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Notice

All information included in this document is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sal es office. Also, please pay regular and careful attention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights
of third parties by or arising from the use of Renesas Electronics products or technical information described in this document.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights
of Renesas Electronics or others.

Y ou should not ater, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. Y ou are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by
you or third parties arising from the use of these circuits, software, or information.

When exporting the products or technology described in this document, you should comply with the applicable export control
laws and regulations and follow the procedures required by such laws and regulations. 'Y ou should not use Renesas
Electronics products or the technology described in this document for any purpose relating to military applications or use by
the military, including but not limited to the development of weapons of mass destruction. Renesas Electronics products and
technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited
under any applicable domestic or foreign laws or regulations.

Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errors in or omissions from the information included herein.

Renesas Electronics products are classified according to the following three quality grades: “Standard”, “High Quality”, and
“Specific’. The recommended applications for each Renesas Electronics product depends on the product’s quality grade, as
indicated below. You must check the quality grade of each Renesas Electronics product before using it in a particular
application. You may not use any Renesas Electronics product for any application categorized as “ Specific” without the prior
written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. Renesas Electronics shall not be in any way
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an
application categorized as“ Specific” or for which the product is not intended where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Renesas Electronics product is“ Standard” unless otherwise
expressly specified in a Renesas Electronics data sheets or data books, etc.

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home el ectronic appliances, machine tools; persona electronic equipment; and industria robots.

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.

“Specific™: Aircraft; agrospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or heathcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

Y ou should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especialy with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.

Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physical injury, and injury or damage caused by fire in the event of the failure of a
Renesas Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire
control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because
the evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or system
manufactured by you.

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental
compatibility of each Renesas Electronics product. Please use Renesas Electronics products in compliance with all applicable
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS
Directive. Renesas Electronics assumes no liability for damages or losses occurring as a result of your noncompliance with
applicable laws and regulations.

This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas
Electronics.

Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this
document or Renesas Electronics products, or if you have any other inquiries.

(Note 1) “Renesas Electronics’ as used in this document means Renesas Electronics Corporation and also includes its majority-

owned subsidiaries.

(Note2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.




LENESAS

4571 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

REJ03B0179-0102

DESCRIPTION

The 4571 Group is a 4-bit single-chip microcomputer designed
with CMOS technology. Its CPU isthat of the 4500 seriesusing a
simple, high-speed instruction set. The computer is equipped
with three 8-bit timers (each timer has one or two reload
registers), interrupts, and voltage drop detection circuit.

The various microcomputers in the 4571 Group include
variations of the built-in memory size as shown in the table
below.

FEATURES

e Minimum instruction execution time............c.ccceeevreenene. 0.5us
(at 6 MHz oscillation frequency, in through-mode)

o SUPPLY VOITAZE ... 18to55V

(It depends on oscillation frequency and operation mode)
e Timers

Timer Lo 8-bit timer with areload register

and carrier wave output auto-control function
TIMEN 2. 8-bit timer with areload register
Timer 3. 8-bit timer with two reload registers and

carrier wave generation circuit

Rev.1.02
May 25, 2007
O INEEITUPL ... 6 sources
o Key-on wakeup function pins ........c.coeeeevneenenneencnenenene 12
LI VL@ o o AU
 Output port
© INPUL POIT ...t

« Voltage drop detection circuit
Reset occurrence Typ. 1.65V (Ta= 25 °C)
Typ. L75V (Ta= 25 °C)

Typ. 1.85V (Ta=25°C)

Interrupt occurrence.
» Watchdog timer
* Power-on reset circuit
« Clock generating circuit (ceramic resonator)

APPLICATION

Remote control transmitter

Table 1l Support Product
Part number ROM size (x 10 bits) RAM size (x 4 bits) Package ROM type

M34571G4FP (Note 1) | 4096 words 128 words PRSP0024GA-A QzROM
M34571G4-XXXFP 4096 words 128 words PRSP0024GA-A QzROM
M34571G6FP (Note 1) | 6144 words 128 words PRSP0024GA-A QzROM
M34571G6-XXXFP 6144 words 128 words PRSP0024GA-A QzROM
M34571GDFP (Note 1) | 16384 words 128 words PRSP0024GA-A QzROM
M34571GD-XXXFP 16384 words 128 words PRSP0024GA-A QzROM

Note 1.Shipped in blank

Rev.1.02 May 25, 2007 Page 1 of 124 RENESAS
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4571 Group

PIN CONFIGURATION

Pin configuration (top view)

VbD E
Vss E

XN —» | 3

Xoutr — | 4

P00 4+ | 7
P01 > | 8
PO > | 9
PO € | 10
Plo > |11

P11 4> |12

O

dadXXX-XOTLGVEIN
ddXOTLSVEN

(2] —»
(23] «—»
(22 ] «—»
(21 ] <>
(20 | «—>»
(10 | «>»
(18 | «>»
(17 ] <>
(16 | «>
(15 | <>
(14 | <>
(13 | «»

Outline: PRSP0024GA-A (24P2Q-A)

C/CNTR1

D4/CNTRO

P31

P30

P21/INT1

P20/INTO

Pls

P12

Fig 1. Pin configuration (PRSP0024GA-A type)
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4571 Group

FUNCTIONAL BLOCK
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Functional block diagram (PRSP0024GA-A type)

Fig 2.
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4571 Group

PERFORMANCE OVERVIEW
Table 2 Performance overview
Parameter Function
Number of basic instructions | M34571G4/G6 | 126
M34571GD 128
Minimum instruction execution time 0.5 us (Oscillation frequency 6 MHz: through mode)
Memory sizes ROM M34571G4 4096 words x 10 bits
M34571G6 6144 words x 10 bits
M34571GD 16384 words x 10 bits
RAM 128 words x 4 bits
1/0O port Do-Da4 I/O (Input is Five independent I/O ports;
examined by | The output structure of ports Do-D3 is switched by software.
skip decision) | Port D4is also used as CNTRO, respectively.
P0o-P03 |I/O 4-bit 1/0 port; a pull-up function and a key-on wakeup function can be switched by software
Plo-P13 [I/O 4-bit 1/0 port; a pull-up function and a key-on wakeup function can be switched by software
P20, P21 |1/O 2-bit I/O port; a pull-up function and a key-on wakeup function can be switched by software
Ports P20 and P21 are also used as INTO and INT1, respectively.
P30, P31 |[I/O 2-bit 1/0 port ; the output structure is switched by software.
C Output 1-bit output port (CMOS output only); port C is also used as CNTRL1 pin.
K Input 1-bit input port ; a key-on wakeup function can be switched by software.
CNTRO Timer /O 1-bit I/0O port ; CNTRO pin is also used as port Da4.
CNTR1 Timer output 1-bit output port ; CNTR1 pin is also used as port C.
INTO, INT1]| Interrupt input | 1-bit input port ; INTO and INT1 are also used as ports P20 and P21, respectively.
Timer Timer 1 8-bit timer with a reload register and carrier wave output auto-control function, and has
an event counter.
Timer 2 8-bit timer with a reload register.
Timer 3 8-bit timer with two reload registers and carrier wave generation function.

Watchdog timer

16-bit timer, fixed dividing frequency (timer for monitor)

Power-on reset circu

t

Built-in

Voltage drop

Reset occurrence

Typ. 1.65 V (Ta=25 °C)

detection circuit

Reset release

Typ. 1.75 V (Ta=25 °C)

Interrupt occurrence

Typ. 1.85 V (Ta=25 °C)

Interrupt

Source

6 sources (two for external, three for timers, voltage drop detection circuit)

Nesting

1 level

Subroutine nesting

8 levels

Device structure

CMOS sillicon gate

Package

24-pin plastic molded SSOP (PRSP0024GA-A)

Operating temperatu

re range

-20t0 85 °C

Power source voltage

1.8 to 5.5 V (It depends on oscillation frequency and operation mode)

Power At active mode 0.3 mA (Ta =25 °C, Vbp = 3.0 V, f(XiN)=4 MHz, f(STCK)=f(XIN)/8)
dissipation| At RAM back-up 0.1 pA (Ta = 25 °C, output transistor is cut-off state)
(Typ. value)

Rev.1.02 May 25,2007 Page4of124 SLENESAS
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4571 Group

PIN DESCRIPTION

Table 3  Pin description
Pin Name Input/Output Function

VDD Power source - Connected to a plus power supply.

Vss Power source - Connected to a 0 V power supply.

RESET Reset I/O 1/0 An N-channel open-drain I/O pin for a system reset. When the SRST instruction,
watchdog timer, or the built-in power-on reset causes the system to be reset, the RESET
pin outputs “L” level.

XIN Main clock input Input 1/0 pins of the main clock generating circuit. Connect a ceramic resonator between pins

XouT Main clock output Output XN and Xout. A feedback resistor is built-in between them.

Do-D4 1/0 port D 110 Each pin of port D has an independent 1-bit wide I/O function.

(Input is examined The output structure of ports Do-D3 can be switched to N-channel open-drain or CMOS
by skip decision.) by software.
For input use, set the latch of the specified bit to “1” and select the N-channel open-drain.
Port D4 is also used as CNTRO pin.
P0o-P03 | I/O port PO /0 Port PO serves as a 4-bit I/O port. The output structure is N-channel open-drain.
Port PO has a key-on wakeup function and a pull-up function.
Both functions can be switched by software.
Plo-P13 1/0 port P1 110 Port P1 serves as a 4-bit I/0 port. The output structure is N-channel open-drain.
Port P1 has a key-on wakeup function and a pull-up function.
Both functions can be switched by software.
P20, P21 1/0 port P2 110 Port P2 serves as a 2-bit I/0 port. The output structure is N-channel open-drain.
For input use, set the latch of the specified bit to “1”.
Ports P20 and P21 are also used as INTO pin and INT1 pin, respectively.
P30, P31 | I/O port P3 I/O Port P3 serves as a 2-bit I/O port.
The output structure can be switched to N-channel open-drain or CMOS by software.
For input use, set the latch of the specified bit to “1”.
c Output port C Output Port C serves as a 1-bit output port.
The output structure is CMOS. Port C is also used as CNTR1.
K Input port K Input Port K serves as a 1-bit input port.
It has the key-on wakeup function which can be switched by software.
When port K is used for the input of key matrix, connect a pull-up resistor to it externally.
CNTRO, Timer 1/10 1/0 CNTRO pin has the function to input the clock for the timer 1 event counter, and to
CNTR1 output the timer 1 or timer 2 underflow signal divided by 2.
CNTRL1 pin has the function to output the PWM signal generated by timer 3.
CNTRO pin and CNTR1 pin are also used as Ports D4 and C, respectively.
INTO, INT1 | Interrupt input Input INTO pin and INT1 pin accept external interrupts.
They have the key-on wakeup function which can be switched by software.
INTO pin and INT1 pin are also used as Ports P20 and P21, respectively.
MULTIFUNCTION
Table 4  Pin description
Pin Multifunction Pin Multifunction Pin Multifunction Pin Multifunction
C CNTR1 P20 INTO CNTR1 C INTO P20
D4 CNTRO P21 INT1 CNTRO D4 INT1 P21

Note 1.Pins except above have just single function.
Note 2.The input of D4 can be used even when CNTRO (output) is selected.

The input/output of D4 can be used even when CNTRO (input) is selected.

Be careful when using inputs of both CNTRO and D4 since the input threshold value of CNTRO pin is different from that of port D4.
Note 3.“H” output function of port C can be used even when the CNTR1 (output) is used.
Note 4.The input/output of P20 can be used even when INTO is used.

Be careful when using inputs of both INTO and P20 since the input threshold value of INTO pin is different from that of port P2o.
Note 5.The input/output of P21 can be used even when INT1 is used.

Be careful when using inputs of both INT1 and P21 since the input threshold value of INT1 pin is different from that of port P21.

Rev.1.02
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4571 Group

PORT FUNCTION

Table 5 Port function
Port Pin Input Output 1/O unit Control Control Remark
Output structure instructions registers
Port D Do-D3 /0 N-channel 1 bit SD, RD FR1 Programmable output
(5) open-drain/ SzZD, CLD structure selection function
CMOS
D4/CNTRO N-channel wi -
open-drain W2
W5
Port PO POo 1/0 N-channel 4 bits OPOA PUO Programmable pull-up and
PO1 4) open-drain IAPO KO key-on wakeup function
P02
P03
Port P1 Plo 1/0 N-channel 4 bits OP1A PU1 Programmable pull-up and
P11 4) open-drain IAP1 K1 key-on wakeup function
P12
P13
Port P2 P20/INTO 1/0 N-channel 2 bits OP2A PU2 Programmable pull-up and
P21/INT1 2) open-drain IAP2 K2,11,12, L1 key-on wakeup function
Port P3 P30 1/0 N-channel 2 bits OP3A FRO Programmable output
P31 2) open-drain/ IAP3 structure selection function
CMOS
Port C C/CNTR1 Output | CMOS 1 bit RCP W1, W3, W5 -
@) SCP
Port K K Input |- 1 bit IAK K2 Programmable key-on
1) wakeup function
DEFINITION OF CLOCK AND CYCLE
« Operation source clock
The operation source clock is the source clock to operate this
product. In this product, the following clocks are used.
* Clock (f(XIN)) by the external ceramic resonator
* Clock (f(XIN)) by the external input
» System clock
The system clock is the basic clock for controlling this product.
The system clock is selected by the register MR.
* Instruction clock
The instruction clock is a signal derived by dividing the system
clock by 3. The one instruction clock cycle generates the one
machine cycle.
* Machine cycle
The machine cycle is the standard cycle required to execute the
instruction.
Table 6 Table Selection of system clock
Register MR )
System clock Operation mode
MR3 | MR2
1 1 |f(STCK) =f(XiN)/8 | Frequency divided by 8 mode
1 0 |f(STCK) =f(XiN)/4 | Frequency divided by 4 mode
0 1 |f(STCK) =f(XiN)/2 | Frequency divided by 2 mode
0 0 |f(STCK) = f(XIN) Frequency through mode
Note 1.The frequency divided by 8 is selected after system is
released from reset.
Rev.1.02 May 25,2007 Page60f124 SXENESAS
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4571 Group

CONNECTIONS OF UNUSED PINS

Table 7 Port function
Usage condition
Pin Connection Output structure Pull-up Key-on wakeup Value of Others
transistor output latch
Do-D3 Open. N-channel open-drain - - 0/1 (Note 1)
P30, P31 CMOS _ _ 0/1 _
Connect to Vss. | N-channel open-drain - - 0/1 -
CMOS - - 0 -
Connect to Vop. | N-channel open-drain - - 1 -
CMOS - - 1 -
D4/CNTRO | Open. N-channel open-drain - - 0/1 (Notes 1, 2)
Connect to Vss. | N-channel open-drain - - 0/1 (Note 2)
Connect to Vop. | N-channel open-drain - - 1 (Note 2)
P0o-P03, Open. N-channel open-drain OFF Invalid 0/1 (Note 1)
Plo-P13 ON Invalid 1 -
Connect to Vss. | N-channel open-drain OFF Invalid 0/1 -
Connect to Vop. | N-channel open-drain | ON/OFF Valid/Invalid 1 -
P20/INTO Open. N-channel open-drain OFF Invalid 0/1 (Notes 1, 3)
P21/INT1 ON Invalid 1 (Note 3)
Connect to Vss. | N-channel open-drain OFF Invalid 0/1 (Note 3)
Connect to Vop. | N-channel open-drain | ON/OFF Valid/Invalid 1 (Note 3)
C/CNTR1 | Open. CMOS - - 0/1 -
Connect to Vss. | CMOS - - 0 (Note 4)
K Connectto Vss. |- - Invalid - -
Connect to Vop. |- - Valid/Invalid - -

Note 1.If a port input instruction (SzD, IAPO, IAP1, IAP2,

increased in the instruction execution cycle by the through current.
Note 2.Do not select the CNTRO input as the timer 1 count source. (W11 W1o0#11)
Note 3.Set the input of INTO pin or INT1 pin to be disabled. (113=0, 123=0)
Note 4.Set the output of the CNTRL1 pin to be invalid. (W33=0)

(Note when connecting to Vss or Vbb)
Connect the unused pins to Vss using the thickest wire at the shortest distance against noise.

IAP3) is executed when the output latch is 1, the supply voltage may be

Rev.1.02
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4571 Group

PORT BLOCK DIAGRAM

Skip decision
Register Y ’—>| Decoder
SZD instruction
.e,

) . (Note 3) !
CLD|instruction ‘A‘(Note 1)
]
_ _ ':D;I—D }—f—o Do-Ds (Note 2)
SD instruction — t( )
Note 1
RD instruction —_D 37 i
777
Skip decision
Register Y ’—>| Decoder
SZD instruction
i
CLD ANote 1)
instruction 1
q IS —+—OI D4/CNTRO (Note 2)
SD instruction — W50

?—(Note 1)

RD instruction —_D

Timer 1 underflow signal
Timer 2 underflow signal

777—

Clock input for timer 1
event count

(Note 4) (Note 3) Pull-up transistor
Key-on wakeup input <+— Edgiﬁsﬁalon E
(Note 3) : : (Note 3)
IAPO instruction
Register A
Ai
A
]
‘A‘(Note 1)
Ai D ;

—+—O P0o-POs (Note 2)

|—| 4
> ’jT f(Note 1)

777—

OPOA instruction— T

Ol

Notes 1. --i«---- This symbol represents a parasitic diode on the port.
2. Applied potential to these ports must be Voo or less.
3. i represents bits 0 to 3.

4. A falling edge of port input is detected.

Fig 3. Port block diagram (1)
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4571 Group

(Note 4)
. Edge detection
Key-on wakeup input <— Sircuit -4 4
(Note 3) ; -
IAP1 instruction

Register A j
Ai

Ai D

OP1A instruction— T

Key-on wakeup input -—

(Note 3) Pull-up

transistor

E
(Note 3)

|

T
i‘(Note 1)
|——f—0 Plo-P13(Note 2)
.
64[>0J ’jr f(Note 1)
1
/e
(Note 4) K2o Pull-up
Edge detection transistor
circuit o<

Register A
Ao

IAP2 instruction

Ao

OP2A instruction —|T

External O interr

Key-on wakeup in

Timer 1 count start «——

synchronous circuit in

Key-on wakeup input -—

upt <—|

put

put

Edge detection

o

circuit

IAP2 instruction

Register A
A1

’
|

i‘(Note 1)
.J_—+_O P20/INTO(Note 2)

4

5 > ‘jr +(Note 1)
e

External O interrupt |——
(Notes 5, 6)
(Note4) K21 Pull-up

transistor

Y

‘F

t(Note 1)
A D ———O P21/INT1(Note 2
] 1‘ ( )
OP2A —|T 64| >°—‘ ' (Note 1)
instruction 77'7.

External 1 interrupt <—|

Key-on wakeup input

External 1 interrupt

l_

(Notes 5, 6)

Notes 1. --|{q---- This symbol represents a parasitic diode on the port.
2. Applied potential to these ports must be VDD or less.

3. i represents bits

0to 3.

4. Falling edge of port input is detected.
5. As for details, refer to the external interrupt structure.
6. The threshold value of port input is different from that of external interrupt input.

Fig 4.

Port block diagram (2)
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4571 Group

(Note 3) IAP3 instruction
Register A ﬂ
Aj
(Note 3 -?-
i(Note 1)
Al D

——4—0 P30, P31(Note 2)

£
OP3A instructon—T Q > ?(Note 1)
]
777
PWMOUT

SCP instruction S Q J -?
A(Note 1)

RCP instruction R Al

C/CNTR1(Note 2)
PWMOD
(Notel)

Timer 1 underflow signal . D jT
7

-

T _5 P Carrier wave output auto-control signal
R
W12
(Note 4) K22
. Edge detection
Key-on wakeup input -— circuit .4 4
IAK instruction
Register A J,‘
Ao d +—O K(Note 2)
I(Note 1)

777

Notes 1. --i4---- This symbol represents a parasitic diode on the port.
2. Applied potential to these ports must be Voo or less.
3. j represents bits O or 1.

4. Falling edge of port input is detected.

Fig 5. Port block diagram (3)
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112
Falling

T
(Note 1)-1-

P20/INTO O

a4
(Note 1) f
1

122
Falling

©

(Note 1)%

P21/INT1 O

(Note 1) +

L7

One-sided edge
detection circuit

EXFO

—p» External 0
interrupt

&

Both edges
detection circuit

SNZIO instruction

Timer 1 count start
synchronization

Level detection circuit

Edge detection circuit
(Note 3)

Note 1. --{«¢----This symbol represents a parasitic diode on the port.
2: When IX2= 0(X=0 or 1) is 0, “L" level is detected.
When IXzis 1, “H” level is detected.
3: When IXz2 is 0, falling edge is detected.
When IXz2 is 1, rising edge is detected.

circuit input
—| $—> Skip (Note2) |1,
—==ie
- Level detection circuit m _
- — | Key-on wakeup input
Edge detection circuit | —0q i
(Note 3)
One-sided edge 121
detection circuit .—-6--:
i H
| : EXF1 — External 1
1 ! i interrupt
Both edges L
detection circuit
SNZI1 instruction
Skip (Note 2) L1s

Key-on wakeup input

Fig 6. Port block diagram (4)
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4571 Group

FUNCTION BLOCK OPERATIONS

CPU
(1) Arithmetic logic unit (ALU)
The arithmetic logic unit ALU performs 4-bit arithmetic such as

4-hit data addition, comparison, AND operation, OR operation,
and bit manipulation.

(2) Register A and carry flag

Register A is a 4-hit register used for arithmetic, transfer,
exchange, and 1/O operation.

Carry flag CY is a 1-hit flag that is set to “1” when thereisa
carry with the AMC instruction (Figure 7).

It is unchanged with both A n instruction and AM instruction.
The value of Ao is stored in carry flag CY with the RAR
instruction (Figure 8).

Carry flag CY can be set to “1” with the SC instruction and
cleared to “0” with the RC instruction.

(3) Registers B and E

Register B is a 4-bit register used for temporary storage of 4-bit
data, and for 8-bit data transfer together with register A.
Register E is an 8-bit register. It can be used for 8-bit data
transfer with register B used as the high-order 4 bits and register
A asthelow-order 4 bits (Figure 9).

Register E is undefined after system is released from reset and
returned from the RAM back-up. Accordingly, set the initial
value.

(4) Register D

Register D isa 3-bit register.

It is used to store a 7-bit ROM address together with register A
and is used as a pointer within the specified page when the TABP
p, BLA p, or BMLA pinstruction is executed (Figure 10).

Also, when the TABP p instruction is executed at UPTF flag =
“1", the high-order 2 bits of ROM reference data is stored to the
low-order 2 bits of register D, the high-order 1 bit of register D is
“0".

When the TABP p instruction is executed at UPTF flag =“0”, the
contents of register D remains unchanged. The UPTF flag is set
to “1” with the SUPT instruction and cleared to “0” with the
RUPT instruction.

Theinitial value of UPTF flagis“0”.

Register D is undefined after system is released from reset and
returned from the RAM back-up. Accordingly, set the initial
value.

<Carry>
(CY)

\

Addition> ALU

(A)

<Result>

Fig 7. AMC instruction execution example

<Clear>
RC instruction

<Set>
SC instruction

R [a Al ]

<Rotation>
RAR instruction

\ 4

Fig 8. RAR instruction execution example
Register B TAB instruction  Register A
|Bs|Bz|Bl|Bo A3|A2|A1|Ao

\\\TEAB nsucton’ / /

ReglsterE|E7|E6|E5|E4|E3|E2|E1|Eo

[/ [\
TABE |nstruct|on
\

|Bs|Bz|Bl|Bo A3|A2|A1|Ao
TBA instruction

Register B Register A

Fig 9. Registers A, B and register E

TABP p instruction

Specifying address

ROM

~_

A 4

)\

Is
PCH PCL

N Low-order 4bits

|p6|p5|p4|p3|p2|p1|p0| |DR2|DR1|DRO|A3|A2|A1|A0|

\ * S S, N —

Middle-order 4 bits
L

Register B (4)
» Register D (3)

High-order 2 bits

Immediate field The contents of The contents of \_/—\
value p register D register A
* Flag UPTF = 1;

High-order 2 bits of reference data is transferred to
the low-order 2 bits of register D.

“0” is stored to the high-order 1 bit of register D.
Flag UPTF = 0;

Data is not transferred to register D.

Fig 10. TABP p instruction execution example
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(5) Stack registers (SKS) and stack pointer (SP)

Stack registers (SKs) are used to temporarily store the contents of
program counter (PC) just before branching until returning to the
original routine when;

« branching to an interrupt service routine (referred to as an
interrupt service routine),

« performing a subroutine call, or

« executing the table reference instruction (TABP p).

Stack registers (SKs) are eight identical registers, so that
subroutines can be nested up to 8 levels. However, one of stack
registers is used respectively when using an interrupt service
routine and when executing a table reference instruction.
Accordingly, be careful not to over the stack when performing
these operations together. The contents of registers SKs are
destroyed when 8 levels are exceeded.

The register SK nesting level is pointed automatically by 3-bit
stack pointer (SP). The contents of the stack pointer (SP) can be
transferred to register A with the TASP instruction.

Figure 11 shows the stack registers (SK's) structure.

Figure 12 shows the example of operation at subroutine call.

(6) Interrupt stack register (SDP)

Interrupt stack register (SDP) is a 1-stage register. When an
interrupt occurs, this register (SDP) is used to temporarily store
the contents of data pointer, carry flag, skip flag, register A, and
register B just before an interrupt until returning to the original
routine.

Unlike the stack registers (SKs), this register (SDP) is not used
when executing the subroutine call instruction and the table
reference instruction.

(7) Skip flag

Skip flag controls skip decision for the conditional skip
instructions and continuous described skip instructions. When an
interrupt occurs, the contents of skip flag is stored automatically
in the interrupt stack register (SDP) and the skip condition is
retained.

Program counter (PC) |

Executing BM 1 Executing RT

instruction | instruction
SKo (SP)=0
SK1 (sP)=1
SK2 (SP)=2
SKs (SP)=3
SK4 (SP)=4
SKs (SP)=5
SKe (SP)=6
SK7 (SP)=7

Stack pointer (SP) points “7” at reset or returning
from RAM back-up mode. It points “0” by
executing the first BM instruction, and the
contents of program counter is stored in SKo.
When the BM instruction is executed after eight
stack registers are used ((SP) = 7), (SP) = 0 and
the contents of SKo is destroyed.

Fig 11. Stack registers (SKs) structure

(SP) <0
(SKo)<— 000116
(PC) < SUB1
Main program Subroutine
Address SUB1:
000016 NOP - NOP
000116 BM SUB1 :
000216 NOP RT
(PC) < (SKo)
(SP) <7

Note : Returning to the BM instruction execution
address with the RT instruction, and the BM
instruction becomes the NOP instruction.

Fig 12. Example of operation at subroutine call
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(8) Program counter (PC)

Program counter (PC) is used to specify a ROM address (page
and address). It determines a sequence in which instructions
stored in ROM areread. It isabinary counter that increments the
number of instruction bytes each time an instruction is executed.
However, the value changes to a specified address when branch
instructions, subroutine call instructions, return instructions, or
the table reference instruction (TABP p) is executed.

Program counter consists of PCH (most significant bit to bit 7)
which specifies to a ROM page and PCL (bits 6 to 0) which
specifies an address within a page. After it reaches the last
address (address 127) of a page, it specifies address 0 of the next
page (Figure 13).

Make sure that the PCH does not specify after the last page of the
built-in ROM.

(9) Data pointer (DP)

Data pointer (DP) is used to specify aRAM address and consists
of registers Z, X, and Y. Register Z specifies a RAM file group,
register X specifies afile, and register Y specifiesa RAM digit
(Figure 14).

Register Y is also used to specify the port D bit position.

When using port D, set the port D bit position to register Y
certainly and execute the SD, RD, or SZD instruction (Figure
15).

* Note

Register Z of data pointer is undefined after system is released
from reset.

Also, registers Z, X and Y are undefined in the RAM back-up.
After system is returned from the RAM back-up, set these
registers.

Program counter
A

-

Al

(e [ 0= [ o2 [ o2 02 o2 [ oo |{ @ [ @ [« [ s [ a2 [ a1 [ 0]

« J

J

1 t

PCH PCL
Specifying page Specifying address

Fig 13. Program counter (PC) structure

Data pointer (DP)

|21|Zo|X3|X2|X1|X0|Y3|Y2|Y1|Yo|
%,_A A )

A

Register X (4)

[ Register ¥ (@) |- FEea

Specifying RAM file

Register Z (2) } ——————— Specifying RAM file group

Fig 14. Data pointer (DP) structure

Specifying bit position

|
Set

v

D3 D2 D1 Do

OB

Port D output latch

[ofofo]1]

Register Y (4)

Fig 15. SD instruction execution example
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PROGRAM MEMORY (ROM)

The program memory is a mask ROM. 1 word of ROM is
composed of 10 bits. ROM is separated every 128 words by the
unit of page (addresses 0 to 127). Table 1 shows the ROM size
and pages. Figure 16 shows the ROM map of M34571G6.

Table 8 ROM size and pages
Part number ROM (PROM) size Pages
(x 10 bits)
M34571G4 4096 words 32 (0to 31)
M34571G6 6144 words 48 (0 to 47)
M34571GD 16384 words 128 (0 to 127)

Note 1.Data in pages 64 to 127 can be referred with the TABP p
instruction after the SBK instruction is executed.
Data in pages 0 to 63 can be referred with the TABP p
instruction after the RBK instruction is executed.

A part of page 1 (addresses 008016 to O0FF16) is reserved for
interrupt addresses (Figure 17). When an interrupt occurs, the
address (interrupt address) corresponding to each interrupt is set
in the program counter, and the instruction at the interrupt
address is executed. When using an interrupt service routine,
write the instruction generating the branch to that routine at an
interrupt address.

Page 2 (addresses 010016 to 017F16) is the special page for
subroutine calls. Subroutines written in this page can be called
from any page with the 1-word instruction (BM). Subroutines
extending from page 2 to another page can also be called with the
BM instruction when it starts on page 2.

ROM pattern (bits 9 to 0) of all addresses can be used as data

areas with the TABP p instruction.

ROM Code Protect Address

When selecting the protect bit write by using a serial
programmer or selecting protect enabled for writing shipment by
Renesas Technology corp., reading or writing from/to QzROM is
disabled by a serial programmer.

Asfor the QzROM product in blank, the ROM code is protected
by selecting the protect bit write at ROM writing with a serial
programmer.

As for the QzROM product shipped after writing, whether the
ROM code protect is used or not can be selected as ROM option
setup (“MASK option” written in the mask file converter) when
ordering.

98 76 543 210

000016
88273516 Page 0
16

Interrupt address page

%%5516 Page 1
16 . .

Subroutine special page P 2
017F16 P Pag age
018016 Page 3

1

]

|
3FFF1s Page 127

Fig 16. ROM map of M34571GD

9 8 7 6 5 4 3 2 1 O

0080w | ______ External 0 interrupt address ______ |
008216 | _______ External 1 interrupt address_______|
008416 | _______ Timer 1interruptaddress________|
008616 | ________ Timer 2 interrupt address________|
0088w | _______ Timer 3 interrupt address |
008Aw | ]
oo8Cs | ______________ ]
008E1s | Voltage drop detection circuit interrupt address |
O0FF1s

Fig 17. Page 1 (addresses 008016 to 00FF16) structure
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DATA MEMORY (RAM) * Note

1 word of RAM is composed of 4 bits, but 1-bit manipulation ~ Register Z of data pointer is undefined after system is released
(with the SB j, RB j, and SZB j instructions) is enabled for the ~ from reset. o

entire memory area. A RAM address is specified by adata Also, registers Z, X and Y are undefined in the RAM back-up.
pointer. The data pointer consists of regiaers Z, X’ and Y. Set a After System is returned from the RAM baCk-up, set these
value to the data pointer certainly when executing an instruction ~ registers.

to access RAM (also, set avalue after system returns from RAM

back-up).
Table 9 shows the RAM size. Figure 18 shows the RAM map. Table 9 RAM size and pages
Part number RAM size
M34571G4
M34571G6 128 words x 4 bits (512 bits)
M34571GD
RAM 128 words X 4 bits (512 bits)
Register Z 0
Register X[0 | 1|2 |3 ]| | 6|7
0
1
2
3
4
5
> 6
o 7
R7
=) 8
(O]
84 9
10
11
12
13
14
15
1 1
: i
_z=0 e P> 128 words X 4 bits (512 bits)
Yfa‘i ‘01; i i M34571G4
=0to ; : M34571G6
i M34571GD
1

Fig 18. RAM map
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INTERRUPT FUNCTION

The interrupt type is a vectored interrupt branching to an

individual address (interrupt address) according to each interrupt

source. An interrupt occurs when the following 3 conditions are

setisfied.

« An interrupt activated condition is satisfied (request flag =
“ 1”)

« Interrupt enable bit is enabled (“1")

* Interrupt enable flag isenabled (INTE ="1")

Table 10 shows interrupt sources. (Refer to each interrupt request

flag for details of activated conditions.)

(1) Interrupt enable flag (INTE)

The interrupt enable flag (INTE) controls whether the every
interrupt enable/disable. Interrupts are enabled when INTE flag
isset to “1” with the El instruction and disabled when INTE flag
is cleared to “0” with the DI instruction. When any interrupt
occurs, the INTE flag is automatically cleared to “0,” so that
other interrupts are disabled until the El instruction is executed.

(2) Interrupt enable bit

Use an interrupt enable bit of interrupt control registers V1 and
V2 to select the corresponding interrupt or skip instruction.
Table 11 shows the interrupt request flag, interrupt enable bit and
skip instruction.

Table 12 shows the interrupt enable bit function.

(3) Interrupt request flag

When the activated condition for each interrupt is satisfied, the
corresponding interrupt request flag is set to “1.” Each interrupt
reguest flag except the voltage drop detection circuit interrupt
reguest flag is cleared to “0” when either;

 an interrupt occurs, or

« the next instruction is skipped with a skip instruction.

The voltage drop detection circuit interrupt request flag cannot
be cleared to “0” at the state that the activated condition is
satisfied.

Each interrupt request flag is set when the activated condition is
satisfied even if the interrupt is disabled by the INTE flag or its
interrupt enable bit. Once set, the interrupt request flag retains set
until a clear condition is satisfied.

Accordingly, an interrupt occurs when the interrupt disable state
is released while the interrupt request flag is set.

If more than one interrupt request flag is set when the interrupt
disable state is released, the interrupt priority level is as follows
shown in Table 10.

Table 10 Interrupt sources
. Interrupt source
Priority - Interrupt
level | Interrupt name Actlvgj[ed address
condition
1 Voltage drop when supply Address E
detection circuit | voltage goes in page 1
interrupt lower than
specified value
2 External O Level change of | Address O
interrupt INTO pin in page 1
3 External 1 Level change of | Address 2
interrupt INT1 pin in page 1
4 Timer 1 interrupt | Timer 1 Address 4
underflow in page 1
5 Timer 2 interrupt | Timer 2 Address 6
underflow in page 1
6 Timer 3 interrupt | Timer 3 Address 8
underflow in page 1

Table 11

and skip instruction

Interrupt request flag, interrupt enable bit

Interrupt name Irnetglrjrgsr,)tt . Skip_ Interrupt_
flag instruction | enable bit

Voltage drop VDF SNzVD V23
detection circuit
interrupt
External O interrupt | EXFO SNZ0 V1o
External 1 interrupt | EXF1 SNZ1 AVAKI
Timer 1 interrupt |T1F SNZT1 V12
Timer 2 interrupt | T2F SNZT2 V13
Timer 3 interrupt | T3F SNZT3 V20

Table 12 Interrupt enable bit function

Interrupt enable Occurrence of o .
. ) Skip instruction
bit interrupt
1 Enabled Invalid
0 Disabled Valid
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(4) Internal state during an interrupt

Theinternal state of the microcomputer during an interrupt is as
follows (Figure 20).

 Program counter (PC)

An interrupt address is set in program counter. The address to
be executed when returning to the main routine is
automatically stored in the stack register (SK).

Interrupt enable flag (INTE)

INTE flag is cleared to “ 0" so that interrupts are disabled.
Interrupt request flag

Only the request flag for the current interrupt sourceis cleared
to “0” (the voltage drop detection circuit interrupt request flag
is excluded)

Data pointer, carry flag, skip flag, registers A and B

The contents of these registers and flags are stored
automatically in the interrupt stack register (SDP).

(5) Interrupt processing

When an interrupt occurs, a program at an interrupt address is
executed after branching a data store sequence to stack register.
Write the branch instruction to an interrupt service routine at an
interrupt address. Use the RTI instruction to return from an
interrupt service routine.

Interrupt enabled by executing the El instruction is performed
after executing 1 instruction (just after the next instruction is
executed). Accordingly, when the El instruction is executed just
before the RTI instruction, interrupts are enabled after returning
the main routine. (Refer to Figure 19)

Main
routine
Interrupt
service routine
ﬁ
Interrupt '," '
occurs ',o' v
*
o" :
El
Sse RTI
Interrupt is Seo
enabled Sel
“:
= : [nterrupt enabled state
===« Interrupt disabled state

Fig 19. Program example of interrupt processing

« Program counter (PC)

- | Each interrupt address

« Stack register (SK)

The address of main routine to be
executed when returning

* Interrupt enable flag (INTE)

| 0 (Interrupt disabled) |

« Interrupt request flag (only the flag for the current interrupt

source) “"| 0 (excluding voltage drop detection interrupt request flag)|

« Data pointer, carry flag, registers A and B, skip flag

Stored in the interrupt stack register (SDP)

automatically

Fig 20. Internal state when interrupt occurs

Activated Request flag p
condition (state retained) Enable bit Enable flag
when supply voltage Address E
goes lower than O/O O/O O O7—in page 1
specified value VDF V23
INTO pin interrupt O/O O/O ot od— i/[\]dgerlgseslo
waveform input EXEO Vo
INT1 pin interrupt Q/O O/O ot o— Address 2
waveform input ExF1 vi in page 1
1
Timer 1 Address 4
underflow O/O O/O O O in page 1
TiF Viz
Timer 2 Address 6
underflow O/O O/O O O1—in page 1
T2F Vis
Timer 3 Address 8
underflow O/O O/O O O1— in page 1
T3F V20 INTE

Fig 21.

Interrupt system diagram
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(6) Interrupt control registers
* Interrupt control register V1

Interrupt enable bits of external 0, external 1, timer 1 and timer 2
are assigned to register V1. Set the contents of this register
through register A with the TV 1A instruction. The TAV1
instruction can be used to transfer the contents of register V1 to

register A.

Table 13 Interrupt control registers

* Interrupt control register V2

The voltage drop detection circuit interrupt enable bit and timer 3

V2toregister A.

interrupt enable bit are assigned to register V2. Set the contents
of thisregister through register A with the TV 2A instruction. The
TAV 2 instruction can be used to transfer the contents of register

. . . R/W
Interrupt control register V1 at reset : 00002 at RAM back-up : 00002 TAVL/TVIA
) ) . 0 | Interrupt disabled (SNZT2 instruction is valid)
V13 | Timer 2 interrupt enable bit - —— -
1 |Interrupt enabled (SNZT2 instruction is invalid)
) ) ) 0 |Interrupt disabled (SNZT1 instruction is valid)
V12 | Timer 1 interrupt enable bit - — -
1 |Interrupt enabled (SNZT1 instruction is invalid)
) . 0 |Interrupt disabled (SNZ1 instruction is valid)
V11 | External 1 interrupt enable bit - — -
1 |Interrupt enabled (SNZ1 instruction is invalid)
) . 0 |Interrupt disabled (SNZO instruction is valid)
V1o | External O interrupt enable bit - — -
1 |Interrupt enabled (SNZO instruction is invalid)
Interrupt control register V2 at reset : 00002 at RAM back-up : 00002 RIW
P 9 : P TAV2/TV2A

V23 | Voltage drop detector interrupt enable bit

Interrupt disabled (SNZVD instruction is valid)

Interrupt enabled (SNZVD instruction is invalid)

V22 | Not used

This bit has no function, but read/write is enabled.

V21 | Not used

This bit has no function, but read/write is enabled.

V20 | Timer 3 interrupt enable bit

Interrupt disabled (SNZT3 instruction is valid)

0
1
0
1
0
1
0
1

Interrupt enabled (SNZT3 instruction is invalid)

ote 1."R" represents read enabled, and "W" repres

ents write enabled.
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(7) Interrupt sequence

Interrupts only occur when the respective INTE flag, interrupt
enable bits (V10-V 13, V20, V23), and interrupt request flag are
“1.” Theinterrupt actually occurs 2 to 3 machine cycles after the
cyclein which all three conditions are satisfied. The interrupt
occurs after 3 machine cycles only when the three interrupt
conditions are satisfied on execution of other than one-cycle
instructions (Refer to Figure 22).

When an interrupt request flag is set after its interrupt is enabled

1 machine cycle

) ] |

System clock T1 ‘ T2 ‘ T3

(STCK)

- g
El instruction execution

S I O B

cycle

\ 4

Interrupt enable
flag (INTE)

Interrupt enabled state

=P Interrupt disabled state

External 1

INTO !
External 0, INTL
interrupt

EXFO
EXF1

TiF
T2F

Interrupt activated
condition is satisfied.

» Retaining level of system
" clock for 4 perjods or more
is necessary.

T3F

Flag cleared

Voltage drop
detection circuit| VDF
interrupt

Notes 1: The address is stacked to the last cycle.
2: This interval of cycles depends on the executed instruction at the time
when each interrupt activated condition is satisfied.

= The program starts

2 to 3 machine cycles
(Notes 1, 2)

Y

from the interrupt
address.

Fig 22. Interrupt sequence
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EXTERNAL INTERRUPTS

The 4571 Group has the external O interrupt and external 1
interrupt. An external interrupt request occurs when a valid
waveform isinput to an interrupt input pin (edge detection).

The external interrupt can be controlled with the interrupt control

registers11and |2.
Table 14 External interrupt activated conditions
Name Input pin Activated condition Valid \(vave_form
selection bit
External O interrupt P20/INTO When the next waveform is input to P20/INTO pin 111
- Falling waveform (“H” — “L") 112
« Rising waveform (“L” — “H")
 Both rising and falling waveforms
External 1 interrupt P21/INT1 When the next waveform is input to P21/INT1 pin 121
- Falling waveform (“H” — “L") 122
« Rising waveform (“L” — “H")
« Both rising and falling waveforms

7
(Note 1) 4+
A
P20/INTO O

(Note 1) f

¥

.e.

(Note 1) +—

A

P21/INT1 O

(Note 1)?

112 f

Falling One-sided edge
AP detection circuit

f EXFO |—p External 0
interrupt

Both edges
detection circuit

SNZIO instruction

—[§—> Skip (Note 2)

Timer 1 count start
synchronization
circuit input

- Level detection circuit —:—Q(}i_» )
! Key-on wakeup input

Edge detection circuit [—oq |

(Note 3)

2 b

Falling One-sided edge
i detection circuit

e

EXF1 +—p» External 1

interrupt

Ri J Both edges
Ising detection circuit

SNZI1 instruction

Skip (Note 2)

- Level detection circuit —LKOO_E_> .
T Key-on wakeup input

)
)
L1 Edge detection circuit |01 i

(Note 3)

Note 1: --{«¢----This symbol represents a parasitic diode on the port.
2: When IX2= 0(X=0 or 1) is 0, “L" level is detected.
When IXz2is 1, “H” level is detected.
3: When IXz is 0, falling edge is detected.
When IXz is 1, rising edge is detected.

Fig 23. External interrupt circuit structure
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(1) External O interrupt request flag (EXFO)
External O interrupt request flag (EXFO) is set to “1” when a
valid waveform isinput to P20/INTO pin.
The valid waveforms causing the interrupt must be retained at
their level for 4 clock cycles or more of the system clock (Refer
to Figure 22).
The state of EXFO flag can be examined with the skip instruction
(SNZ0). Use the interrupt control register V1 to select the
interrupt or the skip instruction. The EXFO flag is cleared to “0”
when an interrupt occurs or when the next instruction is skipped
with the skip instruction.
« Externa O interrupt activated condition
External O interrupt activated condition is satisfied when a
valid waveform isinput to P20/INTO pin.
The valid waveform can be selected from rising waveform,
falling waveform or both rising and falling waveforms. An
example of how to use the external 0 interrupt is asfollows.
(1) Setthebit 3 of register 11to“1” for the INTO pin to bein the
input enabled state.
(2) Select the valid waveform with the bits 1 and 2 of register
11
(3) Clear the EXFO flag to “0” with the SNZO0 instruction.
(4) Set the NOP ingtruction for the case when a skip is
performed with the SNZO instruction.
(5) Set both the external 0 interrupt enable bit (V10) and the
INTE flagto “1.”
The external 0 interrupt is now enabled. Now when a valid
waveform is input to the P20/INTO pin, the EXFO flag is set to
“1" and the external O interrupt occurs.

(2) External 1 interrupt request flag (EXF1)
External 1 interrupt request flag (EXF1) is set to “1” when a
valid waveform isinput to P21/INT1 pin.
The valid waveforms causing the interrupt must be retained at
their level for 4 clock cycles or more of the system clock (Refer
to Figure 22).
The state of EXF1 flag can be examined with the skip instruction
(SNZ1). Use the interrupt control register V1 to select the
interrupt or the skip instruction. The EXF1 flag is cleared to “0”
when an interrupt occurs or when the next instruction is skipped
with the skip instruction.
 External 1 interrupt activated condition
External 1 interrupt activated condition is satisfied when a
valid waveform isinput to P21/INT1 pin.
The valid waveform can be selected from rising waveform,
falling waveform or both rising and falling waveforms. An
example of how to use the external 1 interrupt is as follows.
(1) Setthebit 3 of register 12to“1” for the INT1 pin to bein the
input enabled state.
(2) Select the valid waveform with the bits 1 and 2 of register
12.
(3) Clear the EXF1 flag to “0” with the SNZ1 instruction.
(4) Set the NOP ingtruction for the case when a skip is
performed with the SNZ1 instruction.
(5) Set both the external 1 interrupt enable bit (V11) and the
INTE flagto “1.”
The external 1 interrupt is now enabled. Now when a valid
waveform isinput to the P21/INT1 pin, the EXF1 flag is set to
“1" and the externa 1 interrupt occurs.
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(3) External interrupt control registers
(1) Interrupt control register 11

Register 11 controls the valid waveform for the external 0
interrupt. Set the contents of this register through register A
with the TI1A instruction. The TAI1 instruction can be used

to transfer the contents of register 11 to register A.

Table 15 External interrupt control register

(2) Interrupt control register 12
Register 12 controls the valid waveform for the external 1
interrupt. Set the contents of this register through register A
with the TI2A instruction. The TAI2 instruction can be used
to transfer the contents of register 12 to register A.

. . . . R/W
Interrupt control register 11 at reset : 00002 at RAM back-up : state retained TAILTILA
. . 0 | INTO pin input disabled
113 | INTO pin input control bit (Note 2) —
1 |INTO pin input enabled
0 Falling waveform (“L” level of INTO pin is recognized with the SNZI0
112 Interrupt valid waveform for INTO pin/ instruction)/“L” level
return level selection bit (Note 2) 1 |Rising waveform (“H" level of INTO pin is recognized with the SNZI0
instruction)/“H” level
. . o . 0 | One-sided edge detected
111 | INTO pin edge detection circuit control bit
1 |Both edges detected
11 INTO pin 0 | Timer 1 disabled
% | timer 1 control enable bit 1 |[Timer 1 enabled
Interrupt control register 12 at reset : 00002 at RAM back-up : state retained RIW
P g : P TAI2/TI2A
o . 0 |INTO pin input disabled
123 | INT1 pin input control bit (Note 3) —
1 |INTO pin input enabled
0 Falling waveform (“L” level of INTO pin is recognized with the SNZI1
122 Interrupt valid waveform for INT1 pin/ instruction)/“L” level
return level selection bit (Note 3) 1 |Rising waveform (“H” level of INTO pin is recognized with the SNZI1
instruction)/“H” level
. . - . 0 | One-sided edge detected
121 | INT1 pin edge detection circuit control bit
1 | Both edges detected
0
120 | Not used 1 This bit has no function, but read/write is enabled.

Note 1.“R” represents read enabled, and “W” represents write enabled.
Note 2.When the contents of 112 and 113 are changed, the external interrupt request flag EXFO may be set.
Note 3.When the contents of 122 and 123 are changed, the external interrupt request flag EXF1 may be set.
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(4) Notes on interrupts

(1) Bit3of register i1
When the input of the P2o/INTO pin is controlled with the
bit 3 of register |1 in software, be careful about the
following notes.

» Depending on the input state of the P20/INTO pin, the external
0 interrupt request flag (EXFO) may be set when the bit 3 of
register 11 is changed. In order to avoid the occurrence of an
unexpected interrupt, clear the bit O of register V1to “0" (refer
to (1) in Figure 24) and then, change the bit 3 of register |1.

In addition, execute the SNZO0 instruction to clear the EXFO
flag to “0” after executing at |east one instruction (refer to (2)
in Figure 24).

Also, set the NOP instruction for the case when a skip is
performed with the SNZO0 instruction (refer to (3) in Figure
24).

LA 4 ; (xxx02)

TV1A ; The SNZO instruction is valid ...... 1)
LA 8 7 (Ixxx2)

TI1A ; Control of INTO pin input is changed
NOP e )
SNZ0 ; The SNZ0 instruction is executed

(EXFO flag cleared)
NOP e ?)

x: these bits are not used here.

(3) Bit2of register 1
When the interrupt valid waveform of the P2o/INTO pinis
changed with the bit 2 of register 11 in software, be careful
about the following notes.

 Depending on the input state of the P20/INTO pin, the external
1 interrupt request flag (EXFO) may be set when the bit 2 of
register 11 is changed. In order to avoid the occurrence of an
unexpected interrupt, clear the bit O of register V1to “0" (refer
to (1) in Figure 26) and then, change the bit 2 of register 11 is
changed.
In addition, execute the SNZO instruction to clear the EXFO
flag to “0” after executing at least one instruction (refer to (2)
in Figure 26).
Also, set the NOP instruction for the case when a skip is
performed with the SNZO0 instruction (refer to (3) in Figure
26).

LA 4 ; (xxx02)

TV1A ; The SNZ0 instruction is valid ...... 1)
LA 12 7 (Ixxx2)

TI1IA ; Interrupt valid waveform is changed
NOP e 2
SNZ0 ; The SNZ0 instruction is executed

(EXFO flag cleared)
NOP e (3)

x: these bits are not used here.

Fig 24. External O interrupt program example-1

(2) Bit3of registerI1
When the bit 3 of register |11 is cleared to “0”, the RAM

back-up mode is selected and the input of INTO pinis

disabled, be careful about the following notes.

« When the INTO pin input is disabled (register 113 = “0"), set
the key-on wakeup of INTO pin to be invalid (register L1o =
“0") before system enters to the RAM back-up mode. (refer to
(1) in Figure 25).

LA 0 ; (xxx02)

TL1A ; INTO key-on wakeup disabled .....(1)
DI

EPOF

POF ; RAM back-up

x: these bits are not used here.

Fig 25. External O interrupt program example-2

Fig 26. External O interrupt program example-3
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(4) Bit 3of register 12
When the input of the P21/INT1 pin is controlled with the
bit 3 of register 12 in software, be careful about the
following notes.

« Depending on the input state of the P21/INT1 pin, the external
1 interrupt request flag (EXF1) may be set when the bit 3 of
register 12 is changed. In order to avoid the occurrence of an
unexpected interrupt, clear the bit 1 of register V1to “0" (refer
to (1) in Figure 27) and then, change the bit 3 of register 12.

In addition, execute the SNZ1 instruction to clear the EXF1
flag to “0” after executing at |east one instruction (refer to (2)
in Figure 27).

Also, set the NOP instruction for the case when a skip is
performed with the SNZ1 instruction (refer to (3) in Figure

27).

LA 4 ; (xx0x2)

TV1A ; The SNZ1 instruction is valid ...... 1)
LA 8 7 (Ixxx2)

TI1A ; Control of INT1 pin input is changed
NOP e 2)
SNZ0 ; The SNZ1 instruction is executed

(EXF1 flag cleared)
NOP e ?)

x: these bits are not used here.

Fig 27. External 1 interrupt program example-1

(5) Bit3of register 12
When the bit 3 of register 12 is cleared to “0”, the RAM

back-up mode is selected and the input of INT1 pinis

disabled, be careful about the following notes.

* When the INT1 pin input is disabled (register 123 = “0"), set
the key-on wakeup of INT1 pin to be invalid (register L20 =
“0") before system enters to the RAM back-up mode. (refer to
(2) in Figure 28)

LA 0 ; (XOxx2)

TL1A ; INT1 key-on wakeup disabled .....(1)
DI

EPOF

POF ; RAM back-up

x: these bits are not used here.

Fig 28. External 1 interrupt program example-2
(6) Bit 2 of register 12

When the interrupt valid waveform of the P21/INT1 pinis

changed with the bit 2 of register 12 in software, be careful
about the following notes.

» Depending on the input state of the P21/INT1 pin, the external
1 interrupt request flag (EXF1) may be set when the bit 2 of
register 12 is changed. In order to avoid the occurrence of an
unexpected interrupt, clear the bit 1 of register V1to “0” (refer
to (1) in Figure 29) and then, change the bit 2 of register 12 is
changed.

In addition, execute the SNZ1 instruction to clear the EXF1
flag to “0” after executing at least one instruction (refer to (2)
in Figure 29).

Also, set the NOP instruction for the case when a skip is
performed with the SNZ1 instruction (refer to (3) in Figure
29).

LA 4 ; (xx0x2)

TV1A ; The SNZ1 instruction is valid ...... (1)
LA 12 7 (Ixxx2)

TI1IA ; Interrupt valid waveform is changed
NOP e 2
SNZ0 ; The SNZ1 instruction is executed

(EXF1 flag cleared)
NOP e (3)

x: these bits are not used here.

Fig 29. External 1 interrupt program example-3
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TIMERS

» Fixed dividing frequency timer

The 4571 Group has the following timers. The fixed dividing frequency timer has the fixed frequency

* Programmable timer

dividing ratio (n). An interrupt request flag is set to “1” after

The programmable timer has areload register and enables the every n count of acount pulse.
frequency dividing ratio to be set. It is decremented from a

setting value n. When it underflows (count to n + 1), atimer

interrupt request flag is set to “1,” new datais |oaded from the

reload register, and count continues (auto-reload function).

The contents of counter

0016

FFi6———
n : Counter initial value

Count starts Reload Reload

Y

2nd underflow

N

1st underflow

N

Timer interrupt “1"

\

I | Time

[e——n+1 count——p-{4—————N+1 count———p{

request flag

A A

L An interrupt occurs or i
a skip instruction is executed.

Fig 30. Auto-reload function
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The 4571 Group timer consists of the following circuits.
* Prescaler : 8-bit programmable timer

e Timer 1: 8-bit programmable timer
» Timer 2: 8-bit programmable timer
» Timer 3: 8-bit programmable timer
« Watchdog timer: 16-bit fixed frequency timer

(Timers 1, 2 and 3 have the interrupt function, respectively)

Table 16 Function related timers

Prescaler, timer 1, timer 2 and timer 3 can be controlled with the

timer control registers PA, W1, W2, W3 and W5. The watchdog
timer is a free counter which is not controlled with the control

register.

Each function is described below.

Circuit Structure Count source I_:r_eguency Use of output signal Cor_ltrol
dividing ratio register

Prescaler | 8-bit programmable « Instruction clock (INSTCK) 1to0 256 |+ Timer 1 count source PA

binary down counter « Instruction clock divided by 4  Timer 2 count source
(INSTCK/4) » Timer 3 count source

Timer 1 8-bit programmable * PWM signal (PWMOUT) 1to 256 |+ Timer 2 count source w1
binary down counter * Prescaler output (ORCLK) * CNTRO output W5
(link to INTO input) * CNTRO input (CNTROIN) « Carrier wave output auto-
(carrier wave output auto- | « System clock (STCK) control
control function) * Timer 1 interrupt

Timer 2 8-bit programmable * PWM signal (PWMOUT) 1t0256 |« CNTRO output w2
binary down counter  Timer 1 underflow (T1UDF)  Timer 2 interrupt W5

* Prescaler output (ORCLK)
» System clock (STCK)

Timer 3 8-bit programmable * XIN input 1to 256 |+ Timer 1 count source w1
binary down counter * Prescaler output divided by 2 » Timer 2 count source W3
(with carrier wave (ORCLK/2) * CNTR1 output W5
generation function)  Timer 3 interrupt

Watchdog | 16-bit fixed dividing « Instruction clock (INSTCK) 65536 « System reset (counting twice) -

timer frequency « Decision of flag WDF1
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Division circuit | MR3MR2___yqystem clock (STCK) )

bttt 11 Instruction clock
Divided by 8 ™ (INSTCK)

B,;,H,;a-t;):x" 10 Internal clock Pha
— 01 generating circuit KOC

Divided by 2 OOO (divided by 3)

Xin(O— —O | L 14 | o1
PA . Prescaler (8) |—>ORCLK

[ Reload register RPS (8) |
(rpsaB)?t tPsaB)

(TPSAB)

(TABPS)
Register B || Register A

(TABPS)

PWMOUT ——
ORCLK — W53
0 .
STCK _%-—4 Timer 1 (8) ——+T71F Timer 1
CNTROIN ——+ Lol interrupt

> T1UDF

| Reload register R1 (8) |

(T1AB) § (TR1AB) % (T1AB)
(TAB1) (T1AB) (TAB1)

Register B || Register A

W21, W2o
00 !
PWMOUT —— = |
ORCLK —— | .
; Timer 2
STCK —— : Timer 2 (8) T2F interrupt
1
TIUDF ——=0_ | |

> T2UDF

| Reload register R2 (8) |
(T2AB) 1 4 (T2AB)

(T2AB)

(TAB2) (TAB2)

Register B || Register A

One-sided edge
detection circuit

INTSNC

Both edges
detection circuit

| Op#——Port D4 output W23
D4/CNTRO O—4——1 Op— T1UDF

W52 ! loe——T2UDF

PWMOUT: PWM signal (output from timer 3)

Data is set automatically from each reload register
when timer underflows (auto-reload function).

Note 1: Timer 1 count start synchronous circuit is synchronized with the valid edge of
INT pin selected by bits 1 (111) and 2 (112) of register 1.

Fig 31. Timers structure (1)
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| Register B || Register A |
(T3HAB) T Q PWMOD

[ Reload Register R3H (8) | +  (Note 1)
Reload control circuit |

—bl Timer 3 (8) I I “H” interval expansion

(T3R3L)
| Reload Register R3L (8) |

A F Y
(T3AB) § (15ag) | (13AB)

Timer 3
01 interrupt

(TAB3) (TAB3)

Register B || Register A

PWMOUT
PWMOD
C/CNTR1
Port C output
9 D ] T1UDF
WL2HR T
Watchdog timer (16)
—>
INSTCK =>4 . 16 (Note 2)
S Q
WDF1

WRST instruction— R

Reset signal4s @
(Note 4)

. . WEF
DWDT instruction
+ 1R D Q>

WRST instruction  (Note 3)

Watchdog reset
signal

T R resetsignal

T2UDF: Timer 2 underflow signal
ORCLK: Prescaler output

Data is set automatically from each reload register
when timer underflows (auto-reload function).

Note 1: When the CNTR1 output function is valid (W33="1"), the value is auto-reloaded alternately from reload register

R3L and R3H every timer 3 underflow.
When the CNTR1 function is invalid (W33="0"), the value is auto-reloaded from reload register R3L only.

2: Flag WDF1 is cleared to “0” and the next instruction is skipped when the WRST instruction is executed
while flag WDF1 = “1".
The WRST instruction is equivalent to the NOP instruction while flag WDF1 = “0".

3: Flag WEF is cleared to “0” and watchdog timer reset does not occur when the DWDT instruction and
WRST instruction are executed continuously.

4: The WEF flag is set to “1” at system reset or RAM back-up mode.

Fig 32. Timers structure (2)
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Table 17 Timer control registers

Timer control register PA at reset : 002 at RAM back-up : 002 w
TPAA
) ) 0 | Instruction clock (INSTCK)
PA1 | Prescaler count source selection bit - —
1 |lInstruction clock divided by 4 (INSTCK/4)
. 0 | Stop (state initialized)
PAo | Prescaler control bit -
1 |Operating
Timer control register W1 at reset : 00002 at RAM back-up : state retained RIW
9 : P TAWL/TWIA
Wis Timer 1 count auto-stop circuit selection bit |0 Timer 1 count auto-stop circuit not selected
(Note 2) 1 | Timer 1 count auto-stop circuit selected
) . 0 Stop (state retained)
W12 | Timer 1 control bit -
1 Operating
Wi Wilo Count source
W11 0 0 PWM signal (PWMOUT)
Timer 1 count source selection bits 0 1 Prescaler output (ORCLK)
1 0 System clock (STCK)
W1lo
1 1 CNTRO input
Timer control register W2 at reset : 00002 at RAM back-up : state retained RIW
9 : P TAW2/TW2A
) . ) . 0 | Timer 1 underflow signal divided by 2 output
W23 | CNTRO pin function selection bit - - —
1 | Timer 2 underflow signal divided by 2 output
) . 0 | Stop (state retained)
W22 | Timer 2 control bit -
1 | Operating
W21 W20 Count source
W21 0 0 |PWM signal (PWMOUT)
Timer 2 count source selection bits 0 1 | Prescaler output (ORCLK)
1 0 | System clock (STCK)
W20 - -
1 1 | Timer 1 underflow signal (TLUDF)
Timer control register W3 at reset : 00002 at RAM back-up : 00002 RIW
9 : P TAW3/TW3A
) . 0 | CNTR1 pin output invalid
W33 | CNTR1 pin output control bit - -
1 | CNTR1 pin output valid
W32 PWM signal 0 |PWAM signal “H” interval expansion function invalid
“H” interval expansion function control bit 1 |PWM signal “H” interval expansion function valid
) . 0 | Stop (state retained)
W31 | Timer 3 control bit -
1 | Operating
. . . 0 | XiNinput
W3o | Timer 3 count source selection bit
1 | Prescaler output (ORCLK)/2
Timer control register W5 at reset : 00002 at RAM back-up : state retained RIW
9 : P TAWS/TW5A
W53 Timer 1 count start synchronous circuit 0 [ Count start synchronous circuit not selected
selection bit (Note 3) 1 | Count start synchronous circuit selected
o . . 0 |Falling edge
W52 | CNTRO pin input count edge selection bit —
1 |Rising edge
W51 CNTR 1 pin output auto-control circuit 0 | Output auto-control circuit not selected
selection bit 1 | Output auto-control circuit selected
. - ’ . 0 |Da (I/O) / CNTRO (input)
W50 | D4/ICNTRO pin function selection bit -
1 |Da4 (input) /CNTRO (I/O)

Note 1.“R” represents read enabled, and “W” represents write enabled.

Note 2.This function is valid only when the INTO pin/timer 1 control is enabled (110 =“1") and the timer 1 count start synchronous circuit is

selected (W53 ="1").

Note 3.This function is valid only when the INTO pin/timer 1 control is enabled (110 =*1").
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(1) Timer control registers

 Timer control register PA

Register PA controls the count operation and count source of
prescaler. Set the contents of this register through register A
with the TPAA instruction.

Timer control register W1

Register W1 controls the count operation and count source of
timer 1, and timer 1 count auto-stop circuit. Set the contents of
this register through register A with the TW1A instruction.
The TAW1 instruction can be used to transfer the contents of
register W1 to register A.

Timer control register W2

Register W2 controls the count operation and count source of
timer 2, and CNTRO pin output signal function. Set the
contents of this register through register A with the TW2A
instruction. The TAW?2 instruction can be used to transfer the
contents of register W2 to register A.

Timer control register W3

Register W3 controls timer 3 count source, timer 3 count
operation, CNTRL1 pin output and PWM signal “H” interval
expansion function. Set the contents of this register through
register A with the TW3A instruction. The TAW3 instruction
can be used to transfer the contents of register W3 to register
A.

Timer control register W5

Register W5 controls the input count edge of CNTRO pin, the
timer 1 count start synchronous circuit, CNTR1 pin output
auto-control circuit and the D4/CNTR1 pin function. Set the
contents of this register through register A with the TW5A
instruction. The TAWS instruction can be used to transfer the
contents of register W5 to register A.

(2) Prescaler

Prescaler is an 8-bit binary down counter with the prescaler
reload register RPS. Data can be set simultaneously in prescaler
and the reload register RPS with the TPSAB instruction. Data
can be read from reload register RPS with the TABPS
instruction.

Stop counting and then execute the TPSAB or TABPS
instruction to read or set prescaler data.

Prescaler starts counting after the following process;

(1) setdatain prescaler, and

(2) setthehit Oof register PAto“1.”

When avalue set in reload register RPSisn, prescaler dividesthe
count source signal by n+ 1 (n = 0to 255).

Count source for prescaler can be selected the instruction clock
(INSTCK) or theinstruction clock (INSTCK)/4.

Once count is started, when prescaler underflows (the next count
pulse isinput after the contents of prescaler becomes “0"), new
datais loaded from reload register RPS, and count continues
(auto-reload function).

The output signal (ORCLK) of prescaler can be used for timer 1
and 2 count sources.

(3) Timer 1 (interrupt function)

Timer 1 isan 8-bit binary down counter with atimer 1 reload
register (R1). Data can be set simultaneously in timer 1 and the
reload register R1 with the TR1AB instruction. Data can be read
from timer 1 with the TAB1 instruction.

Stop counting and then execute the TIAB or TAB1 instruction to
read or set timer 1 data.

When executing the TR1AB instruction to set data to reload
register R1 while timer 1 is operating, avoid atiming when timer
1 underflows.

Timer 1 starts counting after the following process;

(1) setdataintimer 1

(2) set count source by bits0 and 1 of register W1, and

(3) setthehit 2 of register W1to“1.”

When a value set in reload register R1 is n, timer 1 divides the
count source signal by n+ 1 (n = 0to 255).

Once count is started, when timer 1 underflows (the next count
pulseis input after the contents of timer 1 becomes “0"), the
timer 1 interrupt request flag (T1F) is set to “1,” new datais
loaded from reload register R1, and count continues (auto-reload
function).

After timer 1 control by INTO pin is enabled by setting the bit 0
of register 11 to “1”, INTO pin input can be used as the start
trigger for timer 1 count operation by setting the bit 3 of register
W5to0“1".

Also, in this time, the auto-stop function by timer 1 underflow
can be performed by setting the bit 3 of register W1to“1.”
Thetimer 1 underflow signal divided by 2 can be output from the
CNTRO pin by setting the bit O of register W5 to “1” and bit 3 of
register W2to“0".

(4) Timer 2 (interrupt function)

Timer 2 is an 8-bit binary down counter with timer 2 reload
register (R2). Data can be set simultaneously in timer 2 and the
reload register R2 with the T2AB instruction. Data can be read
from timer 2 with the TAB2 instruction.

Stop counting and then execute the T2AB or TAB2 instruction to
read or set timer 2 data.

Timer 2 starts counting after the following process;

(1) setdataintimer 2

(2) set count source by bits0 and 1 of register W2, and

(3) setthehit 2 of register W2to“1.”

When a value set in reload register R2 is n, timer 2 divides the
count source signal by n+ 1 (n=0to 255).

Once count is started, when timer 2 underflows (the next count
pulseis input after the contents of timer 2 becomes “0”), the
timer 2 interrupt request flag (T2F) is set to “1,” new datais
loaded from reload register R2, and count continues (auto-reload
function).

Thetimer 2 underflow signal divided by 2 can be output from the
CNTRO pin by setting the bit 0 of register W5 to “1” and hit 3 of
register W2to*“1".
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(5) Timer 3 (interrupt function)

Timer 3 is an 8-bit binary down counter with two timer 3 reload
registers (R3L, R3H). Data can be set simultaneously in timer 3
and the reload register R3L with the T3AB instruction. Data can
be set in the reload register R3H with the T3HAB instruction.
The contents of reload register R3L set with the T3AB
instruction can be set to timer 3 again with the T3R3L
instruction. Data can be read from timer 3 with the TAB3
instruction.

Stop counting and then execute the T3AB or TAB3 instruction to
read or set timer 3 data.

When executing the T3HAB instruction to set data to reload
register R3H while timer 3 is operating, avoid a timing when
timer 3 underflows.

Timer 3 starts counting after the following process;

(1) setdataintimer 3

(2) set count source by bit O of register W3, and

(3) setthebit 1 of register W3to“1.”

When a value set in reload register R3L isn and avalue set in
reload register R3H is m, timer 3 divides the count source signal
by n+1orm+1(n=0to 255 m=0to 255).

<Bit 3 of register W3 ="0" (CNTRL1 pin output invalid)>

Once count is started, when timer 3 underflows (the next count
pulse is input after the contents of timer 3 becomes “0"), the
timer 3 interrupt request flag (T3F) is set to “1,” new datais
loaded from reload register R3L, and count continues (auto-
reload function).

<Bit 3 of register W3 ="1" (CNTR1 pin output valid)>

Timer 3 generates the PWM signal of the “L” interval set as
reload register R3L, and the “H” interval set as reload register
R3H. The PWM (PWMOD) signal generated by timer 3 is output
from CNTR1 pin.

When bit 2 of register W3 is set to “1” at thistime, timer 3
extends the interval set to reload register R3H for ahalf period of
count source. When avalue set in reload register R3H isn, timer
3 divides the count source signal by m + 1.5 (m = 1 to 255).
When this function is used, set “1” or more to reload register
R3H.

When hit 1 of register W5isset to“1", the PWM signal output to
CNTR1 pin is switched to valid/invalid each timer 1 underflow.
However, when timer 3 is stopped, this function is canceled.
Even when bhit 1 of aregister W3 is cleared to “0” in the “H”
interval of PWM signal, timer 3 does not stop until it next timer 3
underflow.

When hit 1 of register W3 iscleared to “0" in order to stop timer
3 while the PWM output is used, avoid a timing when timer 3
underflows.

If these timings overlap, a hazard may occur in a CNTR1 output
waveform.

(6) Count start synchronization circuit (timer 1)

Timer 1 has the count start synchronous circuit which
synchronizes the input of INTO pin, and can start the timer count
operation.

Timer 1 count start synchronous circuit function can be selected
after timer 1 control by INTO pinis enabled by setting the bit 0 of
register 11 to “1” and its function is selected by setting the bit 3
of register W5t0“1".

When timer 1 count start synchronous circuit is used, the count
start synchronous circuit is set, the count source is input to timer
by inputting valid waveform to INTO pin.

The valid waveform of INTO pin to set the count start
synchronous circuit isthe same as the external interrupt activated
condition.

Once set, the count start synchronous circuit is cleared by
clearing the bit [10to “0" or system reset.

However, when the count auto-stop circuit is selected, the count
start synchronous circuit is cleared (auto-stop) at the timer 1
underflow.

(7) Count auto-stop circuit (timer 1)

Timer 1 has the count auto-stop circuit which is used to stop
timer 1 automatically by the timer 1 underflow when the count
start synchronous circuit is used.

The count auto-stop circuit is valid by setting the bit 3 of register
W1to“1”. It is cleared by the timer 1 underflow and the count
source to timer 1is stopped.

This function is valid only when the timer 1 count start
synchronous circuit is selected.

(8) Timer input/output pin (D4/CNTRO)

CNTRO pinis used to input the timer 1 count source and output
thetimer 1 or timer 2 underflow signal/2.

The D4/CNTRO pin function can be selected by bit O of register
WS5.

The output signal can be selected by bit O of register W2.

When the CNTRO input is selected for timer 1 count source,
timer 1 counts the falling or rising waveform of CNTRO input.
The count edge is selected by bit 2 of register W5.

(9) PWM signal output function (C/CNTR1, timer 1,
timer 2)

The C/CNTR1 pin is also used to output the PWM signal
generated by timer 3.
When the bit 3 of register W3 is set to “1”, the PWM signal can
be output from the C/CNTRL pin. In this time, set the output
latch of port Cto“1.”

(10)Timer interrupt request flags (T1F, T2F, T3F)

Each timer interrupt request flag is set to “1” when each timer
underflows. The state of these flags can be examined with the
skip instructions (SNZT1, SNZT2, SNZT3).

Use the interrupt control register V1, V2 to select an interrupt or
askip instruction.

An interrupt request flag is cleared to “0” when an interrupt
occurs or when the next instruction is skipped with a skip
instruction.
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(11) Precautions

* Prescaler

Stop prescaler counting and then execute the TABPS
instruction to read its data.

Stop prescaler counting and then execute the TPSAB
instruction to write data to prescaler.

Stop prescaler counting to change its count source.

Timer count source

Stop timer 1, 2 or 3 counting to change its count source.
Reading the count value

Stop timer 1, 2 or 3 counting and then execute the TAB1,
TAB2 or TAB3 instruction to read its data.

Writing to the timer

Stop timer 1, 2 or 3 counting and then execute the T1AB,
T2AB, T3AB or T3R3L instruction to write data to timer.
Writing to reload register

In order to write adatato the reload register R1 whilethetimer
1 is operating, execute the TR1AB instruction except atiming
of thetimer 1 underflow.

In order to write a data to the reload register R3H while the
timer 3 is operating, execute the T3HAB instruction except a
timing of the timer 3 underflow.

PWM signa

If the timer 3 count stop timing and the timer 3 underflow
timing overlap during output of the PWM signal, a hazard may
occur in the PWM output waveform.

When “H" interval expansion function of the PWM signal is
used, set “1" or more to reload register R3H.

Set the port C output latch to “0” to output the PWM signal
from C/CNTR1 pin.

* Prescaler, timer 1, timer 2 and timer 3 count start timing and
count time when operation starts
Count starts from thefirst rising edge of the count source (2) in
Figure 33 after prescaler and timer operations start (1) in
Figure 33.
Time to first underflow (3) in Figure 33 is shorter (for upto 1
period of the count source) than time among next underflow
(4) in Figure 33 by the timing to start the timer and count
source operations after count starts.
When selecting CNTRO input as the count source of timer 1,
timer 1 operates synchronizing with the count edge (falling
edge or rising edge) of CNTRO input selected by software.

Countsource 1} }
Count source  —]
(When faling edge of ARERERNREREE

CNTRO input is selected)

Timerivaue 3] 2 [1Jo[3[2]1]o]3]z2]
Timer 1 underflow signal —l
® ) @
(1) Timer start

Fig 33. Timer count start timing and count time when
operation starts
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Timer 3 count source

Timer 3 count value
(Reload register)

Timer 3 underflow signal

PWM signal

Timer 3 count source

Timer 3 count value
(Reload register)

Timer 3 underflow signal

PWM signal

Timer 3 count source

Timer 3 count value
(Reload register)

Timer 3 underflow signal

PWM signal

- CNTR1 pin output invalid (W33=0)

JuyyyuyyyyUyyyyyyyyyuyuy UL

_Oau @@@@@@@@@@@@@@@@

(R3L)

(R3L)

(R3L)

Timer 3 start

PWM1 signal “L” fixed

- CNTRL1 pin output valid (W33=1), PWM signal “H” interval expansion function invalid (W32=0)

0316 @@ 0016X0216 @
T T
(R3L) (R3H)

€—4 clock—

<—3 clock—>

Timer 3 start

Uy

0316 @@ 0016

o (R3L)

€—4 clock—

<—3 clock—>

7

(R3H)

3

0216 @ 001s,

ff——PWM period 7 clock ——pw

T

(R3L)

3

T

(R3H)

"

€—4 clock—

fl——PWM period 7 clock ——pw

0216 @ 001s,

- CNTR1 pin output valid (W33=1), PWM signal “H” interval expansion function valid (W32=1) (Note)

gipigipipipipipipipipinipininh
DRDDD

0316 @@ 0016
1

(R3L)

3

4 clock

3.5 clock

Timer 3 start

4 clock

3.5 clock

f——PWM period 7.5 clock ——p:

4 clock

f——PWM period 7.5 clock ——pm

*:“0316” is set to reload register R3L and “0216” is set to reload register R3H.

Note: When the PWM signal “H” interval expansion function is valid,
set “1” or more to reload register R3H.

Fig 34. Timer 3 operation example
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Timer 1 underflow signal

PWM signal _,“““““““““““

e CNTR1 output auto-control circuit operation example 1 (W33 = “1", W51 = “1")

CNTR1 output

TCNTR1 output start

AT
| | |
TTimer 1 start
A e

o CNTR1 output auto-control circuit operation example 2 (W33 = “1", W51 = “1")

* When the CNTR1 output auto-control circuit is selected, valid/invalid of CNTR1 output is repeated every timer 1 underflows.

CNTRL1 output invalid state is retained.

CNTR1 output valid state is retained.

CNTR1 output start

(3) When the timer 1 is stopped, the CNTR1 output auto-control function becomes invalid.

(1) When the CNTR1 output auto-control function is not selected while the CNTR1 output is invalid,

(2) When the CNTR1 output auto-control function is not selected while the CNTR1 output is valid,

PWM signal S e T
Timer 1 underflow signal

T .
Register W51 Timer 1 start @) 2) Timer 1 stop

| [ | 2)
CNTR1 output [
L LLEEARLLRRRR
T T

CNTR1 output stop

Fig 35. CNTR1 output auto-control function by timer 1
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Machine cycle

Timer 3 count source
(XIN input)

Register W31

Timer 3 count value
(reload register)

PWM signal

Machine cycle

Timer 3 count source
(XIN input)

Register W31

Timer 3 count value
(reload register)

PWM signal

Timer 3 underflow signal

Timer 3 underflow signal |

Timer 3 count start timing (R3L = “0216”, R3H = “0216", W33 = “1")

M X

Mi+1

X

Mi + 2

Mi + 3 )

TWS3A instruction execution (W:31%1)

X

0216 X 0L X 003 X 0216 )

X 0116 X 0016 X

0216 ;
(R3L) i T(R3H); i T(R3L)
: i T
| I
i Timer 3zcount start timing
Timer 3 count stop timing (R3L = “0216”, R3H = “0216”, W33 = “1")
Mi X Mi + 1 X Mi + 2 X Mi + 3 )

TWéA instruction execution (W31f&0)

h

:X 0216 :

- 0l1s X 0016 I

Olie X 0016 X 0216 0216
i T(R3H) i T(R3L) T(R3H)
| ]
J i (Note 1

Timer 3 count stop timing

Notes 1: If the timer count stop timing and the timer underflow timing overlap while the CNTR1 pin output
is valid (W33="1"), a hazard may occur in the PWM signal waveform.

2: When timer count is stopped during “H” interval of the PWM signal, timer is stopped after

the end of the “H” output interval.

Fig 36. Timer count start/stop timing
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WATCHDOG TIMER

Watchdog timer provides a method to reset the system when a
program run-away occurs. Watchdog timer consists of timer
WDT(16-bit binary counter), watchdog timer enable flag (WEF),
and watchdog timer flags (WDF1, WDF2).

The timer WDT downcounts the instruction clocks as the count
source from “FFFF16” after system isreleased from reset.

After the count is started, when the timer WDT underflow occurs
(after the count value of timer WDT reaches “00001s,” the next
count pulse isinput), the WDFL1 flag is set to “1.” If the WRST
instruction is never executed until the timer WDT underflow
occurs (until timer WDT counts 65534), WDF2 flag isset to “1,”
and the RESET pin outputs “L” level to reset the microcomputer.
Execute the WRST instruction at each period of 65534 machine
cycle or less by software when using watchdog timer to keep the
microcomputer operating normally.

When the WEF flag is set to “1" after system is released from
reset, the watchdog timer functionisvalid.

When the DWDT instruction and the WRST instruction are
executed continuously, the WEF flag is cleared to “0” and the
watchdog timer function isinvalid.

The WEF flag isinitialized to “1” at system reset or RAM back-
up mode.

The WRST instruction has the skip function. When the WRST
instruction is executed while the WDF1 flag is“1”, the WDF1
flagiscleared to “0" and the next instruction is skipped.

When the WRST instruction is executed while the WDF1 flag is
“0”, the next instruction is not skipped.

The skip function of the WRST instruction can be used even
when the watchdog timer function isinvalid.

@) )

65534 count
(Note) '_| 4

RESET pin output

FFFF16
Value of 16-bit timer (WDT) i
000016 —}
|
WDF1 flag i
|
WDF2 flag '
.
i

instruction is skipped.
signal is output.

executed.

is the instruction clock.

(1) Reset released

(1) After system is released from reset (= after program is started), timer WDT starts count down.

(2) When timer WDT underflow occurs, WDF1 flag is set to “1”.

(3) When the WRST instruction is executed while the WDF1 flag is “1", WDF1 flag is cleared to “0”, the next
(4) When timer WDT underflow occurs while WDF1 flag is “1”, WDF2 flag is set to “1” and the watchdog reset

(5) The output transistor of RESET pin is turned “ON” by the watchdog reset signal and system reset is

Note: The number of count is equal to the number of machine cycle because the count source of watchdog timer

|

. |

(3) WRST instruction (5) System reset
executed (skip executed)

Fig 37. Watchdog timer function
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When the watchdog timer is used, clear the WDF1 flag at the
period of 65534 machine cycles or less with the WRST
instruction.

When the watchdog timer is not used, execute the DWDT
instruction and the WRST instruction continuously (refer to
Figure 38).

The watchdog timer is not stopped with only the DWDT
instruction.

The contents of WDF1 flag and timer WDT are initialized at the
RAM back-up mode.

When using the watchdog timer and the RAM back-up mode,
initialize the WDF1 flag with the WRST instruction just before
the microcomputer enters the RAM back-up state. Also, set the
NOP instruction after the WRST instruction, for the case when a
skip is performed with the WRST instruction (refer to Figure 39).

WRST ; WDF1 flag cleared

DI

DWDT ; Watchdog timer function enabled/disabled
WRST ; WEF and WDF1 flags cleared

Fig 38. Program example to start/stop watchdog timer

WRST ; WDF1 flag cleared
NOP
DI ; Interrupt disabled
EPOF ; POF instruction enabled
POF ; RAM back-up mode

l

Oscillation stop

Fig 39. Program example when using the watchdog
timer
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RESET FUNCTION (1) RESET pin input

System reset is performed by the followings: System reset is performed certainly by applying “L” level to
* “L” level is applied to the RESET pin externally, RESET pin for 1 machine cycle or more when the following
« System reset instruction (SRST) is executed, condition is satisfied;

+ Reset occurs by watchdog timer, the value of supply voltage is the minimum value or more of the

* Reset occurs by built-in power-on reset recommended operating conditions.

» Reset occurs by voltage drop detection circuit
Then when “H” level is applied to RESET pin, software starts
from address 0 in page 0.

©
Pull-up transistor

T
(Note 1) i - | Voltage drop detection circuit
! —
}

/

@c D—» Internal reset signal

RESET pin ¢
(Note 2)

Power-on reset circuit |

(Note 1) 777~

_‘
77E SRST instruction

. Watchdog reset signal

Notes 1: --{«---- This symbol represents a parasitic diode.
2: Applied potential to RESET pin must be VDD or less.

Fig 40. Structure of reset pin and its peripherals

Reset input
1
1 machine cycle or more

] ] ]
-
v 0.85Veo i Program starts
RESET e ! (address 0 in page 0)
i/
0.3Vop - E
A i i
(Note 1) ‘ i
{
{RING) UUL--Juyguuuuy

XIN input is counted 5400 to 5424 times (Note 2).

Notes 1: Keep the value of supply voltage to the minimum value or more of the
recommended operating conditions.
2: It depends on the internal state at reset.

Fig 41. RESET pin input waveform and reset release timing
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(2) Power-on reset

Reset can be automatically performed at power on (power-on
reset) by the built-in power-on reset circuit. When the built-in
power-on reset circuit is used, set the time for the supply voltage
to rise from 0 V to the minimum voltage of recommended
operating conditions to 100 s or less.

If the rising time exceeds 100 us, connect a capacitor between
the RESET pin and Vss at the shortest distance, and input “L”
level to RESET pin until the value of supply voltage reaches the
minimum operating voltage.

(3) System reset instruction (SRST)

By executing the SRST instruction, “L” level isoutput to RESET
pin and system reset is performed.

— K— 100us or less

— Voo (Note 1)

{

ower-on reset
circuit output

_—

,— Internal reset signal

A

Power-on Reset Reset
state released

Note: Keep the value of

supply voltage to

the minimum value or more of the
recommended operating conditions.

Table 18 Port state at reset

Fig 42. Power-on reset operation

Name Function State
Do-D3 Do-D3 High-impedance (Notes 1, 2)
D4/CNTRO D4 High-impedance (Note 1)
P0o—PO03 P0o-PO03 High-impedance (Notes 1, 3)
Plo-P13 P1lo-P13 High-impedance (Notes 1, 3)
P20/INTO, P21/INT1 P20, P21 High-impedance (Notes 1, 3)
P30, P31 P30, P31 High-impedance (Notes 1, 2)
C/ICNTR1 C/CNTR1 (Vss)
K K High-impedance

Note 1.Output latch is set to “1.”
Note 2.The output structure is N-channel open-drain.
Note 3.Pull-up transistor is turned OFF.
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(4) Internal state at reset

Figure 43 shows internal state at reset (they are the same after
system is released from reset). The contents of timers, registers,
flags and RAM except shown in Figure 43 are undefined, so set

theinitial value to them.

« Program counter (PC)

« Interrupt enable flag (INTE)

Address 0 in page 0 is set to program counter.

[oJoJoJoJoJoJoJoJoJoJoJoJofo]

» Power down flag (P)

[0 ] (interrupt disabled)

« External O interrupt request flag (EXF0)
« External 1 interrupt request flag (EXF1)

« Interrupt control register V1

[l [l Bl

« Interrupt control register V2

[ 0] o] o] o] (nterrupt disabled)

« Interrupt control register 11

[0 ] o] o]o](nterrupt disabled)

« Interrupt control register 12

« Timer 1 interrupt request flag (T1F)

« Timer 2 interrupt request flag (T2F)

« Timer 3 interrupt request flag (T3F)

» Watchdog timer flags (WDF1, WDF2)

« Watchdog timer enable flag (WEF)

] ] Bl B ]

« Timer control register PA

« Timer control register W1

E
—
o
=
®
1]
o
=
)
=
1%
(43
]
ke]
°
@
Q
=

—
o
3
@
o
i
1%}
123
3

e}

°
®
o

&

« Timer control register W2

*Timer control register W3

(Timer 2 stopped)

« Timer control register W5

(Timer 3 stopped)

« Clock control register MR

« Key-on wakeup control register KO

-] [°]
-|
|
-] o]

» Key-on wakeup control register K1

« Key-on wakeup control register K2

« Key-on wakeup control register L1

« Pull-up control register PUO

« Pull-up control register PU1

« Pull-up control register PU2

« Port output structure control register FRO

« Port output structure control register FR1

« Carry flag (CY)

ol o] i ]
ol o] |l
ol o] ]
o] [o] [°] [

* Register A
* Register B
* Register D
« Register E [xIxIxIxIxIx]x[x]
* Register X
+ Register Y [0]oJoJo]
« Register Z

|
]

« Stack pointer (SP)

H
H
H

“X" represents undefined.

Fig 43. Internal state at reset
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VOLTAGE DROP DETECTION CIRCUIT

The built-in voltage drop detection circuit is used to set the
voltage drop detection circuit interrupt request flag (VDF) or to
perform system reset.

The voltage drop detection circuit stops at RAM back-up mode.

EPOF instruction

+ S Q .
POF instruction Oscillation stop
Key-on — signal
i —R
wakeup signal Q

Voltage drop
detection circuit
interrupt

VDF

Pull-up transistor

Voltage drop
detection circuit

_‘
;:: @c _D—> Internal reset signal

A
(Note 1)%

RESET pin O
(Note 2)

;

(Note 1) 777~

Power-on reset circuit |

_‘
E SRST instruction

. Watchdog reset signal

Notes 1: --{«---- This symbol represents a parasitic diode.
2: Applied potential to RESET pin must be VDD or less.

Fig 44. Voltage drop detection reset circuit
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(1) Voltage drop detection circuit interrupt request flag
(VDF)

Voltage drop detection circuit interrupt request flag (VDF) is set
to “1" when the supply voltage goes the defined value (VINT) or
less. Moreover, voltage drop detection circuit interrupt request
flag (VDF) is cleared to “0” when the supply voltage goes the
defined value (VINT) or more. The state of the interrupt request
flag can be examined with the skip instruction (SNZVD). Use the
interrupt control register V2 to select an interrupt or a skip
instruction. Unlike other interrupt request flags, even when the
interrupt occurs or the skip instruction is executed, the voltage
drop detection circuit interrupt request flag is not cleared to “0”.

(2) Voltage drop detection circuit reset

System reset is performed when the supply voltage goes the
defined value (VRsT) or less (“L” level is not output to RESET
pin.). However, unlike the normal system reset, the oscillation
circuit is stopped.

When the supply voltage goes the defined value (VRST?) or more,
the oscillation circuit goes to be in the operating enabled state
and system reset is rel eased.

Vob

VInT (interrupt occurrence voltage)

4

VrsT*(reset release voltage)
VRsT(reset occurrence voltage)

Voltage drop detection circuit
interrupt request flag (VDF)

Voltage drop
detection circuit

(Note 3)

reset signal

Notes 1: Microcomputer starts operation after input clock is counted 5400 to 5424 times.
2: “L" level is not output from RESET pin. The oscillation circuit is stopped.

3: After microcomputer starts operation, the detection of the interrupt occurrence voltage is performed.

(Note 2) —Note 1)

Voo
Recommended operating condition \ /
min.value ~22-o

VRsT*

VRsT-

No reset
Program failure may occur.

Voo
Recommended operating condition \
min.value

VRsT*

VRsT

— Normal operation

Yan

17

Reset

Fig 46. VoD and VRsST

Fig 45. Voltage drop detection circuit operation waveform

(3) Note on voltage drop detection circuit

The voltage drop detection circuit detection voltage of this
product is set up lower than the minimum value of the supply
voltage of the recommended operating conditions.

When the supply voltage of a microcomputer falls below to the
minimum value of recommended operating conditions and rises
again, depending on the capacity value of the bypass capacitor
added to the power supply pin, the following case may cause
program failure (Figure 46);

supply voltage does not fall below to VRsT, and

its voltage rises again with no reset.

In such a case, please design a system which supply voltage is
once reduced below to VRsT and re-goes up after that.
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RAM BACK-UP MODE

The 4571 Group has the RAM back-up mode.

When the POF instruction is executed continuously after the
EPOF instruction, system enters the RAM back-up state.

The POF instruction is equal to the NOP instruction when the
EPOF instruction is not executed before the POF instruction.

As oscillation stops retaining RAM, the function of reset circuit
and states at RAM back-up mode, current dissipation can be
reduced without losing the contents of RAM.

Table 19 shows the function and states retained at RAM back-up.
Figure 47 shows the state transition.

(1) Identification of the start condition

Warm start (return from the RAM back-up state) or cold start
(return from the normal reset state) can be identified by
examining the state of the power down flag (P) with the SNZP
instruction.

(2) Warm start condition

When the external wakeup signal isinput after the system enters
the RAM back-up state by executing the EPOF instruction and
POF instruction continuously, the CPU starts executing the
program from address 0 in page O. In this case, the Pflag is“1.”
(3) Cold start condition

The CPU starts executing the program from address 0 in page O
when;

* “L” level isapplied to RESET pin,

* system reset (SRST) is performed,

* reset by watchdog timer is performed,

* reset by the built-in power-on reset circuit is performed, or

« reset by the voltage drop detection circuit is performed.

In this case, the Pflag is“0.”

Table 19 Functions and states retained at RAM back-up

Function RAM back-up
Program counter (PC), stack pointer (SP) y
(Table 2), carry flag (CY), registers A, B
Contents of RAM (0]
Interrupt control registers V1, V2 X
Interrupt control registers 11, 12 (@]
Clock control register MR X
Timer 1, Timer 2, Timer 3 function (Note 3)
Watchdog timer function % (Note 4)
Timer control registers PA, W3 X
Timer control registers W1, W2, W5 O
Voltage drop detection circuit (Note 5)
Port level (Note 6)
Key-on wakeup control registers KO to K2, L1 O
Pull-up control registers PUO to PU2 O
Port output structure control registers FRO, FR1 O
External interrupt request flags (EXFO, EXF1) X
Timer interrupt request flags (T1F, T2F, T3F) (Note 3)
Voltage drop detection circuit interrupt request «
flag (VDF)
Interrupt enable flag (INTE) X
Watchdog timer flags (WDF1, WDF2) x (Note 4)
Watchdog timer enable flag (WEF) x (Note 4)

Note 1.“O” represents that the function can be retained, and “x”
represents that the function is initialized.

Registers and flags other than the above are undefined at
RAM back-up, and set an initial value after returning.

Note 2.The stack pointer (SP) points the level of the stack register
and is initialized to “7” at RAM back-up.

Note 3.The state of the timer is undefined.

Note 4.Initialize the watchdog timer flag WDF1 with the WRST
instruction, and then set the system to be in the RAM
back-up mode.

Note 5.The voltage drop detection circuit is invalid.

Note 6.C/CNTR pin outputs “L” level. Other ports retain their
output levels.
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(4) Return signal
An external wakeup signal is used to return from the RAM back-

up mode because the oscillation is stopped. Table 20 shows the
return condition for each return source.

(5) Control registers

« Key-on wakeup control register KO

Register KO controls the port PO key-on wakeup function. Set
the contents of this register through register A with the TKOA
instruction. In addition, the TAKO instruction can be used to
transfer the contents of register KO to register A.

Key-on wakeup control register K1

Register K1 controls the port P1 key-on wakeup function. Set
the contents of this register through register A with the TK1A
instruction. In addition, the TAK1 instruction can be used to
transfer the contents of register K1 to register A.

Key-on wakeup control register K2

Register K2 controls the ports K and P2 key-on wakeup
function. Set the contents of this register through register A
with the TK2A instruction. In addition, the TAK2 instruction
can be used to transfer the contents of register K2 to register A.
Key-on wakeup control register L1

Register L1 controls the selection of the selection of the INTO
pin return condition and INTO pin key-on wakeup function and
the selection of the INT1 pin return condition and INT1 pin
key-on wakeup function. Set the contents of this register
through register A with the TL1A instruction. In addition, the
TAL1 instruction can be used to transfer the contents of
register L1 to register A.

Table 20 Return source and return condition

* Pull-up control register PUO

Register PUO controls the ON/OFF of the port PO pull-up
transistor. Set the contents of this register through register A
with the TPUOA instruction. In addition, the TAPUO
instruction can be used to transfer the contents of register PUO
to register A.

Pull-up control register PU1

Register PU1 controls the ON/OFF of the port P1 pull-up
transistor. Set the contents of this register through register A
with the TPU1A instruction. In addition, the TAPU1
instruction can be used to transfer the contents of register PU1
to register A.

Pull-up control register PU2

Register PU2 controls the ON/OFF of the ports P2 pull-up
transistor. Set the contents of this register through register A
with the TPU2A instruction. In addition, the TAPU2
instruction can be used to transfer the contents of register PU2
to register A.

Interrupt control register 11

Register 11 controls the valid waveform/level of the INTO pin
and the input control of INTO pin. Set the contents of this
register through register A with the TI1A instruction. In
addition, the TAI1 instruction can be used to transfer the
contents of register 11 to register A.

Return source Return condition Remarks

Port POo-P03 Return by an external falling edge (“H” — “L") The key-on wakeup function can be selected by
‘_g Port P1o-P13 input. one port unit. Set the port using the key-on
.?) Port P20, P21 wakeup function to “H” level before going into
g |PortK the RAM back-up state.
% INT pin Return by an external “H” level or “L” level input, | The key-on wakeup function can be selected by
2 or falling edge (“H” — “L”") or rising edge (“L” — | one port unit. Select the return level (“L" level or
§ “H"). “H” level) with the register 11 and return condition
5 When the return level is input, the EXFO flag is | (level or edge) with the register L1 according to
i not set. the external state before going into the RAM

back-up state.
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State A POF instruction execution > State D
(Note 2)
Reser (Note 1) Operating state RAM back-up mode
f(Xin) : operating P Key-on wakeup f(Xin) : Stop
h (Notes 1, 3)

Notes 1: Microcomputer starts its operation after counting f( Xin) 5400 to 5424 times from system is released from reset.
2: Continuous execution of the EPOF instruction and the POF instruction is required to go into the RAM back-up state.
3: The operation mode also returns to the initial state (internal frequency divided by 4 mode) (register MR initialized).

Fig 47. State transition

Power down flag (P)
—» —S Q —

Software start

EPOF POF
instruction ¥ instruction

Internal reset signal —» —R SNZP instruction

- Set source ... EPOF instruction + POF instruction

Cold start Warm start
- Clear source ... Reset

Fig 48. Set source and clear source of the P flag Fig 49. Start condition identified example using the
SNZP instruction
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Table 21 Key-on wakeup control registers

Key-on wakeup control register KO at reset : 00002 at RAM back-up : state retained T AK%?‘IFVKO A
KO3 Port P03_key-on wakeup 0 | Key-on wakeup not used
control bit 1 |Key-on wakeup used
KOz Port POz_key-on wakeup 0 | Key-on wakeup not used
control bit 1 |Key-on wakeup used
KOL Port P01_key-on wakeup 0 | Key-on wakeup not used
control bit 1 |Key-on wakeup used
KOo Port POO_key-on wakeup 0 | Key-on wakeup not used
control bit 1 | Key-on wakeup used
Key-on wakeup control register K1 at reset : 00002 at RAM back-up : state retained RIW
TAKL/TK1A
K15 | POt P13 key-on wakeup 0 | Key-on wakeup not used
control bit 1 |Key-on wakeup used
K12 Port Plz_key-on wakeup 0 | Key-on wakeup not used
control bit 1 |Key-on wakeup used
K11 Port P11 _key-on wakeup 0 |Key-on wakeup not used
control bit 1 |Key-on wakeup used
K1o Port Plo_key-on wakeup 0 | Key-on wakeup not used
control bit 1 |Key-on wakeup used
Key-on wakeup control register K2 at reset : 00002 at RAM back-up : state retained RIW
TAK2/TK2A
K23 | Not used 2 This bit has no function, but read/write is enabled.
K22 Port K ke_y'on wakeup 0 | Key-on wakeup not used
control bit 1 | Key-on wakeup used
K21 Port P21_key—on wakeup 0 | Key-on wakeup not used
control bit 1 | Key-on wakeup used
K20 Port P20_key—on wakeup 0 | Key-on wakeup not used
control bit 1 | Key-on wakeup used
Key-on wakeup control register L1 at reset : 00002 at RAM back-up : state retained RIW
TALL/TL1A
L15 | NT2 pin return condition selection 0 |Return by level
bit 1 | Return by edge
L1 INT1 pin vglid wgveform/ 0 |Key-on wakeup not used
level selection bit 1 |Key-on wakeup used
L1 INTO pin N . . 0 | Return by level
return condition selection bit 1 |Return by edge
L1o INTO pin . 0 |Key-on wakeup not used
key-on wakeup control bit 1 | Key-on wakeup used

Note 1.“R” represents read enabled, and “W" represents write enabled.
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Table 22 Pull-up control registers

. . R/W
Pull-up control register PUO at reset : 00002 at RAM back-up : state retained TAPUO/TPUOA
PUO3 Port POa_puII-up transistor 0 | Pull-up transistor OFF
control bit 1 | Pull-up transistor ON
PUO2 Port POz-puII-up transistor 0 | Pull-up transistor OFF
control bit 1 | Pull-up transistor ON
PUOL Port P01-pull-up transistor 0 | Pull-up transistor OFF
control bit 1 | Pull-up transistor ON
PUOO Port POo_puII-up transistor 0 | Pull-up transistor OFF
control bit 1 | Pull-up transistor ON
Pull-up control register PU1 at reset : 00002 at RAM back-up : state retained RIW
TAPU1/TPU1A
PU1s Port Pls_pull—up transistor 0 | Pull-up transistor OFF
control bit 1 |Pull-up transistor ON
PUL2 Port Plz_pull—up transistor 0 | Pull-up transistor OFF
control bit 1 |Pull-up transistor ON
PULL Port P11 _pull—up transistor 0 | Pull-up transistor OFF
control bit 1 |Pull-up transistor ON
PU10 Port Plo_pull—up transistor 0 | Pull-up transistor OFF
control bit 1 |Pull-up transistor ON
Pull-up control register PU2 at reset : 00002 at RAM back-up : state retained RIW
TAPU2/TPU2A
PU23| Not used (1) This bit has no function, but read/write is enabled.
PU22| Not used (1) This bit has no function, but read/write is enabled.
PU21 Port P21_pu||-up transistor 0 | Pull-up transistor OFF
control bit 1 | Pull-up transistor ON
PUZ0 Port P20_pu||-up transistor 0 | Pull-up transistor OFF
control bit 1 | Pull-up transistor ON

Note 1.“R” represents read enabled, and “W” represents write enabled.
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CLOCK CONTROL The system clock and the instruction clock are generated as the

The clock control circuit consists of the following circuits. source clock for operation by these circuits. o
« Ceramic oscillation circuit Figure 50 shows the structure of the clock control circuit.

 Frequency divider
« Internal clock generating circuit

Division circuit MER_%_'\_/'B% _>System clock
---------------- 11 i (STCK)
divided by 8 v !
e 110 | Internal clock
Bl Ao P + L | generation circuit |— INStruction clock
- divided by 2 —+—2° E (divided by 3) (INSTCK)
XinO Ceramic ) : O% :
oscillation circuit bemlmeeo )

Voltage drop detection circuit
(reset occurs)

Oscillation
stop signal

Q S| EPOF instruction + POF instruction

R ‘<:({0Key-on wakeup signal
RESET

Fig 50. Clock control circuit structure
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(1) Ceramic resonator

When the ceramic resonator is used as the main clock (f(XIN)),
connect the ceramic resonator and the external circuit to pins XIN
and XouT at the shortest distance. A feedback resistor is built in
between pins XIN and XouT (Figure 51).

(2) External clock

When the external signal clock is used for the main clock
(f(XIN)), connect the XIN pin to the clock source and leave XouT
pin open (Figure 52).

Be careful that the maximum value of the oscillation frequency
when using the external clock differs from the value when using
the ceramic resonator (refer to the recommended operating
condition).

Also, note that the RAM back-up mode (POF instruction) cannot
be used when using the external clock.

(3) Clock control register MR

Register MR controls the selection of operation mode. Set the
contents of this register through register A with the TMRA
instruction. In addition, the TAMR instruction can be used to
transfer the contents of register MR to register A.

Table 23 Return source and return condition

4571

XIN Xout

Rd

I I 1
;_Cm 7;1;COUT

Note: Externally connect a damping resistor Rd depending
on the oscillation frequency.
(A feedback resistor is built-in.)
Use the resonator manufacturer's recommended value
because constants such as capacitance depend on
the resonator.

Fig 51. Ceramic resonator external circuit

4571

XIN Xout

T v LI
External oscillation circuit Vss

Fig 52. External clock input circuit

. . . R/W
Clock control register MR at reset : 11112 at RAM back-up : 11112 TAMR/TMRA
MRs MR3 | MR2 Operation mode
0 0 | Through mode (frequency not divided)
Operation mode selection bits 0 1 | Frequency divided by 2 mode
MR2 1 0 | Frequency divided by 4 mode
1 1 |Frequency divided by 8 mode
0
MRz | Not used 1 This bit has no function, but read/write is enabled.
0 L . .
MRo | Not used 1 This bit has no function, but read/write is enabled.

Note 1.“R” represents read enabled, and “W” represents write enabled.
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QzROM Writing Mode

In the QzROM writing mode, the user ROM area can be
rewritten while the microcomputer is mounted on-board by using
aseria pro-grammer which is applicable for this microcomputer.
Table 24 lists the pin description (QzROM writing mode) and
Figure 53 shows the pin connections.

Refer to Figure 54 for examples of a connection with a serial pro-
grammer.

Contact the manufacturer of your serial programmer for serial
pro-grammer. Refer to the user’s manual of your serial
programmer for details on how to useit.

Table 24 Pin description (QzROM writing mode)

Pin Name /10 Function
VDD Power source - « Power supply voltage pin.
Vss GND - * GND pin.
K VPP input - * QzROM programmable power source pin.
P01 SDA input/output I/O * QzROM serial data I/0 pin.
POo SCLK input Input |« QzROM serial clock input pin.
Plo PGM input Input |+ QzROM read/program pulse input pin.
RESET Reset input Input | ¢ Reset input pin.

* Input “L” level signal.

XIN Clock input - « Either connect an oscillation circuit or connect Xin pin to Vss and leave
XouT Clock output - the Xout pin open.
P02, P03, P11-P13, 1/O port I/0 « Input “H” or “L” level signal or leave the pin open.

P20/INTO, P21/INT1, P3o,
P31, Do-D3, D4/CNTRO,
C/ICNTR1
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VDD VDD E Q

Vss Vss z
(Note) (O L %
O———— Xour +— | 4 a
VppP K —»[5 ,:‘
RESET < [ L
[SCLK] PO0 € [ 7 E
SDA PO1 4> [ 8 | %

PO 4 | 9

POz €4 [ 10

PGM Plo «» [ 11

P11 €« [ 12

ddXOTLSVEN

24

N
N

21

N
o

-
[oe]

1

[ =
o1 ) ~

I Bl LB B E B RE

[N

4

=
w

the Xout pin open.

| |:QzROMpin

R AR A A A A A A

Package code: PRSP0024GA-A (24P2Q-A)

C/CNTR1

D4/CNTRO

D3

D2

D1

Do

P31

P30

P21/INT1

P20/INTO

P13

P12

Note: Either connect an oscillation circuit or connect XN pin to Vss and leave

Fig 53. Pin connection diagram
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4571 Group

4

VDD

( T.VDD )= T

C T VPP D

Y

( TIXD ) 1k
( T_RXD e PO1 (SDA)

( T.SCLK ) B P00 (SCLK)
( T_BUSY ) N.C.
( T_PGMI/OE/MD ) > P10 (FGM)
RESET circuit
(T _RESET RESET
( GND ) * P Vss
7L XIN XouTt

Either connect an oscillation circuit or
connect XIN pin to Vss and leave the
XOuT pin open.

Note: For the programming circuit, the wiring capacity of each signal pin must not exceed 47 pF.

Fig 54. When using programmer of Suisei Electronics System Co., LTD, connection example
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DATA REQUIRED FOR QzROM WRITING ORDERS

The following are necessary when ordering a QzROM product
shipped after writing:

1. QzROM Writing Confirmation Form*

2. Mark Specification Form*

3. ROM data

.......... Mask file

* For the QzROM writing confirmation form and the mark
specification form, refer to the “Renesas Technology Corp.”
Homepage (http://www.renesas.com/homepage.jsp).

Note that we cannot deal with special font marking (customer's
trademark etc.) in QzROM microcomputer.

Rev.1.02

May 25,2007 Page 540f124 RENESAS

REJO3B0179-0102



4571 Group

LIST OF PRECAUTIONS

(1) Noise and latch-up prevention

Connect a capacitor on the following condition to prevent noise

and latch-up;

« connect a bypass capacitor (approx. 0.1 uF) between pinsVVbD
and Vss at the shortest distance,

* equalize its wiring in width and length, and

* userelatively thick wire.

Port K isalso used as VVpp pin. Accordingly, when using this pin,

connect thispinto Vssor Vbb. Do not leave this pin open. When

port is used for key matrix, connect it to Vb through a pull-up

resistor.

(2) Note on Power Source Voltage

When the power source voltage value of a microcomputer isless
than the value which isindicated as the recommended operating
conditions, the microcomputer does not operate normally and
may perform unstable operation.

In a system where the power source voltage drops slowly when
the power source voltage drops or the power supply isturned off,
reset a microcomputer when the supply voltage is less than the
recommended operating conditions and design a system not to
cause errors to the system by this unstable operation.

(3) Register initial values 1

The initial value of the following registers are undefined after
system is released from reset. After system isreleased from reset,
set initial values.

« Register Z (2 hits)

* Register D (3 hits)

« Register E (8 hits)

(4) Register initial values 2

Theinitial value of the following registers are undefined at RAM
back-up. After system is returned from RAM back-up, set initial
values.

« Register Z (2 hits)

* Register X (4 hits)

* Register Y (4 hits)

* Register D (3 hits)

* Register E (8 hits)

(5) Program counter

Make sure that the PCH does not specify after the last page of the
built-in ROM.

(6) Stack registers (SKS)

Stack registers (SKs) are eight identical registers, so that
subroutines can be nested up to 8 levels. However, one of stack
registers is used respectively when using an interrupt service
routine and when executing a table reference instruction.
Accordingly, be careful not to over the stack when performing
these operations together.

(7) Multifunction

» The input of D4 can be used even when CNTRO (output) is
selected. The input/output of D4 can be used even when
CNTRO (input) is selected. Be careful when using inputs of
both CNTRO and Da4 since the input threshold value of CNTRO
pin isdifferent from that of port Da.

“H” output function of port C can be used even when the
CNTR1 (output) is used.

The input/output of P20 can be used even when INTO is used.
Be careful when using inputs of both INTO and P20 since the
input threshold value of INTO pin is different from that of port
P2o.

The input/output of P21 can be used even when INT1 is used.
Be careful when using inputs of both INT1 and P21 since the
input threshold value of INT1 pin is different from that of port
P21.

(8) Power-on reset

When the built-in power-on reset circuit is used, set the time for
the supply voltage to rise from 0 V to the minimum voltage of
recommended operating conditions to 100 us or less.

If the rising time exceeds 100 us, connect a capacitor between
the RESET pin and Vss at the shortest distance, and input “L”
level to RESET pin until the value of supply voltage reaches the
minimum operating voltage.

(9) POF instruction

When the POF instruction is executed continuously after the
EPOF instruction, system enters the RAM back-up state.

Note that system cannot enter the RAM back-up state when
executing only the POF instruction.

Be sure to disable interrupts by executing the DI instruction
before executing the EPOF instruction and the POF instruction
continuously.
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(10)P20/INTO pin

(1) Bit3of register 11
When the input of the P2o/INTO pin is controlled with the
bit 3 of register |1 in software, be careful about the
following notes.

» Depending on the input state of the P20/INTO pin, the external
0 interrupt request flag (EXFO) may be set when the bit 3 of
register 11 is changed. In order to avoid the occurrence of an
unexpected interrupt, clear the bit O of register V1to “0" (refer
to (1) in Figure 55) and then, change the bit 3 of register | 1.

In addition, execute the SNZO0 instruction to clear the EXFO
flag to “0” after executing at |east one instruction (refer to (2)
in Figure 55).

Also, set the NOP instruction for the case when a skip is
performed with the SNZO0 instruction (refer to (3) in Figure
55).

LA 4 ; (xxx02)

TV1A ; The SNZO instruction is valid ...... Q)
LA 8 7 (Ixxx2)

TI1A ; Control of INTO pin input is changed
NOP e )
SNZ0 ; The SNZ0 instruction is executed

(EXFO flag cleared)
NOP e ?)

x: these bits are not used here.

(3) Bit2of register 1
When the interrupt valid waveform of the P2o/INTO pinis
changed with the bit 2 of register 11 in software, be careful
about the following notes.

 Depending on the input state of the P20/INTO pin, the external
1 interrupt request flag (EXFO) may be set when the bit 2 of
register 11 is changed. In order to avoid the occurrence of an
unexpected interrupt, clear the bit O of register V1to “0" (refer
to (1) in Figure 57) and then, change the bit 2 of register 11 is
changed.
In addition, execute the SNZO instruction to clear the EXFO
flag to “0” after executing at least one instruction (refer to (2)
in Figure 57).
Also, set the NOP instruction for the case when a skip is
performed with the SNZO0 instruction (refer to (3) in Figure
57).

LA 4 ; (xxx02)

TV1A ; The SNZ0 instruction is valid ...... 1)
LA 12 7 (Ixxx2)

TI1A ; Interrupt valid waveform is changed
NOP e 2
SNZ0 ; The SNZ0 instruction is executed

(EXFO flag cleared)
NOP e (3)

x: these bits are not used here.

Fig 55. External O interrupt program example-1

(2) Bit3of registerI1
When the bit 3 of register |11 is cleared to “0”, the RAM

back-up mode is selected and the input of INTO pinis

disabled, be careful about the following notes.

« When the INTO pin input is disabled (register 113 = “0"), set
the key-on wakeup of INTO pin to be invalid (register L1o =
“0") before system enters to the RAM back-up mode. (refer to
(1) in Figure 56).

LA O ; (xxx02)

TL1A ; INTO key-on wakeup disabled .....(1)
DI

EPOF

POF ; RAM back-up

x: these bits are not used here.

Fig 56. External O interrupt program example-2

Fig 57. External O interrupt program example-3
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(11)P21/INT1 pin

(1) Bit3of register 12
When the input of the P21/INT1 pin is controlled with the
bit 3 of register 12 in software, be careful about the
following notes.

» Depending on the input state of the P21/INT1 pin, the external
1 interrupt request flag (EXF1) may be set when the bit 3 of
register 12 is changed. In order to avoid the occurrence of an
unexpected interrupt, clear the bit 1 of register V1to “0” (refer
to (1) in Figure 58) and then, change the bit 3 of register 12.

In addition, execute the SNZ1 instruction to clear the EXF1
flag to “0” after executing at |east one instruction (refer to (2)
in Figure 58).

Also, set the NOP instruction for the case when a skip is
performed with the SNZ1 instruction (refer to (3) in Figure
58).

LA 4 ; (xx0x2)

TV1A ; The SNZ1 instruction is valid ...... Q)
LA 8 7 (Ixxx2)

TI1A ; Control of INT1 pin input is changed
NOP e )
SNZ0 ; The SNZ1 instruction is executed

(EXF1 flag cleared)
NOP e ?)

x: these bits are not used here.

(3) Bit2of register 12
When the interrupt valid waveform of the P21/INT1 pinis
changed with the bit 2 of register 12 in software, be careful
about the following notes.

 Depending on the input state of the P21/INT1 pin, the external
1 interrupt request flag (EXF1) may be set when the bit 2 of
register 12 is changed. In order to avoid the occurrence of an
unexpected interrupt, clear the bit 1 of register V1to “0” (refer
to (1) in Figure 60) and then, change the bit 2 of register 12 is
changed.
In addition, execute the SNZ1 instruction to clear the EXF1
flag to “0” after executing at least one instruction (refer to (2)
in Figure 60).
Also, set the NOP instruction for the case when a skip is
performed with the SNZ1 instruction (refer to (3) in Figure
60).

LA 4 ; (xx0x2)

TV1A ; The SNZ1 instruction is valid ...... 1)
LA 12 7 (Ixxx2)

TI1A ; Interrupt valid waveform is changed
NOP e 2
SNZ0 ; The SNZ1 instruction is executed

(EXF1 flag cleared)
NOP e (3)

x: these bits are not used here.

Fig 58. External 1 interrupt program example-1

(2) Bit 3of register 12
When the bit 3 of register 12 is cleared to “0”, the RAM

back-up mode is selected and the input of INT1 pinis

disabled, be careful about the following notes.

« When the INT1 pin input is disabled (register 123 = “0"), set
the key-on wakeup of INT1 pin to be invalid (register L20 =
“0") before system enters to the RAM back-up mode. (refer to
(1) in Figure 59)

LA O ; (X0xx2)

TL1A ; INT1 key-on wakeup disabled .....(1)
DI

EPOF

POF ; RAM back-up

x: these bits are not used here.

Fig 59. External 1 interrupt program example-2

Fig 60. External 1 interrupt program example-3
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(12)Prescaler

Stop prescaler counting and then execute the TABPS instruction
to read its data.

Stop prescaler counting and then execute the TPSAB instruction
to write data to prescaler.

(13)Timer count source
Stop timer 1, 2 or 3 counting to change its count source.

(14)Reading the count value

Stop timer 1, 2 or 3 counting and then execute the TAB1, TAB2
or TAB3 instruction to read its data.

(15)Writing to the timer

Stop timer 1, 2 or 3 counting and then execute the T1IAB, T2AB,
T3AB or T3R3L instruction to write data to timer.

(16)Writing to reload register

In order to write a data to the reload register R1 while thetimer 1
is operating, execute the TR1AB instruction except a timing of
the timer 1 underflow.
In order to write adata to the reload register R3H while the timer
3 is operating, execute the T3HAB instruction except atiming of
the timer 3 underflow.

(17)PWM signal

If the timer 3 count stop timing and the timer 3 underflow timing
overlap during output of the PWM signal, a hazard may occur in
the PWM output waveform.

When “H” interval expansion function of the PWM signal is
used, set “1” or more to reload register R3H.

Set the port C output latch to “0” to output the PWM signal from
C/ICNTRL1 pin.

(18)Prescaler, timer 1, timer 2 and timer 3 count start
timing and count time when operation starts

Count starts from the first rising edge of the count source (2) in
Figure 61 after prescaler and timer operations start (1) in Figure
61.

Time to first underflow (3) in Figure 61 is shorter (for up to 1
period of the count source) than time among next underflow (4)
in Figure 61 by the timing to start the timer and count source
operations after count starts.

When selecting CNTRO input as the count source of timer 1,
timer 1 operates synchronizing with the count edge (falling edge
or rising edge) of CNTRO input selected by software.

.
Countsource i | }
Count source —|
(When falling edge of
CNTRO input is selected)
Timer 1 value

w
N

]

Timer 1 underflow signal —1

(©) 4)

(1) Timer start

Fig 61. Timer count start timing and count time when
operation starts

(19)Watchdog timer

» The watchdog timer function is valid after system is released
from reset. When not using the watchdog timer function,
execute the DWDT instruction and the WRST instruction
continuously, and clear the WEF flag to “0” to stop the
watchdog timer function.

The contents of WDFL1 flag and timer WDT are initialized at
the RAM back-up mode.

When using the watchdog timer and the RAM back-up mode,
initialize the WDF1 flag with the WRST instruction just
before the microcomputer enters the RAM back-up state.
Also, set the NOP instruction after the WRST instruction, for
the case when a skip is performed with the WRST instruction.

(20)External clock

Be careful that the maximum value of the oscillation frequency
when using the external clock differs from the value when using
the ceramic resonator (refer to the recommended operating
condition).

Also, note that the RAM back-up mode (POF instruction) cannot
be used when using the external clock.

(21)QzROM

(1) Be careful not to apply overvoltage to MCU. The contents
of QzROM may be overwritten because of overvoltage.
Take care especially at turning on the power.

(2) As for the product shipped in blank, Renesas does not
perform the writing test to user ROM area after the
assembly process though the QzROM writing test is
performed enough before the assembly process. Therefore, a
writing error of approx.0.1 % may occur. Moreover, please
note the contact of cables and foreign bodies on a socket,
etc. because awriting environment may cause some writing
errors.

(22)Notes On ROM Code Protect (QzROM product
shipped after writing)

Asfor the QzROM product shipped after writing, the ROM code
protect is specified according to the ROM option setup datain
the mask file which is submitted at ordering.

The ROM option setup data in the mask fileis“0016” for protect
enabled or “FF16” for protect disabled.

Note that the mask file which has nothing at the ROM option
data or has the data other than “0016” and “FF16” can not be
accepted.
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NOTES ON NOISE

Countermeasures against noise are described below.

The following countermeasures are effective against noise in
theory, however, it is necessary not only to take measures as
follows but to evaluate before actual use.

1. Shortest wiring length

(1) Wiring for RESET pin

Make the length of wiring which is connected to the RESET pin
as short as possible. Especially, connect a capacitor across the
RESET pin and the Vss pin with the shortest possible wiring.

<Reason>

In order to reset a microcomputer correctly, 1 machine cycle or
more of the width of a pulse input into the RESET pin is
required.

If noise having a shorter pulse width than thisis input to the
RESET input pin, the reset is released before the internal state of
the microcomputer is completely initialized.

This may cause a program runaway.

Noise
J ]
Reset 4
circuit ¢ RESET
Vss Vss
N.G.
]
Reset
circuit” T [|RESET
Vss~ 1 Vss
O.K.

Fig 62. Wiring for the RESET pin

(2) Wiring for clock input/output pins

» Makethe length of wiring which is connected to clock 1/0 pins
as short as possible.

* Make the length of wiring across the grounding lead of a
capacitor which is connected to an oscillator and the Vss pin
of amicrocomputer as short as possible.

* Separate the Vss pattern only for oscillation from other Vss
patterns.

<Reason>

If noise enters clock 1/0 pins, clock waveforms may be deformed.
This may cause a program failure or program runaway. Also, if a
potential difference is caused by the noise between the Vss level
of amicrocomputer and the Vss level of an oscillator, the correct
clock will not be input in the microcomputer.

Noise
e XIN FXin
HF—1Xout F—Xout
Vss Vss
N.G. O.K.

Fig 63. Wiring for clock I/O pins

(3) Port K Wiring

Do not leave port K open. Always connect it to the Vbp pin or
Vss pin using the thickest wire at the shortest distance.

When port K is used for key matrix, connect it to the Vbp pin
through a pull-up resistor.

In that case too, place a pull-up resistor close to port K and
connect it to port K or the VDD pin using the thickest wire at the
shortest distance as above.

<Reason>

Port K is aso used as the power source input pin (VPp pin) for
the built-in QzROM.

When programming to the QzROM, the impedance of port K is
low so that the electric writing current will flow into the
QzROM. This allows noise to enter easily. If noise enters from
port K, abnormal instruction codes or data are read from the
QzROM, which may cause a program runaway.

(Note)

Vob Voo [
(Note)
Vss[d Vss
Shortest
distance Shortest
distance
K K
(Note) (Note)

(Nme),” Shortest
’_ distance

va

A pull-up resistor

ot Shortest
e\, distance

Note: This indicates pin.

Fig 64. Wiring for port K
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2. Connection of bypass capacitor across Vss line
and Vop line

Connect an approximately 0.1 uF bypass capacitor across the

Vss line and the VDD line as follows:

» Connect abypass capacitor across the V'ss pin and the VDD pin
at equal length.

« Connect abypass capacitor across the V'ss pin and the Vb pin
with the shortest possible wiring.

» Uselineswith alarger diameter than other signal linesfor Vss
lineand VDD line.

» Connect the power source wiring via a bypass capacitor to the
Vss pin and the VDD pin.

Vss

N.G.

O.K.

Fig 65. Bypass capacitor across the Vss line and the
VoD line

3. Wiring to analog input pins

» Connect an approximately 100 Q to 1 kQ resistor to an analog
signal line which is connected to an analog input pin in series.
Besides, connect the resistor to the microcomputer as close as
possible.

» Connect an approximately 1000 pF capacitor across the Vss
pin and the analog input pin. Besides, connect the capacitor to
the V'ss pin as close as possible. Also, connect the capacitor
across the analog input pin and the Vss pin at equal length.

<Reason>

Signals which isinput in an analog input pin (such as an A/D
converter/comparator input pin) are usually output signals from
sensor. The sensor which detects a change of event is installed
far from the printed circuit board with a microcomputer, the
wiring to an analog input pin is longer necessarily. This long
wiring functions as an antenna which feeds noise into the
microcomputer, which causes noise to an analog input pin.

Noise

(Note)
Microcomputer

Analog
M/\/I input pin

(@ Py

Thgrmistor J-
O.K. T

J/; N.G. v
7J7 SS

Note : The resistor is used for dividing
resistance with a thermistor.

R

Fig 66. Analog signal line and a resistor and a capacitor
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4. Oscillator concerns

Take care to prevent an oscillator that generates clocks for a
microcomputer operation from being affected by other signals.

(1) Keeping oscillator away from large current signal lines
Install a microcomputer (and especially an oscillator) as far as
possible from signal lines where a current larger than the
tolerance of current value flows.

<Reason>

In the system using a microcomputer, there are signal lines for
controlling motors, LEDs, and thermal heads or others. When a
large current flows through those signal lines, strong noise
occurs because of mutual inductance.

(2) Installing oscillator away from signal lines where potential
levels change frequently

Install an oscillator and a connecting pattern of an oscillator

away from signal lines where potential levels change frequently.

Also, do not cross such signal lines over the clock lines or the

signal lines which are sensitive to noise.

<Reason>

Signal lineswhere potential levels change frequently (such asthe
CNTR pin signa line) may affect other lines at signal rising edge
or falling edge. If such lines cross over a clock line, clock
waveforms may be deformed, which causes a microcomputer
failure or a program runaway.

r_) Microcomputer
Mutual inductance

Ml%

Large
current

N.G.
Do not cross

b

.l

HM

\4

Fig 68. Wiring to a signal line where potential levels
change frequently

(3) Oscillator protection using Vss pattern

As for atwo-sided printed circuit board, print a V'ss pattern on
the underside (soldering side) of the position (on the component
side) where an oscillator is mounted.

Connect the V'ss pattern to the microcomputer Vss pin with the
shortest possible wiring. Besides, separate this Vss pattern from
other Vss patterns.

An example of Vss patterns on the
underside of a printed circuit board

Oscillator wiring
pattern example

=37

Separate the Vss line for oscillation from other Vss lines

Fig 69. Vss pattern on the underside of an oscillator

5. Setup for I/O ports
Setup 1/O ports using hardware and software as follows:

<Hardware>
» Connect aresistor of 100 Q2 or more to an I/O port in series.

<Software>

» Asfor an input port, read data several times by a program for
checking whether input levels are equal or not.

» Asfor an output port or an 1/O port, since the output data may
reverse because of noise, rewrite data to its port latch at fixed
periods.

» Rewrite data to pull-up control registers at fixed periods.

6. Providing of watchdog timer function by software

If a microcomputer runs away because of noise or others, it can
be detected by a software watchdog timer and the microcomputer
can be reset to normal operation. Thisis equal to or more
effective than program runaway detection by a hardware
watchdog timer. The following shows an example of a watchdog
timer provided by software. In the following example, to reset a
microcomputer to normal operation, the main routine detects
errors of the interrupt processing routine and the interrupt
processing routine detects errors of the main routine.

This example assumes that interrupt processing is repeated
multiple timesin a single main routine processing.
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<The main routine>

» Assigns a single word of RAM to a software watchdog timer
(SWDT) and writes the initial value N in the SWDT once at
each execution of the main routine. The initial value N should
satisfy the following condition:

N+1 > (Counts of interrupt processing executed in each main
routine)

Asthe main routine execution cycle may change because of an
interrupt processing or others, theinitial value N should have a
margin.

Watches the operation of the interrupt processing routine by
comparing the SWDT contents with counts of interrupt
processing after the initial value N has been set.

Detects that the interrupt processing routine has failed and
deter-mines to branch to the program initialization routine for
recovery processing in the following case:

If the SWDT contents do not change after interrupt processing.

<The interrupt processing routine>

* Decrements the SWDT contents by 1 at each interrupt processing.

» Determines that the main routine operates normally when the
SWDT contents are reset to the initial value N at almost fixed
cycles (at the fixed interrupt processing count).

* Detects that the main routine has failed and determines to
branch to the program initialization routine for recovery
processing in the following case:

If the SWDT contents are not initialized to the initial value N
but continued to decrement and if they reach O or less.

( Main routine ) Qnterrupt processing routin@

(SWDT) « N

[ (SWDT) « (SWDT)-1]

| Interrupt processing |

Interrupt processing Main routine
routine errors errors

Fig 70. Watchdog timer by software
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CONTROL REGISTERS

. . . R/W
Interrupt control register V1 at reset : 00002 at RAM back-up : 00002 TAVL/TVIA
) ) ) 0 |Interrupt disabled (SNZT2 instruction is valid)
V13 | Timer 2 interrupt enable bit - — -
1 |lInterrupt enabled (SNZT2 instruction is invalid)
) ) ) 0 |Interrupt disabled (SNZT1 instruction is valid)
V12 | Timer 1 interrupt enable bit - — -
1 |lInterrupt enabled (SNZT1 instruction is invalid)
) . 0 |Interrupt disabled (SNZ1 instruction is valid)
V11 | External 1 interrupt enable bit - — -
1 |lInterrupt enabled (SNZ1 instruction is invalid)
) . 0 | Interrupt disabled (SNZO instruction is valid)
V1o |External O interrupt enable bit - — -
1 |lInterrupt enabled (SNZO instruction is invalid)
Interrupt control register V2 at reset : 00002 at RAM back-up : 00002 RIW
P 9 : P TAV2/TV2A
) ) 0 |Interrupt disabled (SNZVD instruction is valid)
V23 | Voltage drop detector interrupt enable bit - —— -
1 | Interrupt enabled (SNZVD instruction is invalid)
0
V22 | Not used 1 This bit has no function, but read/write is enabled.
0 o . .
V21 | Not used 1 This bit has no function, but read/write is enabled.
) ) ) 0 |Interrupt disabled (SNZT3 instruction is valid)
V20 | Timer 3 interrupt enable bit - —— -
1 | Interrupt enabled (SNZT3 instruction is invalid)
Interrupt control register 11 at reset : 00002 at RAM back-up : state retained RIW
P 9 : P TAIUTIIA
. . 0 [INTO pin input disabled
113 | INTO pin input control bit (Note 2) —
1 |INTO pin input enabled
0 Falling waveform (“L” level of INTO pin is recognized with the SNZIO
|1, |Interrupt valid waveform for INTO pin/ instruction)/“L” level
return level selection bit (Note 2) 1 Rising waveform (“H” level of INTO pin is recognized with the SNZIO
instruction)/“H” level
) . o ) 0 |One-sided edge detected
111 | INTO pin edge detection circuit control bit
1 |Both edges detected
INTO pin 0 | Timer 1 disabled
110 . . -
timer 1 control enable bit 1 |Timer 1 enabled
Interrupt control register 12 at reset : 00002 at RAM back-up : state retained RIW
P g : P TAI2/TI2A
. . 0 [INTO pin input disabled
123 | INT1 pin input control bit (Note 3) —
1 |INTO pin input enabled
0 Falling waveform (“L” level of INTO pin is recognized with the SNZI1
122 Interrupt valid waveform for INT1 pin/ instruction)/“L” level
return level selection bit (Note 3) 1 Rising waveform (“H” level of INTO pin is recognized with the SNZI1
instruction)/“H” level
) . o . 0 | One-sided edge detected
121 | INT1 pin edge detection circuit control bit
1 | Both edges detected
0
120 | Not used 1 This bit has no function, but read/write is enabled.

Note 1.”"R” represents read enabled, and “W"” represents write enabled.
Note 2.When the contents of 112 and 113 are changed, the external interrupt request flag EXFO may be set.
Note 3.When the contents of 122 and 123 are changed, the external interrupt request flag EXF1 may be set.
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Timer control register PA at reset : 002 at RAM back-up : 002 w
TPAA
) ) 0 | Instruction clock (INSTCK)
PA1 | Prescaler count source selection bit - —
1 | Instruction clock divided by 4 (INSTCK)/4
. 0 | Stop (state initialized)
PAo | Prescaler control bit -
1 | Operating
Timer control register W1 at reset : 00002 at RAM back-up : state retained RIW
9 : P TAWL/TWIA
Wis Timer 1 count auto-stop circuit selection bit | 0 | Timer 1 count auto-stop circuit not selected
(Note 2) 1 | Timer 1 count auto-stop circuit selected
) . 0 | Stop (state retained)
W12 | Timer 1 control bit -
1 | Operating
W11 Wilo Count source
W11 0 0 | PWM output (PWMOUT)
Timer 1 count source selection bits 0 1 | Prescaler output (ORCLK)
1 0 | System clock (STCK)
W1lo
1 1 |CNTRO input
Timer control register W2 at reset : 00002 at RAM back-up : state retained RIW
9 : P TAW2/TW2A
) . . ) 0 | Timer 1 underflow signal divided by 2 output
W23 | CNTRO pin function selection bit - - —
1 | Timer 2 underflow signal divided by 2 output
) . 0 | Stop (state retained)
W22 | Timer 2 control bit -
1 | Operating
W21 W20 Count source
W21 0 0 | PWM output (PWMOUT)
Timer 2 count source selection bits 0 1 |Prescaler output (ORCLK)
1 0 | System clock (STCK)
W20 - -
1 1 | Timer 1 underflow signal (TLUDF)
Timer control register W3 at reset : 00002 at RAM back-up : 00002 RIW
9 ' P TAW3/TW3A
) ) 0 |[CNTR1 pin output invalid
W33 | CNTR1 pin output control bit - -
1 | CNTR1 pin output valid
W32 PWM signal 0 |PWAM signal “H” interval expansion function invalid
“H” interval expansion function control bit 1 | PWM signal “H” interval expansion function valid
) . 0 | Stop (state retained)
W31 | Timer 3 control bit -
1 | Operating
. ) . 0 | XiNinput
W3o | Timer 3 count source selection bit
1 | Prescaler output/2
Timer control register W5 at reset : 00002 at RAM back-up : state retained RIW
9 ' P TAWS/TW5A
W53 Timer 1 count start synchronous circuit 0 | Count start synchronous circuit not selected
selection bit (Note 3) 1 | Count start synchronous circuit selected
- . . 0 |Falling edge
W52 | CNTRO pin input count edge selection bit —
1 |Rising edge
W51 CNTR 1 pin output auto-control circuit 0 | Output auto-control circuit not selected
selection bit 1 | Output auto-control circuit selected
. . . . 0 | D4 (I/O) I CNTRO (input)
W50 | D4/CNTRO pin function selection bit -
1 | D4 (input) /ICNTRO (I/O)

Note 1.“R” represents read enabled, and “W” represents write enabled.
Note 2.This function is valid only when the INTO pin/timer 1 control is enabled (110 =*1") and the timer 1 count start synchronous circuit is

selected (W53 ="1").

Note 3.This function is valid only when the INTO pin/timer 1 control is enabled (110 ="1").
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. . . R/W
Clock control register MR at reset : 11112 at RAM back-up : 11112 TAMR/TMRA
MR3 MRz Operation mode
MR3 0 0 | Through mode (frequency not divided)
Operation mode selection bits 0 1 | Frequency divided by 2 mode
MR2 1 0 | Frequency divided by 4 mode
1 1 | Frequency divided by 8 mode
0
MR1 | Not used 1 This bit has no function, but read/write is enabled.
0 o . .
MRo | Not used 1 This bit has no function, but read/write is enabled.
Key-on wakeup control register KO at reset : 00002 at RAM back-up : state retained RIW
y P 9 : P TAKO/TKOA
. 0 | Key-on wakeup not used
K03 | Port P03 key-on wakeup control bit
1 |Key-on wakeup used
. 0 | Key-on wakeup not used
K02 | Port P02 key-on wakeup control bit
1 |Key-on wakeup used
. 0 | Key-on wakeup not used
K01 | Port P01 key-on wakeup control bit
1 |Key-on wakeup used
. 0 | Key-on wakeup not used
KOo | Port POo key-on wakeup control bit
1 |Key-on wakeup used
Key-on wakeup control register K1 at reset : 00002 at RAM back-up : state retained RIW
y P 9 : P TAKL/TK1A
. 0 | Key-on wakeup not used
K13 | Port P13 key-on wakeup control bit
1 |Key-on wakeup used
. 0 | Key-on wakeup not used
K12 | Port P12 key-on wakeup control bit
1 |Key-on wakeup used
) 0 | Key-on wakeup not used
K11 | Port P11 key-on wakeup control bit
1 |Key-on wakeup used
. 0 | Key-on wakeup not used
Klo | Port P1lo key-on wakeup control bit
1 |Key-on wakeup used
Key-on wakeup control register K2 at reset : 00002 at RAM back-up : state retained RIW
y P 9 : P TAK2/TK2A
0
K23 | Not used 1 This bit has no function, but read/write is enabled.
) 0 |Key-on wakeup not used
K22 | Port K key-on wakeup control bit
1 | Key-on wakeup used
. 0 |Key-on wakeup not used
K21 | Port P21 key-on wakeup control bit
1 | Key-on wakeup used
. 0 |Key-on wakeup not used
K20 | Port P20 key-on wakeup control bit
1 | Key-on wakeup used
Key-on wakeup control register L1 at reset : 00002 at RAM back-up : state retained RIW
y P 9 : P TALUTLIA
. . . . 0 | Return by level
L13 | INT1 pin return condition selection bit
1 | Return by edge
L1z INT2 pin valid waveform/ 0 | Falling waveform/“L” level
level selection bit 1 |Rising waveform/“H” level
L1 INTO pin 0 | Return by level
' | return condition selection bit 1 |Return by edge
L1 INTO pin 0 |Key-on wakeup not used
0 key-on wakeup control bit 1 |Key-on wakeup used

Note 1.“R” represents read enabled, and “W” represents write enabled.

Rev.1.02

REJO3B0179-0102

May 25,2007 Page 650f124 RENESAS




4571 Group

. . . . R/W
Pull-up control register PUO at reset : 00002 at RAM back-up : state retained TAPUO/TPUOA
PUO3 Port P03 pull-up transistor 0 | Pull-up transistor OFF
control bit 1 |Pull-up transistor ON
PUG2 Port P02 pull-up transistor 0 | Pull-up transistor OFF
control bit 1 |Pull-up transistor ON
PUOL Port PO1 pull-up transistor 0 | Pull-up transistor OFF
control bit 1 |Pull-up transistor ON
PUGO Port POo pull-up transistor 0 | Pull-up transistor OFF
control bit 1 |Pull-up transistor ON
Pull-up control register PU1 at reset : 00002 at RAM back-up : state retained RIW
p g ~ P: TAPUL/TPU1A
PUL3 Port P13 pull-up transistor 0 |Pull-up transistor OFF
control bit 1 | Pull-up transistor ON
PUL2 Port P12 pull-up transistor 0 | Pull-up transistor OFF
control bit 1 | Pull-up transistor ON
PULL Port P11 pull-up transistor 0 | Pull-up transistor OFF
control bit 1 | Pull-up transistor ON
PU10 Port P1o pull-up transistor 0 | Pull-up transistor OFF
control bit 1 | Pull-up transistor ON
Pull-up control register PU2 at reset : 00002 at RAM back-up : state retained RIW
P 9 : P TAPU2/TPU2A
0
PU23 | Not used 1 This bit has no function, but read/write is enabled.
0 Lo . L
PU22 | Not used 1 This bit has no function, but read/write is enabled.
PU2L Port P21 pull-up transistor 0 | Pull-up transistor OFF
control bit 1 |Pull-up transistor ON
PU% Port P20 pull-up transistor 0 | Pull-up transistor OFF
control bit 1 |Pull-up transistor ON
Port output structure control register FRO at reset : 00002 at RAM back-up : state retained TFVF;/O A
0
FRO3 | Not used 1 This bit has no function, but read/write is enabled.
0 o . o
FRO2 | Not used 1 This bit has no function, but read/write is enabled.
) . 0 | N-channel open-drain output
FRO1 | Port P31 output structure selection bit
1 | CMOS output
) . 0 | N-channel open-drain output
FROo | Port P30 output structure selection bit
1 | CMOS output
Port output structure control register FR1 at reset : 00002 at RAM back-up : state retained TF\Il?Vl A
. . 0 | N-channel open-drain output
FR13 | Port D3 output structure selection bit
1 | CMOS output
. . 0 | N-channel open-drain output
FR12 | Port D2 output structure selection bit
1 | CMOS output
. . 0 | N-channel open-drain output
FR11 | Port D1 output structure selection bit
1 | CMOS output
. . 0 | N-channel open-drain output
FR1o | Port Do output structure selection bit
1 | CMOS output

Note 1. “R” represents read enabled, and “W"” represents write enabled.
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INSTRUCTIONS

Each instruction is described as follows;

1. Index list of instruction function

2. Machine instructions (index by al phabet)
3. Machine instructions (index by function)
4. Instruction code table

The symbols shown below are used in the following list of
instruction function and the machine instructions.

SYMBOL
Symbol Contents Symbol Contents

A Register A (4 bits) T1F Timer 1 interrupt request flag

B Register B (4 bits) T2F Timer 2 interrupt request flag

DR Register DR (3 bits) T3F Timer 3 interrupt request flag

E Register E (8 bits) WDF1 Watchdog timer flag

V1 Interrupt control register V1 (4 bits) WEF Watchdog timer enable flag

V2 Interrupt control register V2 (4 bits) INTE Interrupt enable flag

11 Interrupt control register 11 (4 bits) EXFO External 0 interrupt request flag

12 Interrupt control register 12 (4 bits) EXF1 External 1 interrupt request flag

PA Timer control register PA (2 bits) VDF Voltage drop detection circuit interrupt request flag
w1 Timer control register W1 (4 bits) P Power down flag

w2 Timer control register W2 (4 bits) D Port D (5 bits)

w3 Timer control register W3 (4 bits) PO Port PO (4 bits)

w5 Timer control register W5 (4 bits) P1 Port P1 (4 bits)

MR Clock control register MR (4 bits) P2 Port P2 (2 hits)

KO Key-on wakeup control register KO (4 bits) P3 Port P3 (2 hits)

K1 Key-on wakeup control register K1 (4 bits)

K2 Key-on wakeup control register K2 (4 bits) X Hexadecimal variable

L1 Key-on wakeup control register L1 (4 bits) y Hexadecimal variable

PUO Pull-up control register PUO (4 bits) z Hexadecimal variable

PU1 Pull-up control register PU1 (4 bits) p Hexadecimal variable

PU2 Pull-up control register PU2 (4 bits) n Hexadecimal constant

FRO Port output structure control register FRO (4 bits) i Hexadecimal constant

FR1 Port output structure control register FR1 (4 bits) i Hexadecimal constant

X Register X (4 bits) A3 A2 A1 Ao | Binary notation of hexadecimal variable A

Y Register Y (4 bits) (same for others)

VA Register Z (2 bits)

DP Data pointer (10 bits) «— Direction of data movement

(It consists of registers X, Y, and 2) () Contents of registers and memories

PC Program counter (14 bits) - Negate, Flag unchanged after executing instruction
PCH High-order 7 bits of program counter M (DP) RAM address pointed by the data pointer

PCL Low-order 7 bits of program counter a Label indicating address as as a4 a3 a2 a1 ao
SK Stack register (14 bits x 8) p,a Label indicating address a6 as a4 a3 a2 a1 ao in page
SP Stack pointer (3 bits) Pé ps p4 p3 p2 p1 po

CY Carry flag

RPS Prescaler reload register (8 bits) C Hex. C + Hex. number x (also same for others)
R1L Timer 1 reload register (8 bits) +

R2 Timer 2 reload register (8 bits) X

R3L Timer 3 reload register (8 bits) ? Decision of state shown before “?”

R3H Timer 3 reload register (8 bits) — > Data exchange between a register and memory
PS Prescaler

T1 Timer 1 AND Logical multiplication

T2 Timer 2 OR Logical addition

T3 Timer 3

Note 1.The 4571 Group just invalidates the next instruction when a skip is performed. The contents of program counter is not increased
by 2. Accordingly, the number of cycles does not change even if skip is not performed. However, the cycle count becomes “1” if

the TABP p, RT, or RTS instruction is skipped.
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INDEX LIST OF INSTRUCTION FUNCTION

Girr:);p Mnemonic Function Page Gir:;p Mnemonic Function Page
TAB (A) « (B) 88, 103 LAn (A) «n 76, 105
n=0to 15
TBA (B) « (A) 95, 103
TABPp |(SP)« (SP)+1 89, 105
TAY (A) (V) 95, 103 (SK(SP)) « (PC)
(PCH) «p
TYA (Y) P (A) 101, 103 (PCL) “— (DRZ—DRO, AS—AO)
(UPTF) =1,
& | TEAB (E7-E4) < (B) 96, 103 (DR2) <0
= (E3-E0) « (A) (DR1, DRo) « (ROM(PC))9, 8
s (B) « (ROM(PC))7-4
& | TABE (B) « (E7-Ea) 89, 103 (A) « (ROM(PC))3-0
% (A) « (E3-Eo) (PC) « (SK(SP))
= SP) « (SP) -1
s |TDA (DR2-DR0) « (A2—Aa) 95, 103 (SP) < (SP)
o c  |AM (A) « (A) + (M(DP)) 71, 105
2 |TAD (A2—Ao) « (DR2-DRo) 90, 103 %
g (A3) <0 g |AmMC (A) « (A) + (M(DP)) + (CY) 71, 105
] (CY) « Carry
TAZ (A1, Ao) « (Z1, Zo) 95, 103 L
(A3, A2) <0 g An (A)<(A)+n 71, 105
< n=0to 15
TAX (A) < (X) 94,103 [ |
AND (A) « (A)AND(M(DP)) 71, 105
TASP (A2—A0) « (SP2-SPo) 93,103
(A3) « 0 OR (A) < (A)OR(M(DP)) 78, 105
LXY X,y [(X)«<x,x=0t015 77,103 sc ) 1 82, 105
@ (Y)«<y,y=0to 15
1]
8 |Lzz (2)«<2,2=0t03 77,103 RC (CY)«<0 80, 105
i)
©
S Iy (Y) () +1 76, 103 sz¢ Cv)=07 86, 105
< _
& |pbEY ) <()-1 74,103 CMA A) @A) 73, 105
TAMj [ (A) < (M(DP)) 91,103 RAR [CY [ AsroAiAd | 79,105
(X) « (X)EXOR(j)
j=0to 15
SBj (Mj(DP)) « 1 81, 105
XAM (A) «— (M(DP)) 102, 103 c j=0t03
(X) « (X)EXOR() S
3 j=0t015 8 |RBj (Mj(DP)) <~ 0 79, 105
2 8 j=0to3
8 |XAMDj |(A) «<— (M(DP)) 102,103 | © _ _
5 (X) « (X)EXOR(j) @ |SZBj (Mj(DP)) =02 86, 105
@ j=0to 15 j=0to3
(=]
g ) eM-1 S_ |SEAM (A) = (M(DP)) ? 83, 107
S | XAMIj (A) «— (M(DP)) 102, 103 % el
< (X) « (X)EXOR()) 8¢ |SEAn A)=n 83, 107
j=0to 15 s n=0to 15
)« (Y)+1 ©
c Ba (PCL) « as—ao 72,107
TMA j (M(DP)) « (A) 98, 103 S
(X) ¢ (X)EXOR() S IBLpa |(PCH)«<p 72,107
j=0t015 3 (PCL) « as-ao
<
M34571G4: p=0 to 31 § BLA p (PCH) « p 72,107
M34571G6: p=0 to 47 & (PCL) « (DR2-DRo, A3—Ao)

M34571GD: p=0 to 127
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INDEX LIST OF INSTRUCTION FUNCTION (continued)

Group . .
. Mnemonic Function Page
Girr:);p Mnemonic Function Page ing
TPAA (PA0) < (A0) 98, 109
BMa (SP) — (SP) + 1 72, 107
(SK(SP)) « (PC) TAW1 (A) < (W1) 93, 109
(PCH) « 2
5 (PCL) « as—ao TWIA  |(W1) < (A) 100, 109
%
§ [BMLp.a |(SP)c (SP)+1 73, 107 2 | ) e w2 94, 108
s (SK(SP)) « (PC)
(4]
g (PCH) «p TW2A | (W2) « (A) 101, 109
3 (PCL) « as—ao
§) BMLAp |(SP)« (SP)+1 73, 107 TAW3 (A) « (W3) 94, 109
(SK(SP)) « (PC)
(PCH) < p TW3A | (W3) < (A) 101, 109
(PCL) « (DR2-DRo, A3—A0)
TAWS | (A) « (W5) 94, 109
RTI (PC) « (SK(SP)) 81, 107
5 (SP) « (SP) - 1 TWSA | (W5) < (A) 101, 109
©
g RT (PC) « (SK(SP)) 80, 107 TABPS | (B) « (TPS7-TPS4) 89, 111
c (SP) < (SP)-1 (A) « (TPS3-TPS0)
=}
g |RTS (PC) « (SK(SP)) 81, 107 TPSAB | (RPS7-RPS4) < (B) 99, 111
(SP) « (SP) -1 (TPS7-TPS4) « (B)
DI (INTE) « 0 74,109 (RPS3-RPS0) < (A)
C (TPS3-TPS0) « (A)
o
El (INTE) « 1 7410911 = |7aABL (B) « (T17-T14) 88, 111
g (A) « (T13-T1o)
SNZ0 V1o=0: (EXFO) =17 83,100 || S
(EXFO) « 0 & |T1AB (R17-R14) « (B) 87, 111
Vlo=1:NOP E (T17-T14) < (B)
o o (R13-R1o) « (A)
SNZIO  |112=0: (INTO) = “L" 3 84, 109 (T15-T10) < (A)
I12=1: (INTO) = “H" ?
TR1AB  |(R17-R14) < (B) 100, 111
SNZ1 V11=0:(EXF1)=17? 83, 109 (R13-R10)  (A)
(EXF1) < 0
c V11=1:NOP TAB2 (B) « (T27-T24) 88, 111
=] (A) « (T23-T20)
8 SNzl |122=0:(NTL)=“L"? 84, 109
g 122=1: (INTL) = “H" ? T2AB (R27-R24) < (B) 87, 111
~ (T27-T24) « (B)
5 | (A) « (V1) 93, 109 (R23-R20) < (A)
8 T23-T20) < (A
E |TviA (VD) < (A) 100, 109 ( =@
TAB3 (B) « (T37-T34) 89, 111
TAV?2 (A) « (V2) 93, 109 (A) « (T35-T30)
TV2A (VZ) P (A) 100, 109 T3AB (R3L7—R3L4) — (B) 87,111
(T37-T34) « (B)
TAIL (A) « (12) 90, 109 (R3L3-R3L0) « (A)
(T33-T30) < (A)
TI1A (1) < &) 96, 109 T3R3L | (T37-T30) « (R3L7-R3Lo) 88, 111
TAI2 A) < (12) 90, 109 T3HAB | (R3H7-R3H4) « (B) 87, 111
R3H3-R3Ho) « (A
TI2A (12) « (A) 97, 109 (R3H3-R3Ho)  (A)
M34571G4: p=0 to 31
M34571G6: p=0 to 47
M34571GD: p=0 to 127
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INDEX LIST OF INSTRUCTION FUNCTION (continued)

Group . .
. Mnemonic Function Page
Girr:);p Mnemonic Function Page ing
TAKO (A) < (KO) 90, 115
SNZT1 V12=0:(T1IF)=17 84,111
(TIF) <0 TKOA (KO) < (A) 97, 115
c V12 =1:SNZT1=NOP
2 & |TAK1 (A) « (K1) 91, 115
8 |[SNZT2 |V13=0:(T2F) =17 85, 111 =
[ pae
S (T2F) <0 g |TkiA (K1) — (A) 97, 115
5 V13 =1:SNZT2=NOP o
>3
E lsnzts |vze=o: (T3F) =17 85, 111 g |TAKZ (A) « (K2) 91,115
(T3F) <0 ]
V20=1: SNZT3=NOP 3 |TK2A (K2) (&) 97,115
c
IAPO (A) < (PO) 75,113 TALL (A) « (L1) 91, 115
OPOA (PO) « (A) 77,113 TL1A (L1) « (A) 98, 115
IAP1 (A) —(P1) 75,113 TAMR (A) < (MR) 92,115
OP1A (P1) « (A) 78, 113 TMRA (MR) « (A) 98, 115
NOP (PC) « (PC)+1 77,115
IAP2 (A1, Ao) « (P21, P20) 76, 113
(A3, A2) « 0 POF RAM back-up 79, 115
OP2A (P21, P20) « (A1, Ao) 78,113 EPOF POF instruction valid 75, 115
IAP3 (A1, Ao) « (P31, P30) 76, 113 SNzP (P)=17 84, 115
(A3, A2) 0 SNZVD |V23=0: (VDF)=1? 85, 115
OP3A (P31, P30) « (A1, Ao) 78, 113 IS V23=0:NOP
S |WRST |[(WDF1)= 12 102, 115
CLD (D)«1 73,113 = (WDF1) « 0
RD (D(Y)) <0 80, 113 ;QEJ DWDT Stop of watchdog timer function 74,115
(Y)=0to 4 o enabled
s
T |sp (DY) « 1 82, 113 SRST System reset 85, 115
g (Y)=0to4
8 RUPT (UPTF) <0 81, 115
3 |szb (D(Y))=07? 86, 113
o ll
g (Y)=0to4 SUPT (UPTF) «1 86, 115
*g_ RCP ©) < (0) 80, 113 RBK p6 < 0 when TABP p instruction is | 79, 115
< executed
SCP ©) <@ 82,113 SBK ps < 1 when TABP p instruction is | 82, 115
executed
IAK (A0) < (K) 75, 113
(A3-A1) « 0
TFROA | (FRO) « (A) 96, 113
TFR1A  [(FR1) < (A) 96, 113
TAPUO | (A) « (PUO) 92, 113
TPUOA | (PUO) « (A) 99, 113
TAPUL | (A) « (PU1) 92, 113
TPUIA | (PUL) « (A) 99, 113
TAPU2 | (A) « (PU2) 92, 113
TPU2A | (PU2) « (A) 99, 113
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4571 Group

MACHINE INSTRUCTIONS (INDEX BY ALPHABET)

A n (Add n and accumulator)

Instruc-

. Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code
[ofolo [z o n[n[n]n]2[o[s]nlis[ 1 | 1 -
Opera-  (A) < (A)+n Grouping:  Arithmetic operation
tion: n=0t015 Description: Adds the value n in the immediate field to register A, and
stores a result in register A.
The contents of carry flag CY remains unchanged.
Skips the next instruction when there is no overflow as the
result of operation.
Executes the next instruction when there is overflow as the
result of operation.
AM (Add accumulator and Memory)
Instruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code [ofofofofofofs]o]1]of2[0f0[Afse| . 1 : :
Opera-  (A) « (A)A{(M(DP)) Grouping:  Arithmetic operation
tion:

Description: Adds the contents of M(DP) to register A.

Stores the result in register A. The contents of carry flag
CY remains unchanged.

AMC (Add accumulator, Memory and Carry)

Instruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles

cde [ofofo]ofofofs]of1[1]o[0]0]Bfi6| . 1 on :
Opera-  (A) < (A) + (M(DP)) + (CY) Grouping:  Arithmetic operation

tion: (CY) « Carry

Description: Adds the contents of M(DP) and carry flag CY to register
A. Stores the result in register A and carry flag CY.

AND (logical AND between accumulator and memory)

Instruc— Number of Number of Flag CY Skip condition

tion Do Do words cycles

code [ofofofofof1]1]oofo2[0[1]8]16| 4 1 : :

Opera-  (A) < (A) AND (M(DP)) Grouping:  Arithmetic operation

tion: Description: Takes the AND operation between the contents of register
A and the contents of M(DP), and stores the result in regis-
ter A.
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4571 Group

MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

B a (Branch to address a)

I_nstruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code |0|l‘1‘a6|a5|a4|a3|a2|a1‘ao‘2|1|+8a 3‘16 1 1 _ -
Opera-  (PCL) < asto a0 Grouping:  Branch operation
tion: Description: Branch within a page : Branches to address a in the identi-
cal page.
Note: Specify the branch address within the page including this
instruction.
BL p,a (Branch Long to address a in page p)
Instruc- Number of | Number of Flag CY Skin condition
tion Do Do words cycles g P
d
% Jofoaa]a]esfpslpelmlpofz 0| 5lr e | - 2 : :
| 1 ‘ps‘ps‘ae‘as‘a4|a3‘az‘a1‘ao‘2 | 2 | a ‘ a ‘16 Grouping:  Branch operation
5 c Description: Branch out of a page : Branches to address a in page p.
opera- - (PCH) < p Note: M34571G4 : p =0 to 31
tion: (PCL) « as to ao M34571G6 : p = 0 to 47
M34571GD : p =0to 127
BLA p (Branch Long to address (D)+(A) in page p)
Instruc- Number of | Number of Flag CY Skin condition
tion Do Do words cycles g P
cde [ofofoofo]s]o]o]o]ofa[0ft]ofis]| > 2 : :
|1Ipe‘ps‘ml0|0|p3|p2|p1‘p0‘2|2|plp‘le Grouping:  Branch operation
5 BC Description: Branch out of a page : Branches to address (DR2 DR1 DRo
) pe.ra— ( CH) b A3 A2 A1 Ao)2 specified by registers D and A in page p.
tion:  (PCL) « (DR2-Ro, As-A0) Note: M34571G4 : p = 0 to 31
M34571G6 : p = 0 to 47
M34571GD : p =0to 127
BM a (Branch and Mark to address a in page 2)
Instruc- Number of | Number of Flag CY Skio condition
tion Do Do words cycles g P
code |O‘1‘0‘ae‘as‘a4|a3‘az‘a1‘ao‘2|1|a‘a‘16 1 1 . .
Opera-  (SP) < (SP) +1 Grouping:  Subroutine call operation
tion: EIEES':)); (PC) Description: Call the subroutine in page 2 : Calls the subroutine at
address a in page 2.
(PCL) « as-ao Note: Subroutine extending from page 2 to another page can
also be called with the BM instruction when it starts on
page 2.
Be careful not to over the stack because the maximum
level of subroutine nesting is 8.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

BML p,a (Branch and Mark Long to address a in page p)

I_nstruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
oo [ofola]t]oefwlelerfwla[0]5 s | 2 : :
| 1 ‘pe‘ps‘ae‘as‘a4|a3‘a2‘a1‘ao‘z | 2 | a ‘ a ‘16 Grouping:  Subroutine call operation
Description: Call the subroutine : Calls the subroutine at address a in
Opera- (SP)« (SP)+1 page p
tion:  (SK(SP)) « (PC) Note: M34571G4 : p = 0 to 31

(PCH) «p
(PCL) « as—ao

M34571G6 : p = 0 to 47

M34571GD : p =0to 127

Be careful not to over the stack because the maximum
level of subroutine nesting is 8.

BMLA p (Branch and Mark Long to address (D)+(A) in page p)

Instruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code [ofofofofs]a]o]o]ofofz[0[3[0fs6| > 2 : :
| 1 Ipe‘ps‘ml 0 I 0 |p3|p2|p1‘po‘2 | 2 | p I p ‘16 Grouping:  Subroutine call operation
5 571 Description: Call the subroutine : Calls the subroutine at address (DR2
Qpera— (SP) « (SP) + DR1 DRo A3 A2 A1 Ao)2 specified by registers D and A in
tion: (SK(SP)) « (PC) page p
(PCH) < p Note: M34571G4 : p = 0 to 31
(PCL) < (DR2-DRo, As-Ao) M34571G6 : p = 0 to 47
M34571GD : p =0to 127
Be careful not to over the stack because the maximum
level of subroutine nesting is 8.
CLD (CLear port D)
Ipstruc- Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code [ofofofofofs]oJofof1]z[0f1[1]s6| 1 : :
Opera- (D) « (1) Grouping:  Input/Output operation
tion: Description: Sets (1) to port D.

CMA (CoMplement of Accumulator)

Ipstruc- Number of | Number of Flag CY Skip condition
tion Do Do words cycles
cde [ofofo]ofofs]s]a]ofofa0]2]cfie| 4 1 : :
Qpera— (A) —(A) Grouping:  Arithmetic operation
tion: Description: Stores the one’s complement for register A's contents in
register A.
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4571 Group

MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

DEY (DEcrement register Y)

:ir;sr:ruc— Do Do Nlﬁ::g; of ng;g:; of Flag CY Skip condition
code [ofoJofofof1fo]a]z]1]z[0]2]7]ss| 4 1 : =15
Opera- (Y) < (Y) -1 Grouping: RAM addresses

tion:

Description:

Subtracts 1 from the contents of register Y.

As a result of subtraction, when the contents of register Y
is 15, the next instruction is skipped. When the contents of
register Y is not 15, the next instruction is executed.

DI (Disable Interrupt)

Instruc- Number of | Number of | ki diti
tion Do Do words cycles Flag CY Skip condition
code [ofofofofofofo]s]ofofz[0f0[4]s6| 1 : :
Opera- (INTE) <~ 0 Grouping:  Interrupt control operation

tion:

Description:

Clears (0) to interrupt enable flag INTE, and disables the
interrupt.

Note: Interrupt is disabled by executing the DI instruction after
executing 1 machine cycle.
DWDT (Disable WatchDog Timer)
Instruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code [1]of1fofofs]s]a]ofofo[2[0[clss| . 1 : :
Opera- Stop of watchdog timer function enabled Grouping:  Other operation
tion: Description: Stops the watchdog timer function by the WRST instruction
after executing the DWDT instruction.
El (Enable Interrupt)
Instruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code [ofofofofofofo]s]of1[z[0f0[s]se| 1 : :
Opera- (INTE) <1 Grouping:  Interrupt control operation
tion: Description: Sets (1) to interrupt enable flag INTE, and enables the
interrupt.
Note: Interrupt is enabled by executing the El instruction after
executing 1 machine cycle.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

EPOF (Enable POF instruction)

:ir;sr:ruc— 0o 5o Nltvn:)t:ggof ng;g:;m Flag CY Skip condition
eode [o[o[o[[o[1]1[o[1[s)o[0]5[E]s | s : - -
Opera- POF instruction valid Grouping:  Other operation

tion:

Description: Makes the immediate after POF instruction valid by exe-

cuting the EPOF instruction.

IAK (Input Accumulator from port K)

Instruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles

code [1]ofofs[afofs]a]a]1]o[2[6[F|16| . 1 : :
Opera-  (A0) « (K) Grouping:  Input/Output operation

tion: (A3-A1) « 0

Description: Transfers the input of port K to the least significant bit (Ao)
of register A. “0” is stored to the high-order 3 bits (A3-A1)

of register A.

IAPO (Input Accumulator from port P0)

:ir:)sr:ruc— 5o 5o Nlﬁ)t:s; of Nucr;cblggof Flag CY Skip condition
ote [i[o[o[i[e[o[olo[olole[2[e o[ 1+ | 1 | - -
Opera- (A) « (PO) Grouping:  Input/Output operation

tion:

Description: Transfers the input of port PO to register A.

IAP1 (Input Accumulator from port P1)

Instruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles

code [1]ofofs[s]ofo]o]of1]z[2[6[1]16| 1 : :
Opera-  (A) < (P1) Grouping:  Input/Output operation

tion: Description: Transfers the input of port P1 to register A.
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4571 Group

MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

IAP2 (Input Accumulator from port P2)

I_nstruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles

code [1]ofofs[a]ofo]o]1]of2[2[6[2]16| . 1 : :
Opera- (A1, Ao) « (P21, P20) Grouping:  Input/Output operation

tion: (A3, A2) « 0

Description: Transfers the input of port P2 to the low-order 2 bits (Az,
Ao) of register A.
“0” is stored to the high-order 2 bits (A3, A2) of register A.

IAP3 (Input Accumulator from port P3)

Instruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles

code [1]ofofs[a]ofo]o]1]1]2[2[6[3]s6| . 1 : :
Opera- (A1, Ao) « (P31, P30) Grouping:  Input/Output operation

tion: (A3, A2) « 0

Description: Transfers the input of port P3 to the low-order 2 bits (Az,
Ao) of register A.
“0” is stored to the high-order 2 bits (A3, A2) of register A.

INY (INcrement register Y)

:ir:)sr:ruc— Do Do Nlﬁ)t:s; of Nucr;cblgg of Flag CY Skip condition
cde [ofoJofofo[1]o]oz]1]2[0]1]3]ss| 1 : =0
Opera- (Y)«<(Y)+1 Grouping: RAM addresses

tion:

Description: Adds 1 to the contents of register Y. As a result of addition,
when the contents of register Y is 0, the next instruction is
skipped. When the contents of register Y is not 0, the next

instruction is executed.

LA n (Load n in Accumulator)

Instruc— Number of | Number of Flag CY Skip condition

tion Do Do words cycles

code [ofofofs[s]s]n]n]n]n]2[0]7[nj1s| 1 : Continuous

description

Opera- (A) < n Grouping:  Arithmetic operation

tion: n=0t015 Description: Loads the value n in the immediate field to register A.
When the LA instructions are continuously coded and exe-
cuted, only the first LA instruction is executed and other LA
instructions coded continuously are skipped.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

LXY x,y (Load register X and Y with x and y)

I_nstruc— Number of | Number of Flag CY Skip condition

tion Do Do words cycles

code |l‘l‘xs‘xz‘x1‘xo|y3‘yz‘yl‘yo‘z|3|x‘y‘le 1 1 ) Continuous

description

Qpera— (X) «xx=0 to15 Grouping: RAM addresses

tion: (V) <yy=0t0o15 Description: Loads the value x in the immediate field to register X, and
the value y in the immediate field to register Y. When the
LXY instructions are continuously coded and executed,
only the first LXY instruction is executed and other LXY
instructions coded continuously are skipped.

LZ z (Load register Z with z)

Instruc— Number of | Number of Flag CY Skip condition

tion Do Do words cycles

e [ofofofrofo]s]olz=lz[0]4[ S| 1 1 : :

Opera- (Z)«-zz=0t0o3 Grouping: RAM addresses

tion:

Description: Loads the value z in the immediate field to register Z.

NOP (No OPeration)

lirgsr:ruc' 0o 5o Nlj;;?s; of NL:;;]:IZ;O]( Flag CY Skip condition
wie [o[o[o[o]o[a[o[o[o]ole[oo[)s| 1 | 1 | - -
Opera- (PC) « (PC)+1 Grouping:  Other operation

tion:

remain unchanged.

Description: No operation; Adds 1 to program counter value, and others

OPOA (Output port PO from Accumulator)

I_nstruc— Number of | Number of Flag CY Skip condition

tion Do Do words cycles

code [2]ofofoz]o]o]o]o]of2[2]2[0f16]| 4 1 : :

Opera-  (P0) « (A) Grouping:  Input/Output operation

tion: Description: Outputs the contents of register A to port PO.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

OP1A (Output port P1 from Accumulator)

:ir;sr:ruc— Do Do Nlﬁ::g; of Nl:;;g:;()f Flag CY Skip condition
cde [1]oJofof1[ofo]o]of1]2[2]2[1]s| 4 1 : :
Opera- (P1) < (A) Grouping:  Input/Output operation

tion:

Description: Outputs the contents of register A to port P1.

OP2A (Output port P2 from Accumulator)

Instruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles

code [1]ofofo[s]ofo]o[1]0f2[2[2[2]s6| . 1 : :
Opera- (P21, P20) < (A1, Ao) Grouping:  Input/Output operation

tion:

Description: Outputs the contents of the low-order 2 bits (A1, Ao) of reg-
ister A to port P2.

OP3A (Output port P3 from Accumulator)

Instruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles

code [1]ofofo[s]ofo]o[1]1]2[2[2[3]s6| 1 : :
Opera- (P31, P30) < (A1, Ao) Grouping:  Input/Output operation

tion:

Description: Outputs the contents of the low-order 2 bits (A1, Ao) of reg-

ister A to port P3.

OR (logical OR between accumulator and memory)

Instruc— Number of | Number of Flag CY Skip condition

tion Do Do words cycles

code [ofofoofo]s]s]o]o]1]o[0ft]of1s]| 4 1 - :

Opera-  (A) < (A) OR (M(DP)) Grouping:  Arithmetic operation

tion: Description: Takes the OR operation between the contents of register A
and the contents of M(DP), and stores the result in register
A.

Rev.1.02 May 25, 2007 Page 78 of 124 .IENESAS

REJO3B0179-0102



4571 Group

MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

POF (Power OFf)

:ir;sr:ruc— 0o 5o Nlﬁﬁg; of ng;g:;m Flag CY Skip condition
e [o[aTola[olo[olo[t oo [o[e 2| 1+ | 1 | - -
Opera- RAM back-up Grouping:  Other operation

tion:

Description:

Puts the system in RAM back-up state by executing the
POF instruction after executing the EPOF instruction.

Note: If the EPOF instruction is not executed just before this
instruction, this instruction is equivalent to the NOP instruc-
tion.

RAR (Rotate Accumulator Right)

Instruc— Number of | Number of Flag CY Skip condition

tion Do Do words cycles

code [ofofofofofa]s]a]of1[a[0f1[Pfse| . 1 on :

Qpera— AsAzA1A0 Grouping:  Arithmetic operation

tion: Description: Rotates 1 bit of the contents of register A including the
contents of carry flag CY to the right.

RB j (Reset Bit)

Instruc— Number of | Number of Flag CY Skip condition

tion Do Do words cycles

e [ofolofrfofofr[e]ifilo[o]#[Gss] . : :

Opera-  (Mj(DP)) <~ 0 Grouping:  Bit operation

tion: j=0to3 Description: Clears (0) the contents of bit j (bit specified by the value j in
the immediate field) of M(DP).

RBK (Reset BanK flag))

I_nstruc— Number of | Number of Flag CY Skip condition

tion Do Do words cycles

code [ofofofsfofofs]s]ofofz[0f4[0fse| . 1 : :

Opera- ps < 0 when TABP p instruction is executed. Grouping:  Other operation

tion: Description: Sets referring data area to pages 0 to 63 when the TABP p
instruction is executed. This instruction is valid only for the
TABP p instruction.

Note: This instruction cannot be used for the M34571G4/G6.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

RC (Reset Carry flag)

I_nstruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles

d
code [ofofofofofofos]1]ofz[0f0f6]s6| . 1 0 :
Opera-  (CY) <0 Grouping:  Arithmetic operation
tion: Description: Clears (0) to carry flag CY.
RCP (Reset Port C)
Instruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles

d
code [1]of1[ofofo[s]1]ofof2[2[8[clss| . 1 : :
Opera-  (C) <0 Grouping:  Input/Output operation
tion: Description: Clears (0) to port C.
RD (Reset port D specified by register Y)
Instruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles

d
code [ofofofofo[s]o]s]ofofz[0f1[4]s6| 1 : :
Opera-  (D(Y)) <0 Grouping:  Input/Output operation
tion: I—\I(ov!eg/er, 4 Description: Clears (0) to a bit of port D specified by register Y.

()=0to Note: (Y)=0to 4.

Do not execute this instruction if values except above are
set to register Y.

RT (ReTurn from subroutine)

Instruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code [ofofo[s]ooo]1]o]of2[0]4]416]| 4 2 : :
Opera-  (PC) < (SK(SP)) Grouping:  Return operation
tion: (SP) < (SP) -1 Description: Returns from subroutine to the routine called the subrou-
tine.
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4571 Group

MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

RTI (ReTurn from Interrupt)

I_nstruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles

code [ofofofs]ofofojs]1]ofz[0f4[6]16| 2 : :
Opera- (PC) « (SK(SP)) Grouping:  Return operation

tion: (SP) « (SsP)-1

Description: Returns from interrupt service routine to main routine.

Returns each value of data pointer (X, Y, Z), carry flag, skip
status, NOP mode status by the continuous description of
the LA/LXY instruction, register A and register B to the

states just before interrupt.

RTS (ReTurn from subroutine and Skip)

Instruc— Number of | Number of Flag CY Skip condition

tion Do Do words cycles

code . .
|0‘0‘0‘1‘0‘0|0‘1‘0‘1‘2|0|4‘5‘16 1 2 - Skip at uncondition

Opera- (PC) « (SK(SP)) Grouping:  Return operation

tion: (SP) « (SsP)-1

Description: Returns from subroutine to the routine called the subrou-
tine, and skips the next instruction at uncondition.

RUPT (Reset UPT flag)

Instruc— Number of | Number of Flag CY Skip condition

tion Do Do words cycles

code [ofofofsfofs]s]o]ofofz[0[5[B]16| 1 : :

Opera-  (UPTF) <0 Grouping:  Other operation

tion: Description: Clears (0) to the high-order bit reference enable flag
UPTF.

Note: Even when the table reference instruction (TABP p) is exe-

cuted, the high-order 2 bits of ROM reference data is not
transferred to register D.

SB j (Set Bit)

Instruc— Number of | Number of Flag CY Skip condition

tion Do Do words cycles

we [o[o[o[s[o[ii[i [ b[ololgh| 1+ | 1 | - -

Opera-  (Mj(DP)) < 1 Grouping:  Bit operation

tion: j=0to3 Description: Sets (1) the contents of bit j (bit specified by the value j in
the immediate field) of M(DP).
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

SBK (Set BanK flag)

I_nstruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles

code [ofofofs]ofofoofof1[z[0f4[1]16| . 1 : :
Opera- ps < 1 when TABP p instruction is executed. Grouping:  Other operation

tion:

Description: Sets referring data area to pages 64 to 127 when the
TABP p instruction is executed. This instruction is valid
only for the TABP p instruction.

Note: This instruction cannot be used for the M34571G4/G6.
SC (Set Carry flag)
I_nstruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
cde [ofoJofofofofo]s]z]1]2[0]0[7]ss| 4 1 1 :
Opera- (CY)« 1 Grouping:  Arithmetic operation
tion:

Description: Sets (1) to carry flag CY.

SCP (Set Port C)

I_nstruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code [1]ofsfofofofs]s]of1[2[2[8[Df1e| . 1 : :
Opera-  (C) <1 Grouping:  Input/Output operation
tion: Description: Sets (1) to port C.
SD (Set port D specified by register Y)
I_nstruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code [ofofofofofs]o]s]of1]z[0f1]s]s6| 1 : :
Opera-  (D(Y)) <1 Grouping:  Input/Output operation
tion: (¥)=0to4 Description: Sets (1) to a bit of port D specified by register Y.
Note: (Y)=0to 4.
Do not execute this instruction if values except above are
set to register Y.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

SEA n (Skip Equal, Accumulator with immediate data n)

:ir;sr:ruc— Do Do Nlﬁ::g; of Nl:;;g:;()f Flag CY Skip condition
d =
code |0‘0‘0‘0‘1‘0|0‘1‘0‘1‘2|0|2‘5‘16 ) 5 . n(:A())ton15
|0|0‘0‘1|1|1|n|n|n‘n‘2|0|7|n‘1e Grouping:  Comparison operation
— Description: Skips the next instruction when the contents of register A is
:i)opne:ra- E]Al 6 ?0'15 equal to the value n in the immediate field.

Executes the next instruction when the contents of register
Ais not equal to the value n in the immediate field.

SEAM (Skip Equal, Accumulator with Memory)

I_nstruc- Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code|ofofofozfofo]1]1]ofz[0[2][6]16| 4 1 : (%) = (MOP))
Opera-  (A) = (M(DP)) ? Grouping:  Comparison operation

tion:

Description:

Skips the next instruction when the contents of register A is
equal to the contents of M(DP).

Executes the next instruction when the contents of register
A is not equal to the contents of M(DP).

SNZ0 (Skip if Non Zero condition of external interrupt O request flag)

Ipstruc- Number of | Number of Flag CY Skip condition
tion Do Do words cycles

code Jofofofoz]1[1]ofofofz[0[3[816| 1 1 - V10=0: (EXFO) = 1
Opera- V10=0:(EXF0)=17? Grouping:  Interrupt operation

tion: (EXF0) « 0

V1o =1:SNZ0 = NOP
(V1o : bit O of the interrupt control register V1)

Description:

When V1o =0 : Clears (0) to the EXFO flag and skips the
next instruction when external O interrupt request flag
EXFO is “1". When the EXFO flag is “0”, executes the next
instruction.

When V1o = 1: This instruction is equivalent to the NOP
instruction.

SNZ1 (Skip if Non Zero condition of external interrupt 1 request flag)

Ipstruc- Number of | Number of Flag CY Skip condition
tion Do Do words cycles
d

code Jofojofofs]1[1]ofof1]2[0]3[9]1e 1 1 - VIL=0: (EXFL) =1

Opera- V11=0:(EXF1)=17 Grouping:  Interrupt operation

tion: s/ElXF_li <'_S(l)\121 - NOP Description: When V11 = 0 : Clears (0) to the EXF1 flag and skips the

1= _. ) next instruction when external 1 interrupt request flag
(V11 : bit 1 of the interrupt control register V1) EXF1 is “1”. When the EXF1 flag is “0", executes the next
instruction.
When V11 = 1 : This instruction is equivalent to the NOP
instruction.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

SNZIO (Skip if Non Zero condition of external Interrupt 0 input pin)

I_nstruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code -0 —TT
[ofofofofz]s]a]ofs]of2[0]3]AJie| 4 1 : 220 (NTO) = 1
112 =1: (INTO) =“H
Opera- 112=0:(INTO) ="L"? Grouping:  Interrupt operation
tion: 112 =1: (INTO) = “H" ?

(122 : bit 2 of the interrupt control register 11)

Description:

When |12 = 0 : Skips the next instruction when the level of
INTO pin is “L". Executes the next instruction when the
level of INTO pin is “H".

When |12 = 1 : Skips the next instruction when the level of
INTO pin is “H.” Executes the next instruction when the
level of INTO pin is “L".

SNZI1 (Skip if Non Zero condition of external Interrupt 1 input pin)

Instruc— Number of | Number of Flag CY Skip condition

tion Do Do words cycles

wse [ofofofo[a[a[i[o[t[t]e[o[s[c]e| 1 | -« R I H

22 =1:(INT1) = “H"

Opera- 122=0:(INT1)="L""? Grouping:  Interrupt operation

tion: 122=1: (INT1)="H"? Description: When 122 = 0 ; Skips the next instruction when the level of
INT1 pin is “L". Executes the next instruction when the
level of INT1 pin is “H".
When 122 = 1 : Skips the next instruction when the level of
INT1 pin is “H". Executes the next instruction when the
level of INT1 pin is “L".

SNZP (Skip if Non Zero condition of Power down flag)

Instruc— Number of | Number of Flag CY Skip condition

tion Do Do words cycles

cde [ofofo]ofofofo]of1]1]a[0]0]s]s6| 1 : °)=1

Opera- (P)=17 Grouping:  Other operation

tion: Description: Skips the next instruction when the P flag is “1”.

After skipping, the P flag remains unchanged.
Executes the next instruction when the P flag is “0".

SNZT1 (Skip if Non Zero condition of Timer 1 interrupt request flag)

Instruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
d
code [1]o]z]ofofofo]ofofol2[2]8[016| 1 - Viz=0:(T1F) =1
Opera- V12=0:(T1F)=17? Grouping:  Timer operation
tion: 9—11':2 T'OSNZTl — NOP Description: When V12 = 0 : Clears (0) to the T1F flag and skips the
V12 o b: 2 of N | register V1 next instruction when timer 1 interrupt request flag T1F is
(V12 = bit 2 of interrupt control register V1) “1". When the T1F flag is “0,” executes the next instruction.
When V12 = 1 : This instruction is equivalent to the NOP
instruction.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

SNZT2 (Skip if Non Zero condition of Timer 2 interrupt request flag)

I_nstruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code

[1[o]2]o]o]oofo]o]1]2[2]8]1]is 1 1 - V1a=0:(T2F) = 1
Opera- V13=0:(T2F)=17? Grouping:  Timer operation
tion: (T2F) <0

V13=1:SNZT2 = NOP
(V13 = bit 3 of interrupt control register V1)

Description:

When V13 =0 : Clears (0) to the T2F flag and skips the
next instruction when timer 2 interrupt request flag T2F is
“1". When the T2F flag is “0”, executes the next instruction.
When V13 = 1 : This instruction is equivalent to the NOP
instruction.

SNZT3 (Skip if Non Zero condition of Timer 3 interrupt request flag)

Instruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code

[2]ofz[ofo]ofofo]1]o]2[2]8]2]:s 1 1 - V20=0:(T3F) =1
Opera- V20=0:(T3F)=17? Grouping:  Timer operation
tion: (T3F) <0

V20=1:SNZT3 = NOP

Description:

When V20 = 0 : Clears (0) to the T3F flag and skips the
next instruction when timer 3 interrupt request flag T3F is
“1". When the T3F flag is “0”, executes the next instruction.
When V20 = 1 : This instruction is equivalent to the NOP
instruction.

SNZVD (Skip if Non Zero condition of Voltage Detector interrupt request flag)

Instruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code

[2]o]z]ofofofz]o]z]of2[2]8]A|ss 1 1 - V23=0: (VDF) = 1
Opera- V23=0:(VDF)=1? Grouping:  Other operation
tion: V23 =1:SNzZVD = NOP

Description:

When V23 = 0 : Skips the next instruction when voltage
detector interrupt request flag VDF is “1”. After skipping,
clears (0) to the VDF flag. The VDF flag is not cleared to
“g

When V23 = 1 : This instruction is equivalent to the NOP
instruction.

SRST (System ReSet)

Instruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code [ofofofofofofo]o]of1][0f0[1]s6| 1 : :
Opera-  System reset Grouping:  Other operation
tion: Description: System reset occurs.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

SUPT (Set UPT flag)

I_nstruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code [ofofofsfofs]s]ofof1[z[0f5[9fs6| 4 1 : :
Opera-  (UPTF) <1 Grouping:  Other operation
tion: Description: Sets (1) to the high-order bit reference enable flag UPTF.
Note: When the table reference instruction (TABP p) is executed,
the high-order 2 bits of ROM reference data is transferred
to the low-order 2 bits of register D.
SZB j (Skip if Zero, Bit)
Instruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code |0‘0‘0‘0‘1‘0|0‘0‘j‘j‘2|0|2‘j‘16 1 1 ] (Mi(DP)) = 0
j=0to 3
Opera-  (Mj(DP)) =07 Grouping:  Bit operation
tion: j=0to3 Description: Skips the next instruction when the contents of bit j (bit
specified by the value j in the immediate field) of M(DP) is
“0”.
Executes the next instruction when the contents of bit j of
M(DP) is “1”.
SZC (Skip if Zero, Carry flag)
Instruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code [ofofofofafofs]a]a]1]o[0f2[Ff1e| 1 : V=0
Opera- (CY)=07? Grouping:  Arithmetic operation
tion: Description: Skips the next instruction when the contents of carry flag
CY is “0".
After skipping, the CY flag remains unchanged.
Executes the next instruction when the contents of the CY
flag is “1".
SZD (Skip if Zero, port D specified by register Y)
Instruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
d
code [ofofofo[s]ofo]s]ofofz[0f2[4]s6| > 2 : O =0
| 0 ‘ 0 ‘ 0 ‘ 0 ‘ 1 ‘ 0 | 1 ‘ 0 ‘ 1 ‘ 1 ‘2 | 0 | 2 ‘ B ‘16 Grouping:  Input/Output operation
5 OEE; Description: Skips the next instruction when a bit of port D specified by
- pera- (D(Y)) =07 register Y is “0”. Executes the next instruction when the bit
tion: (Y)=0to 4 is “17
Note: (Y)=0to 4.
Do not execute this instruction if values except above are
set to register Y.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

T1AB (Transfer data to timer 1 and register R1 from Accumulator and register B)

Instruc-

tion Do Do Nlﬁ::g; of Nl:;;g:;()f Flag CY Skip condition
e [N[a[[o[i[i]olo o]0 [2[ooks[ 1 | 1 | - -
Opera- (T17-T14) < (B) Grouping:  Timer operation

tion: (R17-R14) « (B)

(T13-T1o) « (A)
(R13-R1o0) « (A)

Description: Transfers the contents of register B to the high-order 4 bits

of timer 1 and timer 1 reload register R1. Transfers the
contents of register A to the low-order 4 bits of timer 1 and
timer 1 reload register R1.

T2AB (Transfer data to timer 2 and register R2 from Accumulator and register B)

Instruc-

tion Do Do Nlﬁ)t:s; of Nucr;cblggof Flag CY Skip condition
code [1]ofofof1]1]o]o]o]s]2[2[3]1]16| 4 1 : :
Opera- (T27-T24) < (B) Grouping:  Timer operation

tion: (R27-R24) « (B)

(T23-T20) « (A)
(R23-R20) « (A)

Description: Transfers the contents of register B to the high-order 4 bits

of timer 2 and timer 2 reload register R2. Transfers the
contents of register A to the low-order 4 bits of timer 2 and
timer 2 reload register R2.

T3AB (Transfer data to timer 3 and register R3L from Accumulator and register B)

Instruc-

tion Do Do Nlﬁ)t:s; of Nucr;cblggof Flag CY Skip condition
code [1]ofofof1]1]o]o]s]o]2[2[3]2]16| 4 1 : :
Opera- (T37-T34) « (B) Grouping:  Timer operation

tion: (R3L7—R3L4) « (B)

(T33-T30) « (A)
(R3L3-R3Lo) « (A)

Description: Transfers the contents of register B to the high-order 4 bits

of timer 3 and timer 3 reload register R3L. Transfers the
contents of register A to the low-order 4 bits of timer 3 and
timer 3 reload register R3L.

T3HAB (Transfer data to register R3H from Accumulator and register B)

Instruc-

. Number of | Number of Flag CY Skip condition

tion Do Do words cycles

code [1]ofofofa]a]s]a]of1[2[2[3[Pfse| . 1 - :

Opera-  (R3H7-R3H4) « (B) Grouping:  Timer operation

tion: (R3H3-R3Ho) « (A) Description: Transfers the contents of register B to the high-order 4 bits
of timer 3 and timer 3 reload register R3H. Transfers the
contents of register A to the low-order 4 bits of timer 3 and
timer 3 reload register R3H.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

T3R3L (Transfer data to timer 3 from register R3L)

:irg)sr:ruc' o, o Nlﬁ)?g; of ng;g:;()f Flag CY Skip condition
code |1‘o‘0‘0‘1‘1|0‘1‘0‘0‘2|2|3‘4‘16 1 1 ; ]
Opera- (T37-T30) < (R3L7-R3Lo0) Grouping:  Timer operation

tion:

Description: Transfers the contents of reload register R3L to timer 3.

TAB (Transfer data to Accumulator from register B)

:ir:)sr:ruc— Do Do Nlﬁ)t:s; of Nucr;cblggof Flag CY Skip condition
e [O[[o[o[oTA[i[i o Oi[ehs[ 1 | & | - -
Opera- (A) < (B) Grouping:  Register to register transfer

tion:

Description: Transfers the contents of register B to register A.

TAB1 (Transfer data to Accumulator and register B from timer 1)

Instruc— Number of | Number of Flag CY Skip condition

tion Do Do words cycles

se [1]o]o]x]1]1]o]o]o]o]z[2[7[o)s| s : - -

Opera-  (B) « (T17-T14) Grouping:  Timer operation

tion: (A) « (T1s-Tlo) Description: Transfers the high-order 4 bits (T17-T14) of timer 1 to reg-
ister B.
Transfers the low-order 4 bits (T13-T10) of timer 1 to regis-
ter A.

TAB2 (Transfer data to Accumulator and register B from timer 2

g

Instruc— Number of | Number of Flag CY Skip condition

tion Do Do words cycles

wse [a[o[o[a[a[ao[oo[te[z[ T[] 1 | -« _ _

Opera-  (B) « (T27-T24) Grouping:  Timer operation

tion: (A) & (T25-T20) Description: Transfers the high-order 4 bits (T27-T24) of timer 2 to reg-
ister B.
Transfers the low-order 4 bits (T23-T20) of timer 2 to regis-
ter A.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TAB3 (Transfer data to Accumulator and register B from timer 3)

:ir;sr:ruc— 0o 5o Nlﬁ)?g; of ng;g:;m Flag CY Skip condition
ote [io[oli[e[[olo[t ol [T 2| 1+ | 1 | - -
Opera- (B) « (T37-T34) Grouping:  Timer operation

tion: (A) « (T33-T30)

ister B.

Description: Transfers the high-order 4 bits (T37-T34) of timer 3 to reg-

Transfers the low-order 4 bits (T33-T30) of timer 3 to regis-

ter A.

TABE (Transfer data to Accumulator and register B from register E)

:ir:)sr:ruc- 5o 5o le:)t:s; of Nucr;ctii; of Flag CY Skip condition
e [OToTaa[i ol [elilol ol + | 1 | - |
Opera- (B) « (E7-E4) Grouping:  Register to register transfer

tion: (A) « (E3—Eo)

Description: Transfers the high-order 4 bits (E7—E4) of register E to reg-
ister B, and low-order 4 bits of register E to register A.

TABP p (Transfer data to Accumulator and register B from Program memory in page p)

Ipstruc- Number of | Number of Flag CY Skip condition
tion Do Do words cycles
B 1 3 A Y A K 3 : :

Opera- (SP) « (SP) +1
tion: (SK(SP)) « (PC)
(PCH) «p
(PCL) « (DR2-DRo, A3—A0)
(B) « (ROM(PC))7-4
(A) « (ROM(PC))3-0
(UPTF) « 1
(DR1, DRo) < (ROM(PC))9, 8
(DR2) « 0
(PC) « (SK(SP))
(SP)«(SP)-1

Grouping:  Arithmetic operation

Description: Transfers bits 7 to 4 to register B and bits 3 to O to register A. These bits 7 to
0 are the ROM pattern in address (DR2 DR1 DRo A3 A2 A1 Ao)2 specified by
registers A and D in page p. When UPTF is 1, Transfers bits 9, 8 to the low-
order 2 bits (DR1, DRo) of register D, and “0” is stored to the least significant
bit (DR2) of register D.
When this instruction is executed, 1 stage of stack register (SK) is used.

Note: M34571G4 :p=0to 31
M34571G6 : p = 0 to 47
M34571GD : p =0to 127
When this instruction is executed, be careful not to over the stack because 1
stage of stack register is used.

TABPS (Transfer data to Accumulator and register B from Prescaler)

:ir:)sr:ruc- Do Do le:)tr)s;c’f Nlir;:lg;c’f Flag CY Skip condition
code |1‘o‘0‘1’1’1|0‘1‘0‘1‘2|2|7‘5‘16 1 N - ]

Opera- (B) « (TPS7-TPS4)
tion: (A) « (TPS3-TPS0)

Grouping:  Timer operation

Description: Transfers the high-order 4 bits of prescaler to register B.
Transfers the low-order 4 bits of prescaler to register A.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TAD (Transfer data to Accumulator from register D)

Instruc-

. Number of | Number of Flag CY Skip condition
tion Do Do words cycles

cde [ofoJofsfo[1]o]oof1]2[0]5[1]s| 4 1 : :
Opera-  (A2-Ao) < (DR2-DRo) Grouping:  Register to register transfer

tion: (A3) « 0

(A2—-Ao) of register A.
“0” is stored to the bit 3 (A3) of register A.

Description: Transfers the contents of register D to the low-order 3 bits

TAI1 (Transfer data to Accumulator from register 11)

Instruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code [1]ofofsfo[a]oo]1]1]2[2[5[3]s6| . 1 : :
Opera-  (A) « (1) Grouping:  Interrupt operation
tion: Description: Transfers the contents of interrupt control register 11 to
register A.
TAI2 (Transfer data to Accumulator from register 12)
Instruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code [1]ofofsfo[s]o]s]ofof2[2[5[4]s6| 1 : :
Opera-  (A) « (12) Grouping:  Interrupt operation
tion: Description: Transfers the contents of interrupt control register 12 to
register A.
TAKO (Transfer data to Accumulator from register K0)
Instruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code
[1[ofo[z]o]a]of1[1]0f2[2]5]6]16| 4 1 : :
Opera-  (A) « (K0) Grouping:  Input/Output operation
tion: Description: Transfers the contents of key-on wakeup control register
KO to register A.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TAK1 (Transfer data to Accumulator from register K1)

:ir;sr:ruc— 0o 5o Nlﬁﬁg; of ng;g:;m Flag CY Skip condition
ote [i[o[o[i[oli[e[o[o2 ][5 e[ 1+ | 1 | - -
Opera- (A) « (K1) Grouping:  Input/Output operation

tion:

Description: Transfers the contents of key-on wakeup control register
K1 to register A.

TAK2 (Transfer data to Accumulator from register K2)

:ir:)sr:ruc— oo 5o Nlt::)t:s; of NuCr;cbIg;of Flag CY Skip condition
ote [i[o[oli[oi[eo[t]ole[2[E Al | | 1 | - -
Opera- (A) « (K2) Grouping:  Input/Output operation

tion:

Description: Transfers the contents of key-on wakeup control register
K2 to register A.

TAL1 (Transfer data to Accumulator from register L1)

:ir:)sr:ruc— 5o 5o Nlt::)t:s; of NuCr;cbIg;of Flag CY Skip condition
ode [i[a[o o[ i[o[i[o (Z[[Alw [+ | 1 | - -
Opera- (A) « (L1) Grouping:  Input/Output operation

tion:

Description: Transfers the contents of key-on wakeup control register
L1 to register A.

TAM j (Transfer data to Accumulator from Memory)

Instruc— Number of | Number of Flag CY Skip condition

tion Do Do words cycles

s [x[o[x[o[o[i[i[i[iJo[2[c[i]s| s 1 _ _

Opera-  (A) < (M(DP)) Grouping:  RAM to register transfer

tion: ()9 Oi ()1()5EXOR(J) Description: After transferring the contents of M(DP) to register A, an

|=01 exclusive OR operation is performed between register X
and the value j in the immediate field, and stores the result
in register X.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TAMR (Transfer data to Accumulator from register MR)

I_nstruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code
[t[ofo[z]o]s]ofof1]of2[2]5]2f16| 1 1 : :
Opera-  (A) < (MR) Grouping:  Clock operation
tion: Description: Transfers the contents of clock control register MR to reg-
ister A.
TAPUO (Transfer data to Accumulator from register PUO)
Instruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code
[t[ofo[z]o]s]ofa[s]1]2[2]5]7]16| 1 1 : :
Opera-  (A) « (PUO) Grouping:  Input/Output operation
tion: Description: Transfers the contents of pull-up control register PUO to
register A.
TAPUL1 (Transfer data to Accumulator from register PU1)
Instruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code
[t[ofofz]o]a]a]s[s]of2[2]5]EJ1e| 1 : :
Opera-  (A) « (PU1) Grouping:  Input/Output operation
tion: Description: Transfers the contents of pull-up control register PU1 to
register A.
TAPU2 (Transfer data to Accumulator from register PU2)
Instruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code
[t[ofofs]o]a]a]a]s]1]2[2][5]Fl1e| 1 : :
Opera-  (A) « (PU2) Grouping:  Input/Output operation
tion: Description: Transfers the contents of pull-up control register PU2 to
register A.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TASP (Transfer data to Accumulator from Stack Pointer)

Instruc-

. Number of | Number of Flag CY Skip condition
tion Do Do words cycles

code [ofoofsfo[1]o]oofofz[05[0f1s| 1 : :
Opera-  (A2—-Ao) < (SP2-SPo) Grouping:  Register to register transfer

tion: (A3) « 0

Description: Transfers the contents of stack pointer (SP) to the low-
order 3 bits (A2—Ao) of register A.

“0” is stored to the bit 3 (A3) of register A.

TAV1 (Transfer data to Accumulator from register V1)

Instruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code [ofofofsfofs]o]s]ofofz[0[5[4]s6| 1 : :
Opera-  (A) < (V1) Grouping:  Interrupt operation
tion: Description: Transfers the contents of interrupt control register V1 to
register A.
TAV2 (Transfer data to Accumulator from register V2)
Instruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code [ofofofsfofs]o]a]of1]z[0[5[s]se| 1 : :
Opera-  (A) < (V2) Grouping:  Interrupt operation
tion: Description: Transfers the contents of interrupt control register V2 to
register A.
TAW1 (Transfer data to Accumulator from register W1)
Instruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code [1]ofofsfofofs]o1]1][2[4[Bl16| 1 : :
Opera-  (A) < (W1) Grouping:  Timer operation
tion: Description: Transfers the contents of timer control register W1 to regis-
ter A.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TAW?2 (Transfer data to Accumulator from register W2)

Instruc-

. Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code [1]ofofs]ofofs]s]ofofa[2[4[clse| . 1 : :
Opera-  (A) < (W2) Grouping:  Timer operation
tion: Description: Transfers the contents of timer control register W2 to regis-
ter A.
TAW3 (Transfer data to Accumulator from register W3)
Instruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code [1]ofofsfofofs]s]of1]2[2[4[Pfse| . 1 : :
Opera-  (A) < (W3) Grouping:  Timer operation
tion: Description: Transfers the contents of timer control register W3 to regis-
ter A.
TAWS (Transfer data to Accumulator from register W5)
Instruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code [1]ofofsfofofs]a]a]1]o[2[4[F|se| 1 : :
Qpera— (A) « (W5) Grouping:  Timer operation
tion: Description: Transfers the contents of timer control register W5 to regis-
ter A.
TAX (Transfer data to Accumulator from register X)
Instruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code [ofofofsfo[s]o]o]1]ofz[0[5[2]s6| 4 1 : :
Opera-  (A) < (X) Grouping:  Register to register transfer
tion: Description: Transfers the contents of register X to register A.
Rev.1.02

REJO3B0179-0102

May 25,2007 Page 940f124 RENESAS



4571 Group

MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TAY (Transfer data to Accumulator from register Y)

:ir;sr:ruc— Do Do Nlﬁ::g; of Nl:;;g:;()f Flag CY Skip condition
code [ofofofofofa]a]a]a]s]a[0f1[Flse| 4 1 : :
Opera-  (A) < (Y) Grouping:  Register to register transfer

tion:

Description: Transfers the contents of register Y to register A.

TAZ (Transfer data to Accumulator from register Z)

Instruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles

code [ofofofsfofs]oo]1]1]z[0[5[3]s6| 1 : :
Opera- (A1, Ao) < (Z1, Zo) Grouping:  Register to register transfer

tion: (A3, A2) « 0

Description: Transfers the contents of register Z to the low-order 2 bits
(A1, Ao) of register A. “0” is stored to the high-order 2 bits

(A3, A2) of register A.

TBA (Transfer data to register B from Accumulator)

:ir:)sr:ruc— Do Do Nlﬁ)t:s; of Nucr;cblgg of Flag CY Skip condition
code [ofofofofofo[1]a]s]o2[0[0[Efse| 4 1 : :
Opera- (B) < (A) Grouping:  Register to register transfer

tion:

Description: Transfers the contents of register A to register B.

TDA (Transfer data to register D from Accumulator)

Instruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code [ofofofofsfofs]o]of1[z[0f2[9fs6| 1 : :
Opera-  (DR2-DRo) « (A2-A0) Grouping:  Register to register transfer
tion: Description: Transfers the contents of the low-order 3 bits (A2—Ao) of
register A to register D.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TEAB (Transfer data to register E from Accumulator and register B)

Instruc-

. Number of | Number of Flag CY Skip condition
tion Do Do words cycles

code [ofoJofofof1]1]ofz]ofz[0]t]Afss| 1 : :
Opera- (E7-E4) < (B) Grouping:  Register to register transfer

tion: (E3—E0) « (A)

Description: Transfers the contents of register B to the high-order 4 bits
(E3-Eo) of register E, and the contents of register A to the

low-order 4 bits (E3—Eo) of register E.

TFROA (Transfer data to register FRO from Accumulator)

Instruc-

tion oo 5o Nlﬁ)t:s; of Nucr;cblggof Flag CY Skip condition
ote [i[o[olo[e[o[eo[o]ole[2[2Be| 1+ | 1 | - -
Opera- (FRO) « (A) Grouping:  Input/Output operation

tion:

control register FRO.

Description: Transfers the contents of register A to port output structure

TFR1A (Transfer data to register FR1 from Accumulato

N

:ir:)sr:ruc— 5o 5o Nlﬁ)t:s; of Nucr;cblggof Flag CY Skip condition
ote [i[oTolo[eo[eo[o: o[22 e[ 1+ | 1 | - -
Opera- (FR1) « (A) Grouping:  Input/Output operation

tion:

Description: Transfers the contents of register A to port output structure
control register FR1.

TI1A (Transfer data to register 11 from Accumulator)

Instruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code [s]ofofoo]soa]1]1]o[2]t]7]16] 4 1 : :
Opera-  (I1) < (A) Grouping:  Interrupt operation
tion: Description: Transfers the contents of register A to interrupt control reg-
ister 11.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (

continued)

TI2A (Transfer data to register 12 from Accumulator)

I_nstruc— Number of | Number of Flag CY Skip condition

tion Do Do words cycles

code [1]ofofofo[s]s]o]ofofz[2[1[8]16| 1 : :

Opera-  (12) < (A) Grouping:  Interrupt operation

tion: Description: Transfers the contents of register A to interrupt control reg-
ister 12.

TKOA (Transfer data to register KO from Accumulator)

Instruc— Number of | Number of Flag CY Skip condition

tion Do Do words cycles

code [1]ofofofofa]s]o]a]1]o[2[1[Bl16| . 1 : :

Opera-  (KO) « (A) Grouping:  Input/Output operation

tion:

Description: Transfers the contents of register A to key-on wakeup con-
trol register KO.

TK1A (Transfer data to register K1 from Accumulator)

:ir:)sr:ruc— 5o 5o Nlﬁ)t:s;m NuCr;cbIg;of Flag CY Skip condition
ote [i[oTolo[o]i[oi[o]0le ([T 1+ | 1 | - -
Opera- (K1) « (A) Grouping:  Input/Output operation

tion:

Description: Transfers the contents of register A to key-on wakeup con-
trol register K1.

TK2A (Transfer data to register K2 from Accumulator)

Instruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code [s]ofofofos]o]1]o]1]o[2]t]5 16| 4 1 : :
Opera-  (K2) « (A) Grouping:  Input/Output operation
tion: Description: Transfers the contents of register A to key-on wakeup con-
trol register K2.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TL1A (Transfer data to register L1 from Accumulator)

:ir;sr:ruc— 0o 5o Nlﬁﬁg; of ng;g:;m Flag CY Skip condition
cote [i[oTolo[olo[e o[t]ole[2[e1Alss| 1+ | 1 | - -
Opera- (L1) « (A) Grouping:  Input/Output operation

tion:

trol register L1.

Description: Transfers the contents of register A to key-on wakeup con-

TMA j (Transfer data to Memory from Accumulator)

:nstruc— Number of | Number of Flag CY Skip condition
ion Do Do words cycles

code [afofefofufafififififo[2]8]i]se]| 1 : :
Opera-  (M(DP)) < (A) Grouping:  RAM to register transfer

tion: (X) « (X)EXOR(j)

Description: After transferring the contents of register A to M(DP), an
exclusive OR operation is performed between register X
and the value j in the immediate field, and stores the result

j=0to 15

in register X.

TMRA (Transfer data to register MR from Accumulator)

Instruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code
[1[ofofofo[s[ofs[s]of2[2]1]6fss| 1 : :
Opera-  (MR) < (A) Grouping:  Clock operation
tion: Description: Transfers the contents of register A to clock control regis-
ter MR.
TPAA (Transfer data to register PA from Accumulator)
Instruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code
[1[ofs[ofs]ofs]ofs]of2[2][a[afis| 1 : :
Qpera- (PA0) < (A0) Grouping:  Timer operation
tion: Description: Transfers the least significant bit of register A (Ao) to timer
control register PA.
Rev.1.02

REJO3B0179-0102

May 25,2007 Page 980f124 RENESAS



4571 Group

MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TPSAB (Transfer data to Prescaler and register RPS from Accumulator and register B)

I_nstruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles

code [1]ofofofa]a]ofs]of1[2[2[3[5]s6| . 1 : :
Opera- (RPS7-RPS4) < (B) Grouping:  Timer operation

tion: (TPS7-TPS4) « (B)

(RPS3-RPS0) « (A)
(TPS3-TPS0) « (A)

Description: Transfers the contents of register B to the high-order 4 bits

of prescaler and prescaler reload register RPS. Transfers
the contents of register A to the low-order 4 bits of pres-
caler and prescaler reload register RPS.

TPUOA (Transfer data to register PUO from Accumulator)

Instruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code [1]ofofofa]ofs]s]of1]2[2[2[Pfse| . 1 : :
Opera-  (PUO) « (A) Grouping:  Input/Output operation
tion: Description: Transfers the contents of register A to pull-up control regis-
ter PUO.
TPU1A (Transfer data to register PU1 from Accumulator)
Instruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code [1]ofofofsfo[s]a]1]of2[2[2[Efse| . 1 : :
Opera-  (PU1) < (A) Grouping:  Input/Output operation
tion: Description: Transfers the contents of register A to pull-up control regis-
ter PU1L.
TPU2A (Transfer data to register PU2 from Accumulator)
Instruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code [1]ofofofafofs]a]a]1]o[2[2[F|16| 1 : :
Opera-  (PU2) « (A) Grouping:  Input/Output operation
tion: Description: Transfers the contents of register A to pull-up control regis-
ter PU2.
Rev.1.02

REJO3B0179-0102

May 25,2007 Page 990f 124 RENESAS



4571 Group

MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TR1AB (Transfer data to register R1 from Accumulator and register B)

I_nstruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles

code [1fofofofafafs]a]af1]o[2[3[Fl1e| . 1 : :
Opera- (R17-R14) < (B) Grouping:  Input/Output operation

tion: (R13-R1o) « (A)

Description: Transfers the contents of register B to the high-order 4 bits

(R17-R14) of reload register R1, and the contents of regis-
ter A to the low-order 4 bits (R13-R10) of reload register

R1.

TV1A (Transfer data to register V1 from Accumulator)

Instruc— Number of | Number of Flag CY Skip condition

tion Do Do words cycles

code [ofofofofafa]s]a]af1]o[0[3[Flse| . 1 : :

Opera- (V1) < (A) Grouping:  Interrupt operation

tion: Description: Transfers the contents of register A to interrupt control reg-
ister V1.

TV2A (Transfer data to register V2 from Accumulator)

Instruc— Number of | Number of Flag CY Skip condition

tion Do Do words cycles

code [ofofofofafa]s]a]a]ofo[0[3[Efse| 1 : :

Opera-  (V2) < (A) Grouping:  Interrupt operation

tion: Description: Transfers the contents of register A to interrupt control reg-
ister V2.

TW1A (Transfer data to register W1 from Accumulator)

Instruc— Number of | Number of Flag CY Skip condition

tion Do Do words cycles

code

[1[ofofofo]ofa[1[s]0f2[2][0]Ef1e| 1 : :

Qpera— (W1) « (A) Grouping:  Timer operation

tion: Description: Transfers the contents of register A to timer control register
W1.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TW?2A (Transfer data to register W2 from Accumulator)

I_nstruc— Number of | Number of Flag CY Skip condition

tion Do Do words cycles

code [1]ofofofofofs]a]a]1[z[2[0[F|1e| . 1 : :

Opera-  (W2) « (A) Grouping:  Timer operation

tion: Description: Transfers the contents of register A to timer control register
W2.

TW3A (Transfer data to register W3 from Accumulator)

Instruc— Number of | Number of Flag CY Skip condition

tion Do Do words cycles

code [1]ofofofo[s]o]o]ofofz[2[1]0fs6| . 1 : :

Opera- (W3) < (A) Grouping:  Timer operation

tion:

Description: Transfers the contents of register A to timer control register
W3.

TWH5A (Transfer data to register W5 from Accumulator)

Instruc— Number of | Number of Flag CY Skip condition

tion Do Do words cycles

code [1]ofofofofs]oo]1]of2[2[1]2]16| 1 : :

Opera-  (WS) « (A) Grouping:  Timer operation

tion: Description: Transfers the contents of register A to timer control register

W5.

TYA (Transfer data to register Y from Accumulator)

Instruc— Number of | Number of Flag CY Skip condition

tion Do Do words cycles

code [ofofofofofofs]s]ofofz[ofofclss| 1 : :

Opera-  (Y) < (A) Grouping:  Register to register transfer

tion: Description: Transfers the contents of register A to register Y.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

WRST (Watchdog timer ReSeT)

I_nstruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code

[1[of2[o[s]ofofofofof2[2][Af0fss| 1 : (WDF1) = 1
Opera- (WDF1)=17? Grouping:  Other operation
tion: (WDF1) « 0

Description:

Clears (0) to the WDF1 flag and skips the next instruction
when watchdog timer flag WDF1 is “1”. When the WDF1
flag is “0”, executes the next instruction. Also, stops the
watchdog timer function when executing the WRST
instruction immediately after the DWDT instruction.

XAM j (eXchange Accumulator and Memory data)

Instruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles

code [afofafsfofalilili[i]o[2[o[ifse| 1 : :
Opera-  (A) < — (M(DP)) Grouping:  RAM to register transfer

tion: (X) « (X)EXOR(j)

j=0to 15

Description:

After exchanging the contents of M(DP) with the contents
of register A, an exclusive OR operation is performed
between register X and the value j in the immediate field,
and stores the result in register X.

XAMD j (eXchange Accumulator and Memory data and Decrement register Y and skip)

Instruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
d R . R R .

code [afofafafafalilili[i]o[2[F[ifse| 1 : =15

Opera-  (A) < — (M(DP)) Grouping:  RAM to register transfer

tion: ()E) (: (>1()5EXOR(J) Description: After exchanging the contents of M(DP) with the contents
1=01to of register A, an exclusive OR operation is performed
V)1

between register X and the value j in the immediate field,
and stores the result in register X.

Subtracts 1 from the contents of register Y.

As a result of subtraction, when the contents of register Y
is 15, the next instruction is skipped. When the contents of
register Y is not 15, the next instruction is executed.

XAMI j (eXchange Accumulator and Memory data and Increment register Y and skip)

Instruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
COde R . R R .
[2fofafe[efofifififil2[2[Eifss| 1 : =0
Opera-  (A) < — (M(DP)) Grouping:  RAM to register transfer
tion: ()9 : ()1()5EXOR(J) Description: After exchanging the contents of M(DP) with the contents
J; toY +1 of register A, an exclusive OR operation is performed
M <M between register X and the value j in the immediate field,
and stores the result in register X.
Adds 1 to the contents of register Y. As a result of addition,
when the contents of register Y is 0, the next instruction is
skipped. When the contents of register Y is not 0, the next
instruction is executed.
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MACHINE INSTRUCTIONS (INDEX BY TYPES)

Instruction code

Para s s
meter _ 38 53 -
Mnemonic iml|2 =25 Function
Type of Do Dg D7 De Ds D4 D3 D2 Di Do Hexadeqm £ g £ %
instructi al notation | 3 S
ons =z =z
TAB 0O 0 0 OO 121 1 1 1 0|0 1 E|1 1 |(A)« (B)
TBA 0O 0o 0O OO0 01 21 0|0 0 E|1 1 |(B) « (A)
TAY 0O 0o 0o 00 1 1 1 1 1{0 1 F|1 1 |(A)« ()
TYA 0O 0o 0O OO O1 20 0|0 0 C|1 1 (YY)« (A
_ TEAB 0O 0 0O OO0 1 1 0 1 0|0 1 A|1 1 |(E7-E4) « (B)
Q£ (E3—E0) « (A)
= TABE 0O 0 0 0O1 01 0 1 0|0 2 A|1 1 |(B) « (E7-Ea)
_Pz’, (A) « (E3—Eo)
g
5 TDA 0O 0 0o 0O1 001 0 0 1|0 2 9|1 1 | (DR2-DRo) « (A2-A0)
@
R TAD 0O 0 01 012 0 O O 1|0 5 1|1 1 | (A2-Ao) < (DR2-DRuo)
(o))
) (A3) « 0
4
TAZ 0O 0 01 01 0 O 1 12{0 5 3|1 1 | (A1, Ao) « (Z1, Zo)
(A3, A2) « 0
TAX 0O 0 01 01 0 O 1 0|0 5 2|1 1 |(A)«X)
TASP 0O 0 01 012 0 0O O O|O0O 5 0|1 1 | (A2-Ao) « (SP2-SPo)
(A3) « 0
LXY X,y 1 1 x3 x2 X1 X0 y3 y2 y1 yo|[3 x y | 1 1 |(X)«<xx=0to15
(Y)«yy=0to15
@
@ LZz 0O 0 01 0 01 O 2zt z0|{0 4 8|1 1 |(Z)«<zz=0to3
o +z
i)
B
s INY o 0o 0o 0O 0O1 0 01 12{0 1 3|1 1 (Ve )+1
&
DEY o 0 0o 001 0 1 1 10 1 7|1 1 |[(V)«(V)-1
TAM j 1 0 1 1 0 O j j j jl2 c j 1 1 |(A) « (M(DP))
(X) « (X)EXOR(j)
j=0to 15
XAM j 1 0 1 1 0 1 j j j jl2 D j 1 1 |(A) «— (M(DP))
- (X) « (X)EXOR())
ug j=0to 15
§ XAMD | 1 0 1 1 1 1 j j j jil2 F j 1 1 |(A) «— (M(DP))
5 (X) « (X)EXOR(j)
2 j=0to 15
g M em-1
; XAMI j 1 0 1 1 1 0 j j j jl2 E | 1 1 |(A) «— (M(DP))
< (X) « (X)EXOR())
@ j=0to 15
)< (V)+1
TMAj 1 0 1 0 1 1 j j j jl2 B j 1 1 | (M(DP)) « (A)
(X) « (X)EXOR(j)
j=0to 15
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Skip condition

Carry flag CY

Detailed description

Transfers the contents of register B to register A.
Transfers the contents of register A to register B.
Transfers the contents of register Y to register A.
Transfers the contents of register A to register Y.

Transfers the contents of register B to the high-order 4 bits (E3—Eo) of register E, and the contents of register
A to the low-order 4 bits (E3—Eo) of register E.

Transfers the high-order 4 bits (E7—E4) of register E to register B, and low-order 4 bits of register E to register
A.

Transfers the contents of the low-order 3 bits (A2—Ao) of register A to register D.

Transfers the contents of register D to the low-order 3 bits (A2—Ao) of register A.
“0" is stored to the bit 3 (A3) of register A.

Transfers the contents of register Z to the low-order 2 bits (A1, Ao) of register A.
“0” is stored to the high-order 2 bits (A3, A2) of register A.

Transfers the contents of register X to register A.

Transfers the contents of stack pointer (SP) to the low-order 3 bits (A2—Ao) of register A.
“0" is stored to the bit 3 (A3) of register A.

Continuous -
description

=0 -

(Y)=15 -

Loads the value x in the immediate field to register X, and the value y in the immediate field to register Y.
When the LXY instructions are continuously coded and executed, only the first LXY instruction is executed
and other LXY instructions coded continuously are skipped.

Loads the value z in the immediate field to register Z.
Adds 1 to the contents of register Y. As a result of addition, when the contents of register Y is 0, the next
instruction is skipped. When the contents of register Y is not 0, the next instruction is executed.

Subtracts 1 from the contents of register Y. As a result of subtraction, when the contents of register Y is 15,
the next instruction is skipped. When the contents of register Y is not 15, the next instruction is executed.

(Y)=15 -

M=o -

After transferring the contents of M(DP) to register A, an exclusive OR operation is performed between
register X and the value j in the immediate field, and stores the result in register X.

After exchanging the contents of M(DP) with the contents of register A, an exclusive OR operation is
performed between register X and the value j in the immediate field, and stores the result in register X.

After exchanging the contents of M(DP) with the contents of register A, an exclusive OR operation is
performed between register X and the value j in the immediate field, and stores the result in register X.
Subtracts 1 from the contents of register Y. As a result of subtraction, when the contents of register Y is 15,
the next instruction is skipped. When the contents of register Y is not 15, the next instruction is executed.

After exchanging the contents of M(DP) with the contents of register A, an exclusive OR operation is
performed between register X and the value j in the immediate field, and stores the result in register X.
Adds 1 to the contents of register Y. As a result of addition, when the contents of register Y is 0, the next
instruction is skipped. when the contents of register Y is not 0, the next instruction is executed.

After transferring the contents of register A to M(DP), an exclusive OR operation is performed between
register X and the value j in the immediate field, and stores the result in register X.
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MACHINE INSTRUCTIONS (INDEX BY TYPES) (continued)

Instruction code

Para s s
meter ) 58 58 )
Mnemonic iml2e =256 Function
Type of Do Ds D7 Ds Ds Da Dz D2 D1 Do|lleX@decim|2 /g9
instructi al notation | = S
ons z z
LAn 0O 0 01 2 12 n n n n|{0 7 nj|1 1 |(A)en
n=0to 15
TABP p 0O 0 1 O ps ps4 p3 p2 p1 po|O0O 8 p| 1 3 |(SP)«(SP)+1
+p (SK(SP)) « (PC)
(PCH) « p (Note 1)
(PCL) « (DR2-DRo, A3—Ao0)
(B) « (ROM(PC))7-4
(A) « (ROM(PC))3-0
(UPTF) =1
(DR1, DRo) < (ROM(PC))9, 8
(DR2) «- 0
(PC) « (SK(SP))
(SP) « (SP) -1
AM 0O 0 0O 0O OOO1T 01 0|0 0 A|1 1 |(A) < (A) + (M(DP))
c
2 AMC 0O 0o o oo 0o 1 0 1 12{0 0 BJ|1 1 [(A) « (A) + (M(DP)) + (CY)
©
5 (CY) « Carry
5
%—: An 0 0 012 0n n n n|{0O0O 6 nj|1 1 |(A)«<(A)+n
IS n=0to 15
£
<
AND 0 000 0O 1 1 0 0 0|0 1 8|1 ] 1 [(A)<«(A)AND(M(DP)
OR 0O 0 0 0O 0O1 120 O 1|0 1 9|1 1 |(A) < (A) OR (M(DP))
SC o o o o o o0 o0 1 1 120 0 7] 1 1 |(CY)«1
RC 0O 0 0 0O OOO 1 121 0|0 0 6|1 1 |[(CY)«O0
SzC o 0o o 01 01 1 1 1(0 2 F 1 1 |(CY)=0"7
CMA 00 00O 1 1 1 0 0|0 1 C|1]|1]|BA)«®
RAR o 0o o o o121 0 120 1 DJ|1 1 AsArALAG
SBj o 0 0o 1 o1 1 1 j jJ]o 5 cCc|1 1 |(Mj(DP)) « 1
+ j=0to3
5
= |RB] 00 01 0 0 1 1 j j|0o 4 Cc|1]|1|MDP)«oO0
@ + j=0to3
Q.
o
@ |[SZBj 0 0001 0 0 0 j jlo 2 j|l1]1]|mMmDP)y=02
j=0to3

Note 1.M34571G4: p=0 to 31, M34571G6: p=0 to 47 and M34571GD: p=0 to 127.
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>_
O
(o))
Skip condition = Detailed description
)
g
O
Continuous — | Loads the value n in the immediate field to register A.
description When the LA instructions are continuously coded and executed, only the first LA instruction is executed and
other LA instructions coded continuously are skipped.

- — | Transfers bits 7 to 4 to register B and bits 3 to O to register A. These bits 7 to 0 are the ROM pattern in
address (DR2 DR1 DRo A3 A2 A1 Ao)2 specified by registers A and D in page p. When UPTF is 1, Transfers
bits 9, 8 to the low-order 2 bits (DR1, DRo) of register D, and “0” is stored to the least significant bit (DR2) of
register D.

When this instruction is executed, 1 stage of stack register (SK) is used.

- — | Adds the contents of M(DP) to register A. Stores the result in register A. The contents of carry flag CY
remains unchanged.

- 0/1 | Adds the contents of M(DP) and carry flag CY to register A. Stores the result in register A and carry flag CY.

Overflow =0 — | Adds the value n in the immediate field to register A, and stores a result in register A.
The contents of carry flag CY remains unchanged.
Skips the next instruction when there is no overflow as the result of operation.
Executes the next instruction when there is overflow as the result of operation.

- — | Takes the AND operation between the contents of register A and the contents of M(DP), and stores the result
in register A.

- — | Takes the OR operation between the contents of register A and the contents of M(DP), and stores the result
in register A.

- 1 | Sets (1) to carry flag CY.

- 0 | Clears (0) to carry flag CY.

(CY)=0 — | Skips the next instruction when the contents of carry flag CY is “0". Executes the next instruction when the
contents of carry flag CY is “1”.
The contents of carry flag CY remains unchanged.

- — | Stores the one’s complement for register A's contents in register A.

- 0/1 | Rotates 1 bit of the contents of register A including the contents of carry flag CY to the right.

- — | Sets (1) the contents of bit j (bit specified by the value j in the immediate field) of M(DP).

- — | Clears (0) the contents of bit j (bit specified by the value j in the immediate field) of M(DP).

(Mj(DP)) =0 — | Skips the next instruction when the contents of bit j (bit specified by the value j in the immediate field) of
j=0to3 M(DP) is “0".
Executes the next instruction when the contents of bit j of M(DP) is “1”.
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MACHINE INSTRUCTIONS (INDEX BY TYPES) (continued)

Instruction code e
Para S} [S)
meter _ 33858 -
Mnemonic imle =25 Function
Type of Do Dg D7 De Ds D4 D3 D2 Di Do Hexadeqm £ g £ S
instructi al notation | 3 S©
ons =z =z
SEAM 0O 0 0 02 0 0 1 121 0|0 2 6|1 1 |(A)=(M(DP))?
c
25
5% |SEAnN 0O 0o 0O 0O1 00 121 0 1|0 2 5|2 2 |[(A)=n
go n=0to 15
o8
O
0O 0 01 1.1 n n n n|0 7 n
Ba 0O 1 1 a a a4 a3 a2 ar ao|1 8 a | 1 1 | (PCL) « as-ao
+a
c BLp, a 0 0 1 1 1 p4 p3 p2 p1 po|0 E p| 2 2 | (PCH) «<p (Note 1)
% +p (PCL) « as-ao
2
2 1 ps ps a6 as a4 a3 a2 ar a2 a a
(8]
§ BLA p 0O 0 0 0O 0O 1 00 0 0|0 1 0f32 2 | (PCH) « p (Note 1)
@ (PCL) « (DR2-DRo, A3-Ao)
1 ps6 ps p4 0 O p3 p2 p1 po|2 p p
BM a 0O 1 0 a a5 a4 a3 a2 ar ao|l1l a a| 1 1 |(SP)«(SP)+1
(SK(SP)) « (PC)
(PCH) « 2
(PCL) « as—ao
c
il
©
5 BMLp,a [0 O 1 1 O ps4 p3 p2 pr po| 0 C p| 2 2 |(SP)« (SP)+1
) +p (SK(SP)) « (PC)
.GE) (PCH) « p (Note 1)
‘g 1 ps ps a6 as a4 a3 a2 alL ao| 2 a a (PCL) « as—ao0
i)
a BMLA p 0O 0 0 021 0 O O O|JO 3 02 2 [(SP)«(SP)+1
(SK(SP)) « (PC)
(PCH) « p (Note 1)
1 ps ps ps 0 O p3s p2 p1 poj2 p p (PCL) « (DR2-DRo, As-Ao)
RTI 0 0 01 00O O 121 1 0|0 4 6|1 1 |(PC) <« (SK(SP))
(SP) « (SP)-1
c
ie]
©
“8’_ RT 0 001 0 0 0 1 0 0|0 4 4| 1| 2 |(PC)« (SK(SP))
pus (SP) « (SP)-1
3
¢ RTS 0O 0 01 00 01 0 1/{0 4 5|1 2 | (PC) « (SK(SP))
(SP) « (SP)-1

Note 1.M34571G4: p=0 to 31, M34571G6: p=0 to 47 and M34571GD: p=0 to 127.
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Skip condition

Carry flag CY

Detailed description

(A) = (M(DP))

(A):n —
n=0to 15

Skips the next instruction when the contents of register A is equal to the contents of M(DP).
Executes the next instruction when the contents of register A is not equal to the contents of M(DP).

Skips the next instruction when the contents of register A is equal to the value n in the immediate field.
Executes the next instruction when the contents of register A is not equal to the value n in the immediate
field.

Branch within a page : Branches to address a in the identical page.

Branch out of a page : Branches to address a in page p.

Branch out of a page : Branches to address (DR2 DR1 DRo A3 A2 A1 Ao)2 specified by registers D and A in
page p.

Call the subroutine in page 2 : Calls the subroutine at address a in page 2.

Call the subroutine : Calls the subroutine at address a in page p.

Call the subroutine : Calls the subroutine at address (DR2 DR1 DRo A3 A2 A1 Ao)2 specified by registers D
and A in page p.

No conditional skip | —

Returns from interrupt service routine to main routine.
Returns each value of data pointer (X, Y, Z), carry flag, skip status, NOP mode status by the continuous
description of the LA/LXY instruction, register A and register B to the states just before interrupt.

Returns from subroutine to the routine called the subroutine.

Returns from subroutine to the routine called the subroutine, and skips the next instruction at with no
condition.
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MACHINE INSTRUCTIONS (INDEX BY TYPES) (continued)

Instruction code — e
Para o o
meter i 538 50 '
Mnemonic imle =25 Function
Type of Do Dg D7 De Ds D4 D3 D2 Di Do Hexadef:lm 1S g IS %
instructi al notation |3 =
ons =z e
DI 0O 0 o 0O O 0OOO1 0O 0|0 0 41 1 |(INTE)« O
El 0O 0 0o 0o 0OOO12 0 12{0 0 5|1 1 |(INTE) « 1
SNZ0 0o 0 o 0111 0 0 0|0 3 8|1 1 |Vio=0:(EXFO)=1?
(EXFO0) « 0
V1o=1:SNZ0 = NOP
SNZIO o 0 o 02 11 0 1 0|0 3 A|1 1 [112=0:(INTO) = “L"?
112 =1 : (INTO) = “H"?
SNZ1 o 0 o 012111 0 0 1|0 3 9|1 1 |[V11=0:(EXF1)=17?
(EXF1) « 0
V11 =1:SNZ1 =NOP
S
©
g SNZI1 o 0 o 012111 0 1 12|10 3 BJ|1 1 [122=0:(INT1)="L""?
o
°
2 122=1:(INT1) ="“H"?
]
£
TAV1 o 0 o1 o1 0O 1 O 0|0 5 4|1 1 [(A) « (V1)
TV1A o 0o o 0121 11 1 1 1|10 3 F|1 1 [(V1)« @A)
TAV2 o 0 o1 o1 0O 1 O 1|0 5 5]|1 1 |(A)«(V2)
TV2A o 0 o 01 11 1 1 0|0 3 E|1 1 [(V2)« (A
TAI1 10 0 1 0 1 0 O 1 1|2 5 3|1 1 [(A)« (11)
TI1A 1 0 0 0O O0O1 0 1 1 12 1 7|1 1 |(11) « (A)
TAI2 10 0 1 0 1 0 1 0 0|2 5 4|1 1 [(A)« (12)
TI2A 1 0 0 0 01 12 0 0 0|2 1 8|1 1 [(12) « (A)
TPAA 10 1 0 1 O 1 O 1 0|2 A A|l1 1 | (PA1, PAo0) « (A1, Ao)
TAW1 1 0 0 1 0 0 1 0 1 1|2 4 B|1 1 [(A) « (W1)
TWI1A 10 0 0 0O O0O1 1 1 0|2 0 E|1 1 [(W1) « (A
s TAW2 1 0 0 1 0 0 1 1 0 0|2 4 C|1 1 [(A)« (W2
B
g | TW2A 10 0 0O OO 1 1 1 12 0 F|1 1 | (W2)« (A)
o
“E’ TAW3 1 0 0 1 0 0 1 1 0 1|2 4 DJ|1 1 [(A) « (W3)
£
TW3A 1 0 0 0 0O 1 0 OO O|2 1 0|1 1 |(W3)« (A
TAWS 1 0 0 1 0 O 1 1 1 1|2 4 F|1 1 |(A) « (W5)
TW5A 1 0 0 0 0O1 0 0 1 02 1 2|1 1 [ (W5)« (A)
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Skip condition

Carry flag CY

Detailed description

V1o=0: (EXFO) =1

(INTO) ="“L"
However, 112 =0

(INTO) =“H"
However, 112 =1

V11=0:(EXFL) =1

122=0:
(INTZL) ="“L"

122=1:
(INT1) ="“H"

Clears (0) to interrupt enable flag INTE, and disables the interrupt.
Sets (1) to interrupt enable flag INTE, and enables the interrupt.

When V1o = 0 : Clears (0) to the EXFO flag and skips the next instruction when external O interrupt request
flag EXFO is “1”. When the EXFO flag is “0”, executes the next instruction.

When V1o = 1 : This instruction is equivalent to the NOP instruction. (V1o: bit 0 of interrupt control register
V1)

When |12 = 0 : Skips the next instruction when the level of INTO pin is “L". Executes the next instruction when
the level of INTO pin is “H".

When |12 = 1 : Skips the next instruction when the level of INTO pin is “H”. Executes the next instruction when
the level of INTO pin is “L". (I112: bit 2 of interrupt control register 11)

When V11 = 0 : Clears (0) to the EXF1 flag and skips the next instruction when external 1 interrupt request
flag EXF1is “1". When the EXFL1 flag is “0”, executes the next instruction.

When V11 = 1 : This instruction is equivalent to the NOP instruction. (V11: bit 1 of interrupt control register
V1)

When 122 = 0 : Skips the next instruction when the level of INT1 pin is “L”. Executes the next instruction when
the level of INT1 pin is “H".

When 122 = 1 : Skips the next instruction when the level of INT1 pin is “H”. Executes the next instruction when
the level of INT1 pin is “L". (I22: bit 2 of interrupt control register 12)

Transfers the contents of interrupt control register V1 to register A.
Transfers the contents of register A to interrupt control register V1.
Transfers the contents of interrupt control register V2 to register A.
Transfers the contents of register A to interrupt control register V2.
Transfers the contents of interrupt control register I1 to register A.
Transfers the contents of register A to interrupt control register I1.
Transfers the contents of interrupt control register 12 to register A.

Transfers the contents of register A to interrupt control register 12.

Transfers the contents of register A (A1, Ao) to timer control register PA.
Transfers the contents of timer control register W1 to register A.
Transfers the contents of register A to timer control register W1.
Transfers the contents of timer control register W2 to register A.
Transfers the contents of register A to timer control register W2.
Transfers the contents of timer control register W3 to register A.
Transfers the contents of register A to timer control register W3.
Transfers the contents of timer control register W5 to register A.

Transfers the contents of register A to timer control register W5.
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MACHINE INSTRUCTIONS (INDEX BY TYPES) (continued)

Instruction code [
Para S} [S)
meter _ 33858 -
Mnemonic imle =25 Function
Type of Do Dg D7 De Ds D4 D3 D2 Di Do Hexadeqm £ g E%
instructi al notation | 3 S
ons =z =z
TABPS 10 0 1 1 1 0 1 112 7 5| 1] 1 [(B)« (TPS-TPS4)
(A) « (TPS3-TPS0)
TPSAB 1 0 0 0 1 1 0 1 112 3 5|1 1 | (RPS7-RPS4) « (B)
(TPS7-TPSa) « (B)
(RPS3-RPS0) « (A)
(TPS3-TPSo) « (A)
TAB1 10 0 1 1 1 0 0 0|2 7 0| 1| 1 |(B)«(T17-Tla)
(A) « (T13-T1o)
T1AB 1 0 0 0 1 1 O O 02 3 O 1 1 | (R17-R14) « (B)
(T17-T14) « (B)
(R13-R1o) « (A)
(T13-T1o) « (A)
TR1AB 10 0 0 1 1 1 1 112 3 F| 1| 1 [(R17-R14)« (B)
(R13-R1o0) « (A)
TAB2 10 0 1 1 1 0 O© 102 7 1|1 | 1 [(B)« (T27-T24)
(A) « (T23-T20)
T2AB 10 0 0 1 1 0 O© 112 3 1|1 | 1 |[(R2-R24)« (B)
s (T27-T24) « (B)
B (R23-R20) « (A)
é.)_ (T23-T20) « (A)
@
& TAB3 1 0 0 1 1 1 0 O o|2 7 2|1 1 |(B) « (T37-T34)
= (A) « (T33-T30)
T3AB 1 0 0 0 1 1 0 O 0|2 3 2|1 1 | (R3L7-R3L4) « (B)
(T37-T34) « (B)
(R3L3-R3L0) « (A)
(T33-T30) « (A)
T3HAB 1 0 0 0 1 1 1 1 112 3 DJ| 1 1 | (R3H7-R3H4) « (B)
(R3H3-R3Ho) « (A)
T3R3L 10 0 0 1 1 0 1 0|2 3 4| 1| 1 |(T37)« (R3L)
SNZT1 1 0 1 0 O O O O 0|2 8 O 1 1 |V12=0:(T1F)=17?
After skipping, (T1F) « 0
V12 =1:SNZT1=NOP
SNZT2 1 0 1 0 0O O O O 112 8 1 1 1 |V13=0:(T2F)=17?
After skipping, (T2F) « 0
V13 =1:SNZT2=NOP
SNZT3 1 0 1 0 O O 0 o 0|2 8 2 1 1 |V20=0:(T3F)=17?
After skipping, (T3F) « 0
V20 =1: SNZT3=NOP
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Skip condition

Carry flag CY

Detailed description

V12=0:(TIF)=1]| -

V13=0:(T2F)=1| -

V20=0:(T3F)=1]| -

Transfers the high-order 4 bits of prescaler to register B.
Transfers the low-order 4 bits of prescaler to register A.

Transfers the contents of register B to the high-order 4 bits of prescaler and prescaler reload register RPS.
Transfers the contents of register A to the low-order 4 bits of prescaler and prescaler reload register RPS.

Transfers the high-order 4 bits (T17-T14) of timer 1 to register B.
Transfers the low-order 4 bits (T13-T10) of timer 1 to register A.

Transfers the contents of register B to the high-order 4 bits of timer 1 and timer 1 reload register R1L.
Transfers the contents of register A to the low-order 4 bits of timer 1 and timer 1 reload register R1L.

Transfers the contents of register B to the high-order 4 bits (R17—R14) of reload register R1, and the contents
of register A to the low-order 4 bits (R13—R10) of reload register R1.

Transfers the high-order 4 bits (T27-T24) of timer 2 to register B.
Transfers the low-order 4 bits (T23-T20) of timer 2 to register A.

Transfers the contents of register B to the high-order 4 bits of timer 2 and timer 2 reload register R2L.
Transfers the contents of register A to the low-order 4 bits of timer 2 and timer 2 reload register R2L.

Transfers the high-order 4 bits (T37-T34) of timer 3 to register B.
Transfers the low-order 4 bits (T33-T30) of timer 3 to register A.

Transfers the contents of register B to the high-order 4 bits of timer 3 and timer 3 reload register R3L.
Transfers the contents of register A to the low-order 4 bits of timer 3 and timer 3 reload register R3L.

Transfers the contents of register B to the high-order 4 bits of timer 3 reload register R3H.
Transfers the contents of register A to the low-order 4 bits of timer 3 reload register R3H.

Transfers the contents of timer 3 reload register R3L to timer 3.

When V12 =0 : Clears (0) to the T1F flag and skips the next instruction when timer 1 interrupt request flag
T1F is “1”. When the T1F flag is “0”, executes the next instruction.

When V12 = 1 : This instruction is equivalent to the NOP instruction.

(V12: bit 2 of interrupt control register V1)

When V13 = 0 : Clears (0) to the T2F flag and skips the next instruction when timer 2 interrupt request flag
T2F is “1". When the T2F flag is “0”, executes the next instruction.

When V13 = 1 : This instruction is equivalent to the NOP instruction.

(V1s: bit 3 of interrupt control register V1)

When V20 = 0 : Clears (0) to the T3F flag and skips the next instruction when timer 3 interrupt request flag
T3F is “1". When the T3F flag is “0”, executes the next instruction.

When V20 = 1 : This instruction is equivalent to the NOP instruction.

(V2o0: bit 0 of interrupt control register V2)
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MACHINE INSTRUCTIONS (INDEX BY TYPES) (continued)

Instruction code w e
Para S) [S)
meter _ 338 58 -
Mnemonic imle =l25 Function
Type of Do Dg D7 De Ds D4 D3 D2 Di Do Hexade_cnm £ g £ %
instructi al notation |3 S
ons =z Z
IAPO 1 0 0 1 1 0 O O O O|2 6 O0]12 1 |(A) « (PO)
OPOA 1 0 0 01 00O O O 0|2 2 0|12 1 | (PO) « (A)
IAP1 1 0 0 1.1 0 O O O 1|2 6 1|1 1 |(A) « (P1)
OP1A 1 0 0 01 0O O O O 1|2 2 1|1 1 |(P1) « (A
IAP2 1 0 0 1.1 0 0 O 1 0|2 6 2|1 1 | (A1, Ao) « (P21, P20)
(A3, A2) « 0O
OP2A 1 0 0 01 00 O 1 02 2 2|1 1 | (P21, P20) « (A1, Ao)
IAP3 1 0 0 1.1 0 O O 1 1|2 6 3|1 1 | (A1, Ao) « (P31, P30)
(A3, A2) « 0
OP3A 1 0 0 01 0 O O 1 1|2 2 3|1 1 | (P31, P30) « (A1, Ao)
CLD o 0 0o 0o 0121 0 0 0O 12|10 1 1|1 1 |D)«1
RD o o o o o0 1 0 1 0 0|0 1 4|1 1 | (DY)« 0
c (Y)=0to 4
'% SD o o o o o0 1 0 1 0 10 1 5|1 1 | (DY) «1
3 (Y)=0to4
; SZD 0O 0 0 0612 0 01 O O|0O0 2 42 2 [(D(Y) =07
e (Y)=0to 4
3
= 0 0 1 0 0 B
E RCP 0 0 1 0 0 8 1 1 |(C)« (0)
SCP 1 0 1 0 0 0 1 1 0 1|2 8 DJ|12 1 |(C)« (D)
TFROA 1 0 0 01 0 1 O O 0|2 2 8|1 1 | (FRO) « (A)
TFR1A 1 0 0 0O 1 0 1 0O O 1|2 2 9|1 1 |(FR1) « (A)
TAPUO 1 0 0 1. 0 1.0 1 1 1(2 5 7|1 1 |(A) « (PUO)
TPUOA 1 0 0 0 1 0O 1 1 O 1|2 2 DJ|1 1 | (PUO) « (A)
TAPUL1 1 0 0 1 0 1 1 1 1 0|2 5 E|1 1 |(A)« (PUL)
TPU1A 1 0 0 0 1 O 1 1 1 0|2 2 E|12 1 | (PUL) « (A)
TAPU2 1 0 0 1 0 1 1 1 1 1|2 5 F|1 1 |(A) « (PU2)
TPU2A 1 0 0 0O 1 O 1 1 1 1|2 2 F|1 1 |(PU2) « (A)
IAK 1 0 0 1 1 0 1 1 1 1|2 6 F|1 1 | (A0) « (K)
(A3-A1) « 0
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Skip condition

Carry flag CY

Detailed description

(b)) =0 -
Y=0to4

Transfers the input of port PO to register A.
Outputs the contents of register A to port PO.
Transfers the input of port P1 to register A.
Outputs the contents of register A to port P1.

Transfers the input of port P2 to the low-order 2 bits (A1, Ao) of register A.
“0” is stored to the high-order 2 bits (A3, A2) of register A.

Outputs the contents of the low-order 2 bits (A1, Ao) of register A to port P2.

Transfers the input of port P3 to the low-order 2 bits (A1, Ao) of register A.
“0" is stored to the high-order 2 bits (A3, A2) of register A.

Outputs the contents of the low-order 2 bits (A1, Ao) of register A to port P3.
Sets (1) to port D.

Clears (0) to a bit of port D specified by register Y.

Sets (1) to a bit of port D specified by register Y.

Skips the next instruction when a bit of port D specified by register Y is “0”. Executes the next instruction
when a bit of port D specified by register Y is “1”.

Clears (0) to port C.

Sets (1) to port C.

Transfers the contents of register A to port output structure control register FRO.
Transfers the contents of register A to port output structure control register FR1.
Transfers the contents of pull-up control register PUO to register A.

Transfers the contents of register A to pull-up control register PUO.

Transfers the contents of pull-up control register PU1 to register A.

Transfers the contents of register A to pull-up control register PU1.

Transfers the contents of pull-up control register PU2 to register A.

Transfers the contents of register A to pull-up control register PU2.

Transfers the input of port K to the least significant bit (Ao) of register A. “0” is stored to the high-order 3 bits
(A3-A1) of register A.
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MACHINE INSTRUCTIONS (INDEX BY TYPES) (continued)

Para Instruction code s s
meter 5959
Mnemonic Hexadedim 2 = 28 Function
Type of Do Ds D7 Ds Ds Da D3 Dz Di Do| ‘M E 5E3
P al notation |= " |=
TAKO 10 0 1 0 1 0 1 1 0|2 5 6|1 1 |(A) « (KO)
TKOA 1 0 0 0 0 121 1 0 1 1|2 1 BJ|1 1 | (KO) « (A)
5 TAK1 1 0 0 12 0 121 1 0 O 1|2 5 9|1 1 |(A) « (K1)
©
°co§_ TK1A 1 0 0 0 012 0 1 0 0|2 1 4|1 1 | (K1)« (A)
é’- TAK2 1 0 0 121 0 12 1 0 1 0|2 5 A|1 1 |(A) « (K2)
(@)
E_ TK2A 1 0 0 0 0 12 0 1 0 1|2 1 5]|1 1 | (K2) « (A)
c
TAL1 1 0 0 121 0 0 1 0 1 0|2 4 A|1 1 |(A)«(LD)
TL1A 10 0 0 001 0 1 0|2 0 A|1 1 [(L1) « (A)
TAMR 1 0 0 121 0 12 0 0 1 0|2 5 2|1 1 |(A)« (MR)
TMRA 1 0 0 0 012 0 1 1 0|2 1 6]1 1 |(MR) « (A)
NOP 0O 0o 0O 0O 0OOO OO O|O O O0]1 1 |(PC)«(PC)+1
POF 0O 0 0O 0O0OOO 0O 1 0|0 0 2|1 1 | RAM back-up
EPOF 0O 0 0171 01 1 0 1 12{0 5 B|1 1 | POF instruction valid
SNZP 0O 0 0o 0 0O 00 01 1|j0 0 3|1 1 (P)=17
WRST 1 0 1 0 1 0 O O O O|2 A 0]12 1 |(WDF1l)=17?
5 (WDF1) < 0
©
Q
Qo
o
E DWDT 1 0 1 0 0 1 1 1 0 0|2 9 C|1 1 | Stop of watchdog timer function enabled
o
SRST 0O 0o 0O 0O 0OOO OO0 12{0 0 1|1 1 |System reset
RUPT 0o 0 o1 o1 1 0 O O|JO 5 8|1 1 |(UPTF)«O0
SUPT 0O 0 01 01 1 0 O 1|0 5 9|1 1 |(UPTF)«1
SNZVD 1 0 1 0 0O 0 1 0 1 0|2 8 A|1 1 |V23=0:(VDF)=1?
V23 =1:SNZVD = NOP
RBK 0O 0 01 0 0O 0O O O O|O 4 0]1 1 | ps < 0 when TABP p instruction is executed.
(Note 1)
SBK 0O 0 010 0 0O O O 1/]0 4 1|1 1 |ps « 1 when TABP p instruction is executed.
(Note 1)

Note 1.This instruction cannot be used for the M34571G4/G6.
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Skip condition

Carry flag CY

Detailed description

Transfers the contents of key-on wakeup control register KO to register A.
Transfers the contents of register A to key-on wakeup control register KO.
Transfers the contents of key-on wakeup control register K1 to register A.
Transfers the contents of register A to key-on wakeup control register K1.
Transfers the contents of key-on wakeup control register K2 to register A.
Transfers the contents of register A to key-on wakeup control register K2.
Transfers the contents of key-on wakeup control register L1 to register A.

Transfers the contents of register A to key-on wakeup control register L1.

(P)=1 -

(WDF1) =1

V23=0:(VDF)=1| -

Transfers the contents of clock control register MR to register A.
Transfers the contents of register A to clock control register MR.
No operation; Adds 1 to program counter value, and others remain unchanged.

Puts the system in RAM back-up state by executing the POF instruction after executing the EPOF
instruction.
Operations of all functions are stopped.

Makes the immediate after POF instruction valid by executing the EPOF instruction.
Skips the next instruction when the P flag is “1”.

After skipping, the P flag remains unchanged.
Executes the next instruction when the P flag is “0”.

Clears (0) to the WDF1 flag and skips the next instruction when watchdog timer flag WDF1 is “1”. When the
WDF1 flag is “0”, executes the next instruction. Also, stops the watchdog timer function when executing the
WRST instruction immediately after the DWDT instruction.

Stops the watchdog timer function by the WRST instruction after executing the DWDT instruction.

System reset occurs.

Clears (0) to the high-order bit reference enable flag UPTF.

Sets (1) to the high-order bit reference enable flag UPTF.

When V23 = 0 : Skips the next instruction when voltage detector interrupt request flag VDF is “1”. The VDF

flag is not cleared to “0“. When the VDF flag is “0”, executes the next instruction.
When V23 = 1 : This instruction is equivalent to the NOP instruction.

Sets referring data area to pages 0 to 63 when the TABP p instruction is executed. This instruction is valid
only for the TABP p instruction.

Sets referring data area to pages 64 to 127 when the TABP p instruction is executed. This instruction is valid
only for the TABP p instruction.
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INSTRUCTION CODE TABLE

Do 010000{011000
D4 000000{000001{000010{000011|000100|000101|{000110{000111{001000{001001({001010({001011|001100{001101|{001110|001111 01})?_11 01t1?11
Bz_ n"'osﬁ’;n* 00 | 01 | 02 | 03 | 04 [ 05 | 06 | 07 | 08 | 09 | OA | OB | OC | OD | OE | OF [10-17|18-F
0000/ O |NOP |BLA SSB emLA| RBK I1asp Q LoA TA(?P quzp TQ;P T‘ﬁgf BML [BML| BL | BL | BM | B
0001 1 |SRST|CLD SfB ~ [ SBK 1ap /,i\ LlA TAlBP Tﬁp TQ;P ng?f BML [BML| BL | BL | BM | B
0010| 2 |POF| - SSB - | - |TAX 2 LzA TAZBP T?gp T/;ip TSAO?f BML [BML| BL | BL | BM | B
0011| 3 |SNzP| INY sgs - | - |7AzZ 2 "3A TAEP T?_I;P T/;;P TSAﬁf BML [BML| BL | BL | BM | B
0100/ 4 | DI | RD [SZD| - | RT [TAV1 2 "4A TAfP T/;?P T/;;P TSA;f BML [BML| BL | BL | BM | B
0101| 5 | ElI | SD [SEAn| - |[RTS [TAV2 g "5A TASBP TAZ?P T/;ip T:;f BML [BML| BL | BL | BM | B
0110 6 | RC | - |[sEam| - | RTI| - 2 "6A TA(?P TAZ'Z’P T/;;P T&?f BML [BML| BL | BL | BM | B
o111 7 | sC |DEY| - | - | - | - ? "7A TA7BP TAZ';’P T/;;P Té;?f BML [BML| BL | BL | BM | B
1000/ 8 | - |AND| - |SNzoO "OZ RUPT Q LsA TABBP T’;ip TQ;P T&?f BML [BML| BL | BL | BM | B
1001 9 | - | OR | TDA |SNz1 le SUPT g "gA TAgp T/;gp Tﬁip TSAﬁf BML [BML| BL | BL | BM | B
1010/ A | AM |TEAB|TABE S%Z' "22 - 1‘}) I:_LQ T’igp TAZ?D Tﬁ;': ngéf BML [BML| BL | BL | BM | B
1011| B |AMC| - | - SNlZ' "32 EPOF| |, 'ﬁ\ T"ﬁp TAZEP TQ;P TSAgéf BML [BML| BL | BL | BM | B
1100| C |TYA|CMA| - | - ROB SOB 1A2 'ﬁ T’igp TAZgP Tﬁip TGAO?f BML [BML| BL | BL | BM | B
1101 D | - |RAR| - | - RlB SlB 1A3 Iig T/gp TAZgP T4ASP TGAﬁf BML [BML| BL | BL | BM | B
1110| E |TBA [ TAB | - [TV2A RZB SZB ﬁ 'ﬁ T’izp T‘;?P Tﬁgp TGA;f BML [BML| BL | BL | BM | B
mi| F | - | TAY |szC |[TV1A R3B 538 1A5 Iig T’igp Tgfp Tﬁip TGA;'? BML [BML| BL | BL | BM | B

The above table shows the relationship between machine language codes and machine language instructions. D3-Do show the low-order
4 bits of the machine language code, and D9-D4 show the high-order 6 bits of the machine language code. The hexadecimal
representation of the code is also provided. There are one-word instructions and two-word instructions, but only the first word of each

instruction is shown. Do not use code marked “-.”

The codes for the second word of a two-word instruction are
described below.

The second word

o ¥ ** and *** cannot be used in the M34571GA4.
o ** gnd *** cannot be used in the M34571G6.

» A page referred by the TABP instruction can be switched by
the SBK and RBK instructions in the M34571GD.
The pages which can be referred by the TABP instruction after
the RBK instruction is executed are O to 63.
The pages which can be referred by the TABP instruction after
the SBK instruction is executed are 64 to 127 (Ex. TABP 0
TABP 64).
When the SBK instruction is not used, the pages which can be
referred by the TABP instruction are 0 to 63.

BL 10 Oaaa aaaa

BML 10 Oaaa aaaa

BLA 10 OpO0 pppp

BMLA 10 OpO0 pppp

SEA 00 0111 nnnn

SzD 00 0010 1011
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INSTRUCTION CODE TABLE

— 110000
Dé4 100000| 100001 |100010|100011 |100100 100101 | 100110 | 100111 | 101000{101001|101010|101011|101100|101101 | 101110 | 101111 | toO
111111

D3~ 7l 20 21 22 23 24 25 26 27 28 29 2A 2B 2C 2D 2E 2F |30-3F

Do |notation

0000| O - |TW3A|OPOA|T1AB| - - IAPO | TAB1 SNzT| - _ WRST TMA | TAM | XAM | XAMI I XAMD LXY
1 0 0 0 0 0

0001| 1 - - |OP1A|T2AB| - - IAP1 | TAB2 SNZzT) - _ - TMA | TAM | XAM | XAMI I XAMD LXY
2 1 1 1 1 1

0010| 2 - |TW5A|OP2A|T3AB| - |TAMR| IAP2 | TAB3 Sl\132T - - T'\;A TA2M XAZ\M XAéMI XA;V'D LXY

0011| 3 - - |OP3A| - - TAIL | IAP3 - - - - TMA | TAM | XAM | XAMI I XAMD LXY

3 3 3 3 3

0100| 4 | - |TKIA| - |[TsR3L| - [TA2| - | - | - | - | - T'X'A T’ZM XQM XﬁM' XA:"D LXY

0101| 5 - TK2A - |TPSAB| - - - |TABPS| - - - T|\5/IA T'?)M XgM XA5M| XAEI)VID LXY

0110 6 | - |[TMRA| - | - | - |TAKO| - | - | - | - | - T'\é'A T’;M XQM X‘;M' XAg"D LXY

omi| 7 | - |TRA| - | - | - |mpwo| - | - | - | - | - T'\7/'A T’;M X‘;M X‘;M' XA;V'D LXY

1000[ 8 | - |TR2A|TRROA| - | - | - | - | - | - | - | - T'\é'A T’;M XQM X‘;M' XAE';"D LXY

1001 9 | - | - |TRRIA| - | - |TAKL| - | - | - | - | - T';'A T’;M XQM X‘;M' XAg"D LXY

TMA | TAM | XAM | XAMI [XAMD
1010] A |TLIA| - | - | - |TALL|TAK2| - | - IsNzvD| — |TPAA| Lot ot |90 |10 | 10 | XY

TMA | TAM | XAM | XAMI [XAMD
1011 B | - |TKOA| - - |TAW1| - - - - - - 1n | n | 1| 1| u |YY

TMA | TAM | XAM | XAMI | XAMD
1100 C - - - - |TAW2| - - - RCP |DWDT| - 12 12 12 12 12 LXY

TMA | TAM | XAM | XAMI [XAMD
101 D | - | - [tPuoaTaHAB|TAWS| - | - | - |scP| - | - | N 0 TR Ts [Tas | XY

TMA | TAM | XAM | XAMI [ XAMD
1110| E |TW1A| - |[TPUIA| - - |tAPui| - - - - - 14 | 14 | 14 | 14 | 124 | VXY

TMA | TAM | XAM | XAMI | XAMD
1111| F |[TW2A| - |TPU2A|TR1AB|TAWS|TAPU2| IAK - - - - 15 15 15 15 15 LXY

The above table shows the relationship between machine language codes and machine language instructions. D3-Do show the low-order
4 bits of the machine language code, and D9-D4 show the high-order 6 bits of the machine language code. The hexadecimal
representation of the code is also provided. There are one-word instructions and two-word instructions, but only the first word of each
instruction is shown. Do not use code marked “-."

The codes for the second word of a two-word instruction are
described below.

The second word
BL 10 Oaaa aaaa
BML 10 Oaaa aaaa
BLA 10 OpO0 pppp
BMLA 10 OpO0 pppp
SEA 00 0111 nnnn
SzZD 00 0010 1011
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Electrical characteristics

Absolute maximum ratings

Table 25 Absolute maximum ratings

Symbol Parameter Conditions Ratings Unit
VDD Supply voltage - -0.3t06.5 \%
Vi Input voltage PO, P1, P20/INTO, P21/INT1, P3, Do-D3, - -0.3to Vpp+0.3 Y,

D4/CNTRO, K, RESET, XIN
Vo Output voltage PO, P1, P2, P3, Do-D3, D4/CNTRO, Output transistors in cut-off —-0.3 to Vpp+0.3 \%
RESET state
Vo Output voltage C, Xout - —0.3 to Vpbp+0.3 \%
Pd Power dissipation Ta=25°C 300 mw
Topr Operating temperature range - -20to 85 °C
Tstg Storage temperature range - —40 to 125 °C
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4571 Group

Recommended operating conditions

Table 26 Recommended operating conditions 1 (Ta =-20 °C to 85 °C, Vbp = 1.8 to 5.5V, unless otherwise noted)

. Limits .
Symbol Parameter Conditions - Unit
Min. Typ. Max.
VDD Supply voltage f(STCK) < 6MHz 4 5.5 \%
(with a ceramic resonator) f(STCK) < 4.4MHz 27 55
f(STCK) < 2.2MHz 2 5.5
f(STCK) < 1.1MHz 18 55
VDD Supply voltage f(STCK) < 4.8MHz 4 5.5 \%
(when an external clock is f(STCK) < 3.2MHz 27 55
used) f(STCK) < 1.6MHz 2 55
f(STCK) < 0.8MHz 18 55
VRAM RAM back-up voltage (at RAM back-up) 1.6 55 \%
Vss Supply voltage 0 \%
VIH “H” level input voltage PO, P1, P2, P3, Do-D4, K 0.8VbDp VoD \%
XIN 0.7VoD VDD
RESET, INTO, INT1 0.85VoD VoD
CNTRO 0.85VDD VbD
ViL “L” level input voltage PO, P1, P2, P3, Do-D4, K 0 0.3Vpop | mA
XIN 0 0.3VbD
RESET, INTO, INT1 0 0.3vop
CNTRO 0 0.15VbD
|oH(peak) “H” level peak output current P3, Do-D3 Vbp =5V -20 mA
VoD = 3V -10
C, CNTR1 VoD = 5V -30
VoD = 3V -15
|oH(avg) “H” level average output current | P3, Do-D3 Vbp =5V -10 mA
(Note 1) VoD = 3V -5
C,CNTR1 VoD = 5V -15
VoD = 3V -7
loL(peak) “L” level peak output current PO, P1, P2, P3, Do-Ds4, C, VoD = 5V 24 mA
RESET, CNTRO, CNTR1, VoD = 3V 12
loL(avg) “L” level average output current | pg, P1, P2, P3, Do-Da, C, VoD = 5V 12 mA
(Note 1) RESET, CNTRO, CNTR1, Vop = 3V 6
YIoH(avg) “H” level total average current | P3, Do-D3, C, CNTR1 -30 mA
XloL(avg) “L” level total average current | po, P10, P11, RESET 30 mA
Plo, P11, P2, P3, Do-D4, C, CNTRO, CNTR1 30

Note 1.The average output current is the average value during 100ms.
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Table 27 Recommended operating conditions 2 (Ta =-20 °C to 85 °C, Vbbp = 1.8 to 5.5V, unless otherwise noted)

N Limits .
Symbol Parameter Conditions - Unit
Min. Typ. Max.
f(XIN) Oscillation frequency Through mode Vbp=4.0Vto55V 6 MHz
(with a ceramic resonator) Vob=27Vt055V 4.4
Vob=2.0Vto55V 2.2
Vob=18Vto55V 11
Internal frequency divided Vbp=2.7Vto55V 6
by 2 Vop=2.0Vto 55V 4.4
Vob=18Vto55V 2.2
Internal frequency divided Vbp=2.0Vto55V 6
by 4,8 Vop=1.8Vto55V 4.4
f(XIN) Oscillation frequency Through mode Vop=4.0Vto55V 4.8 MHz
(with an external clock input) Vob=27Vt055V 3.2
Vob=2.0Vto55V 1.6
Vob=1.8Vto55V 0.8
Internal frequency divided Vop=2.7Vto55V 4.8
by 2 Vop=2.0V 1055V 3.2
Vob=1.8Vto55V 1.6
Internal frequency divided Vop=2.0Vto55V 4.8
by 4,8 Vop=1.8V 1055V 3.2
f(CNTR) Timer external input frequency | CNTRO, CNTR1 f(STCK)/6 | Hz
tw(CNTR) | Timer external input period CNTRO, CNTR1 3/f(STCK) s
(“H” and “L” pulse width)
TPON Power-on reset circuit valid Vob=0 — 1.8V 100 Us
supply voltage rising time
(Note 1)

Note 1. If the rising time exceeds the_maximum rating value, connect a capacitor between the RESET pin and Vss at the shortest
distance, and input “L” level to RESET pin until the value of supply voltage reaches the minimum operating voltage.

with a ceramic resonator

at external clock oscillation

(STCK) A} ! : ! - (STCK) A} | E ! !
[MHz] b : [MHz] b :
oo .
] ] ] 1 1 1 1 ]
) ] ] 1 ] 1 1 ]
o : VIF:] PR S O : R
s ' se=— - . !
Vo , T '
b ' 3.2fcmmedecdeeeo o : SO DI
b : P i
2.2)--=-=2 - : : :
i i Lo :
1 | 1.6)-maed-2 L J S i
: ! ! : !
1.1}----4+—Recommended H----- i | Recommended
+ operating conditions 0.8|----+4—-operating conditions 4-----
AR S s A i s
Y] vl

Fig 71. System clock (STCK) operating condition map
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Electrical characteristics
Table 28 Electrical characteristics 1 (Ta =—20 °C to 85 °C, Vbp = 1.8 to 5.5V, unless otherwise noted)
. Limits .
Symbol Parameter Test conditions - Unit
Min. | Typ. | Max.
VoH “H” level output voltage P3, Do-D4 Vpp =5V loH = —=10mA 3 \%
CNTRO loH = -3mA 4.1
VoD = 3V loH = -5mA 2.1
IoH = —1mA 2.4
VoH “H” level output voltage C Vpp = 5V loL = -20mA 3 \%
CNTR1 loL = —6mA 4.1
VoD = 3V loL =-10mA 21
loL = -3mA 2.4
VoL “L" level output voltage PO, P1, P2, P3, Do-D4 Vpp =5V loL = 156mA 2 \%
RESET, C, CNTRO, CNTR1 loL = 5mA 0.9
VoD = 3V loL = 9mA 1.4
loL = 3mA 0.9
IiH “H" level input current PO, P1, P2, P3, Do-D4, K Vi=Vbbp 2 HA
RESET, INTO, INT1
CNTRO
liL “L" level input current PO, P1, P2, P3, Do-D4, K Vi=0oVv -2 | uA
RESET, INTO, INT1 PO, P1, P2
CNTRO No pull-up
RpPu Pull-up resistor value PO, P1, P2 Vi=0V VoD = 5V 30 60 125 | kQ
RESET VoD = 3V 50 | 120 | 250
VT+-VT1- Hysteresis RESET, INTO, INT1 VoD = 5V 1 \
Vop = 3V 0.4
VT+-VT1- Hysteresis CNTRO VoD = 5V 0.2 \%
Vop = 3V 0.2
IbD Supply current at active mode VDD = 5V f(STCK) = f(Xin)/8 1.2 24 | mA
(with a ceramic resonator) | f(XiN) = 6MHz f(STCK) = f(Xin)/4 13 | 2.6
(Note 1) fRING) = stop ¢ sTCK) = f(xiny2 16 | 32
f(STCK) = f(XIN) 22 | 44
VoD = 3V f(STCK) = f(Xin)/8 03 | 06 | mA
fXIN) =4MHz | {STCK) = f(Xin)/4 04 | 0.8
f(RING) =stop ¢ sTcK) = fxiny/2 06 | 12
f(STCK) = f(XiN) 08 | 1.6
at RAM back-up mode Ta =25°C 0.1 3 HA
(POF instruction execution) |vpp = 5v 10
Vop = 3V 6

Note 1.The voltage drop detection circuit operation current (IrRsT) is added.
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Voltage drop detection circuit characteristics

Table 29 Voltage drop detection circuit characteristics (Ta =-20 °C to 85 °C, unless otherwise noted)

Symbol Parameter Test conditions - Limits Unit
Min. Typ. Max.
VRST- Detection voltage Ta = 25°C 1.65 \%
(reset occurs) (Note 1) —20°C< Ta < 0°C 1.6 2.2
0°C< Ta<50°C 1.3 21
50°C< Ta < 85°C 1.1 1.8
VRST+ Detection voltage Ta = 25°C 1.75 \%
(reset release) (Note 2) _20°C< Ta < 0°C 1.7 23
0°C< Ta<50°C 14 2.2
50°C< Ta < 85°C 1.2 1.9
VINT Detection voltage Ta = 25°C 1.85 \%
(Interrupt occurs) (Note 3) _20°C< Ta < 0°C 1.8 2.4
0°C< Ta < 50°C 15 2.3
50°C< Ta < 85°C 1.3 2.2
VRST+ —VRST- Detection voltage hysteresis 0.1 \%
IRsT Voltage drop detection circuit Vop = 5V 40 80 LA
operation current (Note 4) VDD = 3V 20 40
Vop = 1.65V 7 15
TRST Detection time (Note 5) VoD - (VRsT- -0.1V) 0.2 1.2 ms

Note 1.The detection voltage (VrRsT-) is defined as the voltage when reset occurs when the supply voltage (Vob) is falling.

Note 2.The detection voltage (VrsT+) is defined as the voltage when reset is released when the supply voltage (Vo) is rising from reset
occurs.

Note 3.When the supply voltage goes lower than the detection voltage (VINT), the voltage drop detection circuit interrupt request flag
(VDF) is set to “1“.

Note 4.IrsT is added to Ipp (power current).
Note 5.The detection time (TrsT) is defined as the time until reset occurs when the supply voltage (Vop) is falling to [VRsT- —0.1V].

Basic timing diagram

Parameter

Machine cycle

Pin name

Mi

Mi+ 1

System clock

Port output

Port input

Interrupt input

STCK

Do to Da
PO0o to P03
Ploto P13
P20, P21
P30, P31, C

Do to D4
POo to P03
Ploto P13
P20, P21
P30, P31, K

INTO, INT1
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PACKAGE OUTLINE

JEITA Package Code

| RENESAS Code |  Previous Code | MASS[Typ] |

P-SSOP24-5.3x10.1-0.80

| PRSP0024GA-A | 24P2Q-A \

0.2g

2

HAHAAAARARA

He

%HHHHHHH

1 IgIMENSIONS "#1" AND "*2"
DO NOT INCLUDE oMOSI.D(I;LASH

2. DIMENSION

INCLUDE TRIM OFFSET.

Dimension in Millimeters
symbel [ Min | Nom [ Max
D [10.0]10.1] 10.2
E 52| 53] 54
A2 | — | 18
< Al —]— 121
A1 0 | 01]02
bp | 0.3 [0.35]0.45
c |0.18] 0.2 | 0.25
[ 0| — | 8
Dol F He | 75| 7.8 | 81
e |0.65| 0.8 | 0.95
y |— | — 10.10
L 04| 06| 0.8
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This document is provided for reference purposes only so that Renesas customers may select the appropriate Renesas products for their use. Renesas neither makes
warranties or representations with respect to the accuracy or completeness of the information contained in this document nor grants any license to any intellectual property
rights or any other rights of Renesas or any third party with respect to the information in this document.
Renesas shall have no liability for damages or infringement of any intellectual property or other rights arising out of the use of any information in this document, including,
but not limited to, product data, diagrams, charts, programs, algorithms, and application circuit examples.
You should not use the products or the technology described in this document for the purpose of military applications such as the development of weapons of mass
destruction or for the purpose of any other military use. When exporting the products or technology described herein, you should follow the applicable export control laws
and regulations, and procedures required by such laws and regulations.
All information included in this document such as product data, diagrams, charts, programs, algorithms, and application circuit examples, is current as of the date this
document is issued. Such information, however, is subject to change without any prior notice. Before purchasing or using any Renesas products listed in this document,
please confirm the latest product information with a Renesas sales office. Also, please pay regular and careful attention to additional and different information to be
disclosed by Renesas such as that disclosed through our website. (http://www.renesas.com )
Renesas has used reasonable care in compiling the information included in this document, but Renesas assumes no liability whatsoever for any damages incurred as a
result of errors or omissions in the information included in this document.
When using or otherwise relying on the information in this document, you should evaluate the information in light of the total system before deciding about the applicability
of such information to the intended application. Renesas makes no representations, warranties or guaranties regarding the suitability of its products for any particular
application and specifically disclaims any liability arising out of the application and use of the information in this document or Renesas products.
With the exception of products specified by Renesas as suitable for automobile applications, Renesas products are not designed, manufactured or tested for applications
or otherwise in systems the failure or malfunction of which may cause a direct threat to human life or create a risk of human injury or which require especially high quality
and reliability such as safety systems, or equipment or systems for transportation and traffic, healthcare, combustion control, aerospace and aeronautics, nuclear power, or
undersea communication transmission. If you are considering the use of our products for such purposes, please contact a Renesas sales office beforehand. Renesas shall
have no liability for damages arising out of the uses set forth above.
Notwithstanding the preceding paragraph, you should not use Renesas products for the purposes listed below:

(1) artificial life support devices or systems

(2) surgical implantations

(3) healthcare intervention (e.g., excision, administration of medication, etc.)

(4) any other purposes that pose a direct threat to human life
Renesas shall have no liability for damages arising out of the uses set forth in the above and purchasers who elect to use Renesas products in any of the foregoing
applications shall indemnify and hold harmless Renesas Technology Corp., its affiliated companies and their officers, directors, and employees against any and all
damages arising out of such applications.
You should use the products described herein within the range specified by Renesas, especially with respect to the maximum rating, operating supply voltage range,
movement power voltage range, heat radiation characteristics, installation and other product characteristics. Renesas shall have no liability for malfunctions or damages
arising out of the use of Renesas products beyond such specified ranges.

. Although Renesas endeavors to improve the quality and reliability of its products, IC products have specific characteristics such as the occurrence of failure at a certain

rate and malfunctions under certain use conditions. Please be sure to implement safety measures to guard against the possibility of physical injury, and injury or damage
caused by fire in the event of the failure of a Renesas product, such as safety design for hardware and software including but not limited to redundancy, fire control and
malfunction prevention, appropriate treatment for aging degradation or any other applicable measures. Among others, since the evaluation of microcomputer software
alone is very difficult, please evaluate the safety of the final products or system manufactured by you.

In case Renesas products listed in this document are detached from the products to which the Renesas products are attached or affixed, the risk of accident such as
swallowing by infants and small children is very high. You should implement safety measures so that Renesas products may not be easily detached from your products.
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