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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 sales 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. You 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 usefRenesas
Electronics products or the technology described in this document for any purpose relating to military applicatiens or use by
the military, including but not limited to the development of weapons of mass destruction. Renesas Elegtronies products and
technology may not be used for or incorporated into any products or systems whose manufacture, usepor-sale’is prohibited
under any applicable domestic or foreign laws or regulations.

Renesas Electronics has used reasonabl e care in preparing the information included in this doeument, 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 errorsin or omissions from the information included hergin.

Renesas Electronics products are classified according to the following three quality gradesy“Standard”, “High Quality”, and
“Specific’. The recommended applications for each Renesas Electronics product.depends on the product’ s quality grade, as
indicated below. Y ou must check the quality grade of each Renesas Electronigs 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 Electronies. Renesas Electronics shall not be in any way
liable for any damages or losses incurred by you or third parties arisifig,fram the use of any Renesas Electronics product for an
application categorized as “ Specific” or for which the product is notdnténded where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Refiesas Electronics product is“ Standard” unless otherwise
expressly specified in a Renesas Electronics data sheets or.databooks, etc.

“Standard”: Computers; office equipment; communieati ons equi pment; test and measurement equipment; audio and visual
equipment; home el ectronic appliances, machine tools; personal electronic equipment; and industrial robots.

“High Quality”: Transportation equipment (autemobiles, 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; aerospace 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 healthcare
intervention (e.g. exeisionyetc.), and any other applications or purposes that pose a direct threat to human life.

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

Although RenesasiEl ectronics 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 Electroni cs 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'mal function prevention, appropriate treatment for aging degradation or any other appropriate measures. Because
the evaluation of microcomputer software aloneis 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 al 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) “RenesasElectronics’ asused 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.
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Notice: This is not a final specification.
Some parametric limits are subject to change.

4584 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

REJO03B0010-0300Z

Rev.3.00

2004.08.06

DESCRIPTION O INLEITUPT ...oviiiii 7 sources
The 4584 Group is a 4-bit single-chip microcomputer designed with o Key-on wakeup function pins ..........cccevveeeieiesie e 10

CMOS technology. Its CPU is that of the 4500 series using a
simple, high-speed instruction set. The computer is equipped with
four 8-bit timers (each timer has one or two reload registers), a 10-
bit A/D converter, interrupts, and oscillation circuit switch function.
The various microcomputers in the 4584 Group include variations
of the built-in memory type as shown in the table below.

FEATURES

o Minimum instruction execution time ............ccccocveiiieennn. 0.5 us
(at 6 MHz oscillation frequency, in XIN through-mode)

e Supply voltage
Mask ROM VEISION .........cocuieiiiiieiiiie e 1.8to55V
One Time PROM version 25t055V

(It depends on operation source clock, oscillation frequency and op-
eration mode)

e Timers
TIMer ..o 8-bit timer with a reload register
Timer 2.... 8-bit timer with a reload register
TIMEr 3. 8-bit timer with a reload register
TIMEr 3 ..o 8-bit timer with two reload registers

e A/D converter 10-bit successive comparison method, 2ch
e \/oltage drop detection circuit
Reset occurrence
Reset release .........cccovveveiieniciicnnenn,
e Watchdog timer
e Clock generating circuit
(ceramic resonator/RC oscillation/quartz-crystal oscillation/on-
chip oscillator)
e LED drive directly enabled (port D)

Typ. 1.5V (Ta= 25 °C)
Typ. 1.6 V (Ta =25 °C)

APPLICATION

Remote control transmitter

Part number ROM (PROM) size RAM s.lze Package ROM type
(O 10 bits) (O 4 bits)
M34584MD-XXXFP 16384 words 384 words 42P2R-A Mask ROM
M34584EDFP (Note) 16384 words 384 words 42P2R-A One Time PROM
Note: Shipped in blank.
Rev.3.00 2004.08.06 page 1 of 155 RENESAS
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Notice: This is not a final specification.
Some parametric limits are subject to change.

PIN CONFIGURATION

P13
Do

D2

De/CNTRo
C/CNTR1
P50

P51

P52

P53

P20

P21

P22
‘RESET
CNVss
Xout

XIN

Vss

<> 1]

25O
<> [3]
<> [4]
<> [
<> [6]
<> [
<> [ ]
<> [0 ]
<> [0
<> [I1]
<> [1IZ7]
<> [13]
<> [14]
<> [15]
<> [16 |
<> O]

d4d3v8SrEN
daXXX-AIN¥8SYEN

< [
—> [20]

O

[42] <> P12
411 <—> P11
40 ] <—> Plo
39 ] <—> P03
381 <—> P02
371 <> PO1
736 1 <—> P00
35 1 <> P43
341 <> P42
331 <> P41
3271 <= P4o
[31] <> P63
301 <> P62
[29] <> P61/AINL
[ 28 1 <—> P6o/AiNo
271 <> P33
[267] <> P32
[257] <—> P31/INT1
[24] <> P30/INTO
231 <— VDCE
1 221 Vob

OUTLINE 42P2R-A

Pin configuration (top view) (4584 Group)

Rev.3.00 2004.08.06 page 2 of 155

REJO03B0010-0300Z

RENESAS




Some parametric limits are subject to change.

Notice: This is not a final specification.
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4584 Group

Notice: This is not a final specification.
Some parametric limits are subject to change.

PERFORMANCE OVERVIEW

Parameter

Function

Number of basic instructions

154

Minimum instruction execution time

0.5 us (at 6.0 MHz oscillation frequency, in XIN through-mode)

Memory sizes

ROM

16384 words 0 10 bits

RAM 384 words 0 4 bits
Input/Output | Do-Ds  [I/O (Input is Seven independent 1/O ports;
ports ex_amine_d'by Port Ds is also used as Cl\_lTRO, respectively.
skip decision) | The output structure is switched by software.
P0O0-PO03 |I/O 4-bit I/O port; a pull-up function, a key-on wakeup function and output structure can be switched
by software.
P1o-P13 |I/O 4-bit 1/0 port; a pull-up function, a key-on wakeup function and output structure can be switched
by software.
P20-P22 |1/O 3-bit I/O port
P30-P33|I/O 4-bit 1/0 port ; ports P30 and P31 are also used as INTO and INT1, respectively.
P40-P43 |I/O 4-bit I/0 port
P50-P53 |I/0 4-bit 1/0 port ; the output structure is switched by software.
P60-P63 |1/0 4-bit 1/0 port ; ports P60, P61 are also used as AINO, AIN1, respectively.
Timers Timer 1 8-bit timer with a reload register is also used as an event counter.
Also, this is equipped with a period/pulse width measurement function.
Timer 2 8-bit timer with a reload register.
Timer 3 8-bit timer with a reload register is also used as an event counter.
Timer 4 8-bit timer with two reload registers and PWM output function.

A/D converter

10-bit wide O 2 ch, This is equipped with an 8-bit comparator function.

Interrupt Sources 7 (two for external, four for timer, one for A/D)
Nesting 1 level
Subroutine nesting 8 levels

Device structure

CMOS silicon gate

(typical value)

Package 42-pin plastic molded SSOP (42P2R-A)

Operating temperature range —-20°Cto 85 °C

Supply voltage| Mask ROM version 1.8 V to 5.5 V (It depends on operation source clock, oscillation frequency and operating mode.)
One Time PROM version | 2.5V to 5.5 V (It depends on operation source clock, oscillation frequency and operating mode.)

Power Active mode 2.8 mA (Ta=25°C, VDD=5V, f(XIN)=6 MHz, f(STCK)=f(XIN), on-chip oscillator stop)

dissipation 70 pA (Ta=25°C, VDD=5V, f(XIN)=32 kHz, f(STCK)=f(XIN), on-chip oscillator stop)

150 pA (Ta=25°C, VDD=5V, on-chip oscillator is used, f(STCK)=f(RING), f(XIN) stop)

RAM back-up mode

0.1 pA (Ta=25°C, VDD = 5V, output transistors in the cut-off state)

Rev.3.00 2004.08.06 page 4 of 155
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4584 Group

Notice: This is not a final specification.
Some parametric limits are subject to change.

PIN DESCRIPTION

Pin Name Input/Output Function

VDD Power supply — Connected to a plus power supply.

Vss Ground — Connected to a 0 V power supply.

CNVss CNVss — Connect CNVss to Vss and apply “L” (OV) to CNVss certainly.

VDCE Voltage drop Input This pin is used to operate/stop the voltage drop detection circuit. When “H" level is
detection circuit input to this pin, the circuit starts operating. When “L“ level is input to this pin, the
enable circuit stops operating.

RESET Reset input/output 110 An N-channel open-drain 1/0 pin for a system reset. When the SRST instruction,
watchdog timer, the built-in power-on reset or the voltage drop detection circuit
causes the system to be reset, the RESET pin outputs “L” level.

XIN Main clock input Input I/0 pins of the main clock generating circuit. When using a ceramic resonator, connect
it between pins XiN and XouT. When using a 32 kHz quartz-crystal oscillator, connect it

XouT Main clock output Output between pins XIN and XouT. A feedback resistor is built-in between them. When using
the RC oscillation, connect a resistor and a capacitor to XIN, and leave XouT pin open.

Do-Ds 1/0 port D 110 Each pin of port D has an independent 1-bit wide 1/O function. The output structure

Input is examined by can be switched to N-channel open-drain or CMOS by software. For input use, set
skip decision. the latch of the specified bit to “1” and select the N-channel open-drain. Port Dé is
also used as CNTRO pin.

P0O0-P03 1/0 port PO l{e] Port PO serves as a 4-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" and select the 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/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" and select the 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-P23 1/0 port P2 I{e] Port P2 serves as a 3-bit I/0 port. The output structure is N-channel open-drain. For
input use, set the latch of the specified bit to “1”.

P30-P33 1/O port P3 110 Port P3 serves as a 4-bit /0 port. The output structure is N-channel open-drain. For
input use, set the latch of the specified bit to “1”.

Ports P30 and P31 are also used as INTO pin and INT1 pin, respectively.

P40-P43 1/0 port P4 110 Port P4 serves as a 4-bit I/O port. The output structure can be switched to N-channel
open-drain. For input use, set the latch of the specified bit to “1”.

P50-P53 1/0 port P5 I{e] Port P5 serves as a 4-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” and select the N-channel open-drain.

P60-P63 1/0 port P6 110 Port P6 serves as a 4-bit I/O port. The output structure can be switched to N-channel
open-drain. For input use, set the latch of the specified bit to “1”. Ports P60, P61 are
also used as AINo, AIN1, respectively.

C Output port C Output  |Port C serves as a 1-bit port. The output structure is CMOS. For input use, set the
latch of the specified bit to “1”. Port C is also used as CNTR1.

CNTRO, Timer input/output 110 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 input the clock for the timer 3 event counter, and to
output the PWM signal generated by timer 4.CNTRO pin and CNTR1 pin are also
used as Ports Deé and C, respectively.

INTO, INT1 |Interrupt input Input INTO pin and INT1 pin accept external interrupts. They have the key-on wakeup func-
tion which can be switched by software. INTO pin and INT1 pin are also used as
Ports P30 and P31, respectively.

AINO, AINL Analog input Input A/D converter analog input pins. AiNo pin and AIN1 pin are also used as Ports P60 and
P61, respectively.

Rev.3.00 2004.08.06 page 5 of 155
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4584 Group

Notice: This is not a final specification.
Some parametric limits are subject to change.

MULTIFUNCTION

Pin Multifunction Pin Multifunction Pin Multifunction Pin Multifunction
Ds CNTRO CNTRO De P60 AINO AINO P60
C CNTR1 CNTR1 C P61 AIN1 AIN1 P61
P30 INTO INTO P30
P31 INT1 INT1 P31

Notes 1: Pins except above have just single function.

2: The input/output of P30 and P31 can be used even when INTO and INT1 are selected.
3: The input/output of D6 can be used even when CNTRO (input) is selected.

4: The input of Deé can be used even when CNTRO (output) is selected.
5: The “H” output of C can be used even when CNTR1 (output) is selected.

DEFINITION OF CLOCK AND CYCLE o System clock (STCK)

e 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 RC oscillation
« Clock (f(XiN)) by the external input
« Clock (f(RING)) of the on-chip oscillator which is the internal
oscillator
« Clock (f(XIN)) by the external quartz-crystal oscillation

The system clock is the basic clock for controlling this product.
The system clock is selected by the clock control register MR
shown as the table below.

e Instruction clock (INSTCK)

The instruction clock is the basic clock for controlling CPU. The
instruction clock (INSTCK) is a signal derived by dividing the
system clock (STCK) by 3. The one instruction clock cycle gen-
erates the one machine cycle.

e Machine cycle

The machine cycle is the standard cycle required to execute the

instruction.
Table Selection of system clock
Register MR System clock Operation mode
MR3 | MR2 | MR1 | MRo
0 0 0 0 f(STCK) = f(XIN) XIN through mode
a 1 f(STCK) = f(RING) Ring through mode
0 1 0 0 f(STCK) = f(XIN)/2 XIN divided by 2 mode
O 1 f(STCK) = f(RING)/2 Ring divided by 2 mode
1 0 0 0 f(STCK) = f(XIN)/4 XIN divided by 4 mode
O 1 f(STCK) = f(RING)/4 Ring divided by 4 mode
1 1 0 0 f(STCK) = f(XIN)/8 XIN divided by 8 mode
O 1 f(STCK) = f(RING)/8 Ring divided by 8 mode
0:0or1
Note: The f(RING)/8 is selected after system is released from reset.
When on-chip oscillator clock is selected for main clock, set
the on-chip oscillator to be operating state.
Rev.3.00 2004.08.06 page 6 of 155 RENESAS
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Notice: This is not a final specification.
Some parametric limits are subject to change.

PORT FUNCTION

Port Pin Input Output structure I/C,) . Contr.ol antrol Remark
Output unit |instructions | registers
Port D | Do-Ds I/0 N-channel open-drain/ 1 SD, RD FR1, FR2 |Output structure selection
D6/CNTRO ©) CMOS SZD w6 function (programmable)
CLD
Port PO | POo—P03 I/0 N-channel open-drain/ 4 OPOA FRO Built-in programmable pull-up
(4) CMOS IAPO PUO functions, key-on wakeup
KO, K1 functions and output structure
selection functions
Port P1 | P10-P13 I/0 N-channel open-drain/ 4 OP1A FRO Built-in programmable pull-up
(4) CMOS IAP1 PU1 functions, key-on wakeup
KO functions and output structure
selection functions
Port P2 | P20, P21, P22 110 N-channel open-drain 3 OP2A
(3) IAP2
Port P3 | P30/INTO, P31/INT1 I/0 N-channel open-drain 4 OP3A 11,12
P32, P33 (4) IAP3 K2
Port P4 | P40-P43 110 N-channel open-drain 4 OP4A
(4) IAP4
Port P5 | P50-P53 I/0 N-channel open-drain/ 4 OP5A FR3 Output structure selection
(4) CMOS IAP5 function (programmable)
Port P6 | P60/AIN0, P61/AINL, 110 N-channel open-drain 4 OP6A Q2
P62, P63 (4) IAP6 Q1
Port C | C/ICNTR1 Output |CMOS 1 SCP w4
(1) RCP
Rev.3.00 2004.08.06 page 7 of 155 RENESAS
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CONNECTIONS OF UNUSED PINS

Pin Connection Usage condition
XIN Open. Internal oscillator is selected. (Note 1)
Xout Open. Internal oscillator is selected. (Note 1)
RC oscillator is selected. (Note 2)
External clock input is selected for main clock. (Note 3)
Do-Ds Open.
Connect to Vss. N-channel open-drain is selected for the output structure. (Note 4)
D6/CNTRO Open. CNTRO input is not selected for timer 1 count source.
Connect to Vss. N-channel open-drain is selected for the output structure. (Note 4)
C/CNTR1 Open. CNTR1 input is not selected for timer 3 count source.
P00-P03 Open. The key-on wakeup function is not selected. (Note 6)
Connect to Vss. N-channel open-drain is selected for the output structure. (Note 5)
The pull-up function is not selected. (Note 4)
The key-on wakeup function is not selected. (Note 6)
P10-P13 Open. The key-on wakeup function is not selected. (Note 7)
Connect to Vss. N-channel open-drain is selected for the output structure. (Note 5)
The pull-up function is not selected. (Note 4)
The key-on wakeup function is not selected. (Note 7)
P20 Open.
Connect to Vss.
P21 Open.
Connect to Vss.
P22 Open.
Connect to Vss.
P30/INTO Open. “0” is set to output latch.
Connect to Vss.
P31/INT1 Open. “0” is'set to output latch.
Connect to Vss.
P32, P33 Open.
Connect to Vss.
P40-P43 Open.
Connect to Vss.
P50-P53 Open.
Connect to Vss. N-channel open-drain is selected for the output structure.
P60/AiNo, P61/AIN1 | Open.
P62, P63 Connect to Vss.

Notes 1: After system is released from reset, the internal oscillation (on-chip oscillator) is selected for system clock (RGo=0, MRo=1).

2: When the CRCK instruction is executed, the RC oscillation circuit becomes valid. Be careful that the swich of system clock is not executed at oscilla-
tion start only by the CRCK instruction execution.

In order to start oscillation, setting the main clock f(XIN) oscillation to be valid (MR1=0) is required. (If necessary, generate the oscillation stabilizing
wait time by software.)

Also, when the main clock (f(XIN)) is selected as system clock, set the main clock f(XIN) oscillation (MR1=0) to be valid, and select main clock f(XIN)
(MRo=0). Be careful that the switch of system clock cannot be executed at the same time when main clock oscillation is started.

3: In order to use the external clock input for the main clock f(XiN), select the ceramic resonance by executing the CMCK instruction at the beggining of
software, and then set the main clock (f(XIN)) oscillation to be valid (MR1=0). Until the main clock (f(XIN)) oscillation becomes valid (MR1=0) after ce-
ramic resonance becomes valid, XN pin is fixed to “H”. When an external clock is used, insert a 1 kQ resistor to XIN pin in series for limits of current.

4: Be sure to select the output structure of ports Do—Ds and the pull-up function of POo—P03 and P1o—P13 with every one port. Set the corresponding
bits of registers for each port.

5: Be sure to select the output structure of ports PO0o—P03 and P10-P13 with every two ports. If only one of the two pins is used, leave another one
open.

6: The key-on wakeup function is selected with every two bits. When only one of key-on wakeup function is used, considering that the value of key-on
wake-up control register K1, set the unused 1-bit to “H” input (turn pull-up transistor ON and open) or “L” input (connect to Vss, or open and set the
output latch to “0”).

7: The key-on wakeup function is selected with every two bits. When one of key-on wakeup function is used, turn pull-up transistor of unused one ON
and open.

(Note when connecting to Vss and VDD)
e Connect the unused pins to Vss and VDD using the thickest wire at the shortest distance against noise.
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PORT BLOCK DIAGRAMS

Skip decision AT]*
Register Y D
[Register v |—>{ Decoder | o cion " -
> | 2
t (Note 1)

—4—0 Do—D3 (Note 2)

Note 3
CLD ( )

instruction

SD instruction —:[

D) | t (Note 1)
RD instruction —_EJ |
777
Skip decision —
Register Y l—bl Decoder . .
SZD instruction —I_
<
CLD !
Note 1
instruction t ( )
—+—0O D4 Note 2
SD instruction —:[ I ( )
A (Note 1)
RD instruction —_EJ :
777
Skip decision —
Register Y |—>l Decoder ) i
SZD instruction —l_
<
; C.LD K (Note 1)
instruction !
—+—O Ds Note 2
SD instruction —:[ I ( )
A (Note 1)
RD instruction —_[/ ;
777

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

Port block diagram (1)
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4584 Group

Register Y |—>| D”efﬂﬂ?lfl | Skip decision
SZD instruction
<

CLD ;
instruction A (Note 1)
SD instruction —i' ) i: +—+—0O D6/CNTRO
RD instruction ;D— I (Note 2)
Timer 1 underflow signal 1/2 T

Timer 2 underflow signal 01

Clock (input) for timer 1 event count
or period measurement signal input

Clock (input) for timer 3 event count 4_/572

Timer 3 underflow signei':D D
W61 [ ©
T50Q :
J t (Note 1)
}——+—o' Note 2
PWMOD i ClCNTRlENote 3;
K (Note 1)
SCP instruction
777
RCP instruction R .
W31

Notes 1:----{4---- This symbol represents a parasitic diode on the port.
2: Applied potential to these ports must be VDD or less.
3: When CNTRL1 input is selected, output transistor is turned OFF.

Port block diagram (2)
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4584 Group

(Note 3)
IAPO instruction

Register A
o
Pull-up

transistor

'
(Note 3) x (Note 1)
Aj D ¢ P0o, PO1(Note 2)
. . I (Note 1)
OPOA instruction — T !
beca

K11
=== . . . r====2
Key-on :Ogoi—| Level detection circuit :OO/OE_°<] T .4
1 1
wakeup 1 107 Edge detection circuit[-) 1 10+

(Note 4)

Register A
W
Pull-up

transistor

t (Note 1)
(Note 4)
—;Fol P02, PO3(Note 2)

Ak D
- . I (Note 1)
OPOA instruction — T !
Kis ‘e
'r“()“: Level detection circuit -'_EJ":
Key-on o1 =t oot
wakeup 110+ Edge detection circuit| | 10+
_____ [

(Note 3)

Register A
Pull-up

transistor 1
K (Note 1)
(Note 3) !
’ Plo, P11(Note 2)
A (Note 1)

Aj D

OP1A instruction — T

Key-on ; i
<—| Level detection C|rCU|t|—O< *@.‘_-
wakeup | ’4

(Note 4)

e

IAP1 instruction

Register A
w4
Pull-up ©

transistor
K (Note 1)
E (Note 4)
¢ P12, P13(Note 2)

t (Note 1)

Ak D

OP1A instruction —{ T

7

A T T
o

Key-on <« Level detection circuitl—oﬂ

wakeup 04

Notes 1: ----{4---- This symbol represents a parasitic diode on the port.
2: Applied potential to these ports must be VDD or less.
3: j represents bits 0 and 1.
4: k represents bits 2 and 3.

Port block diagram (3)
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- IAP2 instruction ©
Register A i
Ao %} A (Note 1)
_,—J—é—o P20
{ i (Note 2)
Ao|—D Q j 779
OP2A instruction T
. IAP2 instruction ©
Register A )’I i
Note 1
r—<] A (Note 1)
! P21
‘37 2 (Note2)
A1 D Q ! fuin
OP2A instruction T

b

Reqister A IAP2 instruction
egister '
)’I A (Note 1)

A2 <J ;
: P22

{ 2 (Note 2)
A2—D Q 1 .

OP2A instruction

Notes 1: ----{4---- This symbol represents a parasitic diode on the port.
2: Applied potential to these ports must be VDD or less.

Port block diagram (4)
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- IAP3 instruction ©
Register A J’I :
ro—<] K (Note 1)
|_,——+—o P30/INTO
‘ 2  (Note2)
rof—p @ j, r
OP3A instruction T
(Note 3)
External 0 interrupt «— External 0 interrupt circuit}—
Key-on wakeup input «——
Timer 1 count start synchronous circuit input
Period measurement circuit input «——
- IAP3 instruction ©
Register A J’I :
AL < t (Note 1)
'J————é—o P3U/INTL
‘ 2 (Note 2)
af—p < 37 r
OP3A instruction T
(Note 3)
External 1 interrupt<—| External 1 interrupt circuitlf
Key-on wakeup input «——
Timer 3 count start synchronous circuit input
- IAP3 instruction ©
Register A i
A2 % A (Note 1)

fLﬁo

{ (Note 2)
oo 11
OP3A instruction T
- IAP3 instruction ©
Register A i
A3 %} K (Note 1)

j (Note 2)

Notes 1:----{¢---- This symbol represents a parasitic diode on the port.
2: Applied potential to these ports must be VDD or less.
3: As for details, refer to the external interrupt circuit structure.

A3 D Q {

OP3A instruction

Port block diagram (5)

Rev.3.00 2004.08.06 page 13 of 155

REJO03B0010-0300Z

RENESAS




Notice: This is not a final specification.

4584 Group Some parametric limits are subject to change.
(Note 3) ) )
IAP4 instruction ©
Register A i
Ai % K (Note 1)
: P4o— P4
A
_ i (Note 2)
Ai D Q I i
OPA4A instruction T
(Note 3)
Register A| IAPS5 instruction
Ai o
(Note 3)[FR3] s
A (Note 1)
A D }——9—0’ P50— P5

le]

OP5A instruction—| T

x (Note 2)
11

Notes 1:----14---- This symbol represents a parasitic diode on the port.
2: Applied potential to these ports must be VDD or less.
3: i represents bits 0 to 3.

Port block diagram (6)
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(Note 3)
Register A IAP6 instruction o
A |
| t (Note 1)
—i—O P60o/AINO, P61/AINL
o (Note 3) D_‘ Z Note 2
777
OPG6A instruction — T
Analog input < m
(Note 4)
Register A IAPG6 instruction -
Ak !
~ A (Note 1)
lJ_—+—O P62, P63
Ak I Note 2
AK—D Q |:_;|7 i ( )
—
OPS6A instruction — LL

Notes 1:----{4---- This symbol represents a parasitic diode on the port.
2: Applied potential to these ports must be VDD or less.
3: j represents bits 0 and 1.
4: k represents bits 2 and 3.

ort block diagram (7)
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> £

112 One-sided edge

(Note 1) ¢ Falling detection circuit - ':I'l'l"
: i O
P30/INTOO—* : : ; »  EXFO External O
t o1 ‘ f % ' ! interrupt
o ol i
i /\ Rising Both edges ¢—» Period measurement circuit input
“ detection circuit L Timer 1 count start
13 synchronous circuit
(Note 2) K21
—{Level detection circuit }—r—%)o.'_’
K20 =lhs (Note 3) b KAgpHakeup

—|>—>Skip decision

(SNZIO0 instruction)

° t

| 122 One-sided edge 12
(Note X Faling detection circuit| | - -61-;
P31/INT10—+ : : 5 » ExF1 [—» External 1
t f } ! ! interrupt
! Q o | I—FOL 1
; A Rising Both edges -
77T detection circuit p Timer 3 count start
123 synchronous circuit
(Note 2) r__2_ 3,
—|Level detection circuit F—Qo_’
K22 :‘D_< (Note 3) ; . Key-on wakeup
—{Edge detection circuit |—'L—9_1_ !

> > Skip decision
(SNZI1 instruction)

Notes 1: ----i4---- This symbol represents a parasitic diode on the port.
2:112(122) =0:“ L” level detected
112 (122) = 1: “ H” level detected
3: 112 (122) = 0: Falling edge detected
112 (122) = 1: Rising edge detected

Port block diagram (8)
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FUNCTION BLOCK OPERATIONS

CPU <Carry>
(CY)

(1) Arithmetic logic unit (ALU) — \

The arithmetic logic unit ALU performs 4-bit arithmetic such as 4- M(BP))

bit data addition, comparison, AND operation, OR operation, and Add|t|0n> ALU

bit manipulation.

(A)
(2) Register A and carry flag A <Result>
Register A is a 4-bit register used for arithmetic, transfer, ex-
change, and I/O operation. Fig. 1 AMC instruction execution example
Carry flag CY is a 1-bit flag that is set to “1” when there is a carry
with the AMC instruction (Figure 1). <Set> <Clear>
It is unchanged with both A n instruction and AM instruction. The SCinstruction | RC instruction
value of Ao is stored in carry flag CY with the RAR instruction (Fig-
ure 2).
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 ‘ <Rotation>
Register B is a 4-bit register used for temporary storage of 4-bit RAR instruction

data, and for 8-bit data transfer together with register A. E CYI Azl A2 AL
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 as the

. . Fig. 2 RAR instruction execution exampl
low-order 4 bits (Figure 3). g struction execution example

Register E is undefined after system is released from reset and re-

turned from the RAM back-up. Accordingly, set the initial value. Register B TAB instruction  Register A

B3 [B2 [B1 [Bo

TEAB instruction

(4) Register D
Register D is a 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, Register E | E7 | Ee | Es | Es4 | Es | E2 | E1 | Eo |
BLA p, or BMLA p instruction is executed. Also, when the TABP p
instruction is executed, the high-order 2 bits of the reference data TABE instruction

in ROM is stored to the low-order 2 bits of register D, and the con-
tents of the high-order 1 bit of register D is “0". (Figure 4).

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

502 51 [Boje—{ A A2 [ 1]

Register B TBA instruction  Register A

Fig. 3 Registers A, B and register E

TABP p instruction ROM -~
Specifying address

Ve N Low-order 4bits

PCH PCL
| ps | ps|pa|p3|p2|pipo| [DRADRIDR] As| A2 A1] A

\ X e I

High-order 2 bits -
Immediate field The contents of The contents of —_— { Register D (3)

value p register D register A High-order 1 bit of
reqister D is “0".

Middle-order 4 bits

i

Fig. 4 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 inter-
rupt service routine),

« performing a subroutine call, or

« executing the table reference instruction (TABP p).

Stack registers (SKs) are eight identical registers, so that subrou-

tines 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 care-

ful not to over the stack when performing these operations

together. The contents of registers SKs are destroyed when 8 lev-

els 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 5 shows the stack registers (SKs) structure.

Figure 6 shows the example of operation at subroutine call.

(6) Interrupt stack register (SDP)

Interrupt stack register (SDP) is a 1-stage register. When an inter-
rupt occurs, this register (SDP) is used to temporarily store the
contents of data pointer, carry flag, skip flag, register A, and regis-
ter 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 refer-
ence instruction.

(7) Skip flag

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

Program counter (PC) |

. 4 .
Executing BM Executing RT

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

Stack pointer (SP) points “ 7" at reset o
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) = Q
and the contents of SKo is destroyed.

Fig. 5 Stack registers (SKs) structure

(SP) = 0
(SKo) — 000116
(PC) ~ SUB1
Main program Subroutine
Address SUB1:
000016 NOP NOP
000116 BM SUBL1 '
00021 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. 6 Example of operation at subroutine call
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(8) Program counter (PC) Program counter

Program counter (PC) is used to specify a ROM address (page and A

address). It determines a sequence in which instructions stored in d N
ROM are read. It is a binary counter that increments the number of P6|p5|pP4|pP3|p2|p1|pof— a6 |as|as|a3|az|al|ao
instruction bytes each time an instruction is executed. However,

the value changes to a specified address when branch instructions, b Y ah e 4
subroutine call instructions, return instructions, or the table refer- _P_CH ) _PC'-

ence instruction (TABP p) is executed. Specifying page Specifying address
Program counter consists of PCH (most significant bit to bit 7)

which specifies to a ROM page and PCL (bits 6 to 0) which speci- Fig. 7 Program counter (PC) structure

fies an address within a page. After it reaches the last address

127) of it ifi f th t .
(address ) of a page, it specifies address 0 of the next page Data pointer (DP)

(Figure 7).
Make sure that the PCH does not specify after the last page of the | Z1 | 20 | X3| X2| X1| X0| Y3| Y2| Y1| YO
built-in ROM. — A y

A
(9) Data pointer (DP)
Data pointer (DP) is used to specify a RAM address and consists -Specifying
of registers Z, X, and Y. Register Z specifies a RAM file group, reg- RAM digit
ister X specifies a file, and register Y specifies a RAM digit (Figure
8). - -- Specifying RAM file
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 9). Register Z (2) |----- Specifying RAM file group

* Note

Register Z of data pointer is undefined after system is released Fig. 8 Data pointer (DP) structure
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. Specifying bit position

Set

D3 D2 D1 Do

[ofofof2} IO

Register Y (4) Port D output latch

Fig. 9 SDinstruction 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 0000 9 87 6543210
(addresses 0 to 127). Table 1 shows the ROM size and pages. Fig- 16 Page 0
ure 10 shows the ROM map of M34584MD/ED. 882'812
- 00FF16 Interrupt address page Page 1
Table 1 ROM size and pages 010016 . .
- Subroutine special page Page 2
ROM (PROM) size 017F16
Part number . Pages 018016
(O 10 bits) Page 3
M34584MD 16384 words 128 (0 to 127) :
M34584ED 16384 words 128 (0 to 127) i
Note: Data in pages 64 to 127 can be referred with the TABP p in- '
struction after the SBK instruction is executed. 1
Data in pages 0 to 63 can be referred with the TABP p in- '
struction after the RBK instruction is executed. 3FFF16 Page 127

A part of page 1 (addresses 008016 to 00FF16) is reserved for in-

terrupt addresses (Figure 11). When an interrupt occurs, the Fig. 10 ROM map of M34584MD/ED
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 in- 9 8 765 432 10
struction generating the branch to that routine at an interrupt 008016 [ External O interrupt address
address.

Page 2 (addresses 010016 to 017F16) is the special page for sub- 008216| External 1 interrupt address

routine calls. Subroutines written in this page can be called from
any page with the 1-word instruction (BM). Subroutines extending 008416 Timer 1 interrupt address
from page 2 to another page can also be called with the BMin- | = [777777777mmmmmmmobommmmmmomooes
struction when it starts on page 2. - -

ROM pattern (bits 9 to 0) of all addresses can be used as data ar- 008616| __Timer 2 interrupt address ___
eas with the TABP p instruction.

008816 Timer 3 interrupt address

008A16| _Timer 4 interrupt address

008C16 A/D interrupt address

00FF16

Fig. 11 Page 1 (addresses 008016 to 00FF16) structure
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DATA MEMORY (RAM) Table 2 RAM size

1 word of RAM is composed of 4 bits, but 1-bit manipulation (with Part number RAM size
the SB j, RB j, and SZB j instructions) is enabled for the entire M34584MD/ED 384 words O 4 bits (1536 bits)

memory area. A RAM address is specified by a data pointer. The
data pointer consists of registers Z, X, and Y. Set a value to the
data pointer certainly when executing an instruction to access
RAM (also, set a value after system returns from RAM back-up).
Table 2 shows the RAM size. Figure 12 shows the RAM map.

* 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.

RAM 384 words [0 4 bits (1536 bits)

Register Z 0 1

Register X [0 | 1|23 | |67 ]| 15(0 | === 51617
0

© |00 N[O |01 | |WIN (-

Register Y

=
o

[EnY
[

=
N

=
w

[
N

IR
(63}

|
M34584MD/ED < » 384 words

=0. X=0to 15
=1, X=0to 7

4
4

Fig. 12 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 satisfied.

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

« Interrupt enable bit is enabled (“1")

« Interrupt enable flag is enabled (INTE = “1")

Table 3 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 inter-
rupt enable/disable. Interrupts are enabled when INTE flag is set 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 4 shows the interrupt request flag, interrupt enable bit and
skip instruction.

Table 5 shows the interrupt enable bit function.

(3) Interrupt request flag

When the activated condition for each interrupt is satisfied, the cor-
responding interrupt request flag is set to “1.” Each interrupt
request flag is cleared to “0” when either;

* an interrupt occurs, or

« the next instruction is skipped with a skip instruction.

Each interrupt request flag is set when the activated condition is
satisfied even if the interrupt is disabled by the INTE flag or its in-
terrupt 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 dis-
able state is released, the interrupt priority level is as follows
shown in Table 3.

Table 3 Interrupt sources
Priority | |nterrupt name Activated condition | Interrupt
level address
1 External O interrupt | Level change of Address 0
INTO pin in page 1
2 External 1 interrupt | Level change of Address 2
INT1 pin in page 1
3 Timer 1 interrupt Timer 1 underflow Address 4
in page 1
4 Timer 2 interrupt Timer 2 underflow Address 6
in page 1
5 Timer 3 interrupt Timer 3 underflow Address 8
in page 1
6 Timer 4 interrupt Timer 4 underflow Address A
in page 1
7 A/D interrupt Completion of Address C
A/D conversion in page 1

Table 4 Interrupt request flag, interrupt enable bit and skip in-

struction
Interrupt name Interrupt Skip instruction | Interrupt
request flag enable bit
External O interrupt EXFO SNZ0 V1o
External 1 interrupt EXF1 SNZ1 V11
Timer 1 interrupt T1F SNZT1 V12
Timer 2 interrupt T2F SNZT2 V13
Timer 3 interrupt T3F SNZT3 V2o
Timer 4 interrupt T4F SNZT4 V21
A/D interrupt ADF SNZAD V22

Table 5 Interrupt enable bit function

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

The internal state of the microcomputer during an interrupt is as fol-

lows (Figure 14).

« 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 source is cleared to
“Q.”

« 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 ex-
ecuted after branching a data store sequence to stack register.
Write the branch instruction to an interrupt service routine at an in-
terrupt address.

Use the RTl 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 13)

Main
routine
Interrupt
service routine
¢":
Interrupt R L /
occurs ’_v‘
* .
A
El
"~.. RTI
Interrupt is e
enabled ’~.,. :
‘e
v
- |Nterrupt enabled state
===« Interrupt disabled state

* 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
SOUICE) ..ttt ettt ettt b et e b e bt st e e sbe e esanees

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

....... I Stored in the interrupt stack register (SDP) automatically|

Fig. 14 Internal state when interrupt occurs

Activated  Request flag  Enable bit Enable flag
condition  (state retained)

INTO pin inte}rrupt O/O O/O O/:/O__Addresso
waveform input EXFO V10 . in page 1
INT1 pin interrupt O/C O/O OE/O__Address 2
waveform input EXFL V11 in page 1

Timer 1 O/O O/C O/;/O__Address4
underflow TIF Vi2 in page 1
Timer 2 o/o O/C O/E/O__Address 6
underflow T2F V13 in page 1

Timer 3 O/O O/O O//O'— Address 8
underflow T3E V20 in page 1

Timer 4 Lo o 1o~ 010t Of—Address a
underflow T4F V21 in page 1

A/D conversion O/O O/O O/O__ Address C
completed ADF V22 INTE in page 1

Fig. 13 Program example of interrupt processing Fig. 15 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 TV1A instruction. The TAV1 instruction
can be used to transfer the contents of register V1 to register A.

Interrupt control register V2

The timer 3, timer 4 and A/D interrupt enable bit is assigned to
register V2. Set the contents of this register through register A
with the TV2A instruction. The TAV2 instruction can be used to
transfer the contents of register V2 to register A.

Table 6 Interrupt control registers

, RIW
Interrupt control register V1 at reset : 00002 at RAM back-up : 00002 TAVL/TVIA
) . . 0 Int t di | NZT2 i ion i li
V13 Timer 2 interrupt enable bit nterrupt disabled (S .mstruct.lon.ls.va |d.)
1 Interrupt enabled (SNZT2 instruction is invalid)
) . . 0 Int t di | NZT1 instruction i li
V12 Timer 1 interrupt enable bit nterrupt disabled (S .lns ruc.lon.ls.va |d.)
1 Interrupt enabled (SNZT1 instruction is invalid)
. . 0 Int t di | NZ1 instruction i li
Vi1 External 1 interrupt enable bit nterrupt digabled Y .|ns ruc.lon.ls'va Id_)
1 Interrupt enabled (SNZ1 instruction is invalid)
. . 0 Int isabl NZO instruction i li
V1o External 0 interrupt enable bit nterrupt disabled (S O.lns ruc.lon.ls'va |d.)
1 Interrupt enabled (SNZO instruction is invalid)
. R/W
Interrupt control register V2 at reset : 00002 at RAM back-up : 00002
TAV2/TV2A
0
V23 Not used $ This bit has no function, but read/write is enabled.
. . 0 Interrupt disabled (SNZAD instruction is valid
V22 A/D interrupt enable bit P ( - — .)
1 Interrupt enabled (SNZAD instruction is invalid)
) . . 0 Int t disabled (SNZT4 instruction i lid
V21 Timer 4 interrupt enable bit nterrupt disabled ( ,ms rucllonlls-val _)
1 Interrupt enabled (SNZT4 instruction is invalid)
. . . 0 Interrupt disabled (SNZT3 instruction is valid
V20 Timer 3 interrupt enable bit P ( - — _)
1 Interrupt enabled (SNZT3 instruction is invalid)

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

(7) Interrupt sequence

Interrupts only occur when the respective INTE flag, interrupt en-
able bits (V10-V13, V20-V23), and interrupt request flag are “1.”
The interrupt actually occurs 2 to 3 machine cycles after the cycle
in which all three conditions are satisfied. The interrupt occurs after
3 machine cycles only when the three interrupt conditions are sat-
isfied on execution of other than one-cycle instructions (Refer to
Figure 16).
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EXTERNAL INTERRUPTS

The 4584 Group has the external O interrupt and external 1 inter-
rupt.

An external interrupt request occurs when a valid waveform is input
to an interrupt input pin (edge detection).

The external interrupt can be controlled with the interrupt control
registers 11 and 12.

Table 7 External interrupt activated conditions

Name Input pin Activated condition Valid W"?“’efo.rm
selection bit
External 0 interrupt P30/INTO When the next waveform is input to P30/INTO pin 111
* Falling waveform (“H” - “L") 112
* Rising waveform (“L" - “H")
* Both rising and falling waveforms
External 1 interrupt P31/INT1 When the next waveform is input to P31/INT1 pin 121
« Falling waveform (“H” - “L") 122
* Rising waveform (“L” - “H")
* Both rising and falling waveforms

E

7 11 d
| 2 One-sided edge
i N o 111
(Note l)* JFaling detection circuit [y
P30/INTO : : EXFO _External 0
'y l_ L ! interrupt
i ‘ Both edges - $—» Period measurement circuit input
77T detection circuit p Timer 1 count start
113 synchronous circuit
(Note 2) K21
Level detection circuit |-+ 0 !
. Key-on wakeup

(Note 3) b
Edge detection circuit 791 !

—‘>—Pskip decision

(SNZIO instruction)

>

I%_z One-sided edge 121
(Note 1 Ea—('—)”—? detection circuit ot

Q0
P31/INT1 . EXF1 External 1
t ‘o1 : l interrupt
‘ Lpii;i}{g' Both edges !
“ detection circui Timer 3 count start
123 synchronous circuit
(Note 2) 2

Level detection circuit

Key-on wakeup

K22 (Note 3)

Edge detection circuit

D ) Skip decision

(SNZI1 instruction)

Notes 1: --—-{&--— This symbol represents a parasitic diode on the port.
2:112 (122) =0: * L" level detected
112 (122) =1:* H" level detected
3: 112 (122) = 0: Falling edge detected
112 (122) = 1: Rising edge detected

Fig. 17 External interrupt circuit structure
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(1) External O interrupt request flag (EXFO0)
External 0 interrupt request flag (EXFO) is set to “1” when a valid
waveform is input to P30/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
16).

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 in-
terrupt occurs or when the next instruction is skipped with the skip
instruction.

« External 0 interrupt activated condition
External 0 interrupt activated condition is satisfied when a valid
waveform is input to P30/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 O interrupt is as follows.

O Set the bit 3 of register 11 to “1” for the INTO pin to be in the in-
put enabled state.

O Select the valid waveform with the bits 1 and 2 of register I1.

O Clear the EXFO flag to “0” with the SNZO instruction.

[0 Set the NOP instruction for the case when a skip is performed
with the SNZO instruction.

O Set both the external 0 interrupt enable bit (V10) and the INTE
flag to “1.”

The external O interrupt is now enabled. Now when a valid wave-
form is input to the P30/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 is input to P31/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
16).

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 in-
terrupt 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 is input to P31/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.

O Set the bit 3 of register 12 to “1” for the INT1 pin to be in the in-
put enabled state.

O Select the valid waveform with the bits 1 and 2 of register 12.

O Clear the EXF1 flag to “0” with the SNZ1 instruction.

O Set the NOP instruction for the case when a skip is performed
with the SNZ1 instruction.

O Set both the external 1 interrupt enable bit (V11) and the INTE
flag to “1.”

The external 1 interrupt is now enabled. Now when a valid wave-
form is input to the P31/INT1 pin, the EXF1 flag is set to “1” and the
external 1 interrupt occurs.
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(3) External interrupt control registers

« Interrupt control register 11
Register 11 controls the valid waveform for the external O inter-
rupt. 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 I1 to register A.

Table 8 External interrupt control register

« Interrupt control register 12
Register 12 controls the valid waveform for the external 1 inter-
rupt. 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 TAIL/THA
113 INTO pin input control bit 0 INTO pfn fnput disabled
1 INTO pin input enabled
0 Falling waveform/“L” level (“L” level is recognized with the SNZIO
11 Interrupt valid waveform for INTO pin/ instruction)
return level selection bit 1 Rising waveform/“H” level (“H” level is recognized with the SNZI0
instruction)
111 INTO pin edge detection circuit control bit 0 One-sided edge detected
1 Both edges detected
1o INTO pin Timer 1 count start synchronous 0 Timer 1 count start synchronous circuit not selected
circuit selection bit 1 Timer 1 count start synchronous circuit selected
- . , ) RIW
Interrupt control register 12 at reset : 00002 at RAM back-up : state retained TAIZ/TI2A
123 INT1 pin input control bit (Note 2) 0 NI p!n fnput disabled
1 INT1 pin input enabled
0 Falling waveform/“L" level (“L” level is recognized with the SNZI1
125 Interrupt valid waveform for INT1 pin/ instruction)
return level selection bit (Note 2) 1 Rising waveform/“H” level (“H” level is recognized with the SNZI1
instruction)
121 INT1 pin edge detection circuit control bit 0 One-sided edge detected
1 Both edges detected
120 INT1 pin Timer 3 count start synchronous 0 Timer 3 count start synchronous circuit not selected
circuit selection bit 1 Timer 3 count start synchronous circuit selected

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

2: When the contents of 112, 113 122 and 123 are changed, the external interrupt request flag (EXF0, EXF1) may be set.
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(4) Notes on External O interrupt

O Note [1] on bit 3 of register 11
When the input of the INTO pin is controlled with the bit 3 of reg-
ister 11 in software, be careful about the following notes.

» Depending on the input state of the P30/INTO pin, the external 0
interrupt request flag (EXFO) may be set when the bit 3 of regis-
ter I1 is changed. In order to avoid the occurrence of an
unexpected interrupt, clear the bit 0 of register V1 to “0” (refer to
Figure 18 ) and then, change the bit 3 of register I11.

In addition, execute the SNZO0 instruction to clear the EXFO flag
to “0” after executing at least one instruction (refer to Figure 18
0).

Also, set the NOP instruction for the case when a skip is per-
formed with the SNZO0 instruction (refer to Figure 18 [0).

O Note on bit 2 of register 11
When the interrupt valid waveform of the P30/INTO pin is
changed with the bit 2 of register 11 in software, be careful about
the following notes.

Depending on the input state of the P30/INTO pin, the external 0
interrupt request flag (EXFO) may be set when the bit 2 of regis-
ter I1 is changed. In order to avoid the occurrence of an
unexpected interrupt, clear the bit 0 of register V1 to “0” (refer to
Figure 200) and then, change the bit 2 of register 11.

In addition, execute the SNZO0 instruction to clear the EXFO flag
to “0” after executing at least one instruction (refer to Figure
200).

Also, set the NOP instruction for the case when a skip is per-
formed with the SNZO0 instruction (refer to Figure 200).

LA 4 ; (M 02)

TV1A ; The SNZO instruction is valid ........... O

LA 8 (10D 2)

TI1A ; Control of INTO pin input is changed

NOP e O

SNZ0 ; The SNZO0 instruction is executed
(EXFO flag cleared)

NOP e O

0 : these bits are not used here.

LA 4 (D 02)

TV1A ; The SNZO instruction is valid ........... O

LA 12 (01 2)

TI1A ; Interrupt valid waveform is changed

NOP O

SNZ0 ; The SNZO instruction is executed
(EXFO flag cleared)

NOP e ————————— O

0 : these bits are not used here.

Fig. 18 External O interrupt program example-1

O Note [2] on bit 3 of register |11
When the bit 3 of register I1 is cleared to “0” , the RAM back-up
mode is selected and the input of INTO pin is disabled, be careful
about the following notes.

« When the input of INTO pin is disabled (register 113 = “0"), set the
key-on wakeup function to be invalid (register K20 = “0") before
system enters to the RAM back-up mode. (refer to Figure 190J).

LA 0 ; (@ 02)

TK2A ; Input of INTO key-on wakeup invalid ..
DI

EPOF

POF ; RAM back-up

0 : these bits are not used here.

Fig. 19 External O interrupt program example-2

Fig. 20 External O interrupt program example-3
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(5) Notes on External 1 interrupt

O Note [1] on bit 3 of register 12
When the input of the INT1 pin is controlled with the bit 3 of reg-
ister 12 in software, be careful about the following notes.

» Depending on the input state of the P31/INT1 pin, the external 1
interrupt request flag (EXF1) may be set when the bit 3 of regis-
ter 12 is changed. In order to avoid the occurrence of an
unexpected interrupt, clear the bit 1 of register V1 to “0” (refer to
Figure 2100) 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 least one instruction (refer to Figure
210).

Also, set the NOP instruction for the case when a skip is per-
formed with the SNZ1 instruction (refer to Figure 210).

O Note on bit 2 of register 12
When the interrupt valid waveform of the P31/INT1 pin is
changed with the bit 2 of register 12 in software, be careful about
the following notes.

« Depending on the input state of the P31/INT1 pin, the external 1
interrupt request flag (EXF1) may be set when the bit 2 of regis-
ter 12 is changed. In order to avoid the occurrence of an
unexpected interrupt, clear the bit 1 of register V1 to “0” (refer to
Figure 230) and then, change the bit 2 of register 12.

In addition, execute the SNZ1 instruction to clear the EXF1 flag
to “0” after executing at least one instruction (refer to Figure
230).

Also, set the NOP instruction for the case when a skip is per-
formed with the SNZ1 instruction (refer to Figure 230).

LA 4 ; (0 @2)

TV1A ; The SNZ1 instruction is valid ........... O

LA 8 ; (1M 2)

TI2A ; Control of INT1 pin input is changed

NOP e O

SNZ1 ; The SNZ1 instruction is executed
(EXF1 flag cleared)

NOP e O

0 : these bits are not used here.

LA 4 J( @2)

TV1A ; The SNZ1 instruction is valid ........... O

LA 12 (010 2)

TI2A ; Interrupt valid waveform is changed

NOP O

SNZ1 ; The SNZ1 instruction is executed
(EXF1 flag cleared)

NOP O

0 : these bits are not used here.

Fig. 21 External 1 interrupt program example-1

O Note [2] on bit 3 of 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 pin is disabled, be careful
about the following notes.

* When the input of INT1 pin is disabled (register 123 = “0"), set the
key-on wakeup function to be invalid (register K22 = “0") before
system enters to the RAM back-up mode. (refer to Figure 2200).

LA 0 (oo 2)

TK2A ; Input of INT1 key-on wakeup invalid .. O
DI

EPOF

POF ; RAM back-up

0 : these bits are not used here.

Fig. 22 External 1 interrupt program example-2

Fig. 23 External 1 interrupt program example-3
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TIMERS

« Fixed dividing frequency timer

The 4584 Group has the following timers.

« Programmable timer
The programmable timer has a reload register and enables the
frequency dividing ratio to be set. It is decremented from a set-
ting value n. When it underflows (count to n + 1), a timer interrupt
request flag is set to “1,” new data is loaded from the reload reg-
ister, and count continues (auto-reload function).

The fixed dividing frequency timer has the fixed frequency divid-
ing ratio (n). An interrupt request flag is set to “1” after every n
count of a count pulse.

FFie - — — — - - L L L L L L L L e e e L -
n : Counter initial value
Count starts

Ly v v

I

g i 1st underflow 2nd underflow

3 | \ \

S I

5 \

@ |

5 i A A

c

o '

® I

Q

- 1

. I

0016 i o
i ! . Time
——— n+1 count —>|<— n+1 count —>|
| . '
Timer interrupt é |

request flag

\ j\
1 An interrupt occurs or

a skip instruction is executed.

Fig. 24 Auto-reload function

The 4584 Group timer consists of the following circuits.
« Prescaler : 8-bit programmable timer

* Timer 1 : 8-bit programmable timer

« Timer 2 : 8-bit programmable timer

« Timer 3 : 8-bit programmable timer

* Timer 4 : 8-bit programmable timer

« Watchdog timer : 16-bit fixed dividing frequency timer

(Timers 1, 2, 3, and 4 have the interrupt function, respectively)

Prescaler and timers 1, 2, 3, and 4 can be controlled with the timer
control registers PA, W1 to W6. The watchdog timer is a free
counter which is not controlled with the control register.

Each function is described below.
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Table 9 Function related timers

Circuit Structure Count source Frequency Use of output signal Control
dividing ratio register
Prescaler 8-bit programmable « Instruction clock (INSTCK) | 1 to 256 » Timer 1, 2, 3, amd 4 count sources PA
binary down counter
Timer 1 8-bit programmable * Instruction clock (INSTCK) | 1 to 256 * Timer 2 count source w1
binary down counter * Prescaler output (ORCLK) * CNTRO output w2
(link to INTO input) * XIN input * Timer 1 interrupt W5
(period/pulse width * CNTRO input
measurement function)
Timer 2 8-bit programmable » System clock (STCK) 1to 256 » Timer 3 count source w2
binary down counter * Prescaler output (ORCLK) * CNTRO output
e Timer 1 underflow e Timer 2 interrupt
(TLUDF)
* PWM output (PWMOUT)
Timer 3 8-bit programmable * PWM output (PWMOUT) 1 to 256 * CNTR1 output control W3
binary down counter * Prescaler output (ORCLK) « Timer 3 interrupt
(link to INTZ input) * Timer 2 underflow
(T2UDF)
* CNTR1 input
Timer 4 8-bit programmable * XIN input 1 to 256 * Timer 2, 3 count source w4
binary down counter * Prescaler output (ORCLK) * CNTR1 output
(PWM output function) * Timer 4 interrupt
Watchdog 16-bit fixed dividing * Instruction clock (INSTCK) | 65534 * System reset (count twice)
timer frequency » WDF flag decision
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Division circuit erI_R_s_, MFEZ., ———» System clock (STCK)
111 1
Divided by 8 |
e : I I clock
- . Divided by 4 [——< ! nternal clocl .
On-chip oscillator MRo omceet l tor i generating circuit FITNStSr#CC“}gn clock
S ! Divided by 2 H 003 ' (divided by 3) ( )
1t o o |
XIN T
O RC oscillation Multi- g : <
plexer |  ===---' -
Quartz-crystal (CMCK,
oscillation CRCK,
CYCK) o B | Prescaler (8) » ORCLK
(Note 1) *
| Reload register RPS (8) |
[(TPSAB; (TPSAB
(TABPS) (TPSAB) (TABPS)

Register B || Register A

ressa
'
'

_LO/D':*Port De output W23
: T1UDF
!

N » One-period
D6/CNTRO O—M : 110 generation circuit
1 N =W52

P30/INTOO

Timer 1
interrupt

—>| - Timer 1 (BA) I
|Reload register R1 (8)|
(T1AB)A (TR1AB) 4 (T1AB)

(T1AB)
W21, W2 (TAB1) - (TAB1) . .
'661""01 Register B”Reqister —* Timer 1 underflow signal (
STCK — T1UDF)
ORCLK i _
T1UDF : i | Timer 2 (8) |7_,T|mer 2
PWMOUT—— % 1 4 interrupt

|Reload register R2 (8)|
(T2AB) (T2A8) (T2AB)

Register B||Register

(TAB2),

(TAB2) '—— Timer 2 underflow signal (T2UDF)

TR1AB: This it“SILUC“‘;” is _u?edéot tranlsfer Ithedcont_ertns %fl Notes 1: When CMCK instruction is executed, ceramic resonance is selected.
register A and register B to only reload register R1. . o I
PWMOUT: PWM output signal (from timer 4 output unit) When CRCK 'InStI’uCt.IOn 'IS executed, RC oscillation is slelecte.d.
When CYCK instruction is executed, quartz-crystal oscillator is selected.

* Data is set automatically from each reload 2: Timer 1 count start synchronous circuit is set by the valid edge of P30/INTO pin
register when timer underflows selected by bits 1 (111) and 2 (112) of register 11.
(auto-reload function). 3: XIN cannot be used for the count source when bit 1 (MR1) of register MR is set

to“ 1”7 andposcillation is stopped.

Fig. 25 Timer structure (1)
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P31/INT1O

One-sided edge
detection circuit

T3UDF

c/ieNTRL O

(Note 3)

(TAB4)

INSTCK ]

TR3AB: This instruction is used to transfer the contents of
register A and register B to only reload register R3.
T4RAL: This instruction is used to transfer the contents of
reload register R4L to timer 4.
INSTCK: Instruction clock (system clock divided by 3)
ORCLK: Prescaler output (instruction clock divided by 1 to 256)

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

Notes 3:

(Note 4)
"
detection circuit
R
: | Timer 3
Timer 3 (8) T3F .
interrupt
|Re|oad register R3 (8)|
(T3AB) ((TTRseA/E?) (T3AB)
(TABS3) - (TAB3) L——p
Register B||[Register Al dimers
underflow signal
Port C output (T3UDF)
= T3UDF
Qb
R T
|Reqister B||Register AI
l (T4HAB)
| Reload register R4H (8)| TR > PWMOD
Q‘ | Reload control circuit [¢—— wa Ri{was
r -‘Z‘I
. W P : ol 1
AT|mer4 (8} |7T| H” _interval expansi¢n ! : > Timer 4
0} interrupt
(T4R4L)
|Re|oad register R4L (8) |
(T4AB)
(T4AB) (TABA4)
Register B||Reqister Al
Watchdog timer
1A .. 16 (Note 5)
S Q
WDF1
WRST instruction—|R
RESET signal|/S Q
(Note 7)
WEF
DWDT instruction—|R D Q[ Watchdog reset signal
+
WRST instruction (Note 6)
T R[— RESET signal

XIN cannot be used for the count source when bit 1 (MR1) of

register MR is setto “ 1" andfiposcillation is stopped.

: Timer 3 count start synchronous circuit is set by the valid edge
of P31/INT1 pin selected by bits 1 (121) and 2 (122) of register 12.

: Flag WDF1lis clearedto “ 0" and the next instruction is skipped
when the WRST instruction is executed while flag WDF1 =* 1"
The next instruction is not skipped even when the WRST
instruction is executed while flag WDF1 =* 0"

: Flag WEF is cleared to “ 0” and watchdog timer reset does not

occur when the DWDT instruction and WRST instruction are

executed continuously.

a

(o2}

7: The WEF flag is setto “ 1" at system reset or RAM back-up
mode.
Fig. 26 Timer structure (2)
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Table 10 Timer related registers

W
Timer control register PA at reset : 02 at RAM back-up : 02 TPAA
PAo Prescaler control bit 0 Stop (s.tate initialized)
1 Operating
) . . R/W
Timer control register W1 at reset : 00002 at RAM back-up : state retained
TAW1/TW1A
Wis Timer 1 count auto-stop circuit selection 0 Timer 1 count auto-stop circuit not selected
bit (Note 2) 1 Timer 1 count auto-stop circuit selected
Wiz Timer 1 control bit 0 Stop (s-tate retained)
1 Operating
W11|W1lo Count source
wii 0 | 0 | Instruction clock (INSTCK)
Timer 1 count source selection bits 0 | 1 | Prescaler output (ORCLK)
W10 1| 0 | XINinput
1 | 1 | CNTRO input
] ] _ ) RIW
Timer control register W2 at reset : 00002 at RAM back-up : state retained TAW2/TW2A
W23 CNTRO output signal selection bit 0 T?mer 1 underflow s?gnal d?v?ded by 2 output
1 Timer 2 underflow signal divided by 2 output
W22 Timer 2 control bit 0 Stop (s.tate retained)
1 Operating
W21{W20 Count source
w21 0 | 0 | System clock (STCK)
Timer 2 count source selection bits 0 | 1 | Prescaler output (ORCLK)
W20 1 [ 0 | Timer 1 underflow signal (TLUDF)
1|1 | PWM signal (PWMOUT)
) . ) R/W
Timer control register W3 at reset : 00002 at RAM back-up : state retained
TAW3/TW3A
W33 Timer 3 count auto-stop circuit selection 0 Timer 3 count auto-stop circuit not selected
bit (Note 3) 1 Timer 3 count auto-stop circuit selected
W32 Timer 3 control bit 0 Stop (s.tate retained)
1 Operating
W31|W30 Count source
w31 _ o 0| 0 | PWM signal (PWMOUT)
'I;Lnotatres;)count source selection bits 0 | 1 | Prescaler output (ORCLK)
W30 1 | 0 | Timer 2 underflow signal (T2UDF)
1| 1 | CNTR1 input

Notes 1: “R” represents read enabled, and “W” represents write enabled.
2: This function is valid only when the timer 1 count start synchronous circuit is selected (110="1").
3: This function is valid only when the timer 3 count start synchronous circuit is selected (120="1").
4: The port C output is invalid when CNTR1 output is selected for the timer 3 count source.
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Timer control register W4 at reset : 00002 at RAM back-up : 00002 RIW
TAW4/TW4A
. . 0 CNTR1 output invalid
W43 CNTR1 pin output control bit P -
1 CNTR1 output valid
W42 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 St tat tained
W41 Timer 4 control bit op (S_ ate retained)
1 Operating
W4o Timer 4 count source selection bit 0 XIN input —
1 Prescaler output (ORCLK) divided by 2
R/W
Timer control register W5 at reset : 00002 at RAM back-up : state retained
TAWS5/TW5A
W53 Not used 0 This bit has no function, but read/write is enabled.
1
W52 Period measurement circuit control bit 0 Stop _
1 Operating
W51\W50 Count source
W51 - -
Signal for period measurement selection 0 | 0 | On-chip 959|Ilator (fRING/16))
bits 0 | 1 | CNTRo pin input
W50 1 | 0 | INTO pin input
1 | 1 | Notavailable
} . ) R/W
Timer control register W6 at reset : 00002 at RAM back-up : state retained
TAW6/TW6EA
o . . 0 Falling edge
W63 CNTR1 pin input count edge selection bit —
1 Rising edge
- ) . 0 Falling edge
W62 CNTRO pin input count edge selection bit — g edg
1 Rising edge
W61 CNTR1 output auto-control circuit 0 CNTR1 output auto-control circuit not selected
selection bit 1 CNTR1 output auto-control circuit selected
. . . . Ds (I NTRO (i t
W60 D6/CNTRO pin function selection bit 0 oy/c 0 (!npu )
1 CNTRO (1/O) /D6 (input)

Note: “R” represents read enabled, and “W” represents write enabled.
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(1) Timer control registers

.

Timer control register PA

Register PA controls the count operation of prescaler. Set the
contents of this register through register A with the TPAA instruc-
tion.

Timer control register W1

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

Timer control register W2

Register W2 controls the selection of CNTRO output, and the
count operation and count source of timer 2. 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 the selection of the count operation and
count source of timer 3 count auto-stop circuit. Set the contents
of this register through register A with the TW3A instruction. The
TAWS3 instruction can be used to transfer the contents of register
W3 to register A.

Timer control register W4

Register W4 controls the CNTR1 output, the expansion of “H” in-
terval of PWM output, and the count operation and count source
of timer 4. Set the contents of this register through register A with
the TWA4A instruction. The TAW4 instruction can be used to trans-
fer the contents of register W4 to register A.

Timer control register W5

Register W5 controls the period measurement circuit and target
signal for period measurement. Set the contents of this register
through register A with the TW5A instruction. The TAWS5 instruc-
tion can be used to transfer the contents of register W5 to
register A.

Timer control register W6

Register W6 controls the count edges of CNTRO pin and CNTR1
pin, selection of CNTR1 output auto-control circuit and the Ds/
CNTRO pin function. Set the contents of this register through reg-
ister A with the TW6A instruction. The TAWG instruction can be
used to transfer the contents of register W6 to register A..

(2) Prescaler

Prescaler is an 8-bit binary down counter with the prescaler reload
register PRS. 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;

0 set data in prescaler, and

O set the bit O of register PAto “1.”

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

Count source for prescaler is the instruction clock (INSTCK).

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

The output signal (ORCLK) of prescaler can be used for timer 1, 2,
3, and 4 count sources.

(3) Timer 1 (interrupt function)

Timer 1 is an 8-bit binary down counter with the timer 1 reload reg-
ister (R1). Data can be set simultaneously in timer 1 and the reload
register (R1) with the T1AB instruction. Data can be written to re-
load register (R1) with the TR1AB instruction. Data can be read
from timer 1 with the TAB1 instruction.

Stop counting and then execute the T1AB or TAB1 instruction to
read or set timer 1 data.

When executing the TR1AB instruction to set data to reload regis-
ter R1 while timer 1 is operating, avoid a timing when timer 1
underflows.

Timer 1 starts counting after the following process;

O set data in timer 1

O set count source by bits 0 and 1 of register W1, and

O set the bit 2 of register W1 to “1.”

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

Once count is started, when timer 1 underflows (the next count
pulse is input after the contents of timer 1 becomes “0”), the timer
1 interrupt request flag (T1F) is set to “1,” new data is loaded from
reload register R1, and count continues (auto-reload function).
INTO pin input can be used as the start trigger for timer 1 count op-
eration by setting the bit O of register |1 to “1.”

Also, in this time, the auto-stop function by timer 1 underflow can
be performed by setting the bit 3 of register W1 to “1.”

Timer 1 underflow signal divided by 2 can be output from CNTRO
pin by clearing bit 3 of register W2 to “0” and setting bit O of regis-
ter W6 to “1”.

The period measurement circuit starts operating by setting bit 2 of
register W5 to “1” and timer 1 is used to count the one-period of the
target signal for the period measurement. In this time, the timer 1
interrupt request flag (T1F) is not set by the timer 1 underflow sig-
nal, it is the flag for detecting the completion of period
measurement.
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(4) Timer 2 (interrupt function)

Timer 2 is an 8-bit binary down counter with the timer 2 reload reg-
ister (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;

O set data in timer 2,

O select the count source with the bits 0 and 1 of register W2, and
O set the bit 2 of register W2 to “1.”

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

Once count is started, when timer 2 underflows (the next count
pulse is input after the contents of timer 2 becomes “0"), the timer
2 interrupt request flag (T2F) is set to “1,” new data is loaded from
reload register R2, and count continues (auto-reload function).
Timer 2 underflow signal divided by 2 can be output from CNTRO
pin by setting bit 3 of register W2 to “1” and setting bit O of register
W6 to “1".

(5) Timer 3 (interrupt function)

Timer 3 is an 8-bit binary down counter with the timer 3 reload reg-
ister (R3). Data can be set simultaneously in timer 3 and the reload
register (R3) with the T3AB instruction. Data can be written to re-
load register (R3) with the TR3AB 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 TR3AB instruction to set data to reload regis-
ter R3 while timer 3 is operating, avoid a timing when timer 3
underflows.

Timer 3 starts counting after the following process;

O set data in timer 3

O set count source by bits 0 and 1 of register W3, and

O set the bit 2 of register W3 to “1.”

When a value set in reload register R3 is n, timer 3 divides the
count source signal by n + 1 (n = 0 to 255).

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 data is loaded from
reload register R3, and count continues (auto-reload function).
INT1 pin input can be used as the start trigger for timer 3 count op-
eration by setting the bit O of register 12 to “1.”

Also, in this time, the auto-stop function by timer 3 underflow can
be performed by setting the bit 3 of register W3 to “1.”

(6) Timer 4 (interrupt function)

Timer 4 is an 8-bit binary down counter with two timer 4 reload reg-
isters (R4L, R4H). Data can be set simultaneously in timer 4 and
the reload register R4L with the T4AB instruction. Data can be set
in the reload register R4H with the T4AHAB instruction. The contents
of reload register R4L set with the T4AB instruction can be set to
timer 4 again with the T4RAL instruction. Data can be read from
timer 4 with the TAB4 instruction.

Stop counting and then execute the T4AB or TAB4 instruction to
read or set timer 4 data.

When executing the T4HAB instruction to set data to reload regis-
ter R4H while timer 4 is operating, avoid a timing when timer 4
underflows.

Timer 4 starts counting after the following process;

O set data in timer 4

0 set count source by bit O of register W4, and

O set the bit 1 of register W4 to “1.”

When a value set in reload register R4L is n, timer 4 divides the
count source signal by n + 1 (n = 0 to 255).

Once count is started, when timer 4 underflows (the next count
pulse is input after the contents of timer 4 becomes “0"), the timer
4 interrupt request flag (T4F) is set to “1,” new data is loaded from
reload register R4L, and count continues (auto-reload function).
The PWM signal generated by timer 4 can be output from CNTR1
pin by setting bit 3 of the timer control register W4 to “1”.

Timer 4 can control the PWM output to CNTR1 pin with timer 3 by
setting bit 1 of the timer control register W6 to “1”.
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(7) Period measurement function (Timer 1,
period measurement circuit)

Timer 1 has the period measurement circuit which performs timer

count operation synchronizing with the one cycle of the signal di-

vided by 16 of an on-chip oscillator, D6/CNTRO pin input, or P30/
INTO pin input (one cycle, “H”, or “L” pulse width at the case of a

P30/INTO pin input).
When the target signal for period measurement is set by bits 0

and 1 of register W5, a period measurement circuit is started by

setting the bit 2 of register W5 to “1”.

Then, if a XIN input is set as the count source of a timer 1 and the
bit 2 of register W1 is set to “1”, timer 1 starts operation.

Timer 1 starts operation synchronizing with the falling edge of the
target signal for period measurement, and stops count operation
synchronizing with the next falling edge (one-period generation
circuit).

When selecting D6/CNTRO pin input as target signal for period
measurement, the period measurement synchronous edge can
be changed into a rising edge by setting the bit 2 of register W6
to “1".

When selecting P30/INTO pin input as target signal for period
measurement, period measurement synchronous edge can be
changed into a rising edge by setting the bit 2 of register 11 to “1".
A timer 1 interrupt request flag (T1F) is set to “1” after completing
measurement operation.

When a period measurement circuit is set to be operating, timer
1 interrupt request flag (T1F) is not set by timer 1 underflow sig-
nal, but turns into a flag which detects the completion of period
measurement.

In addition, a timer 1 underflow signal can be used as timer 2
count source.

Once period measurement operation is completed, even if period
measurement valid edge is input next, timer 1 is in a stop state
and measurement data is held.

When a period measurement circuit is used again, stop a period
measurement circuit at once by setting the bit 2 of register W5 to
“0", and change a period measurement circuit into a state of op-
eration by setting the bit 2 of register W5 to “1” again.

When a period measurement circuit is used, clear bit 0 of regis-
ter 11 to “0”, and set a timer 1 count start synchronous circuit to
be “not selected”.

Start timer operation immediately after operation of a period
measurement circuit is started.

When the target edge for measurement is input until timer opera-
tion is started from the operation of period measurement circuit is
started, the count operation is not executed until the timer opera-
tion becomes valid. Accordingly, be careful of count data.

When data is read from timer, stop the timer and clear bit 2 of

register W5 to “0” to stop the period measurement circuit, and
then execute the data read instruction.

Depending on the state of timer 1, the timer 1 interrupt request

flag (T1F) may be set to “1” when the period measurement cir-
cuit is stopped by clearing bit 2 of register W5 to “0”. In order to

avoid the occurrence of an unexpected interrupt, clear the bit 2 of
register V1 to “0” (refer to Figure 270) and then, stop the bit 2 of

register W5 to “0” to stop the period measurement circuit.

In addition, execute the SNZT1 instruction to clear the T1F flag
after executing at least one instruction (refer to Figure 270).
Also, set the NOP instruction for the case when a skip is per-
formed with the SNZT1 instruction (refer to Figure 270).

LA © ; (00 2)

TV1A ; The SNZT1 instruction is valid ........ O

LA © ; (00 2)

TW5A ; Period measurement circuit stop

NOP e O

SNZT1 ; The SNZT1 instruction is executed
(T1F flag cleared)

NOP e O

0 : these bits are not used here.

Fig. 27 Period measurement circuit program example

When a period measurement circuit is used, select the suffi-
ciently higher-speed frequency than the signal for measurement
for the count source of a timer 1.

When the target signal for period measurement is D6/CNTRO pin
input, do not select D6/CNTRO pin input as timer 1 count source.
(The XiN input is recommended as timer 1 count source at the
time of period measurement circuit use.)

(8) Pulse width measurement function (timer
1, period measurement circuit)

A period measurement circuit can measure “H” pulse width (from
rising to falling) or “L” pulse width (from falling to rising) of P30/
INTO pin input (pulse width measurement function) when the fol-
lowing is set;

« Set the bit 0 of register W5 to “0”, and set a bit 1 to “1” (target
for period measurement circuit: 30/INTO pin input).

« Set the bit 1 of register I1 to “1” (INTO pin edge detection circuit:
both edges detection)

The measurement pulse width (“H” or “L") is decided by the pe-
riod measurement circuit and the P30/INTO pin input level at the
start time of timer operation.

At the time of the start of a period measurement circuit and timer
operation, “L” pulse width (from falling to rising) when the input
level of P30/INTO pin is “H” or “H” pulse width (from rising to fall-
ing) when its level is “L” is measured.

When the input of P30/INTO pin is selected as the target for mea-
surement, set the bit 3 of register 11 to “1”, and set the input of
INTO pin to be enabled.
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(9) Count start synchronization circuit (timer 1,
timer 3)

Timer 1 and timer 3 have the count start synchronous circuit which

synchronizes the input of INTO pin and INT1 pin, and can start the

timer count operation.

Timer 1 count start synchronous circuit function is selected by set-

ting the bit O of register I1 to “1” and the control by INTO pin input

can be performed.

Timer 3 count start synchronous circuit function is selected by set-

ting the bit O of register 12 to “1” and the control by INT1 pin input

can be performed.

When timer 1 or timer 3 count start synchronous circuit is used, the

count start synchronous circuit is set, the count source is input to

each timer by inputting valid waveform to INTO pin or INT1 pin.

The valid waveform of INTO pin or INT1 pin to set the count start

synchronous circuit is the same as the external interrupt activated

condition.

Once set, the count start synchronous circuit is cleared by clearing

the bit 110 or 120 to “0” or reset.

However, when the count auto-stop circuit is selected, the count

start synchronous circuit is cleared (auto-stop) at the timer 1 or

timer 3 underflow.

(10) Count auto-stop circuit (timer 1, timer 3)
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 syn-
chronous circuit is used.

The count auto-stop cicuit is valid by setting the bit 3 of register W1
to “1". It is cleared by the timer 1 underflow and the count source to
timer 1 is stopped.

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

Timer 3 has the count auto-stop circuit which is used to stop timer
3 automatically by the timer 3 underflow when the count start syn-
chronous circuit is used.

The count auto-stop cicuit is valid by setting the bit 3 of register W3
to “1". It is cleared by the timer 3 underflow and the count source to
timer 3 is stopped.

This function is valid only when the timer 3 count start synchronous
circuit is selected.

(11) Timer input/output pin

(D6/CNTRO pin, C/CNTR1 pin)
CNTRO pin is used to input the timer 1 count source and output the
timer 1 and timer 2 underflow signal divided by 2.
CNTR1 pin is used to input the timer 3 count source and output the
PWAM signal generated by timer 4.
When the PWM signal is output from C/CNTR1 pin, set the output
latch of port C to “0”.
The D6/CNTRO pin function can be selected by bit 0 of register W6.
The selection of CNTR1 output signal can be controlled by bit 3 of
register W4.
When the CNTRO input is selected for timer 1 count source, timer
1 counts the rising or falling waveform of CNTRO input. The count
edge is selected by the bit 2 of register W6.
When the CNTRL1 input is selected for timer 3 count source, timer
3 counts the rising or falling waveform of CNTR1 input. The count
edge is selected by the bit 3 of register W6.
When CNTR1 input is selected, the output of port C is invalid (high-
impedance).

(12) PWM output function (C/CNTR1, timer 3,
timer 4)
When bit 3 of register W4 is set to “1”, timer 4 reloads data from re-
load register R4L and R4H alternately each underflow.
Timer 4 generates the PWM signal (PWMOUT) of the “L” interval
set as reload register R4L, and the “H” interval set as reload regis-
ter R4H. The PWM signal (PWMOUT) is output from CNTRL1 pin.
When bit 2 of register W4 is set to “1” at this time, the interval
(PWM signal “H” interval) set to reload register R4H for the counter
of timer 4 is extended for a half period of count source.
In this case, when a value set in reload register R4H is n, timer 4
divides the count source signal by n + 1.5 (n = 1 to 255).
When this function is used, set “1” or more to reload register R4H.
When bit 1 of register W6 is set to “1”, the PWM signal output to
CNTR1 pin is switched to valid/invalid each timer 3 underflow.
However, when timer 3 is stopped (bit 2 of register W3 is cleared to
“0"), this function is canceled.
Even when bit 1 of a register W4 is cleared to “0” in the “H” interval
of PWM signal, timer 4 does not stop until it next timer 4 underflow.
When clearing bit 1 of register W4 to “0” to stop timer 4 at the use
of PWM output function, avoid a timing when timer 4 underflows.
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(13) Timer interrupt request flags

(T1F, T2F, T3F, T4F)
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, SNZT4).
Use the interrupt control register V1, V2 to select an interrupt or a
skip instruction.
An interrupt request flag is cleared to “0” when an interrupt occurs
or when the next instruction is skipped with a skip instruction. The
timer 1 interrupt request flag (T1F) is not set by the timer 1 under-
flow signal, it is the flag for detecting the completion of period
measurement.

(14) Precautions
Note the following for the use of timers.

Prescaler

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

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

Timer count source
Stop timer 1, 2, 3 and 4 counting to change its count source.

Reading the count value
Stop timer 1, 2, 3 or 4 counting and then execute the data read
instruction (TAB1, TAB2, TAB3, TAB4) to read its data.

Writing to the timer
Stop timer 1, 2, 3 or 4 counting and then execute the data write
instruction (T1AB, T2AB, T3AB, T4AB) to write its data.

Writing to reload register R1, R3, R4H

When writing data to reload register R1, reload register R3 or re-
load regiser R4H while timer 1, timer 3 or timer 4 is operating,
avoid a timing when timer 1, timer 3 or timer 4 underflows.

Timer 4

Avoid a timing when timer 4 underflows to stop timer 4 at the use
of PWM output function.

When “H” interval extension function of the PWM signal is set to
be “valid”, set “1” or more to reload register R4H.

Timer input/output pin
When the PWM signal is output from C/CNTRL1 pin, set the out-
put latch of port C to “0".

* Period measurement function
When a period measurement circuit is used, clear bit 0 of regis-
ter 11 to “0”, and set a timer 1 count start synchronous circuit to
be “not selected”.
Start timer operation immediately after operation of a period
measurement circuit is started.
When the target edge for measurement is input until timer opera-
tion is started from the operation of period measurement circuit is
started, the count operation is not executed until the timer opera-
tion becomes valid. Accordingly, be careful of count data.
When data is read from timer, stop the timer and clear bit 2 of
register W5 to “0” to stop the period measurement circuit, and
then execute the data read instruction.
Depending on the state of timer 1, the timer 1 interrupt request
flag (T1F) may be set to “1” when the period measurement cir-
cuit is stopped by clearing bit 2 of register W5 to “0”. In order to
avoid the occurrence of an unexpected interrupt, clear the bit 2 of
register V1 to “0” (refer to Figure 280) and then, stop the bit 2 of
register W5 to “0” to stop the period measurement circuit.
In addition, execute the SNZT1 instruction to clear the T1F flag
after executing at least one instruction (refer to Figure 280).
Also, set the NOP instruction for the case when a skip is per-
formed with the SNZT1 instruction (refer to Figure 280).

LA 0 ; (00m 2)

TV1A ; The SNZT1 instruction is valid ........ O

LA 0 ; (00m 2)

TW5A ; Period measurement circuit stop

NOP O

SNZT1 ; The SNZT1 instruction is executed
(T1F flag cleared)

NOP O

0 : these bits are not used here.

Fig. 28 Period measurement circuit program example

While a period measurement circuit is operating, the timer 1 in-
terrupt request flag (T1F) is not set by the timer 1 underflow
signal, it is the flag for detecting the completion of period mea-
surement.

When a period measurement circuit is used, select the suffi-
ciently higher-speed frequency than the signal for measurement
for the count source of a timer 1.

When the target signal for period measurement is D6/CNTRO pin
input, do not select D6/CNTRO pin input as timer 1 count source.
(The XiN input is recommended as timer 1 count source at the
time of period measurement circuit use.)

When the input of P30/INTO pin is selected for measurement, set
the bit 3 of a register 11 to “1”, and set the input of INTO pin to be
enabled.
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e CNTR1 output: invalid (W& = 0" )

Timer 4 count source

Timer 4 count value

(Reload
register)

Timer 4 underflow signal

PWM signal (output invalid)

PWM signal “ L”

Timer 4 start fixed

e CNTR1 output: valid (W& =" 1" )
PWM signal “ H” interval extension function: invalid @¥4* 0" )

Timer 4 count source || | UUI_IUUUI_IUUUUHUUUL

Timer 4 count value

(Reload
register)

Timer 4 underflow signal

PWM l«—3 clock—| 3 clock—|

signal Timer 4 start H_PWM period 7 clock—>i<_ PWM period 7 clock _>i

e CNTR1 output: valid (W& =" 1" )
PWM signal © H” interval extension function: valid @¥4“ 1" ) (Note)

Timer 4 count source | | | | | | I | | | | | | | | | |

Timer 4 count value

(Reload
register)

1
1
1
]
Timer 4 underflow signal ! | | I | I |
1 [}
1 —
i le——3.5 cIock:>| {«—3.5 clock—{

1 1 1
Tirger 4 start | <@—— PWM period 7.5 clock ——» <@—— PWM period 7.5 clock—— !

PWM
signal

Note: At PWM signal “ H” interval extension function: valid, $ei3” or more to reload register R4H.

Fig. 29 Timer 4 operation (reload register R4L: “0316”, R4H: “0216")
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CNTR1 output auto-control circuit by timer 3 is selected.

e CNTR1 output: valid (W4="“ 1" )
CNTR1 output auto-control circuit selected (W61 =" 1" )

signal 1
Timer 3 underflow signal n
{ Timer 3 start i

CNTR1 output

— T T =
i
e

{ CNTR1 output start

e CNTR1 output auto-control function

PWM S ——————————————————— e -

signal i i i i i i
Timer 3 underflow signal | | | | | i
T Timer 3 sthrt H g ! ! T: Timer 3
1 1 1 1 1 1 stop
— —
Register W61 ! : L [ : | : [ : 0
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1

R (IR E———
P S a——
b e T S i — -

CNTRL output T T

T CNTR1 output start

1 CNTR1 output stop

[0 When the CNTR1 output auto-control function is set to be invalid while the CNTR1 output is invalid,
the CNTR1 output invalid state is retained.

[] When the CNTR1 output auto-control function is set to be invalid while the CNTR1 output is valid,
the CNTR1 output valid state is retained.

[J When timer 3 is stopped, the CNTR1 output auto-control function becomes invalid.

Fig. 30 CNTR1 output auto-control function by timer 3
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f(STCK)=f(XIN)/4

XIN input
(count source selected)

Register W41

SRS EREREpERERERE

LT L

e Waveform extension function of CNTR1 output “ H” interval: Invalid @¥4‘ 0" ),
CNTR1 output: valid (W43 =“ 1" ),
Count source: XIN input selected (W40=" 0" ),
Reload register R4L: “ Q3"
Reload register R4H: “ Q3"
~—Timer 4 count start timing
Machine cycle Mi+1 Mi+2
TWA4A instruction execution cycle (W41) «~ 1
System clock I | y

(LTI

Timer 4 count value

0316

@

(Reload register)

Timer 4

(R4L)

(0216011600164 03:6X 0210119
(R4H) (R4L)

7

underflow signal

PWM signal

I

Timer 4 count start timing

J
~—Timer 4 count stop timing N
Machine cycle  wi X Mi+1 ) Mi+2
TWA4A instruction execution cycle (W41) — 0
System clock )
f(STCK)=f(XIN)/4 —l— |—|
iepipipipEpippipipipipipipipipipipipipigs
(count source selected
Register W41
Timer 8 countvalve (021} oriofborofoz)orEorpfor)oan)omoony o
eload register,
(R4H) (R4L) # RaH)
Timer 4
underflow signal |_| |_I
PWM signal | (Note 1)
Timer 4 count stop timing
g J

Notes 1: In order to stop timer 4 at CNTR1 output valid (W43 =* 1" ), avoid a timing when timer 4 underflows.
If these timings overlap, a hazard may occur in a CNTR1 output waveform.

2: At CNTR1 output valid, timer 4 stops after “ H” interval of PWM signal set by reload register R4H is output.

Fig. 31 Timer 4 count start/stop timi

ng
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WATCHDOG TIMER

Watchdog timer provides a method to reset the system when a pro-
gram 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 is released from reset.

After the count is started, when the timer WDT underflow occurs
(after the count value of timer WDT reaches “000016,” the next
count pulse is input), the WDF1 flag is set to “1.”

If the WRST instruction is never executed until the timer WDT un-
derflow occurs (until timer WDT counts 65534), WDF2 flag is set to
“1,” and the RESET pin outputs “L” level to reset the microcom-
puter.

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 function is valid.

When the DWDT instruction and the WRST instruction are ex-
ecuted continuously, the WEF flag is cleared to “0” and the
watchdog timer function is invalid.

The WEF flag is set to "1" at system reset or RAM back-up mode.
The WRST instruction has the skip function. When the WRST in-
struction is executed while the WDF1 flag is “1”, the WDF1 flag is
cleared 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 is invalid.

O Reset
released

watchdog reset signal is output.

executed.

is the instruction clock.

FFFF16 —
|
Value of 16-bit timer (WDT) l |
|
000016 — i
‘ 0
WDF1flag | H
3 S :
| | | 65534 count |
|
| ! | (Note) !
| ! ! 0
WDF2 flag ; :4—»
|
! |
? |
RESET pin output ; | V
I ! —_—

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

0 When timer WDT underflow occurs, WDF1 flag is set to “1.”

0 When the WRST instruction is executed, WDF1 flag is cleared to “0,” the next instruction is skipped.
0 When timer WDT underflow occurs while WDF1 flag is “1,” WDF2 flag is set to “1” and the

0 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 cycle because the count source of watchdog timer

0 WRST instruction
executed
(skip executed)

O System reset

Fig. 32 Watchdog timer function
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When the watchdog timer is used, clear the WDF1 flag at the pe-
riod of 65534 machine cycles or less with the WRST instruction.
When the watchdog timer is not used, execute the DWDT instruc-
tion and the WRST instruction continuously (refer to Figure 33).
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, ini-
tialize the WDF1 flag with the WRST instruction just before the
microcomputer enters the RAM back-up state (refer to Figure 34).
The watchdog timer function is valid after system is returned from
the RAM back-up. When not using the watchdog timer function, ex-
ecute the DWDT instruction and the WRST instruction continuously
every system is returned from the RAM back-up, and stop the
watchdog timer function.

WRST ; WDF1 flag cleared

DI

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

Fig. 33 Program example to start/stop watchdog timer

WRST ; WDF1 flag cleared

NOP

DI ; Interrupt disabled
EPOF ; POF instruction enabled
POF

!
Oscillation stop

Fig. 34 Program example to enter the mode when using the
watchdog timer
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A/D CONVERTER (Comparator) Table 11 A/D converter characteristics

The 4584 Group has a built-in A/D conversion circuit that performs Parameter Characteristics

conversion by 10-bit successive comparison method. Table 11 Conversion format |Successive comparison method

shows the characteristics of this A/D converter. This A/D converter Resolution 10 bits

can also be used as an 8-bit comparator to compare analog volt- Relative accuracy |Linearity error: +2L.SB (2.7 V < VDD < 5.5V)
ages input from the analog input pin with preset values. Differential non-linearity error:

+0.9LSB (2.2 V < VDD < 5.5V)

Conversion speed |31 us (f(XIN) = 6 MHz, STCK = f(XIN) (XIN
through-mode), ADCK = INSTCK/6)

Analog input pin |2

| Register B (4) |

A
| Register A (4) |
A A A A 4t |4
4 FTAQL 2 1TAQ2 4 NTAQ3 4t s
TQ1A TQ2A TQ3A
IAP6 \ \ \
(P60-P63) |Q13|Q12 Qll‘Q10| |Q23‘Q22 Q21|Q20| |Q33|Q32 Q31|Q30| 2 8 8
OPGA TALA| TABAD TADAB
(P60-P63) Division circuitf Q31, Q3
Divided by 48 |0
Q32 _ [Divided by 24 : A/D conversion clock
Instruction clock—é—OQ i ekl i (ADCK)
31 on-chip oscillator—i—lo i |Divided by 6
clock =7==-- ’ Qs
o ;
5 A/D control circuit —‘_Ko—v— ADF »A/D
P6o/AINo O / s [ v L) interrupt
%]
P61/AIN o—— g Y
]
E Successive comparison
o register (AD) (10) Q13
() [alaials ity ===
= i i
z 10 /8 OZ:
g DAC FROD B T
o) operation h
S .
g signal
<
o
~
8
DA converter ﬂ 8] 8
(Note 1) VDD Y,
Vss -
Comparator register (8)

t K(Note 2) )

J

Notes 1: This switch is turned ON only when A/D converter is operating and generates the comparison voltage.
2:  Writing/reading data to the comparator register is possible only in the comparator mode (&1).
The value of the comparator register is retained even when the mode is switched to the A/D conversion
mode (Q13=0) because it is separated from the successive comparison register (AD). Also, the resolution
in the comparator mode is 8 bits because the comparator register consists of 8 bits.

Fig. 35 A/D conversion circuit structure
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Table 12 A/D control registers

R/IW
A/D control register Q1 at reset : 00002 at RAM back-up : state retained
TAQL/TQ1A
. . . 0 A/D conversion mode
Q13 A/D operation mode selection bit
1 Comparator mode
0 N . L
Q12 Not used 1 This bit has no function, but read/write is enabled.
0 N . L
Ql1 Not used 1 This bit has no function, but read/write is enabled.
Qlo Analog input pin selection bits 0 AINO
g 1nputp 1 AIN1
. . R/W
A/D control register Q2 at reset : 00002 at RAM back-up : state retained
TAQ2/TQ2A
0
Q23 Not used 1 This bit has no function, but read/write is enabled.
0 - . F
Q22 Not used 1 This bit has no function, but read/write is enabled.
0 P61
Q21 P61/AIN1 pin function selection bit
1 AINL
0 P60
Q20 P60/AINo pin function selection bit
1 AINO
A/D trol regist 3 at reset : 00002 at RAM back-up : state retained RIW
control register v -up :
gister Q P TAQ3/TQ3A
0
Q33 Not used 1 This bit has no function, but read/write is enabled.
0 Instruction clock (INSTCK
Q32 A/D converter operation clock selection bit - - ( )
1 On-chip oscillator (f(RING))
Q31]/030 Division ratio
Q31 0 | o | Frequency divided by 6
AID converter operation clock division 0 | 1 | Frequency divided by 12
Q30 ratio selection bits 1 | o | Frequency divided by 24
1 | 1 | Frequency divided by 48

Note: “R” represents read enabled, and “W” represents write enabled.
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(1) A/D control register

« A/D control register Q1
Register Q1 controls the selection of A/D operation mode and the
selection of analog input pins. Set the contents of this register
through register A with the TQ1A instruction. The TAQL1 instruc-
tion can be used to transfer the contents of register Q1 to register
A.

« A/D control register Q2
Register Q2 controls the selection of P60/AIN0, P61/AIN1. Set the
contents of this register through register A with the TQ2A instruc-
tion. The TAQ2 instruction can be used to transfer the contents of
register Q2 to register A.

« A/D control register Q3
Register Q3 controls the selection of A/D converter operation
clock. Set the contents of this register through register A with the
TQ3A instruction. The TAQ3 instruction can be used to transfer
the contents of register Q3 to register A.

(2) Operating at A/D conversion mode
The A/D conversion mode is set by setting the bit 3 of register Q1 to “0.”

(3) Successive comparison register AD

Register AD stores the A/D conversion result of an analog input in
10-bit digital data format. The contents of the high-order 8 bits of
this register can be stored in register B and register A with the
TABAD instruction. The contents of the low-order 2 bits of this reg-
ister can be stored into the high-order 2 bits of register A with the
TALA instruction. However, do not execute these instructions dur-
ing A/D conversion.

When the contents of register AD is n, the logic value of the com-
parison voltage Vref generated from the built-in DA converter can
be obtained with the reference voltage VDD by the following for-
mula:

— Logic value of comparison voltage Vref

\o))

Vil 1024

On

n: The value of register AD (n = 0 to 1023)

(4) A/D conversion completion flag (ADF)

A/D conversion completion flag (ADF) is set to “1” when A/D con-
version completes. The state of ADF flag can be examined with the
skip instruction (SNZAD). Use the interrupt control register V2 to
select the interrupt or the skip instruction.

The ADF flag is cleared to “0” when the interrupt occurs or when
the next instruction is skipped with the skip instruction.

(5) A/D conversion start instruction (ADST)
A/D conversion starts when the ADST instruction is executed. The
conversion result is automatically stored in the register AD.

(6) Operation description
A/D conversion is started with the A/D conversion start instruction
(ADST). The internal operation during A/D conversion is as follows:

0 When the A/D conversion starts, the register AD is cleared to
“00016.”

O Next, the topmost bit of the register AD is set to “1,” and the com-
parison voltage Vref is compared with the analog input voltage
VIN.

0 When the comparison result is Vref < VIN, the topmost bit of the
register AD remains set to “1.” When the comparison result is Vref
> VIN, it is cleared to “0.”

The 4584 Group repeats this operation to the lowermost bit of the

register AD to convert an analog value to a digital value. A/D con-

version stops after 2 machine cycles + A/D conversion clock (31 us
when f(XIN) = 6.0 MHz in XIN through mode, f(ADCK) = f(INSTCK)/

6) from the start, and the conversion result is stored in the register

AD. An A/D interrupt activated condition is satisfied and the ADF

flag is set to “1” as soon as A/D conversion completes (Figure 36).

Table 13 Change of successive comparison register AD during A/D conversion

At starting conversion Change of successive comparison register AD Comparison voltage (Vref) value
1st comparison | 1 | 0 | 0 | ----- | 0 | 0 | 0 | VED
2nd comparison | 1l | 1 | 0 | ----- | 0 | 0 | 0 | VED + VZD
iecon Il oy o2 | o1 | --—- VDD VDD VDD
3rd comparison | 01 | 02 | 1 | | 0 | 0 | 0 | : * 2 t g
After 10th comparison A/D conversion result voo , . VDD
completes o1 | o2 | o8 | — | o8 [ oo [ oA || 72 7 * o024

01: 1st comparison result
[J3: 3rd comparison result
[J9: 9th comparison result

[J2: 2nd comparison result
[J8: 8th comparison result
JA: 10th comparison result
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(7) A/ID conversion timing chart
Figure 36 shows the A/D conversion timing chart.

ADST instruction |

A/D conversion
completion flag (ADF)

~@— 2 machine cycles + 10/f(ADCK) ——

—

DAC operation signal |

L

Fig. 36 A/D conversion timing chart

(8) How to use A/D conversion

How to use A/D conversion is explained using as example in which
the analog input from P60/AiNo pin is A/D converted, and the high-
order 4 bits of the converted data are stored in address M(Z, X, Y)
= (0, 0, 0), the middle-order 4 bits in address M(Z, X, Y) = (0, 0, 1),
and the low-order 2 bits in address M(Z, X, Y) = (0, 0, 2) of RAM.
The A/D interrupt is not used in this example.

Instruction clock/6 is selected as the A/D converter operation clock.

[0 Select the AiNo pin function with the bit 0 of the register Q2. Se-
lect the AiNo pin function and A/D conversion mode with the
register Q1. Also, the instruction clock divided by 6 is selected
with the register Q3. (refer to Figure 37)

O Execute the ADST instruction and start A/D conversion.

O Examine the state of ADF flag with the SNZAD instruction to de-
termine the end of A/D conversion.

O Transfer the low-order 2 bits of converted data to the high-order
2 bits of register A (TALA instruction).

O Transfer the contents of register Ato M (Z, X, Y) = (0, 0, 2).

O Transfer the high-order 8 bits of converted data to registers A
and B (TABAD instruction).

O Transfer the contents of register Ato M (Z, X, Y) = (0, 0, 1).

O Transfer the contents of register B to register A, and then, store
into M(Z, X, Y) = (0, 0, 0).

(Bit 3) (Bit 0)
o (o 1 A/D control register Q2
L Aino pin function selected
(Bit 3) (Bit 0)
0Ol0]0]|O A/D control register Q1
Aino pin selected
A/D conversion mode
(Bit 3) (Bit 0)
olololo A/D control register Q3

Frequency divided by 6

Instruction clock

0. Set an arbitrary value.

Fig. 37 Setting registers
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(9) Operation at comparator mode

The A/D converter is set to comparator mode by setting bit 3 of the
register Q1 to “1.”

Below, the operation at comparator mode is described.

(10) Comparator register

In comparator mode, the built-in DA comparator is connected to the
8-bit comparator register as a register for setting comparison volt-
ages. The contents of register B is stored in the high-order 4 bits of
the comparator register and the contents of register A is stored in
the low-order 4 bits of the comparator register with the TADAB in-
struction.

When changing from A/D conversion mode to comparator mode,
the result of A/D conversion (register AD) is undefined.

However, because the comparator register is separated from regis-
ter AD, the value is retained even when changing from comparator
mode to A/D conversion mode. Note that the comparator register
can be written and read at only comparator mode.

If the value in the comparator register is n, the logic value of com-
parison voltage Vref generated by the built-in DA converter can be
determined from the following formula:

Logic value of comparison voltage Vref

Vref=ﬂD n

256

n: The value of register AD (n = 0 to 255)

(11) Comparison result store flag (ADF)

In comparator mode, the ADF flag, which shows completion of A/D
conversion, stores the results of comparing the analog input volt-
age with the comparison voltage. When the analog input voltage is
lower than the comparison voltage, the ADF flag is set to “1.” The
state of ADF flag can be examined with the skip instruction
(SNZAD). Use the interrupt control register V2 to select the inter-
rupt or the skip instruction.

The ADF flag is cleared to “0” when the interrupt occurs or when
the next instruction is skipped with the skip instruction.

(12) Comparator operation start instruction
(ADST instruction)

In comparator mode, executing ADST starts the comparator oper-
ating.

The comparator stops 2 machine cycles + A/D conversion clock
f(ADCK) 1 clock after it has started (4 us at f(XIN) = 6.0 MHz in XIN
through mode, f(ADCK) = f(INSTCK)/6). When the analog input
voltage is lower than the comparison voltage, the ADF flag is set to
up»

(13) Notes for the use of A/D conversion

* TALA instruction
When the TALA instruction is executed, the low-order 2 bits of
register AD is transferred to the high-order 2 bits of register A, si-
multaneously, the low-order 2 bits of register Ais “0.”

« Operation mode of A/D converter
Do not change the operating mode (both A/D conversion mode
and comparator mode) of A/D converter with the bit 3 of register
Q1 while the A/D converter is operating.
Clear the bit 2 of register V2 to “0” to change the operating mode
of the A/D converter from the comparator mode to A/D conver-
sion mode.
The A/D conversion completion flag (ADF) may be set when the
operating mode of the A/D converter is changed from the com-
parator mode to the A/D conversion mode. Accordingly, set a
value to the register Q1, and execute the SNZAD instruction to
clear the ADF flag.

ADST instruction |

Comparison result

~@—— 2 machine cycles + 1/f(ADCK) ———

Y

store flag(ADF)

DAC operation signal |

L

1

Comparator operation completed.
(The value of ADF is determined)

Fig. 38 Comparator operation timing chart
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(14) Definition of A/D converter accuracy Vn: Analog input voltage when the output data changes from “n” to
The A/D conversion accuracy is defined below (refer to Figure 39). “n+1” (n = 0 to 1022)

. . VEST-VOT
* Relative accuracy « 1LSB at relative accuracy — W V)

O Zero transition voltage (VoT)
This means an analog input voltage when the actual A/D con-
version output data changes from “0” to “1.” « 1LSB at absolute accuracy — _ Voo v)
O Full-scale transition voltage (VFST) 1024
This means an analog input voltage when the actual A/D con-
version output data changes from “1023” to “1022.”
O Linearity error
This means a deviation from the line between Vot and VFsT of
a converted value between Vot and VFsT.
O Differential non-linearity error
This means a deviation from the input potential difference re-
quired to change a converter value between Vot and VFST by 1
LSB at the relative accuracy.

« Absolute accuracy
This means a deviation from the ideal characteristics between 0
to VDD of actual A/D conversion characteristics.

Output data .
Full-scale transition voltage (VFsT)

1028 |- ————— —/Z —————————————————————
>

1022 f-—————————————————— e @ ® -
Differential non-linearity error :%a [LSB] /

Li i _c )
inearity error = — [LSB] b /

MmMF---——-———"——"—"—"—"—"—"—"——— ——

Actual A/D conversion
characteristics ~_

|
a: 1LSB by relative accuracy / ‘

b: Vn+1—Vn /
c: Difference between ideal Vn ,
and actual Vn /

|
|
|
|
|
|
|
|
|
|
|
|
|
. [
Ideal line of A/D conversion
between Vo-V1022 }
|
|
|
|

1 |-——————-

0
Vo Vi Vn  Vn+l V1022 VbD

Zero transition voltage (Vor) Analog voltage

Fig. 39 Definition of A/D conversion accuracy
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RESET FUNCTION

System reset is performed by applying “L” level to RESET pin for
1 machine cycle or more when the following condition is satisfied;
the value of supply voltage is the minimum value or more of the
recommended operating conditions.

Then when “H” level is applied to RESET pin, software starts from
address 0 in page 0.

RESET

. On-chip oscillator (internal oscillator)
: is counted 120 to 144 times.

—>—> Program starts
(address 0 in page 0)

Note: The number of clock cycles depends on the internal state of
the microcomputer when reset is performed.

Fig. 40 Reset release timing

Reset input

I On-chip oscillator (internal oscillator) is

1 machine cycle or more  counted 120 to 144 times.

' g P »'

0.85VDD - - - | ccmmm e !
L Program stgrts
RESET . (address 0 in page 0)
0.3VDD---d-=------c-------f
(Note )

Note: Keep the value of supply voltage to the minimum value
or more of the recommended operating conditions.

Fig. 41 RESET pin input waveform and reset operation
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(1) Power-on reset If the rising time exceeds 100 s, connect a capacitor between the
Reset can be automatically performed at power on (power-on re- RESET pin and Vss at the shortest distance, and input “L” level to

set) by the built-in power-on reset circuit. When the built-in RESET pin until the value of supply voltage reaches the minimum
power-on reset circuit is used, the time for the supply voltage to operating voltage.

rise from 0 V until the value of supply voltage reaches the minimum

operating voltage must be set to 100 s or less.

-
=100 [s or less — VoD (Note 3)

X— Power-on reset circuit output

_?_ T Pull-up transistor
<«

(Note 1)K
{}o—» Internal reset signal
<

Power-on reset circuit |

(Note 2) B

RESET pin O

(Note 1) '
x \Voltage drop detection circuit|

,— Internal reset signal

a Watchdog reset signal |

777 A A
WEF
Reset
SRST instruction state

Power-on Reset released

Notes 1: --- {4 ---This symbol represents a parasitic diode.
2: - Applied potential to RESET pin must bet/or less.
3: Keep the value of supply voltage to the minimum value
or more of the recommended operating conditions.

Fig. 42 Structure of reset pin and its peripherals, and power-on reset operation

Table 14 Port state at reset

Name Function State
Do-Ds Do-Ds High-impedance (Notes 1, 2)
D6/CNTRO D6 High-impedance (Notes 1, 2)
C/CNTR1 C “L” (Vss) level
P00-PO03 P00—P03 High-impedance (Notes 1, 2, 3)
Plo-P13 P1lo-P13 High-impedance (Notes 1, 2, 3)
P20, P21, P22 P20-P22 High-impedance (Note 1)
P30/INTO, P31/INT1, P32, P33 P30-P33 High-impedance (Note 1)
P40-P43 P40-P43 High-impedance (Note 1)
P50-P53 P50-P53 High-impedance (Notes 1, 2)
P60/AINO, P61/AIN1, P62, P63 P60-P63 High-impedance (Note 1)

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

Figure 43 and 44 show internal state at reset (they are the same af-
ter system is released from reset). The contents of timers, registers,
flags and RAM except shown in Figure are undefined, so set the
initial value to them.

o Interrupt CoNtrol regiSter 12 .........cviiiiiiii e
« Timer 1 interrupt request flag (T1F)
« Timer 2 interrupt request flag (T2F)
« Timer 3 interrupt request flag (T3F)
« Timer 4 interrupt request flag (T4F)
» Watchdog timer flags (WDF1, WDF2)
» Watchdog timer enable flag (WEF)

» Key-on wakeup control register KO
« Key-on wakeup control register K1
» Key-on wakeup control register K2
* Pull-up control register PUO
* Pull-up control register PU1

* Program COUNLET (PC) ........ouovuvceeeeeeeeeeeeieeeeeeeeeseseeeeeseseeneess e seneeseneas [oJoJlofofofoJoloJoJololololo]
Address 0 in page O is set to program counter.

e Interrupt enable flag (INTE) .....ooiiiiiii s @ (Interrupt disabled)

¢ POWET AOWN FAG (P) ..ot en et en s [0]

 External O interrupt request flag (EXFO) .......coooiiiiiiiiiiiieiiiee e @

» External 1 interrupt request flag (EXFL) .....c.cooiuiiiiiiiiiiiiiiiit e E

o INLEITUPL CONErOI TEGISIEN V1L ...ovveieieceiieeveie e (0] o[ o0[0] (nterrupt disabled)

o Interrupt control register V2 ... (Interrupt disabled)

e Interrupt CoNtrol rEGISTET 11 .......oiiiiiiiiiiiee e

o TIMer CONtrol FEGISTEN PA ... ..ottt @ (Prescaler stopped)

* Timer control register W1 . ..[oJoTo]0] (Timer 1 stopped)

* TIMET CONrOl FEQISIET W2 ...ttt [0 Jo]o0]o0] (Timer2 stopped)

o Timer CONMrol FEGISTET W3 .........cuuiuuiuieeieeieeeeiseiseees bbb (Timer 3 stopped)

o Timer CONtrol reGISTEr W ........oiiieiie ittt (Timer 4 stopped)

o TIMET CONEIOI FEGISTEN WS .....o.oeveece ettt (0] o] 0]0] (Period measurement circuit stopped)
* TIMEr CONIOI FEGISIEr W ...ttt [olofofo]

o Clock CONMrOl FEGISTET MR ........viveeeeececececesieeesie e et e et es e ee s eeseees e eesesns

* Clock control register RG ..ottt E (On-chip oscillator operating)
* 8-bit general register Sl .........ccccuvveiieieeiiiiiesceeeeee e [Op Joogoop T 1

» A/D conversion completion flag (ADF) ......c.ccciiiiiiiiiieiic e @

* A/D CONErOl FEGISTEr QL ...o.eviiiie ittt sttt [0]O0JO]O]

* A/D cONtrol register Q2 ........coei ittt [0]O0JO]O]

* A/D CONEIOl FEGISIEN Q3 .. iciirieiiiitiieieeieie ettt sttt ettt beee e reseene e [0Jo]JoJO]

« Successive comparison register AD ...........cccc..........] [Ojogol [Joogoop [ |

o COMPArAtOr FEQISIET ..uv.viviieiiieieeetiieteiete et [Opo Jopogoop T ]

“0" represents undefined.

Fig. 43 Internal state at reset 1
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« Port output structure control register FRO ..........ccc.oceceveveveieveieeeeeeeeeeees [o]o]o]o]
« Port output structure control register FRL ........cccccoeeiriiieereeieeesieeeeeieees [oJoJo]o]
« Port output structure control register FR2 ............cccoeeueueueereeeeeeeeeceeeseeeeenns loJoJo]o]
« Port output structure control register FR3 .........ccccoevevieveeieeeeeeeeieeeenenes [o]olo]o]
L O Y (= Vo I (O SRR PRSPPI II|
CREGISIEI A ..

CREGISIEN B ...t

© REGISTET D ..ttt ettt

¢ REQISIEN E ..ot

* Register X ..
 REGISIEI Y e

© REGISIEN Z ..ttt ettt
© SEACK POINTET (SP) ..ttt et

« Operation source clock....
« Ceramic resonator circuit
¢ RC OSCIIAtION CIFCUIL ...ttt e et e e et e e e aeeeaihnes

¢ Quartz-crystal 0SCIllation CIFCUIL .........c.ieiiiiiiiieiii et Stop

“0” represents undefined.

Fig. 44 Internal state at reset 2
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VOLTAGE DROP DETECTION CIRCUIT
The built-in voltage drop detection circuit is designed to detect a
drop in voltage and to reset the microcomputer if the supply voltage

drops below a set value.

When the level of the VDCE pin is “H” and CPU is operating, the

voltage drop detection circuit is valid.

(1) SVDE instruction

When the SVDE instruction is executed, the voltage drop detec-
tion circuit is valid even after system enters into the RAM
back-up mode. The SVDE instruction can be executed only once.
In order to release the execution of the SVDE instruction, the
system reset is required.

H \
H 1
H 1
H 1
H 1
H 1
H 1
\ VRST+ v
H 1
} VRsT® .
H 1
H 1
H 1

Voltage drop detection circuit

1ol
Py

Reset signal

‘I_G:mtemal reset signal
Key-on wakeup signal
Q S|——SVDE instruction

Internal reset signal

O VDCE

Voltage drop detection circuit

EPOF instruction +
POF instruction

Fig. 45 Voltage drop detection reset circuit

VDD.

Voltage drop detection circuit

VRSTJ'(reset release voltage) - -
VRST (reset voltage) - -

Reset signakt

RESET pin

Note: Detection voltage hysteresis of voltage drop detection circuit is 0.1 V (Typ).

————

|
1
E Microcomupter starts operation after
! on-chip oscillator (internal oscillator)
- - - clock is counted 120 to 144 times.

Fig. 46 Voltage drop detection circuit operation waveform

Table 15 Voltage drop detection circuit operation state

VDCE pin At CPU operating At RAM back-up At RAM back-up
(SVDE instruction not executed) (SVDE instruction executed)
“Lr Invalid Invalid Invalid
“H” Valid Invalid Valid
(2) Note on voltage drop detection circuit VoD
. . . . . Recommended
The voltage drop detection circuit detection voltage of this prod- operatng condition— — \« — — — — /%~ — — — _
uct is set up lower than the minimum value of the supply voltage min.value
of the recommended operating conditions. xgi_ C-C-C-I--I----ZZ-cZ-:Z
When the supply voltage of a microcomputer falls below to the Noreset
o . . Program failure may occur.
minimum value of recommended operating conditions and re-
goes up (ex. battery exchange of an application product),
depending on the capacity value of the bypass capacitor added v : : L Normal operation
to the power supply pin, the following case may cause program RecommendegD : :
failure (Figure 47); operatng condition— — A\ = — 5 — = =
min.value |

supply voltage does not fall below to VRST-, and N I
its voltage re-goes up with no reset. VRST — 7 T~ - - -

. . . ¢—Pp |
In such a case, please design a system which supply voltage is Reset

once reduced below to VRST- and re-goes up after that.

Fig. 47 VbD and VRST™
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RAM BACK-UP MODE

The 4584 Group has the RAM back-up mode.

When the EPOF and POF instructions are executed continuously,
system enters the RAM back-up state. The POF instruction is
equal to the NOP instruction when the EPOF instruction is not ex-
ecuted 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 16 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 (re-
turn 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 is input after the system enters
the RAM back-up state by executing the EPOF and POF instruc-
tions continuously, the CPU starts executing the program from
address 0 in page 0. In this case, the P flag is “1.”

(3) Cold start condition

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

« reset pulse is input to RESET pin, or

« reset by watchdog timer is performed, or

« voltage drop detection circuit detects the voltage drop, or

* SRST instruction is executed.

In this case, the P flag is “0.”

Table 16 Functions and states retained at RAM back-up

Function RAM back-up
Program counter (PC), registers A, B, 0
carry flag (CY), stack pointer (SP) (Note 2)
Contents of RAM o
Interrupt control registers V1, V2 ]
Interrupt control registers 11, 12 (0]
Selection of oscillation circuit o
Clock control register MR O
Timer 1 function (Note 3)
Timer 2 function (Note 3)
Timer 3 function (Note 3)
Timer 4 function (Note 3)
Watchdog timer function O (Note 4)
Timer control register PA, W4 O
Timer control registers W1 to W3, W5, W6 (6]
A/D conversion function O
A/D control registers Q1 to Q3 O
Voltage drop detection circuit (Note 5)
Port level (Note 6)
Key-on wakeup control register KO to K2 O
Pull-up control registers PUO, PU1 (0]
Port output direction registers FRO to FR3 O
External O interrupt request flag (EXFO) O
External 1 interrupt request flag (EXF1) ]
Timer 1 interrupt request flag (T1F) (Note 3)
Timer 2 interrupt request flag (T2F) (Note 3)
Timer 3 interrupt request flag (T3F) (Note 3)
Timer 4 interrupt request flag (T4F) (Note 3)
A/D conversion completion flag (ADF) O
Interrupt enable flag (INTE) O
Watchdog timer flags (WDF1, WDF2) O (Note 4)
Watchdog timer enable flag (WEF) O (Note 4)

Notes 1:“O” represents that the function can be retained, and “0" repre-
sents 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.

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

3: The state of the timer is undefined.

4: Initialize the watchdog timer with the WRST instruction, and then
execute the POF instruction.

5: The voltage drop detection circuit is valid at RAM back-up when
the SVDE instruction is executed while VDCE pin is “H".

6: In the RAM back-up mode, C/CNTR1 pin outputs “L” level.
However, when the CNTR input is selected (W11, W10="11"), C/
CNTRL1 pin is in an input enabled state (output=high-impedance).
Other ports retain their respective 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 17 shows the return

condition for each return source.

Pull-up control register PUO

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

(5) Related registers

« Key-on wakeup control register KO

Register KO controls the ports PO and P1 key-on wakeup func-
tion. 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 return condition and valid waveform/
level selection for port PO. 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 INTO and INT1 key-on wakeup functions
and return condition 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

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 transis-
tor. Set the contents of this register through register A with the
TPUI1A instruction. In addition, the TAPU1 instruction can be
used to transfer the contents of register PUO to register A.
External interrupt control register 11

Register 11 controls the valid waveform of external 0 interrupt, in-
put control of INTO pin, and return input level. Set the contents of
this register through register A with the TI1A instruction. In addi-
tion, the TAIL instruction can be used to transfer the contents of
register |11 to register A.

External interrupt control register 12

Register 12 controls the valid waveform of external 1 interrupt, in-
put control of INT1 pin, and return input level. Set the contents of
this register through register A with the TI2A instruction. In addi-
tion, the TAI2 instruction can be used to transfer the contents of
register 12 to register A.

K2 to register A.

Table 17 Return source and return condition

Return source

Return condition

Remarks

Ports P0Oo-PO03

Return by an external “H” level or
“L” level input, or rising edge
(“L"-"“H") or falling edge
(“H"=“L").

The key-on wakeup function can be selected with 2 port units. Select the re-
turn level (“L” level or “H” level), and return condition (return by level or
edge) with the register K1 according to the external state before going into
the RAM back-up state.

Return by an external “L” level in-
put.

The key-on wakeup function can be selected with 2 port units. Set the port
using the key-on wakeup function to “H” level before going into the RAM
back-up state.

©

c

2

]

=3 Ports P1o-P13
Q

X

g

= INTO
S |INT1
]

<

w

Return by an external “H” level or
“L” level input, or rising edge
(“L” - *“H") or falling edge
(“H"="“L").

The external interrupt request flags
(EXFO, EXF1) are not set.

Select the return level (“L” level or “H” level) with the registers |1 and 12 ac-
cording to the external state, and return condition (return by level or edge)
with the register K2 before going into the RAM back-up state.
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(Note 5) E
A Key-on wakeup
Operation state RAM back-up mode
(Note 1) cf)(%?ﬁg()m source clock: POF instruction
« f(XN): Sto execution
(N): Stop (Note 4)
(Note 2) MR1~ 0] #MR1-1
A4
B
Operation state
* ?(FI)?(J‘IF\IatGi?n source clock: POF instruction
. execution "
* f(XN): Operating (Note 4)
(Note 3) MRo—~ 0] 4 MRo- 1
v
Operation state
. f8<|cl)s)rat|on source clock: POF instruction
« f(RING): Operating executlon(Note 4
RGo— 1] 4 RGo- 0
v
D

Operation state

» Operation source clock: POF instruction
f(XIN) execution > f(RING): stop
« f(RING): Stop (Note 4) f(XIN): stop

Notes 1: Microcomputer starts its operation after counting f(RING) 120 to 144 times.

2: The f(XIN) oscillation circuit (ceramic resonance, RC oscillation or quartz-crystal oscillation) selected by the CMCK, CRCK or CYCK
instruction starts oscillatng (the start of oscillation and the operation source clock is not switched by these instructions).
The start/stop of oscillation and the operation source is switched by register MR.
Surely, select the f(XIN) oscillation circuit by executing the CMCK, CRCK or CYCK instruction before clearing MR1to “ 0"
MR1 cannot be cleared to “* 0" when the oscillation circuit is not selected.

3: Generate the wait time by software until the oscillation is stabilized, and then, switch the system clock.

4: Continuous execution of the EPOF instruction and the POF instruction is required to go into the RAM back-up state.

5: System returns to state A certainly when returning from the RAM back-up mode.
However, the selected contents (CMCK, CRCK, CYCK instruction execution state) of f(XIN) oscillation circuit is retained.

Fig. 48 State transition

Power down flag P

EPOF POF ( )
instruction + instruction ™™ —S Q— Program start
Yes
Reset input—™ —R
No Warm start
e Setsource: - ** *EPOF instruction + POF instruction Cold start
e Clear source * = *Reset input
Fig. 49 Set source and clear source of the P flag Fig. 50 Start condition identified example using the SNZP in-

struction
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Table 18 Key-on wakeup control register, pull-up control register

Key-on wakeup control register KO at reset : 00002 at RAM back-up : state retained RIW
ITAKO/TKOA]
KO3 Pins P12 and P13 key-on wakeup 0 Key-on wakeup not used
control bit 1 Key-on wakeup used
K02 Pins P10 and P11 key-on wakeup 0 Key-on wakeup not used
control bit 1 Key-on wakeup used
KD Pins P02 and P03 key-on wakeup 0 Key-on wakeup not used
1 .
control bit 1 Key-on wakeup used
KD Pins P0o and P01 key-on wakeup 0 Key-on wakeup not used
0 .
control bit 1 Key-on wakeup used
Key-on wakeup control register K1 reset : 00002 at RAM back-up : state retained RIW
TAKL/TK1A|
K1 Ports P02 and P03 return condition selection 0 Return by level
bit 1 Return by edge
Kl Ports P02 and P03 valid waveform/ 0 Falling waveform/“L” level
level selection bit 1 Rising waveform/“H” level
K1 Ports P01 and POo return condition selection 0 Return by level
1 .
bit 1 Return by edge
K1 Ports P01 and POo valid waveform/ 0 Falling waveform/“L” level
0 ) . —
level selection bit 1 Rising waveform/“H" level
Key-on wakeup control register K2 reset : 00002 at RAM back-up : state retained RIW
[TAK2/TK2A|
) . ) ) 0 Return by level
K23 INT1 pin return condition selection bit
1 Return by edge
) . 0 Key-on wakeup not used
K22 INT1 pin key-on wakeup contro bit
1 Key-on wakeup used
. . . . 0 Return by level
K21 INTO pin return condition selection bit
1 Return by edge
) ) 0 Key-on wakeup not used
K20 INTO pin key-on wakeup contro bit
1 Key-on wakeup used

Note: “R” represents read enabled, and “W” represents write enabled.
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Table 19 Key-on wakeup control register, pull-up control register

R/W
Pull-up control register PUO at reset : 00002 at RAM back-up : state retained TAPUO/
TPUOA
PUOs P03 pin pull-up transistor 0 Pull-up transistor OFF
control bit 1 Pull-up transistor ON
PUO2 P02 pin pull-up transistor 0 Pull-up transistor OFF
control bit 1 Pull-up transistor ON
PUO PO1 pin pull-up transistor 0 Pull-up transistor OFF
1 . -
control bit 1 Pull-up transistor ON
PUO POo pin pull-up transistor 0 Pull-up transistor OFF
0 . -
control bit 1 Pull-up transistor ON
R/W
Pull-up control register PU1 at reset : 00002 at RAM back-up : state retained TAPU1/
TPUIA
PUL P13 pin pull-up transistor 0 Pull-up transistor OFF
3 . -
control bit 1 Pull-up transistor ON
PUL P12 pin pull-up transistor 0 Pull-up transistor OFF
2 . -
control bit 1 Pull-up transistor ON
P11 pin pull-up transistor 0 Pull-up transistor OFF
PU11 . -
control bit 1 Pull-up transistor ON
PUL P10 pin pull-up transistor 0 Pull-up transistor OFF
0 . -
control bit 1 Pull-up transistor ON

Note: “R” represents read enabled, and “W” represents write enabled.
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CLOCK CONTROL

The clock control circuit consists of the following circuits.

« On-chip oscillator (internal oscillator)

« Ceramic resonator

* RC oscillation circuit

¢ Quartz-crystal oscillation circuit

« Multi-plexer (clock selection circuit)

« Frequency divider

« Internal clock generating circuit

The system clock and the instruction clock are generated as the
source clock for operation by these circuits.

Figure 51 shows the structure of the clock control circuit.

The 4584 Group operates by the on-chip oscillator clock (f(RING))
which is the internal oscillator after system is released from reset.
Also, the ceramic resonator, the RC oscillation or quartz-crystal os-
cillator can be used for the main clock (f(XIN)) of the 4584 Group.
The CMCK instruction, CRCK instruction or CYCK instruction is ex-
ecuted to select the ceramic resonator, RC oscillator or
quartz-crystal oscillator respectively.

The CMCK, CRCK, and CYCK instructions can be used only to se-
lect main clock (f(XIN)). In this time, the start of oscillation and the
switch of system clock are not performed.

The oscillation start/stop of main clock f(XIN) is controlled by bit 1
of register MR. The system clock is selected by bit O of register
MR. The oscillation start/stop of on-chip oscillator is controlled by
register RG.

The oscillation circuit by the CMCK, CRCK or CYCK instruction
can be selected only at once.

The oscillation circuit corresponding to the first executed one of
these instructions is valid.

Execute the main clock (f(XIN)) selection instruction (CMCK, CRCK
or CYCK instruction) in the initial setting routine of program (ex-
ecuting it in address 0 in page 0 is recommended).

When the CMCK, CRCK, and CYCK instructions are never ex-
ecuted, main clock (f(XIN)) cannot be used and system can be
operated only by on-chip oscillator.

The no operated clock source (f(RING)) or (f(XIN)) cannot be used
for the system clock. Also, the clock source (f(RING) or f(XIN)) se-
lected for the system clock cannot be stopped.

On-chip oscillator

Division circuit

Divided by 2

(internal oscillator)

MR3, MR2
r1E Y > System clock (STCK)
1
110 i
\ 01: : Internal clock Instruction clock
Ll ! ge_n_eratlng circuit (INSTCK)
100 1 (divided by 3)
—0 i

T ( i—j RGo - AN
T s
XINO Ceramic > Multi- -
Xout O resonance 5| Plexer Q
T ( QS _ﬁ— CMCK instruction
>—| RC oscillation |~— RH
A
{ Qs __G:— CRCK instruction
Quartz-crystal R
—— oscillation
Ti—@ Qs _4<:|: CYCK instruction
(] o< - MR1 RH

o Sﬂ: Internal reset signal
Key-on wakeup signal

R~ EPOF instruction + POF instruction

Fig. 51 Clock control circuit structure
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(1) Main clock generating circuit (f(XIN))

The ceramic resonator, RC oscillation or quartz-crystal oscillator
can be used for the main clock of this MCU.

After system is released from reset, the MCU starts operation by
the clock output from the on-chip oscillator which is the internal os-
cillator.

When the ceramic resonator is used, execute the CMCK instruc-
tion. When the RC oscillation is used, execute the CRCK
instruction. When the quartz-crystal oscillator is used, execute the
CYCK instruction. The oscillation start/stop of main clock f(XIN) is
controlled by bit 1 of register MR. The system clock is selected by
bit 0 of register MR. The oscillation circuit by the CMCK, CRCK or
CYCK instruction can be selected only at once. The oscillation cir-
cuit corresponding to the first executed one of these instructions is
valid.

Execute the CMCK, CRCK or CYCK instruction in the initial setting
routine of program (executing it in address 0 in page 0 is recom-
mended). Also, when the CMCK, CRCK or CYCK instruction is not
executed in program, this MCU operates by the on-chip oscillator..

Reset

v

On-chip oscillator operation

» Main clock: ceramic resonance * Main qlock: RC oscillatioq circuit « Main clock: Quartz-crystal circuit
» On-chip oscillator: operating » On-chip oscillator: operating « On-chip oscillator: operating
+ System clock: on-chip oscillator clock * System clock: on-chip oscillator clock « System clock: on-chip oscillator clock

« Set the main clock (f(Xn)) oscillation by bit 1 of register MR.

« Switch the system clock by bit 0 of register MR.
Also, when system clock is switched after main clock oscillation is started,
generate the oscillation stabilizing wait time by program if necessary.

« Set the on-chip oscillator clock oscillation by register RG.

Fig. 52 Switch to ceramic resonance/RC oscillation/quartz-crystal oscillation
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(2) On-chip oscillator operation

When the MCU operates by the on-chip oscillator as the main clock
(f(XIN)) without using the ceramic resonator, RC oscillator or
quartz-crystal oscillation, leave XIN pin and XouT pin open (Figure
53).

The clock frequency of the on-chip oscillator depends on the sup-
ply voltage and the operation temperature range.

Be careful that variable frequencies when designing application
products.

(3) 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. Then, execute the CMCK in-
struction. A feedback resistor is built in between pins XiN and XouTt
(Figure 54).

(4) RC oscillation

When the RC oscillation is used as the main clock (f(XIN)), connect
the XIN pin to the external circuit of resistor R and the capacitor C
at the shortest distance and leave XouT pin open. Then, execute
the CRCK instruction (Figure 55).

The frequency is affected by a capacitor, a resistor and a micro-
computer. So, set the constants within the range of the frequency
limits.

(5) Quartz-crystal oscillator

When a quartz-crystal oscillator is used as the main clock (f(XIN)),
connect this external circuit and a quartz-crystal oscillator to pins
XIN and XouT at the shortest distance. Then, execute the CYCK in-
struction. A feedback resistor is built in between pins XiN and XouTt
(Figure 56).

(6) External clock

When the external clock signal for the main clock (f(XIN)) is used,
connect the clock source to XIN pin and XouT pin open. In program,
after the CMCK instruction is executed, set main clock (f(XIN)) os-
cillation start to be enabled (MR1=0).

For this product, when RAM back-up mode and main clock (f(XIN))
stop (MR1=1), XIN pin is fixed to “H” in order to avoid the through
current by floating of internal logic. The XiN pin is fixed to “H” until
main clock (f(XIN)) oscillation starts to be valid (MR1=0) by the
CMCK instruction from reset state. Accordingly, when an external
clock is used, connect a 1 kQ or more resistor to XIN pin in series
to limit of current by competitive signal.

M34584 + Do not use the CMCK, CRCK and

CYCK instructions in program.
XIN Xout

Open Open

Fig. 53 Handling of XIN and XouT when operating on-chip oscillator

M34584 Execute the CMCK instruc-
tion in program.

XIN XOouT

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

+—0

CIN — cout
eza l

Fig. 54 Ceramic resonator external circuit

M34584 + Execute the CRCK

instruction in program.

XouTt

R XIN
Open
C

L

Fig. 55 External RC oscillation circuit

* Execute the CYCK instruction
in program.

M34584

Note: Externally connect a damping
resistor Rd depending on the
oscillation frequency.

Rd (A feedback resistor is built-in.)

Use the quartz-crystal manu-

facturer’s recommended value

because constants such as ca-
pacitance depend on the
resonator.

XIN Xout

+0

CIN— Court
777 7—7|7

Fig. 56 External quartz-crystal circuit

% Execute the CMCK instruction in
program, and set the main clock

M34584 f(XIN) to be enabled (MR1=0)
XIN Xout | VbD l I |‘| |7
R Open g
1kQ or more

External oscillation circuit

Fig. 57 External clock input circuit
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(7) Clock control register MR

Register MR controls system clock. 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 20 Clock control registers

(8) Clock control register RG
Register RG controls start/stop of on-chip oscillator. Set the con-
tents of this register through register A with the TRGA instruction.

R/W
Clock control register MR at reset : 11112 at RAM back-up : 11112 TAMR/
TMRA
MR3{MR2 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 Main clock (f(X illati |
MR1 Main clock f(XIN) oscillation circuit control bit afn clock (f(xi)) OS(?I allon "
1 Main clock (f(XIN)) oscillation stop
I ! . 0 Main clock (f(XIN
MRo System clock oscillation source selection bit . (_( )
1 On-chip oscillator clock (f(RING))
Clock I regi G : back-up : 0 W
ock control register R at reset : 02 at RAM back-up : 02 TRGA
. . . On-chip oscillator (f(RING)) oscillation enabled
RGo | On-chip oscillator (f(RING)) control bit 0 Ip oscillator (f(RING)) oscillati
1 On-chip oscillator (f(RING)) oscillation stop

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

ROM ORDERING METHOD

1.Mask ROM Order Confirmation Form&J

2.Mark Specification FormH

3.Data to be written to ROM, in EPROM form (three identical cop-
ies) or one floppy disk.

O For the mask ROM confirmation and the mark specifications, re-
fer to the “Renesas Technology Corp.” Homepage
(http://www.renesas.com/en/rom).
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LIST OF PRECAUTIONS

D|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 pins VDD

and Vss at the shortest distance,

« equalize its wiring in width and length, and
« use relatively thick wire.
In the One Time PROM version, CNVss pin is also used as Vprp
pin. Accordingly, when using this pin, connect this pin to Vss
through a resistor about 5 kQ (connect this resistor to CNVss/
VPP pin as close as possible).

O|Register initial values 1|
The initial value of the following registers are undefined after sys-
tem is released from reset. After system is released from reset,
set initial values.
« Register Z (2 bits)
« Register D (3 bits)
« Register E (8 hits)

O|Register initial values 2 |

The initial 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 bits)

* Register X (4 bits)

« Register Y (4 bits)

« Register D (3 bits)

« Register E (8 hits)

[ |Stack registers (SKs)|
Stack registers (SKs) are eight identical registers, so that subrou-
tines 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. Accord-
ingly, be careful not to over the stack when performing these
operations together.

O|Multifunction

« The input/output of P30 and P31 can be used even when INTO
and INT1 are selected.

« The input/output of D6 can be used even when CNTRO (input) is
selected.

« The input of D6 can be used even when CNTRO (output) is selected.

« The “H” output of C can be used even when CNTR1 (output) is se-
lected.

O [Prescaler

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

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

I:I|Timer count sourcel
Stop timer 1, 2, 3 and 4 counting to change its count source.

Dheading the count value|
Stop timer 1, 2, 3 or 4 counting and then execute the data read
instruction (TAB1, TAB2, TAB3, TAB4) to read its data.

O Writing to the timer

Stop timer 1, 2, 3 or 4 counting and then execute the data write
instruction (T1AB, T2AB, T3AB, T4AB) to write its data.

©)writing to reload register R1, R3, R4H |
When writing data to reload register R1, reload register R3 or re-
load regiser R4H while timer 1, timer 3 or timer 4 is operating,
avoid a timing when timer 1, timer 3 or timer 4 underflows.

o{Timer 4]
Avoid a timing when timer 4 underflows to stop timer 4 at the use
of PWM output function..
When “H” interval extension function of the PWM signal is set to
be “valid”, set “1” or more to reload register R4H.

@|Timer input/output pin
When the PWM signal is output from C/CNTRL1 pin, set the out-
put latch of port C to “0”.

@|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 watchdog timer function is valid after system is returned from
the RAM back-up state. When not using the watchdog timer func-
tion, execute the DWDT instruction and the WRST instruction
continuously every system is returned from the RAM back-up
state, and stop the watchdog timer function.

« When the watchdog timer function and RAM back-up function are
used at the same time, execute the WRST instruction before sys-
tem enters into the RAM back-up state and initialize the flag
WDF1.
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©| period measurement circuit
When a period measurement circuit is used, clear bit O of regis-
ter 11 to “0”, and set a timer 1 count start synchronous circuit to
be “not selected”.
Start timer operation immediately after operation of a period
measurement circuit is started.
When the edge for measurement is input until timer operation is
started from the operation of period measurement circuit is
started, the count operation is not executed until the timer opera-
tion becomes valid. Accordingly, be careful of count data.
When data is read from timer, stop the timer and clear bit 2 of
register W5 to “0” to stop the period measurement circuit, and
then execute the data read instruction.
Depending on the state of timer 1, the timer 1 interrupt request
flag (T1F) may be set to “1” when the period measurement cir-
cuit is stopped by clearing bit 2 of register W5 to “0”. In order to
avoid the occurrence of an unexpected interrupt, clear the bit 2
of register V1 to “0” (refer to Figure 580) and then, stop the bit 2
of register W5 to “0” to stop the period measurement circuit.
In addition, execute the SNZT1 instruction to clear the T1F flag
after executing at least one instruction (refer to Figure 580).
Also, set the NOP instruction for the case when a skip is per-
formed with the SNZT1 instruction (refer to Figure 580).
While a period measurement circuit is operating, the timer 1 in-
terrupt request flag (T1F) is not set by the timer 1 underflow
signal, it is the flag for detecting the completion of period mea-
surement.
When a period measurement circuit is used, select the suffi-
ciently higher-speed frequency than the signal for measurement
for the count source of a timer 1.
When the signal for period measurement is D6/CNTRO pin input,
do not select D6/CNTRO pin input as timer 1 count source.
(The XIN input is recommended as timer 1 count source at the
time of period measurement circuit use.)
When the input of P30/INTO pin is selected for measurement, set
the bit 3 of a register 11 to “1”, and set the input of INTO pin to be

enabled.
LA 0 ; (Lo 2)
TV1A ; The SNZT1 instruction is valid ........ O
LA 0 ; (00 2)
TW5A ; Period measurement circuit stop
NOP g
SNZT1 ; The SNZT1 instruction is executed
(T1F flag cleared)
NOP O
[ : these bits are not used here.

Fig. 58 Period measurement circuit program example
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@|P30/INTO pin

O Note [1] on bit 3 of register 11
When the input of the INTO pin is controlled with the bit 3 of reg-
ister 11 in software, be careful about the following notes.

« Depending on the input state of the P30/INTO pin, the external O
interrupt request flag (EXFO) may be set when the bit 3 of regis-
ter I1 is changed. In order to avoid the occurrence of an
unexpected interrupt, clear the bit 0 of register V1 to “0” (refer to
Figure 59 ) and then, change the bit 3 of register I11.

In addition, execute the SNZO0 instruction to clear the EXFO flag
to “0” after executing at least one instruction (refer to Figure 59
0).

Also, set the NOP instruction for the case when a skip is per-
formed with the SNZO0 instruction (refer to Figure 59 0O).

LA 4 ; (@ 02)

TV1A ; The SNZO instruction is valid ........... O

LA 8 ;(1m 2)

TI1A ; Control of INTO pin input is changed

NOP O

SNZ0 ; The SNZO instruction is executed

(EXFO flag cleared)

NOP O

: O : these bits are not used here.

O Note on bit 2 of register 11

When the interrupt valid waveform of the P30/INTO pin is
changed with the bit 2 of register 11 in software, be careful about
the following notes.

« Depending on the input state of the P30/INTO pin, the external 0

interrupt request flag (EXFO) may be set when the bit 2 of regis-
ter I1 is changed. In order to avoid the occurrence of an
unexpected interrupt, clear the bit 0 of register V1 to “0” (refer to
Figure 6100) and then, change the bit 2 of register I1.

In addition, execute the SNZO instruction to clear the EXFO flag
to “0” after executing at least one instruction (refer to Figure
610).

Also, set the NOP instruction for the case when a skip is per-
formed with the SNZO0 instruction (refer to Figure 610).

Fig. 59 External O interrupt program example-1

O Note [2] on bit 3 of register |11

LA 4 (M 02)

TV1A ; The SNZO instruction is valid ........... O

LA 12 (010 2)

TI1A ; Interrupt valid waveform is changed

NOP O

SNZ0 ; The SNZO instruction is executed
(EXFO flag cleared)

NOP O

0 : these bits are not used here.

When the bit 3 of register 11 is cleared to “0” , the RAM back-up
mode is selected and the input of INTO pin is disabled, be careful
about the following notes.

« When the input of INTO pin is disabled (register 113 = “0"), set the
key-on wakeup function to be invalid (register K20 = “0") before
system enters to the RAM back-up mode. (refer to Figure 600).

LA 0 (D 02)

TK2A ; Input of INTO key-on wakeup invalid ..
DI

EPOF

POF ; RAM back-up

0 : these bits are not used here.

Fig. 60 External O interrupt program example-2

Fig. 61 External O interrupt program example-3
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wlP31/INTL pi

0 Note [1] on bit 3 of register 12
When the input of the INT1 pin is controlled with the bit 3 of reg-
ister 12 in software, be careful about the following notes.

« Depending on the input state of the P31/INT1 pin, the external 1
interrupt request flag (EXF1) may be set when the bit 3 of regis-
ter 12 is changed. In order to avoid the occurrence of an
unexpected interrupt, clear the bit 1 of register V1 to “0” (refer to
Figure 6200) 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 least one instruction (refer to Figure
620).

Also, set the NOP instruction for the case when a skip is per-
formed with the SNZ1 instruction (refer to Figure 620J).

O Note on bit 2 of register 12
When the interrupt valid waveform of the P31/INT1 pin is
changed with the bit 2 of register 12 in software, be careful about
the following notes.

« Depending on the input state of the P31/INT1 pin, the external 1

interrupt request flag (EXF1) may be set when the bit 2 of regis-
ter 12 is changed. In order to avoid the occurrence of an
unexpected interrupt, clear the bit 1 of register V1 to “0” (refer to
Figure 640) and then, change the bit 2 of register 12.

In addition, execute the SNZ1 instruction to clear the EXF1 flag
to “0” after executing at least one instruction (refer to Figure
640).

Also, set the NOP instruction for the case when a skip is per-
formed with the SNZ1 instruction (refer to Figure 640).

LA 4 (0 @2)

TV1A ; The SNZ1 instruction is valid ........... O

LA 8 ;A0 2)

TI2A ; Control of INT1 pin input is changed

NOP g

SNZ1 ; The SNZ1 instruction is executed
(EXF1 flag cleared)

NOP g

[ : these bits are not used here.

LA 4 (I @2)

TV1A ; The SNZ1 instruction is valid ........... O

LA 12 (01 2)

TI2A ; Interrupt valid waveform is changed

NOP O

SNZ1 ; The SNZ1 instruction is executed
(EXF1 flag cleared)

NOP e ——————————— O

0 : these bits are not used here.

Fig. 62 External 1 interrupt program example-1

O Note [2] on bit 3 of 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 pin is disabled, be careful
about the following notes.

* When the input of INT1 pin is disabled (register 123 = “0"), set the
key-on wakeup function to be invalid (register K22 = “0") before
system enters to the RAM back-up mode. (refer to Figure 630).

LA 0 ; (0om 2)

TK2A ; Input of INT1 key-on wakeup invalid .. O
DI

EPOF

POF ; RAM back-up

0 : these bits are not used here.

Fig. 63 External 1 interrupt program example-2

Fig. 64 External 1 interrupt program example-3
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@A/D converter-1

* When the TALA instruction is executed, the low-order 2 bits of
register AD is transferred to the high-order 2 bits of register A, si-
multaneously, the low-order 2 bits of register Ais “0.”

« Do not change the operating mode (both A/D conversion mode
and comparator mode) of A/D converter with the bit 3 of register
Q1 while the A/D converter is operating.

the A/D converter from the comparator mode to A/D conversion mode.
The A/D conversion completion flag (ADF) may be set when the
operating mode of the A/D converter is changed from the com-
parator mode to the A/D conversion mode. Accordingly, set a
value to the register Q1, and execute the SNZAD instruction to
clear the ADF flag.

LA 8 ; (0om 2)

TV2A ; The SNZAD instruction is valid ........ O
LA 0 ; (0D 2)

TQ1A ; Operation mode of A/D converter is

changed from comparator mode to A/D
conversion mode.

SNZAD

NOP

: 0 : these bits are not used here.

Fig. 65 A/D converter program example-3

@|A/D converter-2

Each analog input pin is equipped with a capacitor which is used
to compare the analog voltage. Accordingly, when the analog volt-
age is input from the circuit with high-impedance and, charge/
discharge noise is generated and the sufficient A/D accuracy may
not be obtained. Therefore, reduce the impedance or, connect a
capacitor (0.01 pF to 1 yF) to analog input pins (Figure 66).
When the overvoltage applied to the A/D conversion circuit may
occur, connect an external circuit in order to keep the voltage
within the rated range as shown the Figure 67. In addition, test
the application products sufficiently.

Sensor _L AIN

il

Apply the voltage withiin the specifications
to an analog input pin.

Fig. 66 Analog input external circuit example-1

Clear the bit 2 of register V2to “ 0" to change the operating mode of

©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 ex-
ecuting only the POF instruction.

Be sure to disable interrupts by executing the DI instruction be-
fore executing the EPOF instruction and the POF instruction
continuously.

«rogram counte]

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

When the built-in power-on reset circuit is used, the time for the
supply voltage to rise from 0 V to the value of supply voltage or
more must be set to 100 ps or less. If the rising time exceeds 100
ps, 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.

&|Note on voltage drop detection circuit
The voltage drop detection circuit detection voltage of this prod-
uct 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 re-
goes up (ex. battery exchange of an application product),
depending on the capacity value of the bypass capacitor added
to the power supply pin, the following case may cause program
failure (Figure 68);
supply voltage does not fall below to VRST-, and
its voltage re-goes up 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.

VoD
Recommended
operatng condition— — \« — — — — /= — — — —
min.value

No reset
Program failure may occur.

I
I- Normal operation

VDD
Recommended
operatng conditon— — \— — 5 — — 1 —
min.value

About 1kQ

Sensor ANV T AIN

i

Fig. 67 Analog input external circuit example-2

Fig. 68 VDD and VRST™
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@)| Clock control

Execute the main clock (f(XiN)) selection instruction (CMCK,
CRCK or CYCK instruction) in the initial setting routine of pro-
gram (executing it in address 0 in page 0 is recommended).

The oscillation circuit by the CMCK, CRCK or CYCK instruction
can be selected only at once. The oscillation circuit correspond-
ing to the first executed one of these instructions is valid.

The CMCK, CRCK, and CYCK instructions can be used only to
select main clock (f(XIN)). In this time, the start of oscillation and
the switch of system clock are not performed.

When the CMCK, CRCK, and CYCK instructions are never ex-
ecuted, main clock (f(XIN)) cannot be used and system can be
operated only by on-chip oscillator.

The no operated clock source (f(RING)) or (f(XIN)) cannot be
used for the system clock. Also, the clock source (f(RING) or
f(XIN)) selected for the system clock cannot be stopped.

8| On-chip oscillator

The clock frequency of the on-chip oscillator depends on the sup-
ply voltage and the operation temperature range.

Be careful that variable frequencies when designing application
products.

When considering the oscillation stabilize wait time at the switch
of clock, be careful that the variable frequency of the on-chip os-
cillator clock.

6| External clock

When the external clock signal for the main clock (f(XIN)) is used,
connect the clock source to XIN pin and XouT pin open. In pro-
gram, after the CMCK instruction is executed, set main clock
(f(XIN)) oscillation start to be enabled (MR1=0).

For this product, when RAM back-up mode and main clock
(f(XIN)) stop (MR1=1), XIN pin is fixed to “H" in order to avoid the
through current by floating of internal logic. The XIN pin is fixed to
“H” until main clock (f(XIN)) oscillation start to be valid (MR1=0)
by the CMCK instruction from reset state. Accordingly, when an
external clock is used, connect a 1 kQ or more resistor to XIN pin
in series to limit of current by competitive signal.

@|Note on Power Source Voltage

Electric Characteristic Differences Between Mask ROM and One|
Time PROM Version MCU

There are differences in electric characteristics, operation mar-
gin, noise immunity, and noise radiation between Mask ROM and
One Time PROM version MCUs due to the difference in the
manufacturing processes.

When manufacturing an application system with the One time
PROM version and then switching to use of the Mask ROM ver-
sion, please perform sufficient evaluations for the commercial
samples of the Mask ROM version.

When the power source voltage value of a microcomputer is less
than the value which is indicated 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 is turned 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.
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CONTROL REGISTERS

. R/W
Interrupt control register V1 at reset : 00002 at RAM back-up : 00002 TAV/TVIA
o - - — -
Vis Timer 2 interrupt enable bit Interrupt disabled (SNZT2 -|nstruct-|0n.|s.val|d‘)
1 Interrupt enabled (SNZT2 instruction is invalid)
o - - — -
Via Timer 1 interrupt enable bit Interrupt disabled (SNZT1 -|nstruct-|0n.|s.val|d‘)
1 Interrupt enabled (SNZT1 instruction is invalid)
o - - — -
Vi1 External 1 interrupt enable bit Interrupt disabled (SNZlI|nstruct.|0n.|s.valld-)
1 Interrupt enabled (SNZ1 instruction is invalid)
o - - — -
Vio External 0 interrupt enable bit Interrupt disabled (SNZOImStruct.lon.|s.vaI|d-)
1 Interrupt enabled (SNZO instruction is invalid)
. R/W
Interrupt control register V2 at reset : 00002 at RAM back-up : 00002
TAV2/TV2A
0
V23 Not used 1 This bit has no function, but read/write is enabled.
. . 0 Interrupt disabled (SNZAD instruction is valid
V22 A/D interrupt enable bit L ( 3 — .)
1 Interrupt enabled (SNZAD instruction is invalid)
0 Interrupt disabl NZT4 instruction is vali
V21 Timer 4 interrupt enable bit errupt disabledgi ; S UC_O _S_ a d_)
1 Interrupt enabled (SNZT4 instruction is invalid)
0 Interrupt disabl NZT3 instruction is vali
V20 Timer 3 interrupt enable bit errupt disabled (S 3_ S UC_O _S_ a d_)
1 Interrupt enabled (SNZT3 instruction is invalid)
Int t trol ister 11 t : 0000 t RAM back : state retained RIW
nterrupt control register at reset : 2 a ack-up : state retaine TAILTHA
o . INTO pin input disabl
113 INTO pin input control bit (Note 2) 0 0 p‘ - put disabled
1 INTO pin input enabled
0 Falling waveform/“L” level (“L” level is recognized with the SNZIO
11 Interrupt valid waveform for INTO pin/ instruction)
return level selection bit (Note 2) 1 Rising waveform/“H” level (“H” level is recognized with the SNZI0
instruction)
111 INTO pin edge detection circuit control bit One-sided edge detected
1 Both edges detected
1o INTO pin Timer 1 count start synchronous 0 Timer 1 count start synchronous circuit not selected
circuit selection bit 1 Timer 1 count start synchronous circuit selected
Int t trol ister 12 t t : 0000 t RAM back tate retained RIW
nterr ntrol register : -up : retain
errupt control registe at rese 2 a ack-up : state retaine TAI2/TI2A
123 INT1 pin input control bit (Note 2) 0 INT1 p!n fnput disabled
1 INT1 pin input enabled
0 Falling waveform/“L" level (“L” level is recognized with the SNZI1
125 Interrupt valid waveform for INT1 pin/ instruction)
return level selection bit (Note 2) 1 Rising waveform/“H” level (“H” level is recognized with the SNZI1
instruction)
0 —
121 INT1 pin edge detection circuit control bit One-sided edge detected
1 Both edges detected
120 INT1 pin Timer 3 count start synchronous 0 Timer 3 count start synchronous circuit not selected
circuit selection bit 1 Timer 3 count start synchronous circuit selected

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

2: When the contents of 112, 113 122 and 123 are changed, the external interrupt request flag (EXF0, EXF1) may be set to “1”.
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R/W
Clock control register MR at reset : 11112 at RAM back-up : 11112 TAMR/
TMRA
MR3{MR2 Operation mode
MR3 0 | O | 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 Main clock (f(X illati |
MR1 Main clock f(XIN) oscillation circuit control bit afn clock (f(Xin)) OS?I allon enabled
1 Main clock (f(XIN)) oscillation stop
I ! . 0 Main clock (f(XIN
MRo System clock oscillation source selection bit - (_( )
1 On-chip oscillator clock (f(RING))
) W
Clock control register RG at reset : 02 at RAM back-up : 02 TRGA
. . . On-chip oscillator (f(RING)) oscillation enabled
RGo | On-chip oscillator (f(RING)) control bit 0 Ip oscillator (f(RING)) oscillat
1 On-chip oscillator (f(RING)) oscillation stop
W
Timer control register PA at reset : 02 at RAM back-up : 02 TPAA
PAo Prescaler control bit 0 Stop (s-tate initiciggh)
1 Operating
) . . R/W
Timer control register W1 at reset : 00002 at RAM back-up : state retained
TAW1/TW1A
Wis Timer 1 count auto-stop circuit selection 0 Timer 1 count auto-stop circuit not selected
bit (Note 2) 1 Timer 1 count auto-stop circuit selected
0 Stop (state retained
Wiz Timer 1 control bit p( - )
1 Operating
W11W1lo Count source
wii 0 | 0 | Instruction clock (INSTCK)
Timer 1 count source selection bits 0 | 1 | Prescaler output (ORCLK)
W10 1|0 | XiNinput
1| 1 | CNTRO input
) ) . R/W
Timer control register W2 at reset : 00002 at RAM back-up : state retained TAW2/TW2A
. . . 0 Timer 1 underflow signal divided by 2 output
W23 CNTRO output signal selection bit - .g — y P
1 Timer 2 underflow signal divided by 2 output
W22 Timer 2 control bit 0 Stop (s-tate retained)
1 Operating
W21{W20 Count source
w21 0 | 0 | System clock (STCK)
Timer 2 count source selection bits 0 | 1 | Prescaler output (ORCLK)
W20 1 | 0 | Timer 1 underflow signal (TLUDF)
1|1 | PWM signal (PWMOUT)

Notes 1: “R” represents read enabled, and “W” represents write enabled.
2: This function is valid only when the timer 1 count start synchronous circuit is selected (110="1").

Rev.3.00 2004.08.06 page 74 of 155 RENESAS
REJ03B0010-0300Z



4584 Group

Notice: This is not a final specification.
Some parametric limits are subject to change.

) . ) R/W
Timer control register W3 at reset : 00002 at RAM back-up : state retained
TAW3/TW3A
W33 Timer 3 count auto-stop circuit selection 0 Timer 3 count auto-stop circuit not selected
bit (Note 2) 1 Timer 3 count auto-stop circuit selected
0 Stop (state retained
W32 Timer 3 control bit p( - )
1 Operating
W31|\W30 Count source
w1 Timer 3 count ction bt 0 | 0 | PWM signal (PWMOUT)
imer 3 count source selection bits
Noie 3 0 | 1 | Prescaler output (ORCLK)
W30 (Note 3) 1 | 0 | Timer 2 underflow signal (T2UDF)
1| 1 | CNTR1 input
) . R/W
Timer control register W4 at reset : 00002 at RAM back-up : 00002
TAW4/TWA4A
. . . . 0 CNTR1 output i lid
W43 CNTR1 pin function selection bit ot |nvf51|
1 CNTR1 output valid
W42 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 St tat tained
W41 Timer 4 control bit op (S_ ate retaigfty
1 Operating
. ) . 0 XIN input
W4o Timer 4 count source selection bit NPy —
1 Prescaler output (ORCLK) divided by 2
Ti trol ister W5 t t : 00002 t RAM back tat tained RIW
imer control register I : a ack-up : state retaine
9 N P TAWS5/TW5A
W53 Not used Q This bit has no function, but read/write is enabled.
1
W52 Period measurement circuit control bit 9 Stop _
1 Operating
W51|W50 Count source
W51 o -
Signal for period measurement selection 0 | 0 | On-chip c.>sc'|llator ({RING/16))
bits 0 | 1 | CNTRo pin input
W50 1 | 0 [ INTO pininput
1 | 1 | Not available
) ' . R/W
Timer control register W6 at reset : 00002 at RAM back-up : state retained
TAW6/TW6EA
. 4 . ) 0 Falling edge
W63 CNTR1 pin input count edge selection bit —
1 Rising edge
0 Falling edge
W62 CNTRO pin input count edge selection bit — gedg
1 Rising edge
W61 CNTR1 output auto-control circuit 0 CNTR1 output auto-control circuit not selected
selection bit 1 CNTR1 output auto-control circuit selected
W60 De6/CNTRO pin function selection bit 0 D6 (I/0) / CNTRO (!nput)
1 CNTRO (I/O) /Ds (input)

Notes 1: “R” represents read enabled, and “W” represents write enabled.
2: This function is valid only when the timer 3 count start synchronous circuit is selected (120="1").
3: The port C output is invalid when CNTR1 output is selected for the timer 3 count source.
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R/IW
A/D control register Q1 t t : 00002 at RAM back-up : state retained
9 Q arrese P TAQL/TQIA
. . . 0 A/D conversion mode
Q13 A/D operation mode selection bit
1 Comparator mode
0 . . o
Q12 Not used 1 This bit has no function, but read/write is enabled.
0 . . o
QL1 Not used 1 This bit has no function, but read/write is enabled.
10 Analog input pin selection bits 0 AINO
Q gmputp 1 AIN1
A/D control register Q2 at reset : 00002 at RAM back-up : state retained RIW
TAQ2/TQ2A
0
Q23 Not used 1 This bit has no function, but read/write is enabled.
0 N . D .
Q22 Not used 1 This bit has no function, but read/write is enabled.
. . . . 0 P61
Q21 P61/AIN1 pin function selection bit
1 AIN1
. . . . 0 P60
Q20 P60/AINo pin function selection bit
1 AINO
R/W
A/D control register Q3 at reset : 00002 at RAM back-up : state retained
gister Q P TAQ3/TQ3A
0
Q33 Not used 1 This bit has no function, but read/write is enabled.
Q32 A/D converter operation clock selection bit q Instruction clock (INSTCK)
P 1| on-chip oscillator (fRING))
031|030 Division ratio
Q31 0 | o | Frequency divided by 6
AID converter operation clock division 0 | 1 | Frequency divided by 12
Q30 ratio selection bits 1 | o | Frequency divided by 24
1 | 1 | Frequency divided by 48

Note: “R” represents read enabled, and “W” represents write enabled.
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Key-on wakeup control register KO at reset : 00002 at RAM back-up : state retained RIW
[TAKO/TKOA|
KO3 Pins P12 and P13 key-on wakeup 0 Key-on wakeup not used
control bit 1 Key-on wakeup used
Ko Pins P1o and P11 key-on wakeup 0 Key-on wakeup not used
2 .
control bit 1 Key-on wakeup used
KD Pins P02 and P03 key-on wakeup 0 Key-on wakeup not used
1 .
control bit 1 Key-on wakeup used
KD Pins P00 and P01 key-on wakeup 0 Key-on wakeup not used
0 .
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|
K1 Ports P02 and P03 return condition selection 0 Return by level
bit 1 Return by edge
K1 Ports P02 and P03 valid waveform/ 0 Falling waveform/“L” level
2 . . —
level selection bit 1 Rising waveform/“H” level
K1 Ports P01 and POo return condition selection 0 Return by level
1 .
bit 1 Return by edge
K1 Ports P01 and POo valid waveform/ 0 Falling waveform/“L” level
0
level selection bit 1 Rising waveform/“H” level
Key-on wakeup control register K2 at reset : 00002 at RAM back-up : state retained RIW
ITAK2/TK2A]
. . . . 0 Return by level
K23 INT1 pin return condition selection bit
1 Return by edge
) . 0 Key-on wakeup not used
K22 INT1 pin key-on wakeup contro bit
1 Key-on wakeup used
. . . . 0 Return by level
K21 INTO pin return condition selection bit
1 Return by edge
) ) 0 Key-on wakeup not used
K20 INTO pin key-on wakeup contro bit
1 Key-on wakeup used

Note: “R” represents read enabled, and “W” represents write enabled.
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R/W
Pull-up control register PUO at reset : 00002 at RAM back-up : state retained TAPUO/
TPUOA
PUO P03 pin pull-up transistor 0 Pull-up transistor OFF
3 -
control bit 1 Pull-up transistor ON
P02 pin pull-up transistor 0 Pull-up transistor OFF
PUO2 . -
control bit 1 Pull-up transistor ON
PO1 pin pull-up transistor 0 Pull-up transistor OFF
PUO1 . -
control bit 1 Pull-up transistor ON
POo pin pull-up transistor 0 Pull-up transistor OFF
PUOo . -
control bit 1 Pull-up transistor ON
_ RIW
Pull-up control register PU1 at reset : 00002 at RAM back-up : state retained TAPU1/
TPUIA
PUL P13 pin pull-up transistor 0 Pull-up transistor OFF
3 . -
control bit 1 Pull-up transistor ON
PUL P12 pin pull-up transistor 0 Pull-up transistor OFF
2 . -
control bit 1 Pull-up transistor ON
PUL P11 pin pull-up transistor 0 Pull-up transistor OFF
1 . -
control bit 1 Pull-up transistor ON
PUL P1o pin pull-up transistor 0 Pull-up transistor OFF
0 . -
control bit 1 Pull-up transistor ON

Note: “R” represents read enabled, and “W” represents write enabled.
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Port output structure control register FRO at reset : 00002 at RAM back-up : state retained TF\;QVOA
FRO Ports P12, P13 output structure selection 0 N-channel open-drain output
3 .
bit 1 CMOS output
FRO Ports P10, P11 output structure selection 0 N-channel open-drain output
2 .
bit 1 CMOS output
FRO Ports P02, PO3 output structure selection 0 N-channel open-drain output
! bit 1 CMOS output
FRO Ports POo, P01 output structure selection 0 N-channel open-drain output
0 .
bit 1 CMOS output
Port output structure control register FR1 at reset : 00002 at RAM back-up : state retained TF\;zle
FR1 Port D DUt struct lecti bit 0 N-channel open-drain output
3 ort D3 output structure selection bi
P 1 CMOS output
FR1 Port D DUt struct lecti bit 0 N-channel open-drain output
2 ort D2 output structure selection bi
p 1 CMOS output
FR1 Port D DUt struct lecti bit 0 N-channel open-drain output
1 ort D1 output structure selection bi
p 1 CMOS output
FR1 Port D iUt struct lection bit 0 N-channel open-drain output
0 rt Do r re selection bi
¢} output structure s 1 CMOS output
. . w
Port output structure control register FR2 at reset : 00002 at RAM back-up : state retained TER2A
0 . ) .
FR23 Not used 1 This bit has no function, but write is enabled.
. . 0 N-channel open-drain output
FR22 Port De/CNTRO output structure selection bit
1 CMOS output
FR2 Port b DUt Struct lection bit 0 N-channel open-drain output
1 ort Ds output structure selection bi
P 1 CMOS output
FR2 Port D DUt Struct lecti », 0 N-channel open-drain output
0 ort D4 output structure selection bi
p 1 CMOS output
. w
Port output structure control register FR3 at reset : 00002 at RAM back-up : state retained TER3A
FR3 Port P5 . hoction bit 0 N-channel open-drain output
3 ort P53 output structure selection bi
P 1 CMOS output
FR3 Port P5 ot Sl lection bit 0 N-channel open-drain output
2 ort P52 output structure selection bi
B 1 CMOS output
FR3 Port P5 S struct lection bit 0 N-channel open-drain output
1 ort P51 output structure selection bi
P 1 CMOS output
_— Port P50 outout struct lection bit 0 N-channel open-drain output
0 ort P50 output structure selection bi
P 1 CMOS output
8-bit general-purpose register Sl at reset : undefined at RAM back-up : undefined R/W

8-bit general purpose register.
8-bit data can be transferred between register A and register B with the TABSI and TSIAB instructions.

Note: “R” represents read enabled, and “W” represents write enabled.
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4584 Group

INSTRUCTIONS
The 4584 Group has the 154 instructions. Each instruction is de-
scribed as follows;

(1) Index list of instruction function

(2) Machine instructions (index by alphabet)
(3) Machine instructions (index by function)
(4) Instruction code table
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4584 Group

SYMBOL

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

Symbol Contents Symbol Contents
A Register A (4 bits) PS Prescaler
B Register B (4 bits) T1 Timer 1
DR Register DR (3 bits) T2 Timer 2
E Register E (8 bits) T3 Timer 3
Vi Interrupt control register V1 (4 bits) T4 Timer 4
V2 Interrupt control register V2 (4 bits) T1F Timer 1 interrupt request flag
11 Interrupt control register |1 (4 bits) T2F Timer 2 interrupt request flag
12 Interrupt control register 12 (4 bits) T3F Timer 3 interrupt request flag
MR Clock control register MR (4 bits) TAF Timer 4 interrupt request flag
RG Clock control register RG (1 bit) WDF1 Watchdog timer flag
PA Timer control register PA (1 bit) WEF Watchdog timer enable flag
w1 Timer control register W1 (4 bits) INTE Interrupt enable flag
w2 Timer control register W2 (4 bits) EXFO External 0 interrupt request flag
w3 Timer control register W3 (4 bits) EXF1 External 1 interrupt request flag
w4 Timer control register W4 (4 bits) P Power down flag
W5 Timer control register W5 (4 bits) ADF A/D conversion completion flag
W6 Timer control register W6 (4 bits)
Q1 A/D control register Q1 (4 bits) D Port D (7 bits)
Q2 A/D control register Q2 (4 bits) PO Port PO (4 bits)
Q3 A/D control register Q3 (4 bits) P1 Port P1 (4 bits)
PUO Pull-up control register PUO (4 bits) P2 Port P2 (3 bits)
PU1 Pull-up control register PU1 (4 bits) P3 Port P3 (4 bits)
FRO Port output format control register FRO (4 bits) P4 Port P4 (4 bits)
FR1 Port output format control register FR1 (4 bits) P5 Port P5 (4 bits)
FR2 Port output format control register FR2 (4 bits) P6 Port P6 (4 bits)
FR3 Port output format control register FR3 (4 bits)
KO Key-on wakeup control register KO (4 bits) X Hexadecimal variable
K1 Key-on wakeup control register K1 (4 bits) y Hexadecimal variable
K2 Key-on wakeup control register K2 (4 bits) z Hexadecimal variable
Sl General-purpose register Sl (8 bits) p Hexadecimal variable
X Register X (4 bits) n Hexadecimal constant
Y Register Y (4 bits) i Hexadecimal constant
4 Register Z (2 bits) j Hexadecimal constant
DP Data pointer (10 bits) A3A2A1A0 Binary notation of hexadecimal variable A
(It consists of registers X, Y, and Z) (same for others)
PC Program counter (14 bits)
PCH High-order 7 bits of program counter - Direction of data movement
PCL Low-order 7 bits of program counter - Data exchange between a register and memory
SK Stack register (14 bits 0 8) ? Decision of state shown before “?”
SP Stack pointer (3 bits) () Contents of registers and memories
CY Carry flag — Negate, Flag unchanged after executing instruction
RPS Prescaler reload register (8 bits) M(DP) RAM address pointed by the data pointer
R1 Timer 1 reload register (8 bits) a Label indicating address a6 as a4 a3 a2 a1 a0
R2 Timer 2 reload register (8 bits) p,a Label indicating address a6 a5 a4 a3 a2 a1 ao
R3 Timer 3 reload register (8 bits) in page ps5 p4 p3 p2 p1 po
R4L Timer 4 reload register (8 bits) C Hex. C + Hex. number x
R4H Timer 4 reload register (8 bits) ;

Note : Some instructions of the 4584 Group has the skip function to unexecute the next described instruction. The 4584 Group just invalidates the next instruc-
tion 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

Group- ) ) Group-
:g;p Mnemonic Function Page ric;;p Mnemonic Function Page
TAB (A) < (B) 106, 126 XAMI j (A) « - (M(DP)) 125, 126
2 (X) ~ (X)EXOR())
TBA (B) « (A) 116, 126 = j=0to15
g () < (Y)+1
TAY (A) < (Y) 115, 126 G
(o))
© |TMA] (M(DP)) — (A) 119, 126
TYA ) <« (A 124, 126 ; (X) — (X)EXOR()
é j=0to 15
TEAB (E7—E4)  (B) 116, 126
ko] (Es-E0) ~ (A) LAn (A) < n 94, 128
ﬁ n=0to 15
£ |TABE (B) ~ (E7-E4) 108, 126
()
@ (A) ~ (E3-E0) TABPp |(SP) < (SP)+1 108, 128
(=]
5 (SK(SP)) « (PC)
2 |TpA (DR2-DR0) « (A2-A0) 116, 126 (PCH) — p
2 (PCL) — (DR2-DRo, A3—A0)
2 |TAD (A2-A0) — (DR2-DRo) 109, 126 (DR2) < 0
& (A3) — 0 (DR1, DRo) — (ROM(PC))s, 8
(B) — (ROM(PC))7—4
TAZ (A1, Ao) ~ (Z1, Z0) 115, 126 (A) — (ROM(PC))3-0
(A3, A2) ~ 0 (PC) « (SK(SP))
(SP) — (SP)-1
TAX (A) < (X) 115, 126
AM (A) « (A) + (M(DP)) 87,128
TASP (A2-A0) — (SP2-SPo) 113, 126
(A3) -~ 0 e (A) < (A) + (M(DP)) + (CY) 87, 128
2 (CY) « Carry
LXY X,y |(X) — xx=0to 15 94,126 S
o
w (Y) -yy=0to15 © |An (A) - (A)+n 87,128
o 5 n=0to 15
o |Lzz (Z) -2z=0t03 94,126 E
i=) =
2 < |AND (A) < (A) AND (M(DP)) 88, 128
S |INY ) = (V) +1 94,126
o OR (A) — (A) OR (M(DP)) 97,128
DEY oY) < (Y)-1 91,126
sC (CY) - 1 100, 128
TAM | (A) < (M(DP)) 111,126
(X) — (X)EXOR(j) RC (CY) - 0 98, 128
= j=0to 15
()
@ szcC (CY)=07? 104, 128
S |[XAM]| (A) < - (M(DP)) 124,126
g (X) « (X)EXOR(j) CMA (A — (A 90, 128
o j=0to15
s |[XAMD| [(A) — - (M(DP)) 125,126
& (X)  (X)EXOR()
j=0to15
(YY) - ()-1
Note: p is 0 to 127 for M34584MD/ED.
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INDEX LIST OF INSTRUCTION FUNCTION (continued)

Gri(rzgp- Mnemonic Function Page Gric;;p- Mnemonic Function Page
SBj (Mj(DP)) < 1 99, 128 DI (INTE) ~ O 91, 132
j=0to3
s El (INTE) < 1 91, 132
& |RBj (Mj(DP)) < 0 97,128
‘é& j=0to3 SNZ0 V10 = 0: (EXF0) = 1? 101, 132
= After skipping, (EXFO) — O
SZBj (Mj(DP)) =0 ? 104, 128 V1o = 1: NOP
j=0to 3
SNZ1 V11=0: (EXF1)=17? 101, 132
5 o SEAM (A) = (M(DP)) ? 101, 128 After skipping, (EXF1) — O
% % V11 =1: NOP
g g [SEAnN (A)=n? 101, 128
8 ° n=0to15 SNZIO 112 = 1: (INTO) = “H" ? 102, 132
112 =0: (INTO) =“L" ?
Ba (PCL) « as-a0 88, 130
s é SNZI1 122 =1 : (INT1) = “H" ? 102, 132
S |BLp a (PCH) < p 88, 130 g 122=0: (INT1) =“L" ?
083. (PCL) ~ as-ao0 5
5 g |1av1 (A) < (V1) 113, 132
§ [BLAp (PCH) « p 88, 130 k5
@ (PCL) — (DR2-DRo, A3—-A0) = |Tvia (V1) < (A) 122,132
BM a (SP) — (SP) +1 89, 130 TAV2 (A) — (V2) 113, 132
(SK(SP)) ~ (PC)
(PCH) « 2 TV2A (V2) « (A) 122, 132
(PCL) ~ as-ao0
5 TAIL (A) < (11) 109, 132
T [BMLp,a [(SP)~ (SP)+1 89, 130
‘éi (SK(SP)) — (PC) TILA (1) < (A) 117, 132
.GE) (PCH) - p
§ (PCL) < as-a0 TAI2 (A) < (12) 110, 132
E
9N IBMLAp [(SP) — (SP)+1 89, 130 TI2A (12) < (A) 118, 132
(SK(SP)) ~ (PC)
(PCH) = p TPAA (PA0)  (Ao) 119, 132
(PCL) ~ (DR2-DRo, A3-A0)
TAW1 (A) « (W1) 113, 132
RTI (PC) ~ (SK(SP)) 98, 130
(SP) — (SP)-1 TW1A (W1) « (A) 122,132
c
RT (PC) « (SK(SP)) 98, 130 % TAW2 (A) - (W2) 114, 132
(SP) — (SP)-1 o
s o |TweA  [(W2) — (A) 123,132
£ |rrs (PC) — (SK(SP)) 99, 130 £
g (SP) « (SP)-1 . TAW3 (A) « (W3) 114, 132
3:’ TW3A (W3) - (A) 123, 132
Note: p is 0 to 127 for M34584MD/ED.
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INDEX LIST OF INSTRUCTION FUNCTION (continued)

Grig;p- Mnemonic Function Page Grig;p- Mnemonic Function Page
TAW4 (A) — (W4) 114, 132 T4HAB | (R4H7-R4Ha) — (B) 106, 134
(R4H3-R4H0) < (A)
TWA4A (W4) < (A) 123, 132
TR1AB  |(R17-R14) — (B) (R13-R10) — (A)| 121, 134
TAWS5 (A) — (W5) 114, 134
TR3AB  |(R37-R34) — (B) (R33-R30) — (A)| 121, 134
TW5A (W5) — (A) 123,134
T4R4L (T47-T44) — (RAL7-R4L4) 106, 136
TAW6 (A) — (W6) 115, 134
SNZT1  |V12=0:(T1F)=17? 103, 136
TW6A (W6) — (A) 124, 134 § After skipping, (T1F) < 0
S V12 = 1; NOP
TABPS | (B) — (TPS7-TPS4) 108, 134 g
(A) — (TPS3-TPS0) E SNZT2  |V13=0:(T2F) =17 103, 136
[ After skipping, (T2F) — 0
TPSAB | (RPS7-RPS4)  (B) 119, 134 V13 =1: NOP
(TPS7-TPS4) ~ (B)
(RPS3-RPS0) — (A) SNZT3  |V20=0:(T3F) =17 103, 136
(TPS3-TPS0) ~ (A) After skipping, (T3F) « 0
V20 = 1: NOP
TAB1 (B) « (T17-T14) 107, 134
(A) — (T13-T10) SNZT4 V21=0:(T4F) =17 103, 136
After skipping, (T4F) - 0
S [T1AB (R17-R14)  (B) 105, 134 V21 = 1: NOP
z (T17-T14) — (B)
8 (R13-R10) - (A) IAPO @) < (P0) 92, 136
@ (T13-T10) ~ (A)
E OPOA (PO) — (A) 95, 136
TAB2 (B) — (T27-T24) 107, 134
(A)  (T23-T20) IAP1 (A) < (P1) 92, 136
T2AB (R27-R24) ~ (B) 105, 134 OP1A (P1) - (A) 95, 136
(T27-T24) ~ (B)
(R23-R20) < (A) IAP2 (A2—A0) ~ (P22-P20) (A3) -~ 0 92, 136
(T23-T20) « (A) -
S OP2A (P22—-P20) ~ (A2-A0) 95, 136
TAB3 | (B) < (T37-T34) 107, 134 g
(A) ~ (T33-T30) o [IAP3 (A) ~ (P3) 93, 136
>
=3
T3AB (R37-R34) — (B) 105, 134 S |OPsA (P3) — (A) 96, 136
(T37-T34) — (B) 3
(R33-R30) — (A) £ |IAP4 (A) - (P4) 93, 136
(T33-T30) ~ (A)
OP4A (P4) — (A) 96, 136
TAB4 (B) « (T47-T4a) 107, 134
(A) - (T43-T40) IAP5 (A) < (P5) 93, 136
T4AB (RAL7-R4L4) — (B) 106, 134 OP5A  |(P5) — (&) 96, 136
(T47-T44) ~ (B)
(RAL3-R4LO) - (A) IAP6 (A) < (P6) 93, 136
(T43-T40) ~ (A)
OP6A (P6) « (A 96, 136
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INDEX LIST OF INSTRUCTION FUNCTION (continued)

Grig;p- Mnemonic Function Page Grig;p- Mnemonic Function Page
CLD (D) -1 89, 136 TABAD In A/D conversion mode , 108, 140
(B) ~ (AD9—-ADs)
RD (D(Y)) ~ 0 98, 136 (A) « (AD5-AD2)
(Y)=0to6 In comparator mode,
(B) — (AD7—ADa4)
SD (DY) « 1 100, 136 (A) « (AD3-ADO)
(Y)=0to 6
TALA (A3, A2) — (AD1, ADo) 111, 140
SZD (D(Y))=07? 105, 136 (A1, A0) — O
(Y)=0to 6
TADAB  |(AD7-AD4) — (B) 109, 140
RCP (C) -0 98, 136 (AD3-ADO0) — (A)
scP ©) <1 100, 136 _ |aDsT (ADF) < 0 87, 140
2 AID conversion starting
TAPUO | (A) — (PUO) 11, 136 5
S |sSNZAD |V22=0:(ADF)=17? 102, 140
TPUOA | (PUO) « (A) 120, 136 % After skipping, (ADF) — 0
IS V22 = 1: NOP
€ |taPUl  [(A) - (PUY) 112, 136
g TAQ1 (A) < (Q1) 112, 140
3 |TPUIA | (PUD) - (A) 120, 136
a TQ1A Q1) - (A) 120, 140
:‘_:i TAKO (A) « (KO) 110, 138
£ TAQ2 (A) - (Q2) 112, 140
TKOA (KO) « (A) hig ¥°
TQ2A (Q2) - (A 120, 140
TAK1L (A) < (K1) 110, 138
TAQ3 (A) - (Q3) 112, 140
TK1A (K1) « (A) 118, 138
TQ3A (Q3) - (A) 121, 140
TAK2 A) - (K2) 110, 138
CMCK Ceramic resonator selected 90, 138
TK2A (K2) = (A) 118, 138
CRCK RC oscillator selected 90, 138
TFROA | (FRO) « (A) 116, 138 c
-% CYCK Quartz-crystal oscillator selected | 90, 138
TFR1IA | (FR1) « (A) 117,138 7]
S |TRGA (RGo) « (Ao) 121, 138
TFR2A | (FR2) « (A) 117,138 3
© FAMR  |(A) < (MR) 111, 138
TFR3A | (FR3) — (A) 117,138
TMRA (MR) < (A) 119, 138
Rev.3.00 2004.08.06 page 85 of 155 RENESAS

REJO03B0010-0300Z




4584 Group

Notice: This is not a final specification.
Some parametric limits are subject to change.

INDEX LIST OF INSTRUCTION FUNCTION (continued)

Grig;p- Mnemonic Function Page
NOP (PC) - (PC)+1 95, 140
POF Transition to RAM back-up mode | 97, 140
EPOF POF instruction valid 92, 140
SNZzP P)=17? 102, 140
DWDT Stop of watchdog timer function | 91, 140

enabled
5
% |RBK p6 — 0 when TABP p instruction | 98, 140
@ is executed
Q.
o
g SBK p6 —~ 1 when TABP p instruction | 100, 140
O is executed
WRST (WDF1)=17? 124, 140
After skipping, (WDF1) ~ 0
SVDE at RAM back-up: Voltage drop | 104, 140
detection cicuit valid
SRST System reset occurrence 104, 140
TABSI (B) < (SI7-Sla) (A) — (Sls-Slo) | 109, 140
TSIAB (SI7-Sla) < (B) (Sls-Slo) — (A) | 122, 140
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET)

A n (Add n and accumulator)

Instruction

Do Do Number of | Number of | Flag CY Skip condition
code words cycles
Lofofofafafofnfnfn]n], [ofe]n], -
1 1 - Overflow = 0
Operation: (A) « (A)+n Grouping: Arithmetic operation
n=0to 15 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.
ADST (A/D conversion STart)
Instruction Do Do Number of | Number of | Flag CY Skip condition
cose  [1fofufofolae]afa]u], [2]o[F], "0 2%
2 16
1 1 - —
Operation: (ADF) -~ 0 Grouping: A/D conversion operation
Q13 = 0: A/D conversion starting Description: Clears (0) to A/D conversion completion
Q13 = 1: Comparator operation starting flag ADF, and the A/D conversion at the A/D
(Q13: bit 3 of A/D control register Q1) conversion mode (Q13 = 0) or the compara-
tor operation at the comparator mode (Q13
=1) is started.
AM (Add accumulator and Memory)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [oofofofofo[s]ofafo],[o]o]a], | "o 1 %=
2 16
1 1 — —
Operation: (A) < (A) + (M(DP)) Grouping: Arithmetic operation
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)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [ofofofofofo[s]ofa]u] [ofo]s], |t | %=
2 1 1 01 -
Operation: (A) < (A) + (M(DP)) + (CY) Grouping: Arithmetic operation
(CY) ~ Carry Description: Adds the contents of M(DP) and carry flag
CY to register A. Stores the result in regis-
ter A and carry flag CY.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

AND (logical AND between accumulator and memory)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
Lolofofofols]1]ofolo], [o]1]s],
1 1 - -
Operation: (A) « (A) AND (M(DP)) Grouping:  Arithmetic operation
Description: Takes the AND operation between the con-
tents of register A and the contents of
M(DP), and stores the result in register A.
B a (Branch to address a)
Instruction Do Do Number of | Number of |Flag CY Skip condition
code | 0 | 1 | 1 | ae| a5| a4| a3| a2| a1| a0|2 |1 |+8a a |1e words e &
1 1 - —
Operation: (PCL) «~ a6to a0 Grouping: Branch operation
Description: Branch within a page : Branches to address
a in the identical page.
Note: Specify the branch address within the page
including this instruction.
BL p, a (Branch Long to address a in page p)
Instruction D9 Do Number of | Number of | Flag CY Skip condition
E words cycles
code  [ofo]|1[a]pefs] el pifol, [0]sp]p ], .
2 2 — —
|1 |0 |p5|a6|a5|a4|a3|az|a1| a0|2|2 |+pa|a |1e - -
Grouping: Branch operation
Operation: (PCH) < p Description: Branch out of a page : Branches to address
(PCL)  a6to a0 ain page p.
Note: p is 0 to 127 for M34584MD/ED.
BLA p (Branch Long to address (D) + (A) in page p)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[olofofofo]sfofofofol, [ofa]ol,
2 2 - -
[2 Lo [ps|pe[0 o] pa|pef pa pof, [2[p | |ug [—— .
Grouping: Branch operation
Operation: (PCH) < p Description: Branch out of a page : Branches to address
(PCL) ~ (DR2-DRo, A3—A0) (DR2 DR1 DRo A3 A2 A1 Ao)2 specified by
registers D and A in page p.
Note: p is 0 to 127 for M34584MD/ED.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

BM a (Branch and Mark to address a in page 2)

Instruction Do Do Number of | Number of | Flag CY Skip condition
|
code |0 |1 |0 |a6|a5|a4|a3|a2| a1| ao|2 |1 |a |a |16 words cycles
1 1 - -
Operation: (SP) - (SP)+1 Grouping: Subroutine call operation
(SK(SP)) —~ (PC) Description: Call the subroutine in page 2 : Calls the
(PCH) ~ 2 subroutine at address a in page 2.
(PCL) — as-ao0 Note: Subroutine extending from page 2 to an-
other 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.
BML p, a (Branch and Mark Long to address a in page p)
Instruction Do Do Number of | Number of | Flag CY Skip condition
C words cycles
code JoJofu 1o e psfpefps]pol, [0]sp]p ) —= =
p
| 1 | 0 | p5| a6| a5| a4| a3| a2| a1| a0|2 |2 |+a| a |1e
Grouping: Subroutine call operation
Operation: (SP) « (SP)+1 Description: Call the subroutine : Calls the subroutine at
(SK(SP)) — (PC) address a in page p.
(PCH) < p Note: p is 0 to 127 for M34584MD/ED.
(PCL) — as-ao0 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)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [ofofofo[r]r]ofofofo], [o]s o], "% | %
2 2 — —
L2 [0 [ps[pefofo|psfpelps|pof, [2]p[p | —— . .
Grouping: Subroutine call operation
Operation: (SP) « (SP) +1 Description: Call the subroutine : Calls the subroutine at
(SK(SP)) ~ (PC) address (DR2 DR1 DRo A3 A2 A1 Ao)2 speci-
(PCH) <« p fied by registers D and A in page p.
(PCL) — (DR2-DRo, A3-A0) Note: pis 0 to 127 for M34584MD/ED.
Be careful not to over the stack because the
maximum level of subroutine nesting is 8.
CLD (CLear port D)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code [oJoJoJo o s o o o ], [o]x]x], |- | s
2 1 1 - -
Operation: D) -1 Grouping: Input/Output operation
Description: Sets (1) to port D.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

CMA (CoMplement of Accumulator)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
Lolofofofolsfafafololf,[o]s]c],
1 1 - —
Operation: A) - (A Grouping: Arithmetic operation
Description: Stores the one’s complement for register
A's contents in register A.
CMCK (Clock select: ceraMic oscillation ClocK)
Instruction Do Do Number of | Number of |Flag CY Skip condition
code words cycles
[2lofafofofafsfofafol,[2]0]a],
1 1 - -
Operation: Ceramic oscillation circuit selected Grouping: Clock control operation
Description: Selects the ceramic oscillation circuit for
main clock f(XIN).
CRCK (Clock select: Rc oscillation ClocK)
Instruction D9 Do Number of | Number of | Flag CY Skip condition
code words cycles
[1lofsfofolafsfofafal,[2]o]8],
1 1 - -
Operation: RC oscillation circuit selected Grouping: Clock control operation
Description: Selects the RC oscillation circuit for main
clock f(XIN).
CYCK (Clock select: crYstal oscillation ClocK)
Instruction Do Do Number of | Number of | Flag CY Skip condition
cove  [1fofufofofss]afofu] [2]e ], | "o 2%
2 16
1 1 — -
Operation: Quartz-crystal oscillation circuit selected Grouping: Clock control operation
Description: Selects the quartz-crystal oscillation circuit
for main clock f(XIN).
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

DEY (DEcrement register Y)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[olofofofolafofafafaf,[ofs]7],
1 1 - (Y)=15
Operation: YY) <« (V)-1 Grouping: RAM addresses
Description: Subtracts 1 from the contents of register Y.
As a result of subtraction, when the con-
tents 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)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[olofofofojofofsfofol [ofo]4],
1 1 — —
Operation: (INTE) - O Grouping: Interrupt control operation
Description: Clears (0) to interrupt enable flag INTE, and
disables the interrupt.
Note: Interrupt is disabled by executing the DI in-
struction after executing 1 machine cycle.
DWDT (Disable WatchDog Timer)
Instruction D9 Do Number of | Number of | Flag CY Skip condition
code  [1ofafofofaa]afoo] [2]o]c], | "o | %=
2 16
1 1 - —
Operation: Stop of watchdog timer function enabled Grouping: Other operation
Description: Stops the watchdog timer function by the
WRST instruction after executing the
DWDT instruction.
El (Enable Interrupt)
Instruction D9 Do Number of | Number of | Flag CY Skip condition
code  [o]ofofofoo o]a[0]z], [0]0]s], | nors | o
2 16 1 1 — _
Operation: (INTE) - 1 Grouping: Interrupt control operation
Description: Sets (1) to interrupt enable flag INTE, and
enables the interrupt.
Note: Interrupt is enabled by executing the El in-
struction after executing 1 machine cycle.
Rev.3.00 2004.08.06 page 91 of 155 RENESAS

REJO03B0010-0300Z



4584 Group

Notice: This is not a final specification.
Some parametric limits are subject to change.

MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

EPOF (Enable POF instruction)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
lolofofafolafafofa]a],[o]s]el,
1 1 — -
Operation: POF instruction valid Grouping: Other operation
Description: Makes the immediate after POF instruction
valid by executing the EPOF instruction.
IAPO (Input Accumulator from port P0O)
Instruction Do Do Number of | Number of |Flag CY Skip condition
code words cycles
[2lofofa]sfofoofofol,[2]6]o0],
1 1 — —
Operation: (A) < (PO) Grouping: Input/Output operation

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

IAP1 (Input Accumulator from port P1)

Instruction D9 Do Number of | Number of | Flag CY Skip condition
d cycles
code  |1]ofofifr]ofolofofaf,[2]6]1 ], =212
2 16 1 1 ~ ~
Operation: (A) « (P1) Grouping: Input/Output operation
Description: Transfers the input of port P1 to register A.
IAP2 (Input Accumulator from port P2)
Instruction Do Do Number of | Number of | Flag CY Skip condition
d cycles
code  |afofofifafofojolrfol,|2]e]o ], =1
2 16 1 1 B B
Operation: (A2-A0) ~ (P22-P20) Grouping: Input/Output operation
(A3) - 0 Description: Transfers the input of port P2 to register A.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

IAP3 (Input Accumulator from port P3)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1fofoafrfofofofu]u], [2]e ], "o 2%

2 16 1 1 B _
Operation: (A) < (P3) Grouping: Input/Output operation

Description: Transfers the input of port P3 to register A.

IAP4 (Input Accumulator from port P4)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1]ofoa[1fofofafo o], [2]e]e], "o 2%

2 16 1 1 B B
Operation: (A) < (P4) Grouping: Input/Output operation

Description: Transfers the input of port P4 to register A.

IAP5 (Input Accumulator from port P5)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1fofoafafofofafoTa], [2]e[s ], "o 2=

1 1 - -
Operation: (A) < (P5) Grouping: Input/Output operation

Description: Transfers the input of port P5 to register A.

IAP6 (Input Accumulator from port P6)

Instruction Do Do Number of | Number of | Flag CY Skip condition
|
code [1]o]o s ]s]o]o]s]x 0], [z]s]s], [torie | ocks
2 16 1 1 B B
Operation: (A) « (P6) Grouping: Input/Output operation
Description: Transfers the input of port P6 to register A.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

INY (INcrement register Y)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code foofofofolufofofs]a],[o]s]a], | e o=
1 1 - (Y)=0
Operation: YY)« (\)+1 Grouping: RAM addresses
Description: Adds 1 to the contents of register Y. As a re-
sult 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)
Instruction Do Do Number of | Number of |Flag CY Skip condition
code  fofofofafalaln]n]n]n], [o]7]n], | "o % _
1 i - Continuous
description
Operation: (A) «n Grouping: Arithmetic operation
n=0 to15 Description: Loads the value n in the immediate field to
register A.
When the LA instructions are continuously
coded and executed, only the first LA in-
struction is executed and other LA
instructions coded continuously are
skipped.
LXY x, y (Load register X and Y with x and y)
Instruction D9 Do Number of | Number of | Flag CY Skip condition
code [ ]1 [a]alal o]y ye[ vl wol, [o [x [y |y e
1 1 - Continuous
description
Operation:  (X) -~ xx=0to 15 Grouping:  RAM addresses
(Y) ~yy=0to15 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 instruc-
tions are continuously coded and executed,
only the first LXY instruction is executed
and other LXY instructions coded continu-
ously are skipped.
LZ z (Load register Z with z)
Instruction Do Do Number of | Number of | Flag CY Skip condition
cose  [ofofofafofos]ofafan], [o]a]T], | "o 2%
1 1 — —
Operation: (Z2) —zz=0to 3 Grouping: RAM addresses
Description: Loads the value z in the immediate field to
register Z.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

NOP (No OPeration)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
Lolofofofolofofofolo],[0]o]oly,
1 1 — -
Operation: (PC) « (PC)+1 Grouping: Other operation
Description: No operation; Adds 1 to program counter
value, and others remain unchanged.

OPOA (Output port PO from Accumulator)

Instruction Do Do Number of | Number of | Flag CY Skip condition

code words cycles

[1lofofofsofofofolol,[2]2]0],
1 1 — -
Operation:  (P0O) — (A) Grouping: __Input/Output operation
Description: Outputs the contents of register A to port
PO.

OP1A (Output port P1 from Accumulator)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles

[lofofofa]ofofofofal,[2]2]1],
1 1 - -
Operation: (P1) « (A Grouping: Input/Output operation
Description: Outputs the contents of register A to port
P1.

OP2A (Output port P2 from Accumulator)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles

[1lofofolsfofololafol,[2]2]2],
1 1 — -
Operation: (P2) « (A) Grouping: Input/Output operation
Description: Outputs the contents of register A to port
P2.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

OP3A (Output port P3 from Accumulator)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[1lofofofs]ofofofs]a],[2]2]a],
1 1 — -
Operation: (P3) « (A Grouping: Input/Output operation
Description: Outputs the contents of register A to port
P3.

OP4A (Output port P4 from Accumulator)

Instruction Do Do Number of | Number of |Flag CY Skip condition

code words cycles

[1]ofofolafofola]ofol,[2]2]4],
1 1 — -
Operation: (P4) -« (A Grouping: Input/Output operation
Description: Outputs the contents of register A to port
P4.

OP5A (Output port P5 from Accumulator)

Instruction D9 Do Number of | Number of | Flag CY Skip condition
code words cycles

[2lofofofrofofsfofal,[2]2]s ],
1 1 — -
Operation: (P5) < (A) Grouping: Input/Output operation
Description: Outputs the contents of register A to port
P5.

OPG6A (Output port P6 from Accumulator)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles

[2lofofofaofofafafol,[2]2]6],
1 1 - -
Operation: (P6) ~ (A) Grouping: Input/Output operation
Description: Outputs the contents of register A to port

P6.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

OR (logical OR between accumulator and memory)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles

Lofofolofolafalofola],[ofa]ely—= A - -
Operation: (A) « (A) OR (M(DP)) Grouping: Arithmetic operation

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

POF (Power OFf)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
lofojofoofofofofa]o],[ofo]z];
1 1 — —
Operation: Transition to RAM back-up mode Grouping: Other operation

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

Note: If the EPOF instruction is not executed before
executing this instruction, this instruction is
equivalent to the NOP instruction.

RAR (Rotate Accumulator Right)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[ofofofofofr]afajofaf [of1]n];
1 1 0/1 -
Operation: - [CY]-[A3A2A1A0 Grouping: __Arithmetic operation

Description: Rotates 1 bit of the contents of register A in-
cluding the contents of carry flag CY to the
right.

RB j (Reset Bit)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code A C words cycles
Lofofofafofofafafilil,[o]e]dl,
1 1 - -
Operation:  (Mj(DP)) - 0 Grouping: __ Bit operation
j=0to3 Description: Clears (0) the contents of bit j (bit specified
by the value j in the immediate field) of
M(DP).
Rev.3.00 2004.08.06 page 97 of 155 RENESAS

REJO03B0010-0300Z



4584 Group

Notice: This is not a final specification.
Some parametric limits are subject to change.

MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

RBK (Reset BanK flag)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
Lolofof1foofofofofo],[o]a]ol,
1 1 - -
Operation: p6 — 0 when TABP p instruction is executed. Grouping: Other operation
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.
RC (Reset Carry flag)
Instruction Do Do Number of | Number of |Flag CY Skip condition
code words cycles
Lofofofofojolof1]a]o],[o]fo]s],
1 1 0 -
Operation: (CY) -0 Grouping: Arithmetic operation
Description: Clears (0) to carry flag CY.
RCP  (Reset Port C)
Instruction D9 Do Number of | Number of | Flag CY Skip condition
code words cycles
[2lofsfofofofa]afofol,[2]s]c],
1 1 - -
Operation: © -0 Grouping: Input/Output operation
Description: Clears (0) to port C.
RD (Reset port D specified by register Y)
Instruction Do Do Number of | Number of | Flag CY Skip condition
cose  [ofofofofol1]o 1]ofo] [o]1]a], | "o 1 2%
2 16
1 1 - —
Operation: (D(Y)) < O Grouping: Input/Output operation
However, Description: Clears (0) to a bit of port D specified by reg-
(Y)=0to 6 ister Y.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

RT (ReTurn from subroutine)

Instruction Do Do Number of | Number of | Flag CY Skip condition
I
cose  [ofofofifofofofs]ofo],[o]a]a], | "o 1 2%
1 2 - -
Operation:  (PC) — (SK(SP)) Grouping: _ Return operation
(SP) - (SP) -1 Description: Returns from subroutine to the routine
called the subroutine.
RTI (ReTurn from Interrupt)
Instruction Do Do Number of | Number of | Flag CY Skip condition
words cycles
code  Jofololsfofololafafo],[o]s]e], ’
1 1 - -
Operation: (PC) ~ (SK(SP)) Grouping: Return operation
(SP) « (SP)-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 in-
struction, register A and register B to the
states just before interrupt.
RTS (ReTurn from subroutine and Skip)
Instruction D9 Do Number of | Number of | Flag CY Skip condition
cose  [ofofof1fofofo s[ofa] [o]4]s], | "o 2=
1 2 - Skip at uncondition
Operation: (PC) — (SK(SP)) Grouping: Return operation
(SP) « (SP)-1 Description: Returns from subroutine to the routine
called the subroutine, and skips the next in-
struction at uncondition.
SB j (Set Bit)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [ofofofafofuafa[i[i],[o]s]G], o2
1 1 - —
Operation: (Mj(DP)) ~ 1 Grouping: Bit operation
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)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
Lolofofifoofofofols],[ofa]s],
1 1 - -
Operation: p6 — 1 when TABP p instruction is executed. Grouping: Other operation
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.
SC (Set Carry flag)
Instruction Do Do Number of | Number of |Flag CY Skip condition
code words cycles
Lolofofoofofola]afa],[ofo]7],
1 gf 1 -
Operation: (CY) - 1 Grouping: Arithmetic operation
Description: Sets (1) to carry flag CY.
SCP (Set Port C)
Instruction D9 Do Number of | Number of | Flag CY Skip condition
code words cycles
[2lofsfofojofafafofal, [2]s]0],
1 1 - -
Operation: ©C) -1 Grouping: Input/Output operation
Description: Sets (1) to port C.
SD (Set port D specified by register Y)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
Lolofofofolafofafofa], [ofa]s],
1 1 - -
Operation: (DY) < 1 Grouping: Input/Output operation
(Y)=0to 6 Description: Sets (1) to a bit of port D specified by regis-

ter Y.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

SEAnN (Skip Equal, Accumulator with immediate data n)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
lofofofosfofo]s]ofa],[o]2]s], -
2 2 - (A)=n
|0 |0 |0 | ! | ! | ! | . | . | . | . |2 |O |7 | N |16 Grouping: Comparison operation
Operation: (A)=n? Description: Skips the next instruction when the con-
n=0to 15 tents of register A is equal to the value n in
the immediate field.
Executes the next instruction when the con-
tents of register A is not equal to the value n
in the immediate field.
SEAM (Skip Equal, Accumulator with Memory)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
lofofofoafofo]s]rfo], [o]2]s], -
1 1 - (A) = (M(DP))
Operation: (A) = (M(DP)) ? Grouping: Comparison operation
Description: Skips the next instruction when the con-

tents of register A is equal to the contents of
M(DP).

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

SNZO0 (Skip if Non Zero condition of external O interrupt request flag)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [ofofofofu[s]s]ofoTo], [o]s]s], "o %=
1 1 - V1o = 0: (EXF0) =1
Operation: V1o0=0: (EXFO)=17? Grouping: Interrupt operation
After skipping, (EXFO) — 0 Description: When V1o = 0 : Skips the next instruction

V1o =1: SNZ0O = NOP
(V1o : bit O of the interrupt control register V1)

when external O interrupt request flag EXFO
is “1.” After skipping, clears (0) to the EXFO
flag. When the EXFO flag is “0,” executes
the next instruction.

When V1o = 1 : This instruction is equiva-
lent to the NOP instruction.

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

Instruction Do Do Number of | Number of | Flag CY Skip condition
code [oTo oo e i 1o os], [o]s 0], | o | o
1 1 - V11=0: (EXF1) =1
Operation: V11 =0: (EXF1) =17 Grouping: Interrupt operation
After skipping, (EXF1) — O Description: When V11 = 0 : Skips the next instruction
V11 = 1: SNZ1 = NOP when external 1 interrupt request flag EXF1
(V11 : bit 1 of the interrupt control register V1) is “1.” After skipping, clears (0) to the EXF1
flag. When the EXF1 flag is “0,” executes
the next instruction.
When V11 = 1 : This instruction is equiva-
lent to the NOP instruction.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

SNZAD (Skip if Non Zero condition of A/D conversion completion flag)

Instruction Do Do Number of | Number of | Flag CY Skip condition
|
cose  [1of1fofofofofs]a]u],[2]a]7 ], =2
1 1 - V22=0: (ADF) =1
Operation: V22=0: (ADF)=17? Grouping: A/D conversion operation
After skipping, (ADF) ~ 0 Description: When V22 = 0 : Skips the next instruction

V22 = 1: SNZAD = NOP

(V22 : bit 2 of the interrupt control register V2)

when A/D conversion completion flag ADF
is “1.” After skipping, clears (0) to the ADF
flag. When the ADF flag is “0,” executes the
next instruction.

When V22 = 1 : This instruction is equiva-
lent to the NOP instruction.

SNZI0 (Skip if Non Zero condition of external O Interrupt input pin)

Instruction Do Do Number of | Number of |Flag CY Skip condition
code words cycles
Lolofofofalafafofsfof,[ofs]al, e T
1 1 - 112 =0: (INTO) = “L
112 =1: (INTO) = “H"
Operation: [112=0: (INTO) =“L" ? Grouping: Interrupt operation
112 =1: (INTO) = “H" ? Description: When 112 = 0 : Skips the next instruction
(112 : bit 2 of the interrupt control register 11) when the level of INTO pin is “L.” Executes
the next instruction when the level of INTO
pin is “H.”
When 112 = 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 1 Interrupt input pin)
Instruction D9 Do Number of | Number of | Flag CY Skip condition
code words cycles
Lofolofofafafafofafal,[o]s]els T T
1 1 - 122=0:(INT1) =“L
122 =1: (INT1) = “H"
Operation: 122=0:(INT1)="L"? Grouping: Interrupt operation
122 =1:(INT1) =“H"? Description: When 122 = 0 : Skips the next instruction

(122 : bit 2 of the interrupt control register 12)

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)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[oJofofofojofofofafal, [ofo]al, -
1 1 - P)=1
Operation: P)=12 Grouping: Other operation
Description: Skips the next instruction when the P flag is
wqm
After skipping, the P flag remains un-
changed.
Executes the next instruction when the P
flag is “0.”
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

SNZT1 (Skip if Non Zero condition of Timer 1 interrupt request flag)
Instruction Do Do Number of | Number of | Flag CY Skip condition
I
cose  [1]of1fofofofofofofo],[2]a o], | "% 2%
1 1 - V12=0: (T1IF) =1
Operation: V12=0:(T1F) =17 Grouping: Timer operation
After skipping, (T1F) - 0 Description: When V12 = 0 : Skips the next instruction
V12 =1: SNZT1 = NOP when timer 1 interrupt request flag T1F is
(V12 = bit 2 of interrupt control register V1) “1.” After skipping, clears (0) to the T1F
flag. When the T1F flag is “0,” executes the
next instruction.
When V12 = 1 : This instruction is equiva-
lent to the NOP instruction.
SNZT2 (Skip if Non Zero condition of Timer 2 interrupt request flag)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1]ofsJofofoJofofo]1], [2]s]s], "o 2%
1 1 - V13=0: (T2F) =1
Operation: V13=0:(T2F) =17 Grouping: Timer operation
After skipping, (T2F) — 0 Description: When V13 = 0 : Skips the next instruction
V13 =1: SNZT2 = NOP when timer 2 interrupt request flag T2F is
(V13 = bit 3 of interrupt control register V1) “1.” After skipping, clears (0) to the T2F
flag. When the T2F flag is “0,” executes the
next instruction.
When V13 = 1 : This instruction is equiva-
lent to the NOP instruction.
SNZT3 (Skip if Non Zero condition of Timer 3 interrupt request flag)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1]o]sofofoofofu]o], [2]8 2], "o %=
1 1 - V20=0: (T3F) =1
Operation: V20=0:(T3F) =17 Grouping: Timer operation
After skipping, (T3F) — 0 Description: When V20 = 0 : Skips the next instruction

V20 = 1: SNZT3 = NOP
(V20 = bit O of interrupt control register V2)

when timer 3 interrupt request flag T3F is
“1.” After skipping, clears (0) to the T3F
flag. When the T3F flag is “0,” executes the
next instruction.

When V20 = 1 : This instruction is equiva-
lent to the NOP instruction.

SNZT4 (Skip if Non Zero condition of Timer 4 inerrupt request flag)

Instruction D9 Do Number of | Number of | Flag CY Skip condition
|
code [3[o]3]ololololo] ] 1], [2[s]s], —teriz | o=
1 1 - V21=0: (T4F) =1
Operation: V21=0:(T4F) =17 Grouping: Timer operation
After skipping, (T4F) -~ O Description: When V21 = 0 : Skips the next instruction
V21 =1: SNZT4 = NOP when timer 4 interrupt request flag T4F is
(V21 = bit 1 of interrupt control register V2) “1.” After skipping, clears (0) to the T4F
flag. When the T4F flag is “0,” executes the
next instruction.
When V21 = 1 : This instruction is equiva-
lent to the NOP instruction.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

SRST (System ReSeT)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
Lolofofofoofofofols],[ofo]s],
1 1 - -
Operation: System reset occurrence Grouping: Other operation
Description: System reset occurs.
SVDE (Set Voltage Detector Enable flag)
Instruction Do Do Number of | Number of |Flag CY Skip condition
code words cycles
[2lofsfofofafolofafa],[2]0]3],
1 1 - -
Operation: At RAM back-up: Voltage drop detection circuit is valid. Grouping: Other operation
Description: Validates the voltage drop detection circuit
at RAM back-up mode when VDCE pin is
“H”.
SZB j (Skip if Zero, Bit)
Instruction D9 Do Number of | Number of | Flag CY Skip condition
code o). . words cycles
Lo lofofofxofolofifil,[of2]ilg —_
1 1 - (Mj(DP)) =0
j=0to 3
Operation: (Mj(DP)) =07 Grouping: Bit operation
j=0t03 Description: Skips the next instruction when the con-
tents of bit j (bit specified by the value j in
the immediate field) of M(DP) is “0.”
Executes the next instruction when the con-
tents of bit j of M(DP) is “1.”
SZC (Skip if Zero, Carry flag)
Instruction Do Do Number of | Number of | Flag CY Skip condition
cove  [ofofofofsfofafafafa] [o]2]F], | "ot 1 2%
2 16 1 1 - CY)=0
Operation: (Cy)=07? Grouping: Arithmetic operation
Description: Skips the next instruction when the con-
tents of carry flag CY is “0.”
After skipping, the CY flag remains un-
changed.
Executes the next instruction when the con-
tents of the CY flag is “1.”
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

SZD (Skip if Zero, port D specified by register Y)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [ofofofofr]oo1]ofo], [of2]a], [ 2% | 2%
2 2 - (D(Y)) =0
loJolofols]ola]o]afa],[0]2]8], ()=0t06
Operation: (D(Y))=07? Grouping: Input/Output operation
(Y)=0to 6 Description: Skips the next instruction when a bit of port

D specified by register Y is “0.” Executes the
next instruction when the bit is “1.”

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

Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1Jofofofa[sJofofofo],[2]s o], ("% | O
2 16 1 1 ~ ~
Operation: (T17-T14) — (B) Grouping:  Timer operation
(R17-R14) —~ (B) Description: Transfers the contents of register B to the

(T13-Tlo) ~ (A)
(R13-R10) ~ (A)

high-order 4 bits of timer 1 and timer 1 re-
load 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)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code |1|0|0|0|1|1|o|o|o|1||2|3|1| words cycles

2 16 1 1 _ —
Operation: (T27-T24) ~ (B) Grouping: Timer operation

(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 re-
load 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 R3 from Accumulator and register B)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[i]ofofoli]s]o o 1 o], [2]a 2], | oo | od= | -
Operation: (T37-T34) ~ (B) Grouping:  Timer operation
(R37-R34) — (B) Description: Transfers the contents of register B to the
(T33-T30) ~ (A) high-order 4 bits of timer 3 and timer 3 re-
(R33-R30) — (A) load register R3. Transfers the contents of
register A to the low-order 4 bits of timer 3
and timer 3 reload register R3.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

T4AB (Transfer data to timer 4 and register R4L from Accumulator and register B)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
(1o o ol 1 o o a]al, [2]a]a), [oee{ o | -
Operation: (T47-T44) ~ (B) Grouping:  Timer operation
(R4L7-R4L4) — (B) Description: Transfers the contents of register B to the
(T43-T40) — (A) high-order 4 bits of timer 4 and timer 4 re-
(R4L3-R4L0) — (A) load register R4L. Transfers the contents of
register A to the low-order 4 bits of timer 4
and timer 4 reload register R4L.
T4HAB (Transfer data to register R4H from Accumulator and register B)
Instruction Do Do Number of | Number of |Flag CY Skip condition
code words cycles
[loTololalalolalalal, [2]alr], [ tose | oces | :
Operation: (R4H7-R4H4) ~ (B) Grouping:  Timer operation
(R4H3-R4H0) — (A) Description: Transfers the contents of register B to the
high-order 4 bits of timer 4 and timer 4 re-
load register R4H. Transfers the contents of
register A to the low-order 4 bits of timer 4
and timer 4 reload register R4H.
T4RA4L (Transfer data to timer 4 from register R4L)
Instruction D9 Do Number of | Number of | Flag CY Skip condition
code words cycles
[2folafoofafolafalal, [2]o]7 ] :
Operation:  (T47-T44) — (R4L7-R4La4) Grouping:  Timer operation
(T43-T40) — (R4L3—R4Lo) Description: Transfers the contents of reload register
RA4L to timer 4.
TAB (Transfer data to Accumulator from register B)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code [ofofofofo]a]aa]1]o], [o]x]E], | ot | o
2 16 1 1 _ _
Operation: (A) <« (B) Grouping: Register to register transfer
Description: Transfers the contents of register B to reg-
ister A.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TAB1 (Transfer data to Accumulator and register B from timer 1)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code [1fofoa[1]sofofo]o], [2]7]o], "% 2%
2 16 1 1 _ B
Operation: (B) « (T17-T14) Grouping: Timer operation
(A) « (T13-T1o0) Description: 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.

TAB2 (Transfer data to Accumulator and register B from timer 2)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1fofoafufaofofo]ua], [2]7]a], "o 2%
2 16 1 1 B B
Operation: (B) « (T27-T24) Grouping: Timer operation
(A) « (T23-T20) Description: 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.

TAB3 (Transfer data to Accumulator and register B from timer 3)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [afofofafafa]ofofuTo], [2]7]z], "o 2%
2 16 1 1 _ _
Operation: (B) ~ (T37-T34) Grouping: Timer operation
(A) « (T33-T30) Description: 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.

TAB4 (Transfer data to Accumulator and register B from timer 4)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1]o o[ ]1]a[0]0]1]z], [2]7 ]3], [ Mots | oces
2 16 1 1 _ _
Operation: (B) « (T47-T44) Grouping: Timer operation
(A) « (T43-T4o) Description: Transfers the high-order 4 bits (T47-T44) of

timer 4 to register B.
Transfers the low-order 4 bits (T43-T40) of
timer 4 to register A.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TABAD (Transfer data to Accumulator and register B from register AD)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[lofofsfa]afafofolalf,[2]7]0 ],
1 1 — -
Operation: In A/D conversion mode (Q13 = 0), Grouping: _ A/D conversion operation
(B) — (AD9—ADs) Description: In the A/D conversion mode (Q13 = 0), trans-

(A) ~ (AD5-AD2)

In comparator mode (Q13 = 1),

(B) — (AD7—AD4)

(A) — (AD3-ADo)

(Q13 : bit 3 of A/D control register Q1)

fers the high-order 4 bits (AD9—ADs) of
register AD to register B, and the middle-or-
der 4 bits (AD5—AD2) of register AD to
register A. In the comparator mode (Q13 = 1),
transfers the middle-order 4 bits (AD7—AD4)
of register AD to register B, and the low-order
4 bits (AD3—ADo) of register AD to register A.

TABE (Transfer data to Accumulator and register B from register E)

Instruction Do Do Number of | Number of |Flag CY Skip condition
code words cycles
lofofolofalofaofa]o],[o]2]al,
1 1 — -
Operation: (B) ~ (E7-E4) Grouping: Register to register transfer
(A) ~ (Es-Eo) Description: 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.

TABP p (Transfer data to Accumulator and register B from Program memory in page p)

Instruction D9 Do Number of | Number of | Flag CY Skip condition
8 words cycles
code Lo o2 [o]psf pe] psf 2l pa o], [0 [sp]p | ’
1 3 — -
Operation:  (SP) « (SP) +1 Note: p is 0 to 127 for|Grouping:  Arithmetic operation
(SK(SP)) ~ (PC) M34584MD/ED. Description: Transfers bits 9 and 8 to register D, bits 7 to 4

(PCH) « p When this instruction
(PCL) — (DR2-DRo, A3—Ao) is executed, be careful
(DR2) - 0 \ not to over the stack

because 1 stage of

(DR1, DRo) ~ (ROM(PC))9, 8 stack register is used.

(B) — (ROM(PC))7-4
(A) — (ROM(PC))3-0
(PC) — (SK(SP))
(SP) — (SPY—1

to register B and bits 3 to O to register A.
These bits 7 to 0 are the ROM pattern in ad-
dress (DR2 DR1 DRo A3 A2 A1 Ao)2 specified
by registers A and D in page p.

The pages which can be referred as follows;
after the SBK instruction: 64 to 127

after the RBK instruction: 0 to 63

after system is released from reset or re-
turned from RAM back-up: 0 to 63.

TABPS (Transfer data to Accumulator and register B from PreScaler)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[rlofofafa]afofafolal,[2]7]s],
1 1 - —
Operation: (B) « (TPS7-TPS4) Grouping: Timer operation
(A) «~ (TPS3-TPS0) Description: Transfers the high-order 4 bits (TPS7-
TPS4) of prescaler to register B, and
transfers the low-order 4 bits (TPS3-TPS0)
of prescaler to register A.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TABSI (Transfer data to Accumulator and register B from register Sl)

Instruction Do Do Number of | Number of | Flag CY Skip condition
words cycles
code  [ifololafafalafofofol,[2]7]s], :
1 1 - -
Operation: (B) ~ (Sl7-Sl4) Grouping: Other operation
(A) ~ (SI3=Slo) Description: Transfers the high-order 4 bits (S17—Sl4) of
register Sl to register B, and transfers the
low-order 4 bits (SI13-Slo) of register Sl to
register A.
TAD (Transfer data to Accumulator from register D)
Instruction Do Do Number of | Number of | Flag CY Skip condition
d cycles
code  fofololsfofr]ofofofs] fofs]a], "= 1 &
1 1 - —
Operation: (A2—A0) ~ (DR2-DRo) Grouping: Register to register transfer
(A3) - 0O Description: Transfers the contents of register D to the
low-order 3 bits (A2—A0) of register A.
Note: When this instruction is executed, “0” is
stored to the bit 3 (A3) of register A.
TADAB (Transfer data to register AD from Accumulator from register B)
Instruction Do Do Number of | Number of | Flag CY Skip condition
words cycles
code  [1fololofafa]afofofal,[2]s]s]; .
1 1 - —
Operation: (AD7-AD4) - (B) Grouping: A/D conversion operation

(AD3-ADo0) ~ (A)

Description:

In the A/D conversion mode (Q13 = 0), this in-
struction is equivalent to the NOP instruction.
In the comparator mode (Q13 = 1), trans-
fers the contents of register B to the
high-order 4 bits (AD7—AD4) of comparator
register, and the contents of register A to
the low-order 4 bits (AD3-ADo) of compara-
tor register.

(Q13 = hit 3 of A/D control register Q1)

TAI1 (Transfer data to Accumulator from register 11)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[t]ofofsfolafofofa]al[2]s]s],
1 1 - -
Operation: (A) < (12) Grouping: Interrupt operation
Description: Transfers the contents of interrupt control
register 11 to register A.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TAI2 (Transfer data to Accumulator from register 12)

Instruction Do Do Number of | Number of | Flag CY Skip condition
words cycles
code  [1fololsfofalofafofol,[2]s]4]; .
1 1 - —
Operation: (A) < (12) Grouping: Interrupt operation
Description: Transfers the contents of interrupt control
register 12 to register A.
TAKO (Transfer data to Accumulator from register KO)
Instruction Do Do Number of | Number of |Flag CY Skip condition
code words cycles
[2lofofafofafola]afol,[2]s]e],
1 1 - -
Operation: (A) ~ (KO) Grouping: Input/Output operation

Description: Transfers the contents of key-on wakeup
control register KO to register A.

TAK1 (Transfer data to Accumulator from register K1)

Instruction D9 Do Number of | Number of | Flag CY Skip condition
code  [1fofofsfofu]sfofofa], [2]s]0], "o 1 2%

1 1 - -
Operation: (A) < (K1) Grouping: Input/Output operation

Description: Transfers the contents of key-on wakeup
control register K1 to register A.

TAK?2 (Transfer data to Accumulator from register K2)

Instruction Do Do Number of | Number of | Flag CY Skip condition
d I

code [1]ololalolaa]o]s]o], [2]o Al | o | ok | i

Operation: (A) < (K2) Grouping: Input/Output operation

Description: Transfers the contents of key-on wakeup
control register K2 to register A.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TALA (Transfer data to Accumulator from register LA)

Instruction Do Do Number of | Number of | Flag CY Skip condition
cove  [1ofo[rfofoafofofr],[2]a]e], | "o 2%
2 16
1 1 - —
Operation: (A3, A2) ~ (AD1, ADo) Grouping: A/D conversion operation
(A1,A0) - O Description: Transfers the low-order 2 bits (AD1, ADo) of
register AD to the high-order 2 bits (A3, A2)
of register A.
Note: After this instruction is executed, “0” is
stored to the low-order 2 bits (A1, Ao) of
register A.
TAM j (Transfer data to Accumulator from Memory)
Instruction D9 Do Number of | Number of | Flag CY Skip condition
code  [ifofi[ifololi [i [i [i],[o]e]i s o2
2 16
1 1 - —
Operation: (A) « (M(DP)) Grouping: RAM to register transfer
(X) « (X)EXOR()) Description: After transferring the contents of M(DP) to
j=0to 15 register A, an exclusive OR operation is
performed between register X and the value
j in the immediate field, and stores the re-
sult in register X.
TAMR (Transfer data to Accumulator from register MR)
Instruction D9 Do Number of | Number of | Flag CY Skip condition
code  [1Jofofrfolrofofao],[2]s]z], | "o %=
2 16
1 1 - -
Operation: (A) « (MR) Grouping: Clock operation
Description: Transfers the contents of clock control reg-
ister MR to register A.
TAPUO (Transfer data to Accumulator from register PUOQ)
Instruction Do Do Number of | Number of | Flag CY Skip condition
|
code [3[o]o]alo]a o sl s ], [2]s]r], |tere | o
2 16
1 1 - —
Operation:  (A) ~ (PUO) Grouping: _ Input/Output operation
Description: Transfers the contents of pull-up control

register PUO to register A.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TAPUL (Transfer data to Accumulator from register PU1)

Instruction Do Do Number of | Number of | Flag CY Skip condition
words cycles
code  [1fololsfofalalafafol,[2]s]e]; .
1 1 - -
Operation: (A) ~ (PUL) Grouping: Input/Output operation
Description: Transfers the contents of pull-up control
register PU1 to register A.

TAQ1 (Transfer data to Accumulator from register Q1)

Instruction Do Do Number of | Number of |Flag CY Skip condition
code  [1]ofofsfofofofsfofo],[2]a]a], | "o %

1 1. - -
Operation:  (A) ~ (Q1) Grouping: _A/D conversion operation
Description: Transfers the contents of A/D control regis-
ter Q1 to register A.
TAQ2 (Transfer data to Accumulator from register Q2)
Instruction D9 Do Number of | Number of | Flag CY Skip condition
|
code  [1fofo1fofoJofafo]a], [2]a]s], "o %=
1 1 - -
Operation:  (A) ~ (Q2) Grouping: __A/D conversion operation
Description: Transfers the contents of A/D control regis-
ter Q2 to register A.
TAQ3 (Transfer data to Accumulator from register Q3)
Instruction Do Do Number of | Number of | Flag CY Skip condition
d cycles
code  [1fololsfofolofufafo],[2]afe] "= 12
1 1 - -
Operation:  (A) ~ (Q3) Grouping: _ A/D conversion operation
Description:

Transfers the contents of A/D control regis-
ter Q3 to register A.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TASP (Transfer data to Accumulator from Stack Pointer)

Instruction Do Do Number of | Number of | Flag CY Skip condition
|
code [ofofo1fofsJofofoo], [o]s o], "% %=
1 1 - -
Operation: (A2-A0) ~ (SP2-SPo) Grouping: Register to register transfer
(A3) - 0 Description: Transfers the contents of stack pointer (SP)
to the low-order 3 bits (A2—Ao0) of register A.
Note: After this instruction is executed, “0” is
stored to the bit 3 (A3) of register A.
TAV1 (Transfer data to Accumulator from register V1)
Instruction Do Do Number of | Number of | Flag CY Skip condition
|
code  [ofofofafofsJofafo]o], [o]s[e], o= 2%
1 1 - -
Operation: (A) < (V1) Grouping: Interrupt operation

Description: Transfers the contents of interrupt control

register V1 to register A.

TAV2 (Transfer data to Accumulator from register V2)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code [ofofoafofsofafo]a], [o]s[s ], "ot %=
1 1 — —
Operation: (A) < (V2) Grouping: Interrupt operation
Description: Transfers the contents of interrupt control
register V2 to register A.
TAW1 (Transfer data to Accumulator from register W1)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1fofofufofofafofu]a], [2]a]s], "o o=
2 1 1 - -
Operation:  (A) — (W1) Grouping: _ Timer operation
Description: Transfers the contents of timer control reg-
ister W1 to register A.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TAW? (Transfer data to Accumulator from register W2)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1fofo1fofo[1]1fo]o], [2]4]c], "o 2%
1 1 - -
Operation: (A) « (W2) Grouping: Timer operation
Description: Transfers the contents of timer control reg-
ister W2 to register A.
TAW3 (Transfer data to Accumulator from register W3)
Instruction Do Do Number of | Number of |Flag CY Skip condition
|
cove  [1Jofofafofo s afofu],[2]a]p], o= 2%
1 1 — -
Operation:  (A) ~ (W3) Grouping: _ Timer operation

Description: Transfers the contents of timer control reg-
ister W3 to register A.

TAWA4 (Transfer data to Accumulator from register W4)

Instruction D9 Do Number of | Number of | Flag CY Skip condition
cycles
code  [1fofofufofofafufaTo], [2]a]e], "=
1 1 - -
Operation: (A) « (W4) Grouping: Timer operation
Description: Transfers the contents of timer control reg-
ister W4 to register A.
TAWS (Transfer data to Accumulator from register W5)
Instruction Do Do Number of | Number of | Flag CY Skip condition
|
code  [x[ o[ o] s[ o] o] 1] 1] 1] al, [2[ ] Fl,, | e | ook
1 1 - -
Operation: (A) « (W5) Grouping: Timer operation
Description: Transfers the contents of timer control reg-

ister W5 to register A.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TAWG (Transfer data to Accumulator from register W6)

Instruction Do Do Number of | Number of | Flag CY Skip condition
I
cove  [1]ofof1fo]1ofofofo],[2]s 0], | o= 2=
1 1 - —
Operation: (A) < (W6) Grouping: Timer operation
Description: Transfers the contents of timer control reg-
ister W6 to register A.
TAX (Transfer data to Accumulator from register X)
Instruction Do Do Number of | Number of | Flag CY Skip condition
|
code [o]olo[1]o[s]o[o] s o], [o]s]z], s | o=
1 1 - —
Operation: (A) « (X) Grouping: Register to register transfer
Description: Transfers the contents of register X to reg-
ister A.
TAY (Transfer data to Accumulator from register Y)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
lofofofofofafaajafal, [ofa]r} = - - -
Operation: (A) < (Y) Grouping: Register to register transfer
Description: Transfers the contents of register Y to regis-
ter A.
TAZ (Transfer data to Accumulator from register Z)
Instruction Do Do Number of | Number of | Flag CY Skip condition
|
code [o]olo[s]o[solo]s]s],[o]s]s], —teris | o=
1 1 - —
Operation: (A1, A0) « (Z1, Zo) Grouping: Register to register transfer
(A3,A2) - 0 Description: Transfers the contents of register Z to the
low-order 2 bits (A1, Ao) of register A.
Note: After this instruction is executed, “0” is
stored to the high-order 2 bits (A3, A2) of
register A.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TBA (Transfer data to register B from Accumulator)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
Lolofofofolofs]afs]ol,[ofo]el,
1 1 - —
Operation: (B) < (A) Grouping: Register to register transfer
Description: Transfers the contents of register A to regis-
ter B.
TDA (Transfer data to register D from Accumulator)
Instruction Do Do Number of | Number of |Flag CY Skip condition
code words cycles
Lolofofolafofs]olofr],[o]2]o],
1 1 — —
Operation: (DR2-DR0) ~ (A2-A0) Grouping: Register to register transfer

Description: Transfers the contents of the low-order 3

bits (A2—A0) of register A to register D.

TEAB (Transfer data to register E from Accumulator and regist

er B)

Instruction D9 Do Number of | Number of | Flag CY Skip condition
code  [ofofoJofofs]1of1]o], [of]al, "o o=
1 1 - -
Operation: (E7-E4) ~ (B) Grouping: Register to register transfer
3-E0) escription: Transfers the contents of register B to the
E3-E A D ipti T f h f i B h
high-order 4 bits (E7—E4) of register E, and
the contents of register A to the low-order 4
bits (E3—Eo0) of register E.
TFROA (Transfer data to register FRO from Accumulator)
Instruction Do Do Number of | Number of | Flag CY Skip condition
cove  [1]ofofofs]os]ofofo],[2]2]e], | "o 2=
1 1 - -
Operation: (FRO) ~ (A) Grouping: Input/Output operation

Description: Transfers the contents of register A to the

port output structure control register FRO.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TFR1A (Transfer data to register FR1 from Accumulator)

Instruction D9 Do Number of | Number of | Flag CY Skip condition
code  [1Jofofofafoafofo]a],[2]2]0], ("o | o

1 1 - -
Operation: (FR1) ~ (A) Grouping: Input/Output operation

Description: Transfers the contents of register A to the

port output structure control register FR1.

TFR2A (Transfer data to register FR2 from Accumulator)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1Jofofofsfoafofafo] [2]2]a], | "o 2%

1 1 - _
Operation: (FR2) —~ (A) Grouping: Input/Output operation

Description: Transfers the contents of register A to the

port output structure control register FR2.

TFR3A (Transfer data to register FR3 from Accumulator)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1fofofofrfo]sfofa]a], [2]2]s], "o %=
1 1 - -
Operation: (FR3) ~ (A) Grouping: Input/Output operation
Description: Transfers the contents of register A to the
port output structure control register FR3.
TI1A (Transfer data to register 11 from Accumulator)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1fofofofofaJofafu]ua], [2]u]r], "o 2%
1 1 - -
Operation: (1) « (A) Grouping: Interrupt operation
Description: Transfers the contents of register A to inter-

rupt control register 1.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TI2A (Transfer data to register 12 from Accumulator)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[1lofofofols]s]ofolol,[2]1]8],
1 1 - -
Operation: (12) « (A) Grouping: Interrupt operation
Description: Transfers the contents of register A to inter-
rupt control register 12.
TKOA (Transfer data to register KO from Accumulator)
Instruction Do Do Number of | Number of |Flag CY Skip condition
code words cycles
[rlofofolofafa]ofafa],[2]1]8],
1 1 - -
Operation: (KO) ~ (A) Grouping: Input/Output operation
Description: Transfers the contents of register A to key-
on wakeup control register KO.
TK1A (Transfer data to register K1 from Accumulator)
Instruction D9 Do Number of | Number of | Flag CY Skip condition
code words cycles
[2lofofofolafofafofol,[2]2]4],
1 1 - -
Operation: (K1) ~ (A) Grouping: Input/Output operation
Description: Transfers the contents of register A to key-
on wakeup control register K1.
TK2A (Transfer data to register K2 from Accumulator)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[2lofofofolafofafofal,[2]2]s],
1 1 - —
Operation: (K2) « (A) Grouping: Input/Output operation

Description: Transfers the contents of register A to key-
on wakeup control register K2.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TMA j (Transfer data to Memory from Accumulator)

Instruction Do Do Number of | Number of | Flag CY Skip condition
ST T T ) words cycles
code  [afolafofafalifsfifil,[2]e]i];
1 1 - —
Operation: (M(DP)) « (A) Grouping: RAM to register transfer
(X) « (X)EXOR()) Description: After transferring the contents of register A
j=0to 15 to M(DP), an exclusive OR operation is per-
formed between register X and the value j
in the immediate field, and stores the result
in register X.
TMRA (Transfer data to register MR from Accumulator)
Instruction Do Do Number of | Number of | Flag CY Skip condition
words cycles
coe  [1[ofolo[o[a]ols s o], [z[1]c), y
1 1 - —
Operation: (MR) « (A) Grouping: Other operation
Description: Transfers the contents of register A to clock
control register MR.
TPAA (Transfer data to register PA from Accumulator)
Instruction Do Do Number of | Number of | Flag CY Skip condition
|
cove  [afofsfofsfols]ofafo], [2]a]a], =2
1 1 - —
Operation: (PA0) ~ (Ao) Grouping: Timer operation
Description: Transfers the contents of lowermost bit (Ao)
register A to timer control register PA.
- umu i
TPSAB (Transfer data to Pre-Scaler from Accumulator and register B
Instruction Do Do Number of | Number of | Flag CY Skip condition
|
code  [1fofofofs]sos]ofa], [2]s]s], == 2=
1 1 — —
Operation: (RPS7-RPS4) ~ (B) Grouping: Timer operation
(TPS7-TPS4) - (B) Description: Transfers the contents of register B to the
(RPS3-RPS0) « (A) high-order 4 bits of prescaler and prescaler
(TPS3-TPS0) - (A) reload register RPS, and transfers the con-
tents of register A to the low-order 4 bits of
prescaler and prescaler reload register
RPS.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TPUOA (Transfer data to register PUO from Accumulator)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1fofofofufo[s]afo]ua], [2]2]o], "o %=
2 16
1 1 - _
Operation: (PUO) ~ (A) Grouping: Input/Output operation
Description: Transfers the contents of register A to pull-
up control register PUO.
TPU1A (Transfer data to register PU1 from Accumulator)
Instruction Do Do Number of | Number of |Flag CY Skip condition
code  [1ofofofuafos]s]1]o],[2]2]e], | "o %
2 16
1 1 - —
Operation: (PUL) «~ (A) Grouping: Input/Output operation

Description: Transfers the contents of register A to pull-
up control register PU1.

TQ1A (Transfer data to register Q1 from Accumulator)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1]ofofofofoJof1]o]o], [2]o]a], "o %=

1 1 - _
Operation: (Q1) « (A) Grouping: A/D conversion operation

control register Q1.

Description: Transfers the contents of register A to A/D

TQ2A (Transfer data to register Q2 from Accumulator)

Instruction D9 Do Number of | Number of | Flag CY Skip condition
code  [1]ofoJofoJo o s o 1], [2]o]s ], |- 2% | s

1 1 - _
Operation: (Q2) ~ (A) Grouping: A/D conversion operation

control register Q2.

Description: Transfers the contents of register A to A/D

Rev.3.00 2004.08.06 page 120 of 155

RENESAS

REJO03B0010-0300Z



4584 Group

Notice: This is not a final specification.
Some parametric limits are subject to change.

MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TQ3A (Transfer data to register Q3 from Accumulator)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1foJoJofofoJofu]a]o], [2]oe ], "% 2%
2 16 1 1 _ _
Operation: (Q3) -« (A Grouping: A/D conversion operation
Description: Transfers the contents of register A to A/D

control register Q3.

TR1AB (Transfer data to register R1 from Accumulator and register B)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1fofofofufaafafu]u], [2]s]F], "o 2%
2 16 1 1 _ _
Operation: (R17-R14) ~ (B) Grouping: Timer operation
(R13-R10) ~ (A) Description: Transfers the contents of register B to the

high-order 4 bits (R17—R14) of reload regis-
ter R1, and the contents of register A to the
low-order 4 bits (R13—R10) of reload regis-
ter R1.

TR3AB (Transfer data to register R3 from Accumulator and register B)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[1lofofofa]afafofafal,[2]s]8],
1 1 - -
Operation: (R37-R34) ~ (B) Grouping: Timer operation
(R33-R30) ~ (A) Description: Transfers the contents of register B to the
high-order 4 bits (R37—-R34) of reload regis-
ter R3, and the contents of register A to the
low-order 4 bits (R33-R30) of reload regis-
ter R3.
TRGA (Transfer data to register RG from Accumulator)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[1]ofofoofofsolofs],[2]0]s],
1 1 - -
Operation: (RG0) « (Ao) Grouping: Clock control operation
Description: Transfers the contents of register A to regis-

ter RG.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TSIAB (Transfer data to register Sl from Accumulator and register B)

Instruction Do Do Number of | Number of | Flag CY Skip condition
words cycles
code |1 fofofofsfafalofool,|2]s]s ], .
1 1 - -
Operation: (SI7-Sl4) ~ (B) Grouping: Other operation
(SI3=Slo) ~ (A) Description: Transfers the contents of register B to the
high-order 4 bits (SI7—Sl4) of register SI,
and transfers the contents of register A to
the low-order 4 bits (SI3—Slo) of register SI.
TV1A (Transfer data to register V1 from Accumulator)
Instruction Do Do Number of | Number of |Flag CY Skip condition
code [o[ofofols[e[e]e]1]a], [0]s]F], | ters | ook
1 1 - -
Operation: (V1) « (A) Grouping: Interrupt operation
Description: Transfers the contents of register A to inter-
rupt control register V1.
TV2A (Transfer data to register V2 from Accumulator)
Instruction D9 Do Number of | Number of | Flag CY Skip condition
words cycles
code  lololofofafafslafafol,|ofs]el; .
1 1 - -
Operation: (V2) « (A) Grouping: Interrupt operation
Description: Transfers the contents of register A to inter-
rupt control register V2.
TWI1A (Transfer data to register W1 from Accumulator)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[1]ofofofofofafa]a]o], [2]o]e}, —= : - -
Operation: (W1) ~ (A) Grouping: Timer operation
Description: Transfers the contents of register A to timer
control register W1.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TW2A (Transfer data to register W2 from Accumulator)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[2ofofofofofafafafa] [2]ofF],

1 1 - -

Operation: (W2) ~ (A) Grouping: Timer operation
Description: Transfers the contents of register A to timer
control register W2.
TW3A (Transfer data to register W3 from Accumulator)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[1lolofofols]ofofofo],[2]s]0],

1 1 - -

Operation: (W3) « (A) Grouping: Timer operation
Description: Transfers the contents of register A to timer
control register W3.
TWA4A (Transfer data to register W4 from Accumulator)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[1lolofofols]ofofofal,[2]a]1],

1 1 — -

Operation: (W4) ~ (A) Grouping: Timer operation

control register W4.

Description: Transfers the contents of register A to timer

TWH5A (Transfer data to register W5 from Accumulator)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[1]oTo o o o o e o], [2[x 2], | Vo | oo | -
Operation: (W5) « (A) Grouping: Timer operation
Description: Transfers the contents of register A to timer
control register W5.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TW6A (Transfer data to register W6 from Accumulator)

Instruction Do Do Number of | Number of | Flag CY Skip condition
words cycles
code 100 o o]alo o a]al, [2]a s, ot | ocks | -
Operation: (W6) ~ (A) Grouping: Timer operation
Description: Transfers the contents of register A to timer
control register W6.
TYA (Transfer data to register Y from Accumulator)
Instruction Do Do Number of | Number of |Flag CY Skip condition
words cycles
code  Jolofololofolui]1fo]ol,[o]ofc], .
1 1 - —
Operation: ) « (A Grouping: Register to register transfer
Description: Transfers the contents of register A to regis-
ter.
WRST (Watchdog timer ReSeT)
Instruction D9 Do Number of | Number of | Flag CY Skip condition
|
code  [1o]1 o] s]o[o[o]o]o], [2[alo], [ore | o=
1 1 - (WDF1) =1
Operation: (WDF1) =17 Grouping: Other operation
After skipping, (WDF1) — 0 Description: Skips the next instruction when watchdog
timer flag WDF1 is “1.” After skipping, clears
(0) to the WDF1 flag. When the WDF1 flag
is “0,” executes the next instruction. Also,
stops the watchdog timer function when ex-
ecuting the WRST instruction immediately
after the DWDT instruction.
XAM j (eXchange Accumulator and Memory data)
Instruction Do Do Number of | Number of | Flag CY Skip condition
N A A . words cycles
code  [afolafafofalifililil,[2]p]il,
1 1 — —
Operation: (A) « - (M(DP)) Grouping: RAM to register transfer
(X) « (X)EXOR()) Description: After exchanging the contents of M(DP)
j=0to 15 with the contents of register A, an exclusive
OR operation is performed between regis-
ter 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)

XAMD j (eXchange Accumulator and Memory data and Decrement register Y and skip)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code ST T T, . words cycles
Llofafafalali[ifilil[2]rlile
1 1 - (Y)=15
L Grouping: RAM to register transfer
Operation:  (A) — — (M(DP)) Description: After exchanging the contents of M(DP)

(X) = (X)EXOR()
j=0to 15
) -M-1

with the contents of register A, an exclusive
OR operation is performed between regis-
ter 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 con-
tents 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

Instruction Do Do Number of | Number of | Flag CY Skip condition
s 1 T - words cycles
cose (2o i [ala[oi [ [i i ], [2[e]i s
1 1 - (Y)=0
. Grouping: RAM to register transfer
Operation:  (A) - - (M(DP))_ Descfipt?on: After exck?anging the contents of M(DP)
(X) = (X)EXOR()) with the contents of register A, an exclusive
j=0to 15 OR operation is performed between regis-
) < (V) +1 ter 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 re-
sult 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)

Parameter] Instruction code S S "
—_ | =
Mnemonic IR Function
Type of Hexadecimall E 2| E &
) . Do D8 D7 De Ds D4 D3 D2 Di Do . > =]
instructions notation z z
TAB 0000 0 1 1 1 1 0 01E| 1|1 |@®A)-(®)
TBA 0 000 0 0 1 1 1 0 0OO0E | 1|1 1|@®®
TAY 0000 0 1 1 1 1 1 01 F | 1|1 [@A)<(®
TYA 0 000 0 0 1 1 0 0 ocooc|1]|1lMm<@®
% |TEAB 0000 01 1 010 01A| 1| 1 |(Er-E4a @B
8 (E3—E0) ~ (A)
g |aBE 000 01 0 1 0 1 0 [02A]| 1] 1 |[(@®) - (ErE
'qa; (A) ~ (E3—Eo)
2  |TDA 0000 1 0 1 0 0 1 029 | 1| 1 |(DR2-DR0) « (A2-A0)
]
g |TAD 0 00 1 0 1 0 0 0 1 |[051 | 1] 1 |(A2-A0) — (DR2-DRo)
9] (A3) -« 0
o
TAZ 0001 01 0 0 1 1 053 | 1| 1 |(A1A0)  (Z1,Z0)
(A3,A2) - 0
TAX 0 001 0 1 00 1 0 |052/|1]|1]|AX
TASP 0 001 01 00 00 050 | 1| 1 |(A2-A0) « (SP2-SPo)
(A3) < 0
LXY X,y 1 1 X3 X2 X1 X0 y3 y2 yl1 Yo 3 xy 1 1 |(X) « xx=0to15
(Y) «yy=0to 15
[%]
S |Lzz 0 0 0 1 00 1 0 z1 z0 |04 8 1 1 |(2) ~zz=0to3
g +2
g
& [INY 0 0000 12 0 0 1 1 [013|1]1]|Mm+1
=
R
DEY 0000 0 1 0 1 1 1 017 |1 |1 |)M-1
TAM j 10 1 1 0 0 j j j i 2 Cj 1| 1 [(A) < (MDP))
(X) « (X)EXOR())
j=0to 15
XAM j 10 1 1 0 1 j j j i 2 D j 1| 1 [(A) < - (MDP))
(X) « (X)EXOR())
. j=0to 15
o
§ XAMD j 10 1 1 1 1 j j i i 2 F j 1] 1 |(A) -~ (MDP)
s (X) < (X)EXOR())
Qo j=0to 15
(2]
E ) -M™M-1
S |XAMI] 10 1 1 1 0 j j j j 2 E j 1| 1 [(A « - (MDP))
s (X) = (X)EXOR())
< j=0to 15
Y)~(N)+1
TMA j 1 0 1 0 1 1 j j j j 2 Bj 1 1 |(M(DP)) « (A)
(X) « (X)EXOR(j)
j=0to 15
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Skip condition

Carry flag CV|

Datailed 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 (E7—E4) of register E, and the contents of regis-
ter A to the low-order 4 bits (E3—E0) of register E.

Transfers the high-order 4 bits (E7—E4) of register E to register B, and low-order 4 bits (E3—E0) of register E
to register A.

Transfers the contents of the low-order 3 bits (A2—A0) of register A to register D.

Transfers the contents of register D to the low-order 3 bits (A2—Ao) of register A.

Transfers the contents of register Z to the low-order 2 bits (A1, Ao) 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.

Continuous
description

(Y)=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 in-
struction 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

(Y)=0

After transferring the contents of M(DP) to register A, an exclusive OR operation is performed between reg-
ister 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 per-
formed 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 per-
formed 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 per-
formed 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 in-
struction 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 reg-
ister 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)

Parameter] Instruction code S S ”
—_ | =
Mnemonic 2 |8 e Function
Type of Hexadecimall E 2| E &
) . Do D8 D7 De Ds D4 D3 D2 Di Do . g g
instructions notation
LAn 0 0 0 1 1 1 n n 0 7 n 1|1 |(A)<n
n=0to 15
TABP p 0 0 1 O p5 psa p3 p2 p1 po | O 8 p 1 3 [(SP) -« (SP)+1
+p (SK(SP)) — (PC)
(PCH) ~ p (Note)
(PCL) — (DR2-DRo, A3-A0)
(DR2) - 0O
(DR1, DR0) — (ROM(PC))9, 8
(B) « (ROM(PC))7—4
(A) —« (ROM(PC))3—0
(SK(SP)) « (PC)
(SP) « (SP)-1
AM 0 0 0 0 0 O 1 0 00 A 1 1 |(A) < (A) + (M(DP))
s
"E AMC 0O 0 0 0 0 O 1 1 0 0B 1 1 |(A) < (A) + (M(DP)) +(CY)
o (CY)  Carry
)
£ |An 0 0 0 1 1 0O n n 0 6 n 1 1 |(A) - (A)+n
2 n=0to15
E=]
<
AND 0O 0 0 0 0 1 0 O 01 8 1 1 [(A) <« (A) AND (M(DP))
OR 0O 0 0 0 0 1 0 1 0109 1 1 |[(A) < (A) OR (M(DP))
SC 0O 0 0 0 0 O 1 1 007 1 1 [(CY) -1
RC 0O 0 0 0 0 O 1 0 0 06 1 1 [(CY) <0
SzC 0 0 0 0 1 O 1 1 0 2 F 1 1 |(CY)=07?
CMA 0O 0 0 0 0 1 0 O 01C 1 1 (A - @A)
RAR 0000 0 1 0 1 |01D |11 |-[cv]-[asreaad -
SBj 0 0 0 1 0 1 i 05¢C 1 1 |(Mj(DP)) « 1
+j j=0to3
s
b= RB j 0 0 0 1 0 O i 0 4C 1 1 [(Mj(DP)) - O
@ + j=0to3
)
5 SZBj 0O 0 0 0 1 O i 0 2 j 1 1 |(Mi(BP) =07
j=0to3
SEAM 0O 0 0 0 1 O 1 0 0 26 1 1 |[(A)=(M(DP))?
S c
2 S
g ©
g & [SEAN 0 0 0 0 1 O 0 1 025 2 2 |(A)=n?
8 o n=0to 15
o 0o 0 1 1 1 n n 0 7n
Note: pis 0 to 127 for M34584MD/ED.
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Skip condition

Carry flag CV|

Datailed description

Continuous
description

Overflow =0

G
S

1
o

0/1

0/1

Loads the value n in the immediate field to register A.
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 9 and 8 to register D, bits 7 to 4 to register B and bits 3 to 0 to register A. These bits 7 to 0
are the ROM pattern in ad-dress (DR2 DR1 DRo A3 A2 A1 Ao)2 specified by registers A and D in page p.
When this instruction is executed, be careful not to over the stack because 1 stage of stack register is used.
The pages which can be referred as follows;

after the SBK instruction: 64 to 127

after the RBK instruction: 0 to 63

after system is released from reset or returned from RAM back-up: 0 to 63.

Adds the contents of M(DP) to register A. Stores the result in register A. The contents of carry flag CY re-
mains unchanged.

Adds the contents of M(DP) and carry flag CY to register A. Stores the result in register A and carry flag CY.
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 re-
sult 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.

Sets (1) to carry flag CY.

Clears (0) to carry flag CY.

Skips the next instruction when the contents of carry flag CY is “0.”
Stores the one’s complement for register A’'s contents in register A.

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

(Mi(DP)) = 0
j=0to3

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).

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.”

(A) = (M(DP))

(A)=n

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.
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MACHINE INSTRUCTIONS (continued)

Parameter] Instruction code S S
—- N =0
Mnemonic IR Function
Type of Hexadecimall E 2| E &
VP! Do Ds D7 Dé Ds D4 D3 D2 D1 Do , ERg
instructions notation z z
Ba 0 1 1 a a5 a4 a3 a2 a1l a0 |1 8 a 1 1 |(PCL) ~ ae—ao0
+a
5 BLp, a 0 0 1 1 1 pa p3 p2 pr po |0 E p 2 2 |(PCH) ~ p (Note)
2 +p (PCL) ~ as—a0
@
s 1 0 ps a6 a5 a4 a3 a2 al a0 |2 p a
< +a
(8]
8
@ BLAp 0 0 0 O O1 0 O O O 010 2 2 |(PCH) « p (Note)
(PCL) ~ (DR2-DRo, A3—A0)
1 0 ps p4 O O p3 p2 p1 po (2 p p
BM a 0 1 0 a a5 a4 a3 a2 ai ao 1 aa 1 1 [(SP) - (SP)+1
(SK(SP)) ~ (PC)
(PCH) « 2
(PCL) ~ as—ao0
s
b= BMLp,a [0 O 1 1 O ps4 p3 p2 pr po [0 C p 2 2 [(SP) « (SP)+1
g +p (SK(SP)) — (PC)
) (PCH) — p (Note)
Q 1 0 ps a6 a5 a4 a3 a2 a1 a0 [ 2 p a (PCL) ~ as-ao
§ L
o
S BMLA p 0 0 0 0O1 1 0 0 0O 030 2 2 [(SP) « (SP)+1
@ (SK(SP))  (PC)
1 0 ps p4a O O p3 p2 p1 po [2 p p (PCH) ~ p (Note)
(PCL) « (DR2-DR0,A3-A0)
RTI 0O 0 01 0 0 O 1 1 O 0 46 1 1 |(PC) « (SK(SP))
(SP) - (SP) -1
c
el
% RT 0 0 01 0 O O 1 0 O 0 4 4 1 2 |(PC) « (SK(SP))
s (SP) - (SP) -1
<
3
& RTS 0 0 012 0 0 O 1 0 1 0 45 1 2 |(PC) « (SK(SP))
(SP) - (SP) -1
Note: pis 0 to 127 for M34584MD/ED.
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Skip condition

Carry flag CV|

Datailed description

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.

Skip at uncondition

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 de-
scription 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 uncondition.
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MACHINE INSTRUCTIONS (INDEX BY TYPES) (continued)

Parameter] Instruction code S S
—- N =0
Mnemonic 2 |8 e Function
Type of Hexadecimall E 2| E &
) . Do D8 D7 De Ds D4 D3 D2 Di Do . > =]
instructions notation z z
DI 0 0 0 O OOO 12 0 O 00 4 1 1 |(INTE) - O
El 0 0 0 O O OO 1 0 1 0 05 1 1 |(INTE) ~ 1
SNZz0 0O 0 0 01 1211 0 0 O 0 3 8 1 1 |V1lo=0:(EXFO)=17?
After skipping, (EXFO) — 0
V10 =1: SNZ0 = NOP
SNZ1 0 0 0o 012 1.1 0 O 1 0 39 1 1 |V11=0:(EXF1)=17?
After skipping, (EXF1) —~ 0
V11 =1: SNZ1 = NOP
SNZIO 0 0 0o 0121 1.1 0 1 O 03 A 1 1 |I12=1:(INTO) =“H"?
112 =0: (INTO) =“L" ?
c
el
©
agJ. SNZI1 o o 0o 01 1 1 0 1 1 0 3B 1 1 [I22=1:(INT1)="H""?
a
2
E 122=0: (INT1) ="“L" ?
£
TAV1 0001 01 0 1 0 0 054 | 1] 1 |A)<(V1
TV1A 0000 1 1 1 1 1 1 03 F | 1] 1|Vl <(@A
TAV2 0 0 01 01 0 1 0 1 055 1 1 |(A) « (V2)
TV2A 0000 1 1 1 1 1 0 03 E | 1] 1|V2<(@®
TAIL 10 0 1 0 1 0 0 1 1 253 | 1] 1A
TIIA 10 0 0 0 1 0 1 1 1 217 | 1] 1|11« (A
TAI2 10 0 1 0 1 0 1 0 O 2 5 4 1 1 |(A) < (12)
TI2A 1 0 0 OO 1 1 0 0 O 218 1 1 |(12) « (A)
TPAA 10 1 0 1 0 1 0 1 O 2 AA | 1] 1 |(PA0) ~ (A0)
TAW1 10 0 1 0 0 1 0 1 1 2 4B | 1] 1AW
TW1A 10 0 0 0 0 1 1 1 0 2 0E | 1] 1 |W1)<(@A
TAW2 10 0 1. 0 0 1 1 0 O 2 4C 1 1 |(A) « (W2)
o |Tw2A 10 0 0 0 0 1 1 1 1 20F | 1] 1 |WwW2-(@A)
8
T |TAWS3 10 0 1.0 0 1 1 0 1 24D | 1| 1 |(A) < (W3
()
(=X
© TW3A 1 0 0 0O 0O1 0 0O 0 O 210 1 1 (W3) « (A)
()
1S
£ |TAw4 10 0 1 0 0 1 1 1 0 2 4E | 1] 1 (AW
TWA4A 10 0 0 0 1 0 0 0 1 211 | 1] 1 |wW4) (@A
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Skip condition

Carry flag CV|

Datailed description

V1o = 0: (EXFO) = 1

Vi1=0: (EXF1) =1

(INTO) = “H”
However, 112 =1

(INTO) = “L”
However, 112 =0
(INT1) = “H"
However, 122 = 1

(INT1) =“L"
However, 122 =0

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 : Skips the next instruction when external O interrupt request flag EXFO is “1.” After skipping,
clears (0) to the EXFO flag. When the EXFO flag is “0,” executes the next instruction.

When V1o = 1 : This instruction is equivalent to the NOP instruction. (V1o: bit O of interrupt control register V1)
When V11 = 0 : Skips the next instruction when external 1 interrupt request flag EXF1 is “1.” After skipping,
clears (0) to the EXF1 flag. When the EXF1 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 112 = 1 : Skips the next instruction when the level of INTO pin is “H.” (112: bit 2 of interrupt control reg-
ister 11)

When 112 = 0 : Skips the next instruction when the level of INTO pin is “L.”

When 122 = 1 : Skips the next instruction when the level of INT1 pin is “H.” (122: bit 2 of interrupt control reg-
ister 12)

When 122 = 0 : Skips the next instruction when the level of INT1 pin is “L.”

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 11 to register A.
Transfers the contents of register A to interrupt control register 11.
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 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 W4 to register A.

Transfers the contents of register A to timer control register W4.
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Parameter] Instruction code S S
— N = 0
Mnemonic 2 |8 e Function
Type of Hexadecimall E 2| E &
) . Do D8 D7 De Ds D4 D3 D2 Di Do . g g
instructions notation
TAWS 1 0 0 1 0 O 1 1 2 4 F 1 1 [(A) < (W5)
TW5A 1 0 0 0 0 1 1 0 212 1 1 [(W5) « (A)
TAWG6 1 0 0 1 0 1 0 O 250 1 1 [(A) « (W6)
TWG6A 1 0 0 0 0 1 1 1 213 1 1 [(W6) « (A)
TABPS 1 0 0 1 1 1 0 1 275 1 1 |[(B) « (TPS7-TPS4)
(A) ~ (TPS3-TPS0)
TPSAB 1 0 0 0 1 1 0 1 235 1 1 |(RPS7-RPS4) ~ (B)
(TPS7-TPS4) ~ (B)
(RPS3-RPS0) ~ (A)
(TPS3-TPS0) ~ (A)
TAB1 1 0 0 1 1 1 0 0 270 1 1 |(B) « (T17-T14)
(A) ~ (T13-T1o0)
T1AB 1 0 0 0 1 1 0 O 230 1 1 |(R17-R14) — (B)
(T17-T14) ~ (B)
(R13-R1o) ~ (A)
(T13-Tlo) ~ (A)
TAB2 1 0 0 1 1 1 0 1 2 71 1 1 [(B) « (T27-T24)
(A) ~ (T23-T20)
T2AB 1 0 0 0 1 1 0 1 231 1 1 |(R27-R24) — (B)
c (T27-T24) ~ (B)
2 (R23-R20) ~ (A)
© (T23-T20) ~ (A)
(]
o
° TAB3 1 0 0 1 1 1 1 0 27 2 1 1 |(B) « (T37-T34)
GEJ (A) ~ (T33-T30)
£
T3AB 1 0 0 0 1 1 1 0 2 32 1 1 |(R37-R34) ~ (B)
(T37-T34) —~ (B)
(R33-R30) ~ (A)
(T33-T30) « (A)
TAB4 1 0 0 1 1 1 1 1 2 7 3 1 1 |[(B) « (T47-T4a4)
(A) ~ (T43-T4o)
T4AB 1 0 0 0 1 1 1 1 2 33 1 1 |(R4L7-R4L4) ~ (B)
(T47-T44) ~ (B)
(R4L3-R4L0) ~ (A)
(T43-T40) ~ (A)
T4HAB 1 0 0 0 1 1 1 1 2 37 1 1 [(R4H7-R4H4) — (B)
(R4H3—-R4H0) ~ (A)
TR1AB 1 0 0 0 1 1 1 1 2 3 F 1 1 |(R17-R14) ~ (B)
(R13-R10) ~ (A)
TR3AB 1 0 0 0 1 1 1 1 2 3 B 1 1 |[(R37-R34) ~ (B)
(R33-R30) ~ (A)
T4R4L 1 0 1 0 0 1 1 1 2 97 1 1 |(T47-T4o0) —~ (R4L7-R4Lo)

Rev.3.00 2004.08.06
REJO03B0010-0300Z

page 134 of 155

RENESAS




4584 Group

Notice: This is not a final specification.
Some parametric limits are subject to change.

>
O
g
Skip condition “_; Datailed description
a
O
- — | Transfers the contents of timer control register W5 to register A.
- — | Transfers the contents of register A to timer control register W5.
- — | Transfers the contents of timer control register W6 to register A.
- — | Transfers the contents of register A to timer control register W6.
- — | Transfers the high-order 4 bits of prescaler to register B, and 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,
and 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 of timer 1 to register B, and transfers the low-order 4 bits of timer 1 to regis-
ter A.
- — | Transfers the contents of register B to the high-order 4 bits of timer 1 and timer 1 reload register R1, and
transfers the contents of register A to the low-order 4 bits of timer 1 and timer 1 reload register R1.
- — | Transfers the high-order 4 bits of timer 2 to register B, and transfers the low-order 4 bits of timer 2 to regis-
ter A.
- — | Transfers the contents of register B to the high-order 4 bits of timer 2 and timer 2 reload register R2, and
transfers the contents of register A to the low-order 4 bits of timer 2 and timer 2 reload register R2.
- — | Transfers the high-order 4 bits of timer 3 to register B, and transfers the low-order 4 bits of timer 3 to regis-
ter A.
- — | Transfers the contents of register B to the high-order 4 bits of timer 3 and timer 3 reload register R3, and
transfers the contents of register A to the low-order 4 bits of timer 3 and timer 3 reload register R3.
- — | Transfers the high-order 4 bits of timer 4 to register B, and transfers the low-order 4 bits of timer 4 to regis-
ter A.
- — | Transfers the contents of register B to the high-order 4 bits of timer 4 and timer 4 reload register R4L, and
transfers the contents of register A to the low-order 4 bits of timer 4 and timer 4 reload register R4L.
- — | Transfers the contents of register B to the high-order 4 bits of timer 4 reload register R4H, and transfers the
contents of register A to the low-order 4 bits of timer 4 reload register R4H.
- — | Transfers the contents of register B to the high-order 4 bits of timer 1 reload register R1, and transfers the
contents of register A to the low-order 4 bits of timer 1 reload register R1.
- — | Transfers the contents of register B to the high-order 4 bits of timer 3 reload register R3, and transfers the
contents of register A to the low-order 4 bits of timer 3 reload register R3.
- — | Transfers the contents of timer 4 reload register R4L to timer 4.
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Parameter] Instruction code S S
—- N =0
Mnemonic 2 |8 e Function
Type of Hexadecimall E 2| E &
) . Do D8 D7 De Ds D4 D3 D2 Di Do . > =]
instructions notation z z
SNZT1 1 0 1 o0 0O 0O O O O O 280 1 1 [V12=0: (T1F) =1 ? After skipping, (T1F) - O
V12 = 0: NOP
c
S |SNZT2 10 1 0 0 0 0 0 0 1 |281 | 1 | 1 [Viz=0:(T2F) =12 Afterskipping, (T2F) « 0
g V13 =0: NOP
Qo
° SNZT3 1 0 1 o0 0O 0O O O 1 o 2 82 1 1 [V20=0: (T3F) =1 ? After skipping, (T3F) - 0
OEJ V20 = 0: NOP
£
SNZT4 1 0 1 0 0 0 O O 1 1 2 8 3 1 1 |V21=0: (T4F) =1 ? After skipping, (T4F) ~ O
V21 =0: NOP
IAPO 1 0 0 1. 1. 0 0 O O O 260 1 1 [(A) <« (PO)
OPOA 1 0 0 01 0 0 O O O 220 1 1 [(PO) — (A)
IAP1 10 0 1.1 0 0 0 0 1 |261 1|1 [(A) < (PL)
OP1A 1 0 0 01 0 0 O O 1 221 1 1 |(P1) - (A)
IAP2 1 0 0 1. 1 0 0 O 1 O 2 6 2 1 1 |[(A2-A0) « (P22-P20) (A3) - O
OP2A 1 0 0 01 0 0 O 1 O 2 22 1 1 |[(P22—-P20) — (A2-A0)
IAP3 1 0 0 1 1 0 O O 1 1 2 6 3 1 1 [(A) « (P3)
OP3A 1 0 0 01 0 0 O 1 1 2 23 1 1 [(P3) « (A)
IAP4 10 0 1.1 0 0 1 0 0 (264 | 1] 1 |(A (P4
OP4A 1 0 0 01 0 O 1 0 O 2 2 4 1 1 [(P4) - (A)
IAP5 10 0 1.1 0 0 1 0 1 |2675 1| 1 [(A)  (P5)
c
% OP5A 10 0 01 0 O 1 0 1 225 1| 1 |(P5) < (A)
2 |iaPe 1 00 1 1 00 1 1 0 |266 | 1] 1 |(A--Ps)
5- OP6A 1 0 0 0 1 0 O 1 1 O 2 26 1 1 [(P6) « (A)
>
o
= CLD 0 0 0 0O O 1 0 O 0 12 011 1 1 |[D) -1
Q.
£ RD 0O 0 0 0 01 0 1 0 O 01 4 1 1 [(D(Y)) -0
(Y)=0to 6
SD 0O 0 0 0O O1 0 1 0 1 015 1 1 |(D(Y)) « 1
(Y)=0to6
SzZD 0O 0 0 0O1 0 O 1 0 O 0 2 4 1 1 [(D(Y))=07?
(Y)=0to 6
0 0 0 01 0 1 0 1 1 0 2B 1 1
RCP 1 0 1 o 0 0O 1 1 0 O 2 8C 1 1 |[C-0
SCP 1 0 1 0 O O 1 1 0 1 2 8 D 1 1 |C<1
TAPUO 10 0 1.0 1 0 1 1 1 |257 1| 1 |(A) < (PUO)
TPUOA 10 0 0 1 0 1 1 0 1 [220D | 1| 1 |[(PUD) (A)
TAPU1 10 0 1. 0 1 1 1 1 0 |25 E | 1| 1 |[(A) < (PUL
TPU1A 10 0 0 1 0 1 1 1 0 |22 E | 1| 1 |[(PU]) —(A)
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Skip condition

Carry flag CV|

Datailed description

Vi2=0:(T1IF) =1

V13 = 0: (T2F) =1

V20=0: (T3F) =1

V21 = 0: (T4F) =1

Skips the next instruction when the contents of bit 2 (V12) of interrupt control register V1 is “0” and the con-
tents of T1F flag is “1.” After skipping, clears (0) to T1F flag.

Skips the next instruction when the contents of bit 3 (V13) of interrupt control register V1 is “0” and the con-
tents of T2F flag is “1.” After skipping, clears (0) to T2F flag.

Skips the next instruction when the contents of bit 0 (V20) of interrupt control register V2 is “0” and the con-
tents of T3F flag is “1.” After skipping, clears (0) to T3F flag.

Skips the next instruction when the contents of bit 1 (V21) of interrupt control register V2 is “0” and the con-
tents of T4F flag is “1.” After skipping, clears (0) to T4F flag.

(D(Y) =0
However, (Y)=0 to 6

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 register A.
Outputs the contents of register A to port P2.
Transfers the input of port P3 to register A.
Outputs the contents of register A to port P3.
Transfers the input of port P4 to register A.
Outputs the contents of register A to port P4.
Transfers the input of port P5 to register A.
Outputs the contents of register A to port P5.
Transfers the input of port P6 to register A.
Outputs the contents of register A to port P6.
Sets (1) to all 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 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.
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MACHINE INSTRUCTIONS (INDEX BY TYPES) (continued)

Parameter|

Instruction code

S |G
58| &3 .
Type of Mnemonic Hexadecimal E g -g g Function
instructions Do Ds D7 Ds Ds D4 D3 D2 Di Do notation > 3

TAKO 1 0 0 1 01 0 1 1 O 256 1 1 |(A) < (KO)

TKOA 10 0 0 0 1 1 0 1 1 2 1B | 1| 1 |(KO) < (A)
C TAK1 10 0 1 0 1 1 0 0 1 259 | 1|1 |A (K
'% TK1A 10 0 0 0 1 0 1 0 O 214 1| 1 |(K) (@A
% TAK2 10 0 1 0 1 1 0 1 0 25 A 1|1 |A (K
% TK2A 10 0 0 0 1 0 1 0 1 215 | 1| 1 |K2<(@®A
% TFROA 10 0 0 1 0 1 0 0 O 228 | 1| 1 |(FRO) < (A)
= TFR1A 10 0 0 1 0 1 0 0 1 229 | 1| 1 |FR1 < (A)

TFR2A 10 0 0 1 0 1 0 1 O 22 A 1| 1|FR2 (A

TFR3A 10 0 0 1 0 1 0 1 1 2 2B | 1| 1 |(FR3) < (A)

CMCK 1 0 1 o 0 1 1 0 1 O 2 9 A il 1 |Ceramic resonator selected
- CRCK 1 0 1 o 0 1 1 0 1 1 2 98B 1 1 |RC oscillator selected
% CYCK 10 1 o0 o0 1 1 1 0 1 2 9D 1 1 |Quartz-crystal oscillator selected
§ TRGA 10 0 0 0 0 1 0 0 1 2009 | 1| 1 |(RGO) — (A0)
(6; TAMR 10 0 1 0 1 0 0 1 0 252 1] 1A« (MR

TMRA 10 0 0 0 1 0 1 1 O 216 | 1| 1 |MR)<(A
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Notice: This is not a final specification.

4584 Group Some parametric limits are subject to change.
>
]
g
Skip condition “_; Datailed 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.
- — |Transferts the contents of register A to port output format control register FRO.
- — |Transferts the contents of register A to port output format control register FR1.
- — |Transferts the contents of register A to port output format control register FR2.

- — |Transferts the contents of register A to port output format control register FR3.

- — |Selects the ceramic resonator for main clock f(XIN).

- — |Selects the RC oscillation circuit for main clock f(XIN).

- — |Selects the guartz-crystal oscillation circuit for main clock f(XIN).
- — |Transfers the contents of clock control regiser RG to register A.
- — |Transfers the contents of clock control regiser MR to register A.

- — |Transfers the contents of register A to clock control register MR.
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Notice: This is not a final specification.
Some parametric limits are subject to change.

MACHINE INSTRUCTIONS (INDEX BY TYPES) (continued)

Parameter] Instruction code S S
—- N =0
Mnemonic IR Function
Type of Hexadecimall E 2| E &
) . Do D8 D7 De Ds D4 D3 D2 Di Do . > =]
instructions notation z z
TABAD 1 0 0 1 1 1 1 O O 1 279 1 1 |Q13=0:
(B) — (AD9—-ADs)
(A) — (AD5-AD2)
Ql3=1:
(B) — (AD7—ADa4)
(A) — (AD3-ADo)
TALA 10 0 1 0 0 1 0 0 1 2 409 1 1 |(A3, A2) — (AD1, ADO)
(A1, A0) - O
TADAB 10 0 0 1 1 1 0 0 1 239 | 1| 1 |(AD7-AD4) — (B)
s (AD3—-AD0) ~ (A)
8
§ ADST 101 0 0 1 1 1 1 1 29 F | 1] 1 |(ADF) <0
c A/D conversion starting
qé SNZAD 1 0 1 0 0 0 O 1 1 1 2 87 1 1 |V22=0:(ADF)=17?
S After skipping, (ADF) « 0 V22 =1: NOP
e
<
TAQ1 10 0 1 0 0 0 1 0 O 244 | 1|1 |(A<(@QL
TQ1A 1 0 0 0 0 0O O1 0 O 2 0 4 1 1 |(Ql) « (A)
TAQ2 10 0 1 0 0 0 1 0 1 245 | 1|1 |[(A-(@Q2
TQ2A 10 0 0 0 0 0 1 0 1 205 | 1|1 |[(Q2 ~ (A
TAQ3 10 0 1 0 0 0 1 1 0 246 | 1|1 |A<(@Q3
TQ3A 1 0 0 0 00O 1 1 O 2 06 1 1 |(Q3) « (A)
NOP 0 0 0 O O OO O O O 000 1 1 |(PC) - (PC)+1
POF 0 0 0 0O 0O OO O 1 O 00 2 1 1 |Transition to RAM back-up mode
EPOF 0o 0o 0 1. 0 1 1 0 1 1 058B 1 1 |POF instruction valid
SNzP 0o 0 0 0 0o 0O 00 1 1 00 3 1 1 |(P)=17
WRST 1 0 1 0 1 0 O O O O 2 A0 1 1 |(WDF1)=1?
After skipping, (WDF1) — O
s
Il
2’;’_ DWDT 1 0 1 o 0 1 1 1 0 O 2 9¢C 1 1 |Stop of watchdog timer function enabled
o
by SRST 0o 0 0 0 O OO O O0 1 001 1 1 |System reset occurrence
<
o SVDE 1 0 1 o 0 1 0 O 1 1 293 1 1 |At RAM back-up: voltage drop detection circuit valid.
RBK 0 0 0 1 0 0O 0O 0O 0 O 040 1 1 |p6 ~ 0 when TABP p instruction is executed
SBK 0 0 0 1 0 OO O 0 1 041 1 1 |p6 ~ 1 when TABP p instruction is executed
TABSI 10 0 1 1 1 1 0 0 O 278 | 1| 1 |(B) < (SI7-Sla)
(A) < (SI3-Slo)
TSIAB 1 0 0 01 1.1 0 O O 2 38 1 1 |(Sl7-Sl4) — (B)
(SI3-Slo) ~ (A)
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Notice: This is not a final specification.
Some parametric limits are subject to change.

Skip condition

Carry flag CV|

Datailed description

V22 = 0: (ADF) = 1

In the A/D conversion mode (Q13 = 0), transfers the high-order 4 bits (AD9—ADs) of register AD to register
B, and the middle-order 4 bits (AD5—AD2) of register AD to register A.

In the comparator mode (Q13 = 1), transfers the middle-order 4 bits (AD7—AD4) of register AD to register B,
and the low-order 4 bits (AD3—ADOo) of register AD to register A.

(Q13: bit 3 of A/D control register Q1)

Transfers the low-order 2 bits (AD1, ADo) of register AD to the high-order 2 bits (AD3, AD2) of register A.

In the comparator mode (Q13 = 1), transfers the contents of register B to the high-order 4 bits (AD7—ADa4) of
comparator register, and the contents of register A to the low-order 4 bits (AD3—ADo0) of comparator register.
(Q13 = bit 3 of A/D control register Q1)

Clears (0) to A/D conversion completion flag ADF, and the A/D conversion at the A/D conversion mode (Q13
= 0) or the comparator operation at the comparator mode (Q13 = 1) is started.

(Q13 = bit 3 of A/D control register Q1)

When V22 = 0 : Skips the next instruction when A/D conversion completion flag ADF is “1.” After skipping,
clears (0) to the ADF flag. When the ADF flag is “0,” executes the next instruction. (V22: bit 2 of interrupt
control register V2)

Transfers the contents of A/D control register Q1 to register A.

Transfers the contents of register A to A/D control register Q1.

Transfers the contents of A/D control register Q2 to register A.

Transfers the contents of register A to A/D control register Q2.

Transfers the contents of A/D control register Q3 to register A.

Transfers the contents of register A to A/D control register Q3.

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.

Makes the immediate after POF instruction valid by executing the EPOF instruction.

P)=1 — |Skips the next instruction when the P flag is “1".
After skipping, the P flag remains unchanged.

(WDF1) =1 — |Skips the next instruction when watchdog timer flag WDF1 is “1.” After skipping, clears (0) to the WDF1 flag.
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.

- — |The voltage drop detection circuit is valid at RAM back-up mode when VDCE pin is “H".

- — |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.

- — |Transfers the high-order 4 bits (SI7-Sl4) of register S| to register B, and transfers the low-order 4 bits (SI3—
Slo) of register Sl to register A.

- — |Transfers the contents of register B to the high-order 4 bits (SI7-Sl4) of register Sl, and transfers the con-
tents of register A to the low-order 4 bits (SI3—Slo) of register SI.
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INSTRUCTION CODE TABLE

Ds-D+ [100000(000001000010000011000100/000104000110]000111/002000001001001010|001011001100/001101001110] 001111 2123(1)3 (())i??f
Da-Do| ' | 00 | 01 | 02 | 03 [ 04 | 05 |06 | 07 | 08 | 09 | 0A | OB | OC | OD | OE | OF [10-17[18-1F
0000| 0 |NoP |BLA | 528 amLa| ReK [Tasp| A | LA [TABPITABRITABRITZER gy lam | BL | BL |BM | B
0001| 1 |srsT|cto |58 — |sek|Tap | 4 | HA[TABPITASPITABRITZOR vl em| 8L | BL |BM | B
oot0| 2 |PoF| - |SZBL 1 frax| A | DA |TASPITABE TRERITAOR e v | BL | BL | BM | B
oo1r| 3 [snzp| v [ SZ8| | - faaz | 4| HATABPITABEITABRITER a fem | BL | BL | BM | B
0100 4 | DI |RD |szD| — [RT |Tava| f | A |TABPITABPITEOPITAOR g | Bmi| BL | BL | BM | B
0101| 5 | EI | SD [SEAn| — |RTs|TAv2| £ | YA [TABPITABPITABPITER e lamL | BL | BL |BM | B
om0 6 | RC | ~ [sEAM| — |RTi| - | A | LA |TASPITASPITIORITABR am | BmL | BL | BL | BM | B
out| 7 | sc |DEY| - | - | - | - | & | Y |TASPITASR TACRI T ML | BML| BL | BL | BM | B
1000 8 | - [AND| - [snzo| | - | A |8 |TABPITASP TABRITASP By [emL| BL | BL |BM | B
1001 o | - |or |ToAlsnza| Y| - | A | g [T TASP TEPITASR g e | BL | BL |BM | B
1010 A | A [TEAB|TABE|sNzZIO| 5 | - | £ | 5o |TABPITASP TABPITASP B (e | BL | BL |BM | B
1011 B [Amc| - | - [snzi| 3 |epor| £ | L (TSP BRI TABPITASR lemL B | BL | BL | BM | B
00| ¢ [Tvafema| - | = | |4 | |TAER|TASP BRI B [emL | BL | BL |BM | B
not| o | - [rar| - | = | TS | AR A MR TSP e e | BL | BL |BM | B
mwo| 1A |TAB | - |Tvaal o | | A | L | TSP TAER| TP TASP lBmL ML | BL | BL | BM | B
mu| Fo| - |Tav [szc|tvial g | B | A | LA |TASPTABP| TSP ITAS e | 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 representa-
tion 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 1p paaa aaaa
BML lp paaa aaaa
BLA 1p ppOO0 pppp
BMLA 1p ppOO0 pppp
SEA 00 0111 nnnn
SzZD 00 0010 1011

127. (Ex. TABP 0 - TABP 64)

« A page referred by the TABP instruction can be switched by the SBK and RBK instructions.
» The pages which can be referred by the TABP instruction after the SBK instruction is executed are 64 to

» The pages which can be referred by the TABP instruction after the RBK instruction is executed are 0 to 63.
» When the SBK instruction is not used, the pages which can be referred by the TABP instruction are 0 to 63.
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INSTRUCTION CODE TABLE (continued)

D9—D4 {100000{100001/100010[100011[100100{100101/100110{100111{101000/101002101010/101011{101100{101101{101110{101111

110000
111111

D3-Dq Hex. 20 21 22 23 24 25 26 27 28 29 2A 2B 2C 2D 2E 2F [|30-3F

notation

TMA | TAM | XAM | XAMI [XAMD| | yy
0 0 0 0 0

0001| 1 | — |TwaaloPia|T2aB| - | — |1AP1|TAB2lSNZTd - | - T'\{'A T/;M X?M XAlM' XAI"D LXY

0010| 2 | - |TwsAloP2a|T3AB| - [TAMR|1AP2 |TAB3ISNZTY - | - T'\Z"A T’;M X';M XAZM' XA;V'D LXY

0011 | 3 — |TW6A|OP3A|T4AB| — | TAI1 | IAP3 |TAB4 SNZT4SVDE| - T'\3AA T'gM ng XA:;’MI XA,;VID LXY

TMA | TAM | XAM | XAMI [XAMD| | yy
4 4 4 4 4

0101| 5 |TQ2A|TK2A|OPSA[TPSAB TAQ2| - |IAPS [TABPS| - - - T'\éIA T':M XQM XAgMI XAéVID LXY

0110 | 6 |TQ3A|TMRA|OP6A| - |TAQ3|TAKO |IAP6 | - - - - T'\élA T%M XgM XAéMI XAéVID LXY

TMA | TAM | XAM | XAMI (XAMD| | yy
7 7 7 7 7

TMA | TAM | XAM | XAMI (XAMD| | yy
8 8 8 8 8

1001| 9 |[TRGA| - [TFRIATADAB|TALA|TAKL| - [ABAD - | — | - T'\E;'A T’;M X'gM X’?BM' XAS';V'D LXY

TMA | TAM | XAM | XAMI [XAMD
— — - - - - - LXY
1010| A TFR2A TAK2 CMCK| TPAA 10 10 10 10 10

TMA | TAM | XAM | XAMI [XAMD
— - - b - - LXY
1011 | B TKOA [TFR3ATR3AB| TAW1 CRCK 1 1 1 1 1

TMA | TAM | XAM |xAMI [xAMD
[ I N _ W _ LXY
1100| C TAW2 RCP DWDT| 12 |12 |12 ] 12| 12

TMA | TAM | XAM | XAMI [XAMD
— — - - - - - LXY
1101| D [TPUOA TAW3 SCP |CYCK 13 13 13 13 13

TMA | TAM | XAM | XAMI [XAMD
— - - - - - - LXY
1110| E ([TW1A TPU1A TAWA4 [TAPUL 14 14 14 14 14

TMA | TAM | XAM [xAMI [xAMD
_ | N R R _ LXY
1111 F [TW2A TR1AB TAWS ADST 15 |15 | 15 | 15 | 15

oooo| O — |TW3A|OPOA|T1IAB| - |TAWG6|IAPO [TAB1 [SNZT1 - |WRST]

0100| 4 |[TQ1lA|TK1A|OP4A| - |TAQ1l|TAIZ [IAP4 | - - - -

o111| 7 - | TIIA| - [T4HAB| - [TAPUO| - — [SNZADT4R4L| -

1000| 8 — | TI2A [TFROATSIAB| — - - |TABSI| - — -

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 lp paaa aaaa
BML lp paaa aaaa
BLA 1p pp00 pppp
BMLA | 1p pp0O pppp
SEA 00 0111 nnnn
SZD 00 0010 1011
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
VDD Supply voltage -0.3t06.5 \%
Vi Input voltage —0.3 to VbD+0.3 \%
PO, P1, P2, P3, P4, P5, P6, Do-Ds6, RESET, XIN, VDCE
Vi Input voltage CNTRO, CNTR1, INTO, INT1 —0.3 to VbD+0.3 \%
Vi Input voltage AiNo, AIN1 —0.3 to VDD+0.3 \%
Vo Output voltage Output transistors in cut-off state | —0.3 to VDD+0.3 \%
PO, P1, P2, P3, P4, P5, P6, Do-D6, RESET, C
Vo Output voltage CNTRO, CNTR1 Output transistors in cut-off state | —0.3 to VDD+0.3 \%
Vo Output voltage XouT -0.3 to VDD+0.3 V
Pd Power dissipation Ta=25°C 42P2R-A 300 mw
Topr Operating temperature range —20to 85 °C
Tstg Storage temperature range —40 to 125 °C
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RECOMMENDED OPERATING CONDITIONS 1
(Mask ROM version: Ta =-20 °C to 85 °C, VDD = 1.8 to 5.5 V, unless otherwise noted)
(One Time PROM version: Ta = -20 °C to 85 °C, VbD = 2.5 to 5.5 V, unless otherwise noted)

i Limits )
Symbol Parameter Conditions Min. Typ. Max. Unit
VDD Supply voltage Mask ROM version f(STCK) < 6 MHz 4.0 5.5 \
(when ceramic resonator/on-chip f(STCK) < 4.4 MHz 2.7 5.5
oscillator is used) f(STCK) < 2.2 MHz 2.0 5.5
f(STCK) < 1.1 MHz 1.8 55
One Time PROM version|f(STCK) < 6 MHz 4.0 5.5
f(STCK) < 4.4 MHz 2.7 55
f(STCK) < 2.2 MHz 25 55
VDD Supply voltage f(STCK) < 4.4 MHz 2.7 5.5 \Y
(when RC oscillation is used)
VDD Supply voltage Mask ROM version f(XIN) < 50 kHz 2.0 5.5 \
(when quartz-crystal oscillator is used) | One Time PROM version| f(XIN) <50 kHz 2.5 5.5
VRAM RAM back-up voltage Mask ROM version at RAM back-up mode 1.6 \Y
One Time PROM version |at RAM back-up mode 2.0
Vss Supply voltage 0 \%
VIH “H” level input voltage PO, P1, P2, P3, P4, P5, P6, Do-Dse, VDCE, XIN | 0.8VDD VDD \Y
VIH “H” level input voltage RESET 0.85VDD VDD \%
VIH “H” level input voltage CNTRO, CNTR1, INTO, INT1 0.85VDD VDD \Y
VIL “L” level input voltage PO, P1, P2, P3, P4, P5, P6, Do-Ds, VDCE, XIN 0 0.2VDD \%
ViL “L" level input voltage RESET 0 0.3Vop | V
VIL “L” level input voltage CNTRO, CNTR1, INTO, INT1 0 0.15Vop | V
IoH(peak) | “H” level peak output current PO, P1, P5, Do-Ds VDD =5V -20 mA
CNTRO Vbbb =3V -10
loH(peak) | “H” level peak output current C, CNTR1 VDD =5V -30 mA
VDD =3V -15
loH(avg) | “H” level average output current PO, P1, P5, Do-Ds6 VDD=5V -10 mA
(Note) CNTRO VoD =3V -5
loH(avg) | “H” level average output current C,CNTR1 VbD=5V -20 mA
(Note) VoD =3V -10
loL(peak) | “L” level peak output current PO, P1, P2, P4,P5,P6 |[VDD=5V 24 mA
VbD=3V 12
loL(peak) | “L” level peak output current P3, RESET VbD=5V 10 mA
VbD=3V 4
loL(peak) | “L” level peak output current Do-Ds, C VbD =5V 24 mA
CNTRO, CNTR1 VbD=3V 12
loL(avg) | “L” level average output current PO, P1, P2, P4, P5, P6 VDD =5V 12 mA
(Note) VDD =3V 6
loL(avg) | “L” level average output current P3, RESET Vbb=5V 5 mA
(Note) VoD =3V 2
loL(avg) | “L” level average output current Do-Ds, C VDD =5V 15 mA
(Note) CNTRO, CNTR1 VDD =3V 7
ZloH(avg) | “H" level total average current P5, Do—D6, C, CNTRO, CNTR1 -60 mA
PO, P1 -60
>loL(avg) | “L” level total average current P2, P5, Do—Deé, RESET, CNTRO, CNTR1 80 mA
PO, P1, P3, P4, P6 80

Note: The average output current is the average value during 100 ms.
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Notice: This is not a final specification.

Some parametric limits are subject to change.

RECOMMENDED OPERATING CONDITIONS 2
(Mask ROM version: Ta =—20 °C to 85 °C, VbD = 1.8 to 5.5 V, unless otherwise noted)
(One Time PROM version: Ta = —20 °C to 85 °C, VbD = 2.5 to 5.5 V, unless otherwise noted)

Limits

Symbol Parameter Conditions - Unit
Min. Typ. Max.
f(XiN) | Oscillation frequency Mask ROM Through mode VbD=4.0t05.5V 6.0 |MHz
(with a ceramic resonator) version VDD =2.7t05.5V 4.4
VbD=2.0t0 5.5V 2.2
VDD =1.8t05.5V 1.1
Frequency/2 mode |VDD=2.7t05.5V 6.0
VDD =2.0t05.5V 4.4
VDD =1.8t05.5V 2.2
Frequency/4, 8 mode VDD =2.0t0 5.5V 6.0
VDD =1.8t05.5V 4.4
One Time PROM |Through mode VDD =4.0t0 5.5V 6.0
version VDD =2.7t05.5V 4.4
VDD =25t055V 2.2
Frequency/2 mode |VDD=2.7t05.5V 6.0
VbD=25t055V 4.4
Frequency/4, 8 mode VDD =2.5t0 5.5V 6.0
f(XiN) | Oscillation frequency Vbbb =2.7t055V 4.4 |MHz
(at RC oscillation) (Note)
f(XIN) | Oscillation frequency Mask ROM Through mode VDD =4.0t0 5.5V 4.8 |MHz
(with a ceramic resonator selected, |version VDD =2.7t05.5V 3.2
external clock input) VDD =2.0t055V 1.6
VDD =1.8t05.5V 0.8
Frequency/2 mode [VDD=2.7t05.5V 4.8
VDD =2.0t05.5V 3.2
VDD =1.8t055V 1.6
Frequency/4, 8 mode VDD =2.0t0 5.5V 4.8
VDD =1.8t05.5V 3.2
One Time PROM [Through mode VDD =4.0t0 5.5V 4.8
version VDD =2.7t05.5V 3.2
VDD =25t055V 1.6
Frequency/2 mode [VDD=2.7t05.5V 4.8
VDD =25t05.5V 3.2
Frequency/4, 8 mode VDD =2.5t0 5.5V 4.8
Note: The frequency is affected by a capacitor, a resistor and a microcomputer. So, set the constants within the range of the frequency limits.
<System clock (STCK) operating condition map>
When ceramic resonance is used When RC oscillation is used When external clock is used
f(STCK) f(STCK) f(STCK)
[MHZz] [MHz] [MHzZ]
A [ | A I 1 A
6 [ | | | |
7777777 et ———— - I 1
[ | | |
b 1 | o . |
oo } | a8l ______ [ |
44 ___ Ll — —— a4\ __ —— Il |
h [
| | | Il |
| | Il |
| | o
Il | 32f—————— == -
: : Recommended Recommended } : Recommended
22 1 operating| operation operating operation i operating operation
Sl B T - I i
| : i 16f—————- . | _
O} ! | | __ : !
o : 08f-————-- : | -
[ ! | |
L I > Vob[V] > Voo[V] L ‘ > Vi
18 2 2.7 4 55 2.7 55 182 27 4 55 0 0
(2.5) (2.5)
(): One Time PROM version
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RECOMMENDED OPERATING CONDITIONS 3

(Mask ROM version: Ta =—20 °C to 85 °C, VbD = 1.8 to 5.5 V, unless otherwise noted)

(One Time PROM version: Ta = —20 °C to 85 °C, VbD = 2.5 to 5.5 V, unless otherwise noted)

Symbol Parameter Conditions - Limits Unit
Min. Typ. Max.

f(XIN) Oscillation frequency Mask ROM version VbD=2.0t05.5V 50 kHz
(with a quartz-crystal oscillator) One Time PROM version Vbbb =2.0t0 5.5V 50

f(CNTR) | Timer external input frequency CNTRO, CNTR1 f(STCK)/I6| Hz

twW(CNTR)| Timer external input period CNTRO, CNTR1 J(STCK) s
(“H” and “L” pulse width)

TPON Power-on reset circuit Mask ROM version VD=0 - 1.8V 100 ps
valid supply voltage rising time One Time PROM version Vbb=0 - 25V 100
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Notice: This is not a final specification.
Some parametric limits are subject to change.

ELECTRICAL CHARACTERISTICS 1

(Mask ROM version: Ta =—-20 °C to 85 °C, VDD = 1.8 to 5.5 V, unless otherwise noted)
(One Time PROM version: Ta = —-20 °C to 85 °C, VDD = 2.5 to 5.5 V, unless otherwise noted)

Limits
Symbol Parameter Test conditions - Unit
Min. | Typ. | Max.
VOH “H” level output voltage VDD =5V IoH = =10 mA 3 \Y
PO, P1, P5, Do—Dé, CNTRO IoH = -3 mA 4.1
VDD =3V IoH = -5 mA 2.1
IoH=-1 mA 2.4
VOH “H” level output voltage VoD =5V IoH = -20 mA 3 Y,
C, CNTR1 IOH = -6 MmA 4.1
VDD =3V IoH = -10 mA 2.1
IoH = -3 mA 2.4
VoL “L” level output voltage VDD =5V loL =12 mA 2 \Y
PO, P1, P2, P4, P5, P6 loL=4 mA 0.9
VDD =3V loL=6 mA 0.9
loL=2 mA 0.6
VoL “L” level output voltage VbD =5V loL=5mA 2 \%
P3, RESET VoD =3V oL =1 mA 0.9
loL=2 mA 0.9
VoL “L” level output voltage VDD =5V loL =15 mA 2 \Y
Do-Ds, C, CNTRO, CNTR1 loL =5 mA 0.9
VDD =3V loL=9 mA 1.4
loL=3 mA 0.9
IIH “H” level input current VI = VDD 2 UA
PO, P1, P2, P3, P4, P5, P6, Port P6 selected
Do-De, VDCE, RESET,
CNTRO, CNTR1,
INTO, INT1
liL “L” level input current Vi=0V -2 UA
PO, P1, P2, P3, P4, P5, P6, PO, P1 No pull-up
Do-Ds, VDCE, Port P6 selected
CNTRO, CNTR1,
INTO, INT1
RPU Pull-up resistor value Vi=0V VDD =5V 30 60 125 kQ
PO, P1, RESET VDD =3V 50 120 250
VT+ — VT- | Hysteresis VbD =5V 0.2 \%
CNTRO, CNTR1, INTO, INT1 VoD =3V 0.2
VT+— VT- | Hysteresis RESET VDD =5V 1 \Y,
VDD =3V 0.4
f(RING) | On-chip oscillator clock frequency VDD =5V 200 | 500 700 | kHz
VDD =3V 100 | 250 | 400
Mask ROM version Vbbb =1.8V 30 120 | 200
Af(XIN) Frequency error VDD =5V +10%,Ta=25°C +17 %
(with RC oscillation,
error of external R, C not included ) VDD =3V +10 %, Ta=25°C +17 %
(Note)

Note: When RC oscillation is used, use the external 30 or 33 pF capacitor (C).
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Notice: This is not a final specification.
Some parametric limits are subject to change.
4584 Group P ! 9

ELECTRICAL CHARACTERISTICS 2
(Mask ROM version: Ta = -20 °C to 85 °C, VbD = 1.8 to 5.5 V, unless otherwise noted)
(One Time PROM version: Ta = -20 °C to 85 °C, VDD = 2.5 to 5.5 V, unless otherwise noted)

Limits
Symbol Parameter Test conditions - Unit
Min. | Typ. | Max.

IDD Supply current |at active mode Vbb=5V f(STCK) = f(XIN)/8 1.4 2.8 mA
(with a ceramic resonator, | f(XIN) = 6 MHz f(STCK) = f(XIN)/4 1.6 3.2
on-chip oscillator stop) f(STCK) = f(XIN)/2 2.0 4.0

f(STCK) = f(XIN) 2.8 5.6
VDD =5V f(STCK) = f(XIN)/8 1.1 | 22 | mA
f(XIN) = 4 MHz f(STCK) = f(XIN)/4 12 | 24
f(STCK) = f(XIN)/2 1.5 3.0
f(STCK) = f(XIN) 2.0 4.0
VDD =3V f(STCK) = f(XIN)/8 0.4 0.8 mA
f(XIN) = 4 MHz f(STCK) = f(XIN)/4 0.5 1.0
f(STCK) = f(XIN)/2 0.6 1.2
f(STCK) = f(XIN) 0.8 1.6
at active mode VDD =5V f(STCK) = f(XIN)/8 55 110 LA
(with a quartz-crystal f(XIN) = 32 kHz f(STCK) = f(XIN)/4 60 120
oscillator, f(STCK) = f(XIN)/2 65 130
on-chip oscillator stop) f(STCK) = f(XIN) 70 140
VDD =3V f(STCK) = f(XIN)/8 12 24 LA
f(XIN) = 32 kHz f(STCK) = f(XIN)/4 13 26
f(STCK) = f(XIN)/2 14 28
f(STCK) = f(XIN) 15 30
at active mode VDD =5V f(STCK) = f(RING)/8 50 100 UA
(with an on-chip oscillator, f(STCK) = f(RING)/4 70 140
f(XIN) stop) f(STCK) = f(RING)/2 100 | 200
f(STCK) = f(RING) 150 | 300
VDD =3V f(STCK) = f(RING)/8 10 20 LA
f(STCK) = f(RING)/4 15 30
f(STCK) = f(RING)/2 20 40
f(STCK) = f(RING) 35 70
at RAM back-up mode Ta=25°C 0.1 3 HA
(POF instruction execution) | VDD =5V 10
VDD =3V 6
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Notice: This is not a final specification.
Some parametric limits are subject to change.
4584 Group P ! 9

A/D CONVERTER RECOMMENDED OPERATING CONDITIONS

(Comparator mode included, Ta = —20 °C to 85 °C, unless otherwise noted)

Symbol Parameter Conditions - Limits Unit
Min. Typ. Max.
VDD Supply voltage Mask ROM version 2.0 55 \
One Time PROM version 3.0 5.5
VIA Analog input voltage 0 VDD \Y
f(ADCK) | A/D conversion clock Mask ROM version VoD =4.0t0 5.5V 0.8 334 kHz
frequency VDD =2.7t05.5V 0.8 245
(Note) VDD =2.2t05.5V 0.8 3.9
VoD =2.0to 5.5V 0.8 1.8
One Time PROM version | VDD =4.0t0 5.5V 0.8 334
VDb =3.0t05.5V 0.8 123
Note: Definition of A/D conversion clock (ADCK)
» On-chip oscillator clock (RING)
Division circuit 'r\/liRi3_’ M _F\:2_| » System clock (STCK)
Divided by 8 :
-------------- 1 10
Internal clock

Divided by 2 (divided by 3)
Quartz-crystal (CMCK,

1
'
1
i i Divided by 4 —+—0° , clock »Instruction clock
On-chip oscillator MRo_ | [t 101 ' generating circuit (INSTCK)
1 i
® 1

XINO)

oscillation CRCK,
CYCK)
Division circuit| Q31, Q30
P il el
Divided by 48 [T ° |
______________ 1 1
032 Divided by 24 [ 175 E
—————ea| [T Tt i O—— A/D conversion clock (ADCK)
) ) Divided by 12 _{_O/ !
Instruction clock (INSTCK)=—Q_  !| f--cooool 101 !
) ) ! Divided by 6 [+—0O !
On-chip oscillator cIock(RING)—:—lO 100 "
| T EEmEEmEmmm—
<Operating condition map of A/D conversion clock (ADCK) >
f(ADCK)
[kHz]
I | I I
A I I I I
3B —————— et ———— ——
I I
I I
I I
245 —————— == -=
(123) : :
I
I
I
I
I Recommended
: : operating operation
I
Il
I
I
I
39 _ _ ____ I _
(15.3) I
18f—————— L——
08 —————- [ N
Vi
2 2227 4 » VoolV]
(3.0)
(): One Time PROM version
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Notice: This is not a final specification.
Some parametric limits are subject to change.
4584 Group P ! 9

A/D CONVERTER CHARACTERISTICS

(Ta =-20 °C to 85 °C, unless otherwise noted)

Symbol Parameter Test conditions - Limits Unit
Min. Typ. Max.
- Resolution 10 bits
- Linearity error 2.7 (3.0) V< VDD < 5.5V ((): One Time PROM version) +2 LSB
Mask ROM version | 22vs<vop<27V +4
- Differential non-linearity error {2.2 (3.0) V< VDD < 5.5V ((): One Time PROM version) +0.9 LSB
Vot Zero transition voltage Mask ROM version VDD =5.12V 0 10 20 mvV
VoD = 3.072 V 0 7.5 15
VDD = 2.56 V 0 7.5 15
One Time PROM version VbD =5.12V 0 15 30
VbD = 3.072 V 3 13 23
VFST Full-scale transition voltage |Mask ROM version Vbbb =5.12V 5105 5115 5125 mv
VbD = 3.072 V 3064.5 3072 3079.5
VDD = 2.56 V 2552 5 2560 2567.5
One Time PROM version VbD =5.12V 5100 5115 5130
VoD = 3.072V 3065 3075 3085
- Absolute accuracy Mask ROM version +8 LSB
(Quantization error excluded) | 2.0 V<VDD<2.2V
IADD A/D operating current VbD=5V 150 450 HA
(Note 1) VDD =3V 75 225
TcoNv | A/D conversion time f(XIN) = 6 MHz 31 us
f(STCK) = f(XIN) (XIN through mode)
ADCK=INSTCK/6
- Comparator resolution 8 bits
- Comparator error (Note 2) Mask ROM version VoD =5.12V +20 mV
VoD = 3.072 V *15
VDD =2.56 V +15
One Time PROM version VDD =5.12 V +30
VDD = 3.072 V +23
- Comparator comparison time |f(XIN) =6 MHz 4 us
f(STCK) = f(XIN) (XIN through mode)
ADCK=INSTCK/6

Notes 1: When the A/D converter is used, IADD is added to IDD (supply current).
2: As for the error from the ideal value in the comparator mode, when the contents of the comparator register is n, the logic value of the comparison
voltage Vref which is generated by the built-in DA converter can be obtained by the following formula.

Logic value of comparison voltage Vref

VDD
Vief=———[0n
256

n = Value of register AD (n = 0 to 255)
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4584 Group

Notice: This is not a final specification.

Some parametric limits are subject to change.

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 1.4 1.5 1.6 \Y,
(reset occurs) (Note 1) 1.1 1.9

VRST+ Detection voltage Ta=25°C 15 1.6 1.7 \%
(reset release) (Note 2) 1.2 2.0

VRST+— | Detection voltage hysteresis 0.1 \

VRST-

IRST Operation current (Note 3) VDD =5V 50 100 LA

Vbbb =3V 30 60
TRST Detection time VoD - (VRST- —0.1V) (Note 4) 0.2 1.2 ms

Notes 1: The detected voltage (VRST-) is defined as the voltage when reset occurs when the supply voltage (VDD) is falling.

2: The detected voltage (VRsT+) is defined as the voltage when reset is released when the supply voltage (VDD) is rising from reset occurs.
3: When the voltage drop detection circuit is used (VDCE pin = “H”), IRST is added to IDD (power current).
4: The detection time (TRsT) is defined as the time until reset occurs when the supply voltage (VD) is falling to [VRsT-— 0.1 V].

BASIC TIMING DIAGRAM

Machine cycle Mi Mi+1
Parameter in (signal) name
System clock STCK | l | | |
Port D output Do- [
Port D input Do— B
Ports PO, P1, P2, P3, | POo— P@
P4, P5, P6 output Plo- Pl
P20o- P2
P30— P3
P4o— P4
P50— P5
P6o— P6
Ports PO, P1, P2, P3, | POo— P86
P4, P5, P6 input Plo- P2
P20— P2
P30- P3
P4o— P4
P50— P5
P6o— P6
Interrupt input INTO, INT1
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Notice: This is not a final specification.
Some parametric limits are subject to change.
4584 Group P ! 9

BUILT-IN PROM VERSION

In addition to the mask ROM versions, the 4584 Group has the
One Time PROM versions whose PROMs can only be written to
and not be erased.

The built-in PROM version has functions similar to those of the
mask ROM versions, but it has PROM mode that enables writing to
built-in PROM.

Table 21 shows the product of built-in PROM version. Figure 69
shows the pin configurations of built-in PROM versions.

The One Time PROM version has pin-compatibility with the mask

ROM version.
Table 21 Product of built-in PROM version
PROM size RAM si
Part number ) §|ze Package ROM type
(O 10 bits) (O 4 bits)
M34584EDFP 16384 words 384 words 42P2R-A One Time PROM ([shipped in blank]

PIN CONFIGURATION (TOP VIEW)

Pl <> [T 421 <> P12

Do <> [2 Q 41 1 <> P11

D1 <> [3 40 1 <—> Plo

D2 <> [4 39 | <—> P03

D3 <> [& 381 <—> P02

Da <> [6 37 1<—> P01

Ds <> [7 36 1 <—> P0o

De/CNTRo <— [8 Z 35 1 <> P43

C/ICNTR1 <—> [ w 347] <> P42

P50 <> [T07] & 3] <> P4

P51 ¢ [IL] Gh) 321 <> P4o

P52 ¢—> [12] m (311 <—> P63

P53 ¢—> [13 ] (W) 301 < P62
P20 ¢—> 4] % 291 <> P61/ANL
P21 <> [I5] [ 28 1 <—> P6o/AiNo

P22 ¢<—> [16 ] [ 27 1<—> P33

RESET <—> [I7] (26 1 <> P32
CNVss [ [25 1 <> P31/INT1
Xout ¢— [I9] [ 241 <> P30/INTO

xin —> [20] 231 <— VDCE
Vss [21] 221 VoD

Fig. 69 Pin configuration of built-in PROM version
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4584 Group

Notice: This is not a final specification.
Some parametric limits are subject to change.

(1) PROM mode

The built-in PROM version has a PROM mode in addition to a nor-
mal operation mode. The PROM mode is used to write to and read
from the built-in PROM.

In the PROM mode, the programming adapter can be used with a
general-purpose PROM programmer to write to or read from the
built-in PROM as if it were M5M27C256K.

Programming adapter is listed in Table 22. Contact addresses at
the end of this data sheet for the appropriate PROM programmer.

« Writing and reading of built-in PROM

Programming voltage is 12.5 V. Write the program in the PROM of
the built-in PROM version as shown in Figure 70.

(2) Notes on handling

OA high-voltage is used for writing. Take care that overvoltage is
not applied. Take care especially at turning on the power.

OFor the One Time PROM version shipped in blank, Renesas
Technology Corp. does not perform PROM writing test and
screening in the assembly process and following processes. In
order to improve reliability after writing, performing writing and
test according to the flow shown in Figure 71 before using is rec-
ommended (Products shipped in blank: PROM contents is not
written in factory when shipped).

(3) Electric Characteristic Differences
Between Mask ROM and One Time PROM
Version MCU

There are differences in electric characteristics, operation mar-
gin, noise immunity, and noise radiation between Mask ROM and
One Time PROM version MCUs due to the difference in the
manufacturing processes.

When manufacturing an application system with the One time
PROM version and then switching to use of the Mask ROM ver-
sion, please perform sufficient evaluations for the commercial
samples of the Mask ROM version.

Table 22 Programming adapter

Microcomputer Name of Programming Adapter

M34584EDFP PCA7441

Address
000016

1 1 1 D4 Ds D2 D1 Do
L |

Low-order 5 bits

3FFFis
400016 9 9 1 p; Ds D2 D: Do
l |
High-order 5 bits

7FFF1s

Fig. 70 PROM memory map

Writing with PROM programmer

4

Screening (Leave at 150 °C for 40 hours) (Note)

4

Verify test with PROM programmer

B S

Function test in target device
Note: Since the screening temperature is higher
than storage temperature, never expose the
microcomputer to 150 °C exceeding 100
hours.

Fig. 71 Flow of writing and test of the product shipped in blank
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4584 Group

Notice: This is not a final specification.
Some parametric limits are subject to change.

PACKAGE OUTLINE
42P2R-A Recommended

Plastic 42pin 450mil SSOP

EIAJ Package Code JEDEC Code

Weight(g)

Lead Material

SSOP42-P-450-0.80 -

0.63

Alloy 42/Cu Alloy

Z1

Detail G

A2 A1l

el b2

Recommended Mount Pad

Symbol Dimension in Millimeters
Min Nom Max
A — - 2.4
Al 0.05 - -
A2 — 2.0 -
b 0.35 0.4 0.5
c 0.13 0.15 0.2
D 17.3 17.5 17.7
E 8.2 8.4 8.6
[e] - 0.8 -
HE 11.63 11.93 12.23
L 0.3 0.5 0.7
L1 - 1.765 -
[z] - 0.75 -
Z1 - - 0.9
y - - 0.15
[ 0° - 10°
b2 - 0.5 -
— 11.43 —
I2 1.27 - -
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REVISION HISTORY

4584 GROUP DATA SHEET

Rev. Date Description
Page Summary
1.00 |Feb.18, 2003| -— First edition issued
2.00 |Apr. 15, 2003 Some values of the following table are revised.
145 RECOMMENDED OPERATING CONDITIONS 1,
 Supply voltage (when quartz-crystal oscillator is used)
* RAM back voltage
147 RECOMMENDED OPERATING CONDITIONS 3;
* Oscillation frequency (with a quartz-crystal oscillator)
150 A/D CONVERTER RECOMMENDED OPERATING CONDITIONS;
* Supply voltage
» A/D conversion clock frequency
151 A/D CONVERTER CHARACTERISTCS;
e Linearity error
« Differential non-linearity error
* Zero transition voltage
* Full-scale transition voltage
» Comparator error
2.01 [Sep. 18,2003 16 Port block diagram (7): Period measurement mode added.
26 Fig.17: Period measurement mode added.
40 (12) PWM output function (C/CNTRZ, timer 3, timer 4) revised.
41 (14) Precautions: Timer 4 revised.
54 Fig.42: SRST instruction added .
57 Note on voltage drop detection circuit added.
58 Table 16: Port level revised.
67 LIST OF PRECAUTIONS: Timer 4 revised.
71 LIST OF PRECAUTIONS: Note on voltage drop detection circuit added.
3.00 |Aug.06, 2004| All pages| Words standardized: On-chip oscillator, A/D converter
4 Power dissipation: “Ta=25°C” added.
5 Description of RESET pin revised.
29 Fig.20: Some description added.
30 Fig.23: Some description added.
34 Fig.26 : Note 7 added.
45 Some description revised.
46 Fig.33 : “DI” instruction added.
S7 Voltage drop detection circuit: Some description revised.
69 Fig.61: Some description revised.
70 Fig.64: Some description revised.
72 Note on Power Source Voltage added.
73 Note 2 : revised.
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Keep safety first in your circuit designs!

1. Renesas Technology Corp. puts the maximum effort into making semiconductor products better and more reliable, but there is always the possibility that trouble
may occur with them. Trouble with semiconductors may lead to personal injury, fire or property damage.
Remember to give due consideration to safety when making your circuit designs, with appropriate measures such as (i) placement of substitutive, auxiliary
circuits, (ii) use of nonflammable material or (iii) prevention against any malfunction or mishap.
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