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REJO03B0025-0101Z

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER Rev.1 01

2003.09.17
DESCRIPTION @ INEEITUPE ..o 4 sources
The 4556 Group is a 4-bit single-chip microcomputer designed with o Key-on wakeup function Pins .........cccceeeviveiinininieeee e 9
CMOS technology. Its CPU is that of the 4500 series using a e LCD control circuit
simple, high-speed instruction set. The computer is equipped with SegMENt OULPUL ......oovviiiiiiiie i 23
two 8-bit timers (each timer has one or two reload register), a 16-bit COMMON OUEPUL ...t 4
timer for clock count, interrupts, and oscillation circuit switch func- e \/oltage drop detection circuit (only H version)
tion. Reset OCCUITeNnCe .........ccccocvveeviiiciiiecne Typ. 1.8 V (Ta = 25 °C)
The various microcomputers in the 4556 Group include variations Reset release ........ccccoeveeeiiieeiiiieeiieen Typ. 1.9 V (Ta = 25 °C)
of the built-in memory size as shown in the table below. e Watchdog timer

e Clock generating circuit
FEATURES Built-in clock
e Minimum instruction execution time ...........ccccccvvvveerennenn. 0.5 us (built-in ring oscillator)
(at 6 MHz oscillation frequency, in through-mode) Main clock

e Supply voltage (ceramic resonator/RC oscillation)

Mask ROM version ......... ..18to55V Sub-clock

One Time PROM version 25t055V (quartz-crystal oscillation)
(It depends on operation source clock, oscillation frequency and op- e LED drive directly enabled (port D)
eration mode)
o Timers APPLICATION
TIMer 1. 8-bit timer with a reload register Remote control transmitter
TIMEr 2. 8-bit timer with two reload registers
TIMer 3 ..o 16-bit timer (fixed dividing frequency)
Part number ROM (PROM) size RAM s'lze Package ROM type
(O 10 bits) (O 4 bits)

M34556M4-XXXFP 4096 words 288 words 42P2R-A Mask ROM
§' M34556M8-XXXFP 8192 words 288 words 42P2R-A Mask ROM
@ | M34556G8FP (Note) 8192 words 288 words 42P2R-A One Time PROM
8 | M34556M4H-XXXFP 4096 words 288 words 42P2R-A Mask ROM
< M34556M8H-XXXFP 8192 words 288 words 42P2R-A Mask ROM

M34556G8HFP (Note) 8192 words 288 words 42P2R-A One Time PROM

Note: Shipped in blank.
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PIN CONFIGURATION

XIN — [ 42 Vss
XouT «— [Z] Q 1) VDD
CNVss = [40] <> C/CNTR
XCIN/D6 ¢«—> [4] [39] «—> Ds/INT
XcouT/D7 «— [5 ] [38] <> D4
RESET ¢« [&] [37] <> D3
COMo «— [Z] a [36] <« D2
COM1 ¢«— [B] & & a [35] ¢ D1
COM2 «— [@] §&><% 347 <> Do
COM3 ¢— [I0] < & ; ® [33]) <> P13/SEG2s
SEGO/VLC3 ¢—> [II] 8= 3 [32] <> P12/SEG27
SEGINVLC2 ¢ [1Z] o 2 3 [31] <> P11/SEG26
SEG2/VLc1 ¢—> [13] 22 g 3 [30] <> P10/SEG25
SEG3 «— [I4] %’ °§° = [29] ¢—> P03/SEG24
SEG4 ¢<— [15] [ 28] <—> P02/SEG23
SEGs «— [16] [27] <= PO1/SEG22
SEGs «— [17] [26] < PO0/SEG21
SEG7 «— [I8] [25] <= P23/SEG20
SEGs <— [19] [24] <> P22/SEG19
SEGo «— [20] 23] <> P21/SEG18
SEG10 ¢— [21] [22] <> P20/SEG17

Pin configuration (top view) (4556 Group)
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4556 Group

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

PERFORMANCE OVERVIEW

Parameter Function
Number of basic|M34556M4/M8/G8 123
instructions |M34556M4H/M8H/G8H | 124

Minimum instruction execution time 0.5 us (at 6 MHz oscillation frequency, in through mode)
Memory sizes|ROM [M34556M4 4096 words [0 10 bits
M34556M4H
M34556M8/G8 8192 words O 10 bits
M34556M8H/G8H
RAM |M34556M4/M8/G8 | 288 words [J 4 bits (including LCD display RAM 23 words [ 4 bits)
M34556M4H/M8H/G8H
Input/Output [Do-Ds | I/O Six independent I/O ports.
ports Input is examined by skip decision.
The output structure can be switched by software.
Port Ds is also used as INT pin.
De, D7 | Output Two independent output ports.
Ports D6 and D7 are also used as XCIN and XcourT, respectively.
P00-PO3 | I/O 4-bit 1/0 port; A pull-up function, a key-on wakeup function and output structure can be switched
by software. Ports PO0—P03 are also used as SEG21-SEG24, respectively.
P1lo-P13 |1/O 4-bit I/O port; A pull-up function, a key-on wakeup function and output structure can be switched
by software. Ports P10—P13 are also used as SEG25-SEG28, respectively.
P20-P23 | /O 4-bit 1/0 port; The output structure can be switched by software. Ports P20—P23 are also used
as SEG17-SEG20, respectively.
C Output 1-bit output; Port C is also used as CNTR pin.
Timers Timer 1 8-bit programmable timer with a reload register and has an event counter.
Timer 2 8-bit programmable timer with two reload registers and PWM output function.
Timer 3 16-bit timer, fixed dividing frequency (timer for clock count)
Timer LC 4-bit timer with a reload register (for LCD clock)
Watchdog timer 16-bit timer (fixed dividing frequency) (for watchdog)
LCD control |[Selective bias value 1/2, 1/3 bias
circuit Selective duty value 2, 3, 4 duty
Common output 4
Segment output 23
Internal resistor for 2r03,2r02,r03,rd2(r=80kQ, (Ta= 25 °C, Typical value))
power supply
Interrupt Sources 4 (one for external, three for timer)
Nesting 1 level
Subroutine nesting 8 levels

Device structure

CMOS silicon gate

Package

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

Operating temperature range

—-20°Cto 85 °C

Supply Mask ROM version 1.8 to 5.5 V (It depends on operation source clock, oscillation frequency and operation mode)
voltage One Time PROM version |2.5to 5.5 V (It depends on operation source clock, oscillation frequency and operation mode)
Power Active mode 2.2 mA (at room temperature, VDD = 5V, f(XIN) = 6 MHz, f(XcIN) = stop, f(RING) = stop,
dissipation f(STCK) = f(XIN)/1)

(Typ.value) |At clock operating mode |6 pA (at room temperature, VDD = 5 V, f(XCIN) = 32 kHz)

At RAM back-up

0.1 pA (at room temperature, VoD = 5V, output transistor is cut-off state)
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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.

RESET Reset input/output 110 An N-channel open-drain 1/O pin for a system reset. When the watchdog timer or the
voltage drop detection circuit cause 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, con-
nect it between pins XiN and XouT. A feedback resistor is built-in between them.

Xout Main clock output Output When using the RC oscillation, connect a resistor and a capacitor to XiN, and leave
XouT pin open.

XCIN Sub-clock input Input 1/O pins of the sub-clock generating circuit. Connect a 32.768 kHz quartz-crystal oscilla-
tor between pins XcIN and XcouT. A feedback resistor is built-in between them. Xcin and

Xcout Sub-clock output Output | xcout pins are also used as ports De and D7, respectively.

Do-Ds I/0O port D lfe] Each pin of port D has an independent 1-bit wide I/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 D5 is

also used as INT pin.

Ds, D7 Output port D Output  |Each pin of port D has an independent 1-bit wide output function. The output struc-
ture is N-channel open-drain. Ports Dé and D7 are also used as XCIN pin and XcouT
pin, respectively.

P00-P03 1/0 port PO 110 Port PO serves as a 4-bit I/0O 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. Ports PO0o—P03 are
also used as SEG21-SEG24, respectively.

P1lo-P13 1/O 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. Ports P10-P13 are
also used as SEG25-SEG28, respectively.

P20-P23 1/O port P2 110 Port P2 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.

Ports P20—P23 are also used as SEG17-SEG20, respectively.

Port C Output port C Output | 1-bit output port. The output structure is CMOS. Port C is also used as CNTR pin.

COMo- Common output Output  |LCD common output pins. Pins COMo and COMz1 are used at 1/2 duty, pins COMo-—

COMs3 COM2 are used at 1/3 duty and pins COMo—COM3 are used at 1/4 duty.

SEG0-SEG10 | Segment output Output LCD segment output pins. SEG0—SEG2 pins are used as VLC3-VLC1 pins, respec-

SEG17-SEG28 tively. SEG17-SEG2s8 pins are used as Ports P20—P23, Ports P00—P03 and Ports

(Note) P10-P13, respectively.

CNTR Timer input/output 110 CNTR pin has the function to input the clock for the timer 1 event counter and to out-
put the PWM signal generated by timer 2.CNTR pin is also used as Port C.

INT Interrupt input Input INT pin accepts external interrupts. They have the key-on wakeup function which can
be switched by software. INT pin is also used as Port Ds.

Note: SEG11 to SEG16 pins are not existed in the 4556 Group.

MULTIFUNCTION
Pin Multifunction Pin Multifunction Pin Multifunction Pin Multifunction

XCIN De De XCIN P20 SEG17 SEG17 P20
Xcout D7 D7 Xcout P21 SEG18 SEG18 P21
POo SEG21 SEG21 POo P22 SEG19 SEG19 P22
PO1 SEG22 SEG22 P01 P23 SEG20 SEG20 P23
P02 SEG23 SEG23 P02 Ds INT INT Ds
P03 SEG24 SEG24 P03 C CNTR CNTR C
Plo SEG25 SEG25 Plo SEGo VLc3 ViLcs SEGo
P11 SEG26 SEG26 P11 SEG1 Vic2 Vie2 SEG1
P12 SEG27 SEG27 P12 SEG2 Vic1 Vict SEG2
P13 SEG28 SEG28 P13

Notes 1: Pins except above have just single function.
2: The input/output of D5 can be used even when INT is selected.
The threshold value is different between port D5 and INT. Accordingly, be careful when the input of both is used.
3: The port C “H” output function can be used even when CNTR (output) is selected.
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Notice: This is not a final specification.
Some parametric limits are subject to change.

DEFINITION OF CLOCK AND CYCLE

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 ring oscillator which is the internal oscil-

lator

« Clock (f(XcIN)) by the external quartz-crystal oscillation

Table Selection of system clock

e System clock (STCK)

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.

Register MR System clock Operation mode
MR3 | MR2 | MR1 | MRo

1 1 0 0 f(STCK) = f(RING)/8 Internal frequency divided by 8 mode
1 0 0 0 f(STCK) = f(RING)/4 Internal frequency divided by 4 mode
0 1 0 0 f(STCK) = f(RING)/2 Internal frequency divided by 2 mode
0 0 0 0 f(STCK) = f(RING) Internal frequency through mode
1 1 0 1 f(STCK) = f(XIN)/8 High-speed frequency divided by 8 mode
1 0 0 1 f(STCK) = f(XIN)/4 High-speed frequency divided by 4 mode
0 1 0 1 f(STCK) = f(XIN)/2 High-speed frequency divided by 2 mode
0 0 0 1 f(STCK) = f(XIN) High-speed through mode
1 1 1 0 f(STCK) = f(XcIN)/8 Low-speed frequency divided by 8 mode
1 0 1 0 f(STCK) = f(XcIN)/4 Low-speed frequency divided by 4 mode
0 1 1 0 f(STCK) = f(XcIN)/2 Low-speed frequency divided by 2 mode
0 0 1 0 f(STCK) = f(XCIN) Low-speed through mode

Note: The f(RING)/8 is selected after system is released from reset.

PORT FUNCTION

] Input 110 Control Control
Port Pin Output structure . . . . Remark
Output unit | instructions | registers

Port D |Do-Da4, D5/INT 110 N-channel open-drain/ 1 SD, RD FR1, FR2 |Output structure selection

(6) CMOS SzZD 11, K2 function (programmable)
CLD
XcIN/Ds, XcouT/D7 Output | N-channel open-drain RG

2

Port PO | PO0o/SEG21-P03/SEG24 110 N-channel open-drain/ 4 OPOA FRO, PUO |Built-in pull-up functions, key-on
(4) CMOS IAPO KO wakeup functions and output

C1 structure selection function
(programmable)

Port P1 |P10o/SEG25-P13/SEG28 110 N-channel open-drain/ 4 OP1A FRO, PU1 |Built-in pull-up functions, key-on

(4) CMOS IAP1 KO, K1 wakeup functions and output
Cc2 structure selection function
(programmable)

Port P2 |P20/SEG17-P23/SEG20 110 N-channel open-drain/ 4 OP2A FR2 Output structure selection func
(4) CMOS I1AP2 L3 tion (programmable)

Port C |C/CNTR Output |CMOS 1 RCP W1
1) ScCP
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4556 Group

CONNECTIONS OF UNUSED PINS

Pin Connection Usage condition
XIN Connect to Vss. RC oscillator is not selected
XouT Open.
XcIN/Dg Connect to Vss.
XcouTt/D7 Open.
Do-D4 Open.
Connect to Vss. N-channel open-drain is selected for the output structure.
Ds/INT Open. INT pin input is disabled.
Connect to Vss. N-channel open-drain is selected for the output structure.
C/CNTR Open. CNTR input is not selected for timer 1 count source.
PO0/SEG21— Open. The key-on wakeup function is invalid.
PO3/SEG24 Connect to Vss. Segment output is not selected.
N-channel open-drain is selected for the output structure.
Pull-up transistor is OFF.
The key-on wakeup function is invalid.
P1o/SEG25— Open. The key-on wakeup function is invalid.
P13/SEG28 Connect to Vss. Segment output is not selected.
N-channel open-drain is selected for the output structure.
Pull-up transistor is OFF.
The key-on wakeup function is invalid.
P20/SEG17— Open.
P23/SEG20 Connect to Vss. Segment output is not selected.
N-channel open-drain is selected for the output structure.
COMo-COM3 Open.
SEGo/VLC3 Open. SEGo pin is selected.
SEG1/VLC2 Open. SEG1 pin is selected.
SEG2/VLc1 Open. SEG?2 pin is selected.
SEG3-SEG10 Open. _—
(Note)

Note: SEG11 to SEG16 pins are not existed in the 4556 Group.

(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]*
Regiser Yh—+{0ecoder | g7 e
[Register Y|—>{ Decoder | i cion 1)
2 (Note 1)

+—4—0 Do—D3 (Note 2)

(Note 3)
CLD

instruction

SD instruction —:[

D) t (Note 1)
RD instruction —_EJ |
777
Register Y Decoder
<
CLD !
Note 1
instruction t ( )
) —+—O D4 Note 2
SD instruction —:[ ! ( )
D) I (Note 1)
RD instruction / |
777
Register Y |—>| Decoder
<
CLD :
Note 1
instruction t ( )
) +—+—0 Ds/INT (Note 2
SD instruction —:[ ' ( )
D) I (Note 1)
RD instruction / i
777
(Note 4)
External O interrupt 4—| External O interrupt circuit I—

Key-on wakeup input

Timer 1 count start synchronous circuit input €———

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.
4: As for details, refer to the external interrupt structure.

Port block diagram (1)
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RegisterY|—>| Decoder |

TTTTTTTITTT

©

CLD t (Note 1)

instruction '
) ) :D_—LZ/\ S —+—O XcIN/Ds (Note 2)
SD instruction — 2 ;

r-==-1 x
= 41 A (Note 1)
RD instruction—_DiR Qi :,
rrol 0 . 7

Quartz-crystal —
oscillation circuit[—

RegisterY|—>| Decoder | ».

TTTTTTTTTTT RG2

Sub-clock input «——

<
CLD t (Note 1)

instruction '
:l ) ) —S —+—O XcouTt/D7 (Note 2
SD instruction — RG2 Ho ( )

Ot A (Note 1
RD instruction;DiR Q—© J ' (Note 1)
rol 777

-
Clock input for timer 1 event count<—/\ﬂ!
Timer 1 underflow signal -

B

A (Note 1)

T | sl

A }—9—0 CICNTR  (Note 2)
PWMOD & (Note 1)
SCP instruction
.
RCP instruction R
Chn

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

Port block diagram (2)
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LCD power supply — El_?
-—IO 1
LCD control 0gh
signal ',;
= A (Note 1)
+—O POO/SEG21, POL/SEG22
< I (Note 1)
H !
i
LCD power
key-on supply
wakeup «{Edge detection circuit |—O<>
input
IAPO
Register A| instruction
Aj
ﬁ Pull-up transistor
% PUO;
; Y _
Aj D
OPOA instruction —| T_Q j7
LCD power supply — Crl_‘j;
-—IO 1
LCD control 10470
i — !
signal >l '
= A (Note 1)
+—O P02/SEG23, P03/SEG24
s I (Note 1)
114
LCD power
key-on supply
wakeup <+ Edge detection circuit I—OQ— <
input

IAPO
Register Al instruction

Ak

Pull-up transistor

ii@
1

Y

Ak D

OPOA instruction —| T Q

Notes 1:-----/¢---- 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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4556 Group
LCD power supply —, (':_2_;
LCD control :ho_ _1_:
. H i
signal N :
4 A (Note 1)
+—O P10/SEG25, P11/SEG26
s A (Note 1)
_K11_[Edge detection] K1 7 77.7_
key-on Ty circuit "o LCD power
wakeup «o/ : g - L supply
input | _1oT{Leve etectiont ;o
circuit
Register Al instruction
Aj
:AD_‘ ﬁ' Pull-up transistor
PU1j
Y -
A D
OP1A instruction —|T_Q DJ1
LCD power supply — Crz_?
LCD control 1041
signal ',;
i A (Note 1)
+—O P12/SEG27, P13/SEG28
s A (Note 1)
K13_[Edge detection] K1 7 i
kei-on 4_.. 001 circuit "o LCD power |
WaKeUp <o |\ Mevel detectionJ : supply
input LI - [
circuit
Register Al instruction
Ak
:_D_‘ 5 Pull-up transistor
%
Y _—
Ak D
OP1A instruction —T_0Q DOJi
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 (4)
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4556 Group

(Note 3)
LCD power supply — L,_3_j -4
LCD control 1042
. — |
signal :Dj N :
(- A (Note 1)
+—O P20/SEG17, P21/SEG18
‘ (Note 2)
(Note 3) ;IDDJ,: A (Note 1)
T4
(Note 3) 1AP2 LCD power |
Register A| instruction supply
Aj
A D
OP2A instruction —{T_Q {)Ji
(Note 4)
LCD power supply — L,_31<_1
LCD control 1041
signal :D—‘ N |
I— A (Note 1)
+—O P22/SEG19, P23/SEG20
' (Note 2)
(Note 4) DJZ A (Note 1)
L3k A
(Note 4) IAP2 LCD power
Register A| instruction supply
Ak { (
Ak D
OP2A instruction —T_Q {)Ji
Notes 1:-----l¢---- 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 (5)
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LCD power supply

LCD control signal —'|_
B>
'_

A (Notel) geqa sEGIo

+ O SEG17-SEG28

'_
LCD control signal A,’f

LCD power supply

LCD power supply

t (Note 1)

—

' —
LCD control sn‘:;nal—’K

(Note 1)

_I»

LCD control signal

LCD power supply

LCD power supply

LCD control signal

TAT

]
]

TAT

LCD control signal

77

-

O COMo-COM3
(Note 1) (Note 2)

Pi---

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

Port block diagram (6)

Rev.1.01 Sep 17,2003 page 13 of 130

RENESAS




4556 Group

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

LCD power supply — L'_Z_Sj
LCD control :_1_¢_‘1:
. [ 1
signal N :
st A (Note 1)
+—O SEGo/Vics(Note 2)
E I (Note 1)
L23 .
| LCD power _|
[ _ supply

LCD power supply <
(VLc3)

LCD power supply

<

%Eﬂ

LCD power supply—
§ A1k Lep control |
signal 5 H
M I (Note 1)
+—O SEG1/VLc2(Note 2)
§ - I (Note 1)
5 ]
L22 o
‘| EEH‘ LCD power |
supply

(VLe2) )

LCD power supply P

L21

v

3"y
TAT

I
H

D LCD power Lzl'T'
supply =9
LCD control PRy :_1_¢_9:

; —
signal >l
'_

&l

+—O SEG2/VLc1(Note 2)
A (Note 1)

L21
|J LCD power
supply

(Vic1)

EPOF+POF2 instruction

XZEH

L13

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 (7)
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© f p Timer 1 count start

112 ____|One-sided edge synchronization

(Note 1) K -- -6-; detection circuit —‘_r_ii-; circuit input
Ds/INT 0—67@_‘% | Nolep| Expo |—pExtenal0
j L l o interrupt
(Note 1) & | —°1] J—rol !
i A Both edges oo

777 detection circuit

113 SNZIQ instruction
—| L—VSklp decision K21
. Level detection circuit 0.

Edge detection circuit

Key-on wakeup
_____ ' input

<1 This symbol represents a parasitic diode on the port.

Block diagram of external interrupt
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FUNCTION BLOCK OPERATIONS

CPU < <Carry>
(1) Arithmetic logic unit (ALU) et \

The arithmetic logic unit ALU performs 4-bit arithmetic such as 4-
bit data addition, comparison, AND operation, OR operation, and
bit manipulation.

Addition> ALU

(A)

<Result>

(2) Register A and carry flag

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).

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

<Set> <Clear>
SC instruction RC instruction

low-order 4 bits (Figure 3). Fig. 2 RARinstruction 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 A3 |A2 |A1 [A0

(4) Register D 3 [52 [61 [0 |——>{As [ [ [0

Register D is a 3-bit register. TEAB instruction
It is used to store a 7-bit ROM address together with register A and
is used as a pointer within the specified page when the TABP p,
BLA p, or BMLA p instruction is executed (Figure 4).

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

When the TABP p instruction is executed at UPTF flag = “0", the E
contents of register D remains unchanged. The UPTF flag is set to Register B TBA instruction  Register A

Register E [ E7 | E6 | Es | E4 |E3|E2 | E1 | Eo|

TABE instruction

“1” with the SUPT instruction and cleared to “0” with the RUPT in-
struction. The initial value of UPTF flag is “0”".

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

Fig. 3 Registers A, B and register E

TABP p instruction ROM -~
Specifying address o :8| — :4| — :0
s b N\ Low-order 4bits
H L Register A (4)
| ps | ps|pa|p3|pz|p1]po| |[DRADRIDR As|A2]A1]Ao]
A * i * & X g Middle-order 4 bits
L Register B (4)
Immediate field The contents of The contents of ¢l —
value p register D register A

High-order 2 bits -
> Register D (3)

* UPTF=1, high-order 1 bit of register D is “0".
UPTF=0, data is not transferred to register D.

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) |

Executing BM Executing RT

instruction instruction
SKo (SP)=0
SK1 (SP)=1
SK2 (SP)=2
SK3 (SP)=3
SKa4 (SP)=4
SKs (SP)=5
SKe (SP)=6
SK7 (SP)=7

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

Fig. 5 Stack registers (SKs) structure

(SP) - 0

(SKo) — 000116

(PC) ~ SUB1

Main program Subroutine

Address SUB1:
000018 NOP NOP
000116 BM SUB1 '
000216 NOP RT

(PC) — (SKo)
(SP) — 7

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

Fig. 6 Example of operation at subroutine call
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(8) Program counter (PC)

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

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

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

(9) Data pointer (DP)

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

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).

* Note

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

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

Program counter
A

p6|p5|p4|p3|p2|p1|pol-as|as|as|a3|az|a1|ao

Y Y
PCH PCL
Specifying page Specifying address

Fig. 7 Program counter (PC) structure

Data pointer (DP)
|Zl| Zo|X3|X2| X1| Xo|Y3|Y2|Y1|Yo

A

J

Register Y (4) |--Specifying

RAM digit

Register X (4

Register Z (2) |----- Specifying RAM file group

- -- Specifying RAM file

Fig. 8 Data pointer (DP) structure

Specifying bit position

Set

D3 D2 D1 Do

HINjEN

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 98760543210
of 10 bits. ROM is separated every 128 words by the unit of page 000016
(addresses 0 to 127). Table 1 shows the ROM size and pages. Fig- 007F16 Page O
ure 10 shows the ROM map of M34556ED. 008016 Interrupt address page Page 1
OOFF16
Table 1 ROM size and pages 010015 Subroutine special page Page 2
Part number ROM (PROM) size Pages 8%5512
(O 10 bits) Page 3
M34556M4 4096 words 32 (0to 31) !
M34556M4H i
M34556M8 8192 words 64 (0 to 63) :
M34556M8H i
M34556G8 i
M34556G8H 1FFF16 Page 63

A part of page 1 (addresses 008016 to O0FF16) is reserved for in-

terrupt addresses (Figure 11). When an interrupt occurs, the

address (interrupt address) corresponding to each interrupt is set Fig. 10 ROM map of M34556M8/M8H/G8/G8H

in the program counter, and the instruction at the interrupt address
is executed. When using an interrupt service routine, write the in-

struction generating the branch to that routine at an interrupt 9 876543210
address. 008016| _External 0 interrupt address __
Page 2 (addresses 010016 to 017F16) is the special page for sub-
routine calls. Subroutines written in this page can be called from 008216
any page with the 1-word instruction (BM). Subroutines extending
from page 2 to another page can also be called with the BM in- 008416 _Timer 1 interrupt address
struction when it starts on page 2.

ROM pattern (bits 7 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

008C1s6

008E16

OOFF16

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

1 word of RAM is composed of 4 bits, but 1-bit manipulation (with
the SB j, RB j, and SZB j instructions) is enabled for the entire
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

Table 2 RAM size

Part number RAM size

M34556M4/M4H | 288 words O 4 bits (1152 bits)

M34556M8/M8H

M34556G8/G8H
data pointer certainly when executing an instruction to access
RAM (also, set a value after system returns from RAM back-up).
RAM includes the area for LCD.
When writing “1” to a bit corresponding to displayed segment, the
segment is turned on.
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 288 words [0 4 bits (1152 bits)
Register Z 0 1
RegisterX| 0 | 1| 2| 3|--|12|13|14|15/0(1]2|3
0
1
2
3
4
5
> 6
2 7
'05;’ g
9
10
11
12
13
14
15
Note: The numbers in the shaded area indicate the corresponding segment output pin numbers.

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.)

() 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 INT | Address O
pin in page 1
2 Timer 1 interrupt | Timer 1 underflow Address 4
in page 1
3 Timer 2 interrupt | Timer 2 underflow Address 6
in page 1
4 Timer 3 interrupt | Timer 3 underflow Address 8
in page 1

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

struction
Interrupt name Request flag | Skip instruction | Enable bit
External O interrupt EXFO SNZ0 V1o
Timer 1 interrupt T1F SNZT1 V12
Timer 2 interrupt T2F SNZT2 V13
Timer 3 interrupt T3F SNZT3 V20

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 The address of main routine to be
executed when returning to the main routine is automatically |~ T executed when returning
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
“0.”

« Data pointer, carry flag, skip flag, registers Aand B
The contents of these registers and flags are stored automatically
in the interrupt stack register (SDP).

» Program counter (PC)
.............................................................. | Each interrupt address|

* Interrupt enable flag (INTE)
.................................................................. [0 (Interrupt disabled)]

* Interrupt request flag (only the flag for the current interrupt
SOUICE) .ottt |§|

« Data pointer, carry flag, registers A and B, skip flag
........ | Stored in the interrupt stack register (SDP) automatically|

(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.

Fig. 14 Internal state when interrupt occurs

Write the branch instruction to an interrupt service routine at an in-
terrupt address.
Use the RTI instruction to return from an interrupt service routine.

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

Interrupt enabled by executing the El instruction is performed after INT Piff1 interrupt O/O oo O/:/O-—Address 0
executing 1 instruction (just after the next instruction is executed). wavetorm inpu EXFO V1o 5 in page 1
Accordingly, when the El instruction is executed just before the RTI :
instruction, interrupts are enabled after returning the main routine. Timer 1 O/O O/O O/:/O——_Addfes54
(Refer to Figure 13) underflow TiF V12 5 in page 1
. Timer 2 (O O/O O/‘;/O__Address 6
rgf]?}'rr:e underflow T2F V13 in page 1
Timer 3 O/O O/O O/O._ Address 8
Interrupt . underflow T3F V20 INTE in page 1
service routine
o
Interrupt Lo v
occurs Lot Fig. 15 Interrupt system diagram
.* .
p
El
e RTI
Interrupt is "~..
enabled See, =
...I
\ /
- |Nterrupt enabled state
===« Interrupt disabled state

Fig. 13 Program example of interrupt processing
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(6) Interrupt control registers

« Interrupt control register V1
Interrupt enable bits of external 0, timer 1 and timer 2 are as-
signed 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.

Table 6 Interrupt control registers

« Interrupt control register V2
The timer 3 interrupt enable bit is assigned to register V2. Set the
contents of this register through register A with the TV2A instruc-
tion. The TAV2 instruction can be used to transfer the contents of
register V2 to register A.

, RIW
Interrupt control register V1 at reset : 00002 at power down : 00002 TAVL/TVIA
) . . 0 Int t di | NZT2 instruction i li
Vis Timer 2 interrupt enable bit nterrupt disabled (S .ms ruc.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 .ms ruc.lon.ls.va |d)
1 Interrupt enabled (SNZT1 instruction is invalid)
0
V11 Not used 1 This bit has no function, but read/write is enabled.
. . 0 Int t di | NZO instruction i li
V1o External O interrupt enable bit nterrupt disabled (S O.lns I'UC.IOI‘I .|s.va Id_)
1 Interrupt enabled (SNZO instruction is invalid)
. R/W
Interrupt control register V2 at reset : 00002 at power down : 00002
TAV2/TV2A

V23 Not used

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

V22 Not used

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

V21 Not used

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

Interrupt disabled (SNZT3 instruction is valid)

PO, |O|FRP|O|FR]|O

V20 Timer 3 interrupt enable bit

Interrupt enabled (SNZT3 instruction is invalid)

Note: “R” represents read enabled, and “W” represents write enabled.
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(7) Interrupt sequence

Interrupts only occur when the respective INTE flag, interrupt en-
able bits (V1o, V12, V13, V20), 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).

e \When an interrupt request flag is set after its interrupt is enabled (Note 1)

1 machine cycle

System clock
(STCK) N

Interrupt enable
flag (INTE) Interrupt enabled state

INT r ===agp Retaining level of system
clock for 4 periods or more
External .
. is necessary.
interrupt
EXFO ———-

Interrupt activated
condition is satisfied.

T1F,T2F,T3F | I_____

: |
I

Flag cleared » The program starts
| from the interrupt
2 to 3 machine cycles address.

(Notes 1, 2)

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

Fig. 16 Interrupt sequence
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4556 Group

EXTERNAL INTERRUPTS

The 4556 Group has the external O interrupt.

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
register 11.

Table 7 External interrupt activated conditions

Name Input pin Activated condition Valid waveform
selection bit
External O interrupt Ds/INT When the next waveform is input to D5/INT pin 111
* Falling waveform (“H” - “L") 112
* Rising waveform (“L” - “H")
* Both rising and falling waveforms
° At
: 112 One-sided edge
(Note 1)$ Faling detection circuit C 'I'%l';
Ds/INTO—+ ' Nl e P > External O
t o | f % ' ' EXFO interrupt
i Q i |—'—OL 1
: A Rising Both edges T
detection circuit > Timer 1 count start

synchronous circuit

113 (Note 2) K21
—{Level detection circuit }_F—KOD_>
K20 H A (Note 3) Lo Key-on wakeup

"{Edge detection circuit o

[

1

—l >—>Skip decision

(SNZIO instruction)

Notes 1: ----{4---- 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 (EXFO)
External O interrupt request flag (EXFO) is set to “1” when a valid
waveform is input to Ds/INT 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 O interrupt activated condition
External O interrupt activated condition is satisfied when a valid
waveform is input to Ds/INT 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.

0 Set the bit 3 of register I1 to “1” for the INT pin to be in the input
enabled state.

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

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

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

O Set both the external O 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 D5/INT pin, the EXFO flag is set to “1” and the
external O interrupt occurs.

Table 8 External interrupt control register

(2) 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 TAIL instruction can be used to transfer the
contents of register 11 to register A.

R/W
Interrupt control register 11 at reset : 00002 at power down : state retained TAIUTIIA
113 INT pin input control bit (Note 2) 0 INT pfn !nput disabled
1 INT pin input enabled
0 Falling waveform/“L” level (“L” level is recognized with the SNZIO
11 Interrupt valid waveform for INT pin/ instruction)
return level selection bit (Note 2) 1 Rising waveform/“H” level (“H” level is recognized with the SNZIO
instruction)
111 INT pin edge detection circuit control bit 0 One-sided edge detected
1 Both edges detected
o INT 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

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

2: When the contents of these bits (112, 113) are changed, the external interrupt request flag (EXFO) may be set.

Rev.1.01 Sep 17,2003 page 26 of 130

RENESAS




4556 Group

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

(3) Notes on External O interrupts
O Note [1] on bit 3 of register 11

When the input of the INT pin is controlled with the bit 3 of regis-

ter 11 in software, be careful about the following notes.

» Depending on the input state of the Ds/INT pin, the external 0 in-
terrupt request flag (EXFO) may be set when the bit 3 of register
11 is changed. In order to avoid the occurrence of an unexpected
interrupt, clear the bit 0 of register V1 to “0” (refer to Figure 180)

and then, change the bit 3 of register I1.
In addition, execute the SNZO0 instruction to clear the EXFO flag

to “0” after executing at least one instruction (refer to Figure 180J).
Also, set the NOP instruction for the case when a skip is per-

formed with the SNZO0 instruction (refer to Figure 180J).

O Note on bit 2 of register 11
When the interrupt valid waveform of the Ds/INT pin is changed
with the bit 2 of register I1 in software, be careful about the fol-
lowing notes.

Depending on the input state of the Ds/INT pin, the external 0 in-
terrupt request flag (EXFO) may be set when the bit 2 of register
11 is changed. In order to avoid the occurrence of an unexpected
interrupt, clear the bit O of register V1 to “0” (refer to Figure 2000)
and then, change the bit 2 of register I1.

In addition, execute the SNZO0 instruction to clear the EXFO flag
to “0” after executing at least one instruction (refer to Figure 200J).
Also, set the NOP instruction for the case when a skip is per-
formed with the SNZO0 instruction (refer to Figure 200J).

LA 4 ((D 02)

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

LA 8 J(AMD 2)

TI1IA ; Control of INT pin input is changed

NOP e g

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

NOP e g

[ : these bits are not used here.

LA 4 (D 02)

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

LA 12

TI1A ; Interrupt valid waveform is changed

NOP 0

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

NOP 0

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 INT pin is disabled, be careful
about the following notes.

» When the key-on wakeup function of INT pin is not used (register
K20 = “0"), clear bits 2 and 3 of register |1 before system enters

to the RAM back-up mode. (refer to Figure 190J).

LA 0 ; (00 2)

TI1IA ; Input of INT disabled............ccceee O
DI

EPOF

POF2 ; RAM back-up

[ : 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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TIMERS
The 4556 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).

 Fixed dividing frequency timer
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 - — - — _ _ _ _ _ _ _ _____
n : Counter initial value

1st underflow

N

The contents of counter

0016

Count starts Reload Reload

v

y

2nd underflow

N

Timer interrupt v

4——— n+1count —»,4— n+1 count —>|

\

Time

requestflag ~ “0-

\
ﬂ An interrupt occurs or
a skip instruction is executed.

Fig. 21 Auto-reload function

The 4556 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 : 16-bit fixed dividing frequency timer

Timer LC : 4-bit programmable timer

Watchdog timer : 16-bit fixed dividing frequency timer
(Timers 1, 2, and 3 have the interrupt function, respectively)

Prescaler and timers 1, 2, 3 and LC can be controlled with the
timer control registers PA, W1 to W4. 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 e Timer 1, 2, 3 and LC count sources PA
binary down counter
Timer 1 8-bit programmable * PWM output (PWMOUT) 1to 256 * CNTR output control w1
binary down counter * Prescaler output (ORCLK) e Timer 1 interrupt
(link to INT input) * Timer 3 underflow
(T3UDF)
* CNTR input
Timer 2 8-bit programmable * XIN input 1to 256 * Timer 1 count source w2
binary down counter * Prescaler output (ORCLK) * CNTR output
(PWM output function) | divided by 2 * Timer 2 interrupt
Timer 3 16-bit fixed dividing * XCIN input 8192 * Timer 1 count source W3
frequency 16384 * Timer 3 interrupt
32768
65536
Timer LC 4-bit programmable * Bit 4 of timer 3 1to 16 * LCD clock w4
binary down counter * System clock (STCK)
Watchdog 16-bit fixed dividing « Instruction clock (INSTCK) | 65534 » System reset (count twice)
timer frequency » WDF flag decision
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Division circuif MR3 MRz 5 System clock (STCK)

lgn(;ﬁrer:glti?]g)ili(rcuit »-Instruction clock
(divided by 3) (INSTCK)

Ring oscillator MR1, MRo

Divided by 2 ©

: : 1 00
XINO Ceramic resonance l\:luln— o1 — ;
N [L_plexer OL 0 = e
RC oscillation (CRCK) 107t

A

XcINQ—] Quartz-crystal oscillation}————

B Prescaler (8) |—> ORCLK
x

Ao |
A .
| Reload register RPS (8) |
(TPSAB; (TPSAB
TPSAB,
(TABPS) ( ) (TABPS)
Register B || Register A

DsINT O of 57 [|detection cireut| Liorg 1o

L‘ Timer 1 (8) |7—> Timer 1

A 4 A interrupt
| Reload register R1 (8)|
(T1AB) (T1AB)
(TABL) (TIAB) (TAB1)

Register B||Reqister Al

.
PWMOUT——

101
ORCLK———0

—* Timer 1 underflow signal
(T1UDF)

Port C output

T1UDF
a

Q D

R T

|Register B||Register AI

l (T2HAB) l

|Re|0ad register R2H (8)|

T Q[%*PWMOD

- )

- rs Q‘—I Reload control circuit |<—
1 1 o1 1
ORCLW RN Timer 2 (8) |—TLH_mLeuaLemnﬁan“01 : Timer 2
'

190 _; interrupt

(T2R2L)
|Re|oad register R2L (8)|
(T2AB)

(T2AB)

(TAB2) - -
Register B||Reg|ster

(TAB2)

Fig. 22 Timer structure (1)
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Timer 3 (16)
........ 13 14 15 16

W31, W30

Timer 3
interrupt

Q@

— Timer 3 underflow signal (T3UDF)

LCD
clock

Timer LC (4) 1/2
A

| Reload register RLC (4)|
(TLCA) T
(TLCA)

| Register A

Watchdog timer
INSTCK—> -0 . 16

S Q
WDF1
WRST instruction™|R

RESET signal4s Q
WEF

DWDT instruction—|R D Q[ Watchdog reset signal

+
WRST instruction

T R[—— RESET signal

Fig. 23 Timer structure (2)
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Table 10 Timer related registers

) . W
Timer control register PA at reset : 02 at power down : 02 TPAA
. Stop (state initialized
PAo Prescaler control bit 0 p( - )
1 Operating
. . . R/W
Timer control register W1 at reset : 00002 at power down : 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
Wi2 Timer 1 control bit Lt - )
1 Operating
W11{W1o Count source
Wi 0| o | PWM signal (PWMOUT)
Timer 1 count source selection bits 0 | 1 | Prescaler output (ORCLK)
W10 (Note 3) 1 | 0 | Timer 3 underflow signal (T3UDF)
1| 1 | CNTR input
i | regi 2 d : 0000 RIW
Timer control register W at reset : 00002 at power down : 2 TAW2/TW2A
NTR pin output invali
W23 CNTR pin output control bit 0 ¢ p. outpuy ? d
1 CNTR pin output valid
W22 PWM signal interrupt valid waveform/ 0 PWAM signal “H” interval expansion function invalid
return level selection bit 1 PWM signal “H” interval expansion function valid
0 Stop (state retained
w21 Timer 2 control bit P - )
1 Operating
0 XIN input
W20 Timer 2 count soruce selection bit -
1 Prescaler output (ORCLK)/2 signal output
) . . R/W
Timer control register W3 at reset : 00002 at power down : state retained
TAWS3/TW3A
w3z | Timer 3 count auto-stop circuit selection 0 XCIN input
bit 1 Prescaler output (ORCLK)
0 Stop (Initial state
W32 Timer 3 control bit p( - )
1 Operating
W31/W30 Count source
wa1 . . . 0 | 0 | Underflow occurs every 8192 counts
Timer 3 count source selection bits
0 | 1 | Underflow occurs every 16384 counts
W30 1 | 0 | Underflow occurs every 32768 counts
1 | 1 | Underflow occurs every 65536 counts
) . . R/W
Timer control register W4 at reset : 00002 at power down : state retained
TAW4/TW4A
) . 0 Stop (state retained
W43 Timer LC control bit L 8 )
1 Operating
) . . 0 Bit 4 (T34) of timer 3
W42 Timer LC count source selection bit (T34)
1 System clock (STCK)
Wa1 CNTR output auto-control circuit 0 CNTR output auto-control circuit not selected
selection bit 1 CNTR output auto-control circuit selected
Wa 0 Falling edge
O | CNTR pin input count edge selection bit 1 Rising edge

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: Port C output is invalid when CNTR input is selected for the timer 1 count source.

Rev.1.01 Sep 17,2003 page 32 of 130

RENESAS




4556 Group

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

(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 TAWL1 instruction can be used to transfer the contents
of register W1 to register A.

Timer control register W2

Register W2 controls the CNTR output, the expansion of “H” in-
terval of PWM 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 trans-
fer the contents of register W2 to register A.

Timer control register W3

Register W3 controls the count operation and count source of
timer 3. Set the contents of this register through register A with
the TW5A instruction. The TAWS instruction can be used to trans-
fer the contents of register W3 to register A.

Timer control register W4

Register W4 controls the operation and count source of timer LC,
the selection of CNTR output auto-control circuit and the count
edge of CNTR input. Set the contents of this register through reg-
ister A with the TWA4A instruction. The TAW4 instruction can be
used to transfer the contents of register W4 to register A..

(2) Prescaler (interrupt function)

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 LC 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).

INT pin input can be used as the start trigger for timer 1 count op-
eration by setting the bit O of register 11 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.”
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(4) Timer 2 (interrupt function)

Timer 2 is an 8-bit binary down counter with two timer 2 reload reg-
isters (R2L, R2H). Data can be set simultaneously in timer 2 and
the reload register R2L with the T2AB instruction. Data can be set
in the reload register R2H with the T2HAB instruction. The contents
of reload register R2L set with the T2AB instruction can be set to
timer 2 again with the T2R2L 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.

When executing the T2HAB instruction to set data to reload regis-
ter R2H while timer 2 is operating, avoid a timing when timer 2
underflows.

Timer 2 starts counting after the following process;

O set data in timer 2

0 set count source by bit O of register W2, and

0 set the bit 1 of register W2 to “1.”

When a value set in reload register R2L 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 R2L, and count continues (auto-reload function).
When bit 3 of register W2 is set to “1”, timer 2 reloads data from re-
load register R2L and R2H alternately each underflow.

Timer 2 generates the PWM signal (PWMOUT) of the “L” interval
set as reload register R2L, and the “H” interval set as reload regis-
ter R2H. The PWM signal (PWMOUT) is output from CNTR pin.
When bit 2 of register W2 is set to “1” at this time, the interval
(PWM signal “H” interval) set to reload register R2H for the counter
of timer 2 is extended for a half period of count source.

In this case, when a value set in reload register R2H is n, timer 2
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 R2H.
When bit 1 of register W4 is set to “1”, the PWM signal output to
CNTR pin is switched to valid/invalid each timer 1 underflow. How-
ever, when timer 1 is stopped (bit 2 of register W1 is cleared to “0"),
this function is canceled.

Even when bit 1 of a register W2 is cleared to “0” in the “H” interval
of PWM signal, timer 2 does not stop until it next timer 2 underflow.
When clearing bit 1 of register W2 to “0” to stop timer 2, avoid a
timing when timer 2 underflows.

(5) Timer 3 (interrupt function)

Timer 3 is a 16-bit binary down counter.

Timer 3 starts counting after the following process;

0 set count value by bits 0 and 1 of register W3,

0 set count source by bit 3 of register W3, and

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

Once count is started, when timer 3 underflows (the set count
value is counted), the timer 3 interrupt request flag (T3F) is set to
“1,” and count continues.

Bit 4 of timer 3 can be used as the timer LC count source for the
LCD clock generating.

When bit 2 of register W3 is cleared to “0”, timer 3 is initialized to
“FFFF16” and count is stopped.

Timer 3 can be used as the counter for clock because it can be op-
erated at clock operating mode (POF instruction execution). When
timer 3 underflow occurs at clock operating mode, system returns
from the power down state.

(6) Timer LC

Timer LC is a 4-bit binary down counter with the timer LC reload
register (RLC). Data can be set simultaneously in timer LC and the
reload register (RLC) with the TLCA instruction. Data cannot be
read from timer LC. Stop counting and then execute the TLCA in-
struction to set timer LC data.

Timer LC starts counting after the following process;

O set data in timer LC,

0 select the count source with the bit 2 of register W4, and

0 set the bit 3 of register W4 to “1.”

When a value set in reload register RLC is n, timer LC divides the
count source signal by n + 1 (n = 0 to 15).

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

Timer LC underflow signal divided by 2 can be used for the LCD
clock.
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(7) Timer input/output pin

(CICNTR pin)
CNTR pin is used to input the timer 1 count source and output the
PWM signal generated by timer 2. When the PWM signal is output
from C/CNTR pin, set “0” to the output latch of port C.
The selection of CNTR output signal can be controlled by bit 3 of
register W2.
When the CNTR input is selected for timer 1 count source, timer 1
counts the waveform of CNTR input selected by bit O of register
WA4. Also, when the CNTR input is selected, the output of port C is
invalid (high-impedance state).

(8) Timer interrupt request flags (T1F, T2F, T3F)
Each timer interrupt request flag is set to “1” when each timer
underflows. The state of these flags can be examined with the skip
instructions (SNZT1, SNZT2, SNZT3).

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

(9) Count start synchronization circuit (timer 1)
Timer 1 has the count start synchronous circuit which synchronizes
the input of INT pin, and can start the timer count operation.

Timer 1 count start synchronous circuit function is selected by set-
ting the bit 0 of register 11 to “1” and the control by INT pin input
can be performed.

When timer 1 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 INT pin.

The valid waveform of INT 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 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 under-
flow.

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

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

(11) 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, and LC counting to change its count source.

Reading the count value
Stop timer 1 or 2 counting and then execute the data read in-
struction (TAB1, TAB2) to read its data.

Writing to the timer
Stop timer 1, 2 or LC counting and then execute the data write in-
struction (T1AB, T2AB, TLCA) to write its data.

Writing to reload register R1, R2H

When writing data to reload register R1 or reload regiser R2H
while timer 1 or timer 2 is operating, avoid a timing when timer 1
or timer 2 underflows.

Timer 2

Avoid a timing when timer 2 underflows to stop timer 2 at PWM
output function used.

When “H” interval extension function of the PWM signal is set to
be “valid”, set “1” or more to reload register R2H.

Timer 3
Stop timer 3 counting to change its count source.

Timer input/output pin
Set the port C output latch to “0” to output the PWM signal from
C/CNTR pin.
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e CNTR output: invalid (W23 = “0")

Timer 2 count source

Timer 2 count value

1 1 1
(Reload E (R2L) i t i i t E t
register) ! I(R2L) 1 (R2L) I (R2L) 1(R2L)
Timer 2 underflow signal i |_| |_| |_| |_I
1
1
PWM signal (output invalid) i
i
1 PWM signal “L"
Timer 2 start fixed

e CNTR output: valid (W23 = “1")
PWM signal “H” interval extension function: invalid (W22 = “0")

Timer 2 count source | | | I | | l | | | | l | |

Timer 2 count value

(Reload
register)

Timer 2 underflow signal

]
1
1
1
1
1
1
i ‘ I
PWM i 3 clock ':3 clock:| |
t

signal s I“@——PWM period 7 clock——» <@——PWM period 7 clock ——|
Timer 2 start ! P : 1

e CNTR output: valid (W23 = “1")
PWM signal “H” interval extension function: valid (W22 = “1") (Note)

Timer 2 count source | | | I | | | | I | | |

Timer 2 count value (I)315 @@@@@ @@@@@@@@@@@ 0216
(Reload I(R2L) Pt 1t t t t
register) : | (R2H) I(R2L) (R2H) R R

! | ] | ] | ] [ ] | L

P | 35 coo—] 5 dov] T

t

signal | | 1
Timer 2 start | <@—— PWM period 7.5 clock —>|'<— PWM period 7.5 clock—>:

(R2L) 2H)

Timer 2 underflow signal

Note: At PWM signal “H” interval extension function: valid, set “0116” or more to reload register R2H.

Fig. 24 Timer 2 operation (reload register R2L: “0316”, R2H: “0216")
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CNTR output auto-control circuit by timer 1 is selected.

e CNTR output: valid (W23 = “1")
CNTR output auto-control circuit selected (W41 = “1")

signal 1
Timer 1 underflow signal h
t Timer 1 start i

=T
i
s

CNTR output
1 CNTR output start

e CNTR output auto-control function

PWM S — R —-—

signal
Timer 1 underflow signal

T Timer 1 st

1

Ti Timer 1
| stop
T

L0 1

t CNTR output stop

rt

Register W41

CNTR output ﬂmmm ﬂﬂﬂﬂm

1 CNTR output start

e = f———
! [ I ——
- ] = ————

e e ——
_———— e ——
[ | ———

O

R S S ——

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

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

[J When timer 1 is stopped, the CNTR output auto-control function becomes invalid.

Note: When the PWM signal is output from C/CNTR pin, set the output latch of port C to “0”.

Fig. 25 CNTR output auto-control function by timer 1
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CNTR output: valid (W23 = “1"),

Reload register R2L: “0316”
Reload register R2H: “0216”

Count source: XIN input selected (W20 = “0"),

o Waveform extension function of CNTR output “H” interval: Invalid (W22 = “0"),

~—Timer 2 count start timing

Machine cycle i

Mi+1

Mi+2

System clock I
f(STCK)=f(XIN)/4 —l—
XIN input

(count source selected)

Register W21

TW2A instruction execution ¢
|

cle (W21) - 1

Syuuyyuuoririry U L e

L |

Timer 2 count value

03 02 {00 01 6
(Retond rogieten 15 (02:6)01:5{00140216(0126{0015%03:6X 021X0119)
(R2L) R2H) (R2L)
Timer 2 |_|
underflow signal
PWAM signal —l—
Timer 2 count start timing
J
~—Timer 2 count stop timing ~
Machine cycle Mi Mi+1 Mi+2

System clock |
f(STCK)=H(XiN)/4 j —

TW2A instruction execution ¢

XIN input —ll—ll_ll—ll_ll_ll_ll_l
(count source selected

Register W21

Timer 2 count value
(Reload register)

Timer 2
underflow signal

cle (W21) -« 0 |
] N
JEREREREREREREpEREE S

PWM signal

-

(02:5)0116f0016021Y0116X0016{ 031602160116 0010} 0216
(R2H) (R2L) A (R2H)
[ [
| | (Note 1)

Timer 2 count stop timing

Notes 1: In order to stop timer 2 at CNTR output valid (W23 = “1"), avoid a timing when timer 2 underflows.
If these timings overlap, a hazard may occur in a CNTR output waveform.
2: At CNTR output valid, timer 2 stops after “H” interval of PWM signal set by reload register R2H is output.

Fig. 26 Timer 2 count start/stop timing
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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.

However, in order to set the WEF flag to “1” again once it has
cleared to “0”, execute system reset.

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.

FFFF16
Value of 16-bit timer (WDT)

000016
WDF1 flag

WDF?2 flag

|

|

65534 count |
(Note) !

<« »||U

RESET pin output

[0 Reset
released

watchdog reset signal is output.

executed.

is the instruction clock.

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

O 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 00 System reset
executed

(skip executed)

Fig. 27 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 28).
The watchdog timer is not stopped with only the DWDT instruction.
The contents of WDF1 flag and timer WDT are initialized at the
power down mode.

When using the watchdog timer and the power down mode, initial-
ize the WDF1 flag with the WRST instruction just before the
microcomputer enters the power down state (refer to Figure 29).
The watchdog timer function is valid after system is returned from
the power down. When not using the watchdog timer function, ex-
ecute the DWDT instruction and the WRST instruction continuously
every system is returned from the power down, and stop the watch-
dog timer function.

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

Fig. 28 Program example to start/stop watchdog timer

WRST ; WDF1 flag cleared
NOP

DI ; Interrupt disabled
EPOF ; POF instruction enabled
POF

!
Oscillation stop

Fig. 29 Program example to enter the mode when using the
watchdog timer
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LCD FUNCTION

The 4556 Group has an LCD (Liquid Crystal Display) controller/
driver. When the proper voltage is applied to LCD power supply in-
put pins (VLci1-VLc3) and data are set in timer control register
(W4), timer LC, LCD control registers (L1, L2, L3, C1, C2), and
LCD RAM, the LCD controller/driver automatically reads the dis-
play data and controls the LCD display by setting duty and bias.

4 common signal output pins and 23 segment signal output pins
can be used to drive the LCD. By using these pins, up to 92 seg-
ments (when 1/4 duty and 1/3 bias are selected) can be controlled
to display. The LCD power input pins (VLc1-VLc3) are also used as
pins SEG0o-SEG2. When SEG0-SEG2 are selected, the internal
power (VDD) is used for the LCD power.

(1) Duty and bias

There are 3 combinations of duty and bias for displaying data on
the LCD. Use bits 0 and 1 of LCD control register (L1) to select the
proper display method for the LCD panel being used.

* 1/2 duty, 1/2 bias
 1/3 duty, 1/3 bias
¢ 1/4 duty, 1/3 bias

Table 11 Duty and maximum number of displayed pixels

(2) LCD clock control

The LCD clock is determined by the timer LC count source selec-
tion bit (W42), timer LC control bit (W43), and timer LC.
Accordingly, the frequency (F) of the LCD clock is obtained by the
following formula. Numbers (O to [J) shown below the formula cor-
respond to numbers in Figure 30, respectively.

* When using the prescaler output (ORCLK) as timer LC count
source (W42="1")

1
F:ORCLKEII LC+1D| > |

O g g

* When using the bit 4 of timer 3 as timer LC count source (W42="0")

1 1
F:I T34 |:||LC+1 [II 2 |
] O 0
[LC: 0 to 15]

The frame frequency and frame period for each display method
can be obtained by the following formula:

Duty | Maximum number of displayed pixels| Used COM pins Frame frequency = + (Hz)
1/2 |46 segments COMo, COM1 (Note)
1/3 |69 segments COMo—COM2 (Note) n
174 |92 segments COMo-COM3 Frame period = F© ~
F: LCD clock frequency
Note: Leave unused COM pins open. |:1/n: Duty
(Note)
W43
W42 r=-=1

L oL

STCK—®0 ¢ |

d 0
PR e U
T34O—;%)O: :KOE—>TimerLC @) [-»| 1 |—> LCDclock
1

| Reload register RLC (4) |

(TLCA) |

Register A

Note: Count source is stopped by setting “0” to this bit.

(TLCA)

Fig. 30 LCD clock control circuit structure
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SEGo/VLc3  SEG2/Vici
SEG3 to SEG10

COMs  COM1 SEG1 SEG17 to SEGzs
COM2  COMo Nicz rs:_:EII- o o
O 0 O 0 BS Y Y
A X § 3 =
SEGo to SEG2 ri?_:f”*
output ] e
> Multiplexeri rE?_:E"*
=
A
Control _|
signal
v VvV vV
. . Segmen Segment
Common driver [« Bias control > e L
river driver
3 A A 'y r'y
»|Selector --{Selecto
Decoder RAM | ***| RAM
1/2,1/3,1/4 counter < LCD clock
(from timer block)
7y
» LCD ON/
OFF )
control
| L13| L12[ L11| L1lo L23| L22| L21| L20
h 4 4
[ Register A |
Fig. 31 LCD controller/driver
(3) LCD RAM (4) LCD drive waveform
RAM contains areas corresponding to the liquid crystal display. ~ When “1” is written to a bit in the LCD RAM data, the voltage differ-
When “1” is written to this LCD RAM, the display pixel correspond- ence between common pin and segment pin which correspond to
ing to the bit is automatically displayed. the bit automatically becomes IVLc3l and the display pixel at the
cross section turns on.
When returning from reset, and in the RAM back-up mode, a dis-
play pixel turns off because every segment output pin and
common output pin becomes VLc3 level.
z 1
X 0 1 2 3
Y its 3 2 1 0 3 2 1 0 3 2 1 0 3 2 1 0
8 SEGO | SEGO | SEGO | SEGO | SEG8 | SEG8 |SEG8 [SEG8 | ™ | =™ | =™ | = |SEG24|SEG24|SEG24|SEG24
9 SEG1 | SEG1 | SEG1 | SEG1 | SEGY | SEG9 | SEGY | SEG9 | SEG17|SEG17 [SEG17 [SEG17 | SEG25|SEG25| SEG25|SEG25
10 SEG2 | SEG2 | SEG2 | SEG2 [SEG10|SEG10[SEG10|SEG10| SEG18|SEG18 |SEG18 [SEG18 |SEG26 | SEG26| SEG26|SEG26
11 SEG3 | SEG3 | SEG3 | SEG3 SEG19|SEG19 |[SEG19 |SEG19 |SEG27|SEG27| SEG27|SEG27
12 SEG4 | SEG4 | SEG4 |SEG4 | —— | —— |—— | —— |SEG20|SEG20|SEG20|SEG20|SEG28|SEG28|SEG28|SEG28
13 SEG5 | SEG5 | SEG5|SEG5 |—— | —— |—— | —— |SEG21|SEG21|SEG21|SEG21| — | —— | ——
14 SEG6 | SEG6 | SEG6 | SEG6 — | T |/ | T/ |SEG22|SEG22|SEG22|SEG22| —— | — | — | ——
15 SEG7 |SEG7 | SEG7 |SEG7 | T | =7/ |7 |7 |SEG23|SEG23|SEG23|SEG23| — | — | —/— | —/—
COM COM3 | COM2 | COM1 |COMo | COM3 | COM2 | COM1 | COMo | COM3|COM2 | COM1 | COMo | COM3 | COM2 | COM1 | COMO
Note: The area marked ©* —— " is not the LCD display RAM.

Fig. 32 LCD RAM map
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Table 12 LCD control registers (1)

R/W
LCD control register L1 at reset : 00002 at power down : state retained
TALL/TL1A
L1a Internal dividing resistor for LCD power 0 2r03,2rg2
supply selection bit (Note 2) 1 rd3,rg2
0 Stop
L12 i
LCD control bit 1 Operating
L11] L1o Duty Bias
L1 0| 0 Not available
LCD duty and bias selection bits ol 1 1/2 1/2
L10 1] 0 1/3 1/3
1] 1 1/4 1/3
LCD control register L2 at reset : 00002 at power down : state retained TI\_,;A
L23 SEGo/VLe3 pin function switch bit (Note 3) 0 SEGo
1 VLC3
L22 SEG1/VLc2 pin function switch bit (Note 4) 0 SEG1
1 VLc2
L21 SEG2/VLc1 pin function switch bit (Note 4) 0 SEG2
1 VLCc1
L20 Internal dividing resistor for LCD power 0 Internal dividing resistor valid
supply control bit 1 Internal dividing resistor invalid
. . W
LCD control register L3 at reset : 11112 at power down : state retained TL3A
L33 P23/SEG20 pin function switch bit 0 SEG20
1 P23
L32 P22/SEG19 pin function switch bit 0 SEG19
1 P22
L31 P21/SEG18 pin function switch bit 0 SEG18
1 P21
L30 P20/SEG17 pin function switch bit 2 EEGN
0

Notes 1: “R” represents read enabled, and “W"” represents write enabled.
2: “r (resistor) multiplied by 3” is used at 1/3 bias, and “r multiplied by 2” is used at 1/2 bias.
3: VLc3 is connected to VDD internally when SEGo pin is selected.
4: Use internal dividing resistor when SEG1 and SEGz2 pins are selected.
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Table 12 LCD control registers (2)

LCD control register C1 atreset : 11112 at power down : state retained T(\:AiA
C13 P03/SEG24 pin function switch bit 0 SEG24
1 P03
Cl2 | PO2/SEGa23 pin function switch bit 0 |SEGas
1 P02
Cl1 PO01/SEG22 pin function switch bit 0 SEG22
1 P01
Clo PO00/SEG21 pin function switch bit 0 SEG21
1 P00
LCD control register C2 atreset : 11112 at power down : state retained T(\:A;A
C23 | P13/SEG28 pin function switch bit 0 SEG28
1 P13
C22 P12/SEG27 pin function switch bit 0 SEG27
1 P12
c21 P11/SEG26 pin function switch bit 0 SEG26
1 P11
C20 P10/SEG25 pin function switch bit 2 EEGZE’
0

Note: “R” represents read enabled, and “W” represents write enabled.
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4556 Group

1/2 Duty, 1/2 Bias: When writing (XX10)2 to address M (1, 2, 9) in RAM.
1 flame (2/F) |

1/F Voltage level

Vie3
Vici=Vic2
Vss

Vic3
Vici=Vic2
Vss

1/3 Duty, 1/3 Bias: When writing (X101)2 to address M (1, 2, 9) in RAM.

1 flame (3/F) >
1/F ‘ Voltage level

T - T Y/ Xex]

_____ T R R R Vic2
e i S s s s Vicz
i Vss

COM2 COM1 COMo
< SEGi17 =I< SEG17 ;I< SEGi17 >
ON OFF ON

1/4 Duty, 1/3 Bias: When writing (1010)2 to address M (1, 2, 9) in RAM.

P 1 flame (4/F) N
M(1,2,9) 1/F Voltage level
n i \\;LC3
LC2

F : LCD clock frequency

X: Set an arbitrary value. COM3 COM2 COM1 COMo Vss
(These bits are not related to
set the drive waveform at each duty.) ON OEE ON OEE

Fig. 33 LCD controller/driver structure
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(5) LCD power supply circuit

Select the LCD power supply circuit suitable for the using LCD
panel.

The LCD power supply circuit is fixed by the followings;

» The internal dividing resistor is controlled by bit O of register L2.

» The internal dividing resistor is selected by bit 3 of register L1.

* The bias condition is selected by bits 0 and 1 of register L1.

e Internal dividing resistor
The 4556 Group has the internal dividing resistor for LCD power
supply.
When bit O of register L2 is set to “1”, the internal dividing resis-
tor is valid. However, when the LCD is turned off by setting bit 2
of register L1 to “0”, the internal dividing resistor is turned off.
The same six resistor (r) is prepared for the internal dividing re-
sistor. According to the setting value of bit 3 of register L1 and
using bias condition, the resistor is prepared as follows;

VLC3/SEGO pin

The selection of VLc3/SEGo pin function is controlled with the bit
3 of register L2.

When the VLc3 pin function is selected, apply voltage of VLc3 <
VDD to the pin externally.

When the SEGo pin function is selected, VLc3 is connected to
VDD internally.

VLC2/SEG1, VLC1/SEG2 pin

The selection of VLc2/SEG1 pin function is controlled with the bit
2 of register L2.

The selection of VLC1/SEG2 pin function is controlled with the bit
1 of register L2.

When the VLc2 pin and VLc1 pin functions are selected and the
internal dividing resistor is not used, apply voltage of
0<VLci<VLc2<VLC3 to these pins. Short the VLc2 pin and ViLc1
pin at 1/2 bias.

When the VLc2 pin and VLc1 pin functions are selected and the
internal dividing resistor is used, the dividing voltage value gen-
erated internally is output from the VLc1 pin and VLc2 pin. The
VLc2 pin and VLc1 pin have the same electric potential at 1/2 bias.
When SEG1 and SEG2 pin functions are selected, use the inter-
nal dividing resistor. In this time, VLc2 and VLc1 are connected to
the generated dividingg voltage.

e 13 ="0", 1/3 bias used: 2r J 3 = 6r
Vics :l SEGo
Viez2 ] SEG1
Vicr ]
SEG2

e 13 ="0", 1/2 bias used: 2r 0 2 = 4r
a) Register L2=(0000)2

e 13 ="1", 1/3 bias used: r 0 3 = 3r
Vies Vics
Viez2 Vice
vic ]VL01 Il

e L13="1", 1/2 biasused: r 0 2 = 2r
c) Register L2=(1110)2

i

VLCc3 [ VLics
L
Vicz :l SEG1
Vict
] SEG2

b) Register L2=(1000)2

Vviecs

||

Vic2

Vel Ll

d) Register L2=(1111)2

Fig. 34 LCD power supply circuit example (1/3 bias condition selected)
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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 O.

oo [LTLML LML= LML

RESET

' Ring oscillator (internal oscillator)
- .
: is counted 5400 to 5424 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. 35 Reset release timing

Reset input
I Ring oscillator (internal oscillator) is
1 machine cycle or more counted 5400 to 5424 times.

—p >
0.85VDD - - - | ccmme e .
Program starts
RESET | (address 0 in page 0)
0.3VDD---d-----mmmeeeeee
L '
(Note)

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

Fig. 36 RESET pin input waveform and reset operation
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(1) Power-on reset (only for H version)

Reset can be automatically performed at power on (power-on re-
set) by the built-in power-on reset circuit. When the built-in
power-on reset circuit is used, the time for the supply voltage to
rise from 0 V must be set to 100 us or less. If the rising time ex-

ceeds 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 volt-
age.

Q— Pull-up transistor

RESET pin O

FlOO s or less
! H (—VDD (Note 3)

" Power-on reset
circuit output

(Note 1) ; br
(Note 2) x B
@o—»lnternal reset signal
]

Power-on reset circuit |

(Note 1)'I

Voltage drop detection circuit|

Internal reset signal

o

(__E=1watchdog reset signal |

SRST instruction

Reset
state

{4 - - - This symbol represents a parasitic diode.

2: Applied potential to RESET pin must be VDD or less.

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

Notes 1: ---

Power-on Reset released

Fig. 37 Power-on reset circuit example

Table 13 Port state at reset

Name Function State
Do-D4 Do-D4 High-impedance (Notes 1, 2)
Ds/INT Ds High-impedance (Notes 1, 2)
XciIN/Ds, XcouT/D7 XcCIN, XcouT Sub-clock input
PO00/SEG21-P03/SEG24 P00-P03 High-impedance (Notes 1, 2, 3)
P10/SEG25-P13/SEG28 P1o-P13 High-impedance (Notes 1, 2, 3)
P20/SEG17-P23/SEG20 P20-P23 High-impedance (Notes 1, 2, 3)
SEGo/VLC3-SEG2/VLCcL SEG0-SEG2 Vics (Vo) level
SEG3-SEG10 SEG3-SEG10 VLcs (VD) level
COMo-COM3 COMo-COM3 VLcs (VD) level
CICNTR C “L” (Vss) level

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 38 shows internal state at reset (they are the same after sys-
tem is released from reset). The contents of timers, registers, flags
and RAM except shown in Figure 38 are undefined, so set the ini-
tial value to them.

© Program COUNLET (PC) ....ouoveuieeeeeeeeeeeeeceeeeeeeeeeeeee e eeeen e [o Jo Jo Jo Jo Jo Jo Jo Jo Jo Jo o [o [o |
Address 0 in page O is set to program counter.

e Interrupt enable flag (INTE) ....oooiiiii e E (Interrupt disabled)

@ POWET AOWN FIAG (P) cv.vvviiieiececiete ettt [0 ]

« External 0 interrupt request flag (EXFO) ....c.ooiiiiiiiiiiiiie e |I|

e Interrupt control register VL ..o (Interrupt disabled)

e Interrupt CONLrol reGISIEr V2 ...cooiiiieiiiie e (Interrupt disabled)

« Interrupt control register I1 ................. 0 [o Jo o |

e Timer 1 interrupt request flag (TLF) ..ovooiiiiiiiii e

e Timer 2 interrupt request flag (T2F) .....ooiiiiiiii e

 Timer 3 interrupt request flag (T3F) ......

» Watchdog timer flags (WDF1, WDF2)

» Watchdog timer enable flag (WEF) ...

e TIMer CONLrol FEGISTET PA ... ettt @ (Prescaler stopped)
o TIMer CONrOl FEGISTEr WL ........oiverieienieeieeiseeeieee et (Timer 1 stopped)

o TIMEr CONrOl FEGISTEr W2 .....ovvviiiiceceeee et [0 Jo o Jo |(Timer 2 stopped)

« Timer control register W3 ... (Timer 3 stopped)

o TIMEr CONrOl FEGISTEr W4 .......ovviiieiececieieeiee e [0 [o Jo o ](Timer LC stopped)
e Clock control register MR ..ot

« Clock control register RG ...

© LCD CONIOl r@QISTET LL it

* LCD coNtrol register L2 ......cocuiiiiiiiiciicee e

* LCD control register L3 ... .

© LCD CONrOl r@QISTEI CL ..uiiiiiiiiiiiiiieiee ettt

* LCD CONrol regISTEr €2 ...ttt

« Key-on wakeup control register KO ....

* Key-on wakeup control register KL ..........cooveiiiiiiiiiieiececiee e

» Key-on wakeup control register K2 ...

« Pull-up control register PUO
* Pull-up control register PU1
 Port output structure control register FRO ..........cccoociiiiiiiiiiiiciicciececsieee
« Port output structure control register FR1 ..
 Port output structure control register FR2 ..........cccoooiiiiiiiieiicicee e

@ CAITY FlAG () 1ttt ettt
« High-order bit reference enable flag (UPTF) .
© REGISTET A .ot
® REGISIET B ..o
* Register D ..
@ REGISTET E ..ot
© REGISTET X ..ot
* Register Y .. .
© REGISTET Z ..ttt

o StACK POINLET (SP) et

« Operation source clock.... .. Ring oscillator (operating)
e CeramiC reSONALOT CIFCUIL ...eo.uieiuiiiiieiiie ettt Operating
© RC OSCIllAtION CIFCUIL ......eiiieiiiieiiee e Stop

“0” represents undefined.

Fig. 38 Internal state at reset
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VOLTAGE DROP DETECTION CIRCUIT
(only for H version)

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.

(1) SVDE instruction

When the SVDE instruction is executed, the voltage drop deteciton
circuit is valid even after system enters into the power down mode.
The SVDE instruction can be executed only once.

In order to release the execution of the SVDE instruction, the sys-
tem reset is required.

S{ EPOF instruction +POF instruction
EPOF instruction +POF2 instruction

Q R )
Internal reset signal
T3F flag
Key-on wakeup signal

Voltage drop detection circuit

Nt Q S——SVDE instruction

RI——Internal reset signal

Voltage drop detection circuit
Reset signal

Fig. 39 Voltage drop detection reset circuit

VDD.

Voltage drop detection circuit

—————— -

Reset signal

Microcomputer starts operation after
ring oscillator (internal oscillator)
clock is counted 1376 times.

e

RESET pin

Note: Detection voltage hysteresis of voltage drop detection circuit is 0.2 V (Typ).

Fig. 40 Voltage drop detection circuit operation waveform

(2) Note on voltage drop detection circuit

The voltage drop detection circuit detection voltage of this prod-

VDD
Recommended
operatng condition— — -\ — — — —
min.value

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 41);

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.

No reset
Program failure may occur.

|
= Normal operation

VDD
Recommended
operatng condition— —
min.value

+
VRST_ — — — —
VRST = = 7 T 7

Fig. 41 Vbb and VRST™
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POWER DOWN FUNCTION

The 4556 Group has 2-type power down functions.

System enters into each power down state by executing the follow-
ing instructions.

« Clock operating mode ...................... EPOF and POF instructions
* RAM back-up mode ........c.ccooeeeee EPOF and POF2 instructions

When the EPOF instruction is not executed before the POF or
POF2 instruction is executed, these instructions are equivalent to
the NOP instruction.

(1) Clock operating mode

The following functions and states are retained.
* RAM

* Reset circuit

* XCIN—XcouUT oscillation

* LCD display

e Timer 3

(2) RAM back-up mode

The following functions and states are retained.
* RAM

» Reset circuit

(3) Warm start condition

The system returns from the power down state when;

« External wakeup signal is input

 Timer 3 underflow occurs

in the power down mode.

In either case, the CPU starts executing the software from address
0 in page 0. In this case, the P flag is “1.”

(4) Cold start condition

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

« reset pulse is input to RESET pin,

« reset by watchdog timer is performed, or

« reset by the voltage drop detection circuit is performed.

In this case, the P flag is “0.”

(5) Identification of the start condition

Warm start or cold start can be identified by examining the state of
the power down flag (P) with the SNZP instruction. The warm start
condition from the clock operating mode can be identified by exam-
ining the state of T3F flag.

Table 15 Functions and states retained at power down
Power down mode

Function Clock RAM
operating back-up
Program counter (PC), registers A, B, 0 0
carry flag (CY), stack pointer (SP) (Note 2)
Contents of RAM 9 O
Interrupt control registers V1, V2 o 0
Interrupt control register 11 O O
Selected oscillation circuit ©) O
Clock control register MR, RG (0] (0]
Timer 1 to timer 2 functions (Note 3) | (Note 3)
Timer 3 function (6] (0]
Timer LC function O (Note 3)
Watchdog timer function O (Note 4)| O (Note 4)
Timer control registers PA O |
Timer control registers W1 to W4 (6] (0]
LCD display function (6] (Note 5)
LCD control registers L1 to L3, C1, C2 O O
Voltage drop detection circuit (Note 6) | (Note 6)
Port level (Note 7) | (Note 7)
Pull-up control registers PUO, PU1 O O
Key-on wakeup control registers KO to K2 (@] O
Port output format control registers ¢} O
FRO to FR2
External interrupt request flag O O
(EXFO)
Timer interrupt request flags (T1F, T2F) (Note 3) | (Note 3)
Timer interrupt request flag (T3F) o O
Interrupt enable flag (INTE) a ]

O (Note 4) | O (Note 4)
O (Note 4) | O (Note 4)

Watchdog timer flags (WDF1, WDF2)
Watchdog timer enable flag (WEF)

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
go into the power down state.

5: LCD is turned off.

6: When the SVDE instruction is executed, this function is valid at
power down.

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

An external wakeup signal or timer 3 interrupt request flag (T3F) is
used to return from the clock operating mode.

An external wakeup signal is used to return from the RAM back-up
mode because the oscillation is stopped.

Table 16 shows the return condition for each return source.

(7) Control 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 the selection of
valid waveform/level of port P1. 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 KO to
register A.

Key-on wakeup control register K2

Register K2 controls the INT pin key-on wakeup function and the
selection of return codition. Set the contents of this register
through register A with the TK2A instruction. In addition, the TAK2
instruction can be used to transfer the contents of register K2 to

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
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
TPU1A instruction. In addition, the TAPU1 instruction can be
used to transfer the contents of register PU1 to register A.
External interrupt control register |11

Register 11 controls the valid waveform of the external O inter-
rupt, the input control of INT pin and the return input level. Set
the contents of this register through register A with the TI1A in-
struction. In addition, the TAI1 instruction can be used to transfer
the contents of register I1 to register A.

register A.

Table 16 Return source and return condition

Return source

Return condition

Remarks

Ports PO0-P03

Return by an external falling edge
(“H" > “L7).

The key-on wakeup function can be selected by two port unit.

Ports P10-P13

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

Return by an external “L” level input.

The key-on wakeup function can be selected by two port unit. Select the re-
turn level (“L” level or “H” level) and return condition (return by level or
edge) with register K1 according to the external state before going into the
power down state.

INT pin

External wakeup signal

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

When the return level is input, the in-
terrupt request flag (EXFO) is not set.

Select the return level (“L” level or “H” level) with register |1 and return con-
dition (return by level or edge) with register K2 according to the external
state before going into the power down state.

Timer 3 interrupt
request flag (T3F)

Return by timer 3 underflow or by
setting T3F to “1".

It can be used in the clock operating
mode.

Clear T3F with the SNZT3 instruction before system enters into the power
down state.

When system enters into the power down state while T3F is “1”, system re-
turns from the state immediately because it is recognized as return
condition.
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E

POF instruction

High-speed mode
p

Clock operating mode execufion

Key-on wakeup

(Stabilizing time © )

POF instruction

A

execution

Key-on wakeup

(Stabilizing time (@ )
MR1,

POF instruction

Internal mode

execution

(Stabilizing time @

Reset

Key-on wakeup

MR1,

POF instruction

(Stabilizing time ® ) L

Low-speed mode |
4

execution

f(RING): stop Key-on wakeup

f(XIN): stop
f(XCIN): operating

(Stabilizing time ® )

« A ceramic resonator is selected as the
» Main clock (f(XIN)) and Suc-clock (f(Xc

N
CRCK instruction no execution F
B POF2 instruction
xecution
Operation state executio RAM back-up mode
« Operation source clock: f(XIN)
« Oscillation circuit: Key-on wakeup
Ceramic resonator (Stabilizing ime © )
CRCK instruction execution
C POF2 instruction
Operation state execution
 Operation source clock: f(XIN)
« Oscillation circuit:
RC oscillation Key-on wakeup
(Stabilizing time @ )
MRo-014 | MR1, MRo-00 _4| o
o —
! !
Y gll e
s N
=112
A Jll s
Operation state % g POF2 i i
« Operation source clock: exé';ﬁggﬁnon >
f(RING)
. I(R’)'SCi”atiqlT circuit: Key-on wakeup
Ing oscillator (Stabilizing time ® )
J
MRO 10 A MR1, MR0o~00
y v
D
Operation state POF2 instl_’uction
« Operation source clock: execution
f(XcIN) Key-on wakeup f(RING): stop
« Oscillation circuit: [T .
_— tabilizing tim f(XIN): sto|
Quartz-crystal oscillation (Stab gtime © ) f(g(cn\z)' stc?p
N J )

main clock (f(XIN)).
IN)) are valid.

Stabilizing time (8): Microcomputer starts its operation after counting the f(RING) to 1376 times.

Stabilizing time (b): Microcomputer starts its operation after counting the f(RING) to (system clock division ratio [ 15) times.
Stabilizing time (C): Microcomputer starts its operation after counting the f(XIN) to (system clock division ratio [ 171) times.
Stabilizing time (d): Microcomputer starts its operation after counting the f(XIN) to (system clock division ratio 0 15) times.
Stabilizing time (€): Microcomputer starts its operation after counting the f(XCIN) to (system clock division ratio [J 171) times.

Notes 1: Continuous execution of the EPOF instruction and the POF instruction is required to go into the clock operating state.
2: Continuous execution of the EPOF instruction and the POF2 instruction is required to go into the RAM back-up state.
3: The state after system is released from reset;

4: When the RC oscillation circuit is used, executing the CRCK instruction is required.
If the CRCK instruction is not executed, the ceramic resonator is selected as the main clock f(XIN).

5: When the unoperating clock is selected as the system clock, turn it on by the clock control register RG,
and generate the wait time until the oscillation is stabilized, and then, switch the system clock.

Fig. 42 State transition

Power down flag P

POF or
EPOF instruction + pOF2 R — o—
instruction
Reset input—m= —R

e Set source *****+* EPOF instruction +

e Clear source-...--Reset input

(

Program start )

POF or
POF2
instruction

Yes Warm start
No Yes
Cold start
No

Return from
external wakeup signal

Return from
timer 3 underflow

Fig. 43 Set source and clear source of the P flag

Fig. 44 Start condition identified example using the SNZP instruction
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Table 17 Key-on wakeup control register, pull-up control register and interrupt control register

R/W
Key-on wakeup control register KO at reset : 00002 at power down : state retained TAKO/
TKOA
KO3 Port P12, P13 key-on wakeup 0 Key-on wakeup not used
control bit 1 Key-on wakeup used
K02 Port P1o, P11 key-on wakeup 0 Key-on wakeup not used
control bit 1 Key-on wakeup used
. Port P02, P03 key-on wakeup 0 Key-on wakeup not used
control bit 1 Key-on wakeup used
. Port POo, P01 key-on wakeup 0 Key-on wakeup not used
control bit 1 Key-on wakeup used
. , RIW
Key-on wakeup control register K1 at reset : 00002 at power down : state retained TAK1/
TKI1A
N ) ) 0 Returned by edge
K13 Ports P12, P13 return condition selection bit
1 Returned by level
K1z Ports P12, P13 valid waveform/level 0 Falling waveform/“L" level
selection bit 1 Rising waveform/“H” level
N ) ) 0 Returned by edge
K11 Ports P10, P11 return condition selection bit
1 Returned by level
Kio Ports P10, P11 valid waveform/level 0 Falling waveform/“L” level
selection bit 1 Rising waveform/“H” level
R/W
Key-on wakeup control register K2 at reset : 00002 at power down : state retained TAK2/
TK2A
K23 Not used 2 This bit has no function, but read/write is enabled.
K22 Not used 2 This bit has no function, but read/write is enabled.
) " . . 0 Returned by level
K21 INT pin return condition selection bit
1 Returned by edge
) ) 0 Key-on wakeup invalid
K20 INT pin key-on wakeup control bit -
1 Key-on wakeup valid

Note: “R” represents read enabled, and “W” represents write enabled.
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Pull-up control register PUO at reset : 00002 at power down : state retained T,Sévdo/
TPUQA
Port P03 pull-up transistor 0 Pull-up transistor OFF
PU0s control bit 1 Pull-up transistor ON
Port P02 pull-up transistor 0 Pull-up transistor OFF
PU02 control bit 1 Pull-up transistor ON
Port P01 pull-up transistor 0 Pull-up transistor OFF
PUo1 control bit 1 Pull-up transistor ON
Port P0Oo pull-up transistor 0 Pull-up transistor OFF
PUOo control bit 1 Pull-up transistor ON
R/W
Pull-up control register PU1 at reset : 00002 at power down : state retained TAPU1/
TPUIA
Port P13 pull-up transistor 0 Pull-up transistor OFF
PULs control bit 1 Pull-up transistor ON
Port P12 pull-up transistor 0 Pull-up transistor OFF
PUL2 control bit 1 Pull-up transistor ON
Port P11 pull-up transistor 0 Pull-up transistor OFF
PULL control bit 1 Pull-up transistor ON
Port P10 pull-up transistor 0 Pull-up transistor OFF
PUlo control bit 1 Pull-up transistor ON
) RIW
Interrupt control register 11 at reset : 00002 at power down : state retained TAILTILIA
113 INT pin input control bit (Note 2) 0 INT pfn ?nput disabled
1 INT pin input enabled
0 Falling waveform/“L” level (“L” level is recognized with the SNZIO
11 Interrupt valid waveform for INT pin/ instruction)
return level selection bit (Note 2) 1 Rising waveform/“H” level (“H” level is recognized with the SNZI0
instruction)
111 INT pin edge detection circuit control bit 0 One-sided edge detected
1 Both edges detected
1o INT 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

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

2: When the contents of 112 and 113 are changed, the external interrupt request flag (EXF0) may be set.
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CLOCK CONTROL The system clock and the instruction clock are generated as the
The clock control circuit consists of the following circuits. source clock for operation by these circuits.

» Ring oscillator (internal oscillator) Figure 45 shows the structure of the clock control circuit.

» Ceramic resonator The 4556 Group operates by the ring oscillator clock (f(RING))
* RC oscillation circuit which is the internal oscillator after system is released from reset.
¢ Quartz-crystal oscillation circuit Also, the ceramic resonator or the RC oscillation can be used for
« Multi-plexer (clock selection circuit) the main clock (f(XIN)) of the 4556 Group.

* Frequency divider The quartz-crystal oscillator can be used for sub-clock (f(XCIN)).

« Internal clock generating circuit

1 MRaM
Division ereuit] - 2222, —— System clock (STCK)
B
1 1
MRL MR9 ] Divided by 4 | To1 ! Internal clock | Instruction clock
Ring oscillator ! KOO Divided by 2 —i_o i (gz;csj?(t;[;)% (g)rcmt (INSTCK)
(internal oscillator) —— 1501 I : OOO :

A

XINO Ceramic - v
Xout O resonance | Multi- —
’—’ plexer — ) )
T \J:{_ Q S|— CRCK instruction
—| RC oscillation P >—o<] RG1 Q R
A ’/
N =
o Internal reset signal
QS :
XciN Q—— Quartz-crystal — T3F signal _
Xcour O—— oscillation R — Key-on wakeup signal
4 EPOF instruction + POF instruction
Q S
'4 RG2
R [ EPOF instruction + POF2 instruction

Fig. 45 Clock control circuit structure
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(1) Ring oscillator operation

After system is released from reset, the MCU starts operation by Main clock (f(XIN))

the clock output from the ring oscillator which is the internal oscilla- - - - - - - - -

tor. -_|. « Ceramic resonator circuit valid |
Reset o L .

The clock frequency of the ring oscillator depends on the supply | Reset | | * RC oscillation circuit invalid |

voltage and the operation temperature range.

Be careful that variable frequencies when designing application | m |
products. | |
(2) Main clock generating circuit (f(XIN)) | t Ceramic resonator circuit invalid | |

P RC oscillation circuit valid

When the MCU operates by the ceramic resonator or the RC oscil-
lator as the main clock (f(XIN)). I_ - - — - = = |
After system is released from reset, the ceramic oscillation is valid

for main clock. Fig. 46 Switch to ceramic resonance/RC oscillation
The ceramic oscillation is invalid and the RC oscillation circuit is

valid with the CRCK instruction.
The CRCK instruction can be executed only once.

Execute the CRCK instruction in the initial setting routine (execut- M34556 + Do not use the CRCK instruction in program.
ing it in address 0 in page 0 is recommended). i Your

When the main clock (f(XIN)) is not used, connect XIN pin to Vss

and leave XouT pin open, and do not execute the CRCK instruction 717

(Figure 46).

(3) Ceramic resonator

. . . Fig. 47 Handling of XiNn and XouT when operating ring oscillator
When the ceramic resonator is used as the main clock (f(XIN)), con-

nect the ceramic resonator and the external circuit to pins XiNn and
XouTt at.the shortest dlstanc.e. A feedback resistor is built in be- M34556 % Do not execute the CRCK in-
tween pins XiN and XouT (Figure 47). Do not execute the CRCK struction in program.
instruction in program. XIN XOUT
Note: Externally connect a damping
(4) RC oscillation resistor Rd depending on the
Rd oscillation frequency.
When the RC oscillation is used as the main clock (f(XIN)), connect [I (A feedback resistor is built-in.)
the XIN pin to the external circuit of resistor R and the capacitor C Use the resonator manu-
at the shortest distance and leave XouT pin open. Then, execute CIN — cout facturer's recommended value
: . . because constants such as ca-
the CRCK instruction (Figure 48). pacitance depend on the
The frequency is affected by a capacitor, a resistor and a micro- a resonator.
computer. So, set the constants within the range of the frequency
limits. Fig. 48 Ceramic resonator external circuit
M34556 + Execute the CRCK
instruction in program.
R XIN Xout prog
3

Fig. 49 External RC oscillation circuit
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(5) External clock

When the external clock signal is used as the main clock (f(XIN)),
connect the XIN pin to the clock source and leave XouT pin open.
(Figure 49). Do not execute the CRCK instruction.

Be careful that the maximum value of the oscillation frequency
when using the external clock differs from the value when using the
ceramic resonator (refer to the recommended operating condition).
Also, note that the power down mode (POF and POF2 instructions)
cannot be used when using the external clock.

(6) Sub-clock generating circuit f(XCIN)
Sub-clock signal f(XcIN) is obtained by externally connecting a
quartz-crystal oscillator. Connect this external circuit and a quartz-
crystal oscillator to pins XCIN and XcouT at the shortest distance. A
feedback resistor is built in between pins Xcin and XcouT (Figure 50).
XCIN pin and Xcour pin are also used as ports D6 and D7, respec-
tively. The sub-clock oscillation circuit is invalid and the function of
ports D6 and D7 are valid by setting bit 2 of register RG to “1".
When sub-clock, ports Dé and D7 are not used, connect XCIN/D6 to
Vss and leave XcouT/D7 open.

(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.

(8) Clock control register RG

Register RG controls the start/stop of each oscillation circuit. Set
the contents of this register through register A with the TRGA in-
struction.

Table 18 Clock control registers

% Do not use the CRCK instruction
in program.

VbD

Vss

M34556

XIN Xout

External oscillation circuit

Fig. 50 External clock input circuit

M34556

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

(A feedback resistor is built-in.)

Rd Use the quartz-crystal manu-

facturer’s recommended value

because constants such as ca-
Fig. 51 External quartz-crystal circuit

pacitance depend on the
resonator.

ROM ORDERING METHOD

1.Mask ROM Order Confirmation Form*

2.Mark Specification Form*

3.Data to be written to ROM, in EPROM form (three identical cop-

ies) or one floppy disk.

XCIN XCOUT

CIN —

e

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

R/W
Clock control register MR at reset : 11002 at power down : state retained TAMR/
TMRA
MR3|MR2 Operation mode

MRs 0 | 0 | Through mode

Operation mode selection bits 0 | 1 | Frequency divided by 2 mode
MR2 1 | O | Frequency divided by 4 mode

1 | Frequency divided by 8 mode
MR1|MRo| System clock

MRs3 0 | 0 [ f(RING)

System clock selection bits (Note 3) 0| 1 |f(XiN)
MR2 11 0 | f(XciN)

1 | 1 | Not available (Note 2)
. . w
Clock control register RG at reset : 0002 at power down : state retained TRGA
. -clock (f(Xc illati ilable, ports Dé D7 not select
RG2 Sub-clock (f(XCIN)) control bit (Note 2) 0 Sub-clock (f(XCIN)) osc! a !on available, ports Dé and D7 not selected
1 Sub-clock (f(XcIN)) oscillation stop, ports Dé and D7 selected
. . Main clock (f(X illati ilabl
RG1 Main-clock (f(XIN)) control bit (Note 2) 0 a!n clock (f(Xin)) OSC! a ?on available
1 Main clock (f(XIN)) oscillation stop
Ring oscillator (f(RING)) control bit 0 Ring oscillator (f(RING)) oscillation available

RGo (Note 2) 1 Ring oscillator (f(RING)) oscillation stop

Notes 1: “R” represents read enabled, and “W” represents write enabled.
2:“11” cannot be set to the low-order 2 bits (MR1, MROo) of register MR.
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LIST OF PRECAUTIONS

|I||Noise and latch-up preventi0n|
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 bits)

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 bits)

[ |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|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.

O[Timer count source |
Stop timer 1, 2 and LC counting to change its count source.

|I||Reading the count value |
Stop timer 1 or 2 counting and then execute the data read in-
struction (TAB1, TAB2) to read its data.

O|Writing to the timer |
Stop timer 1, 2 or LC counting and then execute the data write in-
struction (T1AB, T2AB, TLCA) to write its data.

O|Writing to reload register R1, R2H
When writing data to reload register R1, reload register R2H
while timer 1 or timer 2 is operating, avoid a timing when timer 1
or timer 2 underflows.

Avoid a timing when timer 2 underflows to stop timer 2 at PWM
output function used.

When “H” interval extension function of the PWM signal is set to
be “valid”, set “1” or more to reload register R2H.

Stop timer 3 counting to change its count source.

®|Timer input/output pin|
Set the port C output latch to “0” to output the PWM signal from
C/CNTR pin.

o fWaichdog imer]

» 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 power down state. When not using the watchdog timer func-
tion, execute the DWDT instruction and the WRST instruction
continuously every system is returned from the power down
state, and stop the watchdog timer function.

* When the watchdog timer function and power down function are
used at the same time, execute the WRST instruction before sys-
tem enters into the power down state and initialize the flag
WDFL1.

@|Multifunction

» Be careful that the output of port Ds can be used even when INT
pin is selected.

The threshold value is different between port Ds and INT. Accord-
ingly, be careful when the input of both is used.

Be careful that the “H” output of port C can be used even when
output of CNTR pin are selected.

©[program counter|

Make sure that the PCH does not specify after the last page of
the built-in ROM.
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4556 Group

[Ds/INT pin |

O Note on bit 2 of register 11

O Note [1] on bit 3 of register |11
When the input of the INT pin is controlled with the bit 3 of regis-
ter I1 in software, be careful about the following notes.

» Depending on the input state of the D5/INT pin, the external O in-
terrupt request flag (EXFO) may be set when the bit 3 of register
11 is changed. In order to avoid the occurrence of an unexpected
interrupt, clear the bit 0 of register V1 to “0” (refer to Figure 510J)
and then, change the bit 3 of register I1.

In addition, execute the SNZO0 instruction to clear the EXFO flag to
“0” after executing at least one instruction (refer to Figure 510).
Also, set the NOP instruction for the case when a skip is per-
formed with the SNZO0 instruction (refer to Figure 510).

When the interrupt valid waveform of the Ds/INT pin is changed
with the bit 2 of register I1 in software, be careful about the fol-
lowing notes.

Depending on the input state of the D5/INT pin, the external 0 in-
terrupt request flag (EXF0) may be set when the bit 2 of register
11 is changed. In order to avoid the occurrence of an unexpected
interrupt, clear the bit 0 of register V1 to “0” (refer to Figure 5301)
and then, change the bit 2 of register I1.

In addition, execute the SNZO0 instruction to clear the EXFO flag to
“0" after executing at least one instruction (refer to Figure 530).
Also, set the NOP instruction for the case when a skip is per-
formed with the SNZO0 instruction (refer to Figure 530).

LA 4 (D 02)

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

LA 8 ;1M 2)

TI1A ; Control of INT pin input is changed

NOP s O

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

NOP O

[ : these bits are not used here.

LA 4 (M 02)

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

LA 12

TI1IA ; Interrupt valid waveform is changed

NOP e O

SNZz0 ; The SNZO instruction is executed
(EXFO flag cleared)

NOP e O

[ : these bits are not used here.

Fig. 51 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 INT pin is disabled, be careful
about the following notes.

* When the key-on wakeup function of INT pin is not used (register
K20 = “0"), clear bits 2 and 3 of register |1 before system enters
to the RAM back-up mode. (refer to Figure 5200).

LA 0 ; (00D 2)

TI1IA ; Input of INT disabled............ccccoeee O
DI

EPOF

POF2 ; RAM back-up

[ : these bits are not used here.

Fig. 52 External O interrupt program example-2

Fig. 53 External 0 interrupt program example-3
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©@POF and POF2 instructions
When the POF or POF2 instruction is executed continuously af-
ter the EPOF instruction, system enters the power down state.
Note that system cannot enter the power down state when ex-
ecuting only the POF or POF2 instruction.
Be sure to disable interrupts by executing the DI instruction be-
fore executing the EPOF instruction and the POF or POF2
instruction continuously.

Power-on reset

When the built-in power-on reset circuit is used, the time for the
supply voltage to rise from 0 V to 2.0 V must be set to 100 us or
less. If the rising time exceeds 100 us, connect a capacitor be-
tween 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.

®|Vo|tage drop detection circuit (only in H version)|
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 55);
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.

VDD
Recommended
operatng conditon— — -\« — - — - /= — — — —
min.value

No reset
Program failure may occur.

|
I~ Normal operation

VDD
Recommended
operatng condition— — \— — 5 — — i —
min.value

+
VRST — — — - Jd - f 1 ___
VRST — =~ 7 7 7

Fig. 55 Vbp and VRST™

@|Clock control

Execute the CRCK instruction in the initial setting routine of pro-
gram (executing it in address 0 in page 0 is recommended).

The oscillation circuit by the CRCK instruction can be selected
only once.

g@|Ring oscillator

The clock frequency of the ring oscillator depends on the supply
voltage and the operation temperature range.

Be careful that variable frequencies when designing application
products.

Also, the oscillation stabilize wait time after system is released
from reset is generated by the ring oscillator clock. When consid-
ering the oscillation stabilize wait time after system is released
from reset, be careful that the variable frequency of the ring oscil-
lator clock.

g|External clock

When the external signal clock is used as the source oscillation
(f(XIN)), note that the power down mode (POF and POF2 instruc-
tions) cannot be used.

@|Difference between Mask ROM version and One Time PROM version

Mask ROM version and One Time PROM version have some dif-
ference of the following characteristics within the limits of an
electrical property by difference of a manufacture process, built-
in ROM, and a layout pattern.

« a characteristic value

* a margin of operation

« the amount of noise-proof

* noise radiation, etc.,

Accordingly, be careful of them when swithcing.
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CONTROL REGISTERS

. R/W
Interrupt control register V1 at reset : 00002 at power down : 00002 TAVA/TVIA
0 - - — -
Vis Timer 2 interrupt enable bit Interrupt disabled (SNZT2 -lnstruct-|on-|s.val|d‘)
1 Interrupt enabled (SNZT2 instruction is invalid)
0 - - — -
Vo Timer 1 interrupt enable bit Interrupt disabled (SNZT1 -lnstruct-|on-|s.val|d‘)
1 Interrupt enabled (SNZT1 instruction is invalid)
0
V11 Not used 1 This bit has no function, but read/write is enabled.
0 - - — -
Vio External 0 interrupt enable bit Interrupt disabled (SNZ0 .mstruct.lon .|s‘vaI|d-)
1 Interrupt enabled (SNZO0 instruction is invalid)
. R/W
Interrupt control register V2 at reset : 00002 at power down : 00002
TAV2/TV2A
V23 Not used (1) This bit has no function, but read/write is enabled.
V22 Not used (1) This bit has no function, but read/write is enabled.
V21 Not used (1) This bit has no function, but read/write is enabled.
0 - - — -
e Timer 3 interrupt enable bit Interrupt disabled (SNZT3 -lnstruct-|on -|s.val|d‘)
1 Interrupt enabled (SNZT3 instruction is invalid)
Int t trol ister 11 : 0000 t d : stat tained RIW
nterrupt control register at reset : 2 at power down : state retaine TAIL/TIA
- . INT pin input disabl
113 INT pin input control bit (Note 2) 0 p. - put disabled
1 INT pin input enabled
0 Falling waveform/“L” level (“L” level is recognized with the SNZIO
12 Interrupt valid waveform for INT pin/ instruction)
return level selection bit (Note 3) 1 Rising waveform/“H” level (“H” level is recognized with the SNZI0
instruction)
111 INT pin edge detection circuit control bit One-sided edge detected
1 Both edges detected
o INT 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
R/W
Clock control register MR at reset : 11002 at power down : state retained TAMR/
TMRA
MR3MR2 Operation mode
MR3 0 | 0 | Through mode
Operation mode selection bits 0 | 1 | Frequency divided by 2 mode
MR2 1 | O | Frequency divided by 4 mode
1 | 1 | Frequency divided by 8 mode
MR1/MRo| System clock
MRs3 0 [ 0 [ f(RING)
System clock selection bits (Note 3) 0| 1 |f(XiN)
MR2 1] 0 | f(Xcin)
1 | 1 | Not available (Note 4)

Notes 1: “R” represents read enabled, and “W” represents write enabled.
2: When the contents of 112 and 113 are changed, the external interrupt request flag (EXF0) may be set.

3: The stopped clock cannot be selected for system clock.
4:“11” cannot be set to the low-order 2 bits (MR1, MRo) of register MR.
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Clock control register RG

at reset : 0002

at power down : state retained

W
TRGA

RG2 Sub-clock (f(XCIN)) control bit (Note 2) 0 Sub-clock (f(XCIN)) osc!llat?on available, ports D6 and D7 not selected
1 Sub-clock (f(XcIN)) oscillation stop, ports Dé and D7 selected
RGL Main-clock (f(XIN)) control bit (Note 2) 0 Ma!n clock (f(XIN)) osc!IIat!on available
1 Main clock (f(XIN)) oscillation stop
Ring oscillator (f(RING)) control bit 0 Ring oscillator (f(RING)) oscillation available
RGo (Note 2) 1 Ring oscillator (f(RING)) oscillation stop
Ti | regi PA 10 d 10 W
imer control register at reset : 02 at power down : 02 TPAA
. Stop (state initialized
PAo Prescaler control bit 0 p( - )
1 Operating
. . . R/W
Timer control register W1 at reset : 00002 at power down : state retained
TAW1/TW1A
Wis Timer 1 count auto-stop circuit selection 0 Timer 1 count auto-stop circuit not selected
bit (Note 3) 1 Timer 1 count auto-stop circuit selected
0 Stop (state retained
Wi2 Timer 1 control bit Lt - )
1 Operating
W11{W1o Count source
Wi 0 | o | PWM signal (PWMOUT)
Timer 1 count source selection bits 0 | 1 | Prescaler output (ORCLK)
W10 (Note 4) 1 | 0 | Timer 3 underflow signal (T3UDF)
1| 1 | CNTR input
i | regi 2 d : 0000 RIW
Timer control register W at reset : 00002 at power down : 2 TAW2/TW2A
NTR pin output invali
W23 CNTR pin output control bit 0 ¢ p. outpu ? d
1 CNTR pin output valid
W22 PWM signal interrupt valid waveform/ 0 PWAM signal “H” interval expansion function invalid
return level selection bit 1 PWM signal “H” interval expansion function valid
0 Stop (state retained
w21 Timer 2 control bit P - )
1 Operating
0 XIN input
W20 Timer 2 count soruce selection bit -
1 Prescaler output (ORCLK)/2 signal output
) . ) R/W
Timer control register W3 at reset : 00002 at power down : state retained
TAW3/TW3A
W33 Timer 3 count auto-stop circuit selection 0 XCIN input
bit 1 Prescaler output (ORCLK)
0 Stop (Initial state
W32 Timer 3 control bit P - )
1 Operating
W31|W30 Count source
w31 Ti 3 N lection bit 0 | 0 | Underflow occurs every 8192 counts
imer 3 count source selection bits
0 | 1 | Underflow occurs every 16384 counts
W30 1 | 0 | Underflow occurs every 32768 counts
1 | 1 | Underflow occurs every 65536 counts

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

2: The oscillation circuit selected for system clock cannot be stopped.

3: This function is valid only when the timer 1 count start synchronous circuit is selected (110="1").
4: Port C output is invalid when CNTR input is selected for the timer 1 count source.
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) . ) R/W
Timer control register W4 at reset : 00002 at power down : state retained
TAW4/TW4A
Stop (state retained
W43 Timer LC control bit 0 P - )
1 Operating
) ) . 0 Bit 4 (T34) of timer 3
W42 Timer LC count source selection bit (T34)
1 System clock (STCK)
W41 CNTR output auto-control circuit 0 CNTR output auto-control circuit not selected
selection bit 1 CNTR output auto-control circuit selected
wa 0 Falling edge
0 CNTR pin input count edge selection bit 1 Rising edge
. . R/W
LCD control register L1 at reset : 00002 at power down : state retained
TAL1/TL1A
L13 Internal dividing resistor for LCD power 0 2r03,2rg2
supply selection bit (Note 2) 1 rd3,rg2
0 Stop
L12 i
LCD control bit 1 Operating
L11] Llo Duty Bias
L1 0| 0 Not available
LCD duty and bias selection bits ol 1 1/2 1/2
L10 1] 0 1/3 1/3
1] 1 1/4 1/3
LCD control register L2 at reset : 00002 at power down : state retained TI\_,;A
L23 SEGo/VLe3 pin function switch bit (Note 3) 0 SECO
1 VLCc3
L22 SEG1/VLc2 pin function switch bit (Note 4) 0 SECL
1 VLc2
L21 SEG2/VLc1 pin function switch bit (Note 4) 0 SEG2
1 VLc1
L2 Internal dividing resistor for LCD power 0 Internal dividing resistor valid
supply control bit 1 Internal dividing resistor invalid
LCD control register L3 at reset : 11112 at power down : state retained TI\_ZA
L33 P23/SEG20 pin function switch bit 0 SEG20
1 P23
L32 P22/SEG19 pin function switch bit 0 SEG19
1 P22
L31 P21/SEGas pin function switch bit 0 SEG18
1 P21
L3o P20/SEG17 pin function switch bit 2 EEG”
0

Notes 1: “R” represents read enabled, and “W"” represents write enabled.
2: “r (resistor) multiplied by 3” is used at 1/3 bias, and “r multiplied by 2” is used at 1/2 bias.

3: VLc3 is connected to VDD internally when SEGo pin is selected.

4: Use internal dividing resistor when SEG1 and SEG2 pins are selected.
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) . W
LCD control register C1 at reset : 11112 at power down : state retained TCIA
C1s3 PO3/SEG24 pin function switch bit 0 SEG24
1 P03
C12 P02/SEG23 pin function switch bit 0 SEG2s
1 P02
Cl1 PO1/SEG22 pin function switch bit 9 SEG22
1 P01
Clo PO0/SEG21 pin function switch bit 0 SEGaL
1 P0Oo
) . W
LCD control register C2 at reset : 11112 at power down : state retained TCoA
C23 P13/SEG28 pin function switch bit 0 SEG2s
1 P13
C22 P12/SEG27 pin function switch bit 0 SEGar
1 P12
C21 P11/SEG26 pin function switch bit 9 SEG26
1 P11
C20 P10/SEG2s pin function switch bit 0 SEG2s
1 P1o
) R/W
Pull-up control register PUO at reset : 00002 at power down : state retained TAPUO/
TPUOA
Port P03 pull-up transistor 0 Pull-up transistor OFF
PUO3 . -
control bit 1 Pull-up transistor ON
Port P02 pull-up transistor 0 Pull-up transistor OFF
PUO2 . -
control bit 1 Pull-up transistor ON
PLO Port P01 pull-up transistor 0 Pull-up transistor OFF
! control bit 1 Pull-up transistor ON
PO Port P0Oo 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 power down : state retained TAPUL/
TPU1A
PUL Port P13 pull-up transistor 0 Pull-up transistor OFF
3 -
control bit 1 Pull-up transistor ON
Port P12 pull-up transistor 0 Pull-up transistor OFF
PU12 : -
control bit 1 Pull-up transistor ON
Port P11 pull-up transistor 0 Pull-up transistor OFF
PU11 h -
control bit 1 Pull-up transistor ON
PUL Port P10 pull-up transistor 0 Pull-up transistor OFF
0 . -
control bit 1 Pull-up transistor ON

Note: “W” represents write enabled.
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Port output structure control register FRO at reset : 00002 at power down : state retained TF\IIQVOA
Ports P12, P13 output structure selection 0 N-channel open-drain output
FRO3 bit 1 CMOS output
Ports P10, P11 output structure selection 0 N-channel open-drain output
FRO2 1 1 | CMOS output
Ports P02, P03 output structure selection 0 N-channel open-drain output
FROL 1 1 | CMOS output
Ports P0Oo, P01 output structure selection 0 N-channel open-drain output
FRO0 bit 1 CMOS output
Port output structure control register FR1 at reset : 00002 at power down : state retained TF\;QVlA
. . 0 N-channel open-drain output
FR13 Port D3 output structure selection bit 1 CMOS output
. . 0 N-channel open-drain output
FR12 Port D2 output structure selection bit 1 CMOS output
) ) 0 N-channel open-drain output
FR11 Port D1 output structure selection bit 1 CMOS output
. . 0 N-channel open-drain output
FR1o Port Do output structure selection bit 1 CMOS output
Port output structure control register FR2 at reset : 00002 at power down : state retained TF\;QVZA
) . 0 N-channel open-drain output
FR23 Ports P22, P23 output structure selection bit 1 CMOS output
) . 0 N-channel open-drain output
FR22 Ports P20, P21 output structure selection bit 1 CMOS output
. . 0 N-channel open-drain output
FR21 Port Ds output structure selection bit 1 CMOS output
) ) 0 N-channel open-drain output
FR20 Port D4 output structure selection bit 1 CMOS output

Note: “W” represents write enabled.
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R/W
Key-on wakeup control register KO at reset : 00002 at power down : state retained TAKO/
TKOA
. Port P12, P13 key-on wakeup 0 Key-on wakeup not used
control bit 1 Key-on wakeup used
K02 Port P10, P11 key-on wakeup 0 Key-on wakeup not used
control bit 1 Key-on wakeup used
KoL Port P02, P03 key-on wakeup 0 Key-on wakeup not used
control bit 1 Key-on wakeup used
KOO Port POo, P01 key-on wakeup 0 Key-on wakeup not used
control bit 1 Key-on wakeup used
. RIW
Key-on wakeup control register K1 at reset : 00002 at power down : state retained TAK1/
TK1A
. ) ) 0 Returned by edge
K13 Ports P12, P13 return condition selection bit
1 Returned by level
K1z Ports P12, P13 valid waveform/level 0 Falling waveform/“L” level
selection bit 1 Rising waveform/“H” level
N o 0 Returned by edge
K11 Ports P10, P11 return condition selection bit
1 Returned by level
Kio Ports P10, P11 valid waveform/level 0 Falling waveform/“L” level
selection bit 1 Rising waveform/“H” level
R/W
Key-on wakeup control register K2 at reset : 00002 at power down : state retained TAK2/
TK2A
K23 Not used 2 This bit has no function, but read/write is enabled.
K22 Not used 2 This bit has no function, but read/write is enabled.
. - . . 0 Returned by level
K21 INT pin return condition selection bit
1 Returned by edge
) ) 0 Key-on wakeup invalid
K20 INT pin key-on wakeup control bit -
1 Key-on wakeup valid

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

The 4556 Group has the 124 (123) instructions. Each instruction is
described as follows;

(1) Index list of instruction function

(2) Machine instructions (index by alphabet)

(3) Machine instructions (index by function)

(4) Instruction code table

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) Tl 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) TLC Timer LC
V2 Interrupt control register V2 (4 bits) T1F Timer 1 interrupt request flag
11 Interrupt control register 11 (4 bits) T2F Timer 2 interrupt request flag
MR Clock control register MR (4 bits) T3F Timer 3 interrupt request flag
RG Clock control register RG (3 bits) 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 O interrupt request flag
W3 Timer control register W3 (4 bits) P Power down flag
w4 Timer control register W4 (4 bits)
L1 LCD control register L1 (4 bits) D Port D (8 bits)
L2 LCD control register L2 (4 bits) PO Port PO (4 bits)
L3 LCD control register L3 (4 bits) P1 Port P1 (4 bits)
C1 LCD control register C1 (4 bits) P2 Port P2 (4 bits)
c2 LCD control register C2 (4 bits) C Port C (1 bit)
PUO Pull-up control register PUO (4 bits)
PU1 Pull-up control register PU1 (4 bits) X Hexadecimal variable
FRO Port output format control register FRO (4 bits) y Hexadecimal variable
FR1 Port output format control register FR1 (4 bits) z Hexadecimal variable
FR2 Port output format control register FR2 (4 bits) p Hexadecimal variable
KO Key-on wakeup control register KO (4 bits) n Hexadecimal constant
K1 Key-on wakeup control register K1 (4 bits) i Hexadecimal constant
K2 Key-on wakeup control register K2 (4 bits) j Hexadecimal constant
X Register X (4 bits) A3A2A1A0 Binary notation of hexadecimal variable A
Y Register Y (4 bits) (same for others)
z Register Z (2 bits)
DP Data pointer (10 bits) - Direction of data movement

(It consists of registers X, Y, and Z) o Data exchange between a register and memory

PC Program counter (14 bits) ? Decision of state shown before “?”
PCH High-order 7 bits of program counter () Contents of registers and memories
PCL Low-order 7 bits of program counter — Negate, Flag unchanged after executing instruction
SK Stack register (14 bits O 8) M(DP) RAM address pointed by the data pointer
SP Stack pointer (3 bits) a Label indicating address a6 as a4 a3 a2 a1 ao
CY Carry flag p, a Label indicating address a6 as a4 a3 a2 a1 ao
UPTF High-order bit reference enable flag in page p5 p4 p3 p2 p1 po
RPS Prescaler reload register (8 bits) C Hex. C + Hex. number x
R1 Timer 1 reload register (8 bits) ;
R3 Timer 3 reload register (8 bits)
R2L Timer 2 reload register (8 bits)
R2H Timer 2 reload register (8 bits)
RLC Timer LC reload register (4 bits)

Note : Some instructions of the 4556 Group has the skip function to unexecute the next described instruction. The 4556 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-
rig;p Mnemonic Function Page rig;p Mnemonic Function Page
TAB (A) - (B) 88, 104 XAMI j (A) = — (M(DP)) 103, 104
& (X) ~ (X)EXOR())
TBA (B) < (A) 95, 104 = j=0to15
= (YY) - (V) +1
TAY (A) < (Y) 94, 104 %
(@]
2 |TMA]j (M(DP)) — (A) 99, 104
TYA (Y) < (A) 102, 104 ; (X) « (X)EXOR()
é j=0to 15
TEAB (E7—E4) < (B) 96, 104
kol (E3-E0) ~ (A) LAn (A) < n 78, 106
[}
S n=0to 15
£ |TABE (B) «~ (E7-E4) 89, 104
Q
k] (A) ~ (E3-E0) TABPp |(SP) — (SP) +1 89, 106
g éS(K:(S)P)) H((PC))
PCH) ~ p (Note
o | —
2 |TDA (DR2-DRo) - (A2-A) 96, 104 (PCL) — (DR2—DRo, A3-A0)
2 at (UPTF) =0
> |7AD (A2-A0) — (DR2-DRo) 90, 104 (B) — (ROM(PC))7—4
4 (A3) — 0 (A) — (ROM(PC))3-0
< at (UPTF) =1
(DR2) < (0)
TAZ (A1, A0) — (Z1, Z0) 95, 104 (DR1, DR0) « (ROM(PCQC))9, 8
(A3, A2) — 0 (B) — (ROM(PC))7—-4
1 A2) (A) « (ROM(PC))3—-0
(PC) — (SK(SP))
TAX (A) - (X) 94, 104 (SP) « (SP)—1
TASP (A2-A0) « (SP2-SPo) 92,104 AM (A) < (A) + (M(DP)) 73, 106
(A3) < 0
s |AMC (A) < (A) + (M(DP)) + (CY) 73, 106
g Y) -
LXY X,y |(X) « xx=0to 15 78,104 g (CY) — Carry
Q.
Y) - yy=0to 15 3
0 M =yy S |An (A) — (A) +n 73,106
n [} —
8 |Lzz (2) - 22z=0t03 79,104 E n=0t15
3 E
s |y ) < () +1 78, 104 AND (A) « (A) AND (M(DP)) 73, 106
<
@
DEY ) - (V-1 76, 104 OR (A) ~ (A) OR (M(DP)) 80, 106
TAM j (A) — (M(DP)) 91, 104 sC -1 83, 106
(X) « (X)EXOR())
j=0to 15 RC (€Y) -0 81, 106
g j
[2]
g |xamj | < - (@R 103, 104 szc CcY)=02 87. 106
3 (X) = (XEXOR() —
ag; i=0t015 CMA (A) - (A 75, 106
o
£ ~lcyl- |asAzALA
S |xampj | - - (MRY) 103, 104 RAR | [AsAzA1A0}— 81, 106
& (X)  (X)EXOR()
j=0to15
(YY) - (V)-1

Note: p is 0 to 31 for M34556M4/M4H.
pis 0 to 63 for M34556M8/M8H/G8/G8H.
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INDEX LIST OF INSTRUCTION FUNCTION (continued)

Griggp- Mnemonic Function Page Grig;p- Mnemonic Function Page
SBj (Mj(DP)) < 1 83, 106 DI (INTE) < 0 76, 110
j=0to 3
s El (INTE) < 1 77, 110
g |RBj (Mj(DP)) < 0 81, 106
‘é& j=0to3 SNZ0 V10 = 0: (EXF0) = 1?2 84, 110
= After skipping, (EXFO) ~ O
SZBj (Mj(DP)) =0 ? 87, 106 V1o = 1: NOP
j=0to 3
< |SNZIO  |112=1:(NT)=*H"? 85, 110
S _ [SEAM (A) = (M(DP)) ? 84, 106 2 12=0:(INT)=“L" ?
®2 o o)
8 B =
S g [SEAN (A)=n? 84, 106 2 |TAv1 (A) « (V1) 93, 110
8 ° n=0to15 2
2 |vaa (V1) — (A) 101, 110
Ba (PCL) — as-ao 74,108 h
|5 TAV2 (A) < (V2) 93, 110
T |[BLp,a (PCH) « p 74,108
“g’. (PCL) — as-ao TV2A (V2) < (A) 101, 110
S
g8 |[BLAD (PCH) < p 74, 108 TAIL (A) (1) 90, 110
@ (PCL) — (DR2-DR0, A3-A0)
TILIA (1) — (A 97, 110
BM a (SP) « (SP) +1 74, 108
(SK(SP)) — (PC) TPAA (PA) — (A) 99, 112
(PCH) -~ 2
(PCL) — as-ao TAW1 (A) — (W1) 93, 112
5
B [BMLp,a [(SP) — (SP)+1 75, 108 TWIA  |[(W1) < (A) 101, 112
g (SK(SP)) - (PC)
o (PCH) - p TAW2 (A) « (W2) 93, 112
§ (PCL) ~ as-ao
5 TW2A (W2) < (A) 102, 112
9O IBMLAp [(SP) < (SP) +1 75, 108
(SK(SP)) — (PC) TAW3 (A) « (W3) 94, 112
(PCH) « p S
(PCL) — (DR2-DR0, A3—A0) g TW3A  [(W3) « (A) 102, 112
5
RTI (PC) — (SK(SP)) 82, 108 E TAWA4 (A) — (W4) 94, 112
(SP) « (SP)-1 =
TW4A  |(W4) < (A) 102, 112
RT (PC) «— (SK(SP)) 82, 108
(SP) — (SP) -1 TABPS  |(B) — (TPS7-TPSa4) 90, 112
15 (A) — (TPS3-TPS0)
g |rTs (PC) — (SK(SP)) 82, 108
) (SP) — (SP)—1 TPSAB  |(RPS7-RPS4) — (B) 100, 112
E (TPS7-TPS4) - (B)
e (RPS3-RPS0) — (A)
(TPS3-TPS0) — (A)

Note: p is 0 to 31 for M34556M4/M4H.
pis 0 to 63 for M34556M8/M8H/G8/G8H.
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INDEX LIST OF INSTRUCTION FUNCTION (continued)

Grig;p- Mnemonic Function Page Grig;p- Mnemonic Function Page
TABL (B) — (T17-T14) 89, 112 CLD (D) « 1 75, 114
(A) < (T13-T1lo)
RD (D(Y)) < 0 82, 114
T1AB (R17-R14)  (B) 87, 112 (Y)=0to7
(T17-T14) ~ (B)
(R13-R10) — (A) SD (D(Y)) < 1 84, 114
(T13-T10) — (A) (Y)=0to 7
TAB2 (B) « (T27-T24) 89, 112 SZD (D(Y))=07? 87,114
(A) ~ (T23-T20) (Y)=0to 7
T2AB (R27-R24) — (B) 88, 112 RCP (C) -0 81, 114
(T27-T24) ~ (B)
(R23-R20)  (A) ScCP €) -1 83, 114
(T23-T20) ~ (A)
TAPUO (A) ~ (PUO) 92, 114
T2HAB | (R2H7-R2H4) — (B) 88, 112
s (R2H3-R2H0) — (A) § TPUOA  [(PUO) — (A) 100, 114
8 2
% TR1AB (R17-R14) — (B) 100, 112 § TAPU1 (A) — (PU1) 92, 114
5 (R13-R10) ~ (A) 2
.E S TPU1A (PUL) « (A) 100, 114
T2R2L (T27-T24) — (R2L7—R2L4) 88, 112 E]
(T23-T20) — (R2L3-R2L0) £ [TAKO (A) — (KO) 90, 114
TLCA (LC) < (A) 99, 112 TKOA (K0) — (A) 97, 114
(RLC) « (A)
TAK1 (A) < (K1) 91, 114
SNZT1 V12=0:(T1F)=17? 85, 112
After skipping, (T1F) — 0 TK1A (K1) < (A) 97, 114
V12 = 1: NOP
TAK2 (A) < (K2) 91, 114
SNZT2 V13=0:(T2F)=17? 85, 112
After skipping, (T2F) - 0 TK2A (K2) « (A) 98, 114
V13 =1: NOP
TFROA  |(FRO) — (A) 96, 114
SNZT3 V20=0:(T3F) =17 86, 112
After skipping, (T3F) — 0 TFR1A (FR1) ~ (A) 96, 114
V20 =1: NOP
TFR2A (FR2) — (A) 97, 114
IAPO (A) < (PO) 77,114
CRCK RC oscillator selected 76, 116
§ |OPOA (PO) < (A) 79, 114
g . [TAMR (A) <« (MR) 92, 116
S [1AP1 (A) ~ (P1) 77, 114 %
g‘_ g TMRA (MR) < (A) 99, 116
3 [OP1A (P1) — (A) 79, 114 S
= 8 [TRGA (RG) « (A) 101, 116
2 |iap2 (A) < (P2) 78, 114 o
OP2A (P2) — (A) 80, 114
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INDEX LIST OF INSTRUCTION FUNCTION (continued)

Grig;p- Mnemonic Function Page
TAL1 (A) < (L1) 91, 116
TL1A (L1) < (A) 98, 116

o

-% TL2A (L2) < (A) 98, 116

o

Q.

8 TL3A (L3) « (A) 98, 116

]

-
TC1A (C1) « (A) 95, 116
TC2A (C2) - (A) 95, 116
NOP (PC) « (PC)+1 79, 116
POF Transition to clock operating mode | 80, 116
POF2 Transition to RAM back-up mode | 80, 116
EPOF POF, POF2 instructions valid 77,116
SNzP P)y=17? 85, 116

k5

T

o |[DWDT Stop of watchdog timer function | 76, 116

g enabled

@

=

O |SRST System reset 86,116
WRST (WDF1)=17? 103, 116

After skipping, (WDF1) — O

RUPT (UPTF) - 0 83. 116
SUPT (UPTF) « 1 86. 116
SVDE At power down mode, voltage | gg 116
(Note) drop detection circuit valid '

Note: The SVDE instruction can be used only for the H version.
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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
I
code oo o[aaloln]n]n]n], [0 s n], | tots | ocks
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.
AM (Add accumulator and Memory)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
Lolofofofofofafofsfol,[ofo]al,
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 words cycles
[olofofofofofafofs]a] [ofo]s],
1 1 0/1 -
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.

AND (logical AND between accumulator and memory)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code [ofoJofofofs]1[ofo]o], [ofa]s], | "o | o
2 16 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.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

B a (Branch to address a)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code | 0 | 1 | 1 | a6| a5| a4| a3| a2| a1| a0|2 |1 |+8a| a |16 words cycles
1 1 - -
Operation: (PCL) ~ a6toao 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 Do Do Number of | Number of | Flag CY Skip condition
code E words cycles
o [o [z [z [t [w el el o], [0 [5] 7], [tots | ok | i
p
| : | 0 | p5| a6| a5| a4| a3| a2| a1| ao|2 |2 |+a| 2 |16 Grouping: Branch operation
Operation: (PCH) « p Description: Branch out of a page : Branches to address
(PCL) — a6 to a0 a in page p.
Note: p is 0 to 31 for M34556M4/M4H and p is 0
to 63 for M34556M8/M8H/G8/G8H.
BLA p (Branch Long to address (D) + (A) in page p)
Instruction D9 Do Number of | Number of | Flag CY Skip condition
code [oo]o o000 0 o], [a]x 0], | tes | o
2 16 5 5 _ _
| ! | 0 | p5| p4| 0 | 0 | p3| p2| p1| po|2 |2 | P | P |16 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 31 for M34556M4/M4H and p is 0
to 63 for M34556M8/M8H/G8/G8H.
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-ao 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.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

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 Lo Jo]x[1[o]pefps[pfp|po, [0]5]0 ], ’
2 2 — -
| 1 | 0 | p5| a6| a5| a4| a3| a2| a1| ao|2 |2 |+pa| a |16
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 31 for M34556M4/M4H and p is 0

(PCL) ~ as-ao

to 63 for M34556M8/M8H/G8/G8H.
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[s]r]ofofofo], [o]s o], | 2% 2%
2 16 5 5 B ~
[2 Lo Jps|ps[ 0o | paf pe| psf po, [2 [p [p Jsg —— _ _
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 A0)2 speci-
(PCH) « p fied by registers D and A in page p.
(PCL) — (DR2-DRo, A3—A0) Note: p is 0 to 31 for M34556M4/M4H and p is 0
to 63 for M34556M8/M8H/G8/G8H.
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  [ofofofofo[r]ofofofu] [o]a]n], | %=
2 16 1 1 _ ~
Operation: D) -1 Grouping:  Input/Output operation
Description: Sets (1) to port D.
CMA (CoMplement of Accumulator)
Instruction Do Do Number of | Number of | Flag CY Skip condition
|
code [ofolo oo s]s]s o o], [o]r]c], |ters | o
2 16 1 1 ~
Operation: (A) < (A) Grouping: Arithmetic operation
Description: Stores the one’s complement for register

A's contents in register A.

Rev.1.01 Sep 17,2003 page 75 of 130

RENESAS



4556 Group

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

MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

CRCK (Clock select: Rc oscillation ClocK)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[1lofafofofafafofa]al,[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).
DEY (DEcrement register Y)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
Lofofofofofa]ofafa]af [of1][7],
1 1 - (Y)=15
Operation: YY) -« (Y)-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 D9 Do Number of | Number of | Flag CY Skip condition
code [o]0 0 o o]o]0]x[0]0], [0]0]4], | Mok | oce
2 16 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 Do Do Number of | Number of | Flag CY Skip condition
cove  [1ofafofos]1]a]ofo] [2]e]c], | "o 1 9%
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.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

El (Enable Interrupt)

Instruction

Do Do Number of | Number of | Flag CY Skip condition
code words cycles
LoloJolofofofofafof1],[ofo]s],
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.
EPOF (Enable POF instruction)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[olofofsfofafafofa]a], [o]s]e],
1 1 - —
Operation: POF instruction, POF2 instruction valid Grouping: Other operation
Description: Makes the immediate after POF instruction
or POF2 instruction valid by executing the
EPOF instruction.
IAPO (Input Accumulator from port PO)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[1lofofa[1ofofofofol,[2]6]0],
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 Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[1lofofa]sfofofofofal,[2]6]1],
1 1 — -
Operation: (A) « (P1) Grouping: Input/Output operation
Description: Transfers the input of port P1 to register A.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

IAP2 (Input Accumulator from port P2)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[2lofofa]sfofolofafo],[2]6]2],
1 1 — -
Operation: (A) ~ (P2) Grouping: Input/Output operation
Description: Transfers the input of port P2 to register A.
INY (INcrement register Y)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
lofofofofofsfofofafa], fofsfs],
1 1 - (Y)=0
Operation: YY) «(V)+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 D9 Do Number of | Number of | Flag CY Skip condition
code words cycles
Lofofofafafafn]n]nfn] [of7]n], _
1 1 - 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 Do Do Number of | Number of | Flag CY Skip condition
words cycles
code [ 1] 1] xef xaf o] yaf vef ya] yof, [3] x| | ’
1 1 - Continuous
description
Operation:  (X) - xx=0t0 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.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

LZ z (Load register Z with z)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code 8 words cycles
Lofofolsfofofsfofafz [o]a]f],
1 1 - —
Operation: (Z) ~zz=0t0 3 Grouping: RAM addresses
Description: Loads the value z in the immediate field to
register Z.

NOP (No OPeration)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code [ofoJofofofoJofofo]o], [0 0fo], "= 1=

2 16
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 [1]oJofo[1]oJofofo0]o], [2[2]0], "= 1=

2 16
1 1 — -
Operation:  (P0) «~ (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  [1]ofofofs]ofofofofu] [2]2o] 1], |t =
2 16
1 1 — -
Operation: (P1) « (A) Grouping: Input/Output operation
Description: Outputs the contents of register A to port

P1.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

OP2A (Output port P2 from Accumulator)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[lofofof1]ofofofs]ol,[2]2]2],
1 1 - -
Operation: (P2) « (A) Grouping: Input/Output operation
Description: Outputs the contents of register A to port
P2.
OR (logical OR between accumulator and memory)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
Lololofololafslofofa],[ofs]oels
1 1 - —
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 D9 Do Number of | Number of | Flag CY Skip condition
code words cycles
[oJoJofofofofofofafol, [ofo]z],
1 1 — -
Operation: Transition to clock operating mode Grouping: Other operation

Description: Puts the system in clock operating mode by
executing the POF2 instruction after ex-
ecuting the EPOF instruction.

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

POF2 (Power OFf2)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[oloJofofofofzfofofol, [ofo]s],
1 1 - —
Operation: Transition to RAM back-up mode Grouping: Other operation

Description: Puts the system in RAM back-up state by
executing the POF2 instruction after ex-
ecuting the EPOF instruction.

Note: If the EPOF instruction is not executed before

executing this instruction, this instruction is
equivalent to the NOP instruction.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

RAR (Rotate Accumulator Right)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
loloJofofofafafafofa],[of2]p],
1 1 0/1 —
Operation: r [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
d T C words cycles
code  [ofojofafofolaal]ifil,[o]4]4],
1 1 - —
Operation:  (Mj(DP)) -~ 0 Grouping: _ Bit operation
j=0to 3 Description: Clears (0) the contents of bit j (bit specified
by the value j in the immediate field) of
M(DP).
RC (Reset Carry flag)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[oJoJofofofofofsfa]ol, [ofo]e],
1 1 0 —
Operation: (CY) -0 Grouping: Arithmetic operation
Description: Clears (0) to carry flag CY.
RCP (Reset Port C)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code [1]o[x[ofo[o[s[s[0]0], [ ]ec], | tes | o
2 16
1 1 0 —
Operation: C) -0 Grouping: Input/Output operation
Description: Clears (0) to carry flag CY.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

RD (Reset port D specified by register Y)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code [o]ofo 0o 1 o[x]0]o], [0]1]4], | os | orks
2 16
1 1 - —
Operation: (D(Y)) - 0O Grouping: Input/Output operation
However, Description: Clears (0) to a bit of port D specified by reg-
(Y)=0to7 ister Y.
RT (ReTurn from subroutine)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[ofofofs]ofofo]a]ofol, [o]4]4],
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 D9 Do Number of | Number of | Flag CY Skip condition
code words cycles
[olofolafofofofafsfol, [ofa]s],
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 Do Do Number of | Number of | Flag CY Skip condition
cove  [ofofofafofoofa]ofa] [o]a]s], | "o | 2%
2 16 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.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

RUPT (Reset UPTF flag)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
lofolofafofa]afofofof, [ofs]s], = A - -
Operation: (UPTF) « O Grouping: Other operation
Description: Clears (0) to the high-order bit reference
enable flag.
SB j (Set Bit)
Instruction D9 Do Number of | Number of | Flag CY Skip condition
code . C words cycles
oo o a0l e alili], [o]s] 5l tome | oo | -
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).
SC (Set Carry flag)
Instruction D9 Do Number of | Number of | Flag CY Skip condition
code o000 o]0o[1]1]x], [0]0]7], [ Mess | ok
2 16 1 1 1 _
Operation: (CY) -1 Grouping: Arithmetic operation
Description: Sets (1) to carry flag CY.
SCP (Set Port C)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code [1]o]a]o [0 o]1[1]0]s],[z]0]D], o= | orks
2 16 1 1 — —
Operation: (C) <1 Grouping: Input/Output operation
Description: Sets (1) to port C.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

SD (Set port D specified by register Y)

Instruction Do Do Number of | Number of | Flag CY Skip condition
|
cove  [ofofofofolsfofs]ofs], [ofa]s], =20
1 1 - -
Operation: DY) 1 Grouping: Input/Output operation
(Y)=0to7 Description: Sets (1) to a bit of port D specified by regis-
ter.
SEA n (Skip Equal, Accumulator with immediate data n)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [ofofofo[s]ofo1]ofu], [o]2]s], | "= o=
2 2 - (A)=n
n=0to 15
Lolofolafafalnfnfnfn],[of7]n]sl—— . .
Grouping: Comparison operation
Operation: (Ay=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 D9 Do Number of | Number of | Flag CY Skip condition
code  [ofoJofof1]ofof1][1]0], [o]2]e], |t | =
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 0 interrupt request flag)

Instruction Do Do Number of | Number of | Flag CY Skip condition
cose  [ofofofofs]s] o[ of0] [o] s8], | "= =
2 16 1 1 - V10 = 0: (EXFO) = 1
Operation: V1o =0: (EXF0)=17? Grouping: Interrupt operation
After skipping, (EXFO) — 0 Description: When V1o = 0 : Skips the next instruction

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

when external 0 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.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

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

Instruction Do Do Number of | Number of | Flag CY Skip condition
words cycles
code  [ofolololals]alols]o], [0l al, [ o oo | L ___
12 = 1: (INT) = “H"
Operation:  112=0: (INT) =“L" ? Grouping:  Interrupt operation
112=1: (INT)=“H"? Description: When 112 = 0 : Skips the next instruction
(112 : bit 2 of the interrupt control register I1) when the level of INT pin is “L." Executes
the next instruction when the level of INT
pinis “H.”
When 112 = 1 : Skips the next instruction
when the level of INT pin is “H.” Executes
the next instruction when the level of INT
pinis “L.”
SNZP (Skip if Non Zero condition of Power down flag)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [ofofofofofofofofa]u] [o]o[s], | "% %= -
1 1 - P)=1
Operation: P)=12 Grouping: Other operation
Description: Skips the next instruction when the P flag is
‘17,
After skipping, the P flag remains un-
changed.
Executes the next instruction when the P
flag is “0.”
SNZT1 (Skip if Non Zero condition of Timer 1 interrupt request flag)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1]o[1]ofofofofofofo] [2]80], | "o = —
1 1 - V12=0:(T1IF) =1
Operation: V12=0: (T1F)=17? Grouping: Timer operation
After skipping, (T1F) « O 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]o[1]ofofofofofof1] [2]8]1], | "o = —
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
(V13 = bit 3 of interrupt control register V1)

when timer 2 interrupt request flag T2F is
“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.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

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

Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[2]ofsfofofofofofs]o], [2]e]2], e
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 when timer 3 interrupt request flag T3F is
(V20 = bit 0 of interrupt control register V2) “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.
SRST (System ReSeT)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
Lolofofololofolofofs],[ofo]s],
1 1 — —
Operation: System reset occurrence Grouping: Other operation
Description: System reset occurs.
SUPT (Set UPTF flag)
Instruction D9 Do Number of | Number of | Flag CY Skip condition
code words cycles
Lolofolafofs]a]ofofol,[o]s]0],
1 1 - —
Operation: (UPTF) « 1 Grouping: Other operation
Description: Sets (1) to high-order bit reference enable
flag.
SVDE (Se Voltage Detector Enable flag)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[2lols]ofofafofofa]a],[2]o]3],
1 1 - —
Operation: Voltage drop detection circuit valid at powerdown mode. Grouping: Other operation
Description: Voltage drop detection circuit is valid at

powerdown mode (clock operating mode,
RAM back-up mode)

Note: This instruction can be used only for H version.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

SZB j (Skip if Zero, Bit)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code S . words cycles
Lolofolofafofolofi[ilf,[of2]ilyg —_
1 1 - (Mj(DP)) =0
j=0to 3
Operation: (Mj(DP))=07? Grouping: Bit operation
j=0to3 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
code words cycles
Lolofofofafofafafaaf,[of2]F], -
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.”
SZD (Skip if Zero, port D specified by register Y)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[ofoJofofsfofolafofol, [of2]a], -
2 2 - (D(Y))=0
(Y)=0to 7
Lolofolofafofsfofsfsl,[of2]e]y,
Operation: (D(Y))=07? Grouping: Input/Output operation
(Y)=0to7 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 |1|0|0|0|1|1|0|0|0|0| |2|3|0| words cycles
2 16 1 1 ~ ~
Operation: (T17-T14) —~ (B) Grouping: Timer operation
(R17-R14) — (B) Description: Transfers the contents of register B to the

(T13-T1lo) ~ (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.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

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 words cycles
[]ofofofsfsfofofofs] [z]a]a], 2 : - -
Operation: (R2L7-R2L4) ~ (B) Grouping: Timer operation
(T27-T24) ~ (B) Description: Transfers the contents of register B to the
(R2L3-R2L0) ~ (A) high-order 4 bits of timer 2 and timer 2 re-
(T23-T20) ~ (A) load register R2L. Transfers the contents of
register A to the low-order 4 bits of timer 2
and timer 2 reload register R2L.
T2HAB (Transfer data to register R2H from Accumulator and register B)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[ilo]a]olo s ol a oo, [2[a]al, [ tede | ocks | i
Operation: (R2H7-R2H4) ~ (B) Grouping:  Timer operation
(R2H3-R2H0) — (A) Description: Transfers the contents of register B to the
high-order 4 bits of timer 2 and timer 2 re-
load register R2H. Transfers the contents of
register A to the low-order 4 bits of timer 2
and timer 2 reload register R2H.
T2R2L (Transfer data to timer 2 from register R2L)
Instruction D9 Do Number of | Number of | Flag CY Skip condition
code words cycles
[1lofafofofs]olafo]a], (205 — 3 -
Operation:  (T27-T20) — (R2L7-R2L0) Grouping:  Timer operation
Description: Transfers the contents of reload register
R2L to timer 2.
TAB (Transfer data to Accumulator from register B)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
lolofolofofafafa]afol, fo]s]eli—= :
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  [afoJo1[a]a]ofofo]o], [2[7 o], "= 1 2=
2 16
1 1 - -
Operation: (B) < (T17-T14) Grouping: Timer operation
(A) < (T13-T10) 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
codse  [1]ofofa[1]a]ofo o] [2]7[1], | "o 2=
2 16
1 1 - -
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.

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
Lolololofsfofsfofsfol,[of2]nl,
1 1 - -
Operation: (B) < (E7-E4) Grouping: Register to register transfer
(A) < (E3-E0) 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 Pro

ram memory in page p)

Instruction Do Do Number of | Number of | Flag CY Skip condition
8 words cycles
code Lof ol 1] o] ps| pef paf pof pa] pof, [0] 5] 0l
1 3 - -
Operation: Grouping: Arithmetic operation
(SP) < (SP) + 1 Description:

(SK(SP)) < (PC)
(PCH) < p (Note)
(PCL) < (DR2-DRo, A3—A0)
at (UPTF) =0 at (UPTF) =1
(B) < (ROM(PC))7-4 (DR2) < (0)
(A) < (ROM(PC))3-0 (DR1, DR0) < (ROM(PC))9, 8
(B) < (ROM(PC))7—4
(A) < (ROM(PC))3-0
(PC) < (SK(SP))
(SP) < (SP) -1

stage of stack reg

ister is used.

UPTF = 0: Transfers bits 7 to 4 to register B and bits 3 to O to register A. These bits
9 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.
UPTF = 1: Transfers bits 9, 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 address (DR2 DR1 DRo A3 A2
A1 A0)2 specified by registers A and D in page p.
Note: p is 0 to 31 for M34556M4/M4H, and p is 0 to 63 for M34556M8/M8H/G8/G8H.
When this instruction is executed, be careful not to over the stack because 1
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TABPS (Transfer data to Accumulator and register B from PreScaler)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
Lalofolafafafolafolaf,[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-TPSo)
of prescaler to register A.
TAD (Transfer data to Accumulator from register D)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code [ofofofsfofsofofofu], [o]s]a], | o %=
2 16
1 1 - -
Operation: (A2—A0) ~ (DR2-DRo) Grouping: Register to register transfer
(A3) -« 0 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.
TAIL (Transfer data to Accumulator from register 1)
Instruction D9 Do Number of | Number of | Flag CY Skip condition
code  [1fofofrifofa]ofofa]a], [2]s]s |, "o 1%
2 16
1 1 - -
Operation: (A) < (1) Grouping: Interrupt operation

Description: Transfers the contents of interrupt control
register 11 to register A.

TAKO (Transfer data to Accumulator from register K0)

Instruction Do Do Number of | Number of | Flag CY Skip condition
cose  [1fofofrJos]ofs]1]o], [2]5 6], [ "2% | 2%

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

Description: Transfers the contents of key-on wakeup

control register KO to register A.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TAK1 (Transfer data to Accumulator from register K1)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code [1]ofof[1fof1]1]ofol1] [2]5]9], words cycles

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 cycles
code |1 fofofafofrfrfolujol,|o]s][al, "= 12
2 16 1 1 _ _
Operation: (A) « (K2) Grouping: Input/Output operation
Description: Transfers the contents of key-on wakeup
control register K2 to register A.

TAL1 (Transfer data to Accumulator from register L1)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [afofo1[ofo]1of1]o], [2[a]al, "o 2=

2 16 1 1 _ ~
Operation: (A) « (L1) Grouping: LCD control operation
Description: Transfers the contents of LCD control regis-
ter L1 to register A.
TAM j (Transfer data to Accumulator from Memory)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code S T T : words cycles
(o lalaToTo i 3 5 [1], [Ze]i], [ tors | ome | -
Operation: (A) — (M(DP)) Grouping: RAM to register transfer
(X) « (X)EXOR(j) 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.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TAMR (Transfer data to Accumulator from register MR)

Instruction Do Do Number of | Number of | Flag CY Skip condition
|
code  [1]ofofsfofs]ofofa]o],[2]s]e ], 2= 125
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 PUQ)
Instruction Do Do Number of | Number of | Flag CY Skip condition
words cycles
code Lilololafolafolalalal,[2]s]7 ke
1 1 - -
Operation: (A) ~ (PUO) Grouping: Input/Output operation

Description: Transfers the contents of pull-up control

register PUO to register A.

TAPUL (Transfer data to Accumulator from register PU1)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code lilololalolalalalalol,lals]ele Wolrds Cyzles
Operation: (A) « (PUYL) Grouping:  Input/Output operation

Description: Transfers the contents of pull-up control

register PU1 to register A.

TASP (Transfer data to Accumulator from Stack Pointer)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [ofoJofsfofsJofofofo], [o]s o], "o 1 %=
2 16 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—A0) of register A.
Note: After this instruction is executed, “0” is

stored to the bit 3 (A3) of register A.

Rev.1.01 Sep 17,2003 page 92 of 130

RENESAS



4556 Group

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

MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TAV1 (Transfer data to Accumulator from register V1)

Instruction Do Do Number of | Number of | Flag CY Skip condition
cose  [ofofofafofs]ofs]ofo] [o]s[a], | "ot 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 Numbgr of Numbler of | Flag CY Skip condition
code  [o[o[o[1[o[s[o] s o], [o]s]s], o | oks | -
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  [1]ofof1ofo[ 1o a]1] [2]a]s], |- % | e

1 1 - _
Operation: (A) — (W1) Grouping: Timer operation

Description: Transfers the contents of timer control reg-
ister W1 to register A.

TAW?2 (Transfer data to Accumulator from register W2)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1foJo[1[ofo]11[o0]o], [2]e]c], "o =
2 16
1 1 - -
Operation: (A) < (W2) Grouping: Timer operation
Description: Transfers the contents of timer control reg-

ister W2 to register A.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TAWS3 (Transfer data to Accumulator from register W3)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1fofofsfofola]afofu],[2]a]n], o120

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

Do

Do Number of | Number of | Flag CY Skip condition
code  [1]ofofafofofafa[a]o],[2]4]e], |- 20
1 1 - -
Operation: (A) « (W4) Grouping: Timer operation

Description: Transfers the contents of timer control reg-
ister W4 to register A.

TAX (Transfer data to Accumulator from register X)

Instruction Do Do Number of | Number of | Flag CY Skip condition
|
cogse  [ofofof1fof1ofof1]o],[o]s[2], == 2=
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
|
codse  fofofofofofs[efafafu] [o]e[r], | o 2%
1 1 - -
Operation: (A) < (Y) Grouping: Register to register transfer
Description: Transfers the contents of register Y to regis-

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

TAZ (Transfer data to Accumulator from register Z)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
lolofofslofafolofafallo]s sl —= :
Operation: (A1, A0) — (Z1, Z0) 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.
TBA (Transfer data to register B from Accumulator)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[ofofofojofofafafajof [ofofef, == : - -
Operation: (B) « (A) Grouping: Register to register transfer
Description: Transfers the contents of register A to regis-
ter B.
TC1A (Transfer data to register C1 from Accumulator)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[x[o][o[1[o[ = o] o] o], [2[A[a], [ tots | oce= | :
Operation: (C1) -« (A) Grouping: LCD control operation
Description: Transfers the contents of register A to the
LCD control register C1.
TC2A (Transfer data to register C2 from Accumulator)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[x[o[1[o]x o[ o[ o] ], [2[A o], | Mo | oek= | -
Operation: (C2) — (A) Grouping: LCD control operation
Description: Transfers the contents of register A to the

LCD control register C2.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TDA (Transfer data to register D from Accumulator and register B)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code [ofoJofo[afolafofo ], [o2 0], {2
2 16
1 1 - -
Operation: (DR2-DR0) ~ (A2—A0) Grouping: Register to register transfer
Description: Transfers the low-order 3 bits (A2—Ao) of

register A to register D.

TEAB (Transfer data to register E from Accumulator and register B)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code [0 of of o[ o[ 1] 1[ o[ 1] o], [0 1] A, "= %=
1 1 - -
Operation: (E7-E4) ~ (B) Grouping: Register to register transfer
(E3-E0) «~ (A) Description: Transfers the contents of register B to the
high-order 4 bits (E7—E4) of register E, and
the contents of register A to the low-order 4
bits (E3—E0) of register E.
TFROA (Transfer data to register FRO from Accumulator)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1]ofofo[1[o] 100 o], [2]2]8], ("L o0
1 1 - -
Operation: (FRO) ~ (A) Grouping: Input/Output operation

Description: Transfers the contents of register A to the

port output structure control register FRO.

TFR1A (Transfer data to register FR1 from Accumulator)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1]oJofofsJo]1fofo]1], [22]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.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TFR2A (Transfer data to register FR2 from Accumulator)

Instruction Do Do Number of | Number of | Flag CY Skip condition
words cycles
code  lafofofofsfofafolsol,|2]2]al, .
1 1 - —
Operation: (FR2) « (A) Grouping: Input/Output operation
Description: Transfers the contents of register A to the
port output structure control register FR2.
TI1A (Transfer data to register 11 from Accumulator)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [afoJofofolaJofufa]a], [2[a]7], "o 1=
2 1 1 - -
Operation: (I11) < (A) Grouping: Interrupt operation
Description: Transfers the contents of register A to inter-
rupt control register 1.
TKOA (Transfer data to register KO from Accumulator)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code [a]oofofo[s[1[o[a]a], [2]]e], | ves | o
2 1 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 Do Do Number of | Number of | Flag CY Skip condition
code  [1]ofofofof1ofr[ofo] [2]1]a], | "o %=
1 1 - —
Operation: (K1) ~ (A) Grouping: Input/Output operation

Description: Transfers the contents of register A to key-

on wakeup control register K1.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TK2A (Transfer data to register K2 from Accumulator)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1]ofofofofuofsfou], [2]a]s ], || o=

1 1 - -
Operation: (K2) « (A) Grouping: Input/Output operation

Description: Transfers the contents of register A to key-
on wakeup control register K2.

TL1A (Transfer data to register L1 from Accumulator)

Instruction Do Do

Number of | Number of | Flag CY Skip condition
code words cycles
[1lofofololofr]ofsfol,[2]o]a],
1 1 — —
Operation: (L1) < (A) Grouping: LCD control operation
Description: Transfers the contents of register Ato LCD
control register L1.
TL2A (Transfer data to register L2 from Accumulator)
Instruction D9 Do Number of | Number of | Flag CY Skip condition
code words cycles
[1]ofofofofofafofa]a],[2]0]8],
1 1 — —
Operation: (L2) « (A) Grouping: LCD control operation

Description: Transfers the contents of register A to LCD
control register L2.

TL3A (Transfer data to register L3 from Accumulator)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1]oJofofofoa]rfo]o], [2]o]c], "o 1%

1 1 - -
Operation: (L3) « (A) Grouping: LCD control operation

Description: Transfers the contents of register A to LCD
control register L3.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TLCA (Transfer data to register LC from Accumulator)

Instruction Do Do Number of | Number of | Flag CY Skip condition
I
cose  [1]ofofofofo[s]1]of1],[2]0]n], | "% %=
2 16 1 1 ~ B
Operation: (LC) - (A) Grouping:  Timer operation
(RLC) « (A) Description: Transfers the contents of register A to timer

LC and reload register RLC.

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 |afolafofafafifililil,|2][e]il, .
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
code  [1]oJofofofuJofs]a]o], [2a]e], "o 1%
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
code  [1fofsfofrfosfofu]o], [2]afal, "o 1 0
2 16 1 1 _ _
Operation: (PA0) —~ (A0) Grouping: Timer operation
Description: Transfers the contents of lowermost bit (A0)

register A to timer control register PA.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TPSAB (Transfer data to Pre-Scaler from Accumulator and register B)

Instruction

Do Do Number of | Number of | Flag CY Skip condition
code [1fofofofu]aofafo]u], [2]3]s ], " | o=
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.
TPUOA (Transfer data to register PUO from Accumulator)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1ofofofafos]afofu] [2]2]p], | "o %=
2 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 D9 Do Number of | Number of | Flag CY Skip condition
code  [1]ofofofsfo]s[a]1]0], [2]2]E], "o 1 O
1 1 - _
Operation: (PUL) « (A) Grouping: Input/Output operation
Description: Transfers the contents of register A to pull-

up control register PU1.

TR1AB (Transfer data to register R1 from Accumulator and register B)

Instruction

Do Do Number of | Number of | Flag CY Skip condition
code  [1foJofofafu]afafa]u], [2]s]F], "o 1%
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.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TRGA (Transfer data to register RG from Accumulator)

Instruction Do Do Number of | Number of | Flag CY Skip condition
|
cose  [1]ofofofofos]ofofu],[2]o]e], | "o 2%
1 1 — -
Operation: (RG) « (A) Grouping: Clock control operation
Description: Transfers the contents of register A to regis-
ter RG.
TV1A (Transfer data to register V1 from Accumulator)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [ofofofofafaafafa]u] [o]a[rF], | "o 2%
2 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 Do Do Number of | Number of | Flag CY Skip condition
code  [ofofofo[sfaafalaTol, [o]aTe ], =42

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  [1ofofofofoa]u[sfo],[2]o]e], | "o %=
2 16 1 1 _ _
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  [1fofofofofoafa]a]a], [2]oF], [ o

1 1 - -
Operation: (W2) ~ (A) Grouping: Timer operation

control register W2.

Description: Transfers the contents of register A to timer

TW3A (Transfer data to register W3 from Accumulator)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code [+[ofofoJo 1[0 o] oo], [2[1]0], |-

1 1 - -
Operation: (W3) «~ (A) Grouping: Timer operation

control register W3.

Description: Transfers the contents of register A to timer

TWA4A (Transfer data to register W4 from Accumulator)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1fofofofof 1[0 o o], [2]a]u], [ w1 O

1 1 - —
Operation: (W4) ~ (A) Grouping: Timer operation

control register W4.

Description: Transfers the contents of register A to timer

TYA (Transfer data to register Y from Accumulator)

Instruction Do Do Number of | Number of | Flag CY Skip condition
cose  [ofofofofofo[1]1]o0f0],[o]o]c], | "= 1 2=
2 16
1 1 - -
Operation: YY) « (A Grouping: Register to register transfer
Description: Transfers the contents of register A to regis-

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

WRST (Watchdog timer ReSeT)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[1lofs]ofs]ofofofofol,[2]a]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
code ST T T . words cycles
[lofafafofali[ifilil[2]olil
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.

XAMD j (eXchange Accumulator and Memory data and Decrement register Y and skip)

Instruction Do Do Number of | Number of | Flag CY Skip condition
A P P . words cycles
code fafolafafafafifilifil,2][r]i]g
1 1 - (Y)=15
. Grouping: RAM to register transfer

Operation: (A) -~ (M(DP))‘ Description: After exchanging 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-
) = (Y)-1 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
code  [afofafafufoli[i[ifil,[2]e]i], o122
2 . 1 1 - Y)=0
P Grouping: RAM to register transfer
Operation:  (A) - - (M(DP))_ Desc?ipt?on: After excr?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-
) < (Y)+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 3 |8 e Function
Type of Hexadecimal| € 2| € &
) . Do D8 D7 De Ds D4 D3 D2 Di Do . = S
instructions| notation z z
TAB 0000 0 1 1 1 1 0 01 E | 1] 1 |(A)(@®
TBA 0O 0 0 O OO 12 1 1 O 0 0 E 1 1 | (B) « (A
TAY 0000 0 1 1 1 1 1 01 F |1 ] 1|«
TYA 0O 0 0 O OO1 121 0 O 00C 1 1 () « (A
% |TEAB 0000 01 1 010 01 A | 1| 1 |(E-E4) < (B)
8 (E3—E0) ~ (A)
g |7aBe 000 01 0 1 0 1 0 |[02A]|1]1]|®-E—E
> (A) ~ (E3—Eo0)
o
2  |TDA 0000 1 0 1 0 0 1 029 | 1| 1 |(DR2-DR0) « (A2—A0)
Q
2 |TAD 0O 0 01 012 0 O O 1 051 1 1 | (A2-A0) — (DR2-DRo)
o} (A3) -« 0
o4
TAZ 0 001 01 0 0 1 1 053 | 1| 1 |(A1A0 < (Z1,Z0)
(A3,A2) - O
TAX 0O 0 01 0 1 0 O 1 O 05 2 1 1 | (A) « X
TASP 0O 0 01 01 0 O O O 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
(%]
$ JLzz 0 0 0O 1 00 1 0 z1 z0o |04 8 1 1 |2 ~zz=0to3
3 +z
g
< [INY 0O 0 0 O O1 0 O 1 1 01 3 1 1 (YY)« ()+1
=
&
DEY 0 000 0 1 0 1 1 1 017 |1 |1 ]|e<M-1
TAM j 10 1 1 0 0 j j j i 2 Cj 1| 1 |(A) - (MDP))
(X) « (X)EXOR(j)
j=0to 15
XAM | 10 1 1 0 1 j j j i 2 Dj 1| 1 [(A) <« - (MDP))
(X) « (X)EXOR(j)
. j=0to 15
Q@
§ XAMD j 10 1 1 1 1 j j i i 2 Fj 1| 1 [(A) « - (MDP))
f (X) « (X)EXOR())
9] j=0to 15
[2]
E ) -M-1
S |XAMI] 10 1 1 1 0 j j j i 2 Ej 1| 1 |(A) « - (M(DP))
s (X) = (X)EXOR())
§ j=0to 15
Y) « (Y)+1
TMA | 10 1 0 1 1 j j i i 2 B j 1 | 1 |(MDP) - (A)
(X) « (X)EXOR(j)
j=0to 15
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Skip condition

Carry flag CY|

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—A0) 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 VY.
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
- N| = 0
Mnemonic 3 |8 e Function
Type of Hexadecimal| € 2| € &
) . Do D8 D7 De Ds D4 D3 D2 Di Do . = S
instructions| notation z z
LAn 0 0 01 2.1 n n n n [O07mn | 1] 1|A«<n
n=0to 15
TABP p 0O 0 1 0O p5 pa p3 p2 p1 po 0 p 1 3 [(SP) -« (SP)+1
(SK(SP)) ~ (PC)
(PCH) — p (Note)
(PCL) —~ (DR2-DRo, A3-A0)
at (UPTF) =0
(B) —~ (ROM(PC))7—4
(A) —« (ROM(PC))3-0
at (UPTF) = 1
(DR2) « (0)
(DR1, DR0) — (ROM(PC))9, 8
(B) —« (ROM(PC))7—4
(A) — (ROM(PC))3—0
(PC) — (SK(SP))
(SP) - (SP)-1
,5 AM 0O 0 0 0 0O 01 0 1 O 0 A 1 1 |(A) < (A) + (M(DP))
IS
2
8 AMC 0O 0 0 0O OO 12 0 1 1 0 B 1 1 [(A) < (A) + (M(DP)) +(CY)
= (CY) ~ Carry
IS
= |An 0 0 0112 0 n n n n [06n | 1] 1]|A)@A+n
< n=0to 15
AND 00000 1 1 00 O 0 8 | 1| 1 |(A) - (A)AND (M(DP))
OR 0O 0 0 0 01 12 0 0 1 0 9 1 1 [(A) < (A) OR (M(DP))
SC 0 0000 0 0 1 1 1 [007 ] 1]1|Cy)1
RC 0 0 0O 0O0O0O 01 1 0 |[0O06 | 1]1]|CYy)--o0
szc 00 00 1 0 1 1 1 1 |02F/|1]1f|Ccy=07
CMA 0 0 0001 1 1 0 0 |[01C|1]|1|A-®m
RAR 0000011101 [01D]1]|1 |-[cY]-[asand+
SBj 0O 0 0 1 0o 1 1 1 j |j 0 C 1 1 |(Mj(DP)) « 1
+j j=0to3
S
'c‘E RBj 0O 0 0 1 0 O 1 1 j |j 0 C 1 1 |(Mj(DP)) - O
L +j j=0to3
o
m SZB j 0O 0 0 01 0 0 0 j | 0 i 1 1 |(Mj(DP))=07?
j=0to3
SEAM 0O 0 0 012 0 O 1 1 O 0 6 1 1 |[(A)=(M(DP))?
c
258
&
€ 3 [SEANn 0 0001 00 1 0 1 |025]2]|2/|A=n?
8 ° n=0to 15
0O 0 01 1 1 n n n n 0 n

Note:

p is 0 to 31 for M34556M4/M4H. p is 0 to 63 for M34556M8/M8H/G8/G8H.
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>
]
g
Skip condition *_; Datailed description
3
]
Continuous — |Loads the value n in the immediate field to register A.
description When the LA instructions are continuously coded and executed, only the first LA instruction is executed and
other LA instructions coded continuously are skipped.
- - |UPTF=0:
Transfers bits 7 to 4 to register B and bits 3 to 0 to register A. These bits 9 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.
UPTF = 1:
Transfers bits 9, 8 to register D, bits 7 to 4 to register B and bits 3 to O to register A. These bits 7 to 0 are
the ROM pattern in address (DR2 DR1 DRo A3 A2 A1 Ao)2 specified by registers A and D in page p.
When this instruction is executed, be careful not to over the stack because 1 stage of stack register is used.
- — |Adds the contents of M(DP) to register A. Stores the result in register A. The contents of carry flag CY re-
mains unchanged.
- 0/1 | Adds the contents of M(DP) and carry flag CY to register A. Stores the result in register A and carry flag CY.
Overflow = 0 — | Adds the value n in the immediate field to register A, and stores a result in register A.
The contents of carry flag CY remains unchanged.
Skips the next instruction when there is no overflow as the result of operation.
Executes the next instruction when there is overflow as the result of operation.
- — | Takes the AND operation between the contents of register A and the contents of M(DP), and stores the 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.
- 1 |Sets (1) to carry flag CY.
- 0 |Clears (0) to carry flag CY.
(CY)=0 — | Skips the next instruction when the contents of carry flag CY is “0.”
- — | Stores the one’s complement for register A's contents in register A.
- 0/1 |Rotates 1 bit of the contents of register A including the contents of carry flag CY to the right.
- — | Sets (1) the contents of bit  (bit specified by the value j in the immediate field) of M(DP).
- — | Clears (0) the contents of bit j (bit specified by the value j in the immediate field) of M(DP).
(Mj(DP)) =0 — | Skips the next instruction when the contents of bit j (bit specified by the value j in the immediate field) of
j=0to3 M(DP) is “0.”

Executes the next instruction when the contents of bit j of M(DP) is “1.”

(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 (INDEX BY TYPES) (continued)

Parameterl Instruction code ks k)
- N| = 0
Mnemonic 8% e Function
Type of Hexadecimal| € 2| € &
VP! D9 Ds D7 Dé Ds D4 D3 D2 D1 Do , =R
instructions| notation z z
Ba 0O 1 1 a a5 a4 a3 a2 a1 ao |1 8 a 1 1 |(PCL) — a6-ao0
+a
5 BLp, a 0 0 1 1 1 p4 p3 p2 pr po |0 E p 2 2 |(PCH) « p (Note)
b= +p (PCL) ~ as-ao
9]
s 1 p6 ps a6 a5 a4 a3 a2 a1 a0 |2 p a
g +p +a
c
g BLAp 0O 0 0 0O O1 0 O O O 010 2 2 |(PCH) < p (Note)
(PCL) —~ (DR2-DRo, A3-A0)
1 pe ps p4 O O p3 p2 p1 po (2 p p
P
BM a 0 1 0 a6 a5 a4 a3 a2 a1l ao 1 aa 1 1 |(SP) - (SP)+1
(SK(SP)) « (PC)
(PCH) « 2
(PCL) « as—ao0
c
o
g BMLp,a [0 O 1 1 0O p4 p3 p2 pr po [0 C p 2 2 |(SP) « (SP)+1
g +p (SK(SP)) « (PC)
o (PCH) — p (Note)
Q 1 pe6 ps a6 a5 a4 a3 a2 ail ao [ 2 p a (PCL) ~ as-ao
5 +p +a
o
% BMLA p 0O 0 0 01 1 0 O O O 030 2 2 [(SP) - (SP)+1
(SK(SP)) « (PC)
1 p6 ps p4 O O p3 p2 p1 po [2 p p (PCH) ~ p (Note)
+p (PCL) ~ (DR2-DR0,A3-A0)
RTI 0O 0 01 0 O O 1 1 O 0 46 1 1 |(PC) < (SK(SP))
(SP) - (SP)-1
s
% RT 0O 0 01 0 0O O 1 0 O 0 4 4 1 2 |(PC) « (SK(SP))
s (SP) - (SP)-1
=
)
& RTS 0O 0 01 0 O O 1 0 1 045 1 2 |(PC) « (SK(SP))
(SP) - (SP) -1

Note: p is 0 to 31 for M34556M4/M4H.
p is 0 to 63 for M34556M8/M8H/G8/G8H.
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Skip condition

Carry flag CY|

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)

Parameterl Instruction code ks k)
- N| = 0
Mnemonic 3 |8 e Function
Type of Hexadecimal| € 2| € &
) . Do D8 D7 De Ds D4 D3 D2 Di Do . = S
instructions notation z z
DI 0 0 O 0O 0 0 1 0 O 00 4 1 1 |(INTE) < O
El 0 0 O 0O 0 0 1 o0 1 0 05 1 1 [(INTE) « 1
SNZ0 0O 0 O 1 1 1 0 0 O 0 3 8 1 1 |V1o=0:(EXFO)=17?
After skipping, (EXFO) — 0
V1o =1: SNZ0 = NOP
SNZIO 0O 0 O 1 1 1 0 1 O 0 3 A 1 1 |I12=1:(INT)="H"?
c
Be]
3 12=0:(INT)=“L" ?
@
o
o
g
% TAV1 0O 0 O 0O 1 0 1 0 o 05 4 1 1 [(A) < (V1)
= |1via 0 0 0 11 1 1 1 1 03 F | 1] 1 [{(V1) (A
TAV2 0 0 0 01 0 1 0 1 055 | 1] 1 |A)<(2
TV2A 0 0 0 11 1 1 1 0 03 E | 1] 1 [(V2 (@A
TAIL 1 0 0 01 0 0 1 1 253 | 1] 1 |A)<(@
TIIA 1 0 0 01 0 1 1 1 217 | 1] 1|1 (A

Note: p is 0 to 31 for M34556M4/M4H.

pis O to 63 for M34556M8/M8H/G8/G8H.
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Skip condition

Carry flag CY|

Datailed description

V1o = 0: (EXFO) = 1

(INT) = “H”
However, 112 = 1

(INT) =“L"
However, 112 =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 |12 = 1 : Skips the next instruction when the level of INT pin is “H.” (I112: bit 2 of interrupt control reg-
ister 11)

When 112 = 0 : Skips the next instruction when the level of INT 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.
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MACHINE INSTRUCTIONS (INDEX BY TYPES) (continued)

Parameter|

Instruction code

S |G
8|3l .
Mnemonic |2 s5|leo Function
Type of Hexadecimal| € 2| € &
) . Do D8 D7 De Ds D4 D3 D2 Di Do . = S
instructions| notation z z
TPAA 1 0 1 0 1 O 1 0 2 AA 1 1 [(PA) < (A)
TAW1 1 0 0 1 0 O 1 1 2 4B 1 1 [(A) - (W1)
TWI1A 1 0 0 0 0 O 1 0 2 0 E 1 1 [(W1) < (A)
TAW2 1 0 0 1 0 O 0 0 2 4 C 1 1 [(A) -« (W2)
TW2A 1 0 0 0 0 O 1 1 2 0 F 1 1 [(W2) « (A)
TAW3 1 0 0 1 0 O 0o 1 2 4D 1 1 [(A) < (W3)
TW3A 1 0 0 0 0 1 0 0 210 1 1 [(W3) < (A)
TAW4 1 0 0 1 0 O 1 0 2 4 E 1 1 [(A) - (W4)
TW4A 1 0 0 0 0 1 0 1 211 1 1 [((W4) « (A)
TABPS 1 0 0 1 1 1 0o 1 275 1 1 |(B) — (TPS7-TPS4)
(A) « (TPS3-TPS0)
TPSAB 1 0 0 0 1 1 0 1 2 35 1 1 [(RPS7-RPS4) ~ (B)
(TPS7-TPS4) — (B)
(RPS3-RPS0) « (A)
(TPS3-TPS0) ~ (A)
TAB1 1 0O 0 1 1 1 0 O 270 1 1 ((B) — (T17-T14)
(A) « (T13-T1o0)
é T1AB 1 0 0 0 1 1 0 0 230 1 1 |(R17-R14) ~ (B)
© (T17-T14) ~ (B)
< (R13-R10) ~ (A)
e (T13-T10) < (A)
(4]
E TAB2 1 0 0 1 1 1 0 1 271 1 1 ((B) — (T27-T24)
(A) « (T23-T20)
T2AB 1 0 0 0 1 1 0 1 2 31 1 1 |[(R2L7-R2L4) ~ (B)
(T27-T24) ~ (B)
(R2L3-R2L0) « (A)
(T23-T20) ~ (A)
T2HAB 1 0 1 0 0 1 0 0 2 9 4 1 1 [(R2H7-R2H4) — (B)
(R2H3—-R2H0) « (A)
TR1AB 1 0 0 0 1 1 1 1 2 3 F 1 1 [(R17-R14) — (B)
(R13-R10) ~ (A)
T2R2L 1 0 1 0 0 1 0o 1 2 95 1 1 |[(T27-T20) — (R2L7-R2Lo)
TLCA 1 0 0 0 0 O 0 1 2 0D 1 1 [(LC) < (A)
(RLC) « (A)
SNZT1 1 0 1 0 0 O 0 0 280 1 1 |V12=0:(T1F)=17?
After skipping, (T1F) -« 0 V12 =1: NOP
SNZT2 1 0 1 0 0 O 0 1 2 81 1 1 [V13=0:(T2F)=17
After skipping, (T2F) —« 0 V13 =1: NOP
SNZT3 1 0 1 0 0 O 1 0 2 8 2 1 1 [V20=0:(T3F)=17

After skipping, (T3F) « 0 V20 =1: NOP
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Skip condition

Carry flag CY|

Datailed description

V12=0:(T1IF) =1 | -

V13=0:(T2F) =1 | —

V20=0: (T3F) =1 | —

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.

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 R2L, and
transfers the contents of register A to the low-order 4 bits of timer 2 and timer 2 reload register R2L.

Transfers the contents of register B to the high-order 4 bits of timer 2 reload register R2H, and transfers the
contents of register A to the low-order 4 bits of timer 2 reload register R2H.

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 timer 2 reload register R2L to timer 2.
Transfers the contents of register A to timer LC and timer LC reload register RLC.
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.
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Parameter Instruction code 5 |5
Mnemonic ] g é g %mj Function
Type of Hexadecimal| € 2| € &
instructions Do Ds D7 De Ds D4 D3 D2 Di Do notation 272
IAPO 10 0 1 1 0 0 0O 0 O 260 1 1 |(A) - (PO)
OPOA 10 0 0 1 0 0 0O 0 O 220 1 1 |(PO) — (A)
IAP1 10 0 1 1 0 0 0 0 1 261 1 1 |(A) - (P1)
OP1A 10 0 0 1 0 0 0 0 1 221 1 1 |(P1) - (A)
IAP2 10 0 1 1 0 0 0 1 O 2.6 2 1 1 |(A) - (P2)
OP2A 10 0 0 1 0 0 0 1 O 222 1 1 |(P2) - (A)
CLD 0 00001 0 0 0 1 011 1 1 |(D) -1
RD 0 00001 0 1 0 O 014 1 1 |(D(Y)) - O
(Y)=0to 7
SD 0 0 0 001 0 1 0 1 015 1 1 |(D(Y) -1
(Y)=0to 7
SZD 0 0001 00 1 0 O 024 1 1 |(D(Y))=07?
(Y)=0to 7
s 0 0001 01 0 1 1 028B 1 1
.‘g RCP 10 1 0 0 0 1 1 0 O 28¢C |1 1 |(C) -0
g SCP 10 1 0 0 0 1 1 0 1 28D |1 1 |(C)~1
g TAPUO 10 0 1 0 1 0 1 1 1 257 1 1 |(A) —~ (PUO)
g- TPUOA 10 0 0 1 0 1 1 0 1 22D |1 1 |(PUO) — (A)
TAPU1 10 0 1 0 1 1 1 1 O 2 5 E 1 1 |(A) - (PU1)
TPU1A 10 0 0 1 0 1 1 1 O 2 2 E 1 1 |(PUL) - (A)
TAKO 10 0 1 0 1 0 1 1 O 256 1 1 |(A) ~ (KO)
TKOA 10 0 0 0O 1 1 0 1 1 218 1 1 |(KO) ~ (A)
TAK1 10 0 1 0 1 1 0 0 1 2509 1 1 |(A) ~ (K1)
TK1A 10 0 0 O 1 0 1 0 O 214 1 1 |(K1) ~ (A)
TAK2 10 0 1 0 1 1 0 1 O 2 5 A 1 1 |(A) - (K2)
TK2A 10 0 0 0O 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 2 2 A 1 1 |(FR2) ~ (A)
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Skip condition

Carry flag CY|

Datailed description

(b()) =0
However, (Y)=0to 7

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.
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.

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.
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MACHINE INSTRUCTIONS (INDEX BY TYPES) (continued)

Parameter] Instruction code S S
- N| = 0
Mnemonic 8% e Function
Type of Hexadecimal| € 2| € &
) . Do D8 D7 De Ds D4 D3 D2 Di Do . = S
instructions notation z z
TAL1 10 0 1.0 0 1 0 1 O 2 4 A1 1| 1AL
. |TuA 10 0 00O 1 0 1 O 2 0A | 1| 1 L)@
i)
8 |TL2A 10 0 00 O 1 0 1 1 2 0B | 1| 1]|L2-®
[}
g’ TL3A 1 0 0 0O OO 1 121 0 O 2 0C 1 1 [(L3) « (A)
S |rcia 10 1 0 1 0 1 0 0 O 2 A8 | 1| 1 |C1 (A
TC2A 10 1 0 1 0 1 0 0 1 2 A9 | 1] 1 [C2 (A
c CRCK 1 0 1 o0 0 1 1 0 1 1 2 98B 1 1 |RC oscillator selected
Q
g TAMR 10 0 1.0 1 0 0 1 O 252 1| 1|A«(MR)
Q.
S |T™MRA 10 0 001 0 1 1 O 216 |11 |MR)<(A
(8]
o
O |TRGA 10 0 00O 1 0 0 1 209 | 1| 1 |RG) (@A
NOP 0 0 0 0O O OO 0O 0 O 00O 1 1 |(PC) « (PC)+1
POF 0O 0 0 O O O OO 1 O 00 2 1 1 |Transition to clock operating mode
POF2 0O 0 0 O O O1 0 0 O 0 0 8 1 1 |Transition to RAM back-up mode
EPOF 0O 0 01 01 1 0 1 1 058B 1 1 |POF, POF2 instructions valid
SNzP 0O 0 0 0O 0O OO 0 1 1 003 1 1 ((P)=17?
s WRST 1 0 1 0 1 O O O O O 2 A0 1 1 |[(WDF1)=1?
b= After skipping, (WDF1) — 0
2
o
E DWDT 1 0 1 0 0 1 1 1 0 O 2 9 C 1 1 |Stop of watchdog timer function enabled
© SRST o 0 0 0 O O O O o0 1 001 1 1 |System reset
RUPT 0O 0 01 0 1 1 O O O 058 1 1 [(UPTF) -0
SUPT 0O 0 01 0 1 1 0 0 12 0509 1 1 [(UPTF) -1
SVDE 10 1 0 O 1 0o O 1 1 2 9 3 1 1 |At power down mode, voltage drop detection
circuit valid

Note: SVDE instruction can be used only in H version.
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Skip condition

Carry flag CY|

Datailed description

Transfers the contents of LCD control register L1 to register A.
Transfers the contents of register A to LCD control register L1.
Transfers the contents of register A to LCD control register L2.
Transfers the contents of register A to LCD control register L3.
Transfers the contents of register A to LCD control register C1.

Transfers the contents of register A to LCD control register C2.

Selects the RC oscillation circuit for main clock, stops the ring oscillator (internal oscillator).
Transfers the contents of clock control regiser MR to register A.
Transfers the contents of register A to clock control register MR.

Transfers the contents of register A to clock control register RG.

P)=1

(WDF1) = 1

No operation; Adds 1 to program counter value, and others remain unchanged.
Puts the system in clock operating mode by executing the POF instruction after executing the EPOF instruction.

Puts the system in RAM back-up state by executing the POF2 instruction after executing the EPOF instruction.

Makes the immediate after POF or POF2 instruction valid by executing the EPOF instruction.

Skips the next instruction when the P flag is “1”.
After skipping, the P flag remains unchanged.

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.

System reset occurs.

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

Sets (1) to the high-order bit reference enable flag UPTF.

Validates the voltage drop detection circuit at power down (clock operating mode and RAM back-up mode).
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INSTRUCTION CODE TABLE
Do—D4 {00000 000001J000010000011000100 000101J000110 000111/001000{0010010010101001011001100{001101/001110|001111

010000{011000
010111]011111

Hex

D3-Do notatit')n 00 01 02 03 04 05 06 07 08 09 OA | OB | OC 0D | OE OF [10-17|18-1F
0000| O |NOP | BLA SSB BMLA| - |TASP LéA TAOBP TAllZP TQ;P TQ;P BML |BML | BL | BL | BM B
0001| 1 |SRST|CLD SiB - - | TAD Lf TAlBP T?EP TQ;P TQ;P BML | BML | BL | BL | BM B
0010 2 |POF| - SgB - - | TAX LZA TAzBP TAIgP Tgip TQ;P BML | BML | BL | BL | BM B
0011| 3 |SNZP| INY SéB - - TAZ L?;A TAsBP TAJ_SP TQ;P TQ;I*P BML | BML | BL | BL | BM B
0100| 4 DI RD | SZD| - RT [TAV1 Lf TAfP T';ISP TQ;P Téip BML |BML | BL | BL | BM B
0101| 5 El SD |SEAn| - | RTS |TAV2 L5A TASBP TéliP TQiP TQ‘;P BML |BML | BL | BL | BM B
0110| 6 RC - [SEAM| - RTI - LA | TABP| TABP | TABP| TABP BML | BML | BL | BL | BM B

6 6 22 38* | 54*

LA | TABP|TABP| TABP|TABP
7 7 23 39* | 55*

0111| 7 SC |DEY | - - - - BML | BML | BL BL | BM B

> Er>Erlor|jo>|N>|lo>|0>|A>| 0> (VDL >|O>

1000 8 |POF2|AND | - |SNZO LOZ RUPT L8A TASBP T,;‘B‘rP TigB*P Tg\g'*P BML | BML | BL BL | BM B

1001 9 - OR | TDA | - le SUPT LéA TAQBP ngp Tﬁip Téip BML | BML | BL BL | BM B

1010| A AM |TEAB|TABE|SNZIO LZZ - lig‘ TAll(B)P TélZP TQ;P TQ;P BML | BML | BL BL | BM B

1011 B |AMC| - - - L?’Z EPOF Ii'i‘ T,ili,P T';EP Tﬁip TQ;P BML | BML | BL BL | BM B
RB | SB LA |TABP|TABP| TABP|TABP

1100 C | TYA |CMA| - - 0 0 12 12 28 44+ | 60* BML | BML | BL BL | BM B

=
N

RB | SB A LA |TABP|TABP|TABP|TABP

1101| D - |RAR| - - 1 1 13 13 13 29 45¢ | 61* BML | BML | BL BL BM B
RB | SB A LA |TABP|TABP| TABP|TABP

1110 E | TBA | TAB - |TV2A 2 2 14 14 14 30 46* | 62 BML | BML | BL BL BM B
RB | SB TABP |TABP

1111 | F - TAY | SZC |TV1A A LA | TABP|TABP BML | BML | BL BL BM B

3 3 15 15 15 31 47* | 63*

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 | ® * cannot be used in the M3455xM4/M4H.

BL 1p paaa aaaa
BML 1p paaa aaaa
BLA 1p pp0O0 pppp
BMLA 1p pp0O0 pppp
SEA 00 0111 nnnn
SzZD 00 0010 1011
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INSTRUCTION CODE TABLE (continued)

Dg9—D4 [100000{100001}100010100011{100100(100101]100110|100111{101000|101001{101010]101011{101100{101101{101110{101111

110000
111111

D3-Do 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 | — |TwaalopPia|T2aB| - | — |1AP1|TAB2lSNZTZd - | - T“{'A T’;M X'i'v' XAIM' XAiV'D LXY

0010| 2 - - |OP2A| - - |TAMR|IAP2 | - [SNZT3 - - T’;IA T';M X';M X';MI XA2MD LXY

oo11| 3 - - - - - |TAIL| - - — SVDEM - T'\?/"A T/-:\%M XgM xgw XA;VID Ly

TMA | TAM | XAM | XAMI [XAMD| | yy
4 4 4 4 4

0101| 5 | - |TK2A| - [TPSAB - | - | - [ABPS - ([T2R2L - T"S"A TASM Xg'\" XASM' XAE':"D LXY

00| 6 | - [TMRAl = | - | - [TaKo| - | - | - | o | o | TWA TRV XAV XAMIXAND! xy

omm1| 7 | - |TA| - | - | - mAPUO - | - | - | - | - T";'A TA7M X'?'V' XA7M' XA7'V'D LXY

TMA | TAM | XAM | XAMI (XAMD| | vy
8 8 8 8 8

1001| 9 [TRGA| - [TFRIA - | - |TAKL| - | - | - | - [TC2A T';'A TgM X'SM X’ZM' XAE;V'D LXY

TMA | TAM | XAM | XAMI [XAMD
— - - — - - LXY
1010| A |TL1A TFR2A TALL | TAK2 TPAA 10 10 10 10 10

TMA | TAM | XAM [xAMI [xAMD
_ | [ R N _ LXY
1011| B |TL2A|TKOA TAW1 CRCK 1|1 ||| n

TMA | TAM | XAM |XAMI [XAMD
I N N I _ LXY
1100| C |TL3A TAW2 RCP DWDT| 12 |12 |12 | 12 | 12

TMA | TAM | XAM | XAMI [XAMD
— - - - - - - LXY
1101| D |TLCA TPUOA TAW3 SCP 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
— — - - - — - - - LXY
1111 | F [TW2A TR1AB 15 15 15 15 15

0000| O — |TW3A|OPOA|T1IAB| - — | IAPO |TAB1 SNZT1] - |WRST|

0100 4 | - |TKA| - | = | = | = | = | = | - [2HAB -

1000| 8 - — [TFROA - - - - — — - |TC1A

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 1p paaa aaaa
BML 1p paaa aaaa
BLA 1p pp00 pppp
BMLA | 1p pp00 pppp
SEA 00 0111 nnnn
SzZD 00 0010 1011

* ** can be used only in the M3455xM4H/M8H/G8H.
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ABSOLUTE MAXIMUM RAINGS

Symbol Parameter Conditions Ratings Unit
VDD Supply voltage -0.3t06.5 \%
Vi Input voltage PO, P1, P2, Do-Ds, RESET, INT, XIN, XCIN —0.3 to VDD+0.3 V
\Y Input voltage CNTR —0.3 to VbD+0.3 \%
Vo Output voltage PO, P1, P2, Do-D7, RESET, CNTR Output transistors in cut-off state | —0.3 to VbD+0.3 \Y
Vo Output voltage C, XouT, XcouTt —-0.3 to VbD+0.3 \%
Vo Output voltage SEGo—SEG28, COMo—COM3 —0.3 to VbD+0.3 \%
Pd Power dissipation Ta=25°C 300 mwW
Topr Operating temperature range —20to 85 °C
Tstg Storage temperature range -40to 125 °C

Note: SEG11 to SEG16 pins are not equipped with the 4556 Group.
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RECOMMENDED OPERATING CONDITIONS 1

(Mask ROM version: Ta =-20 °C to 85 °C, VDD =

(One Time PROM version: Ta = —-20 °C to 85 °C,

1.8 to 5.5 V, unless otherwise noted)
VDD = 2.5 t0 5.5V, unless otherwise noted)

» Limits )
Symbol Parameter Conditions Min. Typ. Max. Unit
VDD Supply voltage Mask ROM version f(STCK) < 6 MHz 4 5.5 \Y
(when ceramic resonator is used) f(STCK) < 4.4 MHz 2.7 5.5
f(STCK) < 2.2 MHz 2 55
f(STCK) 1.1 MHz 1.8 55
One Time PROM version |f(STCK) < 6 MHz 4 55
f(STCK) < 4.4 MHz 2.7 55
f(STCK) < 2.2 MHz 25 5.5
VoD Supply voltage Mask ROM version 1.8 5.5 v
(when quartz-crystal/ring oscillation
is used) One Time PROM version 2.5 5.5
VDD Supply voltage f(STCK) < 4.4 MHz 2.7 5.5 \Y
(when RC oscillation is used)
VRAM RAM back-up voltage at RAM back-up mode |Mask ROM version 1.6 \Y
One Time PROM version 2
Vss Supply voltage 0 V
VLC3 LCD power supply (Note 1) Mask ROM version 1.8 VDD \%
One Time PROM version 2.5 VDD
VIH “H” level input voltage PO, P1, P2, Do-Ds 0.8VDD VDD \%
XIN, XCIN 0.7VDD VDD
RESET 0.85VDD VDD
INT 0.85VDD VDD
CNTR 0.8VDD VDD
ViL “L” level input voltage PO, P1, P2, Do-Ds 0 0.2VDD \%
XIN, XCIN 0 0.3VDD
RESET 0 0.3VDD
INT 0 0.15VDD
CNTR 0 0.15VDD
loH(peak) | “H” level peak output current PO, P1, P2, Do-Ds VDD =5V -20 mA
VoD =3V -10
C Vbb =5V -30
CNTR VoD =3V -15
loH(avg) | “H” level average output current PO, P1, P2, Do-Ds VbD=5V -10 mA
(Note 2) VoD =3V -5
C VoD =5V -20
CNTR VoD =3V -10
loL(peak) | “L” level peak output current PO, P1, P2, Do-D7, C VDD =5V 24 mA
CNTR VDD =3V 12
RESET Vbbb =5V 10
VbD =3V 4
loL(avg) | “L” level average output current PO, P1, P2, Do-D7, C VDD =5V 15 mA
(Note 2) CNTR VDD =3V 7
RESET VbD =5V 5
VoD =3V 2
>loH(avg) | “H” level total average current PO, P1, P2, Do-Ds, C, CNTR —-40 mA
>loL(avg) | “L” level total average current PO, P1, P2, Do-Ds, C, CNTR 60 mA
Ds6, D7, RESET 60

Notes 1: At 1/2 bias: VLC1 = VLC2 = (1/2)*VLC3

At 1/3 bias: VLC1 = (1/3)*VLC3, VLC2 = (2/3)*VLC3
2: The average output current is the average value during 100 ms.
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RECOMMENDED OPERATING CONDITIONS 2

(Mask ROM version: Ta = —20 °C to 85 °C, Vbb = 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 Through mode VDD =4t0o 55V 6 MHz
(with a ceramic resonator) version VDD =2.7t055V 4.4
VDD =2t0 5.5V 2.2
VDD =1.8t05.5V 1.1
Frequency/2 mode |[VDD=2.7t05.5V 6
VDD =2t0o 55V 4.4
VDD =1.81t05.5V 2.2
Frequency/4 mode |[VDD=2t05.5V 6
VDD =1.81t05.5V 4.4
Frequency/8 mode |VbD=1.8t05.5V 6
One Time PROM |Through mode VDD =4t0 5.5V 6
version VDD =2.7t055V 4.4
VDD =2.5t05.5V 2.2
Frequency/2 mode [VDD=2.7t05.5V 6
VDD =2.5t05.5V 4.4
Frequency/4, 8 mode VDD = 2.5t0 5.5V 6
f(XIN) | Oscillation frequency VDD =2.7t055V 4.4 |MHz
(at RC oscillation) (Note)
f(XIN) | Oscillation frequency Mask ROM Through mode VDD =4t05.5V 4.8 |MHz
(with a ceramic resonator selected, |version VDD =2.7t05.5V 3.2
external clock input) VDD =2to 55V 1.6
VbD =1.8t0 5.5V 0.8
Frequency/2 mode [VDD=2.7t05.5V 4.8
VDD =2t0 5.5V 3.2
VbD =1.8t0 5.5V 1.6
Frequency/4 mode [VbD=2t05.5V 4.8
VDD =1.8t0 5.5V 3.2
Frequency/8 mode [VDD=1.8t05.5V 4.8
One Time PROM |Through mode VDD =4t0 5.5V 4.8
version VDD =2.7t05.5V 3.2
VDD=25t05.5V 1.6
Frequency/2 mode |[VbbD=2.7t05.5V 4.8
VDD =25t05.5V 3.2
Frequency/4, 8 mode VDD =2.5t0 5.5V 4.8
f(Xcin) | Oscillation frequency (sub-clock) Quartz-crystal oscillator 50 |kHz
f(CNTR)| Timer external input frequency CNTR f(STCK)/6| Hz
WCNTR) | Timer external input period CNTR 3/(STCK) S
(“H” and “L” pulse width)
TPON | Power-on reset circuit Mask ROM version VbD=0 - 1.8V 100 | s
valid supply voltage rising time One Time PROM version Vbb=0 - 25V 100

Note: The frequency is affected by a capacitor, a resistor and a microcomputer. So, set the constants within the range of the frequency limits.
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at ceramic resonance (Mask ROM version)

f(STCK)
[MHz] L. . .
R | | '
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11 |
1 I
44— === —_——
11 |
11 |
1 |
2.2——'—I F—— -
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| operating conditions
11— — -——t -4
| | |
L1 | | VoD
18 2 2.7 4.5 5.5 ™

at RC oscillation (Mask ROM version)

f(STCK)
[MHZ] . |
I
|
|
I
4hfm ————— -
Recommended
operating
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Vop
2.7 55 v

at external clock oscillation (Mask ROM version)

at ceramic resonance (One Time PROM version)
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at RC oscillation (One Time PROM version)
f(STCK)
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I I
| |
| |
I I
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operating
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Vop
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at external clock oscillation (One Time PROM version)
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at quartz-crystal oscillation (Mask ROM version)
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at quartz-crystal oscillation (One Time PROM version)
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operating
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Notice: This is not a final specification.
4556 G roup 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, VbD = 2.5 t0 5.5 V, unless otherwise noted)

Limits
Symbol Parameter Test conditions - Unit
Min. | Typ. | Max.
VOH “H” level output voltage VDD =5V loH = -10 mA 3 \Y
PO, P1, P2, Do-Ds loH = -3 mA 4.1
VoD =3V IoH = -5 mA 2.1
IOH = -1 mA 2.4
VOH “H" level output voltage VDD =5V IoH = -20 mA 3 Y,
C, CNTR IOH = -6 mA 4.1
VDD =3V IoH = -10 mA 2.1
IoH = -3 mA 2.4
VoL “L” level output voltage VDD =5V loL=15mA 2 \Y
PO, P1, P2, Do-D7, C, CNTR loL=5mA 0.9
VDD =3V loL =9 mA 1.4
loL =3 mA 0.9
VoL “L” level output voltage VoD =5V loL=5mA 2 \%
RESET loL=1mA 0.6
VoD =3V loL=2 mA 0.9
IiH “H” level input current VI =VDD 2 HA
PO, P1, P2, Do-Ds, XIN, XCIN, RESET
CNTR, INT
I “L” level input current Vi =0V PO, P1 No pull-up -2 UA
PO, P1, P2, Do-Ds, XIN, XCIN, RESET
CNTR, INT
RPU Pull-up resistor value Vi=0V VDD =5V 30 60 125 kQ
PO, P1, RESET VoD =3V 50 120 250
VT+ — VT- | Hysteresis RESET VDD =5V 1 Y,
VoD =3V 0.4
VT+ — VT- | Hysteresis INT VDD =5V 0.6 \
VDD =3V 0.3
VT+ — VT- | Hysteresis CNTR VoD =5V 0.2 \%
VoD =3V 0.2
f(RING) |Ring oscillator clock frequency VDD =5V 200 | 500 700 | kHz
VDD =3V 100 | 250 400
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 1)
RCOM COM output impedance VDD =5V 15 7.5 kQ
(Note 2) VDD =3V 2 10
RSEG SEG output impedance VbD =5V 1.5 7.5 kQ
(Note 2) VDD =3V 2 10
RVLC Internal resistor for LCD power supply When dividing resistor 2r [J 3 selected 300 | 480 960 kQ
When dividing resistor 2r [J 2 selected 200 | 320 640
When dividing resistor r [ 3 selected 150 | 240 480
When dividing resistor r 00 2 selected 100 | 160 320

Notes 1: When RC oscillation is used, use the external 33 pF capacitor (C).
2: The impedance state is the resistor value of the output voltage.
at VLc3 level output: Vo = 0.8 VLC3
at VLc2 level output: Vo = 0.8 VLC2
at VLc1 level output: Vo = 0.2 VLc2 + VLC1
at Vss level output: Vo = 0.2 Vss
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ELECTRICAL CHARACTERISTICS 2
(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 t0 5.5 V, unless otherwise noted)

Symbol Parameter Test conditions - Limits Unit
Min. | Typ. | Max.
IDD Supply current |at active mode Vbbb =5V f(STCK) = f(XIN)/8 1.2 2.4 mA
(with a ceramic resonator) | f(XIN) = 6 MHz f(STCK) = f(XIN)/4 1.3 2.6
f(RING) = stop f(STCK) = f(XIN)/2 1.6 | 3.2
f(XCIN) = stop f(STCK) = f(XIN) 2.2 4.4
VDD =5V f(STCK) = f(XIN)/8 0.9 1.8 mA
f(XIN) = 4 MHz f(STCK) = f(XiN)/4 1 2
f(RING) = stop f(STCK) = f(XIN)/2 1.2 2.4
f(XcIN) = stop f(STCK) = f(XIN) 1.6 3.2
VDD =3V f(STCK) = f(XIN)/8 0.3 0.6 mA
f(XIN) = 4 MHz f(STCK) = f(XINn)/4 0.4 0.8
f(RING) = stop f(STCK) = f(XIN)/2 0.5 1.0
f(XcIN) = stop f(STCK) = f(XIN) 0.7 1.4
at active mode VDD =5V f(STCK) = f(RING)/8 50 100 LA
(with a ring oscillator) f(XIN) = stop f(STCK) = f(RING)/4 60 120
f(RING) = active f(STCK) = f(RING)/2 80 | 160
f(XcIN) = stop f(STCK) = f(RING) 120 | 240
VoD =3V f(STCK) = f(RING)/8 10 20 LA
f(XIN) = stop f(STCK) = f(RING)/4 13 26
f(RING) = active f(STCK) = f(RING)/2 19 38
f(XCIN) = stop f(STCK) = f(RING) 31 62
at active mode VDD =5V f(STCK) = f(XcIN)/8 7 14 HA
(with a quartz-crystal f(XIN) = stop f(STCK) = f(XciNn)/4 8 16
oscillator) f(RING) = stop f(STCK) = f(XcIN)/2 10 20
f(XcIN) = 32 kHz f(STCK) = f(XCIN) 14 28
VDD = 3V f(STCK) = f(XcIN)/8 5 10 UA
f(XIN) = stop f(STCK) = f(XcIN)/4 6 12
f(RING) = stop f(STCK) = f(XCIN)/2 7 14
f(XCIN) = 32 kHz f(STCK) = f(XCIN) 8 16
at clock operation mode | f(XCIN) = 32 kHz Vbbb =5V 6 12 UA
(POF instruction execution) VbD =3V 5 10
at RAM back-up mode Ta=25°C 0.1 2 LA
(POF2 instruction execution) | VDD =5V 10
VDD =3V 6

Rev.1.01 Sep 17,2003 page 125 of 130

RENESAS




4556 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 1.6 1.8 2 \%
(reset occurs) (Note 2) Ta=-20to 0 °C 1.7 2.3
Ta=0to 50 °C 1.4 2.2
Ta=50t0 85 °C 1.2 1.9
VRST+ Detection voltage Ta=25°C 1.7 1.9 2.1 \%
(reset release) (Note 3) Ta=-20to 0 °C 1.8 2.4
Ta=0to50°C 15 2.3
Ta=501t085°C 1.3 2
VRsT+— | Detection voltage hysteresis 0.1 \%
VRST-
IRST Operation current (Note 4) VDD =5V 50 100 UA
VoD =3V 30 60
TRST Detection time (Note 5) VDD - (VRST- -0.1V) 0.2 1.2 ms

Notes 1: The voltage drop detection circuit is equipped with only the H version.
2: The detected voltage (VRsT-) is defined as the voltage when reset occurs when the supply voltage (VbD) is falling.
3: The detected voltage (VRsT+) is defined as the voltage when reset is released when the supply voltage (VDD) is rising from reset occurs.
4: In the H version, IRST is added to IDD (power current).
5: The detection time (TRsT) is defined as the time until reset occurs when the supply voltage (VDD) is falling to [VRST-— 0.1 V].

BASIC TIMING DIAGRAM

Parameter Pin (signal) nam

Machine cycle Mi

Mi+1

System clock STCK | |

Port D output Do-Dr

Port D input Do—Ds

Ports PO, P1, P2 P0o—P03
P P20—P23

Ports PO, P1, P2 inputl POo—P0s

Interrupt input INT

Plo—P13
P20—P23
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BUILT-IN PROM VERSION

In addition to the mask ROM versions, the 4556 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 19 Product of built-in PROM version

Table 19 shows the product of built-in PROM version. Figure 56
shows the pin configurations of built-in PROM versions.

The One Time PROM version has pin-compatibility with the mask
ROM version.

PROM si i
Part number © §|ze RAM §|ze Package ROM type
(O 10 bits) (O 4 bits)
M34556G8FP 8192 words 288 words 42P2R-A One Time PROM [shipped in blank]
M34556G8HFP

(1) PROM mode

The 4556 Group has a PROM mode in addition to a normal opera-
tion mode. It has a function to serially input/output the command
codes, addresses, and data required for operation (e.g., read and
program) on the built-in PROM using only a few pins. This mode
can be selected by muddog entry after powering on the VDD pin.

In the PROM mode, three types of software commands (read, pro-
gram, and program verify) can be used. Clock-synchronous serial
I/O is used, beginning from the LSB (LSB first).

(2) Notes on handling

OFor the One Time PROM version shipped in blank, Mitsubishi
Electric corp. does not perform PROM writing test and screening
in the assembly process and following processes. In order to im-
prove reliability after writing, performing writing and test
according to the flow shown in Figure 56 before using is recom-
mended (Products shipped in blank: PROM contents is not
written in factory when shipped).

(3) Difference between Mask ROM version and
One Time PROM version

Mask ROM version and One Time PROM version have some dif-
ference of the following characteristics within the limits of an
electrical property by difference of a manufacture process, built-
in ROM, and a layout pattern.
* a characteristic value
» a margin of operation
« the amount of noise-proof
* noise radiation, etc.,
Accordingly, be careful of them when swithcing.

Writing with PROM programmer

4

Screening (Leave at 150 °C for 40 hours) (Note)

4

Verify test with PROM programmer

Note: Since the screening temperature is higher
than storage temperature, never expose the
microcomputer to 150 °C exceeding 100
hours.

Fig. 56 Flow of writing and test of the product shipped in blank
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PIN CONFIGURATION (TOP VIEW)

CXIND—— XIN —> [T
XOouT ¢«— [Z] Q

CNVss [

XCIN/D6 <—> [4]

XcouT/D7 ¢«— [ |

(RESED— RESET ¢ [§]

COMo «— [7|

COM1 ¢— [B]

COM2 ¢— [@]

COM3 «— [10]

SEGo/VLCS ¢—> [I1]

SEG1/VLC2 <> [12]

SEG2/VLCl ¢ [13]

SEG3 «— [14]

SEG4 ¢— [15]

SEG5 <— [16]

SEGe <— [I7]

SEG7 ¢<— [18]

SEGs «— [19]

SEGe <— [20]

SEG10 ¢— [21]

[40] <> C/ICNTR
[39] <> Ds/INT
[38] <—> D4

37] <> D3

[36] <—> D2

35] <> D1

34] <—> Do

[33] <—> P13/SEG28
[32] <—> P12/SEG27
[31] <—> P11/SEG26
[30] <= P10/SEG25
[29] <> PO3/SEG24
28] <= P02/SEG23
[27] <— P01/SEG22
[26] <> PO0/SEG21
[25] <= P23/SEG20

M34556G8FP
M34556G8HFP

23] <= P21/SEG18
[22] < P20/SEG17

7] Vss —UsD
@0 Voo —WbD>

jVDD VDD

[24] <> P22/SEG19 ——GGmD>

Fig. 57 Pin configuration of built-in PROM version
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ROM CODE ACCESS PROTECTION

We would like to support a simple ROM code protection function
that prevents a party other than the ROM-code owner to read and
reprogram the built-in PROM code of the MCU.

First, Programmers must check the ID-code of the MCU.

If the ID-code is not blank, Programmer verifies it with the input ID-
code. When the ID-codes do not match, Programmer will reject all
further operations.

The MCU has each 10 bits of dedicated ROM spaces in address
009016 to 009616, as an ID-code (referred to as “the ID-code”) en-
abling a Programmer to verify with the input ID-code and validate
further operations.

Address S ——F
009016 ID1
009116 ID2
009216 ID3
009316 ID4
009416 ID5
009516 ID6
009616 ID7
009716
S~

Fig. 58 ROM-Code Protection ID Location
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PACKAGE OUTLINE

42P2R-A MMP Plastic 42pin 450mil SSOP
EIAJ Package Code JEDEC Code Weight(g) Lead Material € b
SSOP42-P-450-0.80 — 0.63 Alloy 42/Cu Alloy j—r;

/L

O
i
i
=

Recommended Mount Pad

v | Dimension in Millimeters
IR
3 A — — 2.4
® A1 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 —
- 0.75 -
Z1 — — 0.9
y — — 0.15
0 0° — 10°
b2 - 0.5 -
Z1 Detail G Detail F - 11.43 -
12 1.27 — —
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Page Summary
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1.01 [Sep. 17,2003 50 Voltage drop detection circuit (only in H version) revised.
51 Table 15 revised. (Timer functions, Timer control registers, Port level, and Notes 6 and 7)
61 {9 Voltage drop detection circuit (only in H version) revised.
128 Fig.57 revised.
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