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SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER Rev.1.01
Feb 15, 2008
DESCRIPTION O INEEITUPL ... 4 sources
. o R . * Key- f i I S S 24
The 455A Group is a 4-hit single-chip microcomputer designed | | /gy ?)rrlt:/d(eup unction pins 24
with CMOS technology. Its CPU is that of the 4500 Series using A 0104 £ S ST )
a Slmpl e hlgh-speed instl’uction Set. The Computer iS equped ° Utput portS e e
with two 8-bit timers (each timer has one or two reload registers), ~ * LCD control circuit
a 16-bit timer for clock count, interrupts, and oscillation circuit SEgMENE OQULPUL ..ottt 32
switch function. COMMON OULPUL ....vivieieiieieieie sttt see e sneas 4
The various microcomputers in the 455A Group include < Voltage drop detection circuit
variations of type as shown in the table below. ReSEt OCCUITENCE. .....vereeeeeeeirireeeens Typ. 1.7V (Ta=25°C)
Reset release......cocovveierenneicneeee Typ. 1.8V (Ta=25°C)

FEATURES

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

o SUPPIY VOITAZE ... 18to55V

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

Skip occurrence..... Typ. 20V (Ta=25°C)
* Power-on reset circuit
» Watchdog timer
* Clock generating circuit
Built-in clock (high-speed/low-speed on-chip oscillator)
Main clock (ceramic resonator)
Sub-clock (quartz-crystal oscillation)

e Timers ; :
THMIEE Lottt ghittimerwith LD drivedirectly enabled (port D)
areload register and carrier wave output auto-control function
TIMEr 2. 8-bit timer with two reload registers APPLICATION
and carrier wave generation circuit Remote control transmitter
Timer 3., 16-bit timer (fixed dividing frequency)
Table 1 Support Product
Part number ROM size (x 10 bits) RAM size (x 4 bits) Package ROM type
M3455AG8FP (Note 1
(Note 1) 8192 words
M3455AG8-XXXFP
512 words PLQPO0052JA-A QzROM
M3455AGCFP (Note 1)
12288 words
M3455AGC-XXXFP
Notel.Shipped in blank
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455A Group

PIN CONFIGURATION

Pin configuration (top view)
58343
hHhHhHH2IITIIL o
QRLALDGTHOHODOOBGA
4 0oOococoo wuwuwuwww ww
PELTETfLeees
BIEIBIEIBIEIBIEIEIEIRIEIN
S N
P11/SEG21 <+ [40 26l —» SEG7?
P12/SEG22 <+ [41 25] —» SEGs
P13/SEG23 *+> [42 24 —» SEGs
P20/SEG24 <+ [43 23 —» SEG4
P21/SEG2s <+ [44 M3455AG8FP 22 —» SEGs
P22/SEG2s 4+ [45 21] «» SEG2/Vic1
P23/SEG2r + > 46 M3455AG8-XXXFP 20 «—» SEG1/Vic2
P30/SEG2s <+ [47, M3455AGCFP 19 «—» SEGo/Vic3
P31/SEG29 +» [48 118 —» COM3
P32/SEG30 <+ [49 M3455AGC-XXXFP 17 —» COM2
P33/SEG31 4+ [50 16| —» COM1
Do <> 51 O Q 115 —» COMo
D1 > [52 14 «— VDCE
S 4
%???M??%%@%@%
68828803 8EE
852 3 )
< I o
OUTLINE PLQPO052JA-A (52P6A-A)

Fig 1. Pin configuration (PLQPO052JA-A type)
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FUNCTIONAL BLOCK DIAGRAM
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Fig 2.

ENESAS

Feb 15, 2008 Page 3 of 146

REJ03B0224-0101

Rev.1.01



455A Group

PERFORMANCE OVERVIEW

Table 2

Performance overview

Parameter

Function

Number of basic instructions

138

Minimum instruction execution time

0.5 us (Oscillation frequency 6 MHz: high-speed through mode)

Memory sizes ROM M3455AG8 8192 words x 10 bits
M3455AGC 12288 words x 10 bits
RAM 512 words x 4 bits (including LCD display RAM 32 words x 4 bits)
1/0 port Do-Ds 1/0 Six independent I/O ports. A pull-up function, a key-on wakeup function and output
(Input is structure can be switched by software.
examined by Port Ds is also used as INT pin.
skip decision.)
Ds, D7 1/0 Two independent I/O ports; each pin is equipped with a pull-up function and a key-on
(Input is wakeup function. Both functions can be switched by software.
examined by Ports De and D7 are also used as XcIN and Xcour, respectively.
skip decision.)
P00-PO3 | I/O 4-bit I/O port; A pull-up function, a key-on wakeup function and output structure can
be switched by software.
Ports POo—P03 are also used as SEG16—-SEG19, respectively.
Plo-P13 |I/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 SEG20-SEG23, respectively.
P20-P23 |1/O 4-bit 1/0O port; A pull-up function, a key-on wakeup function and output structure can
be switched by software.
Ports P20-P23 are also used as SEG24-SEG27, respectively.
P30-P33 |I/O 4-bit I/O port; A pull-up function, a key-on wakeup function and output structure can
be switched by software.
Ports P30-P33 are also used as SEG2s8-SEG31, respectively.
C Qutput 1-bit output; Port C is also used as CNTR pin.
Timer Timer 1 8-bit timer with a reload register and carrier wave output auto-control function, and
has an event counter.
Timer 2 8-bit timer with two reload registers and carrier wave generation function.
Timer 3 16-bit timer, fixed dividing frequency (timer for clock count)
Timer LC 4-bit programmable timer with a reload register (for LCD clock generating)
Watchdog timer 16-bit timer, fixed dividing frequency (timer for monitor)
LCD control circuit | Selective bias value 1/2, 1/3 bias
Selective duty value 2, 3, 4 duty
Common output 4
Segment output 32
Internal resistor for power |2rx3,2rx2,rx3,rx 2 (r =100 kQ, (Ta = 25 °C, Typical value))
supply
Voltage drop Reset occurrence Typ. 1.7 V (Ta=25 °C)
detection circuit Reset release Typ. 1.8 V (Ta=25 °C)
Skip occurrence Typ. 2.0 V (Ta=25 °C)
Power-on reset circuit Built-in
Interrupt Source 4 sources (one for external, three for timers)
Nesting 1 level
Subroutine nesting 8 levels

Device structure

CMOS silicon gate

Package

52-pin plastic molded LQFP (PLQP0052JA-A)

Operating temperature range

-20t0 85 °C

Power source voltage

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

Power At active mode 0.3 mA (Ta=25°C, Vbp =3.0V, f(XIN) = 4 MHz, f(XcIN) = stop, f(HSOCO) = stop|
dissipation f(LSOCO)=stop, f(STCK) = f(XIN/8)
(Typ. value)| At clock operating mode 5 uA (Ta=25°C, Vbp =3.0V, f(XciN) = 32 kHz)
At RAM back-up 0.1 pA (Ta = 25 °C, output transistor is cut-off state)
Rev.1.01 Feb 15, 2008 Page 4 of 146 .ZENESAS
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455A Group

PIN DESCRIPTION

Table 3

Pin description

Pin

Name

Input/Output

Function

VDD

Power source

Connected to a plus power supply.

Vss

Power source

Connected to a 0 V power supply.

CNVss

CNVss

Connect this pin to Vss and always apply “L"(0 V) to it.

VDCE

Voltage drop detection
circuit enable

Input

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

XIN

Main clock input

Input

XouTt

Main clock output

Output

I/0 pins of the main clock generating circuit. When using a ceramic resonator,
connect it between pins XiNn and Xout. A feedback resistor is built-in between them.

XCIN

Sub clock input

Input

Xcout

Sub clock output

Output

I/0O pins of the sub-clock generating circuit. Connect a 32.768 kHz quartz-crystal
oscillator between pins Xcin and XcouT. A feedback resistor is built-in between
them. Xcin and Xcout pins are also used as ports De and D7, respectively.

RESET

Reset I/O

11O

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

Do-Ds

1/0 port D
(Input is examined by
skip decision.)

110

Each pin of port D has an independent 1-bit wide I/O function. 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 Do to
Ds has a key-on wakeup function and a pull-up function. Both functions can be
switched by software.

Port Ds is also used as INT pin.

De, D7

1/0O port D
(Input is examined by
skip decision.)

110

Each pin of port D has an independent 1-bit wide I/O function. The output structure
is N-channel open-drain. Port De, D7 has a key-on wakeup function and a pull-up
function. Both functions can be switched by software.

Ports De and D7 are also used as XcIN pin and Xcout pin, respectively.

P0o-P03

1/0O port PO

110

Port PO serves as a 4-bit 1/0 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 P0o-P03 are also used as SEG16-SEG19, respectively.

Plo-P13

1/0 port P1

110

Port P1 serves as a 4-bit I1/0 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 P1o-P13 are also used as SEG20-SEG23, respectively.

P20-P23

1/0O port P2

11O

Port P2 serves as a 4-bit 1/0 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 P2 has a key-on
wakeup function and a pull-up function. Both functions can be switched by software.
Ports P20-P23 are also used as SEG24-SEG27, respectively.

P30-P33

1/0O port P3

110

Port P3 serves as a 4-bit 1/0 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 P3 has a key-on
wakeup function and a pull-up function. Both functions can be switched by software.
Ports P30-P33 are also used as SEG28-SEG31, respectively.

Output port C

Output

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

COMo-
COMz

Common output

Output

LCD common output pins. Pins COMo and COM1 are used at 1/2 duty, pins COMo-
COM2 are used at 1/3 duty and pins COMo-COM3 are used at 1/4 duty.

SEGo-
SEGs1

Segment output

Output

LCD segment output pins. SEGo-SEG2 pins are used as VLc3-VLc1 pins,
respectively. SEG16-SEG31 pins are used as Ports P0Oo-P03, Ports P1o-P13, Ports
P20-P23, and Ports P30-P33, respectively.

CNTR

Timer 1/0O

110

CNTR pin has the function to input the clock for the timer 1 event counter and to
output 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.

Vic3—
Vicl

LCD power source

These are the LCD power supply pins. If an internal resistor is used, connect the
VLc3 pin to the Vb pin. (If brightness adjustment is required, connect via a resistor.)
When using an external power supply, apply voltage such that Vss < Vici < Vicz <
VLc3 < Vobp. Pins Vics to Vict also function as pins SEGo to SEG2.
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455A Group

Table 4  Pin description

Pin Multifunction Pin Multifunction Pin Multifunction Pin Multifunction
POo SEG16 SEG16 POo P30 SEG28 SEG28 P30
P01 SEG17 SEG17 P01 P31 SEG29 SEG29 P31
P02 SEG1s SEG1s8 P02 P32 SEG30 SEG30 P32
P03 SEG19 SEG19 P03 P33 SEG31 SEG31 P33
Plo SEG20 SEG20 Plo Ds INT INT Ds
P11 SEG21 SEG21 P11 De XCIN XCIN De
P12 SEG22 SEG22 P12 D7 XcouTt XcouTt D7
P13 SEG23 SEG23 P13 C CNTR CNTR C
P20 SEG24 SEG24 P20 SEGo Vics Vics SEGo
P21 SEG2s SEG2s P21 SEG1 Vic2 Vic2 SEG1
P22 SEG26 SEG26 P22 SEG2 Vict Vict SEG2
P23 SEG27 SEG27 P23

Note 1. Pins except above have just single function.

Note 2. The input/output of D5 can be used even when INT is selected.
Be careful when using inputs of both INT and Ds since the input threshold value of INT pin is different from that of port Ds.
Note 3. “H" output function of port C can be used even when the CNTR (output) is used.

PORT FUNCTION

Table5 Port function
Port Pin Input Output 1/O unit Control Control Remark
Output structure instructions registers

Port D Do-Da, /10 N-channel 1 bit SD, RD FR1, FR2, Programmable pull-up, key-

Ds/INT (6) open-drain/ SZD, CLD 11, K3, PU3 on wakeup and output
CMOS structure selection function

De/XCIN, 1/0 N-channel RG, K3, PU3 Programmable pull-up and
D7/Xcout 2 open-drain key-on wakeup function

Port PO POo/SEG1s, /10 N-channel 4 bits OPOA PUO, KO, Programmable pull-up, key-
PO1/SEGa17, 4) open-drain/ IAPO FRO, C1 on wakeup and output
P02/SEG1s, CMOS structure selection function
PO3/SEG19

Port P1 P10/SEG2o0, /10 N-channel 4 bits OP1A PUO, KO, Programmable pull-up, key-
P11/SEG21, 4) open-drain/ IAP1 FRO, C2 on wakeup and output
P12/SEG22, CMOS structure selection function
P13/SEG23

Port P2 P20/SEG24, /10 N-channel 4 bits OP2A PU1, K1, Programmable pull-up, key-
P21/SEG2s, 4) open-drain/ 1AP2 FR3, L3 on wakeup and output
P22/SEG2s, CMOS structure selection function
P23/SEG27,

Port P3 P30/SEGz2s, 110 N-channel 4 bits OP3A PU2, K2, K3, | Programmable pull-up, key-
P31/SEG29, 4) open-drain/ IAP3 FR2, C3 on wakeup and output
P32/SEG3o, CMOS structure selection function
P33/SEG31

Port C C/ICNTR Output | CMOS 1 bit RCP W1, W2, w4 -

(1) ScP
Rev.1.01 Feb 15,2008 Page60f146 *XENESAS
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455A Group

CONNECTIONS OF UNUSED PINS

Table 6 Port function
Pin Connection Usage condition
XIN Connect to Vss. -
Xout Open. -
XcIn/De Connect to Vss. Pull-up transistor is OFF.
The key-on wakeup function is invalid.
Xcout/D7 Open. The key-on wakeup function is invalid.
Do-Da4 Open. The key-on wakeup function is invalid.
Connect to Vss. N-channel open-drain is selected for the output structure.
Pull-up transistor is OFF.
The key-on wakeup function is invalid.
Ds/INT Open. INT pin input is disabled.
The key-on wakeup function is invalid.
Connect to Vss. N-channel open-drain is selected for the output structure.
Pull-up transistor is OFF.
The key-on wakeup function is invalid.
C/CNTR Open. CNTR input is not selected for timer 1 count source.
POo/SEG16— | Open. The key-on wakeup function is invalid.
PO3/SEG19 | 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/SEG20- | Open. The key-on wakeup function is invalid.
P13/SEG23 | 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/SEG24- | Open. The key-on wakeup function is invalid.
P23/SEG27 | 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.
P30/SEG28- | Open. The key-on wakeup function is invalid.
P33/SEG31 | 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.
COMo-COMs | Open. -
SEGo/VLc3 Open. SEGo pin is selected.
SEG1/ViLc2 Open. SEG1 pin is selected.
SEG2/VLc1 Open. SEG2 pin is selected.
SEG3-SEG15 | Open. -

(Note when connecting to Vss or Vbp)
Connect the unused pins to Vss using the thickest wire at the shortest distance against noise.
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455A Group

DEFINITION OF CLOCK AND CYCLE » System clock (STCK)

The system clock is the basic clock for controlling this product.

* Operatign source ClOCk_ ) The system clock is selected by the clock control register MR
The operation source clock is the source clock to operate this  ghawn as the table below.

product. In this product, the following clocks are used.
* Clock (f(XIN)) by the external ceramic resonator
¢ Clock (f(XIN)) by the external input
¢ Clock (f(HSOCOQ)) of the high-speed on-chip oscillator which is
theinternal oscillator
* Clock (f(XcIN)) by the external quartz-crystal oscillation

« Clock (f(LSOCO)) by the low-speed on-chip oscillator * Instruction clock (INSTCK) _
Theinstruction clock is the basic clock for controlling CPU. The

instruction clock (INSTCK) is asignal derived by dividing the
system clock (STCK) by 3. The one instruction clock cycle
generates the one machine cycle.

* Machine cycle
The machine cycle is the standard cycle required to execute the
instruction.

Table 7 Table Selection of system clock

Register MR .
System clock Operation mode
MR3 MR2 MR1 MRo

1 1 0 0 f(STCK) = f(HSOCO)/8 Internal frequency divided by 8 mode
1 0 0 0 f(STCK) = f(HSOCO)/4 Internal frequency divided by 4 mode
0 1 0 0 f(STCK) = f(HSOCO)/2 Internal frequency divided by 2 mode
0 0 0 0 f(STCK) = f(HSOCO) 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(XcINn)/4 Low-speed frequency divided by 4 mode
0 1 1 0 f(STCK) = f(XcINn)/2 Low-speed frequency divided by 2 mode
0 0 1 0 f(STCK) = f(XcIN) Low-speed through mode
1 1 1 1 f(STCK) = f(LSOCO)/8 Internal Low-speed frequency divided by 8 mode
1 0 1 1 f(STCK) = f(LSOCOQ)/4 Internal Low-speed frequency divided by 4 mode
0 1 1 1 f(STCK) = f(LSOCO)/2 Internal Low-speed frequency divided by 2 mode
0 0 1 1 f(STCK) = f(LSOCO) Internal Low-speed through mode

Note 1. The f(HSOCO)/8 is selected after system is released from reset

Rev.1.01 Feb15,2008 Page80f146 L XENESANAS
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PORT BLOCK DIAGRAM

Skip decision
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SD instruction —

RD instruction :D

Key-on wakeup Edge detection
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Skip decision
Register Y |—>| Decoder
SZD instruction

CLD ,j)

input circuit

T

4

+—ODo Ds Note2
a

4

:

77

Pull-up

transistor

instruction l—l
.J

K32

SD instruction —

RD instruction :D

Key-on wakeup
input

Edge detection
circuit

3

Note2)

transistor

K32
Key-on wakeup Edge detection <I J\/I
input circuit
Skip decision
Register Y |—>| Decoder
SZD instruction
CLD ;
instruction |
SD instruction — IJ

RD instruction :D

ﬂj

External O interrupt <—| External O interrupt circuit l—
Note5

Key-on wakeup input
Timer 1 count start *+———
synchronous circuit input

Notes 1. --|e----

This symbol represents a parasitic diode on the port.

2. Applied potential to these ports must be Voo or less.

3. i represents bits 0 to 3.
4. jrepresents bits 0 to 1.

5. As for details, refer to the external interrupt structure.

Fig 3.

Port block diagram (1)
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455A Group

SCP instruction —

RCP instruction—R

Key-on wakeup
input circuit

]

Py

Edge detection

T

Skip decision: Pull-up
SZD instruction < transistor

Register Y |—>| Decoder
CL|

D
instruction
[ S
SD instruction — RG2

— 1====3
RD instruction:|37R QoL
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Register Y |—>| Decoder
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instruction E
SD instruction — RG2
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Key-on wakeup
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Qf—
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TPl
transistor
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(Note 1)
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O Xcout/D7 (Note 2)
(Note 1)
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Timer 1 underflow signal - D

(I

&
i‘ (Note 1)
—4—O CICNTR (Note 2)
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r

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

Fig 4. Port block diagram (2)
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LCD power supply

LCD control signal
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--{«&---- This symbol represents a parasitic diode on the port.

Fig 5.

Port block diagram (3)
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4. k represents bits 2, 3.

“}f

Pull-up
transistor

i)

This symbol represents a parasitic diode on the port.

Fig 6.

Port block diagram (4)
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Key-on wakeup «—|

input

Key-on wakeup
input

LCD power supply

L3; (Note 3)
LCD control signal —

B 4 (Note 1)
7 A P20/SEG2s,
| 0 pavseczs

(Note 3) A (Note 2)
i Note 1
o 33 A (Note 1)
- LCD power /e
supply
Edge detection
circuit
(Note_ 3) instruction
Register A
Aj
Pull-up
(Note 3) transistor
==
_,—l (Note 3)
Aj D ;{
OP2A _| Sl
instruction Q 37

LCD control signal

LCD power supply

L3k (Note 4)

2. Applied potential to these ports must be Voo or less.

3. j represents bits 0, 1.
4. k represents bits 2, 3.

'_
i 4 (Note 1)
O P22/SEGzs,
Note 4 H A(Note 1) P23/SEG27
ote A(Note 1) (Note 2
(fote2)
(Note 4)
,Wl LCD power 777
supply
Edge detection
circuit
IAP2
(Note 4) instruction
Register A
Ak
Pull-up
(Note 4) transistor
— )o—|»
—l_l (Note 4)
Ax D % }
OP2A {1 & ‘DOJ
instruction
Notes 1. --i«----

This symbol represents a parasitic diode on the port.

Fig 7.

Port block diagram (5)
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LCD power suppl o & !
P PRY 02 C3j Note3
P

LCD control signal
4 Notel
'—l P30/SEG2s,
lJ P31/SEG29
Note3 K Note2
C3i ﬂ Notel
LCD power Ve
supply
Key-on wakeup o | Edge detection
input circuit
Note3 instruction
Register A
Aj

Note3
= )oﬁ E
l—' Pull-up transistor
Aj D %

OP3A _| T
instruction

Ql

LCD power supply ———+o0 0 |
P i (? E C3« Noted
LCD control signal |
P> 4 Notel
o P32/SEGao,
- oL P33/SEGa1
Note4 A Notel Note2
C3k
LCD power: 77
supply
Key-on wakeup Edge detection
input circuit
Note4

Register A
Ak

Note4
FE =y | e

Pull-up transistor

Ak D % }f

OP3A—T Q]
instruction

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

Fig 8. Port block diagram (6)
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LCD power supply

T

LCD control signal
g A (Note 1)

}—0—0 SEG3 - SEG 15
(Note 2)
LCD control signal —Iﬁ x (Note 1)

777'

LCD power supply

LCD power supply

LCD control signal

I (Note 1)
—1»—0 COMo - COM3
(Note 2)
LCD control signal —I I (Note 1)
77T
LCD power supply ——
LCD power supply —
LCD control signal —I:_—)
LCD control signal Ai
Notes 1. --|@-- This symbol represents a parasitic diode on the port.

2. Applied potential to these ports must be Vob or less.

Fig 9. Port block diagram (7)
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LCD power supply
(Vies)

LCD power supply
(Vic2)

LCD power supply
(Vi)

+

LCD power supply —

LCD control signal

)

|0:9 1:L23
[ S |

Reset signal

EPOF instruction

POF2 instruction

Notes 1.

)
:D—LE i (Note 1)
)
o 4 O SEGo/VLc3
. i (Note 2)
o
:_"I oo _D"J'_ 8 (Note 1)
] LL2s ] ~
L23_ LCD power |
10 supply
lo, !
[ )
§ 13 LCD power supply ——rql'o";uz
1 1ot LCD control -4
. (]
K signal :D—E A (Note 1)
]
4 O SEG1/Vic2
- ! (Note 2)
o ; (Note 1)
)
:0 (l):LZU L22_ LCD power_| 7
i AN supply
foi
§ 13 LCD power supply —3
| lor— e
o LCD control :
1 —
rk-nn === C e A (Note 1)
1 1 )
fod gth 4 O SEG2NLct
' (Note 2)
; (Note 1)
LT r
15% 11L20 21 LCD power_ |
i 1 supply
fo1
H
1
ey
1

--|4-- This symbol represents a parasitic diode on the port.
2. Applied potential to these ports must be Voo or less.

Fig 10. Port block diagram (8)
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(Note 1)
D9/INT O

(Note 1) A

77

-t

Notes 1:

112

Falling |

Timer 1 count start
£

One-sided edge 111

Rising

> synchronization
circuit input

detection circuit 3
—rOQO.E_ EXFO » External O
1

Both edges  [12L_ interrupt
detection circuit
S oL
SNZI0 instruction
Skip decision
(Note 2)
K21 _
[ Level detection circuit 0% .
1 ol Key-on wakeup input
15 |

Edge detection circuit

TS

(Note 3)

2: When I1121is 0, “L” level is detected.
When 112 is 1, “H” level is detected.

3: When 112 is 0, falling edge is detected.
When I12 is 1, rising edge is detected.

{4-- This symbol represents a parasitic diode on the port.

Fig 11. External interrupt circuit structure
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FUNCTION BLOCK OPERATIONS

CPU
<Carry>
(1) Arithmetic logic unit (ALU) (CY)
The arithmetic logic unit ALU performs 4-bit arithmetic such as
4-bit data addition, comparison, AND operation, OR operation, (M(DP))
and bit manipulation. Addition > ALU
(2) Register A and carry flag (A)
Register A is a 4-hit register used for arithmetic, transfer, <Result>
exchange, and 1/O operation.

Carry flag CY is a 1-hit flag that is set to “1” when thereisa Fig 12. AMC instruction execution example
carry with the AMC instruction (Figure 12).

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 13). <Set> <Clear>

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

(3) Registers B and E

Az | A2 [A1| A
Register B is a 4-hit register used for temporary storage of 4-bit
data, and for 8-bit data transfer together with register A.

Register E is an 8-bit register. It can be used for 8-bit data <Rotation>
transfer with register B used as the high-order 4 bits and register ‘ RAR instruction
A asthelow-order 4 bits (Figure 14).

Register E is undefined after system is released from reset and
returned from the power down mode. Accordingly, set the initial
value.

Fig 13. RAR instruction execution example

(4) Register D

Register D isa 3-bit register. . .
It is used to store a 7-bit ROM address together with register A Register B TAB instruction Register A
and is used as a pointer within the specified page when the TABP | Bs | B2 | B | B° As | Az | AL | Ao |

p, BLA p, or BMLA pinstruction is executed (Figure 15).
Also, when the TABP p instruction is executed at UPTF flag = EA trdeti
“1”, the high-order 2 bits of ROM reference data is stored to the instryctio,

‘I‘%\’/,v-order 2 bits of register D, the high-order 1 bit of register D is Register E | E, | Eo | Es | Ex | Es | E, | = | Eo |

Whén the TABP pinstruction is executed at UPTF flag =" 0", the
contents of register D remains unchanged. The UPTF flag is set TABE instrukti
to “1” with the SUPT instruction and cleared to “0” with the instrugtion

RUPT instruction. _ [Ba|B2|Bi|Bofe—— As[Az|AL]A0]
Theinitial value of UPTF flagis“0".
Register D is undefined after system is released from reset and Register B TBA instruction ~ Register A
returned from the power down mode. Accordingly, set the initial
value. Fig 14. Registers A, B and register E
ROM
TABP p ~
instruction

Specifying address

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

C ¥ 5 W_)ﬁ‘_/ Middle-order 2|bits ::IRegister B @
High-order 2|bit -

Field value p The contents ~ The contents \_y—m\ = ;@I

of register D of register A

Flag UPTF = 1;

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

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

Flag UPTF = 0;

Data is not transferred to register D.

Fig 15. TABP p instruction execution example
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(5) Stack registers (SKs) and stack pointer (SP)

Stack registers are 14-bit registers.

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

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

« performing a subroutine call, or

* executing the table reference instruction (TABP p).

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

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

Figure 16 shows the stack registers (SKs) structure.

Figure 17 shows the example of operation at subroutine call.

(6) Interrupt stack register (SDP)

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

Unlike the stack registers (SK9), this register (SDP) is not used
when executing the subroutine call instruction and the table
reference instruction.

(7) Skip flag

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

Executing BM instruction

Program counter (PC) |
A

Executing RT instruction

v

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

Stack pointer (SP) points “7” at reset or
returning from power down 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 16. Stack registers (SKs) structure

(SP) <0
(SKo) <— 000116

(PC) « SuB1
Main program Subroutine
Address SUBL1:
000016 NOP A 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 17. Example of operation at subroutine call
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(8) Program counter (PC)

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

Program counter consists of PCH (most significant bit to bit 7)
which specifies to a ROM page and PCL (bits 6 to 0) which
specifies an address within a page. After it reaches the last
address (address 127) of a page, it specifies address 0 of the next
page (Figure 18).

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,
register X specifies afile, and register Y specifiesa RAM digit
(Figure 19).

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
20).

* Note

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

Also, registers Z, X and Y are undefined in the power down
mode. After system is returned from the power down mode, set
these registers.

Program counter (PC)
A

r

hY

(e [0 [0+ [ 0= [0z [ 2 [ po {26 [ a6 [ aa [ aa [ a2 [ as [ a0

N J

J

¥ ¥

PCH PCL
Specifying page Specifying address

Fig 18. Program counter (PC) structure

Data pointer (DP)
|21|Zo|X3|X2|X1|X0|Y3|Y2|Y1|Yo|
— A A J

Register Z (2) I‘ """"" Specifying RAM file group

Specifying RAM file

Specifying RAM digit

Fig 19. Data pointer (DP) structure

Specifying bit position

I
Set

v

D3 D2 D1 Do

[0]ofo]1] NN

Register Y (4)

Port D output latch

Fig 20. SD instruction execution example
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PROGRAM MEMORY (ROM)

The program memory is a mask ROM. 1 word of ROM is

composed of 10 bits. ROM is separated every 128 words by the 98 76 5 4 3 2 10

unit of page (addresses 0 to 127). Table 8 shows the ROM size 000016

and pages. Figure 21 shows the ROM map of M3455AGD. 007F16 Page 0
A part of page 1 (addresses 008016 to O0FF16) is reserved for 008016

interrupt addresses (Figure 22). When an interrupt occurs, the 00FE1s Interrupt address page Page 1
address (interrupt address) corresponding to each interrupt is set 010016 ] ]

in the program counter, and the instruction at the interrupt 017E16 Subroutine special page Page 2
address is executed. When using an interrupt service routine, 018016

write the instruction generating the branch to that routine at an Page 3

interrupt address.

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

ROM pattern (bits 9 to 0) of all addresses can be used as data 2FEFE1s Pagé 95
areas with the TABP p instruction.

Table 8 ROM size and pages Fig 21. ROM map of M3455AGC

Part number ROM (PROM) size Pages
(x 10 bits)
M3455AG8 8192 words 64 (0 to 63) 9 8 7 65 4 3 2 1 0
M3455AGC (Note 1) | 12288 words 96 (0 to 95) 008016 External O interrupt address

Notel.In the initial state, data in pages 0 to 63 can be
refered with the TABP instruction. Data in pages
64 to 95 can be refferd with the TABP p instruction 008216
after the SBK instruction is executed.Data in
pages 0 to 63 can be referred with the TABP p

instruction after the RBK instruction is executed. 008416 | ____ Timer 1 interrupt address____
ROM Code Protect Address 008615 | __ Timer 2 interrupt address
When selecting the protect bit write by using a serial
programmer or selecting protect enabled for writing shipment by 008816 Timer 3 interrupt address

Renesas Technology corp., reading or writing from/to QzZROM is | 7 p========mmmmmmmm=Som oo
disabled by a serial programmer.

As for the QzROM product in blank, the ROM code is protected oo8As |

by selecting the protect bit write at ROM writing with a serial

programmer.

As for the QzROM product shipped after writing, whether the 008Css | s

ROM code protect is used or not can be selected as ROM option

setup (“MASK option” written in the mask file converter) when 008E1s

ordering. | [TTTTTTTTTTTTII IS
00FFz16

Fig 22. Page 1 (addresses 008016 to 00FF16) structure
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DATA MEMORY (RAM) * Note

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

entire memory area. A RAM address is specified by adata  Also, registers Z, X and Y are undefined in power down mode.
pointer. The data pointer consists of registers Z, X, and Y. Seta  After system is returned from the power down mode, set these
value to the data pointer certainly when executing an instruction  registers.

to access RAM (& so, set avalue after system returns from power
down mode).

RAM includes the areafor LCD.

When writing “1” to a bit corresponding to displayed segment, Table 9 RAMsize and pages

the segment is turned on. Part number RAM size
Table 9 shows the RAM size. Figure 23 shows the RAM map. M3455AG8
512 words x 4 bits (2048 bits)
M3455AGC
RAM 512 wordsx 4 bits (2048 bits)
Register Z 0 1
Register X| 0| 1]2|3]..[|12(13 |14 15|01 |2 |3 |...[12]|13]|14]|15
0
1
2
3
4
5
> 6
g —
& 8 0|8 |16]|24
& 9 1(9[17]25
10 2 |110|18(26
11 3 |11]19(27
12 4 (12|120|28
13 5 (13(21|29
14 6 |14]22|30
15 7 (15(23|31
Note: The numbers in the shaded area indicate the corresponding segment output pin numbers.

Fig 23. 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 isenabled (INTE ="1")

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

flag for details of activated conditions.)

(1) Interrupt enable flag (INTE)

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

(2) Interrupt enable bit

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

Table 12 shows the interrupt enable bit function.

(3) Interrupt request flag

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

 an interrupt occurs, or

e askip instruction is executed.

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

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

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

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

Table 10 Interrupt sources

. Interrupt source
Priority - Interrupt
level | Interrupt name AC“V?Fed address

condition

1 External O Level change of | Address O
interrupt INTO pin in page 1
2 Timer 1 interrupt | Timer 1 Address 4
underflow in page 1
3 Timer 2 interrupt | Timer 2 Address 6
underflow in page 1
4 Timer 3 interrupt | Timer 3 Address 8
underflow in page 1

Table 11 Interrupt request flag, interrupt enable bit

and skip instruction

Interrupt name Irnetz[lrgsptt . Skip_ Interrupt_
flag instruction | enable bit
External O interrupt | EXFO SNZz0 V1o
Timer 1 interrupt | T1F SNZT1 V12
Timer 2 interrupt | T2F SNZT2 V13
Timer 3 interrupt | T3F SNZT3 V2o

Table 12 Interrupt enable bit function

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

Theinternal state of the microcomputer during an interrupt is as
follows (Figure 25).

 Program counter (PC)

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

Interrupt enable flag (INTE)

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

Only the request flag for the current interrupt sourceis cleared
to“0".

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

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

(5) Interrupt processing

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

Interrupt enabled by executing the El instruction is performed
after executing 1 instruction (just after the next instruction is
executed). Accordingly, when the El instruction is executed just
before the RTI instruction, interrupts are enabled after returning
the main routine. (Refer to Figure 24)

Main
routine
Interrupt
service routine
“
Interrupt ‘." [
occurs .o v
"
El
Sss RTI
Interrupt is Sy
enabled NI
\‘:
\/
= : |nterrupt enabled state
-===: Interrupt disabled state

Fig 24. Program example of interrupt processing

« Program counter (PC)

« Stack register (SK)

Each interrupt address

The address of main routine to be
executed when returning

« Interrupt enable flag (INTE)

-- | 0 (Interrupt disabled) |

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

source)

[o]

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

Stored in the interrupt stack register (SDP)
automatically

Fig 25. Internal state when interrupt occurs

Activated
condition

Request flag

INT pin interrupt 'O/O

waveform input

Timer 1
underflow 'O/O

(state retained) Enable bit Enable flag
Address 0
o oot ol-A dress |
EXFO V1o
O/O o oO+— Address 4

TiF

in page 1
Viz

Timer 2
underflow 'O/O

Address 6
O O O1—in page 1
T2F Vis
Timer 3 Address 8
underflow 40/0 O O O1—in page 1
T3F V2o INTE

Fig 26. Interrupt system diagram
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(6) Interrupt control registers

* Interrupt control register V1

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

Table 13 Interrupt control registers

* Interrupt control register V2

The timer 3 interrupt enable bit are assigned to register V2. Set
the contents of this register through register A with the TV2A
instruction. The TAV 2 instruction can be used to transfer the
contents of register V2 to register A.

. . . R/W
Interrupt control register V1 at reset : 00002 at power down : 00002 TAVL/TVIA
) ) ) 0 |Interrupt disabled (SNZT2 instruction is valid)
V13 | Timer 2 interrupt enable bit - —— -
1 |Interrupt enabled (SNZT2 instruction is invalid)
) ) ) 0 |Interrupt disabled (SNZT1 instruction is valid)
V12 | Timer 1 interrupt enable bit - —— -
1 |Interrupt enabled (SNZT1 instruction is invalid)
0
V11 | Not used 1 This bit has no function, but read/write is enabled.
) ) 0 |Interrupt disabled (SNZO instruction is valid)
V1o | External O interrupt enable bit - —— -
1 |Interrupt enabled (SNZO instruction is invalid)
Interrupt control register V2 at reset : 00002 at power down : 00002 RIW
P 9 : P : TAV2/TV2A
0
V23 | Not used 1 This bit has no function, but read/write is enabled.
0 o . o
V22 | Not used 1 This bit has no function, but read/write is enabled.
0 o . o
V21 | Not used 1 This bit has no function, but read/write is enabled.
) ) ) 0 | Interrupt disabled (SNZT3 instruction is valid)
V20 | Timer 3 interrupt enable bit - —— -
1 |Interrupt enabled (SNZT3 instruction is invalid)

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

(7) Interrupt sequence

Interrupts occur only when the respective INTE flag, interrupt
enable bits (V 1o, V12, V13, V30), and interrupt request flag are
set to “1.” Theinterrupt occurs two or three cycles after the cycle
where al the above three conditions are satisfied.

The interrupt occurs after three machine cycles if instructions
other than one-cycle instruction are executed when the
conditions are satisfied (Refer to Figure 27).
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EXTERNAL INTERRUPTS

The 455A 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 14 External interrupt activated conditions
Input pin Activated condition Valid waveform
Name . .
selection bit
External O interrupt Ds/INT When the next waveform is input to Ds/INT pin 111

- Falling waveform (“H” — “L") 112

« Rising waveform (“L” — “H")
 Both rising and falling waveforms

< 112 —r

H Fallin One-sided edge
(Note 1)1‘ ----'*g detection circuit
Ds/INT O ¢ or EXFO — External 0
—: interrupt
(Note 1) ! Both edges
)

detection circuit Timer 1 count start

synchronization

SNZIO instruction circuit input
Skip (Note 2) ko,
- Level detection circuit —‘-Q: 0 .i ‘
H Key-on wakeup input
K20 Edge detection circuit —E—ol i Y PP
(Note 3)

Note 1: --{«---- This symbol represents a parasitic diode on the port.
2: When I12= 0(X=0 or 1) is 0, “L” level is detected.
When 112 is 1, “H" level is detected.
3: When I12 is 0, falling edge is detected.
When I12 is 1, rising edge is detected.

Fig 28. 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 waveformisinput 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 27).

The state of EXFO flag can be examined with the skip instruction
(SNZ0). Use the interrupt control register V1 to select the
interrupt or the skip instruction. The EXFO flag is cleared to “0”
when an interrupt occurs or when the next instruction is skipped
with the skip instruction.

External O interrupt activated condition

External O interrupt activated condition is satisfied when a

valid waveform isinput 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.

(1) Setthebit 3 of register 11to “1” for the INT pin to bein the
input enabled state.

(2) Select the valid waveform with the bits 1 and 2 of register
11

(3) Clear the EXFO flag to “0" with the SNZO0 instruction.

(4) Set the NOP ingtruction for the case when a skip is
performed with the SNZO instruction.

(5) Set both the external 0 interrupt enable bit (V10) and the
INTE flagto “1.”

The external 0 interrupt is now enabled. Now when a valid

waveform isinput to the Ds/INT pin, the EXFO flag is set to “1”

and the external O interrupt occurs.

Table 15 External interrupt control register

(2) External interrupt control registers

(1) Interrupt control register 11
Register 11 controls the valid waveform for the external 0
interrupt. Set the contents of this register through register A
with the TI1A instruction. The TAI1 instruction can be used
to transfer the contents of register 11 to register A.

. . . . R/W
Interrupt control register 11 at reset : 00002 at power down : state retained TAI/TILIA
. . INT pin input disabled
113 | INT pin input control bit (Note 2) —
1 |INT pin input enabled
0 Falling waveform (“L” level of INT pin is recognized with the SNZIO0
112 Interrupt valid waveform for INT pin/ instruction)/“L" level
return level selection bit (Note 2) 1 |Rising waveform (“H” level of INT pin is recognized with the SNZI0
instruction)/“H” level
. ) . ) 0 | One-sided edge detected
111 | INT pin edge detection circuit control bit
1 |Both edges detected
110 INT pin timer 1 count start synchronous cir- 0 | Timer 1 count start synchronous circuit not selected
cuit selection bit 1 | Timer 1 count start synchronous circuit selected

Note 1.“R” represents read enabled, and “W"” represents write enabled.
Note 2.When the contents of 112 and 113 are changed, the external interrupt request flag EXFO may be set.

Rev.1.01
REJ03B0224-0101

Feb 15,2008 Page 280f146 RENESAS




455A Group

(3) Notes on interrupts

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

» Depending on the input state of the D5/INT pin, the external 0
interrupt request flag (EXF0) may be set when the bit 3 of
register 11 is changed. In order to avoid the occurrence of an
unexpected interrupt, clear the bit O of register V1to “0” (refer
to (1) in Figure 29.) and then, change the bit 3 of register 11.

In addition, execute the SNZO0 instruction to clear the EXFO
flag to “0” after executing at least one instruction (refer to (2)
in Figure 29.).

Also, set the NOP instruction for the case when a skip is
performed with the SNZO0 instruction (refer to (3) in Figure
29.).

LA 4 5 (xxx02)

TV1A ; The SNZO0 instruction is valid ...... 1)

LA 8 5 (Ixxx2)

TI1A ; Control of INT pin input is changed

NOP e, )

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

NOP e, (3)

x: these bits are not used here.

Fig 29. External O interrupt program example-1

(2) Bit3of register 11
When the bit 3 of register |1 is cleared to “0”, the power
down mode is selected and the input of INT pin is disabled,
be careful about the following notes.

e When the INT pininput is disabled (register 113 =“0"), set the
key-on wakeup of INT pin to be invalid (register K20 = “0")
before system enters to power down mode. (refer to (1) in
Figure 30.).

LAO 7 (xxx02)

TK2A ; INTO key-on wakeup disabled .....(1)
DI

EPOF

POF2 ; RAM back-up

x: these bits are not used here.

Fig 30. External O interrupt program example-2

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

 Depending on the input state of the Ds/INT pin, the external 0
interrupt regquest flag (EXFO) may be set when the bit 2 of
register 11 is changed. In order to avoid the occurrence of an
unexpected interrupt, clear the bit O of register V1to “0" (refer
to (1) in Figure 31.) and then, change the bit 2 of register 11 is
changed.

In addition, execute the SNZO instruction to clear the EXFO
flag to “0" after executing at least one instruction (refer to (2)
in Figure31.).

Also, set the NOP instruction for the case when a skip is
performed with the SNZO0 instruction (refer to (3) in Figure
31).

LA 4 ; (xxx02)

TV1A ; The SNZ0 instruction is valid ...... 1)
LA 12 ; (x1xx2)

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

(EXFO flag cleared)
NOP e (3)

x: these bits are not used here.

Fig 31. External O interrupt program example-3
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TIMERS

» Fixed dividing frequency timer

The 455A Group has the following timers. The fixed dividing frequency timer has the fixed frequency

* Programmable timer

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

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

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

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

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

The contents of counter

FFi6———
n : Counter initial value

Count starts Reload Reload

A

2nd underflow

N

1st underflow

N

0016

Timer interrupt 1

\

I I Time

[——n+1 count——pj—————N+1 count———f

requestflag 0"

A A

L Aninterrupt occurs or |
a skip instruction is executed.

Fig 32. Auto-reload function
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Prescaler, timer 1, timer 2, timer 3 and timer LC can be
controlled with the timer control registers PA and W1 to W5. The
watchdog timer isafree counter which is not controlled with the
control register.

Each function is described below.

The 455A Group timer consists of the following circuits.
* Prescaler : 8-bit programmable timer

e Timer 1: 8-bit programmable timer

» Timer 2: 8-bit programmable timer

» Timer 3: 16-bit fixed frequency timer

« Timer LC : 4-bit programmable timer

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

Table 16 Function related timers

Circuit Structure Count source I_:r_eguency Use of output signal Cor_ltrol
dividing ratio register
Prescaler | 8-bit programmable « Instruction clock (INSTCK) 1to 256 | Timer 1 count source PA
binary down counter » Timer 2 count source
» Timer 3 count source
Timer 1 8-bit programmable * PWM signal (PWMOUT) 1t0256 |+ CNTR output control w1
binary down counter * Prescaler output (ORCLK) * Timer 1 interrupt w4
(link to INT input)  Timer 3 underflow (T3UDF)
(carrier wave output auto- |+ CNTR input
control function)
Timer 2 8-bit programmable * XIN input 1to 256 |+ Timer 1 count source w2
binary down counter * Prescaler output divided by 2 * CNTR output w4
(with carrier wave (ORCLK/2)  Timer 2 interrupt
generation function)
Timer 3 16-bit fixed dividing * XcIN input 512 » Timer 1 count source w3
frequency * Prescaler output (ORCLK) 1024 » Timer LC count source W5
« High-speed on-chip oscillator 2048 * Timer 3 interrupt
(f(HSOCO)) 4096
« Low-speed on-chip oscillator 8192
(f(LSOCO)) 16384
32768
65536
Timer LC | 4-bit programmable binary |« Bit 4 of timer 3 (T34) 1to 16 * LCD clock w4
down counter  System clock (STCK)
Watchdog | 16-bit fixed dividing * Instruction clock (INSTCK) 65536 « System reset (counting twice) -
timer frequency « Decision of flag WDF1
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Division circuit| MR, MR2 System clock (STCK)
MR1, MRo - 11
Divided by 8
[ High-speed on-chip oscillator I—‘_ 00 Divided by 4 10 Internal clock
o1 -- 01 generating circuit » Instruction clock
XIN Ceramic resonance ) Divided by 2 00 (divided by 3) (INSTCK)
Quartz-crystal ,—LOO -
X NO— s e S L e
oscillation llo
| Low-speed on-chip oscillator I—,_ _______ PAo D Prescaler (8) —— oRrcLK
| Reload register RPS (8) |
(TPsaB)} $(TPSAB)
(TABPS) (TPSAB) (TABPS)
Register B || Register A
Ds/INT
R /
| 0
- Timer 1
Timer 1 (8 |7
®) TiF interrupt

(TAB2)

Register B || Register A

(TAB2)

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

— Timer 1 underflow signal
PWMOUT —
| Reload register R1 (8) | (T1UDF)
ORCLK —— (T1AB) § (TR1AB) f (T1AB)
T3UDF —— (TAB1) (T1AB) (TAB1)
W4o Register B || Register A
CICNTR O“"D"‘”ROO_
ol
PWMOUT
Port C output
O
D . T1UDF
QrT
| Register B || Register A |
Q Tf**»PWMOD
v (T2HAB) v
[ Reload register R2H (8) | =
W20 k—| Reload control circuit |
XINO———— 0 — W22 W23
D e 0 o e
ORCLK ol EApAnsIen 4o ] T2F inlterrupt
(T2R2L) 0
| Reload register R2L (8) |
(128B) T (12a8) | (T2AB)

Fig 33. Timers structure (1)
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W3o

T3F

W51, W50
Xein O— %
01
ORCLK O_:'xo- . Timer3 (16)
10
Low-speed OCO O—+—o 1--4----- 910111213141516
1
High-speed OCO O——o0 W32 W31

111o

W33 110

101O

100

O

011

)

01Q,

001,

00
way
—1Q0
‘ Timer LC (4)
STCK —01 |

[ Reload register RLC (4) |

(TLCA) ] (TLCA)

[ Register A

Watchdog timer (16)

INSTCK—>| "7 2 ... 16

(Note 1)

WRST—R

instruction
Reset signal—{S Q
(Note 3)

DWDT instruction —|R

+
WRST instruction

S Q
WDF1

WEF

(Note 2)

Timer 3
interrupt

(T3UDF)

L———» Timer 3 underflow signal

{12 1+ LCD clock

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

while flag WDF1 = “1".

WRST instruction are executed continuously.
3: The WEF flag is set to “1” at system reset or RAM back-up mode.

The WRST instruction is equivalent to the NOP instruction while flag WDF1 = “0".
2: Flag WEF is cleared to “0” and watchdog timer reset does not occur when the DWDT instruction and

Watchdog reset

>
signal

— reset signal

Note 1: Flag WDF1 is cleared to “0” and the next instruction is skipped when the WRST instruction is executed

Fig 34. Timers structure (2)
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Table 17 Timer control registers

. . ] ] w
Timer control register PA at reset : 02 at power down : 02 TPAA
. 0 | Stop (state retained)
PAo | Prescaler control bit -
1 | Operating
Timer control register W1 at reset : 00002 at power down : state retained RIW
9 : P : TAWL/TWIA
Wis Timer 1 count auto-stop circuit selection bit |0 Timer 1 count auto-stop circuit not selected
(Note 2) 1 | Timer 1 count auto-stop circuit selected
) . 0 Stop (state retained)
W12 | Timer 1 control bit -
1 Operating
Wi Wilo Count source
W11 0 0 PWM signal (PWMOUT)
Timer 1 count source selection bits (Note 3) |0 1 Prescaler output (ORCLK)
WL 1 0 Timer 3 underflow signal (T3UDF)
0
1 1 CNTR input
Timer control register W2 at reset : 00002 at power down : 00002 RIW
9 : P : TAW2/TW2A
. ) . 0 | CNTR pin output invalid
W23 | CNTR pin function control bit - -
1 |CNTR pin output valid
W22 PWM signal 0 |PWAM signal “H” interval expansion function invalid
“H” interval expansion function control bit 1 | PWM signal “H” interval expansion function valid
) . 0 | Stop (state retained)
W21 | Timer 2 control bit -
1 | Operating
. . . 0 | XN input
W20 | Timer 2 count source selection bit
1 |Prescaler output (ORCLK)/2
Timer control register W3 at reset : 00002 at power down : state retained RIW
9 : P ' TAW3/TW3A
) . 0 | Stop (initial state)
W33 | Timer 3 control bit -
1 | Operating
W32 W31 W30 Count value
W32 000 Underflow every 512 count
001 Underflow every 1024 count
010 Underflow every 2048 count
W31 | Timer 3 count value selection bits 011 Underflow every 4096 count
100 Underflow every 8192 count
101 Underflow every 16384 count
W3o 110 Underflow every 32768 count
111 Underflow every 65536 count
Timer control register W4 at reset : 00002 at power down : state retained RIW
9 ' P : TAWA/TWAA
) . 0 | Stop (state retained)
W43 | Timer LC control bit -
1 | Operating
) . . 0 |Bit4 (T34) of timer 3
W42 | Timer LC count source selection bit
1 | System clock (STCK)
WAL CNTR pin output auto-control circuit 0 | CNTR output auto-control circuit not selected
selection bit 1 | CNTR output auto-control circuit selected
o . . 0 |Falling edge
W4o | CNTR pin input count edge selection bit —
1 |Rising edge

Note 1. “R” represents read enabled, and “W" represents write enabled.
Note 2. This function is valid only when the timer 1 control start synchronous circuit is selected (110 =*1").
Note 3. Port C output is invalid when CNTR input is selected for the timer 1 count source.
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) . . , . RIW
Timer control register W5 at reset : 00002 at power down : state retained TAWS/TWSA
0 | This bit has no function, but read/write is enabled.
W53 | Not used — - —
1 | This bit has no function, but read/write is enabled.
0 | This bit has no function, but read/write is enabled.
W52 | Not used — - —
1 | This bit has no function, but read/write is enabled.
W51W52 | Count source
W51 -
00 XCIN input
Timer 3 count source selection bits 01 ORCLK input
W50 10 Low-speed on-chip oscillator
11 High-speed on-chip oscillator

(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
instruction.

Timer control register W1

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

Timer control register W2

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

Timer control register W3

Register W3 controls the count operation and count value of
timer 3. Set the contents of thisregister through register A with
the TW3A instruction. The TAW3 instruction can be used to
transfer the contents of register W3 to register A.

Timer control register W4

Register W4 controls the input count edge of CNTR pin,
CNTR1 pin output auto-control circuit. Set the contents of this
register through register A with the TW4A instruction. The
TAW4 instruction can be used to transfer the contents of
register W4 to register A.

Timer control register W5

Register W5 controls the count source of timer 3. Set the
contents of this register through register A with the TW5A
instruction. The TAWS5A instruction can be used to transfer the
contents of register W5 to register A.

(2) Prescaler

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

(1) setdatain prescaler, and

(2) setthehit Oof register PAto“1.”

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

Count source for prescaler can be selected the instruction clock
(INSTCK).

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

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

Timer 1 is an 8-bit binary down counter with a timer 1 reload
register (R1). Data can be set simultaneously in timer 1 and the
reload register R1 with the T1AB instruction. Data can be read
from timer 1 with the TAB1 instruction.

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

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

Timer 1 starts counting after the following process;

(1) setdataintimer1

(2) set count source by bit 0 and 1 of register W1, and

(3) setthebit 2 of register W1to“1.”

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

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

The INT pin input can be used as the start trigger for timer 1
count operation by setting “1” in bit O of interrupt control register
11.

Also, in this time, the auto-stop function by timer 1 underflow
can be performed by setting the bit 3 of register W1to*“1.”

(4) Timer 2 (interrupt function)

Timer 2 is an 8-bit binary down counter with two timer 2 reload
register (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
register R2H while timer 2 is operating, avoid a timing when
timer 2 underflows.

Timer 2 starts counting after the following process;

(1) setdataintimer 2

(2) set count source by bit O of register W2, and

(3) setthebit 1 of register W2to*“1.”

When avalue set in reload register R2L isnand R2H is m, timer
2 dividesthe count source signal by n+ 1 or m+ 1 (n=0to 255,
m = 0 to 255).

Once count is started, when timer 2 underflows (the next count
pulseisinput after the contents of timer 2 becomes “0”), the
timer 2 interrupt request flag (T2F) is set to “1,” new datais
loaded from reload register R2L, and count continues (auto-
reload function).

When hit 3 of register W2 issetto “1”, timer 2 reloads data from
reload 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 registerR2H. The PWM signal (PWMOUT) is output
from CNTR pin. When bit 2 of register W2 isset 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 avalue set in reload register R2H ism, timer 2
divides the count source signal by n+ 1.5 (m = 1 to 255).

When this function is used, set “1” or more to reload register
R2H.

When bit 1 of register W4 issetto“1”, the PWM signal output to
CNTR pin is switched to valid/invalid each timer 1 underflow.
However, when timer 1 is stopped (bit 2 of register W1 iscleared
to“0"), thisfunction is canceled.

Even when bit 1 of aregister 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.
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(5) Timer 3 (interrupt function)

Timer 3isa 16-bit binary down counter.

Timer 3 starts counting after the following process;

(1) set count value by bits0, 1 and 2 of register W3,
(2) set count source by bit 0 and 1 of register W5, and
(3) setthehbit 3 of register W3to“1.”

Once count is started, when timer 3 underflows (the set count
valueis 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 3 of register W3 is cleared to “0", timer 3isinitialized
to “FFFF16” and count is stopped.

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

When operating timer 3 during clock operating mode, set 1 cycle
or more of count source to the following period; from setting bit
3 of register W3to “1” till executing the POF instruction.

(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 instruction to set timer LC data.

Timer LC starts counting after the following process;

(1) setdataintimer LC,

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

(3) setthebit 3 of register W4to“1.”

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

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

Timer LC underflow signal divided by 2 can be used for the LCD
clock.

(7) Timer input/output pin (C/CNTR pin)

CNTR pin is used to input the timer 1 count source and output
the PWM signal generated by timer 2. The selection of CNTR
output signal can be controlled by bit 3 of register W2.

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

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 W4. Also, when the CNTR input is selected, the output
of port Cisinvalid (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
askip instruction.

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

(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
setting the bit O 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 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 I10to “0” or system reset.

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

(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 synchronous circuit is used.

The count auto-stop circuit is valid by setting the bit 3 of register
W1to“1". Itis 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.
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(11) Precautions

* Prescaler

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

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

Timer count source

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

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

Writing to the timer

Stop timer 1, 2 or LC counting and then execute the T1AB,
T2AB, T2R2L or TLCA instruction to write data to timer.
Writing to reload register

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

In order to write a data to the reload register R2H while the
timer 2 is operating, execute the T2HAB instruction except a
timing of the timer 3 underflow.

PWM signal

If the timer 2 count stop timing and the timer 2 underflow
timing overlap during output of the PWM signal, a hazard may
occur in the PWM output waveform.

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

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

Timer 3

Stop timer 3 counting to change its count source.

When operating timer 3 during clock operating mode, set 1
cycle or more of count source to the following period; from
setting bit 3 of register W3 to “1” till executing the POF
instruction.

* Prescaler and timer 1 count start timing and count time when
operation starts
Count starts from thefirst rising edge of the count source (2) in
Figure 35 after prescaler and timer operations start (1) in
Figure 35.
Time to first underflow (3) in Figure 35 is shorter (for upto 1
period of the count source) than time among next underflow
(4) in Figure 35 by the timing to start the timer and count
source operations after count starts.
When selecting CNTR input as the count source of timer 1,
timer 1 operates synchronizing with the falling edge of CNTR
input.

@

Count source i }

Count source ——~

(When falling edge of

CNTR input is selected)

Tmertvaue 3] 2 [ 1]o|3]2[1Jo[3]2]
Timer 1 underflow signal —l —l

3 4)
(1) Timer start

Fig 35. Timer count start timing and count time when
operation starts

 Timer 2 and Timer LC count start timing and count time when
operation starts
Count starts from the rising edge (2) after the first falling edge
of the count source, after Timer 2 and Timer LC operations
start (2).
Time to first underflow (3) is different from time among next
underflow (4) by the timing to start the timer and count source
operations after count starts.

Count source

Timer value 3 | 2 | 1 | 0 3 |

Timer underflow signal —l

A
A

®) 4)

(1) Timer start

Fig 36. Timer count start timing and count time when
operation starts (Timer 2 and Timer LC)
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- CNTR pin output invalid (W23=0)

T oo @@@@@@@@@@@@@@@@

(RaL) | P |
i i(R2L) i

(R2L) (R2L) (R2L)

Timer 2 underflow signal

PWM signal

PWML1 signal “L” fixed
Timer 2 start

- CNTR pin output valid (W23=1), PWM signal “H” interval expansion function invalid (W22=0)

Timer 2 count source

L
I&ng%;% <r:gglr;ttgglue _0316 @@ 00160216 @ 0016X0316 @@ 0016X0216 @ 0016 @@@ 001s,
T

(R2L) T T T T
(R2H) (R2L) (R2H) (R2L) (R2H)
Timer 2 underflow signal _l j _l _l
PWM signal <—4 clock— ¢—3 clock—> <—4 clock— ¢<—3 clock—> <—4 clock—

ff——PWM period 7 clock——pw--f——PWM period 7 clock——pw-i

Timer 2 start

- CNTR pin output valid (W23=1), PWM signal “H” interval expansion function valid (W22=1) (Note)

Timer 2 count source

|

R D (DL GO BB GO DD G
(R2L) T T T T
(R2H) (R2L) (R2H) (R2L) (R2H)
Timer 2 underflow signal _l j _l j _I_
PWM signal 4 clock 3.5 clock 4 clock $—3.5 clock 4 clock

ff——PWM period 7.5 clock———p1<f}——PWM period 7.5 clock——pw-i

Timer 2 start

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

Note: When the PWM signal “H” interval expansion function is valid,
set “1” or more to reload register R2H.

Fig 37. Timer 2 operation example
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PWM signal

Timer 1 underflow signal

e CNTR output auto-control circuit operation example 1 (W23 =“1", W41 = “1")

CNTR output

TTimer 1 start

N

TCNTR output start

¢ CNTR output auto-control circuit operation example 2 (W23 = “1", W41 = “1")

I

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

CNTR output

[T

CNTR output invalid state is retained.

CNTR output valid state is retained.

T

CNTR output start

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

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

PWM signal | et KR ET O
Timer 1 underflow signal
T (-
Register W41 Timer 1 start @ @ Timer 1 stop
I L 3)

T

T

CNTR output stop

Fig 38. CNTR output auto-control function by timer 1
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Timer 2 count start timing (R2L = “0216", R2H = “0216", W23 = “1")

Machine cycle Mi X Mi+1 X Mi + 2 X Mi+3 >
) TW?2A instruction execution (W21¢—1)
Timer 2 count source

(XIN input) : ]

Register W21 :

'I;g]()earerzoyerL;/alue 0216 H X 0116 X 0016 X 0216 X 0116 X 0016 X 0216 >
( gister) TR *T(R2H) I T(R2L)

Timer 2 underflow signal

1

PWM signal

Timer 2 count start timing

Timer 2 count stop timing (R2L = “0216”, R2H = “0216", W23 = “1")

Machine cycle M X Mi+ 1 X Mi+ 2 X Mi + 3 N
: TW2A instruction execution (W2i<—0)

Timer 2 count source ;
(XIN inpu) S I S I A B

Register W21

Timer 2 count value

(reload register) X 0216 X 0116 X 0016 X 0216 X 0lis X 001s 0216
1
i T(R2H)

i T(R2L): T(R2H)
Timer 2 underflow signal | :

PWM signal J (Note 15

Timer 2 count stop timing

Notes 1: If the timer count stop timing and the timer underflow timing overlap while the CNTR pin output
is valid (W23="1"), a hazard may occur in the PWM signal waveform.
2: When timer count is stopped during “H” interval of the PWM signal, timer is stopped after
the end of the “H” output interval.

Fig 39. Timer count start/stop timing
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WATCHDOG TIMER

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

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

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

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

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

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

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

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

RESET pin output

instruction is skipped.
signal is output.

executed.

is the instruction clock.

FFFF1e .
Value of 16-bit timer (WDT) E
000016 : . .
| @ @ | '
WDF1 flag
E ! 65534 count |
E ! H (Note) 1 (4)
| i |
WDF2 flag ! ! [ —I
i
]
]

(1) Reset released

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

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

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

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

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

v

(3) WRST instruction
executed (skip occurrence)

R
(5) System reset

Fig 40. Watchdog timer function
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When the watchdog timer is used, clear the WDF1 flag at the
period of 65534 machine cycles or less with the WRST
instruction.

When the watchdog timer is not used, execute the DWDT
instruction and the WRST instruction continuously (refer to
Figure 41).

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,
initialize the WDF1 flag with the WRST instruction just before
the microcomputer enters the power down mode. Also, set the
NOP instruction after the WRST instruction, for the case when a
skip is performed with the WRST instruction (refer to Figure 42).

WRST ; WDF1 flag cleared

DI

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

Fig 41. Program example to start/stop watchdog timer

WRST ; WDF1 flag cleared
NOP
DI ; Interrupt disabled
EPOF ; POF instruction enabled
POF2 ; RAM back-up mode

{

Oscillation stop

Fig 42. Program example when using the watchdog
timer
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LCD FUNCTION (1) Duty and bias

The 455A Group has an LCD (Liquid Crystal Display)  Thereare 3 combinations of duty and bias for displaying data on
controller/ driver. When dataare set in LCD RAM andtimer LC,  the LCD. Use bits 0 and 1 of LCD control register (L1) to select
LCD control registers (L1, L2, L3, C1, C2, C3), and timer the proper display method for the LCD panel being used.
control registers (W3, W4), the LCD controller/driver

automatically reads the display data and controls the LCD  « 1/2 duty, 1/2 bias

display by setting duty and bias. « 1/3duty, 1/3 bias

4 common signal output pins and 32 segment signal output pins  « 1/4 duty, 1/3 bias

can be used to drive the LCD. By using these pins, up to 128

pixels (when internal power, 1/4 duty and 1/3 bias are selected)  Taple 18 Duty and maximum number of displayed
can be controlled to display. When using the external input, set

necessary pins with the LCD control register 2 and apply the pixels
proper voltage to the pins . _ Maximum number of displayed d .
The LCD power input pins (VLc3-VLc1) are also used aspins | Puty pixels Used COM pins
_SEGo—SEGz. When SEGo is selected, the internal power (VDD) 12 64 pixels COMo, COM: (Note)
is used for the LCD power. -
1/3 96 pixels COMo-COM2 (Note)
1/4 128 pixels COMo-COM3

Note. Leaveunused COM pins open.

o ~N — © o o o < ~ el —
(&) O &) — — o~ o~ o~ o N ™
J I J ] [ONV] [ONV] O O ]
228 33 &b 8B 88 BH 4
= = = = = = X = X Z X =
O O 0 O 00 DDt D8t 33T tI St yIsty
O O O O n un w on n o a o o o o o o
O ONONO] VDD 0O 0 0O 0O o O o 0O o 0 o O O]
A A A A _?_ A A 4 A A 4 A A A A A A A
L23 |23
3 OO
rs ( L13
r j L22
3 o O
rs ( L13
r j L21 - -
< 4 ~ @ ™
T30 3 S 8 8
rs L13 o e <] e
o o o o
rs S| S | o o 9 8
g 0 \O \0 o O \O 0 \O 0 \O o
7S/§L20 } ?\f \f \f? ?\f F? ?
v VY
Common o R Segment Segment Segment Segment Segment Segment
driver - Bias control > driver driver driver driver driver driver
A A 4 A A A 4 A A A A A A A A A A
LCD ON/OFF
control
>
| Selector Selector Selector Selector Selector Selector
Decoder | LCD RAM |
1/2, 1/3, 1/4 L11 L10 t
counter -
| Register A |
LCD clock
(from timer LC)

Fig 43. LCD controller/driver
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(2) LCD clock control

The LCD clock is determined by the timer L C setting value and
timer LC count source.

After setting datato timer LC, timer LC starts counting by setting
count source with bit 2 of register W4 and setting bit 3 of register
W4to“1”

Accordingly, the frequency (F) of the LCD clock is obtained by
the following formula. Numbers ((1) to (3)) shown below the
formula correspond to numbersin Figure 44, respectively.

e When using the system clock (STCK) as timer LC count
source (W42="1")

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

F=T3 x ; xi
LC+1 2
L | L1
(€] )] ©)]

[LC: Oto 15]

The frame frequency and frame period for each display method

F=STCK x 1 x 1 can be obtained by the following formula:
LC+1 2 E
l |l | | Frame frequency = - (Hz)
@ @) (©)
[LC: Oto 15] N
Frame frequency = + (Hz)
F: LCD clock frequency
1n: Duty
)
W42
T34 — ; (2) )
, Timer LC (4) {172 > LCD clock
STCK — o1,
| Reload register RLC (4) |
(TLCA) * (TLca)
| Register A |
Fig 44. LCD clock control circuit structure
(3) LCD RAM
RAM contains areas corresponding to the liquid crystal display.
When “1” is written to this LCD RAM, the display pixel
corresponding to the bit is automatically displayed.
z 1
X 12 13 14 15
Y bit | 3 2 1 0 3 2 1 0 3 2 1 0 3 2 1 0
8 SEGo | SEGo | SEGo| SEGo | SEGs | SEGs | SEGs | SEGs [SEG16|SEG16| SEG16| SEG16|SEG24|SEG24| SEG24| SEG24
9 SEG1 | SEG1 | SEG1| SEG1 | SEG9 | SEG9 | SEG9 | SEGe |SEG17|SEG17| SEG17| SEG17|SEG25|SEG25| SEG25| SEG25,
10 SEG2 [ SEG2 | SEG2| SEG2 |SEG10[SEG10[SEG10| SEG10|SEG18|SEG18| SEG18| SEG18|SEG26 | SEG26| SEG 26| SEG26
11 SEG3 | SEG3 | SEG3 | SEG3 |[SEG11|SEG11|SEG11|SEG11|SEG19|SEG19| SEG19| SEG19|SEG27|SEG27| SEG27| SEG27
12 SEG4 | SEG4 | SEG4 | SEG4 |SEG12|SEG12|SEG12| SEG12|SEG20 [SEG20| SEG20[ SEG20[SEG28|SEG28| SEG28| SEG28
13 SEGs | SEGs | SEGs | SEG5 |[SEG13|SEG13| SEG13| SEG13|SEG21 [SEG21| SEG21{ SEG21|SEG29|SEG29| SEG29| SEG29
14 SEGs6 | SEG6 | SEGe | SEG6 |SEG14|SEG14| SEG14| SEG14|SEG22 [SEG22| SEG22| SEG22|SEG30|SEG30| SEG30| SEG30
15 SEG7 | SEG7 | SEG7 | SEG7 |SEG15|SEG15|SEG15| SEG15|SEG23|SEG23| SEG23| SEG23|SEG31|SEG31| SEG31| SEG31
COM COMs3 [COMz2 | COM1| COMo|COMs [COM2| COM1| COMo|COMs [COM2 [ COM1| COMo|COMs [COM2| COM1| COMo
Fig 45. LCD RAM map
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(4) LCD drive waveform

When “1” is written to a bit in the LCD RAM data, the voltage
difference between common pin and segment pin which
correspond to 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
display pixel turns off because every segment output pin and
common output pin becomesVLc3 level.

1/2 Duty, 1/2 Bias: When writing (XX10)2 to address M (1, 14, 8) in RAM.

1lflame (2/F)

M (1, 14, 8) 1/F | Voltage level
n Vics

Vici=Vicz
Vss

Ll
»

Vics
Vici=Vicz
COM1 COMo Vss
SEG16 SEG16
ON OFF

1/3 Duty, 1/3 Bias: When writing (X101)2 to address M (1, 14, 8) in RAM.
1flame (3/F)

Voltage level

M (1, 14, 8) e
. (bit 0)

(bit 3)

-—-- --- ----Vic3

_____ R JEDEREEREPRRON DN NERY DN A
SEG16 __ ] J—;‘ _____ I D vic2
[ R S Vic

T CO’\ZZ- N -Cb-M-l- B COMo Vss
< SEG1s t|< SEG16 tﬁ SEG16 >
ON OFF ON

1/4 Duty, 1/3 Bias: When writing (1010)2 to address M (1, 14, 8) in RAM.
1 flame (4/F) N

M (1, 14, 8) 1F Voltage level
o] S s

F : LCD clock frequency

. ; COMs3 COM2 COM:1 COMo

X: Setan arbltrary value. SEG16 SEG16 SEG16 SEG16
(These bits are not related to

set the drive waveform at each duty.) ON OFF ON OFF

Fig 46. 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 interna dividing resistor is controlled by bit O of register
L2.

« Theinternal dividing resistor is selected by bit 3 of register L 1.

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

« Internal dividing resistor

The 4553 Group has the internal dividing resistor for LCD power
supply.

When bit 0 of register L2 is set to i0f, the internal dividing
resistor is valid. However, when the LCD isturned off by setting
bit 2 of register L1 to i0i, the internal dividing resistor is turned
off.

The same six resistor (r) is prepared for the internal dividing
resistor.

According to the setting value of bit 3 of register L1 and using
bias condition, the resistor is prepared as follows;

e L13="0", /3 biasused: 2r x 3 = 6r

e L13="0", 1/2 biasused: 2r x 2 =4r

e L13="1", 1/3 biasused: r x 3=3r

e L13="1",1/2 biasused: r x 2=2r

» SEGo/VLC3 pin

The selection of SEGo/VLc3 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 externaly.

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

» SEG1/VLc2, SEG2/VLC1 pin

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

The selection of SEG2/VLc1 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 < VLc1 <
VLcz2 < VLcs to these pins. Short the VLc2 pin and VLC1 pin at
1/2 bias.

When the VLc2 pin and VLcz1 pin functions are selected and the
internal dividing resistor is used, the dividing voltage value
generated 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
internal dividing resistor (L20="0"). In this time, VLc2 and
VLc1 are connected to the generated dividing voltage.

Vics
Vicz
Vici
Vss

(a) Register L2 = (0000)2

:lSEGO

|_|SEG1

:|SEGz

Vics

Vics
Vica jVLZ_L
Vict jVL_Ll;I/;
7

Vss

(c) Register L2 = (1110)2

External power supply

External power supply

Vics
Vics

Vicz

|_|SEG1

Vict :lSEGz

Vss

(b) Register L2 = (1000)2

External power supply

Vics
Vics ¢—

Vic2
Vic2 «—

Vict
Vict +——

(d) Register L2 = (1111)2

Fig 47. LCD power supply circuit example (1/3 bias condition selected)
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(6) LCD control register

* LCD control register L1

Register L1 controls duty/bias selection, LCD operation, internal
dividing resistor selection. Set the contents of this register
through register A with the TL1A instruction. The TAL1
instruction can be used to transfer the contents of register L 1.

« LCD control register L2

Register L2 controls internal dividing resistor operation,
selection of pin functions; SEGo/VLc3, SEG1/VLc2, SEG2/VLCL.
Set the contents of this register through register A with the TL2A
instruction.

* LCD control register L3
Register L3 controls selection of pin functions;, P20/SEG24 to
P23/SEG27. Set the contents of this register through register A
with the TL3A instruction.

Table 19 LCD control registers (1)

» LCD control register C1
Register C1 controls selection of pin functions; POo/SEG16 to
P03/SEG19. Set the contents of this register through register A
with the TC1A instruction.

» LCD control register C2
Register C2 controls selection of pin functions; P1o/SEG20 to
P13/SEG23. Set the contents of this register through register A
with the TC2A instruction.

» LCD control register C3

Register C3 controls selection of pin functions; P30/SEG28 to
P33/SEG31. The contents of this register through register A with
the TC3A instruction.

. . . . R/W
LCD control register L1 at reset : 00002 at power down : state retained TALL/TLIA
Internal dividing resistor for LCD power 0 |2rx3,2rx2
L13 . -
supply selection bit (Note 2) 1 [rx3,rx2
0 | Stop (OFF
L12 |LCD control bit p( - )
1 | Operating
L11 | L1 Duty Bias
L11 0 0 | Not available Not available
LCD duty and bias selection bits 0 1 |12 1/2
1 0 [1/3 1/3
Llo
1 1 |1/4 1/3
LCD control register L2 at reset : 00002 at power down : state retained TI\_,; A
. . . . 0 |SEGo
L23 | SEGo/VLcs pin function switch bit (Note 3)
1 |Viecs
. . . . 0 |SEG:1
L22 | SEG1/VLcz2 pin function switch bit (Note 4)
1 |Vie2
. . . . 0 |SEG2
L21 | SEG2/VLc1 pin function switch bit (Note 4)
1 |Via
L2, | 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
. ) . . 0 |SEGz7
L33 | P23/SEG27 pin function switch bit
1 |P23
. ) . . 0 |SEGz2s
L32 | P22/SEG2s6 pin function switch bit
1 |P22
. ) . . 0 |SEG2s
L31 | P21/SEG25 pin function switch bit
1 (P21
. ) . . 0 |SEG24
L3o0 | P20/SEG24 pin function switch bit 1 1p2
0

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

Note 3.VLcs is connected to Vop internally when SEGo pin is selected.

Note 4.Use internal dividing resistor when SEG1 and SEG2 pins are selected.
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Table 20 LCD control registers (2)

LCD control register C1 at reset : 11112 at power down : state retained TC\:A]/. A
. . . . 0 |SEG19
C13 | PO3/SEGa9 pin function switch bit
1 |PO3
. . . . 0 |SEGis
C12 | PO2/SEGas pin function switch bit
1 |PO2
. . . . 0 |SEG17
C11 | PO1/SEGu17 pin function switch bit
1 |PO1
. . . . 0 |SEG1e
Clo | PO0o/SEGuas pin function switch bit
1 |POo
LCD control register C2 atreset : 11112 at power down : state retained Tc\g A
. . . . 0 |SEG23
C23 | P13/SEG23 pin function switch bit
1 (P13
. . . . 0 |SEG22
C22 | P12/SEG22 pin function switch bit
1 [P12
. . . . 0 |[SEG21
C21 | P11/SEG21 pin function switch bit
1 |[Pa
. . . . 0 |SEG20
C20 | P1o/SEG20 pin function switch bit
1 |POo
. . '\
LCD control register C3 at reset : 11112 at power down : state retained TC3A
. . . . 0 |SEGa1
C33 | P33/SEGa1 pin function switch bit
1 |P33
. . . . 0 |SEG3o
C32 | P32/SEGao pin function switch bit
1 |P32
. . . . 0 |SEG29
C31 | P31/SEG29 pin function switch bit
1 |P3&1
. . . . 0 |SEGzs
C3o0 | P30/SEG28 pin function switch bit 1 P30

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

System reset is performed by the followings:
* “L” level is applied to the RESET pin externally,
« System reset instruction (SRST) is executed,
 Reset occurs by watchdog timer,

» Reset occurs by built-in power-on reset

» Reset occurs by voltage drop detection circuit

Then when “H” level is applied to RESET pin, software starts

from address 0 in page 0.

RESET pin ¢

N

(Note 1)

L

Pull-up transistor

il

Voltage drop

detection circuit

_|{>—> Internal reset signal

(Note 2)

(Note 1)

°
5
i

777

B

2>

Power-on reset circuit |

SRST instruction

- Watchdog reset signal

Notes 1: --{«---- This symbol represents a parasitic diode.

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

Fig 48. Structure of RESET pin and its peripherals

Table 21 Port state at reset

Name Function State
Do-Da4 Do-D4 High-impedance (Notes 1, 2)
Ds/INT Ds High-impedance (Notes 1, 2)
XcIN/De, XcouT/D7 XCIN, XcouT Sub-clock input
POo/SEG16—-P03/SEG19 P0o-P03 High-impedance (Notes 1, 2, 3)
P10o/SEG20-P13/SEG23 P1lo-P13 High-impedance (Notes 1, 2, 3)
P20/SEG24-P23/SEG27 P20-P23 High-impedance (Notes 1, 2, 3)
P30/SEG28-P33/SEG31 P30-P33 High-impedance (Notes 1, 2, 3)
SEGo/VLc3-SEG2/Vic1 SEGo-SEG2 Vics (Vo) level
SEG3-SEG1s SEG3-SEG15 Vics (Vo) level
COMo-COMs COMo-COM3 Vies (Vob) level
CICNTR CICNTR “L" (Vss) level

Note 1. Output latch is set to “1.”

Note 2. The output structure is N-channel open-drain.
Note 3. Pull-up transistor is turned OFF.
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(1) RESET pin input

System reset is performed certainly 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.

Reset input
1
1 machine cycle or more

] ) 1
——p | i

i A 0.85Vop i Program starts

RESET e i (address 0 in page 0)
i/ i
0.3Vop -+ i i
A i |
(Note 1) i |
: |
(HSOCO) UyUL--Juyuuuuy

'High-speed on-chip oscillator (internal oscillator) is
counted 1376 times (Note 2).

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

Fig 49. RESET pin input waveform and reset release timing

(2) Power-on reset

Reset can be automatically performed at power on (power-on

reset) by the built-in power-on reset circuit. When the built-in _ K_ 100us or less

power-on reset circuit is used, set the time for the supply voltage ; v Vop (Note)
to rise from 0 V to the minimum voltage of recommended g

operating conditionsto 100 usor less. /

If the rising time exceeds 100 us, connect a capacitor between ~ Power-on reset
the RESET pin and V'ss at the shortest distance, and input “L” circuit output

level to RESET pin until the value of supply voltage reaches the
minimum operating voltage.

(3) System reset instruction (SRST)

By executing the SRST instruction, “L” level is output to RESET )
pin and system reset is performed. ,— Internal reset signal

_—

A A

Power-on Reset Reset
state released

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

Fig 50. Power-on reset operation
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(4) Internal state at reset

Figure 51 and 52 shows internal state at reset (they are the same
after system is released from reset). The contents of timers,
registers, flags and RAM except shown in Figure 51 and 52 are
undefined, so set the initial value to them.

* Program counter (PC) - «-mmmmmmm oo oo [o[oJofoJoJoJoJofoJofoJofo]o]
Address 0 in page 0 is set to program counter.

* Interrupt enable flag (INTE) oo oo m oo [0 ] (Interrupt disabled)

e Power down flag (P) oo oo oo oo El

* External O interrupt request flag (EXFO) . E

* Interrupt control register V1 . (Interrupt disabled)

* Interrupt control register V2 _____________________ . (Interrupt disabled)

* Interrupt control register 11 ____________ nnnn

e Timer 1 interrupt request flag (T1F) e @

* Timer 2 interrupt request flag (T2F) . ___ e E

* Timer 3 interrupt request flag (T3F) ==~ - oo El

» Watchdog timer flags (WDF1, WDF2) - o oo oo oo E

 Watchdog timer enable flag (WEF) e e cmcmm e oo e e e eeeeeeeee

« Timer control register PA  +========= === oo oo oo oo oo eeo E (Prescaler stopped)

« Timer control register W1 -==========e=emccmcmc oo cccccccccccccoeee (Timer 1 stopped)

« Timer control register W2 -===== === oo oo oo oo [0 o] o] o] (Timer2 stopped)

*Timer CONtrol register W3  ~==========m s e s e e e (Timer 3 stopped)

* Timer control register W4 -=—--====—---—————omomm oo (Timer LC stopped)

* Timer control register W5 ~================-==oossomssmmsssmss s s s s loJoJofo]

» Clock control register MR ===========ososososososoooooomooos oo oo o [1]1]o]0]

» Clock control register RG  =============m===cmmmmmcmo oo [1]oJo]o]

+ LCD control register L1 s======mmmmmmm oo oo oo oo [o]Jo]o]o]

+ LCD control register L2 -======= = mmm oo oo [oJoJo]o]

« LCD control register L3 r======= s oo oo

+ LCD control register C1 = ==========m=mm oo oo oo oo oo

* LCD control register C2 =~ ===============---oomo oo mooo oo

* LCD control register C3 =~ ===============--m—-- oo oo oo

Fig 51. Internal state at reset (1)
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*Register D ====== oo e

e Carry flag (CY)  memommemm e e e e

e Register A -—=——-—-mm - oo nnnn
e Register B s======mssssemeeeme oo oo m e e e o e s o mmmmm e nnnn

« Key-on wakeup control register KO == === == o oo oo e [oJo]o]o]
« Key-on wakeup control register K1 = === = e e e m o oo c o c oo oo ee nnnn
« Key-on wakeup control register K2 = «===emmmmmmm e nnnn
« Key-on wakeup control register K3 = === == mmmmmmm o e nnnn
« Pull-up control register PUO === == oo oo e e e e e oo nnnn
« Pull-up control register PUL === == oo — o oo oo [oJo]o]o]

« Pull-up control register PU2 === ===~ oo e o e e e e e e e e nnnn
« Pull-up control register PU3 === mmme e e e e e e nnnn
« Port output structure control register FRO =====cemmcecmmcm e eeem nnn“
« Port output structure control register FR1 ====e=memmmmmo oo ecmcmccmeeee nnnn
« Port output structure control register FR2 = =——— = = oo e o oo nnnn
« Port output structure control register FR3  «=cececememmmccmm e nnnn

« High-order bit reference enable flag (UPTF) ====ccmmammmcm e ceeeceeemeeee

*+Register B ========mmmmmmmmmmomoommmoo oo oo oo [xTxIxIxIx]x]x[x]

« Stack pointer (SP) --—=-—=—— - mm -
« Operation source clock — -= === == m oo o
« Ceramic resonator CirCuit  ——=—=—=————= === — oo
* Low-speed on-chip oscillator :============-m-om e e e m e e mmm s s

¢ Quartz-crystal oscillator =~ ===================--=--com——cc— oo oo c--———om——oom o

* Register X -======-=--mmmmmmmmm oo nnnn
* Register Y~ —--====-------mmooomom e nnnn

* Register Z +========-=-memmm oo em o mmm s s oo m oo mcmm oo e

High-speed on-chip oscillator (operating)

Operating

“X” represents undefined.

Fig 52. Internal state at reset (2)
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VOLTAGE DROP DETECTION CIRCUIT (WITH SKIP
JUDGMENT)

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

(%]
o]

EPOF instruction + POF instruction
EPOF instruction + POF2 instruction j>_

o
ol

Internal reset signal
T3UDF %—
Key-on wakeup signal

SVDE instruction—S Q

Internal reset signal—R

<
?(Note 1)
VDCEO— i
(Note 2) * (Note 1)
e

—{>—> Oscillation stop signal

» Voltage drop detection

VRsT/VRST*

Reset occurrence

Vb

Vskip

Flag occurrence

Voltage drop
detection circuit

circuit reset signal

Voltage drop detection
circuit flag
VDF Skip judgement

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

Fig 53. Voltage drop detection reset circuit

(1) Operating state of voltage drop detection circuit

The voltage drop detection circuit becomes valid by inputting
“H” to the VDCE pin and it becomesinvalid by inputting “L.”
When not executing the SVDE instruction under “H” level of the
VDCE pin, the voltage drop detection circuit become invalid in
power down state (RAM back-up, clock operating mode). As for
this, the voltage drop detection circuit becomes valid at returning
from power down, again.

When executing the SVDE instruction under “H” level of the
VDCE pin, the voltage drop detection circuit becomes valid in
power down state (RAM back-up, clock operating mode).

The state of executing SVDE instruction can be cleared by
system reset.

Table 22 Operating state of voltage drop detection circuit

VDCE pin SVDE instruction at CPU operating at power down
P No execute X X
L Execute X X
it No execute (6] X
H Execute (6] (0]

Note. “O” indicates valid, “x” indicates invalid.
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(2) Voltage drop detection circuit flag (VDF)

Voltage drop detection circuit flag (VDF) is set to “1” when the
supply voltage goes the skip occurrence voltage (Vskip) or less.
Moreover, voltage drop detection circuit flag (VDF) is cleared to
“0” when the supply voltage goes the skip occurrence voltage
(VskipP) or more. The state of the voltage drop detection circuit
flag (VDF) can be examined with the skip instruction (SNZVD).
Even when the skip instruction is executed, the voltage drop
detection circuit flag is not cleared to “0".

Refer to the electrical characteristics for skip occurrence voltage
value.

(3) Voltage drop detection circuit reset

System reset is performed when the supply voltage goes the reset
occurrence voltage (VRsST) or less.

When the supply voltage goes reset release voltage (VRsTt) or
more, the oscillation circuit goes to be in the operating enabled
state and system reset is released .

Refer to the electrical characteristics for reset occurrence value
and reset release voltage value.

Vob
Vskip (skip occurrence voltage) --------=--=------- k
Vrst*(reset release voltage)

VrsT(reset occurrence voltage)

Voltage drop detection circuit
flag (VDF)

Voltage drop
detection circuit

reset signal

Note 1: Microcomputer starts operation after high-speed on-chip oscillator clock is counted 1376 times.

—Note 1)

Vop
Recommended operating condition N\ /
min.value ~z=-

VRrsT*

VRsT

No reset
Program failure may occur.

Vop
Recommended operating condition \
min.value

VRrsT*

VRsT

—Normal operation

Yan

L4

Reset

Fig 55. VDD and VRST

Fig 54. Voltage drop detection circuit operation waveform

(4) Note on voltage drop detection circuit

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

When the supply voltage of a microcomputer falls below to the
minimum value of recommended operating conditions and
regoes up, 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.
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POWER DOWN FUNCTION

The 455A Group has 2-type power down functions.

System enters into each power down state by executing the
following instructions.

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

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

(1) Clock operating mode

The following functions and states are retained.
* RAM

¢ Reset circuit

¢ XCcIN—XcouT oscillation

* LCD display

e Timer 3

 Low-speed on-chip oscillator

(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 isinput

 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 Pflagis“1.”

(4) Cold start condition

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

o externa “L” level isinput to RESET pin,

* execute system reset instruction (SRST instruction)

* reset by watchdog timer is performed

* reset by internal power-on reset, or

* reset by the voltage drop detection circuit is performed.

Inthis case, the Pflagis“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.

(6) Identification of the return condition using the timer
3interrupt request flag

When the system returns from the power down mode, the

following conditions can be identified by examining the state of

the timer 3 interrupt request flag (T3F):

e When T3F =“1", return by timer 3 underflow (time elapse)

e When T3F =“0", return by key-on wakeup (key input)

Table 23 Functions and states retained at power down

mode
Power down mode
Function Clock RAM
operating | back-up
Program counter (PC), registers A, B,
carry flag (CY), stack pointer (SP) (Note x x
2)
Contents of RAM (0] (0]
Interrupt control registers V1, V2 X x
Interrupt control registers 11, V2 (0] (0]
Selected oscillation circuit (0] (0]
Clock control register MR, RG (0] (@)
Timer 1, Timer 2 functions (Note 3) | (Note 3)
Timer 3 function (0] (0]
Timer LC function O (Note 3)
Watchdog timer function x (Note | x (Note
4) 4)
Timer control registers PA, W2 X x
Timer control registers W1, W3, W4, W5 (0] (@)
LCD display function O (Note 5)
LCD control registers L1 to L3, C1to C3 (0] (@)
Voltage drop detection circuit (Note 6) | (Note 6)
Port level (Note 7) | (Note 7)
Key-on wakeup control registers KO to K3 (0] (@)
Pull-up control registers PUO to PU3 O (0]
Port output structure control registers 0 o
FRO to FR3
External interrupt request flags (EXFO0) x X
Timer interrupt request flags (T1F, T2F) (Note 3) | (Note 3)
Timer interrupt request flag (T3F) O (0]
Interrupt enable flag (INTE) x X
Voltage drop detection circuit flag (VDF) x X
Watchdog timer flags (WDF1, WDF2) x (Note | x (Note
4) 4)
Watchdog timer enable flag (WEF) x (Note | x (Note
4) 4)

Note 1. “O” represents that the function can be retained, and “x”
represents that the function is initialized.
Registers and flags other than the above are undefined at
power down mode, and set an initial value after returning.
Note 2. The stack pointer (SP) points the level of the stack
register and is initialized to “7” at power down mode.
Note 3. The state of the timer is undefined.
Note 4. Initialize the WDF1 flag with the WRST instruction, and
then go into the power down state.
Note 5. LCD is turned off.
Note 6. When the SVDE instruction is executed, this function is
valid at power down.
In the power down 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.

Note 7.
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(7) 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 24 shows the return condition for each return source.

(8) Control registers

« Key-on wakeup control register KO

Register KO controls the ports PO and P1 key-on wakeup
function. Set the contents of this register through register A
with the TKOA instruction. In addition, the TAKO instruction
can be used to transfer the contents of register KO to register A.
Key-on wakeup control register K1

Register K1 controls the port P2 key-on wakeup function. Set
the contents of this register through register A with the TK1A
instruction. In addition,the TAK1 instruction can be used to
transfer the contents of register K1 to register A.

Key-on wakeup control register K2

Register K2 controls the port P3 and INT pin key-on wakeup
function and the selection of return condition of INT pin. Set
the contents of this register through register A with the TK2A
instruction. In addition, the TAK2 instruction can be used to
transfer the contents of register K2 to register A.

Key-on wakeup control register K3

Register K3 controls the port Do to D7 pin key-on wakeup
function. Set the contents of this register through register A
with the TK3A instruction. In addition, the TAK3 instruction
can be used to transfer the contents of register K3 to register A.

Table 24 Return source and return condition

* Pull-up control register PUO

Register PUO controls the ON/OFF of the port PO and P1 pull-
up transistor. Set the contents of this register through register
A with the TPUOA instruction. In addition, the TAPUO
instruction can be used to transfer the contents of register PUO
to register A.

Pull-up control register PU1

Register PU1 controls the ON/OFF of the port P2 pull-up
transistor. Set the contents of this register through register A
with the TPU1A instruction. In addition, the TAPU1
instruction can be used to transfer the contents of register PU1
to register A.

Pull-up control register PU2

Register PU2 controls the ON/OFF of the ports P3 pull-up
transistor. Set the contents of this register through register A
with the TPU2A instruction. In addition, the TAPU2
instruction can be used to transfer the contents of register PU2
to register A.

Pull-up control register PU3

Register PU3 controls the ON/OFF of the ports Do to D7 pull-
up transistor. Set the contents of this register through register
A with the TPU3A instruction. In addition, the TAPU3
instruction can be used to transfer the contents of register PU3
to register A.

External interrupt control register 11

Register |1 controls the input control and the selection of valid
waveform/level of INT pin. Set the contents of this register
through register A with the TI1A instruction. In addition, the
TAIlinstruction can be used to transfer the contents of register
11 to register A.

Return source

Return condition

Remarks

Ports POo—P03
Ports P1o-P13

Return by an external falling edge (“H” — “L").

For ports PO, P1, P3 and Do to D7 the key-on
wakeup function can be selected by two port unit,

(“*H” = “L").

input, or rising edge (“L” — “H") or falling edge

When the return level is input, the interrupt
request flag (EXFO) is not set.

register 11 and return condition (return by level or
edge) with register K2 according to the external
state before going into the power down state.

I

S, | Ports P20-P23 for port P2, it can be selected by a unit.
'g Ports P30-P33

3 | Ports Do-D7

4

s

= INT pin Return by an external “H” level or “L” level Select the return level (“L” level or “H” level) with
c

5]

=

(i

Timer 3 interrupt request flag

Return by timer 3 underflow or by setting T3F

Clear T3F with the SNZT3 instruction before

(T3F) to “1". system enters into the power down state.

It can be used in the clock operating mode. When system enters into the power down state
while T3F is “1”, system returns from the state
immediately because it is recognized as return
condition.
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=
RAM back-up mode

f(HSOCO): stop
f(Xin): stop
f(Xc): stop
f(LSOCO): stop

. . /High—speed mode ) . .
E EPOF + POF instruction B EPOF + POF2 instruction
. execution execution
Clock operating mode [« — Operation state — >
Key-on wakeup ) Key-on wakeup
Timer 3 underflow Operation source clock: f(Xn) (Stabilizing time [c] )
(Stabilizing time [c] ) Ceramic resonator )
4 A
=IRES] MRLMRO — 01| | MRL MRO — Q0
! '
EPOF + POF instruction gl e A
execution % % /Internal mode A
< S A EPOF + POF?2 instruction
I execution -
| (Stabilizing time [a] ) == Operation state < >
3 ”1| Operation source clock: Key-on wakeup
@ f(HSOCO) (Stabilizing time [b] )
| | _High-speed on-chip oscillator
Key-on wakeup -
Timer 3 underflow MRLMRO — 00| | MRLMRO ~ 10
(Stabilizing time [b] )
A h 4
EPOF + POF instruction Low-speed mode ) EPOF + POF2 instruction
execution C execution
> Operation state “
Key-on wakeu ) -
T 4 3 und rf’: Operation source clock: f(Xcin) Key-on wakeup
fmer s undertiow Quartz-crystal oscillation g|| o (Stabilizing time [d] )
(Stabilizing time [d] ) ) .
- H\
o - A § g
! L MRLMRO « 10 MRLMRO 11 = =
o o — —
o o o o
=S ||= ==
|| g
o o
=||=
f(HSOCO): stop
f(Xn): stop OF + PO v Y ¥ EPOF + POF2
EPOF + POF instruction
f(Xem), execution Internal low-speed mode A instruction execution
f(LSOCO) < D »
by RG register > h <
Key-on wakeup Operation state Key-on wakeup
Timer 3 underflow Operation source clock: f(LSOCO) (Stabilizing time [e] )
P Low-spped on-chip oscillator
Stabilizing time [e
( 9 [e]) \L J)
Stabilizing time [a] : Microcomputer starts its operation after counting the f(HSOCO) to 1376 times.
Stabilizing time [b] : Microcomputer starts its operation after counting the fHSOCO) to (system clock division ratio X 15) times.
Stabilizing time [c] : Microcomputer starts its operation after counting the f(XiN) to (system clock division ratio X 171) times.
Stabilizing time [d] : Microcomputer starts its operation after counting the f(XcIN) to (system clock division ratio X 171) times.
Stabilizing time [e] : Microcomputer starts its operation after counting the f(LSOCO) to (system clock division ratio X 15) times.
Notes 1. The system clock selected by the clock control registers MR and RG is retained at power down.
The oscillation stability time at return can be adjusted by setting the clock control registers MR and RG before transiting to
the power down state.
2. To transmit to the clock operating mode, the EPOF and POF instructions must be executed continuously.
3. To transmit to the RAM back-up mode, the EPOF and POF2 instructions must be executed continuously.
4. After reset release, the main clock (f(Xin)), the sub-clock, and the internal clock (f(HSOCO)) are enabled.
5. To select a stopped clock as the system clock, first start the clock selected by the clock control register RG and generate
the oscillation stability time by software. Then switch the system clock.

Fig 56. State transition

) . POF or
EPOF instruction + POF2

instruction

Reset input

Power down flag P
s Q—P

JEr—

—-

® Clear source.---.. System reset

POF or

® Set source ****++* EPOF instruction + POF2

instruction

SNzP
instruction

Program start

Return from
timer 3 underflow

Warm start

SNZT3

Return from
external wakeup signal

Fig 57. Set source and clear source of the P flag

Fig 58. Start condition identified example using the

SNZP instruction
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Table 25 Key-on wakeup control register

. . . . R/W
Key-on wakeup control register KO at reset : 00002 at power down : state retained TAKO/TKOA
Kos | POrts P12 and P13 key-on wakeup 0 | Key-on wakeup not used
control bit 1 |Key-on wakeup used
Ko, | POrts P10 and P11 key-on wakeup 0 | Key-on wakeup not used
control bit 1 |Key-on wakeup used
KOL Ports P02 and P03 key-on wakeup 0 | Key-on wakeup not used
control bit 1 |Key-on wakeup used
KOo Ports POo and P01 key-on wakeup 0 |Key-on wakeup not used
control bit 1 |Key-on wakeup used
K k trol register K1 t t : 0000 at power down : state retained RIW
ey-on wakeup control register atreset : 2 pow! wn : TAK1/TKIA
. 0 |Key-on wakeup not used
K13 | Port P23 key-on wakeup control bit
1 |Key-on wakeup used
. 0 |Key-on wakeup not used
K12 | Port P22 key-on wakeup control bit
1 |Key-on wakeup used
. 0 |Key-on wakeup not used
K11 | Port P21 key-on wakeup control bit
1 |Key-on wakeup used
. 0 |Key-on wakeup not used
Klo | Port P20 key-on wakeup control bit
1 |Key-on wakeup used
K ki trol register K2 t t : 0000: at power down : state retained RIW
ey-on wakeup control register atreset : 2 p : TAK2ITK2A
K2s | POMts P32 and P33 key-on wakeup 0 | Key-on wakeup not used
control bit 1 | Key-on wakeup used
K2, | Ports P30 and P31 key-on wakeup 0 | Key-on wakeup not used
control bit 1 | Key-on wakeup used
. . . . 0 |Return by level
K21 | INT pin return condition selection bit
1 |Return by edge
. . 0 | Key-on wakeup invalid
K20 | INT pin key-on wakeup control bit -
1 |Key-on wakeup valid
K k trol register K3 t t : 0000 at power down : state retained RIW
ey-on wakeup control register atreset : 2 pow! wn : TAK3/TK3A
) 0 |Key-on wakeup not used
K33 | Ports Ds and D7 key-on wakeup control bit
1 |Key-on wakeup used
) 0 |Key-on wakeup not used
K32 | Ports D4 and Ds key-on wakeup control bit
1 |Key-on wakeup used
) 0 |Key-on wakeup not used
K31 | Ports D2 and D3 key-on wakeup control bit
1 |Key-on wakeup used
) 0 |Key-on wakeup not used
K3o | Ports Do and D1 key-on wakeup control bit
1 |Key-on wakeup used

Note 1. “R” represents read enabled, and “W” represents write enabled.
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Table 26 Pull-up control register

) ] ) . RIW
Pull-up control register PUO at reset : 00002 at power down : state retained TAPUO/TPUOA
pUos| POt P12 and P13 pull-up transistor control 0 | Pull-up transistor OFF
bit 1 | Pull-up transistor ON
U0, | POt P10 and P11 pull-up transistor control 0 | Pull-up transistor OFF
bit 1 | Pull-up transistor ON
PUOL Port PO2 and P03 pull-up transistor control 0 | Pull-up transistor OFF
bit 1 | Pull-up transistor ON
PUGO Port POo and P01 pull-up transistor control 0 | Pull-up transistor OFF
bit 1 | Pull-up transistor ON
Pull-up control register PU1 at reset : 00002 at power down : state retained RIW
P 9 : P : TAPUL/TPUIA
. . 0 | Pull-up transistor OFF
PU13| Port P23 pull-up transistor control bit -
1 | Pull-up transistor ON
. . 0 |Pull-up transistor OFF
PU12| Port P22 pull-up transistor control bit -
1 | Pull-up transistor ON
. . 0 |Pull-up transistor OFF
PU11| Port P21 pull-up transistor control bit -
1 |Pull-up transistor ON
. . 0 | Pull-up transistor OFF
PU1lo| Port P20 pull-up transistor control bit -
1 |Pull-up transistor ON
Pull-up control register PU2 at reset : 00002 at power down : state retained RIW
P g ' P ' TAPU2/TPU2A
. . 0 | Pull-up transistor OFF
PU23| Port P33 pull-up transistor control bit -
1 | Pull-up transistor ON
. . 0 | Pull-up transistor OFF
PU22| Port P32 pull-up transistor control bit -
1 | Pull-up transistor ON
. . 0 | Pull-up transistor OFF
PU21| Port P31 pull-up transistor control bit -
1 | Pull-up transistor ON
. . 0 | Pull-up transistor OFF
PU20| Port P30 pull-up transistor control bit -
1 | Pull-up transistor ON
Pull-up control register PU3 at reset : 00002 at power down : state retained RIW
P 9 : P : TAPU3/TPU3A
) ) 0 | Pull-up transistor OFF
PU33| Port Ds and D7 pull-up transistor control bit -
1 |Pull-up transistor ON
) ) 0 | Pull-up transistor OFF
PU32| Port D4 and Ds pull-up transistor control bit -
1 | Pull-up transistor ON
) ) 0 | Pull-up transistor OFF
PU31| Port D2 and D3 pull-up transistor control bit -
1 | Pull-up transistor ON
) ) 0 | Pull-up transistor OFF
PU30| Port Do and Dz pull-up transistor control bit -
1 | Pull-up transistor ON

Note 1.“R” represents read enabled, and “W" represents write enabled.
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Table 27 Interrupt control register

R/W

Interrupt control register 11 at reset : 00002 at power down : state retained TAITIA

INT pin input disabled

113 | INT pin input control bit (Note 2) 1 [INT pin input enabled

Falling waveform (“L” level of INT pin is recognized with the SNZI0
Interrupt valid waveform for INT pin/ instruction)/“L” level

112 . .
return level selection bit (Note 2) Rising waveform (“H” level of INT pin is recognized with the SNZIO

! instruction)/“H” level
. ) o . 0 |One-sided edge detected
111 | INT pin edge detection circuit control bit
1 |Both edges detected
INT pin timer 1 count start synchronous 0 | Timer 1 count start synchronous circuit not selected

1o | . ° . .
circuit selection bit 1 | Timer 1 count start synchronous circuit selected

Note 1. “R” represents read enabled, and “W” represents write enabled.
Note 2. When the contents of 112 and 113 are changed, the external interrupt request flag EXFO may be set.
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CLOCK CONTROL The system clock and the instruction clock are generated as the

The clock control circuit consists of the following circuits. source clock for operation by these circuits. o

« High-speed on-chip oscillator Figure 59 shows the structure of the clock control circuit.

« Ceramic resonator The 455A Group operates by the high-speed on-chip oscillator

« Low-speed on-chip oscillator clock (f(HSOCO)) which isthe internal oscillator after system is
A . released from reset.

* Quartz-crystal oscillation circuit The quartz-crystal oscillator can be used for sub-clock (f(XCIN)).

* Frequency divider

« Interna clock generating circuit

Divisioncircuit| MR MRz, system clock (STCK)
11
MR1. MRo Divided by 8 —
- - - . = 10
H'gh'Egf;i:lno’gg'l?a?;(;'"ator % Divided by 4 _;10 Internal clock |, Instruction clock
0:|_O Divided by 2 ——0 generating circuit (INSTCK)
0 ! 00 (divided by 3)
[¢]
11

-4 RGo

Xin O— Ceramic
Xour O— resonance

T H

/\
Py
A

Internal reset signal

T3F signal

Key-on wakeup signal

EPOF instruction + POF instruction

Xen O— Quartz-crystal Qs
oscillation
Xcout (O—

EPOF instruction + POF2 instruction

Low-speed on-chip oscillator
(Low-speed internal oscillator)

Fig 59. Clock control circuit structure
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(1) High-speed on-chip oscillator operation

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

The clock frequency of the high-speed on-chip oscillator depends
on the supply voltage and the operation temperature range.

Be careful that variable frequencies when designing application
products.

(2) Main clock generating circuit (f(XiN))

After reset release, the ceramic oscillation is valid for the main
clock. Connect the ceramic oscillator and the external circuit to
pins XIN and XouT at the shortest distance (Figure 61). A
feedback resistor is built in between pins XiN and XouT.

If the main clock is not used, connect the XIN pin to Vss and
leave the XouT pin open.

(3) Low-speed on-chip oscillator operation

After system is released from reset, the low-speed on-chip
oscillator turnsinvalid which istheinterna oscillator.

Oscillator operation/stopping and the control of system clock
selection are operated by the register RG and MR.

The clock frequency of the low-speed on-chip oscillator depends
on the supply voltage and the operation temperature range.

Be careful that variable frequencies when designing application
products.

XIN

455A

Xout

Fig 60. Handling of XiN and Xout when operating on-

chip oscillator

XIN

455A

XOuT

CIN —

a

'_—H]

Rd

J; CouTt

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

Fig 61. Ceramic resonator external circuit
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(4) 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 62).

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.

(5) 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 63). XcIN pin and XcouT pin are also used as
ports De and D7, respectively. The sub-clock oscillation circuit is
invalid and the function of ports Dé and D7 are valid by setting
bit 2 of register RG to “1".

When sub-clock, ports De and D7 are not used, connect XcIN/Dé
to Vss and leave XcouT/D7 open.

455A

XIN XouT | VDD |_| |7

Vss

External oscillation circuit

Fig 62. External clock input circuit

455A

XCIN XcouTt

Rd

-_—H]

CIN — couT
a l

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

Fig 63. External quarts-crystal circuit
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(6) Clock control register MR (7) Clock control register RG

Register MR controls system clock and operation mode  Register RG controls the start/stop of each oscillation circuit. Set
(frequency division of system clock). Set the contents of this  the contents of this register through register A with the TRGA
register through register A with the TMRA instruction. In  instruction.

addition, the TAMR instruction can be used to transfer the

contents of register MR to register A.

Table 28 Clock control registers

. ] ] ) RIW
Clock control register MR at reset : 11002 at power down : state retained TAMR/TMRA
MR3 | MR2 Operation mode
MR3
0 0 | Through mode
Operation mode selection bits 0 1 | Frequency divided by 2 mode
MR2 1 0 | Frequency divided by 4 mode
1 Frequency divided by 8 mode
MR1 | MRo System clock
MR1
0 0 |f(HSOCO)
System clock selection bits (Note 2) 0 1 |f(XiN)
MRo 1 0 |f(XciN)
1 1 |f(LSOCO)
. ) . . w
Clock control register RG at reset : 10002 at power down : state retained TRGA
RGs3 Low-speed on-chip oscillator (f(LSOCO)) 0 Low-speed on-chip oscillator (f(LSOCOQO)) oscillation available
control bit (Note 3) 1 Low-speed on-chip oscillator (f(LSOCOQ)) oscillation stop
0 Sub-clock (f(Xcin)) oscillation available, ports De and D7 not selected
RG2 | Sub-clock (f(XciN)) control bit (Note 3) (fC ) —— P
1 Sub-clock (f(Xcin)) oscillation stop, ports De and D7 selected
0 Main clock (f(XiN)) oscillation available
RG1 | Main-clock (f(XiN)) control bit (Note 3) - (f(Xm)) —
1 Main clock (f(XIN)) oscillation stop
RGo High-speed on-chip oscillator (f(HSOCO)) 0 High-speed on-chip oscillator (f(HSOCO)) oscillation available
control bit (Note 3) 1 High-speed on-chip oscillator (f(HSOCO)) oscillation stop

Note 1. R” represents read enabled, and “W" represents write enabled.
Note 2. The stopped clock cannot be selected for system clock.
Note 3. The oscillation circuit selected for system clock cannot be stopped.
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QzROM Writing Mode

In the QzROM writing mode, the user ROM area can be
rewritten while the microcomputer is mounted on-board by using
aseria pro-grammer which is applicable for this microcomputer.
Table 29 lists the pin description (QzROM writing mode) and
Figure 64 shows the pin connections.

Refer to Figure 65 for examples of a connection with a serial pro-
grammer.

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

Table 29 Pin description (QzROM writing mode)

Pin Name 1/0 Function
VoD, Vss Power source, GND Apply 2.7 to 4.7V to Vcc, and OV to Vss.
REseT
XIN, XCIN Clock input input Either connect an oscillator circuit or connect Xin and XcIN to Vss
Xour, Xcout Clock output output | and leave Xout and Xcout open.
Do-Ds
POo/SEG16 — PO3/SEG19
P1o/SEG20 — P13/SEG23 1/O port I/O Input “H” or “L” level signal or leave the pin open.
P20/SEG24 (Note 1) — P23/SEG27
P30/SEG28 — P33/SEG31
CNVss VPP input input QzROM programmable power source pin.
D4 SDA input/output 1/0 Serial data I/O pin.
D3 SCLK input input Serial clock input pin.
D2 PGM input input Read/program pulse input pin.
Voltage drop
VDCE detection circuit input Input “H” or “L” level signal
enable
SEGo/VLc3 — SEG2/VLce Segment output/
SEG3 - SEG15 LCD power source/ |output | Either connect to an LCD panel or leave open.
COMo — COMs Common output
CICNTR gﬁz‘:tl /‘g’” ¢ output | CICNTR pin outputs “L” level.

Note 1. Note that the P20/SEG24 pin is pulled down internally by the MCU during the transition period (the period when Vpp is
approximately 0.5 Vbp to 1.3 Vbp) when the programming power supply (VPP) is applied to the CNVss pin. In addition, the
P20/SEG24 pin is high inpedance when Vpp is approximately 1.3 Vbp or grater.
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Pin configuration (top view)

P22/SEG2s 4> [45
PsESt el M3455AG8-XXXFP

P3JSEG +> @7 M3455AGCFP
P31/SEG29 ¥
P32/SEG30 +» M3455AGC-XXXFP

P33/SEG31 +»
Do >
D1 >

Rl [2 E] [&][E]
O
O

N\
[~ [~ o] [5] o] [eo] [~ o] [o] [S] [ST 1S 12
o o w'_w =] I\'_ = 2] Z Dn:
aoszfaol 3ELsE
882 3% o
X l o
N/
SCLK VWA
1KQ
SDA
Vpp

RCRCRCRC
wuwww s v o oqgsg
LARL2LE5H500006AE
4 0O 0 o0 o W uwuw uw w w ww
PEEESTTEffiee
@@@@@@@@ﬂ@@@ﬁx
P11/SEG21 <+ [40 o6l —» SEG?
P12/SEG22 <+ [41 o5 —» SEGs
P13/SEG23 4> [42 o4 —» SEGs
(Note) P20/SEG24 <+ [43] 23 —» SEGa
P21/SEGzs < [44 M3455AG8FP 22 —» SEGs

118 —» COMs3
17 —» COM:2
16| —» COM:1
15| —» COMo
14 «— VDCE

Vss

Vbp

OUTLINE PLQPO052JA-A (52P6A-A)

21 «—» SEG2/Vic1
20] «—» SEG1/Vic2
119) «—» SEGo/VLica

*: Connect an oscillation circuit

[ 1:QzROM pin

Note: Note that the P20/SEG24 pin is pulled down internally by the MCU during the transition
period (that period when Vrp is approximately 0.5 Vop to 1.3 Vob) when the programming
power supply (Vrp) is applied to the CNVss pin. In addition, the P20o/SEG24 pin is high
impedance when Vpp is approximately 1.3 Voo or greater.

Fig 64. Pin connection diagram
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455A Group
C T VDD > f | vee
. TVveP ) > Cvss
4.7 kQ
¢ T_TXD ) tka
C T_RXD e . B Dz (SDA)
C T SCLK ) B D3 (SCLK)
( T_BUSY )NC.
( T_PGM/OE/MD ) > D2 (FGM)
RESET circuit

(T RESET RESET
( GND Y, P Vss

717 XIN XouTt

RS

Set the same termination
as the single-chip mode.

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

Fig 65. When using programmer of Suisei Electronics System Co., LTD, connection example
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LIST OF PRECAUTIONS

(1) Noise and latch-up prevention

Connect a capacitor on the following condition to prevent noise

and latch-up;

* connect a bypass capacitor (approx. 0.1 xF) between pins VDD
and Vss at the shortest distance,

 equalize itswiring in width and length, and

* userelatively thick wire.

CNVssisalso used as Vprp pin. Accordingly, when using this pin,

connect this pin to Vss through a resistor about 5kQ (connect

thisresistor to CNVss/Vprp pin as close as possible).

(2) Note on Power Source Voltage

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

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

(3) Register initial values 1

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

* Register Z (2 bits)

* Register D (3 hits)

* Register E (8 hits)

(4) Register initial values 2

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

* Register Z (2 bits)

* Register X (4 hits)

* Register Y (4 hits)

* Register D (3 hits)

 Register E (8 hits)

(5) Program counter

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

(6) Stack registers (SKS)

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

(7) Multifunction

» Theinput/output of Ds can be used even when INT is used. Be
careful when using inputs of both INT and Ds since the input
threshold value of INT pin is different from that of port Ds.

e “H* output function of port C can be used even when the
CNTR (output) is used.

(8) Power-on reset

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

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

(9) POF, POF2 instruction

When the POF or POF2 instruction is executed continuously
after the EPOF instruction, system enters the RAM back-up
state.

Note that system cannot enter the RAM back-up state when
executing only the POF or POF2 instruction.

Be sure to disable interrupts by executing the DI instruction
before executing the EPOF instruction and the POF/POF2
instruction continuously.
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(10)Ds/INT pin

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

» Depending on the input state of the D5/INT pin, the external 0
interrupt request flag (EXF0) may be set when the bit 3 of
register 11 is changed. In order to avoid the occurrence of an
unexpected interrupt, clear the bit O of register V1to “0" (refer
to (1) in Figure 66.) and then, change the bit 3 of register 11.

In addition, execute the SNZO0 instruction to clear the EXFO
flag to “0” after executing at |east one instruction (refer to (2)
in Figure 66.).

Also, set the NOP instruction for the case when a skip is
performed with the SNZO0 instruction (refer to (3) in Figure
66.).

LA 4 i (xxx02)

TV1A ; The SNZO instruction is valid ...... Q)

LA 8 5 (Ixxx2)

TI1A ; Control of INT pin input is changed

NOP e )

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

NOP e ?)

x: these bits are not used here.

(3) Bit2of register 1
When the interrupt valid waveform of the Ds/INT pin is
changed with the bit 2 of register 11 in software, be careful
about the following notes.

 Depending on the input state of the Ds/INT pin, the external 0
interrupt regquest flag (EXFO) may be set when the bit 2 of
register 11 is changed. In order to avoid the occurrence of an
unexpected interrupt, clear the bit O of register V1to “0" (refer
to (1) in Figure 68.) and then, change the bit 2 of register 11 is
changed.

In addition, execute the SNZO instruction to clear the EXFO
flag to “0" after executing at least one instruction (refer to (2)
in Figure 68.).

Also, set the NOP instruction for the case when a skip is
performed with the SNZO0 instruction (refer to (3) in Figure
68.).

LA 4 5 (xxx02)

TV1A ; The SNZ0 instruction is valid ...... 1)
LA 12 ; (x1xx2)

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

(EXFO flag cleared)
NOP e (3)

x: these bits are not used here.

Fig 66. External O interrupt program example-1

(2) Bit3of registerI1
When the bit 3 of register |1 is cleared to “0”, the power
down mode is selected and the input of INT pin is disabled,
be careful about the following notes.

e When the INT pininput is disabled (register 113 =“0"), set the
key-on wakeup of INT pin to be invalid (register K20 = “0")
before system enters to the power down mode. (refer to (1) in
Figure 67.).

LAO 5 (xxx02)

TK2A ; INTO key-on wakeup disabled .....(1)
DI

EPOF

POF2 ; RAM back-up

x: these bits are not used here.

Fig 67. External O interrupt program example-2

Fig 68. External O interrupt program example-3
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(11)Prescaler

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

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

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

(13)Reading the count value

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

(14)Writing to the timer

Stop timer 1, 2 or LC counting and then execute the T1AB,
T2AB, T2R2L or TLCA instruction to write data to timer.

(15)Writing to reload register

In order to write a data to the reload register R1 while thetimer 1
is operating, execute the TR1AB instruction except a timing of
the timer 1 underflow.
In order to write adatato the reload register R2H while the timer
2 is operating, execute the T3HAB instruction except atiming of
the timer 2 underflow.

(16)PWM signal

If the timer 2 count stop timing and the timer 2 underflow timing
overlap during output of the PWM signal, a hazard may occur in
the PWM output waveform.

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

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

(A7)Timer 3

Stop timer 3 counting to change its count source.

When operating timer 3 during clock operating mode, set 1 cycle
or more of count source to the following period; from setting bit
3 of register W3 to “1” till executing the POF instruction.

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

Count starts from the first rising edge of the count source (2) in
Figure 69 after prescaler and timer operations start (1) in Figure
69.

Time to first underflow (3) in Figure 69 is shorter (for up to 1
period of the count source) than time among next underflow (4)
in Figure 69 by the timing to start the timer and count source
operations after count starts.

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

Countsource i !
Count source —
(When falling edge of
CNTR input is selected)
Timer 1 value

w
N

]

Timer 1 underflow signal —l

<
<

A4
h
A 4

(©) 4)

(1) Timer start

Fig 69. Timer count start timing and count time when
operation starts (1)

(19)Timer 2, LC count start timing and count time when
operation starts

Count starts from the first edge of the count source (2) in Figure
70 after timer 2 and LC operation start (1) in Figure 70.

Time to first underflow (3) in Figure 70 is different (for upto 1
period of the count source) from time among next underflow (4)
in Figure 70 by the timing to start the timer and count source
operations after count starts.

{
Count source B i /l

Timer value 3

Timer underflow signal T T

A

® @

(1) Timer start

Fig 70. Timer count start timing and count time when
operation starts (2)
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(20)Watchdog timer

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

The contents of WDFL1 flag and timer WDT are initialized at
the power down.

When using the watchdog timer and the power down, initialize
the WDF1 flag with the WRST instruction just before the
microcomputer enters the power down mode.

Also, set the NOP instruction after the WRST instruction, for
the case when a skip is performed with the WRST instruction.

(21)Voltage drop detection circuit

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

When the supply voltage of a microcomputer falls below to the
minimum value of recommended operating conditions and
regoes 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 71);

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.

Vob
Recommended operating AN [

condition min. value

~<z-1
VRsT*
VRsT
No reset
Program failure may occur.
— Normal operation
Vb

Recommended operating

P 7 R R T

condition min. valug == ceccaaNcaadea ¥ oo
VRsT! ==========X-4--f -
|)
VRST: =======mmmme e L L L LT
)
i
Reset

Fig 71. Vpp and VRST

(22)0On-chip oscillator

The clock frequency of the on-chip 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 on-chip oscillator clock. When
considering the oscillation stabilize wait time after system is
released from reset, be careful that the variable frequency of the
on-chip oscillator clock.

(23)External clock

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

Also, note that the power-down mode (POF or POF2 instruction)
cannot be used when using the external clock.

(24)QzROM

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

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

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

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

The ROM option setup datain the mask file is“0016” for protect
enabled or “FF16” for protect disabled.

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

(26)Data Required for QzROM Writing Orders

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

1. QzROM Writing Confirmation Form*

2. Mark Specification Form*

3. ROM data........... Mask file

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

Note that we cannot deal with special font marking (customer’s
trademark etc.) in QzROM microcomputer.
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NOTES ON NOISE

Countermeasures against noise are described below.

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

(1) Shortest wiring length

The wiring on a printed circuit board can function as an antenna
which feeds noise into the microcomputer.

The shorter the total wiring length (by mm unit), the less the
possihility of noise insertion into a microcomputer.

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

* Reason
In order to reset amicrocomputer correctly, 1 machine cycle or
more of the width of a pulse input into the RESET pin is
required.
If noise having a shorter pulse width than thisis input to the
RESET input pin, the reset is released before the internal state
of the microcomputer is completely initialized.
This may cause a program runaway.

Noise
_/
Reset f 4
circuit / RESET
Vss Vss
N.G.
/
Reset
circuit” L[ |RESET
Vss - 1 Vss
O.K.

Fig 72. Wiring for the RESET input pin

(2) Wiring for clock input/output pins

« Make the length of wiring which is connected to clock I/O
pins as short as possible.

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

« Separate the Vss pattern only for oscillation from other
V'ss patterns.

Noise
e XIN XN
= XouTt HXouT
Vss Vss
N.G. O.K

Fig 73. Wiring for clock I/O pins

* Reason

If noise enters clock 1/0 pins, clock waveforms may be
deformed. This may cause a program failure or program
runaway.

Also, if apotential difference is caused by the noise between
the Vss level of a microcomputer and the Vss level of an
oscillator, the correct clock will not be input in the
microcomputer.

(3) Wiringto CNVsspin
Connect an approximately 5 kQ resistor to the Vpp pin and
also to the GND pattern supplied to the Vss pin with
shortest possible wiring.

* Reason

The CNVss pin is the power source input pin for the built-in
QzROM. When programming in the built-in QzROM, the
impedance of the CNVss pin is low to allow the electric
current for writing flow into the QzROM. Because of this,
noise can enter easily. If noise enters the CNV ss pin, abnormal
instruction codes or data are read from the built-in QzROM,
which may cause a program runaway.

(Note) . The shortest
T Ne

CNVss

about 5kQ

Vss

Note: This indicates pin.

Fig 74. Wiring for CNVss pin
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(2) Connection of bypass capacitor across Vss line
and Vop line
Connect an approximately 0.1 uF bypass capacitor across the

Vssline and the Vb line as follows:

» Connect a bypass capacitor across the Vss pin and the VDD pin
at equal length.

« Connect abypass capacitor across the Vss pin and the Vb pin
with the shortest possible wiring.

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

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

— ]
VbD

Vss

O.K.

N.G.

Fig 75. Bypass capacitor across the Vss line and the
VoD line

(3) Oscillator concerns

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

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

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

computer
Mutual inductance

Large
current

Fig 76. Wiring for a large current signal line

(2) Ingtaling oscillator away from signal lines where potential
levels change frequently
Install an oscillator and a connecting pattern of an oscillator
away from signal lines where potential levels change
frequently. Also, do not cross such signal lines over the
clock lines or the signal lines which are sensitive to noise.

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

—
Do not cross CNTR
K Z XN
FT=—1XouT
7J7 Vss

v
N.G.

Fig 77. Wiring to a signal line where potential levels
change frequently
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(3) Oscillator protection using V'ss pattern
Asfor atwo-sided printed circuit board, print a Vss pattern
on the underside (soldering side) of the position (on the
component side) where an oscillator is mounted.
Connect the Vss pattern to the microcomputer V'ss pin with
the shortest possible wiring.
Besides, separate this V'ss pattern from other V'ss patterns.

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

Oscillator wiring
pattern example -

Separate the Vss line for oscillation from other Vss lines

Fig 78. Vss pattern on the underside of an oscillator

(4) Setup for 1/0 ports
Setup 1/O ports using hardware and software as follows:

<Hardware>

« Connect aresistor of 100  or moreto an I/O port in series.
<Software>

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

» Asfor an output port or an 1/0 port, since the output data may
reverse because of noise, rewrite data to its output latch at
fixed periods.

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

(5) Providing of watchdog timer function by software
If a microcomputer runs away because of noise or others, it
can be detected by a software watchdog timer and the
microcomputer can be reset to normal operation. Thisis
equal to or more effective than program runaway detection
by a hardware watchdog timer. The following shows an
example of awatchdog timer provided by software.
In the following example, to reset a microcomputer to
normal operation, the main routine detects errors of the
interrupt processing routine and the interrupt processing
routine detects errors of the main routine.
This example assumes that interrupt processing is repeated
multiple times in a single main routine processing.

<The main routine>

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

N+1>
As the main routine execution cycle may change because of

an interrupt processing or others, the initial value N should
have a margin.

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

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

If the SWDT contents do not change after interrupt processing.

<The interrupt processing routine>

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

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

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

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

(_ Mainroutine ) (nterrupt processing routine )

| ©womenN |

| el |

Main processing

| (SWDT) « (SWDT)-1 |

| Interrupt processing |

Return

Main routine
errors

Interrupt processing
routine errors

Fig 79. Watchdog timer by software
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CONTROL REGISTERS

. . . R/W (Note 1)
Interrupt control register V1 at reset : 00002 at power down : 00002 TAVL/TVIA
) ) . 0 | Interrupt disabled (SNZT2 instruction is valid)
V13 | Timer 2 interrupt enable bit - —— -
1 |Interrupt enabled (SNZT2 instruction is invalid)
) ) . 0 | Interrupt disabled (SNZT1 instruction is valid)
V12 | Timer 1 interrupt enable bit - —— -
1 |Interrupt enabled (SNZT1 instruction is invalid)
0
V11 | Not used 1 This bit has no function, but read/write is enabled.
) . 0 | Interrupt disabled (SNZO0 instruction is valid)
V1o | External O interrupt enable bit - — -
1 | Interrupt enabled (SNZO instruction is invalid)
Interrupt control register V2 at reset : 00002 at power down : 00002 RIW
P 9 ' P : TAV2/TV2A
0
V23 | Not used 1 This bit has no function, but read/write is enabled.
0 - . .
V22 | Not used 1 This bit has no function, but read/write is enabled.
0 - . .
V21 | Not used 1 This bit has no function, but read/write is enabled.
) ) ) 0 | Interrupt disabled (SNZT3 instruction is valid)
V20 | Timer 3 interrupt enable bit - — -
1 |Interrupt enabled (SNZT3 instruction is invalid)
Interrupt control register 11 at reset : 00002 at power down : state retained RIW
P 9 ' P : TAIL/TILA
. ) 0 | INT pin input disabled
113 | INT pin input control bit (Note 2) —
1 |INT pin input enabled
0 Falling waveform (“L” level of INT pin is recognized with the SNZI0
11, | Interrupt valid waveform for INT pin/ instruction)/“L” level
return level selection bit (Note 2) 1 |Rising waveform (“H" level of INT pin is recognized with the SNZI0
instruction)/“H” level
. . . ) 0 |One-sided edge detected
111 | INT pin edge detection circuit control bit
1 |Both edges detected
110 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

Note 1. “R” represents read enabled, and “W” represents write enabled.
Note 2. When the contents of 112 and 113 are changed, the external interrupt request flag (EXFO) may be set.
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. . R/W
Clock control register MR at reset : 11002 at power down : state retained TAMR/TMRA
MRs MR3 | MR2 Operation mode
0 0 | Through mode
Operation mode selection bits 0 1 | Frequency divided by 2 mode
MR2 1 0 | Frequency divided by 4 mode
1 Frequency divided by 8 mode
MR1 | MRo System clock
MR1
0 0 |f(HSOCO)
System clock selection bits (Note 2) 0 1 |f(XiN)
MRo 1 0 |f(XcIN)
1 1 [f(LSOCO)
Clock control register RG at reset : 10002 at power down : state retained TI%ACIB A

RG Low-speed on-chip oscillator (f(LSOCO)) 0 | Low-speed on-chip oscillator (f(LSOCO)) oscillation available
3 )
control bit (Note 3) 1 |Low-speed on-chip oscillator (f(LSOCO)) oscillation stop
. 0 | Sub-clock (f(Xcin)) oscillation available, ports De and D7 not selected

RG2 | Sub-clock (f(Xcin)) control bit (Note 3) —

1 | Sub-clock (f(XciN)) oscillation stop, ports De and D7 selected

) . 0 | Main clock (f(Xin)) oscillation available

RGa1 | Main-clock (f(XiN)) control bit (Note 3) - —

1 | Main clock (f(Xin)) oscillation stop
RGo High-speed on-chip oscillator (f(HSOCO)) 0 [ High-speed on-chip oscillator (f(HSOCO)) oscillation available

control bit (Note 3) 1 | High-speed on-chip oscillator (f(HSOCO)) oscillation stop

Note 1. R” represents read enabled, and “W” represents write enabled.
Note 2. The stopped clock cannot be selected for system clock.
Note 3. The oscillation circuit selected for system clock cannot be stopped.
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) . . . w
Timer control register PA at reset : 02 at power down : 02 TAPP
. 0 | Stop (state retained)
PAo | Prescaler control bit -
1 |Operating
i ; . . . R/W (Note 1)
Timer control register W1 at reset : 00002 at power down : state retained TAWLTWIA
Wis Timer 1 count auto-stop circuit selection bit 0 | Timer 1 count auto-stop circuit not selected
(Note 2) 1 | Timer 1 count auto-stop circuit selected
) . 0 | Stop (state retained)
W12 | Timer 1 control bit -
1 | Operating
W11 | Wlo Count source
W11 0 0 | PWM signal (PWMOUT)
Timer 1 count source selection bits (Note 3) | 0 1 |Prescaler output (ORCLK)
Wio 1 0 | Timer 3 underflow signal (T3UDF)
1 1 |CNTRinput
Timer control register W2 at reset : 00002 at power down : 00002 RIW
9 : P : TAW2/TW2A
. . ) 0 | CNTR pin output invalid
W23 | CNTR pin function control bit - -
1 |[CNTR pin output valid
W22 PWM signal 0 | PWM signal “H” interval expansion function invalid
“H” interval expansion function control bit 1 | PWM signal “H” interval expansion function valid
) ) 0 | Stop (state retained)
W21 | Timer 2 control bit -
1 | Operating
) . . 0 | XINinput
W20 | Timer 2 count source selection bit
1 | Prescaler output (ORCLK)/2
Timer control register W3 at reset : 00002 at power down : state retained RIW
9 : P : TAW3/TW3A
) ) 0 | Stop (initial state)
W33 | Timer 3 control bit -
1 | Operating
W32 W31 W30 Count value
W32
000 Underflow every 512 count
001 Underflow every 1024 count
W31 010 Underflow every 2048 count
Timer 3 count value selection bits 011 Underflow every 4096 count
100 Underflow every 8192 count
W3 101 Underflow every 16384 count
0
110 Underflow every 32768 count
111 Underflow every 65536 count
Timer control register W4 at reset : 00002 at power down : state retained RIW
9 ' P : TAWA4/TWAA
) . 0 | Stop (state retained)
W43 | Timer LC control bit -
1 |Operating
) . . 0 |Bit4 (T34) of timer 3
W42 | Timer LC count source selection bit
1 | System clock (STCK)
WAL CNTR pin output auto-control circuit 0 | CNTR output auto-control circuit not selected
selection bit 1 | CNTR output auto-control circuit selected
o . . 0 | Falling edge
W4o | CNTR pin input count edge selection bit —
1 |Rising edge

Note 1. “R” represents read enabled, and “W” represents write enabled.
Note 2. This function is valid only when the timer 1 count start synchronous circuit is selected (110 =*1").
Note 3. 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 W5 at reset : 00002 at power down : state retained TAWS/TWSA
0 | This bit has no function, but read/write is enabled.
W53 | Not used — - —
1 | This bit has no function, but read/write is enabled.
0 | This bit has no function, but read/write is enabled.
W52 | Not used — - —
1 | This bit has no function, but read/write is enabled.
W51 W52 Count source
W51 -
00 XcIN input
Timer 3 count source selection bits 01 ORCLK input
W50 10 Low-speed on-chip oscillator
11 High-speed on-chip oscillator
LCD control register L1 at reset : 00002 at power down : state retained RIW
9 ' P ' TALL/TLIA
Internal dividing resistor for LCD power 0 |2rx3,2rx2
L13 . .
supply selection bit (Note 2) 1 |rx3,rx2
0 | Stop (OFF
L12 | LCD control bit p( - )
1 | Operating
L11 | L1 Duty Bias
L11 0 0 | Not available Not available
LCD duty and bias selection bits 0 1 (12 12
1 0 |1/3 1/3
Llo
1 1 (14 1/3
LCD control register L2 at reset : 00002 at power down : state retained TI\_IZ A
. . . . 0 |SEGo
L23 | SEGo/VLcs pin function switch bit (Note 3)
1 |Vics
. . . . 0 |SEG:
L22 | SEG1/VLcz pin function switch bit (Note 4)
1 |Vic2
. . . . 0 |SEG2
L21 | SEG2/VLc1 pin function switch bit (Note 4)
1 |Vica
Lo | 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
. . . . 0 |SEG27
L33 | P23/SEG27 pin function switch bit
1 [P23
. . . . 0 | SEG2s
L32 | P22/SEG2s pin function switch bit
1 |[P22
. . . . 0 | SEG25
L31 | P21/SEG2s5 pin function switch bit
1 |[P21
. . . . 0 | SEG24
L3o | P20/SEG24 pin function switch bit 1 [pz
0

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

Note 2. “r (resistor) multiplied by 3" is used at 1/3 bias, and “r multiplied by 2" is used at 1/2 bias.
Note 3. VLc3 is connected to Vop internally when SEGo pin is selected.

Note 4. Use internal dividing resistor when SEG1 and SEG2 pins are selected.
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LCD control register C1 at reset : 11112 at power down : state retained Tg\]/. A
. . . . 0 | SEG19
C13 | PO3/SEGu19 pin function switch bit
1 |PO3
. . . . 0 |SEGis
Cl2 | PO2/SEGuis pin function switch bit
1 |PO2
. . . . 0 |SEG17
Cl1 | PO1/SEG17 pin function switch bit
1 |PO1
. . . . 0 | SEGis
Clo | POo/SEGuis pin function switch bit
1 |POo
. . W
LCD control register C2 at reset : 11112 at power down : state retained TC2A
. ) . . 0 |SEG23
C23 | P13/SEG23 pin function switch bit
1 |P1s
. ) . . 0 |SEG22
C22 | P12/SEG22 pin function switch bit
1 (P12
. ) . . 0 |SEG21
C21 | P11/SEG21 pin function switch bit
1 |PLL
. ) . . 0 |[SEG20
C20 | P1o/SEG20 pin function switch bit
1 |Plo
. . w
LCD control register C3 at reset : 11112 at power down : state retained TC3A
. ) . . 0 |SEGs1
C33 | P33/SEG31 pin function switch bit
1 |P33
. ) . . 0 |SEG3o
C32 | P32/SEG3o0 pin function switch bit
1 |P32
. ) . . 0 |SEG29
C31 | P31/SEG29 pin function switch bit
1 |P3&1
. ) . . 0 |SEG2s
C30 | P30/SEG2s pin function switch bit 1 P30

Note 1.“R” represents read enabled, and “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
Kos | POrts P12 and P13 key-on wakeup 0 |Key-on wakeup not used
control bit 1 |Key-on wakeup used
K0, | Ports P1oand Plikey-on wakeup 0 | Key-on wakeup not used
control bit 1 |Key-on wakeup used
Ko, | Ports P02 and P03 key-on wakeup 0 | Key-on wakeup not used
control bit 1 |Key-on wakeup used
K0o | POrts P00 and P01 key-on wakeup 0 | Key-on wakeup not used
control bit 1 |Key-on wakeup used
Key-on wakeup control register K1 at reset : 00002 at power down : state retained RIW
y P 9 ' P : TAK1/TKIA
) 0 |Key-on wakeup not used
K13 | Port P23 key-on wakeup control bit
1 | Key-on wakeup used
) 0 |Key-on wakeup not used
K12 | Port P22 key-on wakeup control bit
1 | Key-on wakeup used
) 0 |Key-on wakeup not used
K11 | Port P21 key-on wakeup control bit
1 | Key-on wakeup used
) 0 |Key-on wakeup not used
Klo | Port P20 key-on wakeup control bit
1 | Key-on wakeup used
Key-on wakeup control register K2 at reset : 00002 at power down : state retained RIW
y P 9 ' P : TAK2/TK2A
K23 Ports P32 and P33 key-on wakeup 0 |Key-on wakeup not used
control bit (Note 3) 1 | Key-on wakeup used
K22 Ports P30 and P31 key-on wakeup 0 |Key-on wakeup not used
control bit (Note 2) 1 |Key-on wakeup used
. . . . 0 |Return by level
K21 [ INT pin return condition selection bit
1 | Return by edge
. . 0 |Key-on wakeup invalid
K20 | INT pin key-on wakeup control bit -
1 | Key-on wakeup valid
Key-on wakeup control register K3 at reset : 00002 at power down : state retained RIW
y P 9 ' P : TAK3/TK3A
0 | Key-on wakeup not used
K33 | Ports Ds and D7 key-on wakeup control bit y P
1 |Key-on wakeup used
0 | Key-on wakeup not used
K32 | Ports D4 and Ds key-on wakeup control bit y P
1 |Key-on wakeup used
0 | Key-on wakeup not used
K31 | Ports D2 and D3 key-on wakeup control bit y P
1 |Key-on wakeup used
0 | Key-on wakeup not used
K3o | Ports Do and D1 key-on wakeup control bit y P
1 |Key-on wakeup used

Note 1. “R” represents read enabled, and “W” represents write enabled.
Note 2. To be invalid (K22 = “0") key-on wakeup of ports P30 and P31, set the registers K30 and K31 to “0.”
Note 3. To be invalid (K23 = “0") key-on wakeup of ports P32 and P33, set the registers K32 and K33 to “0.”
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. ] ] ) RIW
Pull-up control register PUO at reset : 00002 at power down : state retained TAPUO/TPUOA
pUQs | POt P12 and P13 pull-up transistor control 0 | Pull-up transistor OFF
bit 1 | Pull-up transistor ON
pUQ | POt P10 and P11 pull-up transistor control 0 | Pull-up transistor OFF
bit 1 | Pull-up transistor ON
PUOL Port PO2 and P03 pull-up transistor control 0 | Pull-up transistor OFF
bit 1 | Pull-up transistor ON
PUOO Port POo and P01 pull-up transistor control 0 | Pull-up transistor OFF
bit 1 | Pull-up transistor ON
Pull-up control register PU1 at reset : 00002 at power down : state retained RIW
P 9 : P : TAPUL/TPUIA
) ) 0 |Pull-up transistor OFF
PU13 | Port P23 pull-up transistor control bit -
1 | Pull-up transistor ON
) ) 0 |Pull-up transistor OFF
PU12 | Port P22 pull-up transistor control bit -
1 | Pull-up transistor ON
) ) 0 | Pull-up transistor OFF
PUL | Port P21 pull-up transistor control bit -
1 | Pull-up transistor ON
) ) 0 | Pull-up transistor OFF
PU1o | Port P20 pull-up transistor control bit -
1 | Pull-up transistor ON
Pull-up control register PU2 at reset : 00002 at power down : state retained RIW
P 9 : P : TAPU2/TPU2A
) ) 0 | Pull-up transistor OFF
PU23 | Port P33 pull-up transistor control bit -
1 | Pull-up transistor ON
) ) 0 | Pull-up transistor OFF
PU22 | Port P32 pull-up transistor control bit -
1 | Pull-up transistor ON
) ) 0 | Pull-up transistor OFF
PU21 | Port P31 pull-up transistor control bit -
1 | Pull-up transistor ON
) ) 0 | Pull-up transistor OFF
PU20 | Port P3o pull-up transistor control bit -
1 | Pull-up transistor ON
Pull-up control register PU3 at reset : 00002 at power down : state retained RIW
P g : P ' TAPU3/TPU3A
. . 0 | Pull-up transistor OFF
PU33 | Port Ds and D7 pull-up transistor control bit -
1 | Pull-up transistor ON
. . 0 | Pull-up transistor OFF
PU32 | Port D4 and Ds pull-up transistor control bit -
1 | Pull-up transistor ON
. . 0 | Pull-up transistor OFF
PU31 | Port D2 and D3 pull-up transistor control bit -
1 | Pull-up transistor ON
. . 0 | Pull-up transistor OFF
PU3o | Port Do and D1 pull-up transistor control bit -
1 | Pull-up transistor ON

Note 1. “R” represents read enabled, and “W" represents write enabled.
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Port output structure control register FRO at reset : 00002 at power down : state retained TFY?VO A
FROs Ports P12 and P13 output structure selection | O | N-channel open-drain output
bit 1 | CMOS output
FRO2 Ports P10 and P11 output structure selection | O | N-channel open-drain output
bit 1 | CMOS output
FROL Ports P02 and P03 output structure selection | O | N-channel open-drain output
bit 1 | CMOS output
FROO Ports POo and P01 output structure selection | O | N-channel open-drain output
bit 1 | CMOS output
Port output structure control register FR1 at reset : 00002 at power down : state retained W_I_(::\Ié’;il)
. . 0 | N-channel open-drain output
FR13 | Ports D3 output structure selection bit
1 | CMOS output
. . 0 | N-channel open-drain output
FR12 | Ports D2 output structure selection bit
1 | CMOS output
. . 0 | N-channel open-drain output
FR1:1 | Ports D1 output structure selection bit
1 | CMOS output
. . 0 | N-channel open-drain output
FR1o | Ports Do output structure selection bit
1 | CMOS output
. . w
Port output structure control register FR2 at reset : 00002 at power down : state retained TER2A
FRos | POIts P32and P33 output structure selection 0 | N-channel open-drain output
bit 1 | CMOS output
FRo, | POIts P30and P31 output structure selection 0 | N-channel open-drain output
bit 1 | CMOS output
. . 0 | N-channel open-drain output
FR21 | Ports Ds output structure selection bit
1 | CMOS output
. . 0 | N-channel open-drain output
FR20 | Ports D4 output structure selection bit
1 | CMOS output
Port output structure control register FR3 at reset : 00002 at power down : state retained TF\Il?Vs A
. ) 0 | N-channel open-drain output
FR33 | Ports P23 output structure selection bit
1 | CMOS output
. ) 0 | N-channel open-drain output
FR32 | Ports P22 output structure selection bit
1 | CMOS output
. ) 0 | N-channel open-drain output
FR31 | Ports P21 output structure selection bit
1 | CMOS output
. ) 0 | N-channel open-drain output
FR3o0 | Ports P20 output structure selection bit
1 | CMOS output

Note 1. “W" represents write enabled.
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INSTRUCTIONS

Each instruction is described as follows;

1. Index list of instruction function

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

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

SYMBOL
Symbol Contents Symbol Contents
A Register A (4 bits) R2H Timer 2 reload register (8 bits)
B Register B (4 bits) RLC Timer LC reload register (4 bits)
DR Register DR (3 bits) PS Prescaler
E Register E (8 bits) Tl Timer 1
V1 Interrupt control register V1 (4 bits) T2 Timer 2
V2 Interrupt control register V2 (4 bits) TLC Timer LC
11 Interrupt control register 11 (4 bits) T1F Timer 1 interrupt request flag
PA Timer control register PA (1 bit) T2F Timer 2 interrupt request flag
w1 Timer control register W1 (4 bits) T3F Timer 3 interrupt request flag
w2 Timer control register W2 (4 bits) WDF1 Watchdog timer flag
w3 Timer control register W3 (4 bits) WEF Watchdog timer enable flag
w4 Timer control register W4 (4 bits) INTE Interrupt enable flag
W5 Timer control register W5 (5 bits) EXFO External O interrupt request flag
MR Clock control register MR (4 bits) VDF Voltage drop detection circuit flag
RG Clock control register RG (3 bits) P Power down flag
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 hits)
Cc2 LCD control register C2 (4 bits) P3 Port P3 (4 hits)
C3 LCD control register C3 (4 bits) C Port C (1 bit)
KO Key-on wakeup control register KO (4 bits) INT INT pin (1 bit)
K1 Key-on wakeup control register K1 (4 bits)
K2 Key-on wakeup control register K2 (4 bits) X Hexadecimal variable
K3 Key-on wakeup control register K3 (4 bits) y Hexadecimal variable
PUO Pull-up control register PUO (4 bits) z Hexadecimal variable
PU1 Pull-up control register PU1 (4 bits) p Hexadecimal variable
PU2 Pull-up control register PU2 (4 bits) n Hexadecimal constant
PU3 Pull-up control register PU3 (4 bits) i Hexadecimal constant
FRO Port output structure control register FRO (4 bits) i Hexadecimal constant
FR1 Port output structure control register FR1 (4 bits) A3 A2 A1 Ao | Binary notation of hexadecimal variable A
FR2 Port output structure control register FR2 (4 bits) (same for others)
FR3 Port output structure control register FR3 (4 bits) <« Direction of data movement
X Register X (4 bits) () Contents of registers and memories
Y Register Y (4 bits) - Negate, Flag unchanged after executing instruction
z Register Z (2 bits) M (DP) RAM address pointed by the data pointer
DP Data pointer (10 bits) a Label indicating address as as a4 a3 a2 a1 ao
(It consists of registers X, Y, and 2) p,a Label indicating address as as a4 a3 a2 a1 aoin page
PC Program counter (14 bits) p6 ps p4 p3 p2 p1 po
PCH High-order 7 bits of program counter
PCL Low-order 7 bits of program counter C+x Hex. C + Hex. number x (also same for others)
SK Stack register (14 bits x 8) ? Decision of state shown before “?”
SP Stack pointer (3 bits) “— > Data exchange between a register and memory
CY Carry flag
UPTF High-order bit reference enable flag
RPS Prescaler reload register (8 bits)
R1 Timer 1 reload register (8 bits)
R2L Timer 2 reload register (8 bits)

Note 1. The 455A Grou? just invalidates the next instruction when a skip is performed. The contents of program counter is not increased

by 2. Accordin%
the TABP p, R

y, the number of cycles does not change even if skip is not performed. However, the cycle count becomes “1” if
,or RTS instruction is skipped.
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INDEX LIST OF INSTRUCTION FUNCTION

Gri(r:;p— Mnemonic Function Page G:g;p— Mnemonic Function Page
TAB (A) < (B) 103 122 LAN (A) «n 92 124
n=0to 15
TBA (B) « (A) 110 122
TABP p (SP) « (SP) +1 104 124
TAY (A) < (Y) 110 122 (SK(SP)) « (PC)
(PCH) «p
(UPTF) = 1,
£ | TEAB (E7-E4) « (B) 112 122 (DR2) < 0
= (E3-E0) < (A) (DR1, DRo) «- (ROM(PC))9, 8
g (B) < (ROM(PC))7-4
& |TABE (B) < (E7—Ea) 104 122 (A) < (ROM(PC))3-0
% (A) « (Es-Eo) (PC) « (SK(SP))
2 SP) « (SP) -1
o TDA (DR2-DR0) « (A2—A0) 111 122 (SP) < (SP)
foi c AM (A) < (A) + (M(DP)) 87 124
2 |TAD (A2-A0) « (DR2-DR0) 105 122 %
& (A3) <0 g |AMC (A) < (A) + (M(DP)) + (CY) | 87 124
] (CY) « Carry
TAZ (A1, Ao) < (Z1, Zo) 110 122 e
(A3, A2) «- 0O g An (A« (A)+n 87 124
< n=0to 15
TAX (A) < (X) 110 122 Z
AND (A) « (A)AND(M(DP)) 87 124
TASP (A2-Ao) « (SP2-SPo) 108 122
(A3) « 0 OR (A) < (A)OR(M(DP)) 94 124
LXY X, y (X) < x,x=0to 15 93 122 sc )1 98 124
Q (Y)«<y,y=0to 15
[}
8 |Lzz (2)«<2,2z=0t03 93 122 RC (CY) <0 96 124
°
o]
; INY ()« (Y)+1 92 122 SZC (CY)=07? 102 124
< -
© |DEY ) m-1 90 122 CMA @)« ® 89 124
TAM | (A) < (M(DP)) 106 122 RAR AaA2AIAD 95 124
(X) « (X)EXOR(j)
j=0to15
SBj (Mj(DP)) « 1 97 124
XAM j (A) «— (M(DP)) 120 122 c j=0to3
(X) <= (X)EXOR() S
5 j=0to15 @ RB j (Mj(DP)) « 0 95 124
9 2 j=0to3
s XAMD j (A) «— (M(DP)) 120 122 ] _ _
g (X) < (X)EXOR()) o SZBj (Mj(DP)) =07 101 124
o j=0to 15 j=0to3
(=]
g M eM-1 S_ |SEAM (A) = (M(DP)) ? 99 126
p XAMI j (A) «— (M(DP)) 120 122 % 2
< (X) < (X)EXOR()) g_g SEAN A)=n? 98 126
j=0to 15 s 5 n=0to 15
V)« (V) +1 ©
- |Ba (PCL) < as-ao 88 126
TMA j (M(DP)) « (A) 115 122 g
(X) ¢ (XEXOR() S l|BLpa (PCH) < p 88 126
j=0to15 53 (PCL) « as-ao
ey
Note 1. M3455AG8: p=0 to 63 and M3455AGC: p=0 to 95. % BLAp (PCH) « p 88 126
o) (PCL) < (DR2-DRo, A3-Ao)
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INDEX LIST OF INSTRUCTION FUNCTION (continued)

Gri(r:;p— Mnemonic Function Page G:g;p— Mnemonic Function Page
BMa (SP) < (SP) + 1 88 126 TPAA (PA) « (A) 116 128
(SK(SP)) « (PC)
(PCH) « 2 TAW1 (A) « (W1) 109 128
S (PCL) « as—ao
= TWIA (W1) < (A) 118 128
$ [BMLp,a |(SP)<«<(SP)+1 89 126
g (SK(SP)) « (PC) TAW2 (A) < (W2) 109 128
2 (PCH) «p
3 (PCL) < as-ao TW2A (W2) < (A) 118 128
% BMLA p (SP) « (SP) + 1 89 126 TAWS ) e (W3 100 128
(SK(SP)) < (PC) (A) < (W3)
(PCH) «p
(PCL) < (DR2-DRo, As-Ao) TW3A (W3) « (A) 119 128
RTI (PC) < (SK(SP)) 97 126 TAW4 (A) « (W4) 109 128
IS (SP) « (SP) -1
® TWA4A (W4) « (A) 119 128
g |RT (PC) < (SK(SP)) 9 126
= (SP) «(SP)-1 TAWS (A) < (W5) 119 128
=]
2 |RTS (PC) < (SK(SP)) 97 126
[J)
& (SP) < (SP) 1 TWSEA (W5) < (A) 119 128
DI (INTE) < 0 90 128 . |™sePs (B) « (TPS7-TPS4) 104 130
S (A) « (TPS3-TPS0)
El INTE) « 1 91 128 8
(INTE) « g |TPSAB (RPS7-RPS4) « (B) 116 130
o
SNZ0 V10=0: (EXFO)=17? 99 128 = gﬁiﬂiss‘?f (('-2)
(EXFO) < 0 £ g <
V1o =1:SNZ0 = NOP = (TPS3-TPS0) « (A)
< |snzio 1220 (INT)=“L" 2 99 128 TAB1 (B) « (T17-T1a) 103 130
) (A) « (T13-T10)
B 112=1: (INT) = "H"?
[]
g [TAvt (A) « (V1) 108 128 T1AB E?i:‘ll?ll:)):((BB)) 102 130
Q.
£ |TviA (V1) « (A) 118 128 (R13-R10) « (A)
% (T13-T1o) « (A)
TAV2 (A) < (v2) 108 128 TR1AB (R17-R14) « (B) 117 130
(R13-R10) « (A)
TV2A (V2) « (A) 118 128
TAB2 (B) « (T27-T24) 104 130
TAIL (A) « (1) 105 128 (A) « (T23-T20)
TIA (1) < (A) 13 128 T2AB (R2L7-R2L4) < (B) 102 130
(T27-T24) < (B)
(R2L3-R2L0) « (A)
(T23-T20) « (A)
T2R2L (T27-T20) « (R2L7-R2Lo) | 103 130
T2HAB (R2H7-R2H4) « (B) 103 130
(R2H3-R2Ho) « (A)
Note 1. M3455AG8: p=0 to 63 and M3455AGC: p=0 to 95.
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INDEX LIST OF INSTRUCTION FUNCTION (continued)

Grig;p— Mnemonic Function Page G:(r)];p— Mnemonic Function Page
TLCA (RLC) « (A) 115 130 TPU3A (PU3) « (M) 117 132
(MO« ® TAKO (A) « (KO) 105 134
SNZT1 V12=0:(T1F)=17? 100 130 c
c (T1F) < 0 5 TKOA (KO) « (A) 113 134
B V12=1:SNZT1=NOP S l7AaK1 (A) « (K1) 105 134
[ o
— N — o
2 |sNzT2 V13=0:(T2F)=17? 100 130 s TKIA (K1) < (A) 113 134
5 (T2F) « 0 2
.§ V13 =1: SNZT2=NOP é TAK2 (A) « (K2) 106 134
SNZT3 V20=0:(T3F)=17? 100 130 § TK2A (K2) < (A) 114 134
(T3F) « 0 =
V20 =1 : SNZT3=NOP TAK3 (A) < (K3) 106 134
IAPO (A) < (PO) 91 132 TK3A (K3) « (A) 14 134
OPOA (PO) < (A) 93 132 TALL (A) « (L1) 106 134
TL1A (L1) « (A) 114 134
IAP1 (A) «(P1) 91 132
s TL2A (L2) « (A) 114 134
OP1A (P1) « (A) 94 132 @
g |TL3A (L3) « (A) 115 134
o
IAP2 A) < (P2) 92 132 g |TCc1A (CL) « (A) 111 134
-
OP2A (P2) < (M) 94 132 TC2A (C2) « (A 111 134
IAP3 (A) « (P3) 92 132 TC3A (C3) « (A 111 134
OP3A (P3)  (A) 94 132 § TAMR (A) < (MR) 107 134
g TMRA (MR) « (A) 115 134
CLD (D)« 1 89 132 2
< TRGA (RG2-RG0) « (A2-Ao 117 134
RD (D(Y)) < 0,(Y)=0to 4 96 132 S
SD (DY) «1,(Y)=0to 4 98 132 NOP (PC) « (PC)+1 93 136
c
o . .
7 SZD (D(Y)) =072, (Y)=0to0 4 102 132 POF Transition to clock operating 95 136
[}
S POF2 Transition to RAM back-up 95 136
= RCP (C)«0 96 132
=3 EPOF POF instruction valid 91 136
3 |scp (C)«1 98 132
3 SNZP P)=17? 99 136
o
£ |TFROA (FRO) « (A) 112 132 SNZVD (VDF) = 1? 100 136
TFR1A (FR1) « (A) 112 132 WRST (WDF1)= 1?2 119 136
< (WDF1) « 0
TFR2A (FR2) < () 12 132 @ DWDT Stop of watchdog timer func- | 90 136
S .
TFR3A (FR3) « (A) 113 132 g tion enabled
E SRST System reset 101 136
TAPUO (A) « (PUO) 107 132 5
RUPT (UPTF) «0 97 136
TPUOA (PUO) « (A) 116 132 SUPT (UPTF) <1 101 136
TAPU1 (A) « (PU1) 107 132 SVDE At power down mode, volt- 101 136
age drop detection circuit
TPU1A (PU1) « (A) 116 132 valid
TAPU2 (A) « (PU2) 107 132 RBK When TABPp instruction is 81 117
(Note 1) executed, ps — 0
TPU2A (PU2) « (A) 117 132 SBK When TABPp instructionis | 84 117
(Note 1) executed, ps — 1
TAPU3 (A) « (PU3) 108 132
Note 1. (SBK, RBK) cannot be used in the M3455AG8.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET)

A n (Add n and accumulator)

Instruc-

. Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code
[ofolo s o[n[n[n]n]2[o[6]nlis| 1 | 1 -
Opera-  (A) < (A)+n Grouping:  Arithmetic operation
tion: n=0t015 Description: Adds the value n in the immediate field to register A, and
stores a result in register A.
The contents of carry flag CY remains unchanged.
Skips the next instruction when there is no overflow as the
result of operation.
Executes the next instruction when there is overflow as the
result of operation.
AM (Add accumulator and Memory)
I_nstruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code [ofofofofofofz]o]1]ofz[0f0[Afse| . 1 : :
Opera-  (A) < (A)A{(M(DP)) Grouping:  Arithmetic operation
tion:

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

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

AMC (Add accumulator, Memory and Carry)

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

cde [ofofo]ofofofs]of1[1]o[0]0]Bfs6 | . 1 on :
Opera- (A) < (A) + (M(DP)) + (CY) Grouping:  Arithmetic operation

tion: (CY) « Carry

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

AND (logical AND between accumulator and memory)

I_nstruc— Number of | Number of Flag CY Skip condition

tion Do Do words cycles

cde [ofofoofo]s]s]o]o]of2[0]t]816]| 4 1 : :

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

tion: Description: Takes the AND operation between the contents of register
A and the contents of M(DP), and stores the result in regis-
ter A.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

B a (Branch to address a)

I_nstruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code |0|l‘1‘a6|a5|a4|a3|a2|a1‘ao‘2|1|+8a a‘lB 1 1 _ -
Opera-  (PCL) < asto a0 Grouping:  Branch operation
tion: Description: Branch within a page : Branches to address a in the identi-
cal page.
Note: Specify the branch address within the page including this
instruction.
BL p,a (Branch Long to address a in page p)
I_nstruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
oo Lofolr[a]t]plpelerforlpolz [0 p s | 2 : :
| 1 ‘pe‘ps‘ae‘as‘a4|a3‘a2‘a1‘ao‘2 | 2 | a ‘ a ‘16 Grouping:  Branch operation
5 g Description: Branch out of a page : Branches to address a in page p.
opera- - (PCH) « p Note: M3455AG8: p=01t0 63 p6=0
tion: (PCL) « as to ao M3455AGC: p=0 to 95
BLA p (Branch Long to address (D)+(A) in page p)
I_nstruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code [ofofofofo[s]oofofofa[0f1[0fs6| > 2 : :
|1Ipe‘ps‘ml0|0|p3|p2|p1‘p0‘2|2|plp‘le Grouping:  Branch operation
5 5C Description: Branch out of a page : Branches to address (DR2 DR1 DRo
: pe.ra— ( CH) <hb A3 A2 A1 Ao)2 specified by registers D and A in page p.
tion:  (PCL) < (DR2-Ro, As-A0) Note: M3455AG8: p=0t0 63 p6=0
M3455AGC: p=0 to 95
BM a (Branch and Mark to address a in page 2)
I_nstruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code |O‘1‘O‘ae‘as‘a4|a3‘az‘a1‘ao‘2|1|a‘a‘16 1 1 B B
Opera- (SP) < (SP) +1 Grouping:  Subroutine call operation
tion: (ﬁé(SP));— (PC) Description: Call the subroutine in page 2 : Calls the subroutine at
(PCH) < address a in page 2.
(PC) « as-av Note: Subroutine extending from page 2 to another page can
also be called with the BM instruction when it starts on
page 2.
Be careful not to over the stack because the maximum
level of subroutine nesting is 8.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

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

I_nstruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
oo [ofols]t]olefwlelerfwla[0]5 s | 2 : :
| 1 ‘pe‘ps‘ae‘as‘a4|a3‘a2‘al‘ao‘z | 2 | a ‘ a ‘16 Grouping:  Subroutine call operation
Description: Call the subroutine : Calls the subroutine at address a in
Opera- (SP)« (SP)+1 page p
tion:  (SK(SP)) « (PC) Note: M3455AG8: p=01t0 63 p6=0

(PCH) «p
(PCL) « as—ao

M3455AGC: p=0 to 95
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)

I_nstruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
cde [ofofo]of1[1]ofofofola[0]3]0fse| > 2 : :
| 1 Ipe‘ps‘ml 0 I 0 |p3|p2|p1‘po‘2 | 2 | p I p ‘16 Grouping:  Subroutine call operation
5 571 Description: Call the subroutine : Calls the subroutine at address (DR2
Qpera— (SP) < (SP) + DR1 DRo A3 A2 A1 Ao)2 specified by registers D and A in
tion: (SK(SP)) « (PC)

(PCH) < p

page p.

Note: M3455AG8: p=0to 63 p6=0
(PCL) « (DR2-DRo, As-Ad) M3455AGC: p=0 to 95
Be careful not to over the stack because the maximum
level of subroutine nesting is 8.
CLD (CLear port D)
Ipstruc- Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code [ofofofofofs]oofof1]z[0f1]1]s6| 1 : :
Opera- (D) «1 Grouping:  Input/Output operation
tion: Description: Sets (1) to port D.
CMA (CoMplement of Accumulator)
Ipstruc- Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code [ofofofofofs]s]a]ofofo[of1]clis| 1 : :
Opera- (A) «(A) Grouping:  Arithmetic operation
tion: Description: Stores the one’s complement for register A's contents in
register A.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

DEY (DEcrement register Y)

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

tion:

Description: Subtracts 1 from the contents of register Y.
As a result of subtraction, when the contents of register Y
is 15, the next instruction is skipped. When the contents of
register Y is not 15, the next instruction is executed.

DI (Disable Interrupt)

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

tion:

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

Note: Interrupt is disabled by executing the DI instruction after

executing 1 machine cycle.

DWDT (Disable WatchDog Timer)

I_nstruc— Number of | Number of Flag CY Skip condition

tion Do Do words cycles

code [s]ofz]ofofs]a]a]o]ofa[2]0|clis]| 4 1 : :

Opera- Stop of watchdog timer function enabled Grouping:  Other operation

tion: Description: Stops the watchdog timer function by the WRST instruction
after executing the DWDT instruction.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

El (Enable Interrupt)

I_nstruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
cde [ofoJo]ofofofos]of1]a[0]0]s]s6| 4 1 : :
Opera-  (INTE) <1 Grouping:  Interrupt control operation
tion: Description: Sets (1) to interrupt enable flag INTE, and enables the
interrupt.
Note: Interrupt is enabled by executing the El instruction after
executing 1 machine cycle.
EPOF (Enable POF instruction)
I_nstruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code [ofofo]ufofsfa]ofu[1]o[0]s]Bfi6| 4 1 : :
Opera- POF instruction or POF2 instruction valid Grouping:  Other operation
tion:

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

IAPO (Input Accumulator from port PO)

:ir:)sr:ruc— 5o 5o Nlt::)t:s; of NuCr;cblggof Flag CY Skip condition
ote [i[o[o[i[e[o[olo[o]ole[2[ 0| 1+ | 1 | - -
Opera- (A) « (PO) Grouping:  Input/Output operation

tion:

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

IAP1 (Input Accumulator from port P1)

I_nstruc— Number of | Number of Flag CY Skip condition

tion Do Do words cycles

code [1]ofofs[s]ofo]o]of1]z[2[6[1]s6| 1 : :

Opera-  (A) « (P1) Grouping:  Input/Output operation

tion: 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)

:ir;sr:ruc— Ds Do Nlﬁ)?g; of Nl:;;g:;m Flag CY Skip condition
cde [1]oJofs]1[ofo]o]z]o]2[2]6]2]6| 4 1 : :
Opera- (A) < (P2) Grouping:  Input/Output operation

tion:

Description: Transfers the input of port P2 to the register A.

IAP3 (Input Accumulator from port P3)

:ir:)sr:ruc— 0o 5o Nlt::)t:s; of NuCr;cblggof Flag CY Skip condition
e [t[oo[TA[e[o[e[t i [E e[ 1+ | 1 | - -
Opera- (A) < (P3) Grouping:  Input/Output operation

tion:

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

INY (INcrement register Y)

:ir:)sr:ruc— Do Do Nlﬁ)t:s; of NuCr;cbIg; of Flag CY Skip condition
cde [ofoJofofof1]o]oz]1]2[0]1]3]ss| 1 : =0
Opera- (Y) <« (Y)+1 Grouping: RAM addresses

tion:

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

LA n (Load n in Accumulator)

I_nstruc— Number of | Number of Flag CY Skip condition

tion Do Do words cycles

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

description

Opera-  (A) < n Grouping:  Arithmetic operation

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

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

I_nstruc— Number of | Number of Flag CY Skip condition

tion Do Do words cycles

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

description

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

tion: (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 instructions are continuously coded and executed,
only the first LXY instruction is executed and other LXY
instructions coded continuously are skipped.

LZ z (Load register Z with z)

I_nstruc— Number of | Number of Flag CY Skip condition

tion Do Do words cycles

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

Opera- (Z)«-zz=0t03 Grouping: RAM addresses

tion:

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

NOP (No OPeration)

lirgsr:ruc' 0o 5o Nmk;s; of NL:;;S:;O]( Flag CY Skip condition
e [o[o[o[olo[a[o[e[o]o]e[oo[e)s| 1+ | 1 | - -
Opera- (PC)« (PC)+1 Grouping:  Other operation

tion:

remain unchanged.

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

OPOA (Output port PO from Accumulator)

I_nstruc— Number of | Number of Flag CY Skip condition

tion Do Do words cycles

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

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

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

OP1A (Output port P1 from Accumulator)

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

tion:

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

OP2A (Output port P2 from Accumulator)

:ir:)sr:ruc— Ds Do Nlﬁ)t:s; of NuCr;cbIg; of Flag CY Skip condition
cde [1]oJofof1[ofo]o]z]o]2[2]2]2]6| 4 1 : :
Opera- (P2) < (A) Grouping:  Input/Output operation

tion:

Description: Outputs the contents of the register A to port P2.

OP3A (Output port P3 from Accumulator)

:ir:)sr:ruc— 5o 5o Nlﬁ)t:s;m NuCr;cblggof Flag CY Skip condition
ote [i[oTolo[eo[oo[t[2]e[2[2 B[ 1+ | 1 | - -
Opera- (P3) < (A) Grouping:  Input/Output operation

tion:

Description: Outputs the contents of the register A to port P3.

OR (logical OR between accumulator and memory)

I_nstruc— Number of | Number of Flag CY Skip condition

tion Do Do words cycles

cde [ofofoofos]s]o]o]1]o[0ft]of1s]| 4 1 - :

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

tion: Description: Takes the OR operation between the contents of register A
and the contents of M(DP), and stores the result in register
A.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

POF (Power OFf)

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

code [ofofofofofofo]o]s]o2[0[0]2]16| 4 1 : :
Opera- Transition to clock operating mode Grouping:  Other operation

tion:

Description:

Puts the system in clock operating mode by executing the
POF2 instruction after executing the EPOF instruction.

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

POF2 (Power OFf2)

I_nstruc— Number of | Number of Flag CY Skip condition

tion Do Do words cycles

cde [ofofofofofo[z]o]ofofz[0f0[B]16| . 1 : :

Qpera- Transition to RAM back-up mode Grouping:  Other operation

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

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

RAR (Rotate Accumulator Right)

I_nstruc— Number of | Number of Flag CY Skip condition

tion Do Do words cycles

code [ofofofofofs]s]a]of1[o[0f1[Pfse| 1 on :

Qpera— AsAzA1A0 Grouping:  Arithmetic operation

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

RB j (Reset Bit)

I_nstruc— Number of | Number of Flag CY Skip condition

tion Do Do words cycles

e [ofofofs]ofofr[]ifil2[o]4[Gss] . : :

Opera-  (Mj(DP)) «- 0 Grouping:  Bit operation

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

RBK (Reset Bank flag)

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

s [o[o[o[1[o[o[o[o]o]ole[o][0)e| 1 | 1 - -
Opera- When TABPp instruction is executed, ps — 0 Grouping:  Other operation

tion:

Description:

Sets referring data area to pages 0 to 63 when the TABPp
instruction is executed. This instruction is valid only for the
TABPp instruction.

Note: This instruction cannot be used in M3455AG8.
RC (Reset Carry flag)
I_nstruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code [ofofofofofofo1]1]ofz[0f0[6]s6| 1 0 :
Opera-  (CY) <0 Grouping:  Arithmetic operation
tion: Description: Clears (0) to carry flag CY.
RCP (Reset Port C)
I_nstruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code [1]of1[ofofo[s]s]ofof2[2[8[clss| . 1 : :
Opera- (C) <0 Grouping:  Input/Output operation
tion: Description: Clears (0) to port C.
RD (Reset port D specified by register Y)
I_nstruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code [ofofofofofs]o]s]ofofz[0f1[4]s6| 1 : :
Opera- (D(Y)) <0 Grouping:  Input/Output operation
tion: (Y)=0to 7 ——— - — -
Description: Clears (0) to a bit of port D specified by register Y.
Note: (Y)=0to 7.
Do not execute this instruction if values except above are
set to register Y.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

RT (ReTurn from subroutine)

I_nstruc— Number of | Number of Flag CY Skip condition

tion Do Do words cycles

code [ofofofs]ofoo]1]o]ofa[0]4]41s]| 4 2 : :

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

tion: (SP) <~ (SP) -1 Description: Returns from subroutine to the routine called the subrou-
tine.

RTI (ReTurn from Interrupt)

Instruc- Number of | Number of . -,

tion Do Do words cycles Flag CY Skip condition

cde |ofofojzfojojojs1]ofa[0]46i6]| 4 1 : :

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

tion: (SP)« (SP)-1

Description: Returns from interrupt service routine to main routine.

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

states just before interrupt.

RTS (ReTurn from subroutine and Skip)

:iT)Sr:ruc- Do Do le:)t:s; o ng;glggof Flag CY Skip condition
code |0‘0‘0‘1’0’0|0‘1‘0‘1‘2|0|4‘5‘16 1 2 - Skip at uncondition
Operation: Grouping:  Return operation

(PC) « (SK(SP))
(SP)«(SP) -1

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

RUPT (Reset UPT flag)

I_nstruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
wode [o[o[o[w[o[]1[o[o[ofo[0][e]s | s 1 - -
?pera— (UPTF) <0 Grouping:  Other operation
ion:
Description: Clears (0) to the high-order bit reference enable flag
UPTF.
Note: Even when the table reference instruction (TABP p) is exe-
cuted, the high-order 2 bits of ROM reference data is not
transferred to register D.
SB j (Set Bit)
I_nstruc- Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code S C
lofofolefofr]t]]i]ifo[o]5[Ghs| ! : :
Opera-  (Mj(DP)) « 1 Grouping:  Bit operation
tion: j=0t03 Description: Sets (1) the contents of bit j (bit specified by the value j in
the immediate field) of M(DP).
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

SBK (Set BanK flag)

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

code [ofofof1]ofofo]o]o]s]a[0[4]1]16| 4 1 : :
Opera-  When TABPp instruction is executed, ps 1 Grouping: Arithmetic Operation

tion:

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

Note: This instruction cannot be used in M3455AG8.
SC (Set Carry flag)
Instruc- Number of | Number of Flag CY Skio condition
tion Do Do words cycles g P
code [ofofofofofofo]a]s]s]2[0f0]7]se| 4 1 1 :
:_)pera— CY)«1 Grouping:  Arithmetic operation
ion:

Description: Sets (1) to carry flag CY.

SCP (Set Port C)

:E}S:UC' o, o Nlj;;?g; of Nl::r;g:;()f Flag CY Skip condition
e [s[o[[o[e[o[i[t o[t} [Z[e )|+ | 1 | - -
Opera- (C) <1 Grouping:  Input/Output operation

tion:

Description: Sets (1) to port C.

SD (Set port D specified by register Y)

Instruc- Number of | Number of | ki .
tion Do Do words cycles Flag CY Skip condition
code [o[o[oTo]o[ i o[i[o]s]o[0]]5]ss| 1 : _ .
Opera- (D(Y)) <1 Grouping:  Input/Output operation

tion: (Y)=0to 7

Description: Sets (1) to a bit of port D specified by register Y.

Note: (Y)=0to 7.
Do not execute this instruction if values except above are
set to register Y.
SEA n (Skip Equal, Accumulator with immediate data n)
I_nstruc- Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code olo|ojo|1|ofo|1|o|1]|2]|0|2]|5] 16 (A)=n
[o[oTo o]z o o] 1[0 x]o[0[2[5]s [ :
|O ‘ 0 ‘ 0 ‘ 1 ‘ 1 ‘ 1 | n ‘ n ‘ n ‘ n ‘2|0 | 7 ‘ n ‘16 Grouping: Comparison operation
— Description: Skips the next instruction when the contents of register A is
Qpe.ra- (Azan 15 equal to the value n in the immediate field.
tion: n=0to Executes the next instruction when the contents of register
Ais not equal to the value n in the immediate field.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

SEAM (Skip Equal, Accumulator with Memory)

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

[ofofofofsfo]of1]1]of2[0[2]6]1s 1 1 - (A) = (M(OP))
Opera- (A) = (M(DP)) ? Grouping:  Comparison operation
tion:

Description:

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

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

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

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

[o]ofofofa]z]s]o]o]of2[0]3]8]ss 1 1 - V10=0: (EXFO) = 1
Opera- V1o=0:(EXF0)=17? Grouping:  Interrupt operation
tion: (EXF0) « 0

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

Description:

When V1o = 0 : Clears (0) to the EXFO flag and skips the
next instruction when external O interrupt request flag
EXFO0 is “1”. When the EXFO flag is “0”, executes the next
instruction.

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

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

I_nstruc— Number of | Number of Flag CY Skip condition

tion Do Do words cycles

ot [[o[ofo[i[a[s[o[t[op[ols[As| 1 | 1 | - | Ezo0m-T

12 = 1: (INTO) = “H"
Opera- 112=0:(INT) ="L"? Grouping:  Interrupt operation
tion: ||112 : i SN:—)h: .H ? | reai 11 Description: When |12 = 0 : Skips the next instruction when the level of
(112 - bit 2 of the interrupt control register 11) INT pin is “L". Executes the next instruction when the level

of INT pin is “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 pin is “L".

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

I_nstruc— Number of | Number of Flag CY Skip condition

tion Do Do words cycles

cde [ofofo]ofofofoof1]1]a[0]0]s]s6| 1 : (P)=1

Opera- (P)=17 Grouping:  Other operation

tion: Description: Skips the next instruction when the P flag is “1”.
After skipping, the P flag remains unchanged.
Executes the next instruction when the P flag is “0".
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

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

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

[1[o]2]o]o]oofo]o]o]2[2]8]0]is 1 1 - V12=0: (T1F) = 1
Opera- V12=0:(T1F)=17? Grouping:  Timer operation
tion: (TIF) « 0

V12=1:SNZT1 = NOP
(V12 = bit 2 of interrupt control register V1)

Description: When V12 =0 : Clears (0) to the T1F flag and skips the

next instruction when timer 1 interrupt request flag T1F is
“1". When the T1F flag is “0,” executes the next instruction.
When V12 = 1 : This instruction is equivalent to the NOP

instruction.
SNZT2 (Skip if Non Zero condition of Timer 2 interrupt request flag)
I_nstruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code |1]of1]o]ofofo]ofof1]z[2[8]1]16| 4 1 - V13=0:(T2F) =1
Opera- V13=0:(T2F)=17? Grouping:  Timer operation
tion: (T2F) « 0

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

Description: When V13 =0 : Clears (0) to the T2F flag and skips the

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

instruction.
SNZT3 (Skip if Non Zero condition of Timer 3 interrupt request flag)
I_nstruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code|1]o[1]oofofo]o[1]ofz2[2[8]216| 4 1 - V20=0:(T3F) =1
Opera- V20=0:(T3F)=17? Grouping:  Timer operation
tion: (T3F) «0

V20=1:SNZT3 = NOP

Description: When V20 = 0 : Clears (0) to the T3F flag and skips the

next instruction when timer 3 interrupt request flag T3F is
“1". When the T3F flag is “0”, executes the next instruction.

When V20 = 1 : This instruction is equivalent to the NOP

instruction.

SNzVD (Skip if Non Zero condition of Voltage Detector flag)

I_nstruc— Number of | Number of Flag CY Skip condition

tion Do Do words cycles

code

[1[o]s]ofo]o[1]of1]0]2[2]8]AJie| 4 1 : V23=0: (VDR = 1

Qpera— (VDF) =172 Grouping:  Other operation

tion: Description: Skips the next instruction when voltage drop detection cir-
cuit flag VDF is “1”. Execute instruction when VDF is “0".
After skipping, the contents of VDF remains unchanged.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

SRST (System ReSet)

I_nstruc— Number of | Number of Flag CY Skip condition

tion Do Do words cycles

code [ofofofofofofo]ofof1[[0f0f1]16| 1 : :

Qpera— System reset Grouping:  Other operation

tion: Description: System reset occurs.

SUPT (Set UPT flag)

I_nstruc— Number of | Number of Flag CY Skip condition

tion Do Do words cycles

code [ofofofsfofs]s]ofof1]2[0[5[9fs6| . 1 : :

Opera-  (UPTF) <1 Grouping:  Other operation

tion: Description: Sets (1) to the high-order bit reference enable flag UPTF.
When the table reference instruction (TABP p) is executed,
the high-order 2 bits of ROM reference data is transferred
to the low-order 2 bits of register D.

SVDE (Set Voltage Detector Enable flag)

I_nstruc— Number of | Number of Flag CY Skip condition

tion Do Do words cycles

code [1]of1fofo[s]oo[1]1]2[2[0[3]s6| 1 : :

Opera- Voltage drop detection circuit valid at powerdown Grouping:  Other operation

tion: mode. 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.

SZB j (Skip if Zero, Bit)

I_nstruc— Number of | Number of Flag CY Skip condition

tion Do Do words cycles

wode[o[o[o[o[]ofo[o[i[iJo[0[2[i]s| s 1 _ P =0

j=0to 3

Opera-  (Mj(DP)) =07 Grouping:  Bit operation

tion: j=0t03 Description: Skips the next instruction when the contents of bit j (bit
specified by the value j in the immediate field) of M(DP) is
Q.
Executes the next instruction when the contents of bit j of
M(DP) is “1”.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

SZC (Skip if Zero, Carry flag )

:ir;sr:ruc— Do Do Nlﬁ::g; of Nl:;;g:;m Flag CY Skip condition
code [ofoJofof1fofs]a]s]1]z[0]2[Fls| 4 1 : =0
Opera- (CY)=07? Grouping:  Arithmetic operation

tion:

Description:

Skips the next instruction when the contents of carry flag
CY is “0".

After skipping, the CY flag remains unchanged.

Executes the next instruction when the contents of the CY
flag is “1".

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

:ir(l)sr:ruc— Do Do Nlﬁ)t:s; of NuCr;cbIg;of Flag CY Skip condition
cde [ofofofoz]oo]1]o]of2[0]2]416]| 2 : o) =0
|0|0‘0‘0|1|0|1|0|1‘1‘2|0|2|B‘16 Grouping:  Input/Output operation
— Description: Skips the next instruction when a bit of port D specified by
t(i)opne:ra- Ee)(z»o_tooé register Y is “0”. Executes the next instruction when the bit

Note:

is “1".

(Y)=0to 5.

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

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

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

cde [1]ofo]of1[1]ofofofol2[2]3]0fs6| 4 1 : :
Opera- (T17-T14) « (B) Grouping:  Timer operation

tion: (R17-R14) « (B)

(T13-Tlo) « (A)
(R13-R10) « (A)

Description:

Transfers the contents of register B to the high-order 4 bits
of timer 1 and timer 1 reload register R1. Transfers the
contents of register A to the low-order 4 bits of timer 1 and
timer 1 reload register R1.

T2AB (Transfer data to timer 2 and register R2L from Accumulator and register B)

Ipstruc- Number of | Number of Flag CY Skip condition
tion Do Do words cycles
wse [1]o]o]o]x]z]o]o]o]x][2[a[t][ s : _ _
Opera- (T27-T24) < (B) Grouping:  Timer operation
tion: ($22L7_F2RZL4) : (B) Description: Transfers the contents of register B to the high-order 4 bits
(R > RO% < A) A (T27-T24) of timer 2 and the high-order 4 bits (R2L7-R2L4)
( 3-R2L0) « (A) of timer 2 reload register R2L. Transfers the contents of
register A to the low-order 4 bits (T23-T20) of timer 2 and
the low-order 4 bits (R2L3—R2Lo) of timer 2 reload register
R2.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

T2HAB (Transfer data to register R2H from Accumulator and register B)

Instruc-

. Number of | Number of Flag CY Skip condition
tion Do Do words cycles

code [1]of1fofo[s]o]s]ofofz[2[0[4]s6| 1 : :
Opera- (R2H7-R2H4) « (B) Grouping:  Timer operation

tion: (R2H3-R2Ho) « (A)

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

of timer 2 and timer 2 reload 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)

:ir(l)sr:ruc— o, o, Nlﬁ)t:s; of NuCr;cbIg;of Flag CY Skip condition
ote [t[o[to[o[T[o[1[0[ o[8[ 1+ | 1 | - -
Opera- (T27-T20) « (R2L7-R2Lo) Grouping:  Timer operation

tion:

Description: Transfers the contents of reload register R2L to timer 2.

TAB (Transfer data to Accumulator from register B)

:ir(l)sr:ruc— Do Do Nlﬁ)t:s; of NuCr;cbIg; of Flag CY Skip condition
code [ofofofofofa]a]a]s]oa[0[1[Ese| 4 1 : :
Opera- (A) < (B) Grouping:  Register to register transfer

tion:

Description: Transfers the contents of register B to register A.

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

I_nstruc— Number of | Number of Flag CY Skip condition

tion Do Do words cycles

wode  []o[o[[x]]o[o[o[ofo[2[7[0]s | & 1 _ _

Qpera- (B) « (T17-T1a4) Grouping:  Timer operation

tion: (A) « (T1s-Tlo) Description: Transfers the high-order 4 bits (T17-T14) of timer 1 to reg-
ister B.
Transfers the low-order 4 bits (T13-T10) of timer 1 to regis-
ter A.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

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

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

code [1]ofofs[a]a]oofof1fo[2[7[1]16| . 1 : :
Opera- (B) « (T27-T24) Grouping:  Timer operation

tion: (A) « (T23-T20)

ister B.

Description: Transfers the high-order 4 bits (T27-T24) of timer 2 to reg-

Transfers the low-order 4 bits (T23-T20) of timer 2 to regis-

ter A.

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

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

code [ofofofofafofs]o]1]of2[0f2[Afe| . 1 : :
Opera- (B) < (E7-E4) Grouping:  Register to register transfer

tion: (A) « (E3—Eo)

Description: Transfers the high-order 4 bits (E7—E4) of register E to reg-
ister B, and low-order 4 bits of register E to register A.

TABP p (Transfer data to Accumulator and register B from Program memory in page p)

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

e [ofofs[oles[palesfeelerem]z [0 ] [r s | a g : :
Opera- (SP) <« (SP)+1 Grouping:  Arithmetic operation

tion: (SK(SP)) « (PC)

(PCH) «p

(PCL) « (DR2-DRo, A3-A0)

(B) « (ROM(PC))7-4

(A) « (ROM(PC))3-0

(UPTF) « 1
(DR1, DRo) « (ROM(PC))s, 8
(DR2) «- 0

(PC) « (SK(SP))

(SP) « (SP) -1

Description: Transfers bits 7 to 4 to register B and bits 3 to O to register A. These bits 7 to
0 are the ROM pattern in address (DR2 DR1 DRo A3 A2 A1 Ao)2 specified by
registers A and D in page p. When UPTF is 1, Transfers bits 9, 8 to the low-
order 2 bits (DR1, DRo) of register D, and “0” is stored to the least significant
bit (DR2) of register D.
When this instruction is executed, 1 stage of stack register (SK) is used.

Note:

p is 0 to 63 for M3455AG8, and p is 0 to 95 for M3455AGC.

When this instruction is executed, be careful not to over the stack because 1
stage of stack register is used.

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

I_nstruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code [fofo]ufufs]ofa]of1fa[2]7]s]s6| 4 1 : :
Opera-  (B) « (TPS7-TPS4) Grouping:  Timer operation
tion: (A) « (TPS3-TPS0) Description: Transfers the high-order 4 bits of prescaler to register B.
Transfers the low-order 4 bits of prescaler to register A.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TAD (Transfer data to Accumulator from register D)

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

code [ofofofs]o[s]ofofof1[z[0f5[1]s6| . 1 : :
Opera-  (A2-Ao) < (DR2-DRo) Grouping:  Register to register transfer

tion: (A3) «0

(A2—-Ao) of register A.
“0” is stored to the bit 3 (A3) of register A.

Description: Transfers the contents of register D to the low-order 3 bits

TAIL (Transfer data to Accumulator from register 11)

:ir:)sr:ruc— 0o 5o Nlt::)t:s; of NuCr;cblggof Flag CY Skip condition
ote [io[oli[oi[o[o[t ][5 B[ 1+ | 1 | - -
Opera- (A) « (11) Grouping:  Interrupt operation

tion:

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

TAKO (Transfer data to Accumulator from register K0)

:ir:)sr:ruc— 5o 5o Nlt::)t:s; of NuCr;cblggof Flag CY Skip condition
ote [i[o[o[i [0 [0 [t o[5S | 1 | - -
Opera- (A) « (KO0) Grouping:  Input/Output operation

tion:

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

TAK1 (Transfer data to Accumulator from register K1)

I_nstruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code [s]ofofsofs]a]o]o]1]o[2]5]0f16]| 4 1 : :
Opera-  (A) « (K1) Grouping:  Input/Output operation
tion: Description: Transfers the contents of key-on wakeup control register
K1 to register A.
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455A Group

MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TAK2 (Transfer data to Accumulator from register K2)

:ir;sr:ruc— 0o 5o Nlﬁﬁg; of ng;g:;m Flag CY Skip condition
ote [i[oTo[i[oi[eo[t]ole 2[5 Al [ 1+ | 1 | - -
Opera- (A) < (K2) Grouping:  Input/Output operation

tion:

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

TAK3 (Transfer data to Accumulator from register K3)

:ir:)sr:ruc— 0o 5o Nlt::)t:s; of NuCr;cblggof Flag CY Skip condition
ote [i[o[oli[o[[e[o[t[2 ][5+ | 1 | - -
Opera- (A) « (K3) Grouping:  Input/Output operation

tion:

Description: Transfers the contents of key-on wakeup control register
K3 to register A.

TAL1 (Transfer data to Accumulator from register L1)

I_nstruc— Number of | Number of Flag CY Skip condition

tion Do Do words cycles

code [1]ofofsfofo[s]o]1]of2[2[4[Afse| . 1 : :

Opera-  (A) « (L1) Grouping:  LCD operation

tion: Description: Transfers the contents of LCD control register L1 to regis-
ter A.

j (Transfer data to Accumulator from Memor

TAM | (T! fer data to A lator f M \

I_nstruc— Number of | Number of Flag CY Skip condition

tion Do Do words cycles

code [afofafsfofolifiifi]o[2[c[ifse| 1 : :

Opera-  (A) <~ (M(DP)) Grouping: RAM to register transfer

tion: ()9 (;_t ()1()5EXOR(J) Description: After transferring the contents of M(DP) to register A, an

|=01 exclusive OR operation is performed between register X
and the value j in the immediate field, and stores the result
in register X.
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455A Group

MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TAMR (Transfer data to Accumulator from register MR)

I_nstruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code
[t[ofo[z]o]s]ofof1]of2[2]5]2]16| 1 1 : :
Opera-  (A) < (MR) Grouping:  Clock operation
tion: Description: Transfers the contents of clock control register MR to reg-
ister A.
TAPUO (Transfer data to Accumulator from register PUO)
I_nstruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code
[t[ofofs]o]s]ofa[s]1]2[2][5]7]16| 1 1 : :
Opera-  (A) < (PUO) Grouping:  Input/Output operation
tion: Description: Transfers the contents of pull-up control register PUO to
register A.
TAPUL1 (Transfer data to Accumulator from register PU1)
I_nstruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code
[t[ofofs]o]a]a]s[s]of2[2]5]Ef1e| 4 1 : :
Opera-  (A) « (PU1) Grouping:  Input/Output operation
tion: Description: Transfers the contents of pull-up control register PU1 to
register A.
TAPU2 (Transfer data to Accumulator from register PU2)
I_nstruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code
[t[ofofs]o]a]afa[s]s]2[2][5]Fl1e| 1 1 : :
Opera-  (A) « (PU2) Grouping:  Input/Output operation
tion: Description: Transfers the contents of pull-up control register PU2 to
register A.
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455A Group

MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TAPU3 (Transfer data to Accumulator from register PU3)

I_nstruc— Number of | Number of Flag CY Skip condition

tion Do Do words cycles

code [1]ofofsfofa]s]a]of1[o[2[5[Pfse| . 1 : :

Opera-  (A) < (PU3) Grouping:  Input/Output operation

tion: Description: Transfers the contents of pull-up control register PU3 to
register A.

TASP (Transfer data to Accumulator from Stack Pointer)

I_nstruc— Number of | Number of Flag CY Skip condition

tion Do Do words cycles

code [ofofofsfo[s]oo]ofofz[0[s[0fse| . 1 : :

Opera-  (A2-Ao) < (SP2-SPo) Grouping:  Register to register transfer

tion: (A3) «0

Description: Transfers the contents of stack pointer (SP) to the low-
order 3 bits (A2—Ao) of register A.
“0” is stored to the bit 3 (A3) of register A.

TAV1 (Transfer data to Accumulator from register V1)

I_nstruc— Number of | Number of Flag CY Skip condition

tion Do Do words cycles

code [ofofofsfo[s]o]s]ofofz[0[5[4]s6| 1 : :

Opera-  (A) « (V1) Grouping:  Interrupt operation

tion: Description: Transfers the contents of interrupt control register V1 to
register A.

TAV2 (Transfer data to Accumulator from register V2)

I_nstruc— Number of | Number of Flag CY Skip condition

tion Do Do words cycles

code [ofofofsfofs]o]a]of1]z[0f5[s]se| 4 1 : :

Opera-  (A) < (V2) Grouping:  Interrupt operation

tion: Description: Transfers the contents of interrupt control register V2 to
register A.
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455A Group

MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TAW1 (Transfer data to Accumulator from register W1)

I_nstruc— Number of | Number of Flag CY Skip condition

tion Do Do words cycles

code [1]ofofsfofofs]of1]1[z[2[4[Bl16| . 1 : :

Opera-  (A) < (W1) Grouping:  Timer operation

tion: Description: Transfers the contents of timer control register W1 to regis-
ter A.

TAW2 (Transfer data to Accumulator from register W2)

I_nstruc— Number of | Number of Flag CY Skip condition

tion Do Do words cycles

code [1]ofofsfofo[s]a]ofof2[2[4[clse| . 1 : :

Qpera— (A) « (W2) Grouping:  Timer operation

tion: Description: Transfers the contents of timer control register W2 to regis-
ter A.

TAWS3 (Transfer data to Accumulator from register W3)

I_nstruc- Number of | Number of Flag CY Skip condition

tion Do Do words cycles

code [1]ofofsfofofs]a]of1]z[2[4[Pfse| . 1 : :

Opera-  (A) < (W3) Grouping:  Timer operation

tion: Description: Transfers the contents of timer control register W3 to regis-
ter A.

TAWA4 (Transfer data to Accumulator from register W4)

Ipstruc- Number of | Number of Flag CY Skip condition

tion Dg Do words cycles

code [1]ofofsfofofs]a]1]of2[2[4[Efse| . 1 : :

Opera-  (A) < (W4) Grouping:  Timer operation

tion: Description: Transfers the contents of timer control register W4 to regis-
ter A.

TAWS (Transfer data to Accumulator from register W5)

I_nstruc- Number of | Number of Flag CY Skip condition

tion Do Do words cycles

code [a]ofofsfojojrrr]r]a[2]4|Flie]| 4 1 : :

Opera-  (A) < (W5) Grouping:  Timer operation

tion: Description: Transfers the contents of timer control register W5 to regis-
ter A.

Rev.1.01 Feb 15, 2008 Page 110 of 146 .IENESAS

REJ03B0224-0101



455A Group

MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TAX (Transfer data to Accumulator from register X)

Instruc- Number of Number of

tion Do Do words cycles Flag CY Skip condition

code |0‘0‘0‘1‘0‘1|0‘0‘1‘0‘2|0|5‘2‘16 1 1 - B

Opera- (A) « (X)

Grouping:  Register to register transfer
tion:

Description: Transfers the contents of register X to register A.

TAY (Transfer data to Accumulator from register Y)

Instruc- Number of Number of

tion Do Do words cycles Flag CY Skip condition

code |o‘o‘0‘0‘0‘1|1‘1‘1‘1‘2|0|1‘F‘16 1 1 ; ]

Opera- (A) « (Y)

Grouping:  Register to register transfer
tion:

Description: Transfers the contents of register Y to register A.

TAZ (Transfer data to Accumulator from register Z)

Instruc- Number of Number of

tion Do Do words cycles Flag CY Skip condition

code |0‘0‘0‘1‘0‘1|0‘0‘1‘1‘2|0|5‘3‘16 1 1 - ;

Opera- (A1, Ao) « (Z1, Zo)

Grouping:  Register to register transfer
tion: (A3, A2) « 0

Description: Transfers the contents of register Z to the low-order 2 bits
(A1, Ao) of register A. “0” is stored to the high-order 2 bits
(A3, A2) of register A.

TBA (Transfer data to register B from Accumulator)

Instruc- Number of Number of

tion Do Do words cycles Flag CY Skip condition

code |o‘o‘0‘0‘0‘0|l‘l‘1‘0‘2|0|0‘E‘16 1 1 - R

Opera- (B) « (A)

Grouping:  Register to register transfer
tion:

Description: Transfers the contents of register A to register B.
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455A Group

MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TC1A (Transfer data to register C1 from Accumulator)

Instruc-

. Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code [1]ofsfofa]ofs]o]ofof2[2[A[B]16| . 1 : :
Opera-  (C1) < (A) Grouping:  LCD control operation
tion: Description: Transfers the contents of register A to the LCD control reg-
ister C1.
TC2A (Transfer data to register C2 from Accumulator)
I_nstruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code [1]of1fofa]ofz]ofof1]2[2[A[9f16| . 1 : :
Opera-  (C2) < (A) Grouping:  LCD control operation
tion: Description: Transfers the contents of register A to the LCD control reg-
ister C2.
TC3A (Transfer data to register C3 from Accumulator)
I_nstruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code [1]ofofofs]ofo]s]1]ofz[2[2[6]s6| 1 : :
Opera-  (C3) < (A) Grouping:  LCD control operation
tion: Description: Transfers the contents of register A to the LCD control reg-
ister C3.
TDA (Transfer data to register D from Accumulator)
I_nstruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code [ofofofofsfofs]o]of1]z[0f2[9fs6| 1 : :
Opera-  (DR2-DRo) « (A2-A0) Grouping:  Register to register transfer
tion: Description: Transfers the contents of the low-order 3 bits (A2—Ao) of
register A to register D.
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455A Group

MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

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

Instruc-

. Number of | Number of Flag CY Skip condition
tion Do Do words cycles

code [ofoJofofof1]1]ofz]ofz[0]t]Afss| 4 1 : :
Opera- (E7-E4) < (B) Grouping:  Register to register transfer

tion: (E3-E0) « (A)

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

(E3-Eo) of register E, and the contents of register A to the

low-order 4 bits (E3—Eo) of register E.

TFROA (Transfer data to register FRO from Accumulator)

Instruc-

tion 0o 5o Nlt::)t:s; of NuCr;cblggof Flag CY Skip condition
ote [i[o[olo[e[o[eo[o]ole 22 B[ 1+ | 1 | - -
Opera- (FRO) « (A) Grouping:  Input/Output operation

tion:

control register FRO.

Description: Transfers the contents of register A to port output structure

TFR1A (Transfer data to register FR1 from Accumulato

n

:ir:)sr:ruc— 5o 5o Nlﬁ)t:s;m NuCr;cblggof Flag CY Skip condition
ote [i[oTolo[t[o[e o[22 2| 1+ | 1 | - -
Opera- (FR1) < (A) Grouping:  Input/Output operation

tion:

Description: Transfers the contents of register A to port output structure
control register FR1.

TFR2A (Transfer data to register FR2 from Accumulator)

I_nstruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code [1]ofofofs]o[s]o]1]of2[2[2[Afe| . 1 : :
Opera-  (FR2) « (A) Grouping:  Input/Output operation
tion: Description: Transfers the contents of register A to port output structure
control register FR2.
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455A Group

MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TFR3A (Transfer data to register FR3 from Accumulator)

:ir;sr:ruc— 0o 5o Nlﬁ::g; of Nl::r;]é)lzgof Flag CY Skip condition
ote [ioTolo[e o[t o[t 2] [2[E e[ 1+ | 1 | - -
Opera- (FR3) < (A) Grouping:  Input/Output operation

tion:

control register FR3.

Description: Transfers the contents of register A to port output structure

TI1A (Transfer data to register 11 from Accumulator)

:ir:)sr:ruc— 0o 5o Nlﬁ)t:s;m NuCr;cblzgof Flag CY Skip condition
ote [i[o[olo[o[T[o[I[t[2]e[2[T[ e 1+ | 1 | - -
Opera- (1) < (A) Grouping:  Interrupt operation

tion:

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

TKOA (Transfer data to register KO from Accumulator)

:ir:)sr:ruc— 5o 5o Nlﬁ)t:s;m NuCr;cblzgof Flag CY Skip condition
e [t[o[o[o o[t [e[t s [EiE)s| 1 | 1 | - -
Opera- (KO) « (A) Grouping:  Input/Output operation

tion:

Description: Transfers the contents of register A to key-on wakeup con-
trol register KO.

TK1A (Transfer data to register K1 from Accumulator)

I_nstruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code [t]ofofoos]o1]o]of2[2]t]4]1s]| 4 1 : :
Opera- (K1) « (A) Grouping:  Input/Output operation
tion: Description: Transfers the contents of register A to key-on wakeup con-
trol register K1.
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455A Group

MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TK2A (Transfer data to register K2 from Accumulator)

:ir;sr:ruc— 0o 5o Nlﬁ)?g;m ng;g:;m Flag CY Skip condition
ote [io[olo[o[i[o[1[o[2}e[2[T e[ 1+ | 1 | - -
Opera- (K2) < (A) Grouping:  Input/Output operation

tion:

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

TK3A (Transfer data to register K3 from Accumulator)

:ir:)sr:ruc— 0o 5o Nlﬁ)t:s;m NuCr;cblggof Flag CY Skip condition
ote [i[oTolo[e[o[t[[o]0le[2[Z[ | 1+ | 1 | - -
Opera- (K3) < (A) Grouping:  Input/Output operation

tion:

Description: Transfers the contents of register A to key-on wakeup con-
trol register K3.

TL1A (Transfer data to register L1 from Accumulator)

I_nstruc— Number of | Number of Flag CY Skip condition

tion Do Do words cycles

code [1]ofofofofo[s]o]1]of2[2[0[Afse| . 1 : :

Opera-  (L1) < (A) Grouping:  LCD control operation

tion: Description: Transfers the contents of register A to the LCD control reg-
ister L1.

TL2A (Transfer data to register L2 from Accumulator)

I_nstruc— Number of | Number of Flag CY Skip condition

tion Do Do words cycles

code [1]ofofofofofs]o]1]1][2[0[Bl16| . 1 : :

Opera-  (L2) « (A) Grouping:  LCD control operation

tion: Description: Transfers the contents of register A to the LCD control reg-
ister L2.
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455A Group

MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TL3A (Transfer data to register L3 from Accumulator)

:ir;sr:ruc— 0o 5o Nlﬁﬁg; of ng;g:;m Flag CY Skip condition
ote [i[oTolo[o[o[t[z[o]ole[2[ e[ 1+ | 1 | - -
Opera- (L3) « (A) Grouping:  LCD control operation

tion:

ister L3.

Description: Transfers the contents of register A to the LCD control reg-

TLCA (Transfer data to timer LC and register RLC from Accumulator)

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

code [1]ofofofofofs]s]of1][2[0[Pfss| . 1 : :
Opera- (LC) « (A) Grouping:  Timer control operation

tion: (RLC) « (A)

register RLC.

Description: Transfers the contents of register A to timer LC and reload

TMA j (Transfer data to Memory from Accumulator)

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

code [afofafofafaliliii]o[2[B[ifse| 1 : :
Opera-  (M(DP)) « (A) Grouping: RAM to register transfer

tion: (X) « (X)EXOR(j)

j=0to 15

Description: After transferring the contents of register A to M(DP), an
exclusive OR operation is performed between register X
and the value j in the immediate field, and stores the result

in register X.
TMRA (Transfer data to register MR from Accumulator)
Instruc- Number of | Number of Flag CY Skio condition
tion Do Do words cycles g P
code [1]ofofofofs]o]a]1]of2[2[1]6]s6| 1 : :
Opera-  (MR) « (A) Grouping:  Clock operation
tion: Description: Transfers the contents of register A to clock control register
MR.
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455A Group

MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TPAA (Transfer data to register PA from Accumulator)

:ir;sr:ruc— 0o 5o Nlﬁﬁg; of ng;g:;m Flag CY Skip condition
cote [ioTelo[e o[t o[e]ole[2[A Rl 1+ | 1 | - -
Opera-  (PA0) <« (Ao) Grouping:  Timer operation

tion:

control register PA.

Description: Transfers the least significant bit of register A (Ao) to timer

TPSAB (Transfer data to Pre-Scaler and register RPS f

rom Accumulator and register B)

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

code [1]ofofofa]a]os]of1]2[2[3[5]se| . 1 : :
Opera- (RPS7-RPS4) « (B) Grouping:  Timer operation

tion: (TPS7-TPS4) « (B)

(RPS3-RPSo) « (A)
(TPS3-TPS0) « (A)

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

of prescaler and prescaler reload register RPS. Transfers

the contents of register A to the low-order 4 bits of

prescaler and prescaler reload register RPS.

TPUOA (Transfer data to register PUO from Accumulator)

Instruc-

: Number of Number of Flag CY Skip condition

tion Do Do words cycles

ot [a[o[o[o[s[o[s[1[o[1]o[z[2[0he[ : | 1 | - -

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

tion: Description: Transfers the contents of register A to pull-up control regis-
ter PUO.

TPU1A (Transfer data to register PU1 from Accumulator)

I_nstruc— Number of Number of Flag CY Skip condition

tion Do Do words cycles

cde [1]oJofof1[of1]1]z]o]2[2]2[Efss| 4 1 : -

Opera-  (PU1) « (A) Grouping:  Input/Output operation

tion: Description: Transfers the contents of register A to pull-up control regis-
ter PUL.
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455A Group

MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TPU2A (Transfer data to register PU2 from Accumulator)

I_nstruc— Number of | Number of Flag CY Skip condition

tion Do Do words cycles

code [1]ofofofafofs]a]a]1]o[2[2[Fl1e| . 1 : :

Opera-  (PU2) < (A) Grouping:  Input/Output operation

tion: Description: Transfers the contents of register A to pull-up control regis-
ter PU2.

TPU3A (Transfer data to register PU3 from Accumulator)

I_nstruc— Number of | Number of Flag CY Skip condition

tion Do Do words cycles

code [1]ofofofofo[z]o]ofofz[2[0[8]s6| . 1 : :

Opera- (PU3) « (A) Grouping:  Input/Output operation

tion:

Description: Transfers the contents of register A to pull-up control regis-
ter PU3.

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

Instruc-

. Number of | Number of Flag CY Skip condition
tion Do Do words cycles

wte [i[o[ofo[s[a[i[e[s]2]:[2[a[Fhs| 1 | 1 | - -
Opera- (R17-R14) < (B) Grouping:  Timer control operation

tion: (R13-R1o) « (A)

Description: Transfers the contents of register B to the high-order 4 bits
(R17-R14) of timer 1 reload register R1, and the contents
of register A to the low-order 4 bits (R13—R10) of timer 1
reload register R1.

TRGA (Transfer data to register RG from Accumulator)

I_nstruc— Number of | Number of Flag CY Skip condition

tion Do Do words cycles

code [1]ofofofofo[s]o]of1]2[2[0[9fs6| 1 : :

Opera-  (RG2-RGo) « (A2-Ad) Grouping:  Clock control operation

tion: Description: Transfers the contents of register A to register RG.
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455A Group

MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TV1A (Transfer data to register V1 from Accumulator)

Instruc-

. Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code [ofofofofafafa]a]afafo[0[3[Flse| . 1 : :
Opera- (V1) < (A) Grouping:  Interrupt operation
tion: Description: Transfers the contents of register A to interrupt control reg-
ister V1.
TV2A (Transfer data to register V2 from Accumulator)
I_nstruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code [ofofofofafa]s]a]a]ofo[0[3[Efse| . 1 : :
Opera-  (V2) < (A) Grouping:  Interrupt operation
tion: Description: Transfers the contents of register A to interrupt control reg-
ister V2.
TWI1A (Transfer data to register W1 from Accumulator)
I_nstruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code [1]ofofofofo[s]a]1]of2[2[0[Efse| . 1 : :
Opera-  (W1) < (A) Grouping:  Timer operation
tion: Description: Transfers the contents of register A to timer control register
W1.
TW2A (Transfer data to register W2 from Accumulator)
I_nstruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code [1]ofofofofofs]a]a]1]z[2[0[F|se| . 1 : :
Opera-  (W2) « (A) Grouping:  Timer operation
tion: Description: Transfers the contents of register A to timer control register
w2.
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455A Group

MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TWS3A (Transfer data to register W3 from Accumulator)

:ir;sr:ruc— 0o 5o Nlﬁﬁg; of ng;g:;m Flag CY Skip condition
ote [i[oTolo[o[i[olo[olole[2[T o[ 1+ | 1 | - -
Opera- (W3) < (A) Grouping:  Timer operation

tion:

Description:

Transfers the contents of register A to timer control register
W3.

TWA4A (Transfer data to register W4 from Accumulator)

;ir;sr:ruc- oo o Nlmt:s;of NL:;(E)Ig;of Flag CY Skip condition
N RO OO B OO O B T R — -
Opera-  (W4) < (A) Grouping:  Timer operation

tion:

Description:

Transfers the contents of register A to timer control register
W4,

TWH5A (Transfer data to register W5 from Accumulator)

:iT)Sr:ruc- o, o le:)t:s; of ng/gg;o}( Flag CY Skip condition
cote [s[o[a[o[a[i[o[o]i[o [Z[i[2}s[ = | 1 | - -
Qpera— (W5) « (A) Grouping:  Timer operation

tion:

Description:

Transfers the contents of register A to timer control register
WS5.

TYA (Transfer data to register Y from Accumulator)

:ir:)sr:ruc— Ds Do Nlﬁ)t:s; of NuCr;cbIg;of Flag CY Skip condition
e [Q[OTo[o oo [0l [ 1 | & | -
Opera- (Y) < (A) Grouping:  Register to register transfer

tion:

Description:

Transfers the contents of register A to register Y.

WRST (Watchdog timer ReSeT)

I_nstruc— Number of | Number of Flag CY Skip condition

tion Do Do words cycles

code [1]of1fofs]ofo]o]ofof2[2[Af0fs6| . 1 : WDFD) = 1

Opera- (WDF1)=17? Grouping:  Other operation

tion: (WDF1) <0 Description: Clears (0) to the WDF1 flag and skips the next instruction
when watchdog timer flag WDF1 is “1”. When the WDF1
flag is “0”, executes the next instruction. Also, stops the
watchdog timer function when executing the WRST
instruction immediately after the DWDT instruction.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

XAM j (eXchange Accumulator and Memory data)

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

code [afofafafofalilili[i]o[2[o[ifse| 1 : :
Opera-  (A) < — (M(DP)) Grouping: RAM to register transfer

tion: (X) « (X)EXOR(j)

j=0to015

Description:

After exchanging the contents of M(DP) with the contents
of register A, an exclusive OR operation is performed
between register X and the value j in the immediate field,
and stores the result in register X.

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

I_nstruc— Number of | Number of Flag CY Skip condition

tion Do Do words cycles

COde . . . . .
[efofefefefe[ififififa[2]F]ifse] 1 : =15

Opera-  (A) <~ — (M(DP)) Grouping:  RAM to register transfer

tion: ()E) 0<_ (>1()5EXOR(J) Description: After exchanging the contents of M(DP) with the contents
1=0to of register A, an exclusive OR operation is performed
MeM-1

between register X and the value j in the immediate field,
and stores the result in register X.

Subtracts 1 from the contents of register Y.

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

XAMI j (eXchange Accumulator and Memory data and Increment register Y and skip)

I_nstruc— Number of | Number of Flag CY Skip condition
tion Do Do words cycles
code [afofsfefafofiilililo[2]E]ijs] 4 1 : =0
Opera-  (A) <~ — (M(DP)) Grouping: RAM to register transfer
tion: ()E) 0<_ (>1()5EXOR(J) Description: After exchanging the contents of M(DP) with the contents
J; toY +1 of register A, an exclusive OR operation is performed
M <M between register X and the value j in the immediate field,
and stores the result in register X.
Adds 1 to the contents of register Y. As a result of addition,
when the contents of register Y is 0, the next instruction is
skipped. When the contents of register Y is not 0, the next
instruction is executed.
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MACHINE INSTRUCTIONS (INDEX BY TYPES)

Instruction code

Para 5 5
meter 5 958
Mnemonic Hexadecim |2 5|2 Function
Type of D9 Dg D7 De Ds D4 D3 D2 Di Do . E 3 ER
instructi al notation |3 S
ons =z =z
TAB 0O 0o 0o 0o 0 1 1 1 1 0|0 1 E|1 1 |(A)« (B)
TBA 0O 0 0 0O OO 1 1 1 0|0 0 E|1 1 | (B)« (A
TAY o 0o o o 0 1 1 1 1 10 1 F|1 1 | (A)«(Y)
TYA 0O 0 0 O OO1 121 0 0|0 0 C|1 1 (YY)« (A
_ TEAB 0O 0 0 0OO1 121 0 1 0|0 1 A1 1 | (E7-E4) « (B)
Q£ (E3—Eo0) « (A)
= TABE 0O 0 0 0O1 01 0 1 0|0 2 A|1 1 | (B) « (E7-E4)
_Pz’, (A) « (E3—Eo)
g
5 TDA o o o o1 0 1 0 0 120 2 9|1 1 | (DR2-DRo) « (A2—-Ao0)
@
o TAD o 0o 01 0 1 0 O O 1|0 5 1|1 1 |(A2-Ao) < (DR2-DRuo)
(o))
) (A3) « 0
14
TAZ 0O 0 01 012 0 O 1 1|0 5 3|1 1 | (A1, Ao) < (Z1, Zo)
(A3, A2) « 0
TAX 0O 0 01 012 0 0 1 0|0 5 2|1 1 |(A)« X
TASP 0O 0 01 01 0 O O O|0 5 0]1 1 | (A2-Ao) « (SP2-SPo)
(A3) « 0

LXY X,y 1 1 x3 x2 X1 X0 y3 y2 y1 yo|[3 x y | 1 1 |[(X)«xx=0to15
(Y)«<yy=0to15

LZz 0O 0 01 0 01 O 2z z0|{0 4 8|1 1 |(Z)«zz=0t0o3
+z

INY 0000 0 1 0 0 1 1[0 1 3|11 |MeM+1

RAM addresses

DEY 00 00 0 1 0 1 1 1|0 1 7|1]1|M<M-1

TAMj 1 0 1 1 0 0 | j j jl2 c jl1]1l®emop)
(X) « (X)EXOR(j)
j=0to15

XAM 1.0 1 1 0 1 j j j jl2 D j|1]1[@A)«<>MDP)
(X) « (X)EXOR(j)
j=0to15

XAMDj |1 0 1 1 1 1 | j j jl2 F j|l1]1|A)<MDP)
(X) « (X)EXOR(j)
j=0to 15
M<M-1

XAMI j 1.0 1 1 1 0 j j j jl2 E j|1]|1[@A)«<>MDP)
(X) « (X)EXOR(j)
j=0to15
)« (Y)+1
TMA | 1.0 1 0 1 1 j j j il2 B j|1]|1|mMMDP)<«(@®)
(X) « (X)EXOR(j)
j=0to15

RAM to register transfer
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Skip condition

Carry flag CY

Detailed description

Transfers the contents of register B to register A.
Transfers the contents of register A to register B.
Transfers the contents of register Y to register A.
Transfers the contents of register A to register Y.

Transfers the contents of register B to the high-order 4 bits (E3—Eo) of register E, and the contents of register
A to the low-order 4 bits (E3—Eo) of register E.

Transfers the high-order 4 bits (E7—E4) of register E to register B, and low-order 4 bits of register E to register
A.

Transfers the contents of the low-order 3 bits (A2—Ao) of register A to register D.

Transfers the contents of register D to the low-order 3 bits (A2—Ao) of register A.
“0" is stored to the bit 3 (A3) of register A.

Transfers the contents of register Z to the low-order 2 bits (A1, Ao) of register A.
“0” is stored to the high-order 2 bits (A3, A2) of register A.

Transfers the contents of register X to register A.

Transfers the contents of stack pointer (SP) to the low-order 3 bits (A2—Ao) of register A.
“0" is stored to the bit 3 (A3) of register A.

Continuous
description

=0

(Y)=15

Loads the value x in the immediate field to register X, and the value y in the immediate field to register Y.
When the LXY instructions are continuously coded and executed, only the first LXY instruction is executed
and other LXY instructions coded continuously are skipped.

Loads the value z in the immediate field to register Z.
Adds 1 to the contents of register Y. As a result of addition, when the contents of register Y is 0, the next
instruction is skipped. When the contents of register Y is not 0, the next instruction is executed.

Subtracts 1 from the contents of register Y. As a result of subtraction, when the contents of register Y is 15,
the next instruction is skipped. When the contents of register Y is not 15, the next instruction is executed.

(Y)=15

()=0

After transferring the contents of M(DP) to register A, an exclusive OR operation is performed between
register X and the value j in the immediate field, and stores the result in register X.

After exchanging the contents of M(DP) with the contents of register A, an exclusive OR operation is
performed between register X and the value j in the immediate field, and stores the result in register X.

After exchanging the contents of M(DP) with the contents of register A, an exclusive OR operation is
performed between register X and the value j in the immediate field, and stores the result in register X.
Subtracts 1 from the contents of register Y. As a result of subtraction, when the contents of register Y is 15,
the next instruction is skipped. When the contents of register Y is not 15, the next instruction is executed.

After exchanging the contents of M(DP) with the contents of register A, an exclusive OR operation is
performed between register X and the value j in the immediate field, and stores the result in register X.
Adds 1 to the contents of register Y. As a result of addition, when the contents of register Y is 0, the next
instruction is skipped. when the contents of register Y is not 0, the next instruction is executed.

After transferring the contents of register A to M(DP), an exclusive OR operation is performed between
register X and the value j in the immediate field, and stores the result in register X.
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MACHINE INSTRUCTIONS (INDEX BY TYPES) (continued)

Para Instruction code s s
meter ) 38 58 :
Mnemonic imle s|a6 Function
Type of Do Ds D7 Ds Ds Da Ds Dz D1 Do|iexadecim g glgg
instructi al notation | 3 S
ons z z
LAn 0O 0 01 2 2 n n n n|{0 7 n|1/|1]|A)«n
n=0to 15
TABP p 0O O 1 O ps p4 p3 p2 pr po|O0 8 p| 1 3 |(SP)«(SP)+1
+p (SK(SP)) « (PC)
(PCH) <« p (Note 1)
(PCL) « (DR2-DRo, A3-Ao)
(B) < (ROM(PC))7-4
(A) « (ROM(PC))3-0
(UPTF) =1
(DR1, DRo) <~ (ROM(PC))9, 8
(DR2) « 0
(PC) « (SK(SP))
(SP)« (SP) -1
AM 0O 0 0 0O 0O 0O1 0 1 0|J]O0O 0O A|12 1 |(A) « (A) + (M(DP))
c
2 AMC 0O 0 0 0 0O0O1 0 1 1|0 0 B|1 1 [(A) « (A) + (M(DP)) + (CY)
o
5 (CY) « Carry
g
-%—:An 0 0 01 12 0n n n n|{O0O 6 n|1]1 [A«<A+nN
£ n=0to 15
E=]
<
AND 0 000 0O 1 1 0 0 0|0 1 8|1 ] 1 [(A)<«(A)AND(M(DP)
OR 0o 0 0 0O0O1 12 0 0 1(0 1 9|1 1 |(A) « (A) OR (M(DP))
SC 0O 0 0 0O OO 0 1 12 1|0 0 7]|1|1]|(CY)«1
RC 0O 0 0 0 OO O1 12 0|0 O 6|]1|1]|CY)«O
SzC o o o o1 0 1 1 1 1|0 2 F|1|1]|CY)s=07?
CMA 00 00O 1 1 1 0 0|0 1 C|l1]|1]|A®
RAR 000001110101D11A3A2A1A0
SBj 0O 0 0 1 0 1 1 1 j jlO0O 5 C|1]| 1/ |(MDP)«1
+ j=0to3
5
= |RB] 0 0001 0 0 1 1 j jlo 4 c|1]|1/|WjDP)«o
@ 4 j=0to3
Q.
o
@ |[SZBj 0 0001 0 0 0 j jlo 2 j|l1]1]|mMmjDP)y=02
j=0to3
Note 1. M3455AG8: p=0 to 63 and M3455AGC: p=0 to 95.
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>_
O
(o))
Skip condition = Detailed description
)
g
O
Continuous — | Loads the value n in the immediate field to register A.
description When the LA instructions are continuously coded and executed, only the first LA instruction is executed and
other LA instructions coded continuously are skipped.

- — | Transfers bits 7 to 4 to register B and bits 3 to O to register A. These bits 7 to 0 are the ROM pattern in
address (DR2 DR1 DRo A3 A2 A1 Ao)2 specified by registers A and D in page p. When UPTF is 1, Transfers
bits 9, 8 to the low-order 2 bits (DR1, DRo) of register D, and “0” is stored to the least significant bit (DR2) of
register D.

When this instruction is executed, 1 stage of stack register (SK) is used.

- — | Adds the contents of M(DP) to register A. Stores the result in register A. The contents of carry flag CY
remains unchanged.

- 0/1 | Adds the contents of M(DP) and carry flag CY to register A. Stores the result in register A and carry flag CY.

Overflow =0 — | Adds the value n in the immediate field to register A, and stores a result in register A.
The contents of carry flag CY remains unchanged.
Skips the next instruction when there is no overflow as the result of operation.
Executes the next instruction when there is overflow as the result of operation.

- — | Takes the AND operation between the contents of register A and the contents of M(DP), and stores the result
in register A.

- — | Takes the OR operation between the contents of register A and the contents of M(DP), and stores the result
in register A.

- 1 | Sets (1) to carry flag CY.

- 0 |[Clears (0) to carry flag CY.

(CY)=0 — | Skips the next instruction when the contents of carry flag CY is “0". Executes the next instruction when the
contents of carry flag CY is “1”.
The contents of carry flag CY remains unchanged.

- — | Stores the one’s complement for register A's contents in register A.

- 0/1 | Rotates 1 bit of the contents of register A including the contents of carry flag CY to the right.

- — | Sets (1) the contents of bit j (bit specified by the value j in the immediate field) of M(DP).

- — | Clears (0) the contents of bit j (bit specified by the value j in the immediate field) of M(DP).

(Mj(DP)) =0 — | Skips the next instruction when the contents of bit j (bit specified by the value j in the immediate field) of
j=0to3 M(DP) is “0".
Executes the next instruction when the contents of bit j of M(DP) is “1”.
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MACHINE INSTRUCTIONS (INDEX BY TYPES) (continued)

Instruction code e
Para [S) [S)
meter 5959
Mnemonic Hexadecim |2 5|2 Function
Type of Do Ds D7 De Ds D4 D3 D2 Di Do . E 3 ER
instructi al notation | 3 S©
ons =z =z
SEAM 0O 0 0 02 0 0 1 121 0|0 2 6|1 1 |(A)=(M(DP))?
c
25
5% |SEAnN 0O 0 0 02 0 0 1 0 1|0 2 5|2 2 |[(A)=n?
go n=0to 15
o8
O
0O 0 01 1 12 n n n n|0 7 n
Ba 0O 1 1 a a a4 a3 a2 a1 ao|1 8 a | 1 1 | (PCL) « as—ao
+a
c BLp,a 0 0 1 1 1 p4 p3 p2 p1 po|0 E p| 2 2 | (PCH) «p (Note 1)
% +p (PCL) < as-ao
2
2 1 ps ps a6 as a4 a3 a2 ar a2 a a
(8]
§ BLA p 0O 0 0 0O O 1 00 O O|J]O 1 0f2 2 | (PCH) « p (Note 1)
@ (PCL) « (DR2-DRo, A3-Ao)
1 ps6 ps p4 0 O p3 p2 pr po|2 p p
BM a 0 1 0 a a a4 a3 a2 a1 ao|1 a a | 1 1 |(SP)«(SP)+1
(SK(SP)) « (PC)
(PCH) « 2
(PCL) « as-ao
c
il
©
5 BMLp,a [0 O 1 1 O ps4 p3 p2 pr po| 0 C p| 2 2 |(SP)« (SP)+1
) +p (SK(SP)) « (PC)
.GE) (PCH) <« p (Note 1)
5 1 ps ps a6 as a4 a3 a2 a1 ao| 2 a a (PCL) < as-ao
i)
a BMLA p 0O 0 0o 01211 0 O O O|JO 3 0} 2 2 |(SP)«(SP)+1
(SK(SP)) « (PC)
(PCH) < p (Note 1)
1 ps ps ps 0 0 p3 p2 pr po|2 p p (PCL) « (DR2—-DRo, A3—A0)
RTI 0O 0 01 o 0O O 1 121 0|0 4 6|1 1 |(PC) « (SK(SP))
(SP) « (SP)-1
c
ie]
©
“8’_ RT 0 001 0 0 0 1 0 0|0 4 4| 1] 2 [(PC)« (SK(SP))
pus (SP) « (SP)-1
3
¢ RTS 0O 0 01 o 0O 1 0 1|0 4 5|1 2 | (PC) « (SK(SP))
(SP) « (SP)-1
Note 1. M3455AG8: p=0 to 63 and pe=0, and M3455AGC: p=0 to 95.
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Skip condition

Carry flag CY

Detailed description

(A) = (M(DP))

(A)=n
n=0to 15

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

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

Branch within a page : Branches to address a in the identical page.

Branch out of a page : Branches to address a in page p.

Branch out of a page : Branches to address (DR2 DR1 DRo A3 A2 A1 Ao)2 specified by registers D and A in
page p.

Call the subroutine in page 2 : Calls the subroutine at address a in page 2.

Call the subroutine : Calls the subroutine at address a in page p.

Call the subroutine : Calls the subroutine at address (DR2 DR1 DRo A3 A2 A1 Ao)2 specified by registers D
and A in page p.

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
description of the LA/LXY instruction, register A and register B to the states just before interrupt.

Returns from subroutine to the routine called the subroutine.

Returns from subroutine to the routine called the subroutine, and skips the next instruction at uncondition.
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MACHINE INSTRUCTIONS (INDEX BY TYPES) (continued)

Instruction code — e
Para o o
meter i 538 50 '
Mnemonic imle =25 Function
Type of Do Dg D7 De Ds D4 D3 D2 Di Do Hexadef:lm 1S g IS %
instructi al notation |3 =
ons =z e
DI 0O 0 0o 0O O 0O O1 0O 0|0 0 41 1 |(INTE)« O
El 0O 0 0 O 0O OO1T 0 120 0 5|1 1 |(INTE)« 1
SNZ0 o 0 o 0111 0 0O 0|0 3 8|1 1 |Vio=0:(EXFO)=1?
(EXFO0) «- 0
V1o=1:SNZ0 = NOP
SNZIO 0o 0 o 01 1.1 0 1 0|0 3 A|1 1 [112=0:(INT)="L"?
S
©
o 112 =1: (INT) = “H"?
Qo
o
S TAV1 0O 0 o1 o1 0O 1 O 0|0 5 4|1 1 [(A)« (V1)
@
= TV1A o 0o o 0o 1 1 1 1 1 1|10 3 F|1 1 |(V1)« @A)
TAV2 0o 0 o1 o1 0O 1 O 1|0 5 5|1 1 [(A)« (V2)
TV2A o 0 o 01 11 1 1 0|0 3 E|1 1 [(V2)« (A
TAI1 1 0 0 1 0 1 0 O 1 12 5 3|1 1 |(A)« (1)
TI1A 1 0 0 0 01 0 1 1 12 1 7|1 1 (1) « (A
TPAA 10 1 0 1 O 1 O 1 0|2 A A|l1 1 [(PA) « (A)
TAW1 1 0 0 1 0 O 1 O 1 1|2 4 B|1 1 |(A) « (WD)
TWI1A 1 0 0 0 0O O0O1 1 121 0|2 0 E|1 1 [(W1) « (A
TAW2 1 0 0 1 0 0 1 1 0 0|2 4 C|1 1 [(A)« (W2
.5 TW2A 10 0 0 OO 1 1 1 12 0 F|1 1 | (W2)« (A)
©
g | TAW3 1 0 0 1 0 O 1 1 0 1|2 4 D|1 1 [(A) « (W3)
o
°E’ TW3A 1 0 0 0 01 0 O O Of|2 1 0]1 1 |(W3)« (A
s
TAW4 1 0 0 1 0 O 1 1 1 0|2 4 E|1 1 |(A) « (W)
TW4A 10 0 0 01 00 O 12 1 1|1 1 |(W4) « (A
TAWS 1 0 0 1 0 O 1 1 1 1|2 4 F|1 1 [(A) « (W5)
TW5A 10 0 0 O1 0 O 1 02 1 2|1 1 | (W5)« (A)
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Skip condition

Carry flag CY

Detailed description

V1o=0: (EXFO) =1

(INT) =“L"
However, 112 =0
(INT) =“H"

However, 112 =1

Clears (0) to interrupt enable flag INTE, and disables the interrupt.
Sets (1) to interrupt enable flag INTE, and enables the interrupt.

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

When V1o = 1 : This instruction is equivalent to the NOP instruction. (V1o: bit 0 of interrupt control register
V1)

When I12 = 0 : Skips the next instruction when the level of INT pin is “L". Executes the next instruction when
the level of INTO pin is “H".

When [12 = 1 : Skips the next instruction when the level of INT pin is “H”. Executes the next instruction when
the level of INTO pin is “L". (I112: bit 2 of interrupt control register 11)

Transfers the contents of interrupt control register V1 to register A.
Transfers the contents of register A to interrupt control register V1.
Transfers the contents of interrupt control register V2 to register A.
Transfers the contents of register A to interrupt control register V2.
Transfers the contents of interrupt control register I1 to register A.

Transfers the contents of register A to interrupt control register I1.

Transfers the contents of register A (Ao) to timer control register PA.
Transfers the contents of timer control register W1 to register A.
Transfers the contents of register A to timer control register W1.
Transfers the contents of timer control register W2 to register A.
Transfers the contents of register A to timer control register W2.
Transfers the contents of timer control register W3 to register A.
Transfers the contents of register A to timer control register W3.
Transfers the contents of timer control register W4 to register A.
Transfers the contents of register A to timer control register W4.
Transfers the contents of timer control register W5 to register A.

Transfers the contents of register A to timer control register W5.
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MACHINE INSTRUCTIONS (INDEX BY TYPES) (continued)

pPara Instruction code s s
meter _ 39 58 ,
Mnemonic iml2e =26 Function
Type of D9 Dg D7 De Ds D4 D3 D2 Di Do Hexadeqm £ g E%
instructi al notation | S S
ons =z =z
TABPS 1 0 0 1 1 1 0 1 0 1|2 7 5| 1| 1 [(B)« (TPS7-TPS4)
(A) « (TPS3-TPS0)
TPSAB 10 0 0 1 1 0 1 0 1|2 3 5| 1| 1 |[(RPS7-RPS4)« (B)
(TPS7-TPSa) « (B)
(RPS3-RPS0) < (A)
(TPS3-TPSo0) « (A)
TAB1 10 0 1 1 1 0 0 0 0|2 7 0|1/ 1 [(B)«(T17-Tla)
(A) « (T13-T1o)
T1AB 10 0 01 1 0 0 0 0|2 3 0|1/ 1 |[(R17-Rla)« (B)
(T17-T14) < (B)
(R13-R1o) « (A)
(T13-T1o) « (A)
TR1AB 1 0 0 0 1 1 1 1 1 12 3 F|1 1 | (R17-R14) « (B)
(R13-R1o) « (A)
TAB2 10 0 1 1 1 0 0 0 1|2 7 1|1 /|1 [(B)«(T27-T249)
(A) « (T23-T20)
c
% T2AB 10 0 0 1 1 0 0 0 1|2 3 1|1 | 1 |(R2L7-R2La)« (B)
5 (T27-T24) « (B)
3 (R2L3-R2L0) « (A)
E (T23-T20) < (A)
=
T2HAB 10 1 0 0 1 0 1 0 0|2 9 4|1 | 1 |[(R2H7-R2H4) <« (B)
(R2H3-R2Ho) « (A)
T2R2L 10 1 0 0 1 0 1 0 1|2 9 5|1 |1 [(T27)«(R2L)
TLCA 10 0 0 0 0 1 1 0 1|2 0 D| 1|1 [(RC)«(A)
(TLC) « (A)
SNZT1 1 0 1 0 0 0 O O O 02 8 O 1 1 |V12=0:(T1F)=17?
After skipping, (T1F) < 0
V12 =1: SNZT1=NOP
SNZT2 1 0 1. 0 0 0 0O OO 1|2 8 1|1 1 |V13=0:(T2F)=17?
After skipping, (T2F) « 0
V13 =1:SNZT2=NOP
SNZT3 1 0 1. 0 0 0 0 0 1 0|2 8 2|1 1 |V20=0:(T3F)=17?
After skipping, (T3F) « 0
V20 =1:SNZT3=NOP
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Skip condition

Carry flag CY

Detailed description

V12=0:(TIF)=1]| -

V13=0:(T2F)=1]| -

V20=0:(T3F) =1

Transfers the high-order 4 bits of prescaler to register B.
Transfers the low-order 4 bits of prescaler to register A.

Transfers the contents of register B to the high-order 4 bits of prescaler and prescaler reload register RPS.
Transfers the contents of register A to the low-order 4 bits of prescaler and prescaler reload register RPS.

Transfers the high-order 4 bits (T17-T14) of timer 1 to register B.
Transfers the low-order 4 bits (T13-T10) of timer 1 to register A.

Transfers the contents of register B to the high-order 4 bits of timer 1 and timer 1 reload register R1L.
Transfers the contents of register A to the low-order 4 bits of timer 1 and timer 1 reload register R1L.

Transfers the contents of register B to the high-order 4 bits (R17—R14) of reload register R1, and the contents
of register A to the low-order 4 bits (R13—R10) of reload register R1.

Transfers the high-order 4 bits (T27-T24) of timer 2 to register B.
Transfers the low-order 4 bits (T23-T20) of timer 2 to register A.

Transfers the contents of register B to the high-order 4 bits (R2L7—R2L4) of timer 2 and timer 2 reload register
R2L. Transfers the contents of register A to the low-order 4 bits (R2L3—-R2Lo) of timer 2 and timer 2 reload
register R2L.

Transfers the contents of register B to the high-order 4 bits (R2H7—R2Ha4) of timer 2 and timer 2 reload
register R2H. Transfers the contents of register A to the low-order 4 bits (R2H3-R2Ho) of timer 2 and timer 2
reload register R2H.

Transfers the contents of timer 2 reload register R2L to timer 2.

Transfers the contents of register A to timer LC and reload register RLC.

When V12 =0 : Clears (0) to the T1F flag and skips the next instruction when timer 1 interrupt request flag
T1F is “1". When the T1F flag is “0”, executes the next instruction.

When V12 = 1 : This instruction is equivalent to the NOP instruction.

(V12: bit 2 of interrupt control register V1)

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

When V13 = 1 : This instruction is equivalent to the NOP instruction.

(V13: bit 3 of interrupt control register V1)

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

When V20 = 1 : This instruction is equivalent to the NOP instruction.

(V2o0: bit O of interrupt control register V2)
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MACHINE INSTRUCTIONS (INDEX BY TYPES) (continued)

Instruction code w e
Para S) [S)
meter 5 958
Mnemonic Hexadecim |2 5|83 Function
Type of Do Dg D7 De Ds D4 D3 D2 Di Do . E 3 EZ
instructi al notation |3 S
ons =z =z
IAPO 1 0 0 1 1 0 O O O O|2 6 O0]12 1 |(A) « (PO)
OPOA 1 0 0 01 0 0O O O 0|2 2 0|12 1 | (PO) « (A)
IAP1 1 0 0 1. 1 0 O O O 1|2 6 1|1 1 |(A) « (P1)
OP1A 1 0 0 01 0 O O O 1|2 2 1|1 1 |(P1) « (A
IAP2 1 0 0 1.1 0 O O 1 0|2 6 2|1 1 |(A)« (P2
OP2A 1 0 0 01 00 O 1 0|2 2 2|1 1 | (P2) « (A
IAP3 1 0 0 1. 1 0 O O 1 1|2 6 3|1 1 |(A)« (P3)
OP3A 1 0 0 0O 1 O O O 1 1|2 2 3|1 1 | (P3)« (A
CLD o o o o o0 1 0 0 0 120 1 1|1 1 |D)«1
RD 0O 0 0o 0O 0O1 01 0 0|0 1 4|1 1 | (DY)« 0
(Y)=0to 7
SD O 0 0o 0O 0O1 01 0 1|0 1 5|1 1 | (DY)« 1
c (Y)=0to 7
'% SZD 0O 0 0o 0O 1. 001 O 0|0 2 4|2 2 [(D(Y)=0"7
o) (Y)=0to5
&
= 0 0 1 0 1 1/0 2 B
o
g RCP 0 1 0 0 8 1 1 |(C)«0
=
§- SCP 1 0 1 0 O O 1 1 0 1|2 8 DJ|1 1 |(C)«1
TFROA 1 0 0 01 0O 1 0O O 0|2 2 8|1 1 |(FRO) « (A)
TFR1A 1 0 0 01 01 0 O 1|2 2 9|1 1 | (FR1) « (A)
TFR2A 1 0 0 01 0 1 0 1 0|2 2 AJ|1 1 | (FR2) « (A)
TFR3A 1 0 0 01 0O 1 0o 1 1|2 2 BJ|1 1 |(FR3)« (A)
TAPUO 1 0 0 1. 0 1. 0 1 1 12 5 7|1 1 |(A) « (PUO)
TPUOA 1 0 0 01 0O 1 1 O 1|2 2 DJ|1 1 | (PUO) « (A)
TAPU1 1 0 0 1 0 1 1 1 1 0|2 5 E|1 1 |(A)« (PUL)
TPU1A 1 0 0 0O 1 0O 1 1 1 0|2 2 E|12 1 | (PUL) « (A)
TAPU2 1 0 0 1 0 1 1 1 1 1|2 5 F|1 1 |(A) « (PU2)
TPU2A 1 0 0 0O 1 O 1 1 1 1|2 2 F|1 1 |(PU2) « (A)
TAPU3 1 0 0 1 0 1 1 1 O 1|2 5 DJ|1 1 |(A) « (PU3)
TPU3A 1 0 0 0 0 0O1 0 O 0|2 0 8|1 1 | (PU3) « (A)
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Skip condition Detailed description

Carry flag CY

Transfers the input of port PO to register A.
- — | Outputs the contents of register A to port PO.
- — | Transfers the input of port P1 to register A.
- — | Outputs the contents of register A to port P1.

- — | Transfers the input of port P2 to the register A.

- — | Outputs the contents of the register A to port P2.
- — | Transfers the input of port P3 to the register A.
- — | Outputs the contents of the register A to port P3.
- — | Sets (1) to port D.

- — | Clears (0) to a bit of port D specified by register Y.

- — | Sets (1) to a bit of port D specified by register Y.

Y=0to4 when a bit of port D specified by register Y is “1”.

- — | Clears (0) to port C.

- — | Sets (1) to port C.

- — | Transfers the contents of register A to port output structure control register FRO.
- — | Transfers the contents of register A to port output structure control register FR1.
- — | Transfers the contents of register A to port output structure control register FR2.
— | Transfers the contents of register A to port output structure control register FR3.
- — | Transfers the contents of pull-up control register PUO to register A.

- — | Transfers the contents of register A to pull-up control register PUO.

- — | Transfers the contents of pull-up control register PU1 to register A.

- — | Transfers the contents of register A to pull-up control register PU1.

- — | Transfers the contents of pull-up control register PU2 to register A.

- — | Transfers the contents of register A to pull-up control register PU2.

- — | Transfers the contents of pull-up control register PU3 to register A.

- — | Transfers the contents of register A to pull-up control register PU3.

(D(Y))=0 — | Skips the next instruction when a bit of port D specified by register Y is “0”. Executes the next instruction
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MACHINE INSTRUCTIONS (INDEX BY TYPES) (continued)

Para Instruction code s s
meter Mnemonic . g g g§ Function
Type of Do Dg D7 Ds Ds Da D3 D2 D1 Do H;ﬁi?;%: § E §5‘
ons
TAKO 1 0 0 1 01 0 1 1 0|2 5 6|1 1 |(A) « (KO)
TKOA 10 0 0 0 1 1 0 1 1|2 1 B| 1| 1 |(KO)«(A)
§ TAK1 10 0 1 0 1 1 0 0 1|2 5 9|1 |1 [(A«(K
]
% TK1A 10 0 0 01 0 1 0 0|2 1 4|1 |1 |(KY)«®A
gl TAK2 10 0 1 0 1 1 0 1 0|2 5 A| 1|1 |(A)«(K2
% TK2A 10 0 0 0 1 0 1 0 1|2 1 5|11 [(K)«(A
c
"~ 1Ak 10 0 1 0 1 1 0 1 1|2 5 B| 1|1 |(A)«(K3
TK3A 10 0 01 0 1 1 0 0|2 2 C| 1|1 |(K3e(A
TALL 10 0 1 0 0 1 0 1 02 4 A|l1]|1|(A)@
TL1A 10 0 0 001 0 1 02 0 A|1 |1 |(LY)«®”
s |TL2A 10 0 0 0 0 1 0 1 1|2 0 B| 1|1 |«®
g TL3A 10 0 0 0 01 1 0 0|2 0 C|1 |1 |(LY«®A
o
§ TC1A 10 1 0 1 0 1 0 0 0|2 A 8|1 | 1]|(CH«®A
TC2A 10 1 0 1 0 1 0 0 1|2 A 9|1 |1]|Ce®
TC3A 10 0 01 0 0 1 1 0|2 2 6|1]|1]|Ch<®
S |TAMR 10 0 1 0 1 0 0 1 0|2 5 21| 1 |A)«(MR
g TMRA 10 0 0 01 0 1 1 0|2 1 6| 1|1 |(MR)«(A)
o
E TRGA 10 0 0 0 0 1 0 0 1|2 0 9|1/ 1 [(RG2-RGO)« (A2—A0)
(@)
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Skip condition

Carry flag CY

Detailed description

Transfers the contents of key-on wakeup control register KO to register A.
Transfers the contents of register A to key-on wakeup control register KO.
Transfers the contents of key-on wakeup control register K1 to register A.
Transfers the contents of register A to key-on wakeup control register K1.
Transfers the contents of key-on wakeup control register K2 to register A.
Transfers the contents of register A to key-on wakeup control register K2.
Transfers the contents of key-on wakeup control register K3 to register A.

Transfers the contents of register A to key-on wakeup control register K3.

Transfers the contents of the LCD control register L1 to register A.
Transfers the contents of register A to the LCD control register L1.
Transfers the contents of register A to the LCD control register L2.
Transfers the contents of register A to the LCD control register L3.
Transfers the contents of register A to the LCD control register C1.
Transfers the contents of register A to the LCD control register C2.

Transfers the contents of register A to the LCD control register C3.

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.
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MACHINE INSTRUCTIONS (INDEX BY TYPES) (continued)

Para Instruction code s |6
meter 5958
Mnemonic Hexadecim 3 = 23 Function
Type of Dy Ds D7 Ds Ds Da D3 Dz D1 Do M E 2E3
ons al notation |= " |=
NOP 0O 0 0 0O O OOO 0 O|JO O O0f12 1 |[(PC)« (PC)+1
POF 0O 0 0 O OOO 0 1 0|0 0 2|1 1 | Transition to clock operating mode
POF2 o o o o o o121 0 0 0|0 0 8|1 1 | Transition to RAM back-up mode
EPOF o 0o 0o 1. 01 1 01 10 5 B|1 1 | POF or POF2 instruction valid
SNZP o 0 0o 0o 0O 0O OO 1 12|10 0 3 1 1 |(P)=17?
WRST 1 0 1 0 1 0 O O O 0|2 A O 1 1 |(WDF1l)=17?
(WDF1) « 0
S DWDT 1 0 1. 0 0 1 1 1 0 0|2 9 C|1 1 | Stop of watchdog timer function enabled
o
2 |SRST 0o o0 o o o o o0 o0 0 1j0 0 1|1 1 | System reset
o
£ |RUPT 0 001 0 1 1 0 0 0|0 5 8| 1] 1 /|[(UPTF«O0
(e}
SUPT 0o 0 o1 o1 1 0 O 1|0 5 9|1 1 |(UPTF)«1
SVDE 1 0 1. 0 0 1. 0 O 1 12 9 3|1 1 | At power down mode, voltage drop detection
circuit valid
SNzVD 1 0 1 0 0 0 1 0 1 0|2 8 A|1 1 |(VDF)=1?
RBK 0 60 01 0 0 0 0 O O|O0 4 0] 1| 1 |whenTABPp instructionisexecuted, ps 0
(Note 1)
SBK 0 60 01 0 0 0 0 O 1|0 4 1] 1| 1 |WhenTABPp instructionisexecuted, ps 1
(Note 1)

Note 1. (SBK, RBK) cannot be used int the M3455AG8. The pages which can be referred by the TABP instruction after the SBK

instruction is executed are 64 to 95 in the M3455AGC.
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Skip condition

Carry flag CY

Detailed description

P)=1

(WDF1) =1

(VDF) =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.
Executes the next instruction when the P flag is “0”.

Clears (0) to the WDF1 flag and skips the next instruction when watchdog timer flag WDF1 is “1”. When the
WDF1 flag is “0”, executes the next instruction. Also, stops the watchdog timer function when executing the
WRST instruction immediately after the DWDT instruction.

Stops the watchdog timer function by the WRST instruction after executing the DWDT instruction.
System reset occurs.
Clears (0) to the high-order bit reference enable flag UPTF.

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

Skips the next instruction when voltage drop detection circuit flag VDF is “1”. Execute instruction when VPF
is “0”".
After skipping, the contents of VDF remains unchanged.

Validates the voltage drop detection circuit at power down (clock operating mode and RAM back-up mode).

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

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

Do 010000[011000
000000{000001{000010{000011(000100({000101/000110|000111|001000{001001|001010{001011{001100{001101{001110(001111| toO to
Da 010111{011111
D3- \Hex,
: 00 01 02 03 04 05 06 07 08 09 0A 0B ocC oD OE OF |10-17|18-F
Do |notation
SZB - A LA |TABP|TABP|TABP | TABP
0000 O |NOP | BLA 0 BMLA|RBK**| TASP 0 0 0 16 30+ | ag* BML | BML | BL BL BM B
SZB - A LA |TABP|TABP|TABP | TABP
0001| 1 |SRST| CLD 1 — |SBK**| TAD 1 1 1 17 33+ | 49* BML | BML | BL BL BM B
SZB A LA |TABP|TABP|TABP |TABP
0010 2 | POF - > - - TAX 2 > 2 18 3a* | 50* BML | BML | BL BL BM B
SZB A LA |TABP|TABP|TABP |TABP
0011| 3 |SNZP| INY 3 - - TAZ 3 3 3 19 35+ | 51* BML | BML | BL BL BM B
A LA |TABP|TABP|TABP |TABP
0100| 4 DI RD | SZD - RT |TAV1 4 4 4 20 36+ | 5o BML | BML | BL BL BM B
A LA |TABP|TABP|TABP | TABP
0101| 5 El SD |SEAn| - RTS | TAV2 5 5 5 21 37+ | 53* BML | BML | BL BL BM B
A LA |TABP|TABP|TABP | TABP
0110 6 RC - |SEAM| - RTI - 6 6 6 22 3+ | 5a* BML | BML | BL BL BM B
A LA |TABP|TABP|TABP | TABP
0111| 7 SC | DEY - - - - 7 7 7 23 30+ | 55* BML | BML | BL BL BM B
LZ A LA |TABP|TABP|TABP | TABP
1000f 8 |[POF2| AND - |SNZz0 0 RUPT 8 8 8 24 20* | 56* BML | BML | BL BL BM B
LZ A LA |TABP|TABP|TABP | TABP
1001 9 - OR | TDA| - 1 SUPT 9 9 9 5 a1* | 57+ BML | BML | BL BL BM B
SNZI| LZ A LA |TABP|TABP|TABP |TABP
1010 A | AM |[TEAB|TABE 0 5 - 10 10 10 26 42+ | 5g* BML | BML | BL BL BM B
LZ A LA |TABP|TABP|TABP |TABP
1011| B |AMC| - - - 3 EPOF 1 1 1 27 43¢ | 5o* BML | BML | BL BL BM B
RB SB A LA |TABP|TABP|TABP | TABP
1100 C | TYA |CMA| - - 0 0 12 12 12 o8 a0+ | 60* BML | BML | BL BL BM B
RB SB A LA |TABP|TABP|TABP | TABP
1101| D - RAR - - 1 1 13 13 13 29 a5+ | 61* BML | BML | BL BL BM B
RB SB A LA |TABP|TABP|TABP | TABP
1110 E | TBA | TAB - |TV2A 5 > 14 14 14 30 26 | 62+ BML | BML | BL BL BM B
RB SB A LA |TABP|TABP|TABP|TABP
1111 | F - TAY | SZC |TV1A 3 3 15 15 15 31 a7 | 63+ BML | BML | BL BL BM B

The above table shows the relationship between machine language codes and machine language instructions. D3-Do show the low-order
4 bits of the machine language code, and D9-D4 show the high-order 6 bits of the machine language code. The hexadecimal
representation of the code is also provided. There are one-word instructions and two-word instructions, but only the first word of each
instruction is shown. Do not use code marked “-.”

The codes for the second word of a two-word instruction are
described below.

The second word

¢ **(SBK and RBK instructions) cannot be used in the M3455AG8.

BL 10 paaa aaaa « * cannot be used after the SBK instruction executed in the M3455AGC.
BML 10 paaa aaaa « A page referred by the TABP instruction can be switched by the SBK and RBK instructions in
the M3455AGC.
BLA 10 ppO0
PP _PPPP » The pages which can be referred by the TABP instruction after the SBK instruction is executed
BMLA 10 ppO0 pppp are 64 to 95 in the M3455AGC.
SEA 00 0111 nnnn « The pages which can be referred by the TABP instruction after the RBK instruction is executed
SZD 00 0010 1011 are 0 to 63.
* When the SBK instruction is not used, the pages which can be referred by the TABP instruction
are 0 to 63.
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INSTRUCTION CODE TABLE

~ 110000
D|34 100000(100001 (100010100011 {100100{100101 (100110100111 {101000{101001{101010{101011{101100{101101|101110 | 101111 to
111111
D3— \ Hex,
i 20 21 22 23 24 25 26 27 28 29 2A 2B 2C 2D 2E 2F |[30-3F
Do |notation
0000| O - |TW3A|OPOA|T1AB| - - IAPO | TAB1 SNzT) - _ WRST TMA | TAM | XAM | XAMI I XAMD LXY
1 0 0 0 0 0
0001| 1 - |TW4A|OP1A|T2AB| - - IAP1 | TAB2 SNZzT) - _ - TMA | TAM | XAM | XAMI I XAMD LXY
2 1 1 1 1 1
0010| 2 - |TW5BA|OP2A| - - |TAMR]| IAP2 _ SNz - TMA | TAM | XAM | XAMI I XAMD LXY
3 2 2 2 2 2
0011| 3 - - |OP3A| - - TAIL | IAP3 - - |SVDE| - TMA | TAM | XAM | XAMI I XAMD LXY
3 3 3 3 3
T2HA TMA | TAM | XAM | XAMI | XAMD
0100| 4 - | TK1IA| - - - - - - - B - 4 4 4 4 4 LXY
0101| 5 — TK2A - TPSAB — — — TABPS — T2R2 — TMA | TAM | XAM | XAMI | XAMD LXY
L 5 5 5 5 5
0110| 6 - |TMRA|TC3A| - - |TAKO| - - - - - TMA | TAM | XAM | XAMI IXAMD LXY

6 6 6 6 6

omi| 7 | - |[TaA| - | - | - |mPwo| - | - | - | - | - T'\7/'A T’;M X‘;M X‘;M' XA;V'D LXY

1000| 8 |TPUsA| - |TFROA| - | - | - | - | - | - | - |TC1A T'\é'A T’;M XQM X‘;M' XAE';"D LXY

1001| 9 |TRGA| - |TFR1A| - - |TAK1| - - - - | TC2A TZIA TAgM XAgM XAgMI XAQAD LXY

SNzV TMA | TAM | XAM | XAMI | XAMD
1010 A |TL1A| - |TFR2A| - |TAL1|TAK2| - - D - | TPAA 10 10 10 10 10 LXY

TMA | TAM | XAM | XAMI | XAMD
1011 B |TL2A |TKOA|TFR3A| - |TAW1|TAK3| - - - - - 1 11 11 1 1 LXY

TMA | TAM | XAM | XAMI |XAMD
1100| C |TL3A| - |[TK3A| - |TAW2| - | - - [REPIDWOTE = o o |12 |12 | 12 | B

TMA | TAM | XAM | XAMI [XAMD
1101| D |TLCA| - |[TPuoa| - |[TAW3|TAPU3| - - |scp| - - 13 113 | 13 | 13 | 13 | XY

TMA | TAM | XAM | XAMI | XAMD
1110 E |TW1A| - |[TPUIA| - |TAW4|TAPUl| - - - - - 14 14 14 14 14 LXY

TMA | TAM | XAM | XAMI | XAMD
1111| F |[TW2A| - |TPU2A|TR1AB|TAWS5|TAPU2| — - - - - 15 15 15 15 15 LXY

The above table shows the relationship between machine language codes and machine language instructions. D3-Do show the low-order
4 bits of the machine language code, and D9-D4 show the high-order 6 bits of the machine language code. The hexadecimal
representation of the code is also provided. There are one-word instructions and two-word instructions, but only the first word of each
instruction is shown. Do not use code marked “-."

The codes for the second word of a two-word instruction are
described below.

The second word
BL 10 paaa aaaa
BML 10 paaa aaaa
BLA 10 ppO0 pppp
BMLA 10 ppO0 pppp
SEA 00 0111 nnnn
SZD 00 0010 1011
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Electrical characteristics

Absolute maximum ratings

Table 30 Absolute maximum ratings

Symbol Parameter Conditions Ratings Unit
VDD Supply voltage - -0.3t0 6.5 \%
Vi Input voltage PO, P1, P2, P3, Do-D7, RESET, XN, - —0.3to Vpp+0.3 \

XcIN, INT, CNTR
Vo Output voltage PO, P1, P2, P3, Do-D7, RESET Output transistors in cut-off -0.3 to Vbp+0.3 \
state
Vo Output voltage C/CNTR, XouT, XcouT - -0.3to Vop+0.3 \
Vo Output voltage SEGo to SEG31, COMo to COM3 - -0.3to Voo+0.3 v
Pd Power dissipation Ta=25°C 300 mw
Topr Operating temperature range - -20to 85 °C
Tstg Storage temperature range - —-40 to 125 °C
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Recommended operating conditions

Table 31 Recommended operating conditions 1 (Ta =-20 °C to 85 °C, Vbp = 1.8 to 5.5V, unless otherwise noted)

. Limits .
Symbol Parameter Conditions - Unit
Min. Typ. Max.
VDD Supply voltage f(STCK) < 6MHz 4 5.5 \%
(with a ceramic resonator) f(STCK) < 4.4MHz 27 55
f(STCK) < 2.2MHz 2 55
f(STCK) < 1.1MHz 1.8 55
VDD Supply voltage f(STCK) < 4.8MHz 4 5.5 \%
(when an external clock is f(STCK) < 3.2MHz 27 55
used) f(STCK) < 1.6MHz 2 55
f(STCK) < 0.8MHz 1.8 55
VDD Supply voltage f(STCK) < 50 kHz 1.8 5.5 \%
(when quartz-crystal oscillation
is used)
VDD Supply voltage 1.8 55 \
(Low-speed/High-speed on-
chip oscillator is used)
VRAM RAM back-up voltage (at RAM back-up) 1.6 55 \Y
Vss Supply voltage 0 \%
Vvics LCD power supply (Note 1) 1.8 VDD \%
ViH “H” level input voltage PO, P1, P2, P3, Do-D7 0.8VbD VbD \%
XIN, XCIN 0.7VbD VbD
RESET 0.85VDpD VbD
INT 0.85VDD VDD
CNTR 0.8VDbD VbD
ViL “L” level input voltage PO, P1, P2, P3, Do-D7 0 0.2Vop | V
XIN, XCIN 0 0.3VpD
RESET 0 0.3VbD
INT 0 0.15VbD
CNTR 0 0.15VpD
|OH(peak) “H” level peak output current PO, P1, P2, P3, Do-Ds VoD = 5V -20 mA
Vop = 3V -10
C/CNTR Vob = 5V -30
Vop = 3V -15
|OH(avg) “H” level average output current | PO, P1, P2, P3, Do-Ds Vbp = 5V -10 mA
(Note 2) Vop = 3V -5
C/CNTR VoD = 5V -20
Vop = 3V -10
loL(peak) “L” level peak output current PO, P1, P2, P3, Do-D7, C/CNTR | VDD =5V 24 mA
Vop = 3V 12
RESET VoD = 5V 10
Vop = 3V 4
loL(avg) “L” level average output current | pg, P1, P2, P3, Do-D7, C/CNTR | VDD =5V 15 mA
(Note 2) Vop = 3V 7
RESET VoD = 5V 5
Vop = 3V 2
YloH(avg) “H” level total average current | PO, C/CNTR -40 mA
P1, P2, P3, Do-Ds -40
YloL(avg) “L” level total average current PO, C/CNTR 40 mA
P1, P2, P3, Do-D7, RESET 40

Note 1. At 1/2 bias: ViLc1 = Vicz = (1/2)sVLc3
At 1/3 bias: ViLc1 = (1/3)*VLcs, Vic2 = (2/3)*VLcs
Note 2. The average output current is the average value during 100ms.
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Table 32 Recommended operating conditions 2 (Ta =-20 °C to 85 °C, Vbb = 1.8 to 5.5V, unless otherwise noted)

N Limits .
Symbol Parameter Conditions - Unit
Min. Typ. Max.
f(XIN) Oscillation frequency f(STCK) = f(XiN) Vbp=4.0Vto55V 6 MHz
(with a ceramic resonator) Vob=27Vt055V 4.4
Vbb=2Vto55V 2.2
Vob=1.8Vto55V 1.1
f(STCK) = f(XiN)/2 Vob=2.7Vto 55V 6
Vbb=2Vto55V 4.4
Vob=1.8Vto55V 2.2
f(STCK) = f(Xin)/4, f(XiN)/8 |VDD=2V 1t05.5V 6
Vob=1.8Vto55V 4.4
f(XIN) Oscillation frequency f(STCK) = f(XIN) Vop=4Vto55V 4.8 MHz
(with an external clock input) Vob=27Vt055V 3.2
Vob=2Vto55V 1.6
Vob=1.8Vto55V 0.8
f(STCK) = f(XiN)/2 Vbb=2.7Vto 55V 4.8
Vob=2Vto55V 3.2
Vob=1.8Vto55V 1.6
f(STCK) = f(XiNn)/4, f(XIN)/8  |VDD=2V t0 5.5V 4.8
Vob=1.8Vto55V 3.2
f(XcIN) Oscillation frequency Quartz-crystal oscillator 50 kHz
(at quarts-crystal oscillation)
f(CNTR) Timer external input frequency | CNTR f(STCK)/6 | Hz
tw(CNTR) | Timer external input period CNTR 3/f(STCK) S
(“H” and “L” pulse width)
TPON Power-on reset circuit valid Vob=0— 1.8V 100 us
supply voltage rising time
(Note 1)

Note 1. If the rising time exceeds the maximum rating value, connect a capacitor between the RESET pin and Vss at the shortest
distance, and input “L” level to RESET pin until the value of supply voltage reaches the minimum operating voltage.

with a ceramic resonator at external clock oscillation
f(STCK) A f(STCK) A
[MHz] [MHz]
6
4.8
44
3.2
2.2
16
11 Recommended =~ =t----- Recommended
operating conditions 0.8 operating conditions-$-----
! ! _ i i o
> >
182 27 4 55 ypp 182 27 4 55 vpp
M
at quartz-crystal oscillation
f(STCK) A
[kHz]
50
Recommended
operating conditions
1.8 55

2s5v
o

Fig 80. System clock (STCK) operating condition map

Rev.1.01 Feb 15,2008 Page 142 0f 146 :RENESAS
REJ03B0224-0101



455A Group

Electrical characteristics

Table 33 Electrical characteristics 1 (Ta =—-20 °C to 85 °C, Vbp = 1.8 to 5.5V, unless otherwise noted)

Symbol Parameter Test conditions - Limits Unit
Min. | Typ. | Max.
VoH “H” level output voltage PO, P1, P2, P3, Do-Ds Vpp =5V loH = -10mA 3 \%
loH = -3mA 4.1
VoD = 3V loH = -5mA 2.1
IoH = —1mA 2.4
VoH “H” level output voltage C/CNTR Vpp =5V loH = —20mA 3 \%
IoH = —6mA 4.1
VoD = 3V loH =-10mA 2.1
loH = -3mA 2.4
VoL “L" level output voltage PO, P1, P2, P3, Do-D7 Vpp =5V loL = 15mA 2 \%
C/CNTR loL = 5mA 0.9
VoD = 3V loL = 9mA 1.4
loL = 3mA 0.9
VoL “L” level output voltage RESET Vpp =5V loL =5mA 2 \%
loL = 1mA 0.6
VoD = 3V loL =2mA 0.9
IiH “H" level input current PO, P1, P2, P3, Do-D7 Vi=Vbbp 2 LA
RESET, XIN, XCIN, INT
CNTR
liL “L” level input current PO, P1, P2, P3, Do-D7 Vi=0Vv -2 LA
RESET, XN, XcIN, INT PO, P1, P2, P3, Do to D7
CNTR No pull-up
RpPu Pull-up resistor value PO, P1, P2, P3, Do to D7 Vi=0V VbD = 5V 30 60 125 | kQ
RESET VoD = 3V 50 | 120 | 250
VT+-VT— Hysteresis RESET VoD = 5V 1 \
Vop = 3V 0.4
VT+-VT1- Hysteresis INT VoD = 5V 0.6 \
Vop = 3V 0.3
VT+-VT1- Hysteresis CNTR VoD = 5V 0.2 \%
Vop = 3V 0.2
f(HSOCO) | High-speed on-chip oscillator clock frequency Vpp =5V 400 | 1000 | 1600 | kHz
Vop = 3V 200 | 500 | 700
f(LSOCO) |Low-speed on-chip oscillator clock frequency VoD =5V 40 100 | 160 | kHz
Vop = 3V 20 50 70
Rcom COM output impedance Vpbp =5V 15 | 75 | kQ
(Note 1) Vop = 3V 2 10
RsEG SEG output impedance Vpbp =5V 15 | 75 | kQ
(Note 1) Vop = 3V 2 10
RvLc Internal resistor for LCD power supply When dividing resistor 2r x 3 selected | 300 | 600 | 1200 | kQ
When dividing resistor 2r x 2 selected | 200 | 400 | 800
When dividing resistor r x 3 selected 150 | 300 | 600
When dividing resistor r x 2 selected 100 | 200 | 400

Note 1. The impedance state is the resistor value of the output voltage.
at VLcs level output: Vo = 0.8 VLc3
at VLcz level output: Vo = 0.8 VLc2
at VLci level output: Vo = 0.2 Vic2 + Vict
at Vss level output: Vo = 0.2 ViLct
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Table 34 Electrical characteristics 2 (Ta =-20 °C to 85 °C, Vbb = 1.8 to 5.5V, unless otherwise noted)

N Limits .
Symbol Parameter Test conditions - Unit
Min. | Typ. | Max.
Iop Supply current at active mode Vop = 5V f(STCK) = f(XiN)/8 12 | 24 | mA
(with a ceramic oscillator) | f(XiN) = 6MHz f(STCK) = f(Xin)/4 1.3 26
.2 I(;'SOC_O): SOP - [{(STCK) = f(Xin)/2 16 | 32
fEL;g)cE; fgmp f(STCK) = f(Xin) 22 | 44
VDb = 5V f(STCK) = f(XIN)/8 09 | 1.8 [ mA
f(XiN) = 4MHz f(STCK) = f(XiN)/4 1 2
f((HSOCO) = stop I sTCK) = f(xm)2 12 | 24
f(XcIN) = stop
HLSOCO) = stop | (STCK) = f(Xin) 1.6 | 32
Vop = 3V f(STCK) = f(Xin)/8 03 | 0.6 | mMA
f(XIN) = 4MHz f(STCK) = f(XiN)/4 04 | 08
IE)':;S)C_OS)S SIOP - [1STCK) = f(Xin)/2 05 | 1
{(LSOCO) =pstop f(STCK) = f(XiN) 07 | 14
at active mode Vpp =5V f(STCK) = f(XcIN)/8 7 14 | pA
(with a quartz-crystal f(XIN) = stop f(STCK) = f(XcIn)/4 8 16
oscillator)(. 2) (HSOCO) =stop ¢ sTcKy = f(xcm)/2 10 | 20
;EE;'S)CB?Z: ks':ozp f(STCK) = f(Xcm) 14 | 28
Vob = 3V f(STCK) = f(XcIn)/8 5 10 | A
f(XiN) = stop f(STCK) = f(XcINn)/4 6 12
f((HSOCO) = stop I sTEK) = f(xem)2 7 | 14
f(XcIN) = 32 kHz
HLSOCO) = stop | (STCK) = f(Xem) 8 16
at active mode Vop = 5V f(STCK) = f(HSOCO)/8 50 | 100 | xA
(with a high-speed f(XIN) = stop f(STCK) = f(HSOCO)/4 70 | 140
on-chip oscillator f(HSOCO) = active f(STCK) = ((HSOCO)/2 110 | 220
f(HSOCO))(L. 2 ;gﬁggg‘ggmp f(STCK) = f(HSOCO) 190 | 380
VoD = 3V f(STCK) = f(HSOCO)/8 12 | 24 | uA
f(Xn) =stop 1 {(STCK) = f(HSOCO)/4 18 | 36
;E;'js)‘ios)t;pac“"e f(STCK) = ((HSOCO)/2 30 | 60
HLSOCO) = stop | T(STCK) = f(HSOCO) 54 | 108
at active mode Vop = 5V f(STCK) = f(LSOCO)/8 10 20 | uA
(with a low-speed on-chip | f(XIN) = stop f(STCK) = f(LSOCO)/4 12 24
oscillator f(LSOCO))(1, 2) ;()H(SOCO)t= stop f(STCK) = {(LSOCO/2 16 Y
fEng)coj 2P ciive | {(STCK) = (LSOCO) 24 | 28
VoD = 3V f(STCK) = f(LSOCO)/8 3 6 | uA
f(XiN) = stop f(STCK) = f{(LSOCO)/4 4 8
IE)':;S)C_OS)S SIP - [1STCK) = ((LSOCO)/2 5 | 10
{LSOCO) 2 ciive | {(STCK) = (LSOCO) 7 | 14
Rl R L e
execution) VoD =5V 20 20
(1,2 f(LSOCO) = active
VoD = 3V 5 10
at RAM back-up mode Ta = 25°C 0.1 3 LA
(POF2 instruction VDD = 5V 10
execution)®) VoD = 3V 6

Note 1. The voltage drop detection circuit operation current (IrRsT) is added.
Note 2. When the internal dividing resistors for LCD power are used, the current values according to using resistor values are added.
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Voltage drop detection circuit characteristics

Table 35 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 1.7 \%
(reset occurs) (Note 1) -20°C< Ta < 0°C 1.6 2.2
0°C< Ta < 50°C 1.3 21
50°C< Ta < 85°C 11 1.8
VRST+ Detection voltage Ta = 25°C 1.8 \%
(reset release) (Note 2) _20°C< Ta < 0°C 1.7 23
0°C< Ta < 50°C 14 2.2
50°C< Ta < 85°C 1.2 1.9
VskIP Detection voltage Ta = 25°C 2 \%
(skip occurs) (Note 3) -20°C< Ta < 0°C 1.9 2.5
0°C< Ta < 50°C 1.6 2.4
50°C< Ta < 85°C 1.4 2.1
VRST+ —VRST- Detection voltage hysteresis 0.1 \%
IRST Operation current (Note 4) Vop = 5V 30 60 LA
VoD = 3V 15 30
VoD = 1.8V 6 12
TRST Detection time (Note 5) VoD - (VRsT- -0.1V) 0.2 1.2 ms

Note 1. The detection voltage (VRsT-) is defined as the voltage when reset occurs when the supply voltage (Vobb) is falling.

Note 2. The detection voltage (VrRsT+) is defined as the voltage when reset is released when the supply voltage (Vbb) is rising from reset
occurs.

Note 3. When the supply voltage goes lower than the detection voltage (Vskip), the voltage drop detection circuit interrupt request flag
(VDF) is set to “1“.

Note 4. Voltage drop detection circuit operation current (IrsT) is added to Ibp (power current) when voltage drop detection circuit is used.

Note 5. The detection time (TrsT) is defined as the time until reset occurs when the supply voltage (Vop) is falling to [VRsT- —0.1V].

Basic timing diagram

Machine cycle . .
Mi Mi+1
Parameter Pin name

System clock STCK

Port output Do to D7

PQOo to P03
Ploto P13
P20 to P23
P3oto P33, C

Port input Do to D7

POo to P03
Ploto P13
P20 to P23
P30 to P33

Interrupt input INT
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PACKAGE OUTLINE

JEITA Package Code [ RENESAS Code | Previous Code | MASS[Typ.] |
P-LQFP52-10x10-0.65 | PLQP0052JA-A | 52P6A-A | o3g
HD
1y
39 27
HAAAAAAHHAAAA

40 04 —rad N1O.TED)IMENSIONS 1" AND "2"
o e DO NOT INCLUDE MOLD FLASH.

o ] 2. DIMENSION "3" DOES NOT

== = -] bp INCLUDE TRIM OFFSET.

[ = - b1
[ = -
(== == wl W
== e e S| o
oo -

g g Dimension in Millimeters
o O = Symeol [ "Min [ Nom | Max
o e Terminal cross section D | 99 10.0] 10.1
E 9.9 1 10.0| 10.1
ELEEEEREREELE E [e9]100] 101
7D Index mark Hp | 11.8]12.0] 12.2
He | 11.8]12.0] 12.2
Al — | — |17
F A L A1 10.05] 0.1 [0.15
A R J bp |0.270.32]0.37
d T S iR br | — 030 —
J 2 1 ¢ | 0.09]0.145] 0.20

N L (<] 0.125
g 2] P e 1 0 0° ] — [ &
e | — 065 —
Detail F X | — | — [ 013
Yy |—|—10.10
Zp | — [ 11| —
Ze | — [ 11| —
L 10.35]| 0.5]0.65
L | — 110 —
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Delete the “PRELIMINARY” note

Table 6: "The key-on wakeup function is invalid." is added to “Usage Condition”
column of “Xcout/D7"- “Open”, “Do-D4"™-“Open”, and “Ds/INT"-“Open”.

Table 15: Revised
Figure 48: Revised
Figure 56: Revised whole

Interrupt control register I1:

At the “INT pin timer 1 count start synchronous circuit selection bit” value is “0”
“Timer 1 disabled” — “Timer 1 count start synchronous circuit not selected”

At the “INT pin timer 1 count start synchronous circuit selection bit” value is “1”
“Timer 1 enabled” — “Timer 1 count start synchronous circuit selected”

The second word “Dg” value of “BL p, a” instruction: “0” — “pe”
Note: “p=0 to 47" — "M3455AG8: p=0 to 63 p6=0
M3455AGC: p=0 to 95"

The second word “Dsg” value of “BLA p” instruction: “0” — “ps”
Note: “p=0 to 47" — "M3455AG8: p=0 to 63 p6=0
M3455AGC: p=0 to 95"

The second word “Dsg” value of “BML p, @” instruction: “0” — “psé”
Note: “p=0 to 47" — "M3455AG8: p=0 to 63 p6=0
M3455AGC: p=0 to 95"

The second word “Dsg” value of “BMLA p” instruction: “0” — “ps”
Note: “p=0 to 47" — "M3455AG8: p=0 to 63 ps=0
M3455AGC: p=0 to 95"

The “RBK” instruction order is changed to next of the "RBj” instruction

The second word “Dsg” value of “BL p, a” instruction: “0” — “pe”
The second word “Dg” value of “BLA p” instruction: “0” — “psé”
The second word “Dg” value of “BML p, a” instruction: “0” — “pse”
The second word “Ds8” value of “BMLA p” instruction: “0” — “ps”
Note: "M3455AG8: p6=0" is added

Table 34: All “f(STCK)=f(XIN)" are changed to “f(STCK)=f(LSOCO)" at active mode
(with a low-speed on-chip oscillator f(LSOCQ))“

(1/1)
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