TOSHIBA TMP88CS38/CM38A/CP38A

CMOS 8-Bit Microcontroller
TMP88CS38NG/FG, TMP88CM38ANG/F, TMP88CP38ANG/F

The TMP88CS38/CM38A/CP38A is the high speed and high performance 8-bit single chip
microcomputers. This MCU contain CPU core, ROM, RAM, input/output ports, four multi-function
timer/counters, serial bus interface, on-screen display, PWM output, 8-bit AD converter, and
remote control signal preprocessor on chip.

Product No. ROM RAM Package OTP MCU
TMP88CS38NG/FG 64 K x 8 bits 2 K x 8 bits
TMP8SCM38ANG/F 32 K x 8 bits P-SDIP42-600-1.78 TMP88PS38NG/FG
15K x 8 bits | P-QFP44-1414-0.80K
TMP8SCP38ANG/F 48 K x 8 bits
Features

¢ 8-bit single chip microcomputer TLCS-870/X series
¢ Instruction execution time: 0.25 us (at 16 MHz)
¢ 842 basic instructions
e  Multiplication and division (8 bits x 8 bits, 16 bits x 8 bits, 16 bits/8 bits)
e Bit manipulations (Set/clear/complement/move/test/exclusive or)
e  16-bit data and 20-bit data operations
e  1-byte jump/subroutine call (Short relative jump/vector call)
¢ T/O ports: Maximum 33 (High current output: 4)
¢ 17 interrupt sources: External 6, internal 11
e  All sources have independent latches each, and nested interrupt control is available.
e Edge-selectable external interrupts with noise reject
e  High-speed task switching by register bank changeover
¢ ROM corrective function
¢ Two 16-bit timer/counters: TC1, TC2
e Timer, event counter, pulse width measurement, external trigger timer, window modes

030619EBP1

* The information contained herein is subject to change without notice.

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

e TOSHIBA is continually working to improve the quality and reliability of its products. Nevertheless, semiconductor devices in general
can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical stress. It is the responsibility of the buyer,
when utilizing TOSHIBA products, to comply with the standards of safety in making a safe design for the entire system, and to avoid
situations in which a malfunction or failure of such TOSHIBA products could cause loss of human life, bodily injury or damage to
property.

In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as set forth in the most
recent TOSHIBA products specifications. Also, please keep in mind the precautions and conditions set forth in the “Handling Guide for
Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability Handbook” etc..

e 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 malfunctionor
failure of which may cause loss of human life or bodily injury (“Unintended Usage”). Unintended Usage include atomic energy control
instruments, airplane or spaceship instruments, transportation instruments, traffic signal instruments, combustion control instruments,
medical instruments, all types of safety devices, etc.. Unintended Usage of TOSHIBA products listed in this document shall be made
at the customer’s own risk.

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

e TOSHIBA products should not be embedded to the downstream products which are prohibited to be produced and sold, under any law
and regulations.

o 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.

g&m=g Lurchase of TOSHIBA I2C components conveys a license under the Philips I12C Patent Rights to use
= these components in an I2C system, provided that the system conforms to the I2C Standard
BUS| Svecification as defined bv Philips.
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TOSHIBA TMP88CS38/CM38A/CP38A

¢ Two 8-bit timer/counters: TC3, TC4

e Timer, event counter, capture (Pulse width/duty measurement) mode
¢ Time base timer (Interrupt frequency: 0.95 Hz to 31250 Hz)
¢ Watchdog timer

o Interrupt sourse/reset output

¢ Serial bus interface
e I2C bus, 8-bit SIO mode (Selectable two I/O channels)

¢ On-screen display circuit
e Font ROM characters: 384 characters
e  Characters display: 32 columns x 12 lines
e Composition: 16 x 18 dots
e  Size of character: 3 kinds (Line by line)
e  Color of character: 8 or 15 kinds (Character by character)
e  Variable display position: Horizontal 256 steps, vertical 512 steps

e Fringing, smoothing, slant, underline, blinking function
¢ Jitter elimination
¢ Data slicer circuit 1 channel

¢ DA conversion (Pulse width modulation) outputs
e 14- or 12-bit resolution (2 channels)
e  12-bit resolution (2 channels)

e  7-bit resolution (6 channels)
¢ 8-bit successive approximate type AD converter with sample and hold
¢ Remote control signal preprocessor

¢ Two power saving operating modes

e STOP mode: Oscillation stops. Battery/capacitor backup. Port output hold/high
impedance.

e IDLE mode: CPU stops, and peripherals operate using high-frequency clock. Release
by interrupts.

+ Operating voltage: 4.5 to 5.5V at 16 MHz
¢ Emulation POD: BM88CS38N0A-M15
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TOSHIBA TMP88CS38/CM38A/CP38A

Pin Assignments

Package = P-SDIP42-600-1.78
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(SDAO) P35I 34

(PwMo ) P40 41
(Pwm1) €I 42
(PWM2 ) P42<©TI0 43
(PwM3 )OI 44

O

(PWM7) P47 ©CI 4

(PWM6) P46 ©>C11] 3
(TC2/INTo/PWMSB) P50 €©>IT] 5

(PWM4) P44 ©C11 1
(PWM5) P45 €1 2

(SI1/SCL1/PWMI) P51 <>CI 6

(KWU2/AIN2) P55 <10 10
(KWU3/AIN3) P56 1 11

(KWU1/AIN1) P54 <10 9

(SO1/SDAL) P52 <>C1H] 7

(KWUO0/SCK1/INT2/TC1/AINO) P53 <14 8

421« VDD

41h <> P33 (TC4/VIND)
40 P32 (VINL/CSIN)
39p« VVSS

30« TEST
290« 0VSS
280 <«— OVDD
27he P71 (WD)
260« P70 (HD)
250« P67 (Y/BL)
240« P66 (B)
23he P65 (G)
22 P64 (R)

22 3€» P70 (HD )
213> pg7 (Y/BL)
203> P66 (B)
193> P65 (G)
18HI3€> P64 (R)

15 3€> P63 (RIN)

14A3€> P62 (GIN/CSOUT)
133> P61 (BIN//AINS/ KWUS )
123> P60 (Y/BLIN/AINA/ KWU4 )
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TOSHIBA TMP88CS38/CM38A/CP38A
Pin Functions (1/2)
Pin Name 1/0 Function
1-bit input/output port with latch. When . .
P20 (m /STOP ) 1/0 (Input) used as an input port, the latch must be External interrupt input 5 or STOP

setto “1”.

mode release signal input

P35 (SDAO)

1/0 (Input/Output)

P34 (SCLO)

1/0 (Input/Output)

P33 (TC4/VINO) 1/0 (Input)
P32 (VIN1/CSIN) 1/0 (Input)
P31 (INT4/TC3) /0 (Input)
P30 (INT3/RXIN) 1/0 (Input)

6-bit programmable input/output port.
Each bit of these ports can be
individually configured as an input or
an output under software control.
During reset, all bits are configured as
inputs. When used as a serial bus
interface input/output, the latch must
be setto “1".

I°C bus serial data input/output 0

I°C bus serial clock input/output 0

Timer counter input 4 or video signal
Input O

Video signal input 1 or composite sync
input

External interrupt input 4 or timer
counter input 3

External interrupt input 3 or remote
control signal preprocessor input

P47 (PWM7) 1/0 (Output)
P46 (PWM6 1/0 (Output -bi i
( ) (Output) 8-bit programmable inputioutput port. | o\ Lo L (PWM) outputs
P45 (PWMS5 ) 1/0 (Output) Each bit of these ports can be
P44 (Pwha ) 1/0 (Output) individually configured as an input or
— ; an output under software control.
P43 (PWM3 ) /O (Output) During reset, all bits are configured as | 15_pjt DA conversion (PWM) outputs
P42 (PWM2 ) 1/0 (Output) inputs. When used as a PWM output,
P41 (PwM1) I/0 (Output) the latch must be set to *1". 14/12-bit DA conversion (PWM)
P40 (PWMO ) 1/0 (Output) outputs
P57 (I) 1/0 (Output) Translucent signal output
P56 (KWU3 /AIN3) 1/0 (Input) roun |
P55 (kwuz /AIN2) /0 (Inpud) Key—on.wa eup inputs or AD converter
analog inputs
P54 (KWU1/AIN1) I/0 (Input)

P53 (Kwuo /AINO/TC1
/INT2/ SCK1)

1/0 (Input /Input/Input
/Input/Output)

P52 (SDAL/SO1)

1/0 (Input/Output
/Output)

P51 (PWM9 /SCL1/SI1)

1/0 (Output/Input/Output
/Input)

P50 (PWMS8 /TC2/INTO )

lfe}
(Output/Input /Input)

8-bit programmable input/output port.
Each bit of these ports can be
individually configured as an input or
an output under software control.
During reset, all bits are configured as
inputs. When used as a PWM output, a
serial bus interface input/output, the
latch must be set to “1”.

Key-on wakeup input or AD converter
analog input or timer counter input 1 or
external interrupt input 2 or SIO serial
clock input/output 1

I°C bus serial data input/output 1 or
SIO serial data output 1

7-bit DA conversion (PWM) output or
I°C bus serial data input/output 1 or
SIO serial data input 1

7-bit DA conversion (PWM) output or
timer counter input 2 or external
interrupt input 0

P67 (Y/BL) 1/O (Output)
P66 (B) 1/0 (Output)
P65 (G) 1/0 (Output)
P64 (R) 1/0 (Output)
P63 (RIN) 1/0 (Input)

P62 (GIN/CSOUT)

1/0 (Input/Output)

P61 (Kwus /BIN/AINS)

1/0 (Input)

P60
(Kwu4 /YBLIN/AIN4)

1/0 (Input)

8-bit programmable input/output port.
(P67 to P64: Tri-State, P63 to P60:
High current output) Each bit of these
ports can be individually configured as
an input or an output under software
control. During reset, all bits are
configured as inputs. When used P64
to P67 as port, each bit of the P6 port
data selection register (Bit7 to 4 in
ORP6S) must be set to “1”.

Y or BL output

R/G/B outputs

R input

G input or TEST video signal output

Key-on wakeup input 5 or B input or AD
converter analog input 5

Key-on wakeup input 4 or Y/BL input or
AD converter analog input 4
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TOSHIBA TMP88CS38/CM38A/CP38A
Pin Functions (2/2)
Pin Name 1/0 Function
o 2-bit programmable input/output port.
P71 (vD) 1/0 (Input) Each bit of these ports can be | Vertical synchronous signal input
individually configured as an input or
an output under software control.
P70 (HD ) 1/0 (Input) During reset, all bits are configured as | Horizontal synchronous signal input
inputs.
XIN, XOUT Input, Output Resonator connecting pins. For inputting external clock, XIN is used and XOUT
is opened.
RESET /o Reset signal input or watchdog timer output/address-trap-reset
output/system-clock-reset output
TEST Input Test pin for out-going test. Be tied to low.
OvVDD, OVSS Power supply +5 V, 0 V (GND) for OSD oscillator circuit.
VDD, VSS, VVSS Power supply +5V, 0V (GND)
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TOSHIBA TMP88CS38/CM38A/CP38A

Block Diagram

/o 1/0 ports -/
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XOUT <€H—] frequency | generator EB N
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TOSHIBA

TMP88CS38/CM38A/CP38A

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 TMP88CS38/CM38A/CP38A memory consists of four blocks: ROM, RAM, SFR (Special
function register), and DBR (Data buffer register). They are all mapped to a 1-Mbyte address
space. Figure 1.1.1 shows the TMP88CS38/CM38A/CP38A memory address map. There are 16
banks of the general-purpose register. The register banks are also assigned to the RAM address
space.
OOO(I)OH OOOIOOH OOOIOOH
SFR ' ' '
0003FH | B4bvtes | oo03FH | S4bves | ooo3FH | G4bvees |
00040H 00040H 00040H G |
| 128 bytes | 128 bytes | 128 bytes eneral-purpose
000BFH | = | 000BFH | 7 | 000BFH | 7 | register banks
RAM | 000COH 000COH 000COH (8 registers x 16 banks)
i 2048 bytes i 1536 bytes i 1536 bytes
008BFH 006BFH | ! 006BFH !
O00F8OH ' OOF80H | ! OOF80H | '
] [} ]
DBR [ ! 128 bytes ' 128 bytes ' 128 bytes
OOFFFH | ! OOFI;:FH . ! OOF;FFH .
[}
[} } | ! } ] ! }
04000H 04000H 04000H '
I [} I
i 65280 bytes i 48896 bytes i 32512 bytes
! program area ! program area ! program area
i ! OBEFFH
i OFEFFH Lo :
13EFFH 1 ! ! 1 1 1
| H | | | 1 1 1
1 1 | | | ! | |
200008 " 24576 bytes 20000H 71576 bytes 20000H 1 54576 bytes
! OSD font area ! OSD font area ! OSD font area
ROM 25FFFH 25FFFH 25FFFH
H ) [ I [}
FFFOOH i FFFOOH | ' FFFOOH i
! 64 bytes | 64 bytes | 64 bytes Vector table for
FFF3FH | y_t o FFF3FH | y_t o FFF3FH |~ | interrupts
FFF!40H 64 bytes FFF!40H 64 bytes FFF!40H 64 bytes Vector table for vector
FFF7FH FFF7FH FFF7FH call instruction
FFF80H [~~~ 777777 FFF8OH [~~~ ~~777] FFF80OH [~~~ ""7"7777
' 128 bytes ' 128 bytes ' 128 bytes Vector table for
1 1 1 H
FFFFFH FFFFFH FFFFFH interrupts
TMP88CS38 TMP88CP38A TMP88CM38A
ROM: Read only memory includes
Program memory, Character data memory for OSD
RAM: Random access memory includes
Data memory, Stack, General-purpose register banks
SFR: Special function register includes
1/0 ports, Peripheral hardware control registers, Peripheral hardware status registers,
System control registers, Interrupt control registers, Program status word
DBR: Data buffer register includes
Control resister for on-screen display (OSD)
Remote-control-receive control/status resigsters, ROM correction control registers
Test video signal control registers

Figure 1.1.1 Memory Address Map
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TOSHIBA TMP88CS38/CM38A/CP38A

1.2

13

14

Program Memory (ROM)

The TMP88CS38 contains a 64-Kbyte program memory (Mask ROM) at addresses from
04000H to 13EFFH and FFFOOH to FFFFFH.

The TMPSSCM38A contains a 32-Kbyte program memory (Mask ROM) at address from
04000H to OBEFFH and FFFOOH to FFFFFH. The TMP88CP38A contains a 48-Kbyte program
memory (Mask ROM) at address from 04000H to OFEFFH and FFFOOH to FFFFFH.

Addresses FFFOOH through FFFFFH in the program memory are also used for a particular
purpose.

Data Memory (RAM)

The TMP88CS38 has a 2-Kbyte data memory (Static RAM) address from 0040H to 0SBFH.

The TMP8SCM38A/P38A has a 1.5-Kbyte data memory (Static RAM) (Address from 0040H to
06BFH.

The first 128 bytes (Addresses 00040H through 000BFH) in the built-in RAM are also
available as general-purpose register banks.

The general-purpose registers are mapped in the RAM; therefore, do not clear RAM at the
current bank addresses.

Example: Clears RAM to “00H” except the bank 0 (TMP88CS38/CM38A/CP38A):

LD HL, 0048H ; Sets start address to HL register pair

LD A H ; Sets initial data (OOH) to A register

LD BC, 0877H ; Sets number of byte to BC register pair
SRAMCLR: LD (HL+), A

DEC BC

JRS F, SRAMCLR

Note: The data memory contents become unstable when the power supply is turned on ; therefore,
the data memory should be initialized by an initialization routine. Note that the
general-purpose registers are mapped in the RAM; therefore, do not clear RAM at the
current bank addresses.

System Clock Controller

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

1 | generator 00036H
. o ot
= T High-frequency Timing Standby controller

1
1
1
1
! i
1
o [:] : clock oscillator ! generator
1 1
XouT i i ViV
1
1
1
r

Timing generator control register

— ooossrﬁ OOOSQI—ﬁ !

S lock
ystem clocks [ syscrt | | syscrz |

A

"""""""""" Clock generator control

System control registers

Figure 1.4.1 System Clock Controller
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TOSHIBA

TMP88CS38/CM38A/CP38A

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 oscillation circuit: one for the
high-frequency clock.

The high-frequency (fc) clock can be easily obtained by connecting a resonator between
the XIN/XOUT pin, respectively. Clock input from an external oscillator is also possible. In
this case, external clock is applied to the XIN/XTIN pin not connected. The
TMP88CS38/CM38A/CP38A is not provided an LC oscillation.

EEEEEEEEEEEEEE High-frequency clock  --------------

i XIN XOUT XIN xlo_—u|T i

i 0 % (Open) !

i (a) Crystal/Ceramic (b) External oscillator i

| _fesomator .l

Figure 1.4.2 Examples of Resonator Connection
Note: Accurate adjustment of the oscillation frequency:
Although hardware to externally and directly monitor the basic clock pulse is not
provided, the oscillation frequency can be adjusted by making the program to output
fixed frequency pulses to the port while disabling all interrupts and monitoring this pulse.
With a system requiring adjustment of the oscillation frequency, the adjusting program
must be created beforehand.
1.4.2  Timing Generator

The timing generator generates from the basic clock the various system clocks supplied
to the CPU core and peripheral hardware. The timing generator provides the following
functions:

1. Generation of main system clock
Generation of source clocks for time base timer

Generation of source clocks for watchdog timer

2
3
4. Generation of internal source clocks for timer/counters TC1 to TC4
5. Generation of warm-up clocks for releasing STOP mode

6

Generation of a clock for releasing reset output

(1) Configuration of timing generator

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

During reset and at releasing STOP mode, the prescaler and the divider are cleared
to “0”, however, the prescaler is not cleared.

An input clock to the 7th stage of the divider depends on the operating mode.
A divided by 256 of high-frequency clock (fc/28) is input to the 7th stage of the divider.
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TOSHIBA TMP88CS38/CM38A/CP38A

fm Machine cycle counters 7—> Machine cycles
DViCK {>c —/—> States
Prescaler Divider Divider
High-frequency fc
clock e 7 | 8 | 9 |1o|11|12|13 l4|15|16|17|18|19|20|21|
~ _ Reset circuit
$—> standby
'« ~ 7 controller
Timer/ <
< —>
counters < > |Watchdog
< > Jtimer
< > ‘
> | Time base
> |timer
fe —> vike MHz FC8OUT SLICER 3
D1 —>
DO —
SG
JITTA
Figure 1.4.3 Configuration of Timing Generator
[ C 1

(00030H) | 0" ! 0o’ o o o R« (Initial value: 0000 0000)

Selection of input clock to | O: fc/4
DVICK the 1st stage of the divider. | 1: fc/8 RW
Note 1: fc: High-frequency clock [Hz], *: Don't care
Note 2: The all bits except DV1CK are cleared to “0".
Figure 1.4.4 Divider Control Register
FC8CR s e e e e e e e oo - - -
(OOFEEH) | ' ' X X X m Read/Write (Initial value: 0000 0010)
D1 DO FC80OUT
1 0 1/2 fc
0 1/1 fc

Figure 1.4.5 FC8 Control Register
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TMP88CS38/CM38A/CP38A

(2) Machine cycle

Instruction execution and peripheral hardware operation are synchronized with the

main system clock. The minimum instruction execution unit is called a “machine cycle”.
There are a total of 15 different types of instructions for the TLCS-870/X series:
Ranging from 1-cycle instructions which require one machine cycle for execution to

15-cycle instructions which require 15 machine cycles for execution.

A machine cycle consists of 4 states (SO to S3), and each state consists of one main

system clock.

fm

——>!
Main system clock j

1/fc

|

NN S S A S B

State

l

I
|
S0 st | s2 s3 | so [ s1 | s2 | s3 |

Machine cycle —————— >}

(0.25 ps at fc =16 MHz)

Figure 1.4.6 Machine Cycle

1.4.3  Standby Controller

The standby controller starts and stops the switches the main system clock. These modes
are controlled by the system control registers (SYSCR1, SYSCR2).
Figure 1.4.7 shows the operating mode transition diagram and Figure 1.4.8 shows the

system control registers.

(1) Single-clock mode

1.

In the single-clock mode, the machine cycle time is 4/fc [s] (0.25 us at fc = 16 MHz).

NORMAL mode

In this mode, both the CPU core and on-chip peripherals operate using the
high-frequency clock.

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

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 the lowest power consumption during this mode.

STOP mode is started by setting STOP bit in the system control register 1
(SYSCR1), and STOP mode is released by an input (Either level-sensitive or
edge-sensitive can be programmably selected) to the STOP pin. After the warm-up
period is completed, the execution resumes with the next instruction which
follows the STOP mode start instruction.
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IDLE
mode

Interrupt

(a) Single-clock mode

RESET

Reset release

A

Software

NORMAL
mode

Software

STOP pin input

STOP
mode

Note: NORMAL mode are generically called NORMAL; STOP mode is called STOP; and IDLE mode is

called IDLE.

Frequenc -chi i
Operating Mode g y CPU Core Po_n ﬁh'pl CMa}ch_Il_ne
High-frequency eripherals | Cycle Time

RESET Reset Reset
Single clock NORMAL Turning on oscillation Operate Operate 4/fc [s]

IDLE

Halt
STOP Turning off oscillation Halt -
Figure 1.4.7 Operating Mode Transition Diagram
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TOSHIBA TMP88CS38/CM38A/CP38A

System Control Register 1
SYSCR1 7 6 5 4 3 2 1 0
oozeH) | sTop | RELM | 0 | 10 | wWyT ! ! (Iniial value: 0000 00%* )

0: CPU core and peripherals remain active
STOP STOP mode start 1: CPU core and peripherals are halted
(Start STOP mode)
. STOP edge-sensitive release (Rising edge)
1: STOP level-sensitive release (“H” level)

RELM Release method for STOP mode

Return to NORMAL mode R/W
DV1CK=0 DV1CK=1
WUT Warm-up time at releasing STOP | 00 3 x 2%/c 3 x 2Yfc
mode 01 2%%/fc 2"Ifc
10 3 x 2%fc 3 x 2%/c
11 2%fc 2"/fc

Note 1: Always set bit5 in SYSCRL1 to “0".

Note 2:  When STOP mode is released with RESET pin input, a return is made to NORMAL mode regardless of the
RETM contents.

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

Note 4: Bits 1 and 0 in SYSCR1 are read in as undefined data when a read instruction is executed.

Note 5: Always set bit4 in SYSCRL1 to “1” when STOP mode is started.

System Control Register 2
SYSCR2 7 6 5 4 3 2 1 0

©oo3oH) [ *1* | o [ o0 | ibLE | | | | | (Initial value: 1000 **** )

0: CPU and watchdog timer remain active
IDLE [ IDLE mode start RW

1: CPU and watchdog timer are stopped (Start IDLE mode)

Note 1: *: Don't care

Note 2: Always set bit7, 6 and 5 in SYSCR2 to “100".

Figure 1.4.8 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 (SYSCR1) 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 (Bit7 in SYSCR1) to “1”.
During STOP mode, the following status is maintained.
1. Oscillations are turned off, and all internal operations are halted.
2. The data memory, registers 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 of the instruction following the instruction

which started the STOP mode.

STOP mode includes a level-sensitive release mode and an edge-sensitive release
mode, either of which can be selected with RELM (Bit6 in SYSCR1).

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 backup when the main power supply is cut off and long term
battery backup.

When the STOP pin input is high, executing an instruction which starts the
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 method can be used for confirmation:
Using an external interrupt input INT5 (INT5 is a falling edge-sensitive input).

Example: Starting STOP mode with an INT5 interrupt.

PINTS: TEST (P2).0 ; To reject noise, the STOP mode does not start if port
JRS F, SINTS P20 is at high
LD (SYSCR1), 01010000B ;  Sets up the level-sensitive release mode
SET (SYSCR1). 7 ;  Starts STOP mode
LDW (IL), 1110011101010111B v L1211, 7, 5,3 < 0 (Clears interrupt latches)
SINT5: RETI

[}
STOP pin \ » %VH \

T P2} |
[} I

XOUT pin ” l_(
I

—_— [} T
1 | |

NORMAL ﬂv STOP —»Y Warmup —>l«—— NORMAL

. operation .
operation operation
STOP mode is released by the hardware.

Confirm by program that the

STOP pin input is low and Always released if the STOP
start STOP mode. pin input is high.

Note 1: After warming up is started, when STOP pin input is changed “L” level, STOP mode is not placed.

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

Figure 1.4.9 Level-sensitive Release Mode
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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.

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

((
| 7
\ fm \ \
(( ! ((
) ! )

! /L

s |
XOUT pin L( 55
]
]

! STOP ! | iy STOP

NORMAL — e e S he _
operation ; operation \ Warmup N oRrMAL f operation
operation
STOP mode started P

by the program.

STOP pin

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

Figure 1.4.10 Edge-sensitive Release Mode

STOP mode is released by the following sequence:
1. When returning to NORMAL, clock oscillator is turned on.

2. A warm-up period is inserted to allow oscillation time to stabilize. During
warm-up, all internal operations remain halted. Two different warm-up times can
be selected with WUT (Bits2 and 3 in SYSCR1) as determined by the resonator
characteristics.

3. When the warm-up time has elapsed, normal operation resumes with the
instruction following the STOP mode start instruction (e.g., [SET (SYSCR1). 7D.
The start is made after the divider of the timing generator is cleared to “0”.

Table 1.4.1 Warm-up Time Example

Warm-up Time [ms]
WuT Return to NORMAL mode
DV1CK =0 DV1CK=1
00 3 x 2"%/c (12.29 m) 3 x 2"ffc (24.58 m)
01 2%/fc (4.10 m) 2YIfc (8.20 m)
10 3 x 2%fc (3.07m) 3 x 2/fc (6.14 m)
11 2%/fc (1.02 m) 2%/fc (2.05 m)

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.
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Figure 1.4.11 STOP Mode Start/Release
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STOP mode can also be released by setting the RESET pin low, 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 high, 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 rate than the
power supply voltage. At this time, there is a danger that a reset may occur if input
voltage level of the RESET pin drops below the non-inverting high-level input
voltage (Hysteresis input).

(2) IDLE mode

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

1. Operation of the CPU and watchdog timer is halted. On-chip peripherals continue

to operate.

2. The data memory, CPU registers and port output latches are all held in the status

in effect before IDLE mode was entered.

3. The program counter holds the address of the instruction following the instruction

which started IDLE mode.

Example: Starting IDLE mode.

SET (SYSCR2). 4 IDLE <1

Y

Starting IDLE mode
by instruction

CPU, WDT are halted

Reset input Reset

No (High)

Interrupt request

Normal
release mode

No

Yes (Interrupt release mode)

Interrupt processing

—

Execution of the
instruction which follows
the IDLE mode start
instruction

J

Figure 1.4.12 IDLE Mode
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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 the IDLE mode returns
from IDLE to NORMAL.

a. Normal release mode (IMF = “0”)

IDLE mode is released by any interrupt source enabled by the individual
interrupt enable flag (EF) or an external interrupt 0 ( INTO pin) request.
Execution resumes with the instruction following the IDLE mode start instruction
(e.g., [SET (SYSCR2). 4]). Normally, IL (Interrupt latch) of interrupt source to
release IDLE mode must be cleared 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) or an external
interrupt 0 (INTO pin) request. After the interrupt is pr