot 4 ¥
Data input (P3PRD) <} (:]:

Data input (P3DR) +__——__<}*.
—1] p3i
Data output (P3DR) ——>1D Q VDO—IS Note: i = 1or0

Output latch

7 6 5 4 3 2 1 0

PIOR ot S BB B L
00031 e (initial value: *ess+11)
PPRD .t S A3 O
I B T A A e

P ST

Read only

Figure 2-6. Port P3 and P3 Port Control Register
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2.2.5 Port P4 (P47 to P40)

Port P4 is an 8-bit input/output port. Each bit of the port can be configured for either input or output
separately, using the input/output control register (P4CR1). These pins.can work not only as a port but
also for analog input and key-on-wakeup input. To use each bit for output, set the corresponding bit of
the PACR1 to “1” to place them in output mode. To use them in input mode, clear the corresponding bit
of the PACRI1 to “0”, then set the PACR2 to “1”. To use the bits for analog input and key-on-wakeup
input, clear the PACR1 and P4CR2 to “0” in the stated order (then, for analog input, clear the AINDS to
“0” (ADCCRI bit 4), and start the AD). A reset initializes the PACR1 and P4CR2, respectively, to “0”
and “1”, thereby placing port P4 in input mode. A reset also clears the P4 port output latch (P4DR) to
“09!.

Key-on-wakeup QN | STOPCR)

Analog input
AINDS 9
SAIN

PACR2 D Q ~—D‘“”‘“"‘”
P4CR2i input <L|
Note 1:i = 7to0,andj = 4to 1
PacRi b Q : Note 2: STOP is SYSCR1 bit 7.

for the key-on-wakeup function.

Note 3: SAIN is an AD input selection signal.
P4ACR1i input ‘_,___Q.,__. Note 4: STOPIEN is an input selection signal
. VN
~

Data input (P4DR) = o
Data output (P4DR) ———— D  Q N {14
OUTEN :D
STOP )
7 6 5 4 3 2 1 0
. -~ . . . . H
P4DR P47 : P46 : P45 : P44 : P43 : P42 : P41 : P40 (Initial value: 0000 0000)

(0004y) AIN7 | AIN6 : AIN5  AIN4 : AIN3 : AIN2 | AINT i AINO
RIW STOP5 : STOP4 : STOP3 : STOP2 : : : :

7 6 5 4 3 2 1 0
PACR1 H : : H H : H 4 .
Go0e | : : : : : : ; | Onitial value: 0000 0000)
1/0 control for port P4 . .
PACRI (This register can be set 0 : Input mode or analog input/key-on-wakeup input RIW
8 R 1 : Output mode
on bit basis.)
7 6 5 4 3 2 1 0
P4ACR2 : : : H H H : Lt . .
(0038.) I : : : ; ; : i ] (Initial value: 11111111)

1/0 control for port P4
PACR2 | (This register can be set
on bit basis.)

0: Analog input/key-on-wakeup input
1: Input mode

Note 1: If a portis in input mode, it senses the state of an input to its pins. If some pins of the port are in input mode,
and others are in output mode, the content of the output latch related to a port pin that is in input mode may
be changed when a bit manipulation instruction is executed on the port.

Note 2: For a pin used for analog input, be sure to clear the corresponding bit of the PACR2 to "0" to protect it from
through current.

Note 3: The PACR2 controls the input gate of pins used for analog input. In analog input mode, clear the P4CR2 to

"0" to fix the input gate, thereby protecting it from through current. In input mode, set the PACR2 to “1".
When using the key-on-wakeup function, clear the PACR2 to "0", because the inputs are received separately.
If the PA4CR2 is "0", read-accessing the P4CR2 yields "0".

Figure 2-7. Port P4 and P4 Port Control Register
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2.2.6 PortP5 (P53 to P50)

Port P5 is a 4-bit general-purpose input/output port. Each bit of the port can be configured for either
input or output separately, using the P5 port input/output control register (PSCR). A reset clears the
P5CR to “0”, placing port P5 in input mode. A reset also initializes the P5 port output latch (P5DR) to

“011.

P50, P51, and P52 can work not only as an input/output port but also, respectively, for the INTQ, INT1,
and INT?2 functions. To use these functions, place the corresponding pins in input mode.

STOP
OUTEN :j:}
P5CRi D Q

P5CRi input
Data input (P5DR)

A
Data output (PSDR) D Q &

1] psi

P5CR (This register can be set on bit

basis.)

1: Output mode

Note: i = 3t00
Control output >
Control input
7 6 5 4 3 2 1 0
PSDR P53 : P52 : P51 i PSO | (initial value: s+++0000)
(0005) i i S DVO : INT2 : INT1 : INTO
7 6 5 4 3 2 1 0
: : : (Initial value: s+« 0000)
I/0 control for port P5 0: Input mode »

Note:

If a part is in input mode, it senses the state of an input to its pins. If some pins of the port are in input
mode, and others are in output mode, the content of the output latch related to a port pin that is in
input mode may be changed when a bit manipulation instruction is executed on the port.

Figure 2-8. Port P5 and P5 Port Control Register
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2.2.7 Ports P6 (P67 to P60), P7 (P77 to P70), P8 (P87 to P80), and P3 (P97 to P90)

Ports P6, P7, P8, and P9 are 8-bit high-breakdown voltage input/output ports. They can work not only
as a port but also for VFT driver output. They can drive directly a vacuum fluorescent tube (VFT). To

use them as an input port or VFT driver, clear the output latch to “0”.

Pins not set up for VFT driver output can be used as an input/output port. To use a pin for ordinary
input/output when a VFT driver is used, clear the VFT driver output data buffer memory (DBR) for the
pin to “0”. A reset initializes the output latch to “0”,
It is recommended that ports P6, P7, P8, and P9 be used to drive a VIF'T because they have a built-in

pull-down resistor.

Datainput

Data output

CMP/MCMP/ TEST/ others

. Pl e :l:-
\I
SET{CLR/CPL/others

>D Q %
Output latch

—{ >

5 ~4 3 2 1 0

VFT driver output
STOP

OUTEN

P6DR Y
(0006,) | P67 :

VKK

Note: i = 7to0

i P65 : P64 : P63 : P62 : P61 : P60 | (Initial value: 0000 0000)

5 4 3 2 1 0

P7DR .
(0007y) | P77

i P75 FP7a i P73 i P72 i P71 : P70 | (Initial value: 0000 0000)

5 4 3 2 1 0

P8DR

(0008y) | P87 :

: P85 : P84 i P83 [ P82 P81 P8O | (Initial value: 0000 0000)

5 4 3 2 1 0

PIDR

(0009y,) [ po7 :

i p9s i P94 : P93 : P92 : P91 : P90 | (Initial value: 0000 0000)

Figure 2-9. P6, P7, P8, and P9 Port Control Registers
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2.2.8 PortPD (PD4 to PD0)

Port PD is a high-breakdown voltage input/output port. It can work not only as a port but also for VFT
driver output. It can drive directly a VFT. Each bit of the port can be configured for a segment or
input/output separately, using the VSEL (bits 4 to 0) of VFT driver control register 1 (VFTCR1). A
reset clears the VSEL to “0”, causing the port to work as an input/output port. To use it as an input port,
clear the output latch to “0”. A reset initializes the output latch to “0”.

OUTEN CMP/MCMP/ TEST/ others

Data input
l SET! CLR/CPL/others
Data output ——>1D  Q —l?‘—‘ :D_"%
l/

VSEL

—{ ] pDi

Note: i = 4to0

VFT driver output

6 5 4 3 2 1 0

7
[10]5); SRRSO . . . .
(001Dy) : : I PD4 : PD3 : PD2 : PD1 : PDO ] (Initial value: #++0 0000)

~- Figure 2-10. PD Port Control Register
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23

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 AINTTBT).

An INTTBT is generated on the first falling edge of source clock (the divider output of the timing
generator) after the time base timer has been enabled. The divider is not cleared by the program;
therefore, only the first interrupt may be generated ahead of the set interrupt period (Figure 2-11 (b)).
The interrupt frequency (TBTCK) must be selected with the time base timer disabled (the interrupt
frequency must not be changed with the disable from the enable state). Both frequency selection and
enabling can be performed simultaneously.

S
x

/2% or 15/2'% >—
fe/22 or f3/21 >
fdzlﬁ or fs,zs >—-—q
fc/2' or f5/25 >
fo/2" or fs/25 >—
fc/2'? or fs/2* >
fc2" or fo/2 D
fc/2° or fs2 >

Source clock
Y —1 Falling edge detector l““‘”"‘"‘"”

IDLEO/SLEEPOQ release
request

) ——"D—» INTTBT interrupt

request
34
‘/

TBTCK TBTEN

I TBTCR l

Time base timer control register

TOTMTMOpN®D

(a) Configuration

Source clock _r"'—"' ' I: '

TBTEN
INTTBT ! N L
L]
: " Interrupt period
Enable TBT Note: MPX ; Multiplexer

(b) Time base timer interrupt

Figure 2-11. Time Base Timer

Example: Sets the time base timer frequency to fc/21€ [Hz] and enables an INTTBT interrupt.

LD (TBTCR), 000000108 ; TBTCK<«“010”
LD (TBTCR),00001010B ; TBTEN<«*1”
SET (EIRL).7
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7 6 5 4 3 2 1 0
0035y [OvoEN]  (ovock  [ovrck] TBTeN | TBTCK | (nitial value: 0000 0000)
Time base timer enable/ 0: Disable
TBTEN disable 1: Enable
NORMAL1/2, IDLE1/2 mode
DV7CK =0 bvrck=1 | -OW: SLEEP mode
] o 000 23 fs/215 fa2's
Time base timer interrupt 001 fc/22 fs/213 fs/213 R/W
TBTCK | frequency select [Hz] 010 fo/2'e fs/28 fs/2®
011 fe/2' fs/28 fs/28
100 fe/2 fs/25 fs/25
101 fa2% fs/2¢ for2*
110 fe21 for23 fs/2?
111 fc/2° fs/2 fs/2
Note: fc; High-frequency clock [Hz], fs; Low-frequency clock [Hz], *; Don’tcare

Figure 2-12. Time Base Timer Control Register

Table 2-1. 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 SLOW, SLEEP
DV7CK =0 DV7CK =1 mode
000 1.91 1 SO
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2.4 Watchdog Timer (WDT)

The watchdog timer is a fail-safe system to rapidly detect the CPU malfunctions such as endless looping
caused by noise or the like, or deadlock and resume the CPU to the normal state.

The watchdog timer signal for detecting malfunction can be selected either a reset output or a non-
maskable interrupt request. However, selection is possible only once after reset. At first the reset
output is selected.

When the watchdog timer is not being used for malfunction detection, it can be used as a timer to
generate an interrupt at fixed intervals.

Note: Care must be given in system design so as to protect the Watchdog timer from disturbing
noise. Otherwise the Watchdog Timer may not fully exhibit its functionality.

2.4.1 Watchdog Timer Configuration

MPX Reset release signal from T.G.
fd22 or f9/2" —2»1 A Binary Counters
{2 or fs/2" w2 B Clock R
/2% or fy2" —>{C Y > Overflow WDT output | Reset output
f27 or f52* —>{D 1] 2 )t o> DOreser

2y Interrupt request
Clear A _ i”) ptreq INTWDT

Internal reset -

Writing Writing

wortr disable code | clear code

wDTOUT

Controller

0034, I | 00354 I |

m] WDTCR2 Note: MPX; Multiplexer

Watchdog timer control registers

Figure 2-13. Watchdog Timer Configuration
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2.4.2 Watchdog timer control

(1)

Figure 2-14 shows the watchdog timer control registers (WDTCR1, WDTCR2). The watchdog timer is
automatically enabled after reset.

Malfunction detection methods using the watchdog timer
The CPU malfunction is detected at follows.

@ Setting the detection time, selecting output, and clearing the binary counter.

@ Repeatedly clearing the binary counter within the setting detection time

Note: Clears the binary counter does not clear the source clock.
It is recommended that the time to clear is set to 3/4 of the detecting time

If the CPU malfunctions such as endless looping or deadlock occur for any cause, the watchdog timer
output will become active at the rising of an overflow from the binary counters unless the binary
counters are cleared. At this time, when WDTOUT =1 a reset is generated, which drivers the RESET
pin low to reset the internal hardware and the external circuit. When WDTOUT =0, a watchdog timer
interrupt INTWDT) is generated.

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

Example: Sets the watchdog timer detection time to 22!/fc [s] and resets the CPU malfunction.

LD(WDTCR2), 4EH ; Clears the binary counters
LD(WDTCR1),00001101B ; WDTT « 10, WDTOUT « 1
—LD(WDTCR2), 4EH ; Clears the binary counters
Within 8/4 of WDT (always clear immediately before and after
detection time changing WDTT)
[ LD(WDTCR2), 4EH ; Clears the binary counters
Within 3/4 of WDT |
detection time o
| LJ,) (WDTCR2), 4EH ; Clears the binary counters
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Watchdog Timer Register 1
7 6 5 4 3 2 1 0
WDTCRT 3 oo "
(00340) oo P [ atas) [(aToun|wpTeN| — woTr  WbTOUT] (initial value: *+111001)
WDTEN Watchdog timer 0: Disable (it is necessary to write the disable code to WDTCR2)
enable/disable 1: Enable
NORMAL1/2 mode
DV7CK=0 DV7CK =1 SLOW mode
WDTT Watchdog timer 00 2%/fc 2"fs 27ffs Write
detection time [s] 01 25/f¢ 2"fs 2'5/fs only
10 2%f¢ 2'%fs 2"%fs
11 2%/f¢ 2"Yfs 2"'/fs
Watchdog timer 0: Interrupt request
WDTOUT output select 1: Reset output

Note 1: WDTOUT cannot be set to “1” by program after clearing WDTOUT to "0”.

Note 2: fc; High-frequency clock [Hz], fs ; Low-frequency clock [Hz], *; Dont care

Note 3: WDTCR1 is a write-only register and must not be used with any of read-modify-write instructions.

Note 4: The watchdog timer must be disabled or the counter must be cleared immediately before entering to
the STOP mode. When the counter is cleared, the counter must be cleared again immediately after
releasing the STOP mode.

Note 5: Before rewriting WDTCRT <WDTEN> from "1” to "0”, be sure to clear the binary counter by writing
"4E " to WDTCR2 immediately before writing to WDTCR1. This is necessary to prevent possible
malfunction caused by rewriting the < WDTEN> bit.

Watchdog Timer Register 2

6 5 4 3 2 1 0
WDTCR2 - - - - »
(0035,) I I (Initial value: *+++ x+44)
~. 4Ey: Watchdog timer binary counter clear (clear code)
WDTCR2 Watchdog timer control B1y: Watchdog timer disable (disable code) Write
code write register D2y: Enable assigning address trap area only
Others: Invalid

Note 1: The disable code is invalid unless written when WDTEN =0.

Note2: *; Dontcare

Note 3: The binary counter of the watchdog timer must not be cleared by the interrupt task.
Note 4: Clears the binary counter does not clear the source clock.

It is recommended that the time to clear is set to 3/4 of the detecting time

Figure 2-14. Watchdog Timer Control Registers

(2) Watchdog timer enable

The watchdog timer is enabled by setting WDTEN (bit 3 in WDTCR1) to “1”. WDTEN is initialized to
“1” during reset, so the watchdog timer operates immediately after reset is released.
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3)

243

Watchdog timer disable

To disable the watchdog timer, after writing the clear code “4En” to WDTCR2, clear the WDTEN
(WDTCR1 bit 3) to “0” and then write the disable code “Bly” to WDTCR2. The watchdog timer is not
disabled if this procedure is reversed and the disable code is written to WDTCR2 before WDTEN is
cleared to “0”. During disabling the watchdog timer, the binary counters are cleared to “0”.

Example: Disables watchdog timer

DI ; IMF <0

LD (WDTCR2), 04EH 3 Clears the binary counters

LDW (WDTCR1), 0B101H ; WDTEN « 0, WDTCR2 « Disable code
EI ; IMFe1

Table 2-2. Watchdog Timer Detection Time (Example: fc=16.0 MHz, fs =32.768 kHz)

Watchdog timer detection time [s)
WDTT NORMAL1/2 mode SLOW mode
DV7CK =0 DV7CK = 1
..... 00 L2097 e e e B
(S T 254.288m e e e
..... 10 e 130072m 220} 250 M
11 32.768m 625 m 625 m

Watchdog timer interrupt (INTWDT)

This is a pseudo non-maskable interrupt which can be accepted regardless of the contents of the EIR. If
a watchdog timer interrupt or a software interrupt is already accepted, however, the new watchdog
timer interrupt waits until the previous interrupt processing is completed (the end of the [RETN]
instruction execution).

The stack pointer (SP) should be initialized before using the watchdog timer output as an interrupt
source with WDTOUT.

Example: Watchdog timer interrupt setting up

LD SP,023FH ;  Sets the stack pointer
LD (WDTCR1),00001000B ; WDTOUT «90
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2.4.4 Watchdog timer reset

If the watchdog timer output becomes active, a reset is generated, which drivers the RESET pin (sink
open drain input/output with pull-up) low to reset the internal hardware. The reset output time is

about 8/fc to 24/fc [s] (0.5 to 1.5 us at fe=16.0 MHz).

value.

Note: The high-frequency clock oscillator also turns on when a watchdog timer reset is generated in
SLOW mode. The reset output time is 8/fc to 24{fc [s]. Therefore, the reset time may include a
certain amount of error if there is any fluctuation of the oscillation frequency at starting the
high-frequency clock oscillation. Thus, the reset time must be considered an approximated

2Y/fc [s]

P2

Clock "'] [ [

| I I

[TwoTT=11p)

i
o X 1 X 2 X 3

|
X o

|
Binary counter :ZX 2 XEX

Overflow

INTWDT interrupt

Internal reset

n
IL.,_.

writes 4Ey to WDTCR2

Figure 2-15. Watchdog Timer interrupt/Reset
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2.4.5 Address trap

The Watchdog Timer Control Register 1, 2 shares its addresses with the control registers in case of
address trap. These control registers for address trap are shown on Figure 2-16. Whether internal
RAM area should be trapped or not is selected on bit ATAS on WDTCR1. The written data becomes
valid after the control code D2H is written on WDTCR2.

Watchdog Timer Control Register 1
7 6 5 4 3 2 1 0

WDTCR1 ool A
(0034,) | AtAs | ATouT [wpTten]  worr WDTOUT|  (initial value: *+11 1001)

0: SFRand DBR area
ATAS | Area for address trap 1: SFR, RAM and DBR area .
(Valid if control code is written on WDTCR2) Vgr';"te
y
L 0: Interrupt
ATOUT | Operation in case of address trap 1+ Reset
Watchdog Timer Control Register 2
WDTCR27_6_5>4_3v2_1.°
(0035,) | : : : : : : i | Onitial value: +s+s sxx3)
D2y: Address trapped area valid to set
(ATRAP control code)
Watchdog timer control code | 4E,: Watchdog timer binary counter clear Write
WDTCR2 | and Address trapped area control (WDT clear code) only
code B1y: Watchdog timer disable
= (WDT disable code)
Others: Invalid

~ Figure 2-16. Watchdog Timer Control Registers

If the instructions are to be placed on internal RAM area, bit ATAS set “0”.
The operating mode under address trapped, whether to be reset-output or interrupt processing, is
selected on bit ATOUT on WDTCRI1.

Example: Setting in order that the CPU normally executes instruction in internal RAM area and the
address trap causes interrupt

LD (WDTCR1),0D200H
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TMP86CK74A TMP86CM74A
e ATAS=0 | ATAS=1 ATAS=0 ATAS=1

SFR
RAM 1 Kbyte
area N [ R AAR T B e e | s
1 Kbyte
DBR VFT DBR
area
D { L U S = SRS W S—
32 Kbyte
ROM
area
32 Kbyte
N 3T,
Area for address trap
% Area for software interrupt
TMP86CK74A TMP86CM74A
ATAS=0 ATAS=1 ATAS=0 ATAS=1
0000y, ~003F (SFR) 00004~003Fy (SFR) 0000,,~003F (SFR) 00004,~003F (SFR)
Area for address 00404~043F, (RAM) 0040,~083F (RAM)
trap OF80,~O0FFFy OF80y~0FFFy OF80,~0FFFy OF80y~0FFFy
(DBR, Blank area) (DBR, Blank area) (DBR, Blank area) (DBR, Blank area)
Area for software | 04404~0F7Fy 0440,4~0F7Fy 0840, ~0F7Fy 0840, ~0F7Fy
interrupt 1000,~9FFFy 1000, ~9FFFy 1000y ~7FFFy 1000y~ 7FFFy
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2.5 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 pin P53 (DVO). The P53 output latch should be set to
55117.
Note: Selection of divider output frequency must be made while divider output is disabled.
7 6 5 4 3 2 1 0
{:073%’:) [ ovoen | DVOCK [ (ovreky | (reTEN) | | (TBTCK) |, | (nitial value: 0000 0000)
Divider output enable /|0: Disable
DVOEN | gisable 1: Enable
NORMAL1/2 mode
DV7CK =0 DVICK=1  [rOW/SLEEPmode] o
DVOCK Divider output (DVO) 00 fg2" fs/2° fs/2°
frequency selection [Hz] o1 fe2' fs/2* fo2*
10 fo2" fs122 fs/23
11 fe/2"° fs/2? fs/2?

Note: fc; High-frequency clock [Hz], fs; Low-frequency clock [Hz], *;Don’tcare

Figure 2-17. Divider Output Control Register
Example: 1.95 kHz pulse output (at fc=16 MHz)

SET (P5DR).3 ; P53 output latch «“1”
SET (P5CR).3 ; P53 output mode

LD (TBTCR), 00000000B ; DVOCK «“00”

LD (TBTCR), 10000000B ; DVOEN «“1”

Table 2-3. Divider Output Frequency (Example: at fc=16.0 MHz, fs = 32.768 kHz)

Divider output frequency [Hz]
DVOCK NORMAL1/2, IDLE1/2 mode SLOW, SLEEP
DV7CK =0 DV7CK =1 mode

15635k

Note: MPX; Multiplexer

Output latch
Data output m | > rs3evo)

fc213or f5/25 >—A

fd212or fs/24 >—B

fo21tor fs23 >—c Y
Ds
2‘

fa/2100r f5/22 > P53 output latch ...l I I
DVOCK DVOEN DVOEN _..._J L
Divider output control register DVO pin output W

(a) Configuration (b) Timing Chart

Figure 2-18. Divider Output
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16-Bit Timer/Counter 1 (TC1)
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2.6.2 Control

The timer/counter 1 is controlled by a timer/counter 1 control register (TC1CR) and two 16-bit timer

registers (TC1DRA and TC1DRB).

11: PPG output mode

10: Pulse width measurement mode

TC1DRA 15 14 13 12 11 10 9 - 8 7 6 5 4 3 2 1 0
(00020, 00021,) L, TGIDRA4(0002{y) | : . TE1DRA, (00020y) . |
TCDRB Write only
(00022, 00023,) | TGIDRBL,(00023W) , | TCIDRBL000220) , |
Read/write
7 6 5 4 3 2 1 0 (Write available in only PPG output mode)
ACAP1
TCI1CR TFF1 Ve | TCT1S TCICK TCIM (Initial value: 0000 0000)
(00014,)
MPPG1 1 ; 1
00: Timer/external trigger timer/event counter mode
TCIM | TC1 operating mode select 01: Window mode

NORMAL, IDLE mode SLOW, SLEEP
DV7CK =0 DV7CK =1 mode
Tcick | TC1source clock select 00 fg2t T8 DV9 fo23
[Hz] 01 fu2’ 1y DVS -
10 fe/23 fe/23 DV1 -
1 External clock (TC1 pin input)
00: Stop & counter clear Timer [Extend] Event [window| Pulse | PPG | R/W
TC1S | TC1 start control 01: Command start 8 (3 (3 (3 8 8
-10: External trfgger start at the risi ng edge xlololololo
11: External trigger start at the falling edge " ololo 510

ACAP! | Auto capture control | 0: Auto-capturedisable  1:Auto-captureenable e
MCAP1 ;u;eev;i;:‘ttl:;\easurement ‘ 0: Dbuble edge capture  1: Single edge capture
METT1 fnxzzzn:;z:irgo?er timer 0: Trigger start 1: Trigger start & stop
wivve Tore o utputcontrol .............. OContlnuouspulse ............ e gl 'e"b'ﬁ'l';; ................................................................
TFF1 ::::; tF ﬁ;;gntrol forPPG 0: Clear 1: Set

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

Note 2: Writing to the lower byte of the timer registers (TC1IDRA;, TC1DRB,), the comparison is inhibited until the
upper byte (TC1DRAy, TC1DRBy) is written. Only the lower byte of the timer registers can not be changed.
After writing to the upper byte, any match during 1 machine cycle (instruction execution cycle) is ignored.

Note 3: Set the mode, source clock, PPG control and timer F/F control when TC1 stops (TC1S = "00”).

Note 4: Auto-capture can be used in only timer, event counter, and window modes.

Note 5: Values to be loaded to timer registers must satisfy the following condition.
TC1DRA > TC1DRB>1 (PPG output mode), TC1DRA > 1 (others)

Note 6: Always write "0” to TFF1 except the PPG output mode.

Note 7: TREG1B can be written only in PPG output mode.

Note 8: When STOP mode is started, timer counter is stopped and cleared. Set TC1S to "1” after STOP mode is
released for restarting timer counter.

Figure 2-20. Timer registers and TC1 Cantrol Register
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2.6.3 Function

(1

Timer/counter 1 has five operating modes: timer, external trigger timer, event counter, window, pulse
width measurement.

Timer mode

In this mode, counting up is performed using the internal clock. The contents of TCIDRA are compared
with the contents of up-counter. If a match is found, an INTTC1 interrupt is generated, and the counter
is cleared to “0”. Counting up resumes after the counter is cleared. The current contents of up-counter
can be transferred to TC1DRB by setting ACAP1 (bit 6 in TC1CR) to “1” (software capture function).
(Auto-cpture function)

Table 2-4. Source Clock (internal clock) for Timer / Counter 1
(Example: at fc = 16.0 MHz, fs =32.768 kHz)

NORMAL, IDLE mode
TC1CK DV7CK=0 DV7CK =1
Resolution [.s] Maximum time setting [s] Resolution [s) Maximum time setting [s]
00 128.0 8.39 244.14 16.0
01 8.0 0.524 8.0 0.419
10 0.5 3277 m 0.5 26.21m

SLOW, SLEEP mode

feiex Resolution [s] Maximum time setting [s]
00 244.14 16.0
01 - o -
10 - =

Example 1: Sets the timer mode with source clock fs/23 [Hz] and generates an interrupt 1 later
(at fc=16.0 MHz)
LDW (TC1DRA),1000H ; Sets the timer register (1 s+2%/fs=1000g)

DI
SET (EIRL).5 ;  Enable INTTC1
EI
LD(TC1CR), 00000000B ;  Source clock, mode select
LD(TC1CR), 00010000B ; StartsTC1
Example 2: Auto-capture
LD(TC1CR), 01010000B ; ACAP1 « 1 (Capture)
LDWA, (I'C1DRB) ; Reads the capture value
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INTTC1 interrupt

Source clock

Command start

Source clock llll'llllllllllllII|I||II||II|III|II

XXX

u p—counter 4

1

?Xn (0]

(]
E Match detect ‘n‘ Counter clear

L LT

TC1DRA

(a) Timer mode

| I

£C
Up-counter X m-2 X m-1 X X m+e1 X me2 X ';_X n-1 X n X n+1 X
Capture ( Capture
TCIDRB ~ 7 X m-1 m X m+1 X m+2 X 'S-X n-TX ¥V n X net X

ACAP1 I

(b) Auto-capture

(2)

Figure 2-21. Timer Mode Timing Chart

External trigger timer mode

In this mode, counting up is started by an external trigger. This trigger is the edge of the TC1 pin input.
Either the rising or falling edge can be selected with TC1S. Source clock is an internal clock. The
contents of TC1DRA is compared with the contents of up-counter. If a match is found, an INTTC1
interrupt is generated, and the counter is cleared to “0” and halted. The counter is restarted by the
selected edge of the TC1 pin input.

When METT1 (bit 6 in TC1CR) is “1”, inputting the edge to the reverse direction of the trigger edge to
start counting clears the counter, and the counter is stopped. Inputting a constant pulse width can
generate interrupts. When METT1 is “0”, the reverse directive edge input is ignored. The TC1 pin
input edge before a match detection is also ignored.

The TC1 pin input has the noise rejection; therefore, pulses of 4/fc [s] or less are rejected as noise. A
pulse width of 12/fc [s] or more is required for edge detection in NORMAL or IDLE mode.

Exzample 1: Detects rising edge in TC1 pin input and generates an interrupt 100 us later. (at

fc=16.0 MHz)

LDW (TC1DRA),00C8H ; 100 us-+2%fc=C8y

DI

SET (EIRL).5 ; INTTC1 interrupt enable

El

LD (TC1CR), 00001000B ; Source clock, mode select

LD (TC1CR), 00111000B ; TC1 external trigger start, METT1=0

Example 2: Generates an interrupt, inputting “L” level pulse (pulse width: 4 ms or more) to the TC1

pin. (at fc=16.0 MHz)

LDW (TC1DRA),01F4H ; 4ms+27/fc=01F4y

DI

SET (EIRL).5 ; INTTC1 interrupt enable

EI

LD (TC1CR), 00000100B ;

LD

(TC1CR), 01110100B ;

’

Source clock, mode select
TC1 external trigger start, METT1=1

86CM74A-63

2001-10-30



TOSHIBA ' TMP86CK74A/CM74A

INTTC1 interrupt

Count start Count start

TC1S=10at the
TC1 pin input !Tngger I *Trlgger rising edge

Up-counter 0o X1 X2X3 ﬁ n-1

TciDRA 2 X n ¢

Internal clock

Match detect \” Counter clear

(a) Trigger start (METT1 =0)

Count start Count clear Countstart
TC1 pin input }Trigger *Trigger }Trigger TC1S=10

at therising

edge
Internal clock I|I||||IIIII“IIII“IllIIIII“IIIIIIIIII

Tciora X0

Match detect 'Counter clear

INTTC1 interrupt

(b) Trigger start & Stop (METT1=1)

3)

Figure 2-22. External Trigger Timer Mode Timing Chart
Event counter mode «

In this mode, events are ébunted at the edge of the TC1 pin input and bit 4 or 5 in TC1CR. Either the
rising or falling edge can be selected with the external trigger. The contents of TC1DRA are compared
with the contents of up-counter. If a match is found, an INTTC1 interrupt is generated, and the counter
is cleared.

Match detect is executed on other edge of count-up. A match can not be detected and INTTC]1 is not
generated when the pulse is still in same state.

Setting ACAP1 to “1” transfers the current contents of up-counter to TC1DRB (Auto-capture function).

INTTC1 interrupt

Commandstart
TC1 pin input I I I | I | rl . I"‘l_l L.J Ll l S
H : :: at the falling
Up-counter 0 X 1 X 2 X o X n-1 Xn m 1 X 2 edge
| 1)} y
TcibRA 72 X n o

Match detect \n} Counter clear

Figure 2-23. Event Counter Mode Timing Chart
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Table 2-5. Source Clock (external clock) for Timer/Counter 1

NORMAL 1/2 mode SLOW, SLEEP mode
“H" Width 2%ffc 2
“L" Width 2%/fc 2%/fs

(4) Window mode

Counting up is performed on the rising edge of the pulse that is the logical AND-ed product of the TC1
pin input (window pulse) and an internal clock. The contents of TC1DRA are compared with the
contents of up-counter. If a match is found, an INTTC1 interrupt is generated, and the counter is
cleared. Positive or negative logic for the TC1 pin input can be selected with bit4 or 5 in TC1CR.

It is necessary that the maximum applied frequency be such that the counter value can be analyzed by
the program. That is ; the frequency must be considerably slower than the selected internal clock.

Command start

TC1 pin input i I I

Internal clock

Up-counter 0 . X 1 x 2.x 3 XAX 5 ﬁ 7A0 n
5 /

tciora 7 X 7 3
INTTC1 interrupt Match detect kr‘l Counter clear
» {a) Positivelogic{atTC1S=10)
Command start
TC1 pin input S I"""""‘——'L_——*
: %

Internal clock

Up-counter

TC1DRA

INTTC1 interrupt Match detect’] [Counter clear

{b) Negative logic(at TC1S=11)

Figure 2-24. Window Mode Timing Chart
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(5)

Pulse width measurement mode

Counting is started by the external trigger (set to external trigger start by TC1CR). The trigger can be
selected either the rising or falling edge of the TC1 pin input. the source clock is used an internal clock.
On the next falling (rising) edge, the counter contents are transferred to TC1IDRB and an INTTC1
interrupt is generated. The counter is cleared when the single edge capture mode is set. When double
edge capture is set, the counter continues and, at the next rising (falling) edge, the counter contents are
again transferred to TC1DRB. If a falling (rising) edge capture value is required, it is necessary to read
out TC1DRB contents until a rising (falling) edge is detected. Falling or rising edge is selected with the
external trigger (bit4 or § in TC1CR), and single edge or double edge is selected with MCAP1 (bit 6 in

TC1CR).
Example: Duty measurement (resolution fc/27 [Hz] )
CLR (INTTC1SW).0 ;  INTTCI service switch initial setting
LD (TC1CR),00000110B ;  Sets the TC1 mode and source clock
DI; IMF = “0”
SET (EIRL).5 ;  Enables INTTC1
EIL IMF = “1”
LD (TC1CR),00100110B ; Starts TC1 with an external trigger at MCAP1=0
PINTTC1: CPL (INTTCISW).0 ;  Inverts INTTC1 service switch
JRS F,SINTTC1
LD WA, (TC1DRBL) ;  Reads TC1DRB (“H” level pulse width)
LD (HPULSE), WA
RETI -
SINTTC1: LD WA, (TC1DRBL) ; Reads TC1DRB (Period)
LD (WIDTH), WA
S ;  Duty calculation
VINTTC1: DW PINTTC1
| WIDTH >
HPULSE
TC1 pin ._J——_—_—-—‘ r—.—-——-—
INTTC1 FI 1
INTTCISW | |.______
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(6) Programmable Pulse Generate (PPG) output mode

Counting is started by an edge of the TC1 pin input (either the rising or falling edge can be selected) or
by a command. The source clock is used an internal clock. First, the contents of TC1DRB are compared
with the contents of the up-counter. If a match is found, timer F/F1 output is toggled. When
MPPG1=0, an INTTC1 interrupt is generated. Next, timer F/F1 is again toggled and the counter is
cleared by matching with TC1IDRA. An INTTC1 interrupt is generated at this time. Timer F/F1 output
is connected to the P13 (PPG) pin. In the case of PPG output, set the P13 output latch to “1”. Timer
F/F1 is cleared to “0” during reset. The timer F/F1 value can also be set by TFF1 (bit 7 in TC1CR) and
either a positive or negative logic pulse output is available. Also, writing to the TC1DRB is not possible
unless the timer/counter 1 is set to the PPG output mode.

Example: Pulse output “H” level 800 us, “L” level 200 us (at fc=16 MHz)
SET (P1DR).3 ; P13 outputlatch «1
LD (P10OUTCR),10001000B ; P13 outputmode
LD (TC1CR),10001011B ;  Setsthe PPG output mode
LDW (TC1DRA), 07D0y ; Sets the period (1 ms—+2%/fc=07D0g)
LDW (TC1DRB), 0190 ;  Sets “L” level pulse width
(200 us = 23/fc=0190y)
LD (TCiCR),10011011B ; Starts

PPG
Output latch X
Output portin
Data output >—{D
Q (PPG) pin
R
Internal reset Output control

R W S WSS O S WD D WO GO M R WO O SN Ve W AN ATOA SO M e SR W0 R WS O e KOO G oM 0 S s T SR O s e o

TFF1 ) [‘ED L set

TC1CR write strobe ) & S
Internal reset M»———:—D;) >—p Clear Q |>"’J

Mach with timer> Toggle

Timer F/F1

Figure 2-26. PPG Output
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internal clock I I I l I |§§| I I I I |“| I I I I | | |§| I I I I | I | l I l | Command start
Up-counter D(IXZ)Q N EDED 8 €D T 840 0 O €

TC1DRB )(
\
TC1DRA :X m | R I g

PPG pin output I I

I I

—T "1

1
1
INTTC1 interrupt n

(a) Pulse

Count start

. External trigger start
TC1 pininput _JTrlgger I

Internal clock IIIlI|“|l||II“III'II'II'IIIII”I'|
Up-counter xx;m

TCiDRB

Mch

TC1DRA X :m ~ R

PPG pin output

1

(b) Single

-

INTTC1 interrupt

[Applications] One shot pulse output

Figure 2-27. PPG Output Mode Timing Chart
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2.7 16-Bit Timer/Counter 2
2.7.1 Configuration

TC2S
12 o Mpore |_Lof; ¢
pin (Note)
Window
fc/283 or f5/2"5 32 a Clear
fu2” or f/2° >—>18 Timer/ 16-bit up-counter
fa28 or fc/2° >—»{C event counter
fc/22 > oY A
fc >—>{E
fs >
s F TC2M L mNTIC2
3 interrupt
TC2CK Tezs '
TC2CR TC2DR
TC2 control register 16-bit timer register 2

§: §:

Note: When control input/output is used, I/0 port setting should be set correctly.
For details, refer to "2.2 I/O ports”.

Figure 2-28. Timer/Counter 2 (TC2)
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2.7.2 Control

The timer/counter 2 is controlled by a timer/counter 2 control register (TC2CR) and a 16-bit timer
register 2 (TC2DR). Reset does not affect TC2DR.

TC2DR 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

0025,
( gozaH) | . ., TC2DRy (0025) , ! ., TC2DR, (0024y) ,
RW
4 3 2 1.0
TC2CK | | [rcam] (Initial value: *+00 000)
TC2M | TC2 operating mode select ? u?:‘zl;l,alf:;;gunter mode
NORMAL1/2, IDLE1/2 mode Divider |SLOW1/2|SLEEP1/2
DV7CK=0 DV7CK =1 mode mode
000 fa22 fs/2's Dv21 fs/2's fs/2's
001 fer2 fs/2° DV11 fo/2% fs/25
010 fe/28 fu28 Dvé - -
TC2CK | TC2 source clock select [Hz] 011 fo2® fo2? DV1 _ _ RW
100 - - - fc -
101 fs fs - - -
110 Reserved
111 External clock (TC2 pin input)
TC2S TC2 start control ? ::ftand counter clear

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

Note 2: When writing to the Timer Register 2 (TC2DR), always write to the lower side (TC2DR;) and then the
upper side (TC2DRy) in that order. Writing to only the lower side (TCZDRy) or the upper side (TC2DRy) has
no effect.

Note 3: The Timer Register 2 (TC2DR) uses the value previously set in it for coincidence detection until data is
written to the upper side (TC2DRy) after writing data to the lower side (TC2DR;).

Note 4: Set the mode and source clock when the TC2 stops (TC2S =0).

Note 5: Values to be loaded to the timer register must satisfy the following condition.

TC2DR>1 (TC2DRy5 ¢ 11> 1 at warm-up)
Note 6: “fc” can be loaded as the source clock only in the timer mode during the SLOW mode.
Note 7: If a read instruction is executed for TC2CR, read data of bits 7, 6 and 1 are unstable.

Figure 2-29. Timer Register 2 and TC2 Control Register
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2.7.3 Function

The timer/counter 2 has three operating modes: timer, event counter and window modes.
timer/counter 2 is used for warm-up when switching from SLOW mode to NORMAIL2 mode.

Timer mode

In this mode, the internal clock is used for counting up. The contents of TC2DR are compared with the
contents of up-counter. If a match is found, a timer/counter 2 interrupt (INTTC2) is generated, and the
"counter is cleared. Counting up is resumed after the counter is cleared.
Also, when "fc” is selected as the source clock during SI.OW mode, the lower 11 bits of TC2DR are
ignored and an INTTC2 interrupt is generated by matching the upper 5 bits. Thus, in this case, only the

TC2DRy setting is necessary.

Table 2-6. Source Clock (internal clock) for Timer/Counter 2 (at fc = 16.0 MHz, fs =32.768 kHz)

NORMAL1/2, IDLE1/2 mode
TC2¢K DV7CK=0 DV7CK =1
Resolution Maximum time setting Resolution Maximurm time setting
000 524.3s 9.54h 1s 18.2h
001 512.0 s 33.6s 0.98 ms 1.07 min
010 16.0 45 1.05s 16.0 us 1.05s
011 0.5 s 32.8ms 0.5 us 32.8ms
100 - - - -
101 30.5 us 20s 30.5 4 2s
TC2cK SLOW mode SLEEP mode
Resolution Maximum time setting Resolution Maximum time setting
000 1s 18.2h 1s 18.2h
001 098ms ™ 1.07 min 0.98 ms 1.07 min
o1* - - - -
100 62.5 ns (Note) - - -
101 - - - -
Note: “fc” can be used only in the timer mode. It is used for warm-up when switching from SLOW
mode to NORMAL2 mode.

Example:Sets the timer mode with source clock fc/23 [Hz] and generates an interrupt every 25 ms
(at fc=16 MHz).

LDW (TC2DR), C350H

;  Sets TC2DR (25 ms+2%/fc = C350y)

Internal clock

Up-counter

TC2DR

INTTC2 interrupt

LD (INTSEL), 01H ;  IL15 « INTI'C2
DI ;  IMF = “0”
SET (EIRH).5 ;  Enables INTTC2 interrupt
EI . IMF = 17
LD (TC2CR),00001100B ; TC2CK<«“011”, TC2M«*0”
LD (TC2CR),00101100B ;  Starts TC2

Count start

H ’ ] 1 ] )
BRI 6 0 © O G . = 0.0 6 € €

Matchdetect| 1 Counter clear

n [

1

Figure 2-30. Timer Mode Timing Chart

86CM74A-72 2001-10-30




TOSHIBA TMP86CK74A/CM74A

(2) Eventcounter mode
In this mode, events are counted on the rising edge of the TC2 pin input. The contents of TC2DR are
compared with the contents of the up-counter. If a match is found, an INTTC2 interrupt is generated,
and the counter is cleared. The maximum frequency applied to the TC2 pin is shown in Table 2-6. Two
or more machine cycles are required for both the “H” and “L” levels of the pulse width. Match detect is
executed on the falling edge of the TC2 pin. A match can not be detected and INTT'C2 is not generated
when the pulse is still in a falling state.
Example: Sets the event counter mode and generates an INTTC2 interrupt 640 counts later.
LDW (TC2DR), 640 ;  SetsTC2DR
LD (INTSEL),01H ; IL15 « INTTC2
DI . IMF = “p”
SET (EIRH).5 ; Enables INTTC2 interrupt
EI 3 IMF = “1”
LD (TC2CR),00011100B ; TC2CKe“1117, TC2M<«“0”
LD (TC2CR),00111100B ;  Starts TC2
Table 2-7. Timer/Counter 2 External Clock Source
Maximum applied frequency [Hz]
NORMAL1/2, IDLE1/2 mode SLOW, SLEEP mode
fa2! fs/24
Count start_
TC2 pininput :I'I I I I (‘( IIII ‘ II I lll
S : U e U :
Up-counter o X 1 X 2 X:E_X « Xn-1anox 1 X 2 X3x
i Match detect Counter clear
TC2DR ( n [
i
! Y

INTTC2 interrupt

Figure 2-31. Event Counter Mode Timing Chart
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(3) Window mode

In this mode, counting up performed on the rising edge of an internal clock during TC2 external pin
input (window pulse) is “H” level. The contents of TC2DR are compared with the contents of up-
counter. If a match found, an INTTC2 interrupt is generated, and the up-counter is cleared.

The maximum applied frequency (T'C2 input) must be considerably slower than the selected internal
clock.

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

LDW (TC2DR), 00EAH ;  Sets TC2DR (120 ms -+ 2'%/fc=00EAH)
LD (INTSEL), 01H ; IL15 «INTTC2

DI ; IMF =“0”

SET (EIRH).5 ; Enables INTTC2 interrupt

EI s IMF = “1”

LD (TC2CR),00000101B ; TC2CK<«“001”, TC1M<«“1”

LD (TC2CR),00100101B ;  Starts TC2

1 1
]
ensose LT L LML LM LML LT L
| , z
Up-counter o X1 )C{x:z n-3 n-2 n XXX 1 X2 X3

TC2DR X n %
Match detect k” Counter clear

TC2 pin input

INTTC2 interrupt

Figure 2-32. Window Mode Timing Chart
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2.8 8-BitTimer/Counter3

2.8.1 Configuration

TC3 control register

Note 1: MPX; Multiplexer

CMP; Comparator

Failing
Edge detector
Rising INTTC3 interrupt
TC3 pin Input control
TC3S
[ rose ]
T Clear
TC3INV
—>{H
13 s Source clock Overflow

:dz 2 or fs12 . ALY 8-bit up-counter TC3S
clzu orfslz3 . ‘ L

fcr2 . or fslzz >Ic

fcfdzvorf:sn/z it ° cme A Y

or 2 E Match
" v [T
(¢ |
s pture Capture e
| 9% TC3DRB TC3DRA
3y ACAP 8-bit timer register
TC3CK ﬂ {}
TC3S ! ! ! !
TG3M
TCCR

Note 2: When control input/output is used, I/O port setting should be set correctly. For details, referto 2.2 I/O ports”.

Figure 2-33. Timer/Counter 3 (TC3)
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2.8.2 Control

The timer/counter 3 is controlled by a timer/counter 3 control register (TC3CR) and two 8-bit timer
registers (TC3DRA and TC3DRB)

TC3DRA 7 6 5 4 3 2 1 0

(og/v?,H) [ : : : : : : : I (Initial value: 1111 1111)
TC3DRB
(0011y) : : : : : : : Initial value: 1111 1111
Readon,y[ : : : : : : : | ( )
TG3CR 7 6 5 4 3 2 1 0
©012%) T Tacap] [teas|  1e3ek, [ream| (Initial value: +0+0 0000)
TC3M TC3 operation mode set 0: Timer / event counter
1: Capture
NORMAL1/2, IDLE1/2 mode Divider |SLOW1/2, SLEEP1/2
DV7CK =0 DV7CK=1 mode
000 fe/ 2 fs/2° DV11 fs/25
001 fe/2% fs/2¢ DV10 fsr124
TC3CK | TC3 source clock select [Hz] |010 fes2" fs/ 22 DV9 fs/22
ot fc/2 fs/2? Dv8 fs/2? RW
100 fc/2° fs/2 Dv7 fs/2
101 fcr2® fcr 28 DV6 -
110 fer2’ fc/2? DVS -
111 External clock (TC3 pin input)
0: Stop and clear
TC3S TC3 start select 1: Start
o 0: -
Acap Auto-capture control 1: Software capture trigger
Note 1: fc: High-frequency clock [Hz], fs: Low-frequency clock [Hz], »: Don’t care
Note 2: Set the mode and the source clock when the TC3 stops (TC3S =0).
Note 3: Values to be loaded into timer register 3A must satisfy the following condition.
TC3DRA>1 (in the timer and event counter mode)
Note 4: Auto-capture can be used only in the timer and event counter mode.
Note 5: Ifaread instruction is executed for TC3CR, read data of bits 7 and 5 are unstable.
Note 6: During TC3 operation, do not change TC3DRA.
TC3 input control (normal/invert)
Te3seL 788432 0
(0029H) ; i : : TC3INV (Initial value: s+ ++20)
: 0: Normal
TC3INV | TC3input control 1+ Invert RW

Note: Ifaread instruction is executed for TC3SEL, read data of bits 7 to 1 are unstable.

Figure 2-34. Timer Register 3 and TC3 Control Register
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2.8.3 TC3input control register

This microcomputer has the function to invert or not to invert the waveform entered from the TC3 pin.
This selection is made by using TC3SEL <TC3INV>.

284

Function

The timer/counter 3 has three operating modes: timer, event counter, and capture mode.
When it is used in the capture mode, the noise rejection time of TC3 pin input can be set by remote
control receive control register.

(1) Timer mode

In this mode, the internal clock is used for counting up. The contents of TC3DRA are compared with the
contents of up-counter. If a match is found, a timer/counter 3 interrupt (INTTC3) is generated, and the
up-counter is cleared. The current contents of up-counter are loaded into TC3DRB by setting ACAP
(bit6 in TC3CR) to “1” (Auto-capture function).
The contents of up-counter can be easily confirmed by executing the read instruction (RD instruction) of
TC3DRB. Loading the contents of up-counter is not synchronized with counting up. The contents of
over flow (FFy) and 00y can not be loaded correctly. It is necessary to consider the count cycle.

Clock

Counter

TC3DRB

|

X X ke X 00

A

o X

X X

FF

X o

Table 2-8. Source Clock (internal clock) for Timer/Counter 3 (Example: at fc=16.0 MHz, fs = 32.768 kHz)

: NORMAL1/2, IDLE1/2 mode
TC3CK DV7CK=0 DV7CK =1
Resolution [us] Maximum setting time [ms] Resolution [zs] Maximum setting time [ms]

000 512 130.6 976.56 249.0

001 256 65.3 488.28 124.5

010 128 32,6 244.14 62.3

011 64 16.3 122.07 311

100 32 8.2 61.01 15.6

101 16 4.1 16.0 4.1

110 8 20 8.0 2.0

TC3CK SLOW, SLEEP mode _—
Resolution [z5] Maximum setting time [ms]

000 976.56 249.0

001 488.28 124.5

010 244.14 62.3

011 122.07 311

100 61.01 15.6

101 - -

110 - -
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Event counter mode

In this mode, events are counted on the edge of the TC3 pin input. The input pulse at the TC3 pin can
have its polarity inverted using the TC3SEL Register TC3INV bit. When TC3INV = “0”, the counter
counts up on the rising edge of the TC3 pin input and when its value matches the TC3DRA set value, it
is cleared while at the same time generating an INTTC3 interrupt. When TC3INV = “1”, the counter
counts up on the falling edge of the TC3 pin input and when its value matches the TC3DRA set value, it
is cleared while at the same time generating an INTTC3 interrupt.

Because detection of a match is performed on the other side of the TC3 input edge at which the counter
counts up (i.e., on the falling edge when TC3INV = “0” or the rising edge when TC3INV = *1”),
detection of a match is not performed until the opposite edge is encountered, nor is an INTTC3 interrupt
generated. ‘

The minimum pulse width is shown in Table 2-9. Two or more machine cycles are required for both the
“H” and “L” levels of the pulse width.

The current contents of up-counter are loaded into TC3DRB by setting ACAP (bit 6 in TC3CR) to “1”
(Auto-capture funcion).

The contents of up-counter can be easily confirmed by executing the read instruction (RD instruction) of
TC3DRB. Loading the contents of up-counter is not synchronized with counting up. The contents of
over flow (FFH) and 00 can not be loaded correctly. It is necessary to consider the count cycle.

Example: Generates an interrupt every 0.5 s, inputting 50 Hz pulses to the TC3 pin.
LD (TC3SEL),00000000B ; TC3normalinput

LD (TC3CR),00001110B ;  Set the clock mode

LD (TC3DRA), 19y ; 0.55+1/50=25=19y

LD (TC3CR),00011110B ;  Starts TC3

Table 2-9. Source Clock (External Clock) for Timer/Counter

N Minimum pulse width
NORMAL1/2, IDLE1/2 mode SLOW, SLEEP mode

“H" width 2%/fc 2%/fs
“1* width 2¥ic 2fs

Count start

TC3 pin input :l I I l | | : | I | I | I l I ' l I
1 ! - ! | }
! ' ' ! ] T |

Up-counter 0 X 1 X 2 (5( (E Xn-1an ox 1 x 2 x:x
;
i

1y ty
Match detect Counter

TC3DR %: n ¢
! [T

INTTC3 interrupt

Figure 3-35. Event Counter Mode Timing Chart
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Capture mode

The pulse width, period and duty of the TC3 pin input are measured in this mode, which ¢an be used in
decoding the remote control signals or distinguishing AC 50/60 Hz, etc. The TC3 pin input can have its
polarity changed between normal and inverse by using the TC3SEL Register.

The minimum pulse width is shown in Table 2-9. Two or more machine cycles are required for both the
“H” and “L” levels of the pulse width.

After command start, the counter operates in free-running mode with the internal clock, and the
counter value is latched into TC3DRB on the falling edge of the TC3 pin input when TC3INV = “0” or
on the rising edge when TCSINV = “1”, In this case, the counter continues counting, with the counter
value latched into TC3DRA on the opposite edge (i.e., on the rising edge when TC3INV = “0” or the
falling edge when TC3INV = “1”), and the counter is cleared while at the same time generating an
interrupt. If the counter overflows before the edge is detected, FFy is set into TC3DRA, and the counter
is cleared and an INTTCS3 interrupt is generated. During interrupt processing, it can be determined
whether or not there is an overflow by checking whether or not the TC3DRA value is F¥y. Also, after
an interrupt (capture to TC3DRA, or overflow detection) is generated, capture and overflow detection
are halted until TC3DRA has been read out ; however, the counter continues. As reading out TC3DRA
resumes capture / overflow detection, TC3DRB must be beforehand read out.
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29 8-BitTimer/Counter4
29.1 Configuration

mpx TC4S
f/2" or f5/2° > A
fa2’ >>{8
fg25 > C Clear
fo22 =D zﬁ::fe Overfolw
Y 8-BIT UP-COUNTER l’m*"D AY
2 B

fd2? >l E s

F - | .

G N Timer F/F4

Match
TC4 S—
pin H > cM b Toggle Sort m)'\g:
-| >0 Note) T
) A Clear (Note) ™ pin
A B
TCa4M Y S
A\
PWM
I TCACR I I TCADR I omug%t;t
TC4 control register 8-bit timer register 4
INTTC4 PDO TC4S

@ @ interrupt mode

Note 1: MPX; Multiplexer
CMP; Comparator
Note 2: When control inputioutput is used, //O port setting should be set correctly. For details, refer to “2.2 I/O ports”,

Figure 2-37. Timer/Counter 4 (TC4)
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2.9.2 Control

The timer/counter 4 is controlled by a timer/counter 4 control register (TC4CR) and an 8-bit timer
register 4 (TC4DR). Reset does not affect TC4DR.

TC4DR 7 6 5 4 3 2 1 0
©018,) | | Onitial value: 1111 1111)
R/W
TCACR 4 3 2 1 0
(0014y) ,TC4CK | |  Tcam | (nitial value: *+00 0000)
0: Stop and counter clear
TC4S TC4 start control 1: Start
NORMAL1/2, IDLE1/2 mode SLOW1/2,SLEEP1/2
Divider
DV7CK=0 DV7CK =1 mode
000 fo2t fs/23 DV9 s/23
7 7
TC4 source clock select [Hz} | 99! fdzs fa2 DVS -
Teack (in sequence from bit 5, 3, 2) 010 fu2 fa/2? DVv3 -
e 011 fu2? fc/2? DV1 - RW
100 fe/2? fu2? fa/2? -
101 fe/2 fe/2 fo/2 -
110 fc fc fc -
11 External clock (TC4 pin input)
00: Timer/event counter mode
. 01: reserved
Tcam TC4 operating mode select 10: Programmable divider output (PDO) mode
11: Pulse width modulation (PWM) output mode

Note 1: fc; High-frequency clock [Hz], fs ; Low-frequency clock [Hz], * ; Don’t care
Note 2: Values to be loaded to the timer register must satisfy the following condition.
1S TC4DR= 255
Note 3: When TC4 operation is started (TC4S = “0”—>"1") or TC4 operation is stopped (TC4S = "1"—"0") , do not
change TC4CR<TC4AM,TCACK>. Also, during TC4 operation (TC4S = "1"—"1"), do not change TC4CR
<TC4M,TC4CK>.
Note 4: Available source clocks for each operation mode is referred to the following table.

Timer mode Event counter mode PDO mode PWM mode
000 O x O x
001 O x O x
010 O x O x
TCACK 011 @) x x O
100 | x x x O
101 x x x O
110 x x x O
111 x O X x

Note 5: The TC4S is automatically cleared to “0” after starting STOP mode.

Note 6: If a read instruction is executed for TCACR, read data of bits 7 and 6 are unstable.

Note 7: During TC4 operatin except PWM mode, do not change TC4DR.

Note 8: When the operating frequency exceeds 10 MHz, do not select “110” for TC4CK.

Note 9: When used as the NORMALT1 and IDLE1 modes, the TC4 source clock can not use the "fs”.

Figure 2-38. Timer Register 4 and TC4 Control Register
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2.9.3 Function

(1

(2)

The timer/counter 4 has four operating modes: timer, event counter, programmable divider output, and
PWM output mode.

Timer mode

In this mode, the internal clock is used for counting up. The contents of TCADR is compared with the
contents of up-counter. If a match is found, an INTTC4 interrupt is generated and the up-counter is
cleared to “0”. Counting up resumes after the up-counter is cleared.

Table 2-10. Source Clock (internal clock) for Timer/Counter 4
(Example: at fc = 16.0 MHz, fs = 32.768 kHz)

NORMAL1/2, IDLE1/2 mode
TC4CK DV7CK =0 DV7CK =1
Resolution [us] Maximum setting time [s] Resolution [us] Maximum setting time [s]
000 128.0 32.6m 244.14 62.2m
001 8.0 20m 8.0 20m
010 2.0 510 4 2.0 510 u
100 0.5 128 u 0.5 128 u
SLOW, SLEEP mod
TCack . e —
Resolution [1s] Maximum setting time [s]
000 244.14 62.2m
Event counter mode

In this mode, events are counted on the rising edge of the TC4 pin input (external clock).

The contents of the TC4DR is compared with the contents of the up-counter. If a match is found, an
INTTC4 interrupt is generated and the counter is cleared. Counting up resumes after the up-counter is
cleared. The maximum applied frequency is shown in Table 2-11. Two or more machine cycles are
required for both the “H” and “L” levels of the pulse width.

Match detect is executed on the falling edge of the TC4 pin. A match can not be detected and INT'TC4 is
not generated when the pulse is still in a falling state.

Table 2-11. Timer/Counter 4 External Clock Source
NORMAL1/2, IDLE1/2 mode

“H" width 2%fc

“L" width 2%/fc

Note: The event counter mode can be used in NORMALT1, 2 and IDLE1, 2 modes.
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(3

Programmable Divider Output (PDO) mode

The internal clock is used for counting up. The contents of TC4DR is compared with the contents of the
up-counter. If a match is found, the timer F/F output is toggled and the counter is cleared. Timer F/F
output is inverted and output to the PDO4 pin. When programmable divider output is executed, P12
output latch is set to “1” and P12 is set to output mode. This mode can be used for approximate 50%
duty pulse output. An INTT'C4 interrupt is generated each time the PDO4 output is toggled.

Example: Output a 1024 Hz pulse (at fc=4.194304 MHz)

LD (TC4CR), 0000 0110B ;  Sets PDO mode (TC4M =10, TC4CK =001)
SET (P1DR).2 ; Pl2outputlatch «1

SET (P1OUTCR).2 ; P12 output mode

LD (TC4DR), 10H i 171024 +27/fc+-2=10H

LD (TC4CR), 00100110B ; StatsTC4

TC4DR
Match detect\
Timer F/F4 | [ |
(] lr H !-
PDO4 pin output |
INTTC4 interrupt " " " "

Figure 2-39. PDO Mode Timing Chart
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@

Pulse Width Modulation (PWM) output mode

PWM output with a resolution of 8 bits is possible. The internal clock is used for counting up. The
contents of TC4DR is compared with the contents of up-counter. If a match is found, the timer F/F
output is toggled. Counting up resumes. And, when an overflow occurs, the timer is again toggled and
the counter is cleared. Timer F/F output is inverted and output to the PWM4 pin. When PWM outputis
executed, P12 output latch is set to “1” and P12 is set to output mode. An INTTC4 interrupt is
generated when an overflow occurs.

TC4DR is configured a 2-stage shift register and, during output, will not switch until one output cycle is
completed even if TC4DR is overwritten; therefore, output can be altered continuously. Also, the first
time, TC4DR is shifted by setting TC4CR to “1” after data are loaded to TC4DR.

Note: The PWM output can be used in NORMALT1, 2 and IDLE 1, 2 modes.

PWM pin output

Up-counter :XDQ Yo

TR Xwn  d & X X r:lm $
Timer F/F4 Match \l l Overwnt\e*' \ smft \I.——
—

INTTC4 | N

interrupt . -

¥ 1 cycle 1

Figure 2-40. PWM Output Mode Timing Chart
Table 2-12. PWM Output Mode (Example: fc = 16 MHz)
NORMAL1/2, IDLE1/2 mode
TC4acK DV7CK=0 DV7CK =1
Resolution [ns] Repeat cycle [4s] Resolution [ns] Repeat cycle [4s]

000 —_ — —_ o
001 — e — -
010 — e -_ —
011 500 128 500 128
100 250 64 250 64
101 125 32 125 32
110 — — — —

Note: When the operating frequency exceeds 10 MHz, do not select "110" for TCACK.
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2.10 SIO (Synchronous Serial Interface)

The TMP86CK74A/CM74A contains one channel of SIO (synchronous serial interface). This serial
interface connects to external devices via the SI, SO, and SCK pins. The SI, SO, and SCK pins
respectively are shared with P15, P16, and P17. When using these pins for the serial interface, set the
output latches of the respective P1 ports to “1”,

2.10.1  Configuration

O 113

II SIO Buffer

SCK (I R I R B |
r SIOCR1 SIOSR SIOCR2 [~} FIFO Control
I TR N N A
fc/213 or fs/25 >>[ A ]
fd28 >»iB
{26 >>1 C Transmit Shift Register
T 01 T T 1 i
S > SO Pin
fo2s 710 Serial Data
fa24 >>E Shift Clock I—)  ESUES ISV SO B — Output
fe/23 >>F - T SIPin
f/22 S>>l G Control Circuit Do <—{ | Serial Data
> Input
>{H MSB/LSB Select J Receive Shift Register
Y SCK Pin
INTSIO >{] Serial Clock
Interrupt Input/Output
Figure 2-41. Configuration of the Serial Interface
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2.10.2 Control

The SIO is controlled using Serial Interface Control Register 1 (SIO1CR1) and Serial Interface Control
Register 2 (SIO1CR2). Also, a SIO Status Register (SIO1SR) is included, which may be used to know
the operating status of the serial interface by reading its flags.

Serial Interface Control Register 1

SIO1CR1 7 6 5 4 3 2 1 0
(0019,) | S!0S [SIOINH]| SIOERM  [SIODIR | SCK | Gnitial value: 0000 0000)
. 0: Stop
SI0S | Indicate transfer start/stop 1: Start
SIOINH Continue/abort transfer 0: Continues transfer
(Note 1) 1: Abort transfer (automatically cleared after abort)

00: Transmit mode

01: Receive mode

10: Transmit/receive mode
11: reserved

0: MSB (transmitted/received beginning with bit 7)
1: LSB (transmitted/received beginning with bit 0)

SIOM |} Transfer mode select

SIODIR | Select direction of transfer

NORMAL1/2. IDLE1/2mode | Source | stowirz, | W
DV7CK=0 DV7CK =1 clock | SLEEP1/2 mode
000 fg213 fs/25 DV11 fs/25
001 fc/28 fe/28 DV6 -
010 f¢/26 fc/26 Dva -
: 011 fc/25 fe/25 DV3 -
SCK | Serial clock select 100 fa2e f2e DV2 -
101 fc/23 fa/23 DV1 -
110 fc/22 fe/22 fa/22 -
External clock | External clock
111 | (supplied from | (supplied from - -
the SCK pin) | theSCK pin)

Note 1: If SIOINH is set, the SIOS, SIOF, SEF, TXF, RXF, TXERR and RXERR are initialized.
Note 2: The SCK must select that set more the 1Mbps.
Note 3: reserved; Do not set by the program

Figure 2-42. Serial Interface Control Registers 1 and 2
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Serial Interface Control Register 2
4 3 2 1 0
SIORXD . | Gnitial value: +++0 0000)

00h: 1-byte transfer
01h: 2-byte transfer
02h: 3-byte transfer

Set number of data bytes to 03h: 4-byte transfer RIW

transmit/receive

SIORXD

1Fh: 32-byte transfer
20~3Fh to OFFh:  Reserved

Note 1: Make sure the SIO is idle (SIOF = "0”) before setting the number of data bytes to transfer.
Note 2: The number of data bytes to transfer is used for transmit and receive operations in common.
Note 3: Always write "0” to bits 7 to 5.

Serial Interface Status Register
6 5 4 3 2 1 0

7
(3«‘)(1)53:) | sIoF [ seF | TXF | RXF |TXERR | RXERR | : : (Initial value: 0100 00#+)

Monitor operating status of | 0: Transfer terminated (Note 1)

: Receive operation performed normally
Error occurred when receiving

SIOF serial transfer (1): Transfer in process
SEF Shift operation status flag ? zm?‘t z:::::}z: }":r;g;:ts:d Read
6| ransmis otter g D e
RXF | Receive buffer flag 7: Data exiss inrecerve buffer
TXERR | Transmit error flag (Note 2) ? g:;::ci:;?::iax::::raf::gie:i :;rmally RAW
0 (Note 3)
1:

RXERR | Receive error flag (Note 2)

Note 1: Thisbitis reset to "0” by clearing SIOS and setting SIOINH for abort transfer or when transfer finishes.

Note 2: The TXERR and RXERR bits can be cleared by writing "0 to the register or setting SIOINH = "1”.
These errors cannot be cleared by setting SIOS = "0” to stop transfer.

Note 3: The TXERR and RXERR bits can only be cleared (= "0”), and cannot be set by writing "1”.

Note 4: If a read instruction is executed for SIOSR, read data of bits 1 and 0 are unstable.

Note 5: The hold time for the last transmit data with respect to the transmit clock is 4/fc < Tsopn< 1/8fc.

Note 6: To perform one-byte transmissions successively by using a transmit interrupt, be sure to set the serial
clock to "fc/24” or greater. This is because if the selected serial clock is “fc/23”, operation mode change
(IDLE or SLEEP) or other operations cannot be completed before generating a transmit interrupt.

Serial Interface Data Buffer

SIOBUF 6 S 4 3 2 1 0
(001C) | : : | (nitial value: s#++ s3+%)

SIOBUF | Transmit/receive data buffer Set transmit data or store received data RW

Note:  While transferring multiple bytes of data using the FIFO buffer, do not write to SIOBUF and read from
SIOBUF.

Figure 2-43. Serial Interface Control Register 2, Status Register, and Data Buffer Register
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2.10.3 Functional Description
(1) Serial clock
a. clock source
One of the following clocks can be selected using SCK (SIOCR1 Register bits 2 to 0).
@ Internal clock

A clock with the frequency selected with SCK (SIOCR1 Register bits 2 to 0) (other than “111”) is
used as the serial clock. Output on the SCK pin goes high when transfer staris and when transfer
ends.

Table 2-13. Serial Clock Rate

Baud Rate

SCK Clock

fc=16MHz fc=8MHz
000 fo/21 1.91 kbps 0.95 kbps
001 fo/28 61.04 kbps 30.51 kbps
010 fe/28 244.14 kbps 122.07 kbps
011 fc/28 488.28 kbps 244.14 kbps
100 fe/2¢ 976.56 kbps 488.28 kbps
101 fo23 - 976.56 kbps
110 fa2? - -
111 External External External

1 kbit = 1024 bit
@ External clock

An external clock is selected by setting SCK (SIOCR1 Register bits 2 to 0) to “111”. In this case, the
clock supplied from an external source to the SCK pin is used as the serial clock.

To ensure that shift operation is performed without fail, the serial clock must have a pulse width of
4/fc or more for both high and low levels. Therefore, the maximum transfer rate is 976 kbits/s (when
fc = 8 MHz). '

SCK pin input I l I I

I P s )

TsckL TsckH

Tscxkwr Tsckn = 4fc

Figure 2-44. External Clock
b. Shift edges
The SIO uses leading-edge shift for transmission and trailing-edge shift for reception.
® Leading-edge shift
Data is shifted out on each_ leading edge of the serial clock (falling edge of the SCK pin input/output).
® Trailing-edge shift
Data is shifted in on each trailing edge of the serial clock (rising edge of the SCK pin input/output).
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LI S A T [ N B T B 2 e e T I
SO pin %\Bit? X site X sits X wita X Bit3 X Bit2 X Bit1 X Bit0o /

Shift register X Tassasss X T6usasen X 765+eues N 7654+vrs X 76543+++ X 765432¢+ 7654321+ 76543210 X

(a) Leading-edge shift

s L f L L L L fLfLf1Lf1
Sl pin \ Biit7 X 8it6e X Bit5 X Bita X 8it3 X 8it2 X 8it1 X Bit0o /

Shift register X Tusrsss X T6eurnes X 765euusr X 7654ssss X 76543¢0¢ X 765432¢¢ X7654321+ ¥(76543210 X

(b) Trailing-edge shift

Figure 2-45. Shift Edges

(2) Transfer bit direction

The direction in which 8-bit serial data is transferred can be selected using SIODIR (SIOCR1 Register
bit 3). The direction of data transfer applies in common for both transmission and reception, and cannot
be set individually.

@ MSB transfer

MSB transfer is assumed by setting STOCR1<SIODIR> 10 “0”, in which case data is transferred
sequentially beginning with the most significant bit.

@ LSB transfer

LSB transfer is assumed by setting SIOCR1<SIODIR> to “1”, in which case data is transferred
sequentially beginning with the least significant bit.

SO pin A7 X a6 X A5 X as X(A3 X A2XAa1 X A0

Transmit data write XA

(a) MSB transfer(SIOCR1<SIODIR> = “0")

50 pin \A0XAa1Xaz)Xa3xa2)X A5 X A6 X A7

Transmit data write XA

(b) LSB transfer{SIOCR1 <SIODIR>="1")

Figure 2-46. Transfer Bit Direction
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(3) Transfer modes
Use SIOM (SIOCR1 Register bits 5, 4) to select transmit, receive, or transmit/receive mode.
a. Transmit mode
Transmit mode is assumed by setting SIOM (SIOCR1 Register bits 5, 4) to “00”.
Starting SIO operation

@ Select transmit mode (SIOCR1 Register bits 5, 4), serial clock rate (SIOCR1 Register bits 2 to 0), and
the direction of transfer (SIOCR1 Register bits 3) using the SIOCR1 Register.

@ Set the number of bytes to transfer in the SIORXD (SIOCR2 Register bits 4 to 0) Register.

® Set the number of bytes of transmit data that has been set with the SIORXD (SIOCR2 Register bits 4
to 0) Register in the SIOBUF.

@ SetSIOCR1<SIOS> to“1”.

e When the selected serial clock is an internal clock, the SIO immediately starts transmitting data
sequentially from the MSB or LiSB as selected with SIODIR (SIOCR1 Register bit 3).

e When the selected serial clock is an external clock, the SIO starts transmitting data upon
external clock input, sequentially from the MSB or LSB as selected with SIODIR (SIOCR1
Register bit 3).

Note 1: Make sure that exactly the same number of bytes as set with the SIO1CR2 Register are
written to the Buffer. If the number of data bytes written to the Buffer is larger or smaller
than set with the SIOCR2 Register, the SIO may not operate correctly.

Note 2: If necessary to set transmit data back again, first set SIOCR1<SIOINH> to “1” and then
write as many bytes of transmit data as set with the SIOCR2 Register to the Buffer again.

Note 3: Always be sure to write as many bytes of transmit data as set with the SIOCR2 Register to the
Buffer before starting SIO operation.

Halting SIO operation

® When SIOCR1<SIOS> is cleared, SIO stops. When SIOCR1<SIOS> clear, make sure the
Transmit Buffer is empty (SIOSR<TXF> = “1”) before clearing SIOCR1<SIOS>, or do this
clearing in an INTSIO interrupt routine. However, when transferring the next data, always check
to see that transfer has been completed (SIOSR <SIOF > = “0”) before writing the next data to the
Buffer.
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TMP86CK74A/CM74A
SIOCR1
<SIOs>
SIOSR
<SIOF> |: ;
SO pin x Last bit of trans'mit data /

DT
: SODH:

(a) When automatically stopped after clearing SIOS

16.5/fc = Tsopx = 32.5/fc

Note: fcdenotes the high-frequency clock [Hz].

Figure 2-47. Last Bit Hold Time (when Operating with Internal Clock).

¢ In cases when SIOINH (SIOCR Register bit 6) is set to “1”,transmission stops immediately, even
in the middle of transmission.

Note : The position at which the SIO generates an INTSIO interrupt is the first bit of the last byte of

the data bytes set with the SIOCR2 Register.
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Transmit errors

‘When operating with an external clock, a transmit error is assumed and the transmit error flag
(SIOSR<TXERR >) is set to “1” in one of the cases described below. When a transmit error occurs, the
transmit data is nullified, with all bits output at the high level.

e After setting SIOCR1 <SIOS> to “1”, when the SCK pin goes low before completion of writing
transfer data to the Buffer

¢ After sending the number of data which is selected by SIOCR2, when the SCK pin goes low before
completion of writing the first transfer data to the Buffer

When a transmit error is detected, be sure to forcibly terminate the SIO by setting SIOCR1 <SIOINH >
to “1”. When SIOCR1<SIOINH > is set to “1”, and the SIOSR Register, as well as SIOCR1 <SIOS>,
all are initialized. (Other registers and bits are not initialized.)

SIOCR1<S105> __|

slosR<sioF> ___|
SIOSR<SEF> |
SCK pin —UUL.
50 pin T -

SIOSR<TXF>

INTSIO

SIOBUF OO )

Clearing SIOS after end of transfer

Figure 2-48. Timing at Which to Clear SIOCR1<SIOS>
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SIOCR1<s10s> _| L1

SIOCR1<SIOINH> A\ Forcibly halted by SIOINH = “1”
;

SIOSR<SIOF> __|

SIOSR<SEF> ...J

SCK pin
8-bit
counter value
FIFO counter ' Yo\ Yo | 8 Y
o \
SO pin e7)es{es[ea)e3fe2{e1 eoXr7 XreXrs X ra) F3 ) r2
SIOSR<TXF> ; I TXF = “0" by a write to the buffer.
\ \
SIOSR<TXERR> lTransmit t error occurs
because SCK went low
before setting transmit data.
INTSIO -
VA
SIOBUF . N | XeXrXs) #

Figure 2-49. When Transmit errors occurs as soon as started operation
(SIOCR2 = 03H (set to 4 bytes), using external clock)

SIOCR1<SIOS > I '

SIOCR1<SIOINH> | Forcibly halted by SIOINH = “1”

SIOSR<SIOF>

SIOSR<SEF> _LJ

SCK pin UL

countervalue XXX X=Xe)GE

FIFO counter o J 1 | ) EER\D ) ) @K ] :

sopi OEEERE & | EEREEEERERERRE
e

SIOSR<TXF> l Transmit error
occurs because \

F = “0" by a write to the buffer.

SCK went low
before setting

the next
SIOSR<TXERR> transmit data.
INTSIO . n /
) VA
SIOBUF c . I o xfxpxgxu

Figure 2-50. When Transmit errors occurs as soon as sending data
(SIOCR2 = 03H, using external clock)
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b. Receive mode
Receive mode is assumed by setting SIOM (SIOCR Register bits 5, 4) to “01”.
Starting SIO operation

D Select receive mode (SIOCR1 Register bits 5, 4), serial clock rate (SIOCR1 Register bits 2 to 0), and
the direction of transfer (SIOCR1 Register bit 3) using the SIOCR1 Register.

@ Setthe number of bytes to transfer in the SIORXD (SIOCR2 Register bit 3).
@ Set SIOS (STOCR1 Register bit 7) to “1”.

¢ When the selected serial clock is an internal clock, the SIO immediately starts receiving data
sequentially from the MSB or LSB as selected with SIODIR (SIOCR1 Register bit 3).

e When the selected serial clock is an external clock, the SIO starts receiving data upon external
clock input, sequentially from the MSB or LSB as selected with SIO1CR1 <SIODIR >.

Halting SIO operation

® When SIOCR1<SIOS> is cleared, SIO stops. When SIOCR1<SIOS> clear, make sure the
Transmit Buffer is empty (SIOCR<TXF>= “1”) before clearing SIOCR1<SIOS>, or do this
clearing in an INTSIO interrupt routine. Note, however, when transring the next data, always
check to see that transfer has been completed (SIOSR <SIOF > = “0”) before writing the next data to
the Buffer.

e In cases when SIOINH (SIOCRI1 Register bit 6) is set to “1”, reception stops immediately, even in
the middle of reception.

Timing at which to read out the received data

Check to see that the Receive Buffer is full (SIOSR<RXF> = “1”) before reading out the received data,
or do this readout in an INTSIO interrupt routine. Note that SIOSR<RXF> is cleared to “0” when all
bytes of received data as set with the SIOCR2 Register have been read out. The received data can also
be read out after SIO has stopped (after SIOCR1 <SIOS> cleared).

Note 1: The received data in the Buffer must always be read out as many bytes as set with the
SIOCR2 Register. If more or less bytes of data than set with the SIOCR2 Register are read out
from the Buffer, the SIO may not operate correctly.

Note 2: If the received data is read out before the end of reception (SIOSR<RXF> = “0”), the SIO
may not operate correctly.

Note 3: The timing at which an INTSIO interrupt is generated during receive mode is when the SIO
has received the last bit of the last byte of data.
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Causes of receive errors

When operating with an external clock, if the SIO finished receiving the next receive data (one byte)
while the Receive Buffer is full, a receive error is assumed and SIOSR<RXERR> is set to “1”. When a
receive error occurs, the data received after occurrence of the error is rejected, in order to protect the
data already in the Receive Buffer.

‘When a receive error is detected, that must set SIOCR1 <SIOINH > to “1” in order to forcibly terminate
SIO operation. When SIOCR1 <SIOINH > is set to “1”, SIOCR1 <SIOS> and all of the SIOSR Register
bits are initialized. (Other registers and bits are not initialized.)

siocri<sios> | ' |

siosr<sioF> [ |
siosr<ser> [T L |
sceen UL JUUULUUULALIUTU
T 0 © & & 2 8 8 &8 D 0 D DL O

SIOSR<RXF> | |

INTSIO I

SIOBUF . YaYe ) c)o

Figure 2-51. Timing at Which to Clear SIOCR1<SI0S>

siocr1<sios> | | [

SIOCR1<SIOINH> A | Forcibly halted by SIOINH = 1
7

SIOSR<SIOF > ___f ' L |
SIOSR<SEF> ____[ '''' Lj | L_J—.
SCK pin ... Uy oy

FIFO counter D ) I T Y o Y-
| \
Sl pin ‘ YooXerYeeYesYeaYes Y e 1\ o Ye7{es)esYeales)e2Ye1 Yeo)rr
...... Y
SIOSR<RXF> _I Receive error occurs I
because the buffer is
not read out before
the SIO finishes receiving
the next byte after
receiving the number
of bytes set with SIOCR2.
SIOSR<RXERR>
INTSIO e e _ﬂ N
SIOBUF M ARBRC D

Figure 2-52. Not read our before the SIO finishes receiving the next byte
(SIOCR2 = 03H (set to 4 bytes), using external clock)
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c. Transmit/receive mode
Transmit/receive mode is assumed by setting SIOM (SIOCR1 Register bits 5, 4) t0“10”.
Starting SIO operation

@ Select transmit/receive mode (SIOCR1 Register bits 5, 4), serial clock rate (SIOCR1 Register bits 2 to
0), and the direction of transfer (SIOCR1 Register bits 3) using the SIOCR1 Register.

@ Set the number of bytes to transfer in the SIORXD (SIOCR2 Register bits 4 to 0).

@ Set the number of bytes of transmit data that has been set with the SIORXD (SIOCR2 Register bits 4
to 0) in the Buffer.

@ Set SIOS (SIOCR1 Register bit 7) to “1”,

o When the selected serial clock is an internal clock, the SIO immediately starts transmitting/
receiving data sequentially from the MSB or LSB as selected with SIOCR1<SIODIR>.

o When the selected serial clock is an external clock, the SIO starts transmitting/receiving data
upon clock input on SCK pin, sequentially from the MSB or LSB as selected with SIO1CR1
<SIODIR>.

Note: The SIOCR2 Register and the SIOCR1<SIODIR> and SIOCR1<SCK> are used for both
transmission and reception in common, and cannot be set individually.

Halting SIO operation

® When SIOCR1<SIOS> is cleared (SIOCR1 Register bit 7 <SIOS = “0”>), SIO stops. If
SIOCR1<SIOS> is cleared, make sure the Receive Buffer is full (SIOSR<RXF> = “1™), before
clearing SIOCR1 <SIOS>, or do this clearing in an INTSIO interrupt routine.

e In cases when SIOINH (SIOCR1 Register bit 6) is set to “1”, transmission reception stops
immediately, even in the middle of reception.
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Timing at which to read out the received data and write transmit data

Check to see that the Receive Buffer is full (SIOSR<RXF> = “1”) before reading out the received data
and writing the next transmit data to the Buffer after sending/receiving the number of bytes set with
the SIOCR2 Register, or do this read/write in an INTSIO interrupt routine.

Note 1: The timing at which an INTSIO interrupt is generated is when the 510 has received the last
bit of the last byte of data.

Note 2: For write to and read from the Buffer, follow the sequence described below.

Before starting SIO operation: Write the number of bytes of transmit data set with the
SIOCRZ Register and then set SIOCR1<SI0S>.
After SIO has stopped: Read the received data from the Buffer.

Note 3: Data must always be read out and written to the Buffer as many bytes as set with the SIOCR2
Register. If more or less bytes of data than set with the SIOCR2 Register are read out or
written to the Buffer, the SIO may not operate correctly.

Note 4: RXF is cleared to “0” when all bytes of received data as set with the SIOCR2 Register have
been read out. The received data can also be read out after SIO has stopped (after
SIOCR1<SIOS> cleared).

Note 5: If operation in transmit/receive mode is forcibly terminated by setting SIOCR1<SIOINH> to
“1”, the received data is discarded.

Note 6: If necessary to set transmit data back again, first set SSIOCR1<SIOINH> to “1” and then
write as many bytes of transmit data as set with the SIOCR2 Register to the Buffer again.

Transmit/receive errors

When operating with an external clock, a transmission or reception error is assumed and the error flag
(SIOSR<TXERR> or SIOSR<RXERR>) is set in one of the cases described below. When an error
occurs, the transmit data is nullified, with all bits output at the high level.

e If after sending/receiving the number of bytes set with the SIOCR2 Register, the SCK pin goes
low before the next transmit data is written to the Buffer after reading out the received data
o If while the Receive Buffer is full, the SIO finished receiving the next receive data (one byte)

When a transmission or receive error is detected, be sure to forcibly terminate the SIO by setting
SIOCR1<SIOINH> to “1”, even when the SIO remainsidle.

Note 1: When a receive error occurs, the data received after occurrence of the error is rejected, in
order to protect the data already in the Receive Buffer.

Note 2: When INTSIO interrupt in not generated, transmit error occurred with transmitireceive
mode selected.
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SIOCR1<SIOS> | |
SIOSR<SIOF> [ |
SIOSR<SEF> [ | L

8-Dit COUNLEr e . - - ~
value L ﬂﬂﬂaﬂnﬂﬂaanaan ON7

FIFO counter ol N5z ) € X o

B HeERR0ERREERER

SIOSR<TXF> | (

O WO C C ECOEGTET C T 0T,

SIOSR<RXF> | L
INTSIO ' M

SIOBUF YaYsYcfo 2y I xfw

Figure 2-53. Timing at Which to Clear SIOS (transmit/receive mode using internal clock)

SIOCR1<SIOS> —J I I

SIOCR1<SIOINH> . A Forcibly halted by SIOINH = “1”
;

siosk<sioF> | / | |
siosk<ser> || L | | L

SCK pin WUUUUL:: ;

countervatve _XOXXDCHEGEE XXX/
FIFO counter i E3 & N & \\ o XX o ) &3 K

SO pin (51)c7)(cs)cs)cs) c3{_c3/ e7Ye6)es)eaYe3Ye2Ye1 YeoYFr7 Y re Y rsXraYr3)r2
| TX

Transmiterror
SIOSR<TXF> aceurs because

SCK pin goes low

before setting

SIOSR<TXERR> data I \

the next transmit
S1 pin ()i )xelis)xao Yxoforefvsfins \v7fvefvsKvavafvafy Xvokuruefusfuefuskv2

F = “0" by a write to the buffer

SIOSR<RXE> /
INTSIO -7
SIOBUF < . ) i XeXrXs)h

Figure 2-54. Transmit Error during Transmit/Receive Mode (SIOCR2 = 03H, using external clock)
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siocri<sios> [ | [

SIOCR1 <SIOINH > ’ ﬂ Forcibly halted by SIOINH = “1"
{

siosk<sior> [ | |
SIOSR<SEF> I [ LI
SCK pin UL Uty UL
FIFO counter D ) /XX | O D YY)
W EeEEEEER] FEEEPRORE

SIOSR<TXF> B INTXF = “0* by a write to the buffer
g , A
Sl pin ‘:] ofv7{vefvskvafvsfv2lvi) v4 \ \ XV7XVGXV5
....... L \
Receive error occurs
SIOSR<RXF> B RN -lbecause the buffer was I
not read out before the
SO finished receiving
the next byte after
receiving the number of
SIOSR<RXERR> bytes set with SIOCR2
INTSIO I I /
L
SIOBUF » AaXsXcXo

Figure 2-55. Receive Error during Transmit/Receive Mode (SIOCR2 = 03H, using external clock)
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2.11 8-Bit AD Converter (ADC)
The TMP86CK74A/CM74A have an 8-bit successive approximation type AD converter.
2111 Configuration

The circuit configuration of the 8-bit AD converter is shown in Figure 2-56.
It consists of control registers ADCCR1 and ADCCR2, converted value registers ADCDR1 and
ADCDR2, a DA converter, a sample-and-hold circuit, a comparator, and a successive comparison

circuit.
DA converter
. i
VAREF D”m‘:“lir":""‘”‘”‘W\r‘"W\r ............................................... WVt AVSS

VvDD1 n, ............................. 1 :;__--...‘: R2 R R2
Analog input multiplexer ... Sample board ..., Reference
: ; : circuit : voltage
H i : : Vref
P ANO O——A Y —WW—o o —+—
;AN El-w——« B ;”—- i J | 8
N P I analog
S comparator
AIN6 [——{G Successive apptroximate
: circ
i AIN7 - [——H shift clock [ =
: i ]s EN Control circuit
EHRIIUORUONE- S S A IREFON 4 | INTADC

4y |anps ADRS|
12 5 r
SANL_ ——— 1AmD Tack 8 EOCF|  |ADBF
[ |
ADCCR1 ADCCR2 ADCDR1 ADCDR2
AD converter control register1, 2 AD conversion result register

Figure 2-56. 8-Bit AD Converter (ADC)
2.11.2  Register Configuration
The AD converter consists of the following four registers:

e AD converter control register 1 (ADCCR1)
¢ AD converter control register 2 (ADCCR2)
e AD converted value register 1/2 (ADCDR1/ADCDR2)

(1)  AD converter control register 1 (ADCCR1)
This register selects the analog channels and operation mode in which to perform 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 register1 (ADCDR1)
This register is used to store the digital value after being converted by the AD converter.

(4) AD converted value register2 (ADCDR2)
This register monitors the operating status of the AD converter.

The AD converter control register configurations are shown in Figures 2-57 and 2-58.
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TMP86CK74A/CM74A
AD Converter Control Register 1
7 6 5 4 3 2 1 0
ADCCR! | ADRS |  AMD | AinDs | SAIN | Gnitial vatue: 0001 0000)
(OOOEH) 1 [} . ]
ADRS AD conversion start ‘1) A_D conversion restart
00: Disable
AMD | AD operating mode select (1)(1, f:sfet:vv:ze start mode
11: reserved
- - l RW
AINDS | Analog input control 2‘_ 2:::33 ::;:: g?saal:)lee
0000: Selects AINO 0100 : Selects AIN4
. 0001: Selects AIN1 0101 : Selects AIN5
SAIN | ADinputchannel select 0010: Selects AIN2 0110 : Selects AING
0011: Selects AIN3 0111 : Selects AIN7

Note 1

: Select analog input when AD converter stops.

Note 2: When the analog input is all use disabling, the AINDS should be set to "1”.
Note 3: During conversion, do not perform output instruction to maintain a precision for all of the pins. And

Note 4:

port near to analog input, do not input intense signaling of change.
The ADRS is automatically cleared to "0~ after starting conversion.

Note 5: Do not set ADRS (ADCCR1 bit 7) newly again during AD conversion. Before setting ADRS newly again,

check EOCF (ADCDR bit 5) 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 mode are started, AD converter control register 1 (ADCCR1) is all initialized.

7

ADCCR2 :oveeveene

Therefore, set the ADCCR1 newly again after exiting STOP mode.

AD Converter Control Register 2

O SRS SO S SR R—
ACK ngw ii(lnitial value: *+0+ 0000)

IREFON [ Ladder resistor ON/OFF 0: ON only during AD conversion

Inputting current to the ladder resistor

1: Always ladder resistor ON

ACK |Conversion timel fc=16 MHz | fc=8MHz fcz4MHz
000 reserved
001 reserved RAW
010 78Hc [s) - - 19.5

ACK AD conversion time 011 156/fc [s) _ 19.5 39.0
100 312/fc [s] 19.5 39.0 78.0
101 624/fc [s] 39.0 78.0 156.0
110 1248/c [s] 78.0 156.0 -
111 reserved

Note 1: Settings for ”- " in the above table are inhibited. reserved; Do not set by the prograrm.

Note 2:

Note 3:
Note 4:
Note 5:
Note 6:

Note 7:

Set conversion time by analog reference voltage (Vager) as follows.
Varer=4.5t0 5.5V (15.6 2 or more)
Varer=2.7t0 5.5V (31.2 x or more)
Always set bit 0 in ADCCR2 to "0” and set bit 4 in ADCCR2 to "1”.
When a read instruction for ADCCR2, bit 6 to 7 in ADCCR2 read in as undefined data.
fc; High-frequency clock [Hz]
After STOP or SLOW mode are started, AD converter control register 2 (ADCCR2) is all initialized.
Therefore, set the ADCCR2 newly again after exiting STOP mode.
If a read instruction is executed for ADCCR2, read data of bits 7 and 6 are unstable.

Figure 2-57. AD Converter Control Register
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AD Conversion Result Register

AD ch 1 6 5 4 3 2 1 0
(0027,) | ADO7 | ADO6 | ADOS | ADO4 | ADO3 | AD02 | ADOT | ADOO | (initial value: 0000 0000)

Read only

, 7 6 5 4 3 2 1 0

ADCDR I ARAAAEE A -Ah R e it LR RS ST [ AERIEREAEII) . .

: : EOCF | ADBF : : : ¢ (Initial value: #+00 #++#)
(00264)  e-eeeverendiennninnnns — SO ORS- F- UTRS- SOUR -

0: Under conversion or Before conversion
1: End of conversion Read
only

EOCF | AD conversion end flag

0: During stop of AD conversion

ADBF | AD conversion busy flag 1: During AD conversion

Note 1: The ADCDR2<EQOCF> is cleared to "0~ when reading the ADCDR1.
Therefore, the AD conversion result (ADCDRT) should be read after checking ADCDR2<EQCF> = "1",
Note 2: ADCDR2<ADBF> issetto “1”when AD conversion starts and cleared to "0~ when the AD conversion
is finished. it also is cleared upon entering standby mode (STOP or SLOW).
Note 3: If a read instruction is executed for ADCDR2, read data of bits 7, 6 and 3 to 0 are unstable.

Figure 2-58. AD Converter Result Register

2.11.3  AD Converter Operation
(1) Setup the AD converter control register 1 (ADCCR1) as follows:

¢ Choose the channel to AD convert using AD input channel select (SAIN).
¢ Specify analog input enable for analog input control (AINDS).
o Specify AMD for the AD converter control operation mode (software mode only).

(2) Setup the AD converter control register 2 (ADCCR?2) as follows:

o Set the AD conversion time using AD conversion time (ACK). For details on how to set the
conversion time, refer to Note 2 for AD converter control register 2.
o Choose IREFON for DA converter control.

(3) After setting up (1) and (2) above, when AD conversion start (ADRS) of AD converter control register 1
(ADCCR1) is set to “1”, AD conversion starts immediately.

(4) After an elapse of the specified AD conversion time, the AD converted value is stored in AD converted
value register 1 (ADCDR1) and the AD conversion finished flag (EOCF) of AD converted value register
2 (ADCDR2) is set to “1”, upon which time AD conversion interrupt INTADC is generated.

(5) EOCF iscleared to “0” by a read of the conversion result. However, if reconverted before a register read,
although EOCF is cleared the previous conversion result is retained until the next conversion is
completed.
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2.11.4  AD Converter Operation Modes
(1) Software start mode

After setting AMD (ADCCR1 bits 5, 6) to “01” (software start mode), set ADRS (ADCCRL1 bit 7) to “1”.
AD conversion of the voltage at the analog input pin specified by SAIN (ADCCR1 bits 0 to 3) is thereby
started.

After completion of the AD conversion, the conversion result is stored in AD converted value registers
(ADCDR1) and at the same time EOCF (ADCDR2 bit 5) is set to 1, the AD conversion finished interrupt
(INTADC) is generated.

ADRS is automatically cleared after AD conversion has started. Do not set ADRS (ADCCR1 bit 7)
newly again (restart) during AD conversion. Before setting ADRS newly again, check EOCF (ADCDR2
bit 5) to see that the conversion is completed or wait until the interrupt signal (INTADC) is generated
(e.g., interrupt handling routine).

ADRS n r]

Convert operation ;
/ A

ADCDR1 Indgterminate XFirst conversion result X Second conversion result

EOCF r—_— I ’
INTADC n rl

AD conversion start Conversion EOCF cleared by reading
result read conversion result

Figure 2-59. Operation in Software Start Mode

2.11.5 STOP and 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 previous
operation are cleared, so be sure to read the conversion results before entering standby mode.) When
restored from standby mode, AD conversion is not automatically restarted, so it is necessary to restart
AD conversion after setting ADCCR1 and ADCCR2. Note that since the analog reference voltage is
automatically disconnected, there is no possibility of current flowing into the analog reference voltage.
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2.11.6

Example:

Analog Input Voltage and AD Conversion Result

After selecting the conversion time of 19.5 us at 16 MHz and the analog input channel
AIN4 pin, perform AD conversion once. After checking EOCF, read the converted value
and store the 8-bit data in address 009Fy on RAM. The operation mode is software start

mode.
; AIN SELECT
LD (P4CR1),00000000B ; PACR1bit4 =0
LD (P4CR2), 00000000B ; PACR2bit4 =0
LD (ADCCR1), 00000100B ; Select AIN4
LD (ADCCR2),11011000B ; Select conversion time (312/fc) and operation mode
; AD CONVERT START
SET (ADCCR1).7 ; ADRS=1
SLOOP: TEST (ADCDR2).5 ; EOCF=1?
JRS T,SLOOP
; RESULT DATA READ
LD A, (ADCDR1)
LD (9FH), A
The analog input voltage is corresponded to the 8-bit digital value converted by the AD as shown in
Figure 2-60.
AD conversion result At 3
FFH T P
FEy + ’/ “
FDu +
o3y 1T
02y T+ s 4
[V v =
A s E
0 1 2 3 253 254 255 256 JA&%;?’L
Analog input voltage

Figure 2-60. Analog Input Voltage and AD Conversion Result {typ.)
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2117
(M

(2

(3)

Precautions about AD Converter
Analog input pin voltage range

Make sure the analog input pins (AINO to ATN7) are used at voltages within VS8S below VAREF, 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.

Analog input shared pins

The analog input pins (AINQ to AIN7) are shared with input/output ports. When using any of the
analog inputs to execute AD conversion, do not execute input/output instructions for all other ports.
This is necessary to prevent the accuracy of AD conversion from degrading. Not only these analog input
shared pins, some other pins may also be affected by noise arising from input/output to and from
adjacent pins.

Noise countermeasure

The internal equivalent circuit of the analog input pins is shown in Figure 2-61. The higher the output
impedance of the analog input source, more easily they are susceptible to noise. Therefore, make sure
the output impedance of the signal source in your design is 5 kQ or less. Toshiba also recommends
attaching a capacitor external to the chip.

Internal resistance

AINi R=5kQ (typ.) Analog comparator
I}“”"W\l ._.L i Wy 1 ...L
‘:gg‘:::?::;%::‘ce Internal capacitance
5 kO (max) I C=22pF (typ.) I
DA converter Note: i=0to3

Figure 2-61. Analog Input Equivalent Circuit and Example of Input Pin Processing
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2.12 Key-On Wake-Up (KWU)
In the TMP86CK74A/CM74A, the STOP mode must be released by not only P20 (INT5 / STOP) pin but

also P44

to P47 pins.

When the STOP mode is released by P44 to P47 pins, the P20 (INT5 / STOP) pin needs to be used.

2.12.1  Configuration

Stop mode

(1: release)

release signal

l INTS TXTE ST
Stop mode control = o@ | I P20 (INTS /STOP)

: l P44 (AIN4/STOP2)

——1{ | P45 (aINS/5TOP3)
—— ] P46 (AING/STOPA)
«——{:] P47 (AIN7/STOPS)

ALBA

&

T35
STOPCR |ofjolo|o]-]|-
0031,) [P P[P [P
©o3th) 12151513

Figure 2-62. Stop Mode Control Circuit

Note: STOP pin doesn’t have the control register such as STOPCR, so when STOP mode is relesed by
STOPx (x; 2 to 5), STOP pin should be fixed to low.

2.12.2 Control

P44 to P47 (STOP2 to STOPS) pin can controlled by Key-On Wake-Up control register (STOPCR). It
can be configured as enable /disable in one-bit unit. When those pins are used by STOP mode release,
those ping must be set input mode (P4CR, PADR, ADCCRI).

STOP mode can be entered by setting up the System Control Register (SYSCR1), and can be exited by
detecting the falling edge on STOP2 to 5 pins, which are enabled, for exiting STOP mode (Note 1). We
can authentication STOP2 to 5 pins status by reading a P4 port. Be sure to check the level that all ports

are high

, when the STOP mode starts (Note 2).

Note 1:

Note 2:

When the STOP mode release by edge mode (SYSCR1<RELM> = “0”, prohibit input from
STOP2 to STOP5 or must be set “1” level into STOP2 to STOPS5 pins.

When the STOP pin input is high or STOP2 to STOPS5 pin 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).

STOPCR

Key-On Wake-Up control register

7 6 S 4 3 2 1 0

..............................................

(00314) [sTops|sTopa|sTops[sTor2|

= i = 1 = % (Initial value: 0000 *x¢x)

STOP2 | Stop mode released by P44 port (1) g;s:é)llee

STOP3 | Stop mode released by P45 port ? ED:\?[SI: write-
STOP4 | Stop mode released by P46 port ? Ej‘s:glee only
STOPS | Stop mode released by P47 port 9: Disable

Figure 2-63. Key-On Wake-Up Control Register
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2.13 Vacuum Fluorescent Tube (VFT) Driver Circuit

The 86CK74A/CM74A features built-in high-breakdown voltage output buffers for directly driving
fluorescent tubes, and a display control circuit used to automatically transfer display data to the output
port.

The segment and the digit, as it is the VFT drive circuit which included in the usual products, are not
allocated. The segment and the digit can be freely allocated in the timing (T0 to T15) which is specified
according to the display tube types and the layout.

2.13.1 Functions

(1) 37 high-breakdown voltage output buffers built-in.

® Large current output pin 16 (VO to V15)

® Middle current output pin 21 (V16 to V36)

There is also the VKK pin used for the VFT drive power supply.

(2) The dynamic lighting system makes it possible to select 1 to 16 digits (TO to T15) by program.
(3) Pinsnotused for VFT driver can be used as general-purpose ports (PD).

® Pins can be selected using the VSEL (bits 4 to 0) in VFT control register1 bit by bit.
(4) Display data (80 bytes in DBR) are automatically transferred to the VFT output pin.
(5) Brightnesslevel can be adjusted in 7 steps using the dimmer function.
(6) Four types (fc/212 to f¢/29) of display time can be selected.

Table 2-14. tdisp Time

SDT1 SDT2 tdisp Time At 16 MHz At 8 MHz At4 MHz At2 MH2z At 1 MHz
00 2%fc[s) 3248 64 us 128 15 256 us 512 45
01 2'%fc [s] 64 45 128 us 256 45 512 45 1024 45
10 0 2"fc [s] 128 us 256 45 512 s 1024 s 2048 s
11 2'%fc [s] 256 s 512 48 1024 5 2048 45 4096 .5
00 : 2%fc[s] 16 15 328 64 45 128 s 256 us
o1 ; 2%fc(s] 328 64 us 128 45 256 us 512 us
10 2'%fc [s] 64 us 128 45 256 s 512 45 1024 45
11 2"/fc [s] 128 18 256 45 512 8 1024 us 2048 45
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2.13.2 Configuration

Internal bus

1L

1L

1I

1L

VFT status register |NFT control register 1][VFT control register 2| [VFT com-:rol register 3
Display data memory y T
(80 byte in DBR) r iL l I v { fe
l VFT timing generator Dimerdg::ietr ating
TO~T15 l
N Y
Output data latch
Qutput data latch
3 High-breakdown voltage output <
voO V1 V2 V3 V4 V5 AL V34 V35 V36
Figure 2-64. Vacuum Fluorescent Display (VFT) Circuit
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2.13.3 Control

The VFT driver circuit is.controlled by the VFT control registers (VFTCR1, VFTCR2, VFTCR3). Reading
VFTSR determines the VFT operating status.

Switching the mode from NORMAL1/2 to SLOW or STOP puts the VFT driver circuit into blanking state
(BLK is set to “1” and EXEY is cleared to “0” ; values set in the VFT control registers except BLK and
EKEY are maintained), and sets segment outputs and digit outputs are cleared to ”0”. Thus, ports P6 to
P9, and PD function as general-purpose output ports with pull-down.

VFT control register 1
VFTCR1 7 6 5 4 3 2 1 0
(002a,) | BLK | sDT1 , | VSEL | , | (initial value: 1000 0000)
. 0 : Display enable
BLK VFT display control 1 : Disable
SDT1 Display time select1 (tdisp) STD2 = 0 STD1 =0
(Display time of 1 digit) 00 29/fc 28/fc
01 210/fc 29/fc
10 211/f¢ 210/fc
11 212/fc 2114c
VSEL Automatic display select 00000 : 32(V31toVO0)
(When using VFT driver 00001 : 33(V32toVO0)
(automatic display), V31 to 00010 : 34(V33toV0)
V0 are only used to output 00011 : 35(V34toVO0)
VFT) 00100 : 36(V35toV0) RW
Pins which are not selected 00101 : 37(v36toVO0)
by the output-pins other Other : reserved
than the above-mentioned
pins can be used as general-
purpose input/output pins.
{(When'ising as a general-
purpose input/output pin,
the display data which
corresponds to the pin must
besetto “0") '
Note 1: fc,; high frequency clock
Note2: VFTCR1 is write-only register, which cannot use any of in read-modify-write instruction such as bit
operate, etc.
Note 3: Can not access.
VFTSR
(002Dy)
WAIT VFT operational status 0 : VFTdisplayin operation Read
monitor ' 1 : VFT display operation disabled only
Note 1: WAIT s initialized to 1 after resetting.
Note2: When aBLK in VFTCR is cleared to 0, WAIT flag is cleared to 0 at an end of display timing. And a VFT
driving circuit is enabled at an end of next display timing.
Note 3: During a VFT driving circuit is enabled, it is disabled just after an end of display timing (tdisp) by
setting BLK in VFTCR to 1. And WAIT flag is set to 1 simultaneously.
Note4: When a VFT driving circuit is enabled again, it is necessary that BLK is set to 1 after confirming a WAIT
is1.

Figure 2-65. VFT Control Register 1
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VFT control register 2
7 6

VFTCR2

©028y) | _,DIM  USTA, ., | (nitialvalue: 0010 000O)

DIM

000 : reserved

001 : (14/16) xtdisp (s)
010 : (12/16) xtdisp (s)
011 : (10/16) x tdisp (s)
100 : (8/16) xtdisp (s)
101 : (6/16) xtdisp (s)
110 : (4/16) xtdisp (s)
111 : (2/16) x tdisp (s)

Dimmer time select

STA

00000 : 1display mode (T0)

00001 : 2display mode (T1to T0)
00010 : 3display mode (T2to T0)
00011 : 4display mode (T3 to T0)
00100 : 5display made (T4 to TO)
00101 : 6 display mode (T5 to T0)
00110 : 7 display mode (T6 to T0)
00111 : 8display mode (T7 to TO)
01000 : 9 display mode (T8 to T0)
01001 : 10display mode (T9 to T0)
01010 : 11 display mode (T10 to T0)
01011 : 12display mode (T11to T0)
01100 : 13 display mode (T12 to T0)
01101 : 14display mode (T13to T0)
01110 : 15display mode (T14to T0)
01111 : 16display mode (T15to T0)
Others : reserved

Number of state (display)

Note 1 :

Note 2 :

Note 3 :

VFTCR2 is write-only register, which cannot use any of in read-modify-write instruction such as bit

operate, etc.
Even if a number of the display digit is set a pin which is equal to the digit dose not output.

It is necessary to write data to the data buffer which corresponds to the digit according to the display

timing (70 to T15).
* ; don‘t care

Figure 2-66. VFT control Register 2, VFT status register
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VFTCR3
(002Cyy)

VFT control register 3

7 6 5 2 1
[ OWSEL [#vrrt [HvTro| soT2 | (initial value: 0000 0000)
Display time select 2 (tdisp) SDT1="00" | SDT1="01" | SDT1="10" [ SDT="11"
SDT2 | (el time of 1 digit) 0 | 2clsl | 2%clsl | 2'fc[s] | 2%cls)
1 2%fc [s] 2%/fc [s] 2'%fc [s] 2"/fc [s)
0 Tr normal mode
P6~PO Ports Tr ti lect typ 150ns (VDD = 3V, Vkk = - 35V)
~P9 Po
HVTRO riime sele 1 Tr increment mode
typ 3.5 (VDD =3V, Vkk = - 35V)
0 Note 1) Trnormal mode
typ150ns (VDD =3V, Vkk = - 35V)
HVTR1 PD Ports Tr time select ; Note 1) Trincrement mode
typ 3.5 (VDD =3V, Vkk = ~- 35V)
GRID output
(Dimmer enable) SEG output
00000 P60 P61--PD4
00001 P60~P61 P62~PD4
00010 P60~P62 P63~PD4
00011 P60~-P63 P64~PD4
00100 P60~P64 P65~PD4
00101 P60~P65 P66~PD4
00110 P60~P66 P67~PD4
00111 P60~P67 P70~PD4
OWSEL Output waveform select 01000 P60~P70 P71~PD4
(Select grid or segment) 01001 P60~P71 P72~PD4
01010 P60~P72 P73~PD4
01011 P60~P73 P74~PD4
01100 Pe0~P74 P75~PD4
01101 P60~P75 P76~PD4
01110 P60~P76 P77~PD4
01111 P60~P77 P80~PD4
10000 reserved reserved
$ § §
11111 reserved reserved
Note 1: A rising time of Port D is measured when Port D is connected with pull-down resistor (the same

value Rkk) to VKK pin.

Figure 2-67. VFT Control Register 3

Note : It is possible to reduce the VFT port noise by using Tr increment mode. When Tr increment mode is enabled, a time

of Tr is increased and also Tf. Therefore, the display time and dimmer value should be decided with the stray
capacitor on a PCB. Otherwise the switching timing between grid and segment is overlapped each other and a VFT

display is dimmed. Please confirm a VFT display with your set.
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(1) Setting of Display mode

VFT display mode is set by VFT control register 1 (VFTCR1), VFT control register 2 (VFTCR2) and
VFT control register 8 (VFTCR3). VFT control register 1 (VFTCR1) sets 1 display time (tdisp) and
the number of display lines (VSEL), VFT control register 2 (VFT'CR2) sets dimmer timer (DIM) and
state (STA) and VFT control register 3 (VFTCR3) sets Port Tr mode (HVTRO0/1). (BLK of VFTCR1
must be set to “1”.) The segments and the digits are not fixed, so that they can be freely allocated.
However the number of states must be specified according to the number of digits of VFT which you
use. Thought the layout of VFT display mode is freely allocated, the followings are recommended;
usually, large current output (VO to V15) is used for a digit, and middle current output (V16 to V36)
is used for a segment.

(See Display operation in section 2.14.4 for display timing and data setting procedures.)

(2) Display data setting

Data are converted into VFT display data by instructions. The converted data stored in the display
data buffer (addresses 0F80 to OFCF in DBR) are automatically transferred to the VFT driver
circuit, then transferred to the high-breakdown voltage output buffer. Thus, to change the display
pattern, just change the data in the display data buffer.

Bits in the VFT segment (dot) and display data area correspond one to one. When data are set to 1,
the segments corresponding to the bits light. The display data buffer is assigned to the DBR area
shown in Figure 2-68. (The display data buffer can not be used as data memory)

Bit 0 to 7 0 to 7 0 to 7 0 to 7 0 to 4 Timing
OF80y 0F90y OFAOy OFBOy OFCOy TO
OF81y ~ 0F91y OFA1y OFB1y OFC1y T
0F82y 0F92y OFA2y 0FB2y OFC2y T2
0F83y 0F93 OFA3y 0FB3y OFC3y T3
0F84,, OF94y, OFA4, OFB4, OFCay T4
OF85, OF95, OFAS5,, OFB5y OFC5y T5
OF86y 0F96, OFA6y OFB6y OFC6y T6
OF874 0F974 OFA7y OFB7y OFC74 T7
OF88y OF98y OFABy OFBBY OFCBy T8
0F89y 0F99y OFAS, 0FB9y OFC9y T9
OF8AY OF9Ay OFAAy OFBAy OFCAy T10
OF8By 0F9By OFABy OFBBY OFCBy Tt
OF8Cy OF9Cy OFACH OFBCy OFCCyy T12
OF8Dy OF9Dy OFADy OFBDy OFCDy T13
OF8EH OF9EY OFAEY OFBEy OFCEy T14
OF8Fy OF9Fy OFAF, OFBFy OFCFy T15

Outputpin V0 to V7 V8 to VI5 V16 to V23 V24 to V31 V32 to V36

Figure 2-68. VFT Display Data Buffer Memory (DBR)
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2.13.4 Display Operation

As the above-mentioned, the segment and the digit are not allocated. After setting of the display
timing for the number of digits according to the using VFT and storing the segment and digit data
according to the respective timings, clearing BLK in VFTCRL to 0 starts VFT display.

Figure 2-69. shows the VFT drive pulse and Figure 2-70, 71 show the display operation.

Dimer timg_QlM)

vn | I [
vn-1 ]
vn-2 1

7 I
V36FoVn+1 X T X X:::::X:::::x X

On display time (tdisp)

va DIM [s] .

vn = I\“'”“ totr =tdisp/16 + 2/fc[5) Note: 0Sns 15

[
]
1
1
]
1
1

vn-1

]

1

1

[}

'

I

5 |

V36toVn+1 X X

|
|

l=
| Ondisplay time
(tdisp)

Figure 2-69. VFT Drive Wafeform and Display Timing
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2.13.5 Example of Display operation

(1) For Conventional type VFT

‘When using the conventional type VFT, the output timing of the digits is specified to output 1 digit

for 1 timing. Data must be set to output the pins which are specified to the digit in sequence. The
following figure shows a data allocation of the display data buffer (DBR) and the output timing when
VFT of 10 digits is used and VO to V9 pins are allocated as the digit outputs. (When data is first

written by the data buffer which corresponds to the digit pin, it is unnecessary to rewrite the data

later.)

T0
GO

T
|
G1

R ittt ll sk et Dbl LT TETY Syyiy Hppt: PP DRSO UL PP o M

T2
[
G2

T3
G3

T4
|
G4

T5
1
G5

T6
|
G6

B Il Rt TE ST ST YE (PRY P TR D TE PRI Spymy SRR SHPD B Y LT TP TP uIppumppporou o N

T7
G7

PR T N T T T SE T TE TS PEY DR DT DR T YT SNy Mopgun SERY. T TT YRR pu i E.

T8
I
G8

e ]
N
]
ejennejreesress i =
mjouw-jo o090 00 e ! 3
Nlochwn] oo -0 00 6o H F
mlowen]osoSeseS] E;
tjovLwti o 0co0o-o0o0o ! °
wlowwwnlocs oo o] | -
viowoww|oooooo«~o ! 2
N|cuoN|ococooco oo~ i £
(w]ouow Tox s axax] 2
Nliow oo O —lx x k. x % % W
. ] H [
NEE kN g 4
1
sss2388s $RREENYY

Figure 2-70. Example of Conventional type VFT driver pulse
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(2) For Grid scan type VFT

When using the grid scan type VFT, two or more grids must be simultaneously selected to turn the

display pattern which contains two or more grids on. Additionally, the timing and the data must be

determined to set the grid scan mode as follows.

® When the display pattern which is fully set in the respective grids is turned on, only the grids which
correspond as ever must be scanned in sequence to turn on the display pattern. (timing of T8 to T3
in the following figure)

® When the display pattern which contains two or more grids is turned on, two or more corresponding
grids are simultaneously selected to turn on the display pattern. (timing of T2 to TO in the

following figure)
T |[8i7i6151413121110 ‘gl ite s iTalinzln !
add-l010t0101010101010 i i i i i i i i i i
e NFIFIFIFIFIFIFIFIF T AU S A S N N N N
8i8;8i8isis 81818 e
817:61314:312:1:0 R S T N R R
vo |ise f1i0i0iotololiiolt S T S N R R SR S
vi 0{1{0i0f0j0!1}0}1 i ————
V2 0i0i1i0{0}0i0i011 i iim“ i i i J L il
1 ) ) L] [} ) ] ) ] ]
v3 0101011101010} 1}1 L e e e e U
v4 0i0i0i0f110i01111 SR S St gy U S SN p H gy
vs 0i0i0toiol1ioi1is T S e T S e e HE
AR R R R R ] 1 ' ! ! ''Ga ! v J T T
- [ T T T T B A i i i i i [} S T T
: : : : : : : :\ ) ] ] ] 1 IGSI ] 1 ]
o L] S S, (RSN SR S bewoodolo N SRV N L
3 ) 1
SEG (ato g (Dig 1 t0 6)) . : H
S1 . i e At i 1
s2 H ; ; ; ; ; ; ; ; ;
53 N R T R T N S M Tt
s4 T i T ; T T T ; ¥ i
I ] ! 1 | ] ] |J"”‘“““|| 1
1 1 } ) ] ] [] 1 ] [
i i i i i i i i H g
i i ! i i ' i i i i
1 1 1 1 1 ] ] 1 ] ]

Figure 2-71. Grid Scan Type Display Vacuum Fluorescent Tube Ware
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2.13.6  PortFunction
(1) High-breakdown voltage buffer

To drive fluorescent display tube, clears the port output latch to “0”. The port ocutput latch is
initialized to 0 at reset.

It is recommended that ports P6, P7, P8 and P9 should be used as VFT driver output. Precaution for
using as general-purpose I/O pins are follows.

Note : When not using a pin which is pulled down to pin Vi (RK =typ. 80 k), it must be set to
open. It is necessary to clear the port output latch and the data buffer memory (DBR) to
'0 II-

@® PortsP6to P9
When a part of P6 to P9 is used as the input/output pin (VFT driver in operation), the data buffer
memory (DBR) of the segment which is also used as the input/output pin must be cleared to “0”.
@ PortPD
VFT output and usual input/output are controlled by VSEL of VFT control register in bits. When
a pin which is pulled down to pin Vkk is used as usual output or input, the following cautions are
required.

(a) When outputting
When level “L” is output, a port which is pulled down to pin Vkk is pin Vgk voltage. Such
processes as clamping with the diode as shown in figure 2-72. (a) are necessary to prevent pin
VKK voltage applying to the external circuit.

(b) When inputting
When the external data is input, the port output latch is cleared to “0”.
The input threshold is the same as that of the other usual input/output port. However it is
necessary to drive RK (typ. 80 kQ) sufficiently because of pulled down to pin VKK.

vDD VDD
L. >
R R
Rk Rk
VKK /J; A VKK )7;
~ ~
R1 R1
(a) Atoutput (b) Atinput

Figure 2-72. External Circuit Interface
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TOSHIBA

TMP86CK74A/CM74A

Input/Output Circuitry

(1) Control Pins
The input/output circuitries of the TMP86CK74A/CMT74A control pins are shown below.

Control Pin /0 Input/Output Circuitry Remarks
Osc. enable "“:[J..)EE_NW fe Resonator connecting pins
™ (high-frequency)
XIN Input vDD R L VDD
XouT Output =Ro Rf = 1.2M0Q {typ.)
- E] ~ Ro = 5000 (typ)
XIN XOouT
XTEN
Osc. enable k’-ﬂ“% fs Resonator connecting pins
(low-frequency)
W
XTIN Input VDD R L VDD
XTOUT Output =Ro R¢ = 6 MQ (typ.)
Ro = 220 kQ (typ.)
XTIN XTOUT
Hysteresis input
VDD Pull-up resistor
P R
RESET Input } N % O Riv = 220 kQ (typ.)
VDD Pull-down resister
1 . % {:] Rin = 70ka (typ.)
TEST Input ~
Rin
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TOSHIBA TMP86CK74A/CM74A
(2) Input/Outputport
Control Pin 170 Input/Output Circuitry Remarks
Initial “High-z* X
VoD Tri state I/O
PO
110 *‘D
P4 Disable
P!
~
Initial “High-Z Programmable
VDD
P-chControl m Open drain output
P1 vo —]
; ,.,l >°.1 Hysteresis input
Initial “High-Z2" VDD Skin open drain output
”v[_—.] Hysteresis input
P2 I¥o D - I
Initial “High-Z Skin open drain output
vDD
Large current output
P3 170 [ I [:]
Initial “High- VDD Tri state /O
___D Hysteresis input
PS5 1[e]
Disable
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TMP86CK7AA/CM74A

Port

Vo

Input/Output Circuitry

Remarks

P6

P7

/0

Initial “High-Z"

—iE k.

%RK -
VKK ;;‘
<]
4

Source open drain /O

High breakdown voltage
(large current)

Rk = 80 k& (typ.)
R1 = 200kQ (typ)

P8

/0

Initial “High-Z”

—>l

<I' %

Source open drain /O

High breakdown voltage
(middle current)

Rk = 80k (typ)
R1 = 200 kQ (typ.)

PD

/o

Initial “High-Z*

—if f

R1

ok
3

Source open drain I/O

High breakdown voltage
(middle current)

R1 = 200 ka2 (typ.)
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TOSHIBA TMP86CK74A/CM74A

Electrical Characteristics

Absolute Maximum Ratings (Vss = 0V)
Parameter Symbol Pins Ratings Unit
Supply Voltage Vpp -0.3t06.5
Program voltage Vpp TEST/VPP pin -0.3t013.0
Input Voltage Vin -03toVpp+0.3 Vv
Output Voltage Vourr 03t Vop+03
Vour2 | Source open drain port Vpp ~40to Vpp +0.3
louTs PO, PO1, P2, P4, P5 ports 5
‘o loyr2 | P3 port 40
?;’:f;‘;f’:‘)"e"t lours | PO, P1, P4, P5 ports -3 mA
10H louta | P6, P7 ports -30
louts | P8, P9, PD ports -20
Output Current oL Sloyr1 | PO, P1, P2, P4, P5 ports 120
(Total) IOH | Sloura |PS,P7.P8,P9,PD ports -120 mA
Power Dissipation [Topr=25T] PD 1200 mwW
Soldering Temperture (time) Tsld 260(10s)
Storage Temperature Tstg —-55t0 125 T
Operating Temperature Topr -30to 70
Note 1: 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
ratings is exceeded, a device may break down or its performance may be degraded, causing it to
catch fire or explode resulting in injury to the user. Thus, when designing products, which
include this device, ensure that no absolute maximum rating value will ever be exceeded.
Note 2 : All VDDs should be connected externally for keeping the same voltage level.
Note 3: Power Dissipation (PD) ; For PD, it is necessary to decrease - 14.3 mwl °C.
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TOSHIBA TMP86CK74A/CM74A

Recommended Operating Conditions
Parameter [Symbol Pins Condition Min Max Unit
NORMAL1, 2 modes
fc=16 MHz 4.5
IDLE1, 2 modes
fc<8MH NORMAL1, 2 modes
Supply €= z
Voltage Voo IDLE1, 2 modes 27 5.5 Vv
fs= SLOW mode
32.768kHz | | ggp mode
STOP mode
Output _—
Vol t';ge Vouts | Source open drain pins Vpp - 38 Vpp Vv
Input High | Vig1 | Except hysteresis input Vpp % 0.70
Voltage Voo v
Vin2 | Hysteresis input Vpp % 0.75
Input Low _—-
Voltage ViL1 | Except hysteresis input Vpp % 0.30 v
0
VL2 | Hysteresis input Vpp x0.25
Vpp=271t05.5V 8.0
Clock fc | XIN, XOUT » py 1.0 5 MHz
Frequency pp=4.5t05. 16.
fs XTIN, XTOUT 30.0 34.0 kHz

Note : The recommended operating conditions for a device are operating conditions under which it can
be guaranteed that the device will operate as specified. If the device is used under operating
conditions other than the recommended operating conditions (supply voltage, operating
temperature range, specified AC/DC values etc.), malfunction may occur. Thus, when designing
products, which include this device, ensure that the recommended operating conditions for the
device are always adhered to.
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TOSHIBA ‘ TMP86CK74A/CM74A

How to calculate power consumption.

The share of VFT driver loss (VFT driver output loss + pull-down resistor (RK) loss) in power
consumption Pmasx of

TMP86CK74/CM74 is high. When using a fluorescent display tube with a large number of segments, the
maximum power consumption Pd must not be exceeded.

Power consumption Pmax = operating power consumption + normal output port loss + VFT driver loss.

Where,
Operating power consumption: VDD X IDD

Normal output port loss : 2IouT2 X 0.4
VFT driver loss : VFT driver output loss + pull-down resistor (RK) loss
Example :

When Ta = —10 to 50 °C (When using a fluorescent display tube with a conventional type which can use
only one grid output at the same time.) and a fluorescent display tube with segment output = 3mA, digit
output = 12mA, Vkk = —34.5V is used.

Operating conditions ; VDD = 5V * 10%, fc = 8 MHz, VFT dimmer time (DIM) = (14/16) X tseg,

Power consumption Pmax = (1) + (2) + (3)

‘Where,
(1) Operating power consumption: Vpp X Ipp =5.5V X 10mA = 55mW
(2) Normal output port loss : 2IlouTe X 0.4 = 60mA X 0.4V = 24 mW
(3) VFT driver loss : Segment pin = 3mA X 2V X number of segments X = 6 mW X X
Grid pin = 12mA X 2V X 14/16 (DIM) X number of grids Y
=21 mW

Rk loss = (5.5V + 34.5V)?/50 k() X (number of segments X +
number of grids Y) = 32mW X (X + Y)

Therefore, Pmax = 55mW + 24 mW + 6 mW X X + 21 mW + 32mW X (X + Y)
=132mW + 38 mWX:--

Maximum power consumption Pd when Ta = 50 °C is determined by the following equation ;
PD = 1200 mW — (14.3 X 25) = 842.5 mW

The number of segments X that can be lit is:
PD > Pmax
842.5mW > 132 + 38X
18.69 > X

Thus, a fluorescent display tube with less than 18 segments can be used. If a fluorescent display tube with
18 segments or more is used, either a pull-down resistor must be attached externally, or the number of
segments to be lit must be kept to less than 18 by software.
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TOSHIBA TMP86CK74A/CM74A
DC Characteristics (Vbp=5V)
[Condition] Vpp=5.0V * 10%, Vss=Ayss=0V, Topr= -30t0 70 'C
{Typ. : Vpp=5.0V, Topr=25 C, Vin = 5.0 V/0V)
Parameter Symbol Pins Condition Min | Typ. | Max | Unit
Hysteresis Voltage Vys Hysteresis input - 0.9 - v
hNt TEST
Input Current linz Sink Open-drain, Tri-st Vpp=5.5V,V|N=5.5V/0V - - 2 pA
lin3 RESET, STOP
Input resistance Rin RESET Puli-UP 100 220 | 450 kQ
Pull-down resistance Rk Source Open Drain Vpp=5.5V,Vkx= -30V 50 80 110 k&2
Output Leakage lo1 | Sink Open-drain, Tri-st Vpp=5.5V,Voyr=5.5V - - 2
Current lLo2 Source Open-drain Vpp=5.5V, Vkx= -32V - - +2 A
Output High Voltage Vou | Tri-st Vpop=4.5V,loy=-0.7mA 4.1 - - v
Output Low Voltage Vou1 | Except XOUT, P3 Vpp=4.5V,lgL=1.6 mA - - 0.4 Y
I P6, P7 Vpp=4.5V,Voy=2.4V -18 | -28 -
Output High Current OH1 oo OH mA
low2 |P8,P9,PD Vpp=4.5V,Vou=2.4V -9 | -1a]| -
Output Low Current loL High-current (P3) Vpp=4.5V,Vg =1.0V - 30 - mA
fc=16.0 MHz 12 18
=32. H -
Supply Currentin fs =32.768 KHz
NORMAL1, 2 modes fc=8.0MHz AD converter
5=32.768KHz  |nicabre - 6 9
fc=16.0MHz  [(IREFoff) 6 o
Supply Currentin Nl mA
IDLEQ, 1, 2 modes fc=8.0MHz
Ioo fs=32.768 KHz - 3 4.5
. fc=16.0MHz
Supply Currentin fs=32.768 KHz  |AD converter = 13 19
NORMAL1, 2 modes Enable
fc=8.0 MH2
fs=32.768 KHz 7 10
Supply Currentin Topr=1050TC AD c;nverter _ 05 5
STOP mode Topr=to70C  |Dis2ble 10 | 4

Note 3 :

Note 1: Typical values show those at Top, = 25°C, Vpp = 5V.
Note 2 : Inputcurrent (lIN1, lIN2) ; The current through pull-up or pull-down resistor is not included.
IDD does not include IREF current.
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TOSHIBA TMP86CK74A/CM74A
DC Characteristics (Vbp=3V)
[Condition] Vpp=3.0V % 10%, Vss = Avss =0V, Topr= — 3016 70 C
(Typ. : Vop=3.0V, Topr=25 C, Vin = 3.0 V/OV)
Parameter Symbol Pins Condition Min | Typ. | Max | Unit
Hysteresis Voltage Vus Hysteresis input - 0.4 - Y
ling TEST
Input Current hinz Sink Open-drain, Tri-st Vpp=3.3V,V|N=3.3V/0V - - +2 pA
lin3 RESET, STOP
Input resistance Rin RESET Pull-Up 100 220 | 450 kQ
Puli-down resistance Ri Source Open Drain Vpp=3.3V,Vkk=-30V 45 75 105 kQ2
Output Leakage ILo1 Sink Open-drain, Tr-st Vpp=3.3V,Voyr=33V/OV - - 2
Current llo2 | Source Open-drain Vpp=33V, V= -32V - - *2 A
Output High Voltage Vou | Tri-st Vpp=2.7V,lon= - 0.6 mA 2.3 - - \YJ
Output Low Voltage Vou1 Except XOUT, P3 Vpp=2.7V,lo =0.9mA - - 0.4 \
! P6, P7 Vpp=2.7V,Vou=1.5V -55 -8 -
Output High Current oMl o0 OH mA
lon2 |P8,P9,PD Vpp=2.7V,Vou=15V -3 | -45| -
Output Low Current loL High-current (P3) Vop=27V,Vgo =1.0V - 6 - mA
Supply Current in fc=8.0MHz 3
NORMAL1, 2 modes fs=32.768KHz  |AD converter | * ~ 4.5
P iy fc=8.0MH Disable
upply Currentin c=8. z IREF o
IDLEO, 1, 2 modes fs=32.768 KHz ( i - 2 25 mA
Supply Currentin fc=8.0 MHz IAD converter
NORMAL1, 2 modes fs=32.768 KHz Enable - 35 5
Supply Currentin
SLOW1, 2 modes Ioo - 3160 ] ,a
- fs=32.768 KHz
Supply Currentin AD converter | _ 15 30
SLEEPO, 1, 2 modes Disable
Supply Currentin Topr= t050C _ 0.5 5
STOP mode Topr= 1070 c 10
Note 1: Typical values show those at Topr = 25°C, Vpp = 3V.
Note 2 : Inputcurrent (lIN1, IIN2) ; The current through pull-up or pull-down resistor is not included.
Note 3: IDD does not include IREF current.
Note 4 : The supply currents of SLOW2 and SLEEP2 modes are equivalent to IDLEQ, 1, 2.
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TOSHIBA TMP86CK74A/CM74A

AD Characteristics

(Vss=Ayss=0V,45V = Vpp = 5.5V, Topr= -30t070C)

Parameter Symbol Condition Min Typ. Max Unit
Analog Reference Voltage VAREF Vpp—1.5 - Vpo \Y
Analog Reerence Voltage Range AVarer 3.0 - -
Analog Input Voltage Vain 0 - VAREF \'
Analog Supply Current \Reg \\l,g?_:OV 6'\‘/“ =3.5V, - 0.6 1.0 mA
Non linearity Error - - +1
Zero Point Error \\;DD =°v\;\REF =4.5t05.5V, _ _ +1 58
Full Scale Error 8= - - +1
Total Error - - +2

(Vss=Ayss=0V,2.7V = Vpp < 4.5V, Topr= ~30t0 70C)

Parameter Symbol Condition Min Typ. Max Unit
Analog Reference Voltage VaRrer Vpp-1.5 - Voo \%
Analog Reerence Voltage Range AV apee 12 - -
Analog Input Voltage Vain 0 - VAREF \%
Analog Supply Current I Voo = Varer=4.5V, 0.5 0.8 A

REF Vss=0.0V B ) ) m
Non linearity Error - - +1
Zero Point Error Vop = Varer=2.7104.5V, - - £1
Vgs=0V LSB

Full Scale Error - - *1
Total Error - - +2

Note 1: Total errorsincludes all errors, except quantization error, and is defined as a maximum
deviation from the ideal conversion line.

Note 2 : Conversion time is different in recommended value by power supply voltage. About conversion
time, please refer to “2.11.2 Register Configuration”.

Note 3 : Please use input voltage to AIN input pin in limit of Vager - Vss. When voltage of range outside
is input, conversion value becomes unsettled and gives affect to other channel conversion value.

Note 4 : Analog Reference Voltage Range; AVarer = Vaper - Vss
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TOSHIBA TMP86CK74A/CM74A
AC Characteristics
(Vss=0V,45V = Vpp = 5.5V, Topr=~30t070C)
Parameter Symbol Conditions Min Typ. Max Unit
NORMAL1,2 mode
Machine Cycle Time t IDLED, 1,2 mode 0z _ :
ine mm
Y Y [sLow1,2mode 176 B N e
SLEEPO,1,2 mode '
High Level Clock Pulse Width twcH For external clock operation (XIN input) _ 31.25 ns
Low Level Clock Pulse Width twel fc=16 MHz ’
High Level Clock Pulse Width twcH For external clock operation (XTIN input) _ 15.26
Low Level Clock Pulse Width twel | | fs=32.768 kHz - #s
(Vss=0V,2.7V = Vpp =45V, Topr=-30t070C)
Parameter Symbol Conditions Min Typ. Max Unit
NORMAL1,2 mode
Machine Cycle Time t IDLEO.1,2 mode > _ °
achi !
Y Y [sLow1,2mode 76 | - | 1mes |
SLEEPO,1,2 mode
High Level Clock Pulse Width twcH For external clock operation (XIN input) 62.5 ns
Low Level Clock Pulse Width twek  |fc=8MHz ’
High Level Clock Pulse Width ~twcH For external clock operation (XTIN input) _ 15.26 _
Low Level Clock Pulse Width twel | fs=32.768kHz : "
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HSIO AC Characteristics (Vss=0V,2.7V=<Vpp =55V, Topr=~30t070C)
Parameter Symbol Conditions Min Typ. Max Unit
SCK output period (internal clock) Tsck1 16/f¢ - -
SCK output low width (internal clock) T 8MHz < fc = 16MHz 8/fc - 100ns - - s
Ot outp SCl_ {vpp=4.5Vto5.5V
SCK output high width (internal clock) TscH1 8/fc - 100ns - -
SCK output period (internal clock) Tsck2 8lic - -
SCK output low width (internal clock) T 4MHz < fc = 8MHz 4/fc — 100ns - - s
> 52 lVpp=27Vto5.5V
SCK output high width (internal clock) TscH2 4/fc - 100ns - -
SCK output period (internal clock) Tsck3 4/fc - -
SCK output low width (internal clock) T feS amMHz 2/fc - 100ns - - s
bt S 1Vpp=27Vto5.5V
SCK output high width (internal clock) TscH3 2/fc - 100ns - -
SCK output period (external clock) Tseka | f¢ = 8MHz 1000 - -
SCK output low width (external clock) TscLa ?closb =; é:’l\}::o 3.5V 400 - - ns
SCK output low width (external clock) TscHa  [(Vpp=4.4V105.5V) 400 - -
Slinput setup time Tsup 200 - -
Sl input hold time TuLp 200 - -
SO output delay time ToeL - - 200 ns
Rising time TR |Vpp=3.0V,CL=50pF - - 100
Falling time Te {Note) - - 100
SO last bit hold time TsopH 16.5/fc - 32.5/fc
Note : CL, External Capacitance

SCK N: :
; : i L 1500H
— ; 5 : ;
% X /
: : : « :
P H : :
Toe!
3 Tsue Thip X
Sl X -
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Recommended Oscillating Conditions | (Vsg=0V, Topr= - 30 to 70°C)
. Oscillation . Recommended Constant
Parameter Oscillator vDD Recommended Oscillator
Frequency Cq C,
16MHz |45Vto55V MURATA 10 pF 10 pF
CSA16.00MXZ040
High-frequency 8 MHz 27Vte5.5V MURATA CSA8.00MTZ 30 pF 30 pF
Oscillation | Ceramic Resonator ’ ) CST8.00MTW | 30 pF (built-in) | 30 pF (built-in)
MURATA CS5A4.19M 3 F
4.19MHz | 2.7Vto55V ¢ opF o 3op e
CST4.19MGW | 30 pF (built-in) | 30 pF (built-in)
Low-frequency X
e Crystal Oscillator 32.768kHz | 2.7Vto 5.5V | Sl VT-200 6 pF 6 pF
Oscillation .

(1) High-frequency Oscillation (2) Low-frequency Oscillation

Note 1: An electrical shield by metal shield plate on the surface of IC package is recommended in order to protect the device
from the high electric field stress applied from CRT (Cathodic Ray Tube) for continuous reliable operation.

Note 2: The product numbers and specifications of the resonators by Murata Manufacturing Co., Ltd. are subject to change.
For up-to-date information, please refer to the following URL,
http:/lwww.murata.co.jp/searchlindex.html
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TENTATIVE

TOSHIBA TMP86PM74A

CMOS 8-Bit Microcontroller
TMP86PM74A

The TMP86PM74A is a OTP type MCU which includes 32-Kbyte One-time PROM. Itis a pin compatible with
a mask ROM product of the TMP86CK74A/CM74A. Writing the program to built-in PROM, the
TMP86PM74A operates as the same way as the TMP86CK74A/CM74A. Using the Adapter socket, you can
write and verify the data for the TMP86PM74A with a general-purpose PROM programmer same as
TC571000D/AD.

Part No. OTP RAM Package Adapter Socket

TMP86PM74AF 32 K x 8 bits 2K x8bits P-QFP80-1420-0.80B BM11189

P-QFP80-1420-0.808

TMP87PM74AF

000707EBP1

@ 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.

@ 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 complz with the standards of safety in
making a sate 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..

@ 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 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 Usa?e include atomic energy control instruments, airplane or spaceship instruments,
transportation instruments, traffic signal instruments, combustion control instruments, medical instruments, all types of
safety'c:(evices, etc.. Unintended Usage of TOSHIBA products listed in this document shall be made at the customer's
own risk.

:T he products described in this document are subject to the foreign exchange and foreign trade laws.

The information contained herein is gresented only as a guide for the applications of our products. No responsibility
is assumed by TOSHIBA CORPORATION for any infringements of intellectual property or other rights of the third
parties which may result from its use. No license is granted by implication or otherwise under any intellectual
property or other rights of TOSHIBA CORPORATION or others.

@ The information contained herein is subject 1o change without notice.
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TOSHIBA TMP86PM74A

Pin Function
The TMP86PM74A has MCU mode and PROM mode.
(1) ™MCU mode

In the MCU mode, the TMP86PM74A is a pin compatible with the TMP86CK74A/CM74A (Make sure
to fix the TEST pin to low level).

(2) PROM mode

Pin name (PROM mode) Input/Output Functions Pin Name (MCU mode)
A16~ A12 PD4 ~ PDO
Input Input of Memory address for program P53~P50 ........................
P47 ~P4o ..........................
I/e] input’Output of Memory data for program P07 ~ POO
Chipenable @ e P12
input OUtpm er.‘a.l.,.l.e..........- —— P13 ..................................
Progra mco n trol .................................................... P14 ....................................
+ 1 275 V/5V (_Power sg_pply of progran]). TEST
e Power supply + 625v/5v ......................................................... v DD ..................................
G N D .................................... o V ............................................................................ v ss ....................................
P11, P21 PROM mode setting pin. Fixtohigh. @ e
P10 P20, . P 22 AVSS, ............ P
VAREF : PROM mode setting pin. Fix to low.
RESET
XIN Input
.............................................. grnre s anaae Se'f OSq“ation Wlth resonator (8 MHZ)
XouTt Output
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TOSHIBA TMP86PM74A

Operation

11

1.1.1

This section describes the functions and basic operational blocks of TMP86PM74A.

The TMP86PM74A has PROM in place of the mask ROM which is included in the
TMP86CK74A/CMT74A.,

In addition, TMP86PM74A 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,

Operating Mode
The TMP86PM74A has MCU mode and PROM mode.
MCU Mode

The MCU mode is set by fixing the TEST/VPP pin to the low level. (TEST/VPP pin cannot be used open
because it has no built-in pull-down resister).

Program memory

The TMP86PM74A has a 32 Kbyte built-in one time PROM (addresses 8000 to FFFFg in the MCU
mode, addresses 0000 to 7FFFy in the PROM mode).

When using TMP86PM74A for evaluation of mask ROM products, the program is written in the
program storing area shown in Figure 1-1.

0000y, P 0000y pr
0040, — 0040, —
0434 . 083y
0000y
Program
A000y : 8000y JFFF
FFEOH Program FFEOy Program
FFFFy FFFFy
MCU mode PROM mode
TMP86CK74A TMPB6CM74A
TMP86PM74A

Figure 1-1. Program 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.
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1.1.2 Data Memory
TMP86PM74A has a built-in 2 Kbyte Data memory (static RAM).
1.1.3 Input/Output circuitry

(1) Control pins

The control pings of the TMP86PM74A are the same as those of the TMP86CK74A/CMT74A except that
the TEST pin does not have a built-in pull-down resister.

(2) O ports
The /O circuitries of TMP86PM74A T/O ports are the same as the those of TMPB6CKT4A/CMT4A.
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1.2 PROM Mode

The PROM mode is set by setting the RESET pin, the ports P11, P10, P22 to P20 and TEST as shown in
Figure 1-2. The programming and verification for the internal PROM is achieved by using a general-

purpose PROM programmer with the adapter socket.

Note: The high-speed program mode can be used. The setting is different according to the type of
PROM programmer to use, refer to each description of PROM programmer.
The TMP86PM29A does not support the electric signature mode, apply the ROM type of PROM

programmer to TC571000D/AD.

Always set the switch of Adapter socket to the N side when using TOSHIBA'’s Adapter socket.

EPROM Adapter socket (TC571000 - 1 Mbit EPROM)

TMP86M74AF

P87 T
P86 T
P85 T
P84 T
P83 1T
P82 [T
P81 T3
P80 T
P77 T
P75 TT—
P75 T

vss O
veer [}
vbD [0

Figure 1-2. PROM Mode Setting
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1.2.1 Programming flowchart (High-speed program writing)

The high-speed programming mode is set by applying 12.75 V (programming voltage) to the Vpp pin
when the Vg is 6.25 V. After the address and data are fixed, the data in the address is written by
applying 0.1ms of low level program pulse to PGM pin. Then verify if the data is written.

If the programmed data is incorrect, another 0.1 ms 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 addresses.

When all data were written, verify all address under the condition of Vo =Vpp=5 V.

\ Vec=6.25V \

!

| Vpp=12.75V |

!

I Address = Start Address I

T
Y

[0 ]
!
I Program 0.1ms Pulse l

Address = Address + 1

t

Error

Last Address ?

Vee=5V
Vpp=5V

Read All Data >-Eror > Fail )
oK

Figure 1-3. Programming Flowchart
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1.2.2 Program Writing using a general-purpose PROM programmer
(1) Recommended OTP Adapter
BM11189: for TMP86PMT4AF
(2) Setting of OTP Adapter
Set the switch (SW1) to N side.
(3) Setting of PROM programmer

i) Set PROM type to TC571000D/AD.
VPP: 12.75 V (high-speed program writing)

ii) Data transmission (Note 1)

The PROM of TMP86PM74A is located on different addresses; it depends on operating modes: MCU
mode and PROM mode. When you write the data of ROM for mask ROM products, the data should
be transferred from the address for MCU mode to that for PROM mode before writing operation is
executed. For the applicable program areas of MCU mode and PROM mode are different, refer to
Figure 1-1 Program Memory Area.

Example:In the block transfer (copy) mode, executed as below.
ROM capacity of 32 KB: Transferred address 8000y to FFFFy to addresses 0000y to 7FFFy
iii) Setting of the program address (Note 1)

Start address: 00000y
End address: 07FFFy

(4) Writing program
Write and verify according to the above mentioned “Setting of PROM programmer.”

Note 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 used to FFh.

Note 2: When setting MCU to the adapter or when setting the adapter to the PROM programmer,
set the first pin of the adapter and that of PROM programmer socket matched. If the first pin
is conversely set, MCU or adapter or programmer would be damaged.

Note 3: The TMP86PM74A does not support the electric signature mode.

If PROM programmer uses the signature, the device would be damaged because of applying
voltage of 12 * 0.5 V to pin 9 (A9) of the address.
Do not use the signature.
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Electrical Characteristics

Absolute Maximum Ratings (Vsg =0V)
Parameter Symbol Pins Rating Unit
Supply Voltage Voo -0.3t06.5
Program Voltage Vep TEST/Vpp -0.3t013.0
Input Voltage Vin ~0.3toVpp+0.3 Vv
Output Voltage Vours ~03toVop +03
Vourz Source open drain ports Vpp-40toVpp +0.3
louTt PO, P1, P2, P4, P5 ports 5
oL louT2 P3 port 40
Output Current (Per 1 pin) louTs PO, P1, P4, P5 ports -3 mA
1OH louta | P6,P7ports -30
louts P8, P9, PD ports -20
Output Current (Total) Slout1 | PO, P1,P2, P3, P4, P5 ports 120
Sloursz P6, P7, P8, P9, PD ports -120
Power Dissipation [Topr=25T] PD 1200 °C
Soldering Temperature (time) Tsld 260 (10 z)
Storage Temperature Tstg -55t0 125
Operating Temperature Topr -30t0 70
Note: The absolute maximum ratings are rated values which must not be exceeded during operation, even for an instant.
Any one of the ratings must not be exceeded. If any absolute maximum rating is exceeded, a device may break down
or its performance may be degraded, causing it to catch fire or explode resulting in injury to the user. Thus, when
designing products which include this device, ensure that no absolute maximum rating value will ever be exceeded.
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Recommended Operating Condition | (Vss=0V, Topr= - 30 to 70°C)

Parameter Symbol ‘Pins Condition Min Max Unit
NORMAL1, 2 mode
fc=16 MHz IDLEO, 1, 2 mode 45
NORMAL1, 2 mode
Supply Voltage Voo fe=8MHz IDLEO, 1,2 mode 27 55 v
fs= SLOW mode
32.768kHz |[siEEP mode
STOP mode
Output Voltage | Vours iz‘:::e open drain Vop - 38 Voo v
Vin1 | Except Hysteresis input Vpp x 0.70
Input high Level ViH2 | Hysteresis input Vpp x 0.75 Vop v
Viuz | TTLinput Vpp = 4.5V Vpp x 0.90
Vit1 | Except Hysteresis input Vpp X 0.30
Input low Level V|2 | Hysteresis input 0 Vpp % 0.25 \
Viz | TTLinput Vpp = 4.5V Vpp X% 0.10 Vpp
Vpp = 2.7t0 5.5V 8.0
Clock Frequency | ¢ [XIN-XOUT Voo = 451055V 1.0 16.0 MHz
fs XTIN, XTOUT 30.0 34.0 kHz

Note: The recommended operating conditions for a device are operating conditions under which it can be guaranteed that
the device will operate as specified. If the device is used under operating conditions other than the recommended
operating conditions (supply voltage, operating temperature range, specified AC/DC values etc.), malfunction may
occur. Thus, when designing products which include this device, ensure that the recommended operating conditions
for the device are always adhered to.
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TOSHIBA TMP86PM74A
DC Characteristics (1) (Vbp=5V)
[Condition] Vpp = 5.0V * 10%, Vgs = Ayss= OV, Topr = ~30~70°C
(Typ.: Vpp = 5.0V, Topr = 25°C, Vin = 5.0V/0V)
Parameter Symbol Pins Condition Min Typ. Max | Unit
Hysteresis Voltage Vus Hysteresis input - 0.9 - \
Nt TEST
Input Current lin2 | Sink Open Drain, Tri-st Vpp=55V,Viy=55V/0V - - +2 pA
in3 | RESET, STOP
Input Resistance Rin RESET Pull-Up 100 220 450 k2
Pull-down Resistance Rk Source Open Drain, Tri-st Vpp=5.5V, V= -30V 50 80 110 kQ
Output Leakage o1 | Sink Open Drain, Tri-st Vpp=5.5V, Vour=5.5V/0V - - +2 A
Current lLo2 | Source Open Drain Vpp=5.5V, Vkk= -32V - - +2
Output High Voltage Vou | Tri-st port Vpp=4.5V,loy= ~-0.7mA 4.1 - -
Output Low Voltage Vo1 | Except XOUT and P3 Port Vpp=4.5V,lo =16 mA - - 0.4
lont |P6,P7 Vpp=4.5V,Voy=2.4V -18 | -28 -
Output High Current oo O mA
lon2 |P8,P9,PD Vpp=4.5V,Voy=2.4V -9 -14 -
Output Low Current loL High Current Port (P3 port) |{Vpp=4.5V,Vo =1.0V - 30 - mA
fc=16.0 MHz 12 18
Supply Currentin fs=32.768 kHz -
NORMAL1, 2 mode fc=8.0 MHz
! - AD - 6 9
fs=32.768 kHz Converter
fc=16.0MHz | Disable
Supply Current in fs=32.768 kHz | (IREF off) - 6 9
mA
IDLEO, 1, 2 mode fc=8.0 MHz
fs=32.768 kHz - 3 45
loo fe<160MHz | '3 19
Supply Currentin fs=32.768 kHz
NORMAL1, 2 mode fc=8.0 MHz Converter
fs=32.768kHz | EM2Ple - |7 |0
Topr= t050C -
Supply Current in P AD 5
IDLEO, 1, 2 mode Converter 0.5 KA
n Topr= to 70°C | Disable . 10
Note 1: Typical values show those at Topr =25°C, Vpp=5 V.
Note 2: Input current (IiN1, IiN2); The current through pull-up or pull-down resistor is not included.
Note 3: Ipp does not include IREF current.
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DC Characteristics (2) (Vpp=3V)

[Condition]  Vpp = 3.0V * 10%, Vs = Ayss= OV, Topr = - 30~70°C
(Typ.: Vpp = 3.0V, Topr = 25°C, Vin = 3.0V/0V)

Parameter Symbol Pins : Condition Min Typ. Max | Unit
Hysteresis Voltage Vs | Hysteresis input - 0.4 - Y
hini TEST
Input Current hnz | Sink Open Drain, Tri-st Vpp=33V,Vy=3.3V/0V - - +2 pA
hnz | RESET, STOP
Input Resistance Rin RESET Pull-Up 100 220 450 kQ
Pull-down Resistance Rk Source Open Drain, Tri-st Vpp=3.3V, Vkk= -30V 45 75 105 kQ
Output Leakage ILor | Sink Open Drain, Tri-st Vpp=3.3V,Vour=3.3V/0V - - +2 A
Current llo2 |Source Open Drain Vpp=3.3V, V= -32V - - +2
Output High Voltage Vou | Tri-st port Vpp=2.7V,loy= -0.6 mA 23 - -
Output Low Voltage Vou1 | Except XOUT and P3 Port Vpp=2.7V,lo . =0.9mA - - 0.4
. lon1 |P6,P7 Vpp=2.7V,Voy=15V -55 ) -8 -
Output High Current mA
lonz P8, P9, PD Vpp=2.7V,Voy=1.5V -3 -45 -
Output Low Current loL High Current Port (P3 port) |Vpp=2.7V,Vo =1.0V - 6 - mA
Supply Currentin fc=8.0 MHz AD
NORMALI1, 2 mode fs=32.768 kHz | Converter - 3 4.5
Disable
Supply Currentin fc=8.0 MHz (IREF off)
- 2 25 | MA
IDLEO, 1, 2 mode fs=32.768 kHz
Supply Currentin fc=8.0 MHz AD
Converter -
NORMAL1, 2 mode o | fs=32.768kHz |Enable 35 5
Supply Currentin
su.gl\DNyt d B 30 60
: moce fs=32.768 kHz :‘D .
Supply Current in onverter
. - 15 30 HA
SLEEPO, 1 mode Disable
Supply Currentin Topr= t050C 05 5
STOP mode Topr= to 70T - ) 10
Note 1: Typical vaiues show those at Topr =25°C, Vpp =3 V.
Note 2: Input current (IjN1, IN2); The current through pull-up or pull-down resistor is not included.
Note 3: Ipp does not include IRgF current.
Note 4: The supply currents of SLOW2 and SLEEP2 modes are equivalent IDLEQ, 1, 2.
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AD Conversion Characteristics

(Vss=0.0V,4.5V < Vpp < 5.5V, Topr = — 30 to 70°C)

Parameter Symbol Condition Min Typ. Max Unit
Analog Reference Voltage VAREF Vpp=-15 - Voo v
Analog Reference GND Ayss Vss v
Analog Reference Voltage Range (Note 4) DV ages 3.0 - - v
Analog Input Voltage VaIn Vss - V AREF Vv
Analog Reference Vortage Ll T - | os | 1o |ma
Non linearity Error - - +1
Zero Point Error Vpp =4.5t65.0V, - - +1

Vss = Ayss = 0.0V LSB

Full Scale Error Vypp = VAREF = 5.5V - - 1
Total Error - - +2
(Vss=0.0V,2.7V = Vpp < 4.5V, Topr= -30to 70°C)

Parameter Symbol Condition Min Typ. Max Unit
Analog Reference Voltage VAREF Von=1.5 - Voo \Y
Analog Reference GND Avss Vss Vv
Analog Reference Voitage Range (Note 4) AVager 25 - - v
Analog Input Voltage Vain Vss - VAREF \
B e e [vosamrnas’ | - | es | os |ma
Non linearity Error - - +1
Zero Point Error Voo = Avpp = 2.7V 10 4.5V - - %1

Vgg = Ayss = 0.0V LsB

Full Scale Error - - *1
Total Error - - +2

Note 1: The total error includes all errors except a quantization error, and is defined as a maximum deviation from the ideal
conversion line.

Note 2: Conversion time is different in recommended value by power supply voltage.
About conversion time, please refer to "2.11.2 Register Configuration”.

Note 3: Please use input voltage to AIN input Pin in limit of Vager- Vss,
When voltage of range outside is input, conversion value becomes unsettled and gives affect to other channel
conversion value.

Note 4: Analog Reference Voltage Range: AV arer = Varer - Vss
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AC Characteristics (Vss=0V, Vpp=4.5t0 5.5V, Topr= ~ 30 to 70°C)
Parameter Symbol Condition Min Typ. Max | Unit
NORMAL 1, 2 mode
Machine Cycle Time t IDLE1, 2 mode o - N
[}
y o SLOW 1, 2mode 17.6 1333 “
SLEEP 1,2 mode ) h )
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 twcH For external clock operation (XTIN input)
; fc=32.768 kHz - 15.26 - #
Low Level Clock Pulse Width twel :

(Vss=0V,Vpp=2.7t0 4.5V, Topr= - 30 to 70°C)

Parameter Symbol Condition Min Typ. Max | Unit
NORMAL 1, 2 mode
0.5 - 8
. . IDLE 1, 2 mode
Machine Cycle Time tcy 3
SLOW 1, 2 mode
117.6 - 133.3
SLEEP 1, 2 mode
High Level Clock Pulse Width WeH | For external clock operation (XIN input) 62.5 ns
Low Level Clock Pulse Width twel [ fc=8MHz - . -
High Level Clock Pulse Width AwcH For external clock operation (XTIN input)
" fc=32.768 kHz - 15.26 - #
Low Level Clock Pulse Width twel :
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HSIO AC Characteristics (Vss=0V,2.7V = Vpp = 5.5V, Topr= ~-30to 70TC)
Parameter Symbol Conditions Min Typ. Max Unit

B output period (internal clock) Tscki 16/fc - -

SCK output low width (internal clock) Tsci1 SMHZ 4<5 JctS 16MHz 8/fc - 100ns - - 3
e po=4. o055V

SCK output high width (internal clock) TscH1 8/fc — 100ns - -

SCK output period (internal clock) Tsck2 8/fc - -

SCK output low width (internal clock) TscL2 C::':zj Jctfsgl\\;mz 4ffc - 100ns - - s
$CK output high width (internal clock) Tsch2 4/fc - 100ns - -

ﬁ output period (internal clock) Tsck3 <. 4 Mz 4ffc - -

iCE output low width (internal clock) TscL3 Vpp=2.7Vt05.5V 2/fc — 100ns - - H
SCK output high width (internal clock) TscH3 2/fc - 100ns - -

SCK output period (external clock) Tscka | €S 8MHz 1000 - -

SCK output low width {external clock) TscLa ?:2 =1 é:ﬂ\l{lzo 5:5V) 400 - - ns
SCK output low width (external clock) TscHa (Vpp=4.4V105.5V) 400 - -

Slinput setup time Tsup 200 - -

Stinput hold time THLD 200 - -

SO output delay time ToeL - - 200 ns
Rising time Tr Vpp=3.0V, CL=50pF - - 100

Falling time Te (Note) - - 100

SO last bit hold time TsobH 16.5/fc - 32.5/fc

Note : CL, External Capacitance
Tsck

SCK
SO

i Tsup . i Thip j&
Sl 35( T .
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DC Characteristics, AC Characteristics (PROM Mode)

(1) Read operation in PROM mode

(Vss =0V, Topr=25 +£5°C)

Parameter Symbol Conditions Min Typ. Max Unit
High level input voltage (TTL) ViHa 2.2 - Vee Y
Low leve input voitage (TTL) Vita 0 - 0.8 \Y
Power supply Vee 475 5.0 5.25 v
Power supply of program Vpp
Address access time tacc Vee=5.0+025Vv - 1.5tcyc + 300 - ns

l Note: tcyc=400ns at 10 MHz

A16to A0

) §

X

NN

LI

% WK\

LTI,

PGM fagaga

/4

tacc |

High-Z

ARALIMMIMIIIIIINNNN

D7 to DO

Data output

Xp———
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(2) Program operation (High-speed)

(Topr=2515°C)

Parameter Symbol Conditions Min Typ. Max Unit
High level input voltage (TTL) ViHa 2.2 - Vee Vv
Low leve input voltage (TTL) ViLa 0 - 0.8 v
Power supply Vee 6.0 6.25 6.5 \
Power supply of program Vpp 125 12.75 13.0 \
Pulse width of initializing program tow | Vec=6.0V 0.095 0.1 0.105 ms
High-speed program writing
sowonts W X
ce x\\\W&\ ) /

_— 4
OE 2

H Inputdata

>._

D7 to DO Unknown

N/
“""< Data outputs >

PGM

Y

e \NFit@

<« 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 supply of V¢cc and must be clear power-on at the same time or early time for a
power supply of Vcc.

Note2 : The pulling up/down device on the condition of Vpp=12.75V * 0.25 V causes a damage for
the device. Do not pull up/down at programming.

Note3 : Use the recommended adapter and mode.
Using other than the above condition may cause the trouble of the writting.
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Recommended Oscillating Conditions (Vss =0V, Topr= -30to 70°C)
. Oscillation . Recommended Constant
Parameter Oscillator vDD Recommended Oscillator
Frequency C, C,
16MHz |45Vto5.5V MURATA 10 pF 10 pF
CSA16.00MXZ040
High-frequency MURATA CSA8.00MTZ |30pF 30 pF
; 8 MHz 27Vto5.5V
Oscillation | Ceramic Resonator CST8.00MTW | 30 pF (built-in) | 30 pF (built-in)
MURATA CSA4.19MG 30 pf 30pF
4.19MHz | 2.7Vto5.5V s et
CST4.19MGW | 30 pF (built-in) { 30 pF (built-in)
Low-frequency !
. Crystal Oscillator 32.768kHz | 2.7Vto5.5V | Sl VT-200 6 pF 6 pF
Oscillation
XIN XOuT XTIN XTOUT

(1) High-frequency Oscillation

(2) Low-frequency Oscillation

Note 1: An electrical shield by metal shield plate on the surface of IC package is recommended in order to protect the device
from the high electric field stress applied from CRT (Cathodic Ray Tube) for continuous reliable operation.

Note 2: The product numbers and specifications of the resonators by Murata Manufacturing Co., Ltd. are subject to change.
For up-to-date information, please refer to the following URL;
http://www.murata.co:jp/search/index.htmi
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