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REJO3B0007-0200Z

Rev.2.00

2003.04.15

DESCRIPTION O INEEITUPL ..o 8 sources
The 4519 Group is a 4-bit single-chip microcomputer designed with e Key-on wakeup function Pins ........ccooceeivereiieenennene e 10
CMOS technology. Its CPU is that of the 4500 series using a e Serial 1/O......... 8 bits 0 1

simple, high-speed instruction set. The computer is equipped with
serial 1/O, four 8-bit timers (each timer has one or two reload regis-
ter), a 10-bit A-D converter, interrupts, and oscillation circuit switch
function.

The various microcomputers in the 4519 Group include variations
of the built-in memory size as shown in the table below.

FEATURES

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

e Supply voltage
Mask ROM version ............ ..1.8t055V
One Time PROM version 25t055V
(It depends on operation source clock, oscillation frequency and op-
eration mode)

e A-D converter...... 10-bit successive approximation method, 8ch
e \/oltage drop detection circuit
Reset OCCUITENCE .......ccovevviviiiieiieeieee Typ. 3.5V (Ta =25 °C)
Reset release ........cccceviviiiiiciiicicn, Typ. 3.7V (Ta =25 °C)
e \Watchdog timer
e Clock generating circuit
(ceramic resonator/RC oscillation/quartz-crystal oscillation/inter-
nal ring oscillator)
e LED drive directly enabled (port D)

APPLICATION

Electrical household appliance, consumer electronic products, of-
fice automation equipment, etc.

e Timers

Timer 1.... . 8-bit timer with a reload register
TIMEr 2. 8-bit timer with a reload register
TIMEr 3. 8-bit timer with a reload register
Timer 3., 8-bit timer with two reload registers

Product ROM (PROI_VI) size RAM s'lze Package ROM type

(O 10 bits) (O 4 bits)

M34519M6-XXXFP 6144 words 384 words 42P2R-A Mask ROM
M34519M8-XXXFP 8192 words 384 words 42P2R-A Mask ROM
M34519E8FP (Note) 8192 words 384 words 42P2R-A One Time PROM

Note: Shipped in blank.
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PIN CONFIGURATION

Pl3s ¢« [1] 42 ]1<—> P12
Do <—> [2] Q 41 <> P11
D1 <= [3] [40] <—> Plo
D2 <= [4] 39 ] <—> P03
D3 <> [5] 38 ] <—> P02
D4 <= [6] 37 1<—> P01
Ds <> [7_] 36 ] <—> P00

De/CNTRo ¢<—> [8]
D7/CNTR1 <> [0

35 ] <—> P43/AN7
[347] <> P42/AiNe

P50 <—> [10] [337] <—> P41/AINs
P51 ¢<— [I1] [327] <> P40/AiN4
P52 ¢<—> [1Z27] 311 <> P63/AINg
P53 <—> [13] 30 ] <> P62/AIN2

P20/Sck <> [14]
P21/Sout €—> [15]

[297] <= P61/AINL
28] <—> P60o/AiNo

d4836TSVEN
daAXXX-XIN6TSYEIN

P22/Sin <> [16] (271 <> p33
'‘RESET <— [IT] 126 ] <> P32
CNVss 18] 251 <> P31/INT1
Xout < 19 [247] <> P30/INTO
Xin —> [20] 23 1 <— VDCE
Vss 2] 2271 VoD

OUTLINE 42P2R-A

Pin configuration (top view) (4519 Group)
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4519 Group

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

PERFORMANCE OVERVIEW

Parameter

Function

Number of basic instructions

153

Minimum instruction execution time

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

Memory sizes | ROM | M34519M6 6144 words [ 10 bits
M34519M8/E8 8192 words O 10 bits
RAM | M34519M6/M8/E8 | 384 words [ 4 bits
Input/Output | Do—-D7  [I/O (Input is Eight independent 1/O ports;
ports ex_amine_d_by Ports Dé and D7 are _also l_Jsed as CNTRO and CNTR1, respectively.
skip decision) |The output structure is switched by software.
P00-PO03 |I/O 4-bit 1/0 port; a pull-up function, a key-on wakeup function and output structure can be switched
by software.
P10-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.
P20-P22 |I/O 3-bit 1/0 port; ports P20, P21 and P22 are also used as Sck, Sout and SIN, respectively.
P30-P33 |I/O 4-bit I/O port ; ports P30 and P31 are also used as INTO and INT1, respectively.
P40-P43 |1/O 4-bit I/O port ; ports P40—P43 are also used as AIN4—AIN7, respectively.
P50-P53 |I/0 4-bit I/O port ; the output structure is switched by software.
P60-P63 |I/0 4-bit I/O port ; ports P60—P63 are also used as AINO—AIN3, respectively.
Timers Timer 1 8-bit timer with a reload register is also used as an event counter.
Also, this is equipped with a period/pulse width measurement function.
Timer 2 8-bit timer with a reload register.
Timer 3 8-bit timer with a reload register is also used as an event counter.
Timer 4 8-bit timer with two reload registers and PWM output function.

A-D converter

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

Serial I1/0 8-bit 0 1

Interrupt Sources 8 (two for external, four for timer, one for A-D, and one for serial I/0)
Nesting 1 level

Subroutine nesting 8 levels

Device structure

CMOS silicon gate

Package

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

Operating temperature range

—-20°Cto85°C

Supply voltage

Mask ROM version

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

One Time PROM version

2.5V to 5.5 V (It depends on operation source clock, oscillation frequency and operating mode.)

Power
dissipation
(typical value)

Active mode

2.8 mA (VbD=5V, f(XIN)=6 MHz, f(STCK)=f(XIN), ring oscillator stop)

70 pA (Vbb=5V, f(XIN)=32 kHz, f(STCK)=f(XIN), ring oscillator stop)

150 pA (VDD=5V, ring oscillator is used, f(STCK)=f(RING), f(XIN) stop)

RAM back-up mode

0.1 pA (at room temperature, VDD = 5 V, output transistors in the cut-off state)
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Notice: This is not a final specification.
Some parametric limits are subject to change.

PIN DESCRIPTION

Pin Name Input/Output Function

VDD Power supply — Connected to a plus power supply.

Vss Ground — Connected to a 0 V power supply.

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

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

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

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

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

Do-D7 1/0 port D 110 Each pin of port D has an independent 1-bit wide 1/O function. The output structure

Input is examined by can be switched to N-channel open-drain or CMOS by software. For input use, set
skip decision. the latch of the specified bit to “1” and select the N-channel open-drain. Ports De, D7
is also used as CNTRO pin and CNTRL1 pin, respectively.

P00-P03 I/0 port PO lfe] Port PO serves as a 4-bit I/O port. The output structure can be switched to N-channel
open-drain or CMOS by software. For input use, set the latch of the specified bit to
“1” and select the N-channel open-drain. Port PO has a key-on wakeup function and
a pull-up function. Both functions can be switched by software.

P1lo-P13 1/O port P1 110 Port P1 serves as a 4-bit I/O port. The output structure can be switched to N-channel
open-drain or CMOS by software. For input use, set the latch of the specified bit to
“1” and select the N-channel open-drain. Port P1 has a key-on wakeup function and
a pull-up function. Both functions can be switched by software.

P20-P23 I/0 port P2 lfe] Port P2 serves as a 3-bit I/0 port. The output structure is N-channel open-drain. For
input use, set the latch of the specified bit to “1”.

Ports P20—P22 are also used as Sck, SouT, SIN, respectively.

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

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

P40-P43 I/0 port P4 lfe] Port P4 serves as a 4-bit I/O port. The output structure can be switched to N-channel
open-drain. For input use, set the latch of the specified bit to “1”. Ports P40—P43 are
also used as AIN4—AIN7, respectively.

P50-P53 I/0 port P5 lfe] Port P5 serves as a 4-bit I/O port. The output structure can be switched to N-channel
open-drain or CMOS by software. For input use, set the latch of the specified bit to
“1” and select the N-channel open-drain.

P60-P63 I/0 port P6 lfe] Port P6 serves as a 4-bit I/O port. The output structure can be switched to N-channel
open-drain. For input use, set the latch of the specified bit to “1”. Ports P60—P63 are
also used as AIN0—AIN3, respectively.

CNTRO, Timer input/output lfe] CNTRO pin has the function to input the clock for the timer 1 event counter, and to

CNTR1 output the timer 1 or timer 2 underflow signal divided by 2.

CNTRL1 pin has the function to input the clock for the timer 3 event counter, and to
output the PWM signal generated by timer 4.CNTRO pin and CNTR1 pin are also
used as Ports D6 and D7, respectively.

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

AINO-AIN7  |Analog input Input A-D converter analog input pins. AIN0—AIN7 are also used as ports P60—P63 and P4o—
P43, respectively.

Sck Serial 1/0 data I1/0 110 Serial I/0 data transfer synchronous clock 1/0O pin. Sck pin is also used as port P20..

Sourt Serial I/0 data output Output  |Serial I/0 data output pin. SouT pin is also used as port P21.

SIN Serial 1/0 clock input Input Serial I/0 data input pin. SIN pin is also used as port P22.
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4519 Group

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

MULTIFUNCTION

Pin Multifunction Pin Multifunction Pin Multifunction Pin Multifunction

De CNTRO CNTRO D6 P60 AINO AINO P60
D7 CNTR1 CNTR1 D7 P61 AIN1 AIN1 P61
P20 ScK Sck P20 P62 AIN2 AIN2 P62
P21 Sout Sout P21 P63 AIN3 AIN3 P63
P22 SIN SIN P22 P40 AIN4 AIN4 P4o
P30 INTO INTO P30 P41 AIN5 AIN5 P41
P31 INT1 INT1 P31 P42 AING AING P42

P43 AIN7 AIN7 P43

Notes 1: Pins except above have just single function.

~NoO o~ wN

DEFINITION OF CLOCK AND CYCLE

e Operation source clock
The operation source clock is the source clock to operate this

product. In this product, the following clocks are used.

« Clock (f(XIN)) by the external ceramic resonator

« Clock (f(XIN)) by the external RC oscillation

« Clock (f(XIN)) by the external input

« Clock (f(RING)) of the ring oscillator which is the internal oscil-

lator

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

Table Selection of system clock

: The input/output of P30 and P31 can be used even when INTO and INT1 are selected.
: The input of ports P20—-P22 can be used even when SIN, SouT and Sck are selected.
: The input/output of D6 can be used even when CNTRO (input) is selected.
: The input of D6 can be used even when CNTRO (output) is selected.

: The input/output of D7 can be used even when CNTR1 (input) is selected.
: The input of D7 can be used even when CNTR1 (output) is selected.

System clock (STCK)

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

Instruction clock (INSTCK)

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

Machine cycle

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

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

0 0 0 0 f(STCK) = f(XIN) XIN through mode
O 1 f(STCK) = f(RING) Ring through mode

0 1 0 0 f(STCK) = f(XIN)/2 XIN divided by 2 mode
O 1 f(STCK) = f(RING)/2 Ring divided by 2 mode

1 0 0 0 f(STCK) = f(XIN)/4 XIN divided by 4 mode
0 1 f(STCK) = f(RING)/4 Ring divided by 4 mode

1 1 0 0 f(STCK) = f(XIN)/8 XIN divided by 8 mode
O 1 f(STCK) = f(RING)/8 Ring divided by 8 mode

O:0or1

Note: The f(RING)/8 is selected after system is released from reset.
When ring oscillator clock is selected for main clock, set the
ring oscillator to be operating state.
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PORT FUNCTION

Port Pin Input Output structure I/O_ ) Contr.ol CO_erI Remark
Output unit | instructions | registers
Port D | Do-Ds 110 N-channel open-drain/ 1 SD, RD FR1, FR2 |Output structure selection
D6/CNTRO (8) CMOS SZD W6 function (programmable)
D7/CNTR1 CLD w4
Port PO | POo—P0O3 110 N-channel open-drain/ 4 OPOA FRO Built-in programmable pull-up
(4) CMOS I1APO PUO functions, key-on wakeup
KO, K1 functions and output structure
selection functions
Port P1 | P1o-P13 110 N-channel open-drain/ 4 OP1A FRO Built-in programmable pull-up
(4) CMOS I1AP1 PU1 functions, key-on wakeup
KO functions and output structure
selection functions
Port P2 | P20/Sck, P21/SouT 110 N-channel open-drain 3 OP2A J1
P22/SIN ?) IAP2
Port P3 | P30/INTO, P31/INT1 110 N-channel open-drain 4 OP3A 11, 12
P32, P33 (4) IAP3 K2
Port P4 | P40/AINa—P43/AIN7 /0 N-channel open-drain 4 |OP4A Q1
(4) IAP4 Q2
Port P5 | P50-P53 110 N-channel open-drain/ 4 OP5A FR3 Output structure selection
(4) CMOS IAP5 function (programmable)
Port P6 | P60/AIN0—P63/AIN3 110 N-channel open-drain 4 OP6A Q2
(4) IAP6 Q1
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CONNECTIONS OF UNUSED PINS

Pin Connection Usage condition
XIN Open. Internal oscillator is selected. (Note 1)
XouTt Open. Internal oscillator is selected. (Note 1)
RC oscillator is selected. (Note 2)
External clock input is selected for main clock. (Note 3)
Do-Ds Open.
Connect to Vss. N-channel open-drain is selected for the output structure. (Note 4)
D6/CNTRO Open. CNTRO input is not selected for timer 1 count source.
Connect to Vss. N-channel open-drain is selected for the output structure. (Note 4)
D7/CNTR1 Open. CNTR1 input is not selected for timer 3 count source.
Connect to Vss. N-channel open-drain is selected for the output structure. (Note 4)
P00—-P03 Open. The key-on wakeup function is not selected. (Note 6)
Connect to Vss. N-channel open-drain is selected for the output structure. (Note 5)
The pull-up function is not selected. (Note 4)
The key-on wakeup function is not selected. (Note 6)
P10-P13 Open. The key-on wakeup function is not selected. (Note 7)
Connect to Vss. N-channel open-drain is selected for the output structure. (Note 5)
The pull-up function is not selected. (Note 4)
The key-on wakeup function is not selected. (Note 7)
P20/Sck Open. ScK pin is not selected.
Connect to Vss.
P21/Sout Open.
Connect to Vss.
P22/SIN Open. SIN pin is not selected.
Connect to Vss.
P30/INTO Open. “0” is set to output latch.
Connect to Vss.
P31/INT1 Open. “0” is set to output latch.
Connect to Vss.
P32, P33 Open.
Connect to Vss.
P4o/AiNa—P43/AIN7| Open.
Connect to Vss.
P50-P53 Open.
Connect to Vss. N-channel open-drain is selected for the output structure.
P60/AIN0—P63/AIN3| Open.
Connect to Vss.

Notes 1:

2:

After system is released from reset, the internal oscillation (ring oscillator) is selected for main clock (RGo=0, MRo=1).

When the CRCK instruction is executed, the RC oscillation circuit becomes valid. Be careful that the swich of system clock is not executed only by
the CRCK instruction execution.

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

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

: In order to use the external clock input for the main clock, select the ceramic resonance by executing the CMCK instruction at the beggining of soft-

ware, and then set the main clock (f(XIN)) oscillation to be valid (MR1=0). Until the main clock (f(XIN)) oscillation becomes valid (MR1=0) after ceramic
resonance becomes valid, XIN pin is fixed to “H”. When an external clock is used, insert a 1 kQ resistor to XIN pin in series for limits of current.

: Be sure to select the output structure of ports Do—D5 and the pull-up function of PO0—P03 and P10—P13 with every one port. Set the corresponding

bits of registers for each port.

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

open.

: The key-on wakeup function is selected with every two bits. When only one of key-on wakeup function is used, considering that the value of key-on

wake-up control register K1, set the unused 1-bit to “H” input (turn pull-up transistor ON and open) or “L” input (connect to Vss, or open and set the
output latch to “0”).

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

and open.

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

Skip decision

SD instruction —

CLD
instruction

1

<
RD instruction —_EJ

Register Y |—>| Decoder
g SZD instruction —I_D_

(Note 3)

Skip decision

Register Y |—>| Decoder . .
SZD instruction —I_

CLD
instruction

SD instruction —

RD instruction —_EJ

1

Skip decision

Register Y |—>| Decoder . i
SZD instruction —l_

SD instruction —

CLD
instruction

1

RD instruction —_[/

<
f (Note 1)

+—4—0 Do—D3 (Note 2)
? (Note 1)

A

<
f (Note 1)

—+—O Da
? (Note 1)

-

(Note 2)

<
f (Note 1)

—+—0Ds
? (Note 1)

(Note 2)

-

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

Port block diagram (1)
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Register Y |—>| Decoder | Skip decision
B SZD instruction—Dji
CLD ; e
instruction Z t (Note 1)
SD instruction —| )} O D6/CNTRO
RD instruction ;Di i Z (Note 2)
Timer 1 underflow signal 777

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

Register Y |—»| Decoder | Skip decision
SZD instruction
©

CLD

instruction Z t (Note 1)
SD instruction — ! O D7/CNTR1
RD instruction ;Di A (Note 2)

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

Port block diagram (2)
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(Note 3)
IAPOQ instruction
Register A
s
Pull-up
transistor
) t (Note 1)
A D +—0 P00, PO1(Note 2)
. . I (Note 1)
OPOA instruction — T !
r= '1_1 r==== 777
Key-on o E Level detection circuit :Oo/oi_°<] T .4 0o
1 1
wakeup 1 107 Edge detection circuit E 1074:
(Note 4)
IAPO instruction
Register A
4
Pull-up
transistor
( K (Note 1)
ote !
Ak D —;FO P02, PO3(Note 2)
. . I (Note 1)
OPOA instruction — T :
r1<_1_3 ezal
r 1 - —
Key-on _| 0 : Level detection circuit .4 or
wakeup E___l?j:_| Edge detection circuit
(Note 3) . .
IAP1 instruction
Register A
s
Pull-up
transistor 1
( K (Note 1)
ote !
Ai D ¢ Plo, P11(Note 2
Aj !
t Note 1
OP1A instruction — T : ( )
—
Key-on ion circuit-o< _<K:.‘_-
<—| Level detection circuit jae
wakeup | ’4
(Note 4)
IAP1 instruction
Register A
A Pull
ull-up
transistor -?-
() t (Note 1)
ote !
Ak D —bko P12, P13(Note 2)
) . I (Note 1)
OP1A instruction — T :
ﬁr
Key-on - — =
<—| Level detection circuit jut
wakeup BN <]
Notes 1: ----14--- This symbol represents a parasitic diode on the port.
2: Applied potential to these ports must be VDD or less.
3: j represents bits 0 and 1.
4: k represents bits 2 and 3.

Port block diagram (3)
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4519 Group

Register A IAP2 instruction
egister J’I

<

A (Note 1)

Ao <

Ao D

Q

T

OP2A instruction

Synchronous clock (output)
for serial data transfer

Synchronous clock (input)

A |1

—+—0 P20/Sck
A (Note 2)

for serial data transfer

IAP2 instruction

Register A J/]

<
t (Note 1)

A1 <

A1 D Qﬂ]
OP2A instruction :

T .__{__
Serial data output

Renister A IAP2 instruction
egister
ol

J—Lé—o P21/SouT
j (Note 2)
1

<

A (Note 1)

~N

A2 D Q —

T

OP2A instruction

Serial data input
pPut <L

-4 J11

—J:r—O P22/SIN

t (Note 2)
11

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

Port block diagram (4)
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4519 Group

- IAP3 instruction ©
Register Al J/] :
ro—<] K (Note 1)
|_]——+—o P30/INTO
{ 2 (Note2)
Ao—p @ j, o
OP3A instruction T
(Note 3)
External 0 interrupt «— External 0 interrupt circuit}—
Key-on wakeup input «——
Timer 1 count start synchronous circuit input
Period measurement circuit input «——
: IAP3 instruction <
Register A J’I :
AL < K (Note 1)
l_l——+—o P3U/INTL
{ 2 (Note2)
e 37 .
OP3A instruction T
(Note 3)
External 1 interrupt<—| External 1 interrupt circuitlf
Key-on wakeup input «——
Timer 3 count start synchronous circuit input
- IAP3 instruction ©
Register A ;
A2 4 t (Note 1)
(Note 2)
P 3,
OP3A instruction T
- IAP3 instruction <
Register A ;
K (Note 1)

J

A3

A3

Q

OP3A instruction

Notes 1:----{¢---- This symbol represents a parasitic dio

i (Note 2)

iode on the port.

2: Applied potential to these ports must be VDD or less.
3: As for details, refer to the external interrupt circuit structure.

Port block diagram (5)
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4519 Group
(Note 3)
Register A IAP4 instruction °
Ai i
A (Note 1)
0 P40/AINA-P43/AINT
A 2 (Note2)
Ai
-

OP4A instruction — T

Analog input < m

(Note 3)
Register A| 1APS5 instruction
Ai
(Note 3)
A D

ol

OPS5A instruction—] T

3: i represents bits 0 to 3.

J‘ <
f (Note 1)

}—,—o P50-P53
j (Note 2)
1

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

Port block diagram (6)
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(Note 3)
Register A IAP6 instruction °
Aj !
A (Note 1)
—t—+—0 PEO/AIND, P6L/AINL
(Note 3) x o
A—D Q ;)—I 1
e

OPS6A instruction — T

Analog input <——m7

(Note 4)
Register A IAP6 instruction o
Ak 4 i
A (Note 1)
= >. |——+—O P62/AIN2, P63/AIN3
v ) I (Note 2)
AK—D Q | j7 :
777
1
OPG6A instruction — T

Analog input <——m7

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

Port block diagram (7)
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o K
: 112 One-sided edge
(Note Dt Faling detection circuit e
: ; R0
P30/INTO $ : ! o B EXFO External O
t ’_ : f % ! ! interrupt
1 Q [ _: [ 1 :
; A Rising Both edges T
77T detection circuit Timer 1 count start
113 synchronous circuit
(Note 2) K21
—|Level detection circuit —Q0 !
K20 :|:>_< (Note 3) Key-on wakeup
— Edge detection circuit 01 !
4{>—> Skip decision
(SNZIO0 instruction)
. Ex
i 122 One-sided edge 121
(Note Dx PF'a‘%n‘? detection circuit 5o
P31/INT1 : ' E E Y External 1
t ’_ 1 : f % ! ! EXF1 interrupt
' 0O il : o1
; A Rising Both edges ki
“a detection circuit Timer 3 count start
123 synchronous circuit
(Note 2) K23
—|Level detection circuit Q0 !
K22 :D_< (Note 3) Key-on wakeup
—Edge detection circuit —O1

> > Skip decision
(SNZI1 instruction)

Notes 1: ----{4---- This symbol represents a parasitic diode on the port.
2:112 (122) = 0: “L" level detected
112 (122) = 1: “H” level detected
3: 112 (122) = 0: Falling edge detected
112 (122) = 1: Rising edge detected

Port block diagram (8)
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FUNCTION BLOCK OPERATIONS
CPU

(1) Arithmetic logic unit (ALU)

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

(2) Register A and carry flag

Register A is a 4-bit register used for arithmetic, transfer, ex-
change, and I/O operation.

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

It is unchanged with both A n instruction and AM instruction. The
value of Ao is stored in carry flag CY with the RAR instruction (Fig-
ure 2).

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

(3) Registers B and E

Register B is a 4-bit register used for temporary storage of 4-bit
data, and for 8-bit data transfer together with register A.

Register E is an 8-bit register. It can be used for 8-bit data transfer
with register B used as the high-order 4 bits and register A as the
low-order 4 bits (Figure 3).

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

(4) Register D

Register D is a 3-bit register.

It is used to store a 7-bit ROM address together with register A and
is used as a pointer within the specified page when the TABP p,
BLA p, or BMLA p instruction is executed. Also, when the TABP p
instruction is executed, the high-order 2 bits of the reference data
in ROM is stored to the low-order 2 bits of register D, and the con-
tents of the high-order 1 bit of register D is “0”. (Figure 4).

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

<Carry>

€ \
o}

Addition> ALU

(A)

<Result>

Fig.1 AMC instruction execution example

<Clear>
RC instruction

<Set>
SC instruction

m[R[A )

<Rotation>
RAR instruction

® EEEA

Fig. 2 RAR instruction execution example

Register B TAB instruction  Register A

o [re s 0]

EICIEEY

TEAB instruction

Register E | E7 | Ee | Es | E4 |E3|E2 |E1 | Eo|

TABE instruction

EICACAED

Register B TBA instruction

[ra]A[Ac o]
Register A

Fig. 3 Registers A, B and register E

TABP p instruction

Specifying address

ROM \  _—

r

N Low-order 4bits

PCH PCL
|F’6|p5|p4|p3|92|pl|90| |DRz|DRJDRcJA3|Az|A1|Ao|

Register A (4)

Middle-order 4 bits

AN J \

J

Immediate field

value p register D

f S
The contents of The contents of
register A

» Register D (3)

High-order 1 bit of
reaister D is “0".

i

High-order 2 bits

_

Fig. 4 TABP p instruction execution example
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(5) Stack registers (SKs) and stack pointer (SP)

Stack registers (SKs) are used to temporarily store the contents of

program counter (PC) just before branching until returning to the

original routine when;

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

« performing a subroutine call, or

« executing the table reference instruction (TABP p).

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

tines can be nested up to 8 levels. However, one of stack registers

is used respectively when using an interrupt service routine and

when executing a table reference instruction. Accordingly, be care-

ful not to over the stack when performing these operations

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

els are exceeded.

The register SK nesting level is pointed automatically by 3-bit

stack pointer (SP). The contents of the stack pointer (SP) can be

transferred to register A with the TASP instruction.

Figure 5 shows the stack registers (SKs) structure.

Figure 6 shows the example of operation at subroutine call.

(6) Interrupt stack register (SDP)

Interrupt stack register (SDP) is a 1-stage register. When an inter-
rupt occurs, this register (SDP) is used to temporarily store the
contents of data pointer, carry flag, skip flag, register A, and regis-
ter B just before an interrupt until returning to the original routine.
Unlike the stack registers (SKs), this register (SDP) is not used
when executing the subroutine call instruction and the table refer-
ence instruction.

(7) Skip flag

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

Program counter (PC) |

. [ .
Executing BM Executing RT

instruction instruction
SKo (SP)=0
SK1 (sP)=1
SK2 (SP)=2
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 RAM back-up mode. It points “0”
by executing the first BM instruction, and the
contents of program counter is stored in SKo.
When the BM instruction is executed after eight
stack registers are used ((SP) = 7), (SP) = 0
and the contents of SKo is destroyed.

Fig. 5 Stack registers (SKs) structure

(SP) - 0

(SKo) — 000116

(PC) ~ SUB1

Main program Subroutine

Address SUB1:
000016 NOP NOP
000116 BM SUB1 '
000216 NOP RT

(PC) — (SKo)
(SP) « 7

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

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

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

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

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

(9) Data pointer (DP)

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

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

When using port D, set the port D bit position to register Y certainly
and execute the SD, RD, or SZD instruction (Figure 9).

* Note

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

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

Program counter
A

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

AN J U J
Y Y
PCH PCL
Specifying page Specifying address

Fig. 7 Program counter (PC) structure

Data pointer (DP)
IZl| Zo|X3|X2|X1|X0|Y3| Y2|Y1|Y0

%K_A
/

J

“Speciing

RAM digit

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

Fig. 8 Data pointer (DP) structure

Specifying bit position

Set

D3 D2 D1 Do

O[]

Register Y (4) Port D output latch

Fig. 9 SDinstruction execution example
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PROGRAM MEMORY (ROM)

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

of 10 bits. ROM is separated every 128 words by the unit of page 9 87 6543210
(addresses 0 to 127). Table 1 shows the ROM size and pages. Fig- 000016 Page 0
ure 10 shows the ROM map of M34519M8/ES. 8833'812
‘ 00FF16 Interrupt address page Page 1
Table 1 ROM size and pages 010016 ] ]
o ROM (PROM) size ages 8%512 Subroutine special page Page 2
(O 10 bits) Page 3
M34519M6 6144 words 48 (0 to 47)
M34519M8/E8 8192 words 64 (0 to 63)

A part of page 1 (addresses 008016 to 00FF16) is reserved for in-
terrupt addresses (Figure 11). When an interrupt occurs, the
address (interrupt address) corresponding to each interrupt is set 1FFF16 Page 63
in the program counter, and the instruction at the interrupt address
is executed. When using an interrupt service routine, write the in-

struction generating the branch to that routine at an interrupt Fig. 10 ROM map of M34519M8/E8

address.

Page 2 (addresses 010016 to 017F16) is the special page for sub-

routine calls. Subroutines written in this page can be called from 9 87 65 432 10
any page with the 1-word instruction (BM). Subroutines extending 008016 | External O interrupt address

from page 2 to another page can also be called with the BM in-

struction when '_t starts on page 2. 008216 External 1 interrupt address
ROM pattern (bits 9 to 0) of all addresses can be used as dataar- | [ 777777"TTTTmmTooooRmmmm oo mmees

eas with the TABP p instruction.

008416| _Timer 1 interrupt address

008616| _Timer 2 interrupt address

008816 Timer 3 interrupt address

008A16| _Timer 4 interrupt address

008C16 A-D interrupt address

008E16| _Serial_I/Q interrupt address

00FF16

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

1 word of RAM is composed of 4 bits, but 1-bit manipulation (with
the SB j, RB j, and SZB j instructions) is enabled for the entire
memory area. A RAM address is specified by a data pointer. The
data pointer consists of registers Z, X, and Y. Set a value to the
data pointer certainly when executing an instruction to access
RAM (also, set a value after system returns from RAM back-up).
RAM includes the area for LCD.

When writing “1” to a bit corresponding to displayed segment, the
segment is turned on.

Table 2 shows the RAM size. Figure 12 shows the RAM map.

* Note

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

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

Table 2 RAM size

Product RAM size

M34519M6
M34519M8/E8

384 words [ 4 bits (1536 bits)

RAM 384 words [ 4 bits (1536 bits)

Register Z 0

Register X | 0| 1] 2|3 ]| |6

0

© |0 |N (o |01 | [WIN |-

Register Y

[EnY
o

[N
[N

[EEY
N

[EnY
w

[y
N

[EnY
a1

M34519M8/E8 :0 :0 to 15

» 384 words

A

Fig. 12 RAM map
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INTERRUPT FUNCTION

The interrupt type is a vectored interrupt branching to an individual
address (interrupt address) according to each interrupt source. An
interrupt occurs when the following 3 conditions are satisfied.

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

« Interrupt enable bit is enabled (“1”)

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

Table 3 shows interrupt sources. (Refer to each interrupt request
flag for details of activated conditions.)

() Interrupt enable flag (INTE)

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

(2) Interrupt enable bit

Use an interrupt enable bit of interrupt control registers V1 and V2
to select the corresponding interrupt or skip instruction.

Table 4 shows the interrupt request flag, interrupt enable bit and
skip instruction.

Table 5 shows the interrupt enable bit function.

(3) Interrupt request flag

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

* an interrupt occurs, or

« the next instruction is skipped with a skip instruction.

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

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

If more than one interrupt request flag is set when the interrupt dis-
able state is released, the interrupt priority level is as follows
shown in Table 3.

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

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

struction
Interrupt name Request flag | Skip instruction | Enable bit
External O interrupt EXFO SNZ0 V1o
External 1 interrupt EXF1 SNZ1 Vi1
Timer 1 interrupt T1F SNZT1 V12
Timer 2 interrupt T2F SNZT2 V13
Timer 3 interrupt T3F SNZT3 V2o
Timer 4 interrupt T4AF SNZT4 V21
A-D interrupt ADF SNZAD V22
Serial I/O interrupt SIOF SNZSI V23

Table 5 Interrupt enable bit function

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

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

lows (Figure 14).

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

« Interrupt enable flag (INTE)
INTE flag is cleared to “0” so that interrupts are disabled.

« Interrupt request flag
Only the request flag for the current interrupt source is cleared to
“0.”

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

(5) Interrupt processing

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

Use the 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 13)

Main
routine
Interrupt
service routine
o
Interrupt ot .
occurs Lot
* .
A
El
"~.. RTI
Interrupt is e
enabled See, =
h..l
v
- |Nterrupt enabled state
===« Interrupt disabled state

Fig. 13 Program example of interrupt processing

» Program counter (PC)
.............................................................. | 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
SOUICE) .ottt |§|

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

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

Fig. 14 Internal state when interrupt occurs

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

INTO pin intelrrupt O/O O/O O/:/O__Addresso
waveform input EXFO V10 in page 1
INT1 pin interrupt O/O O/O O/:/O__Address 2
waveform input EXF1 Vi1 in page 1

Timer 1 O/O O/O O/;/O__Addressél
underflow TIF Vi2 in page 1
Timer 2 O/O O/C O/i/o__Address 6
underflow T2F V13 in page 1
Timer 3 O/O O/O O//O__ Address 8
underflow T3F V20 in page 1
Timer 4 O/O O/O O/O__ Address A
underflow T4F V21 ' in page 1
A-D conversion O/C O/O O/O__ Address C
completed ADF V22 : in page 1
Serial I/0 O/O O/O O/O__Address E
transmit/ SIOF V23 in page 1
receive
completed INTE

Fig. 15 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 as-
signed to register V1. Set the contents of this register through
register A with the TV1A instruction. The TAV1 instruction can be
used to transfer the contents of register V1 to register A.

Interrupt control register V2

The timer 3, timer 4, A-D and serial 1/O interrupt enable bit is as-
signed to register V2. Set the contents of this register through
register A with the TV2A instruction. The TAV2 instruction can be
used to transfer the contents of register V2 to register A.

Table 6 Interrupt control registers

_ RIW
Interrupt control register V1 at reset : 00002 at RAM back-up : 00002 TAVI/TVIA
) . . 0 Int t disabl NZT2 instruction i li
Vi3 Timer 2 interrupt enable bit nterrupt disabled (S 'lns ruc.lon.ls.va |d)
1 Interrupt enabled (SNZT2 instruction is invalid)
) . . 0 Int t disabl NZT1 instruction i li
V12 Timer 1 interrupt enable bit nterrupt disabled (S 'lns ruc.lon.ls.va |d)
1 Interrupt enabled (SNZT1 instruction is invalid)
. . 0 Int t disabl NZ1 instruction i li
Vi1 External 1 interrupt enable bit nterrupt disabled (S I|ns ruc.lon .|s.va Id,)
1 Interrupt enabled (SNZ1 instruction is invalid)
. . 0 Int t di | NZO instruction i li
V1o External O interrupt enable bit nterrupt disabled (S O.lns ruc.lon .|s.va Id,)
1 Interrupt enabled (SNZO instruction is invalid)
. R/W
Interrupt control register V2 at reset : 00002 at RAM back-up : 00002
TAV2/TV2A
. . . 0 Int t disabled (SNZSI instruction i lid
V23 Serial I/O interrupt enable bit nterrupt disabled ( -|ns ruc-|0n.|s‘va| .)
1 Interrupt enabled (SNZSI instruction is invalid)
. . 0 Int t disabled (SNZAD instruction i lid
V22 A-D interrupt enable bit nterrupt disabled ( .|ns I’UC-IOI’I-IS.VaI ‘)
1 Interrupt enabled (SNZAD instruction is invalid)
) . . 0 Int t disabled (SNZT4 instruction i lid
V21 Timer 4 interrupt enable bit nterrupt disabled ( I|ns I’UC‘IOI’]‘IS-V&I .)
1 Interrupt enabled (SNZT4 instruction is invalid)
) . . 0 Int t disabled (SNZT3 instruction i lid
V20 Timer 3 interrupt enable bit nterrupt disabled ( I|ns I’UC‘IOI’]‘IS-V&I .)
1 Interrupt enabled (SNZT3 instruction is invalid)

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

(7) Interrupt sequence

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

The 4519 Group has the external O interrupt and external 1 inter-
rupt.

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

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

Table 7 External interrupt activated conditions

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

(Note 2) K23

Level detection circuit —Q0
K22 (Note 3) .
Edge detection circuit 1

_{>_>Sk|p decision

(SNZI1 instruction)

Notes 1: ----{4¢---- This symbol represents a parasitic diode on the port.
2:112 (122) = 0: “L” level detected
112 (122) = 1: “H” level detected
3: 112 (122) = 0: Falling edge detected
112 (122) = 1: Rising edge detected

<
(Note 1)+ L
ote Falling
x .
P30/INTOO— EXFO External 0
* ' interrupt
i Rising
77T i
L——p Timer 1 count §tarT
synchronous circuit
(Note 2) K21
Level detection circuit —Q0 !
K20 (Note 3) Key-on wakeup
Edge detection circuit 01
—' >—>Skip decision
(SNZIO0 instruction)
. L
1 122 One-sided edge
(Note 1)* Falling detection circuit
P31/INT10—+ External 1
* ﬂ EXF1 interrupt
Rising Both edges
— detection circui Timer 3 count start

synchronous circuit

Key-on wakeup

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

The valid waveforms causing the interrupt must be retained at their
level for 4 clock cycles or more of the system clock (Refer to Figure
16).

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

« External O interrupt activated condition
External O interrupt activated condition is satisfied when a valid
waveform is input to P30/INTO pin.
The valid waveform can be selected from rising waveform, falling
waveform or both rising and falling waveforms. An example of
how to use the external O interrupt is as follows.

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

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

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

[0 Set the NOP instruction for the case when a skip is performed
with the SNZO0 instruction.

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

The external O interrupt is now enabled. Now when a valid wave-
form is input to the P30/INTO pin, the EXFO flag is set to “1” and the
external O interrupt occurs.

(2) External 1 interrupt request flag (EXF1)
External 1 interrupt request flag (EXF1) is set to “1” when a valid
waveform is input to P31/INT1 pin.

The valid waveforms causing the interrupt must be retained at their
level for 4 clock cycles or more of the system clock (Refer to Figure
16).

The state of EXF1 flag can be examined with the skip instruction
(SNZ1). Use the interrupt control register V1 to select the interrupt
or the skip instruction. The EXF1 flag is cleared to “0” when an in-
terrupt occurs or when the next instruction is skipped with the skip
instruction.

« External 1 interrupt activated condition
External 1 interrupt activated condition is satisfied when a valid
waveform is input to P31/INT1 pin.
The valid waveform can be selected from rising waveform, falling
waveform or both rising and falling waveforms. An example of
how to use the external 1 interrupt is as follows.

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

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

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

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

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

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

« Interrupt control register 11
Register 11 controls the valid waveform for the external O inter-
rupt. Set the contents of this register through register A with the
TI1A instruction. The TAI1 instruction can be used to transfer the
contents of register I1 to register A.

Table 8 External interrupt control register

« Interrupt control register 12
Register 12 controls the valid waveform for the external 1 inter-
rupt. Set the contents of this register through register A with the
TI2A instruction. The TAI2 instruction can be used to transfer the
contents of register 12 to register A.

R/W
Interrupt control register 11 at reset : 00002 at RAM back-up : state retained TAIL/THA
113 INTO pin input control bit 0 INTO p!n fnput disabled
1 INTO pin input enabled
0 Falling waveform/“L” level (“L” level is recognized with the SNZIO
11 Interrupt valid waveform for INTO pin/ instruction)
return level selection bit 1 Rising waveform/“H” level (“H” level is recognized with the SNZIO
instruction)
111 INTO pin edge detection circuit control bit 0 One-sided edge detected
1 Both edges detected
1o INTO pin Timer 1 count start synchronous 0 Timer 1 count start synchronous circuit not selected
circuit selection bit 1 Timer 1 count start synchronous circuit selected
i . . . R/W
Interrupt control register 12 at reset : 00002 at RAM back-up : state retained TAI2/TI2A
123 INT1 pin input control bit (Note 2) 0 INT1 p!n !nput disabled
1 INT1 pin input enabled
0 Falling waveform/“L” level (“L” level is recognized with the SNZI1
12 Interrupt valid waveform for INT1 pin/ instruction)
return level selection bit (Note 2) 1 Rising waveform/“H” level (“H” level is recognized with the SNZI1
instruction)
121 INT1 pin edge detection circuit control bit 0 One-sided edge detected
1 Both edges detected
120 INT1 pin Timer 3 count start synchronous 0 Timer 3 count start synchronous circuit not selected
circuit selection bit 1 Timer 3 count start synchronous circuit selected

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

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

Rev.2.00 2003.04.15 page 28 of 159

RENESAS



4519 Group

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

(4) Notes on External O interrupt

0 Note [1] on bit 3 of register I11
When the input of the INTO pin is controlled with the bit 3 of reg-
ister 11 in software, be careful about the following notes.

» Depending on the input state of the P30/INTO pin, the external 0
interrupt request flag (EXFO) may be set when the bit 3 of regis-
ter 11 is changed. In order to avoid the occurrence of an
unexpected interrupt, clear the bit 0 of register V1 to “0” (refer to
Figure 18 ) and then, change the bit 3 of register I11.

In addition, execute the SNZO0 instruction to clear the EXFO flag
after executing at least one instruction (refer to Figure 18 ).
Also, set the NOP instruction for the case when a skip is per-
formed with the SNZO instruction (refer to Figure 18 0).

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

« Depending on the input state of the P30/INTO pin, the external 0
interrupt request flag (EXFO) may be set when the bit 2 of regis-
ter I1 is changed. In order to avoid the occurrence of an
unexpected interrupt, clear the bit 0 of register V1 to “0” (refer to
Figure 2000) and then, change the bit 2 of register I1.

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

LA 4 ([ 02)

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

LA 8 C(Am 2)

TI1IA ; Control of INTO pin input is changed

NOP e O

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

NOP e O

0 : these bits are not used here.

LA 4 (0D 02)

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

LA 12

TI1A ; Interrupt valid waveform is changed

NOP ]

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

NOP O

0 : these bits are not used here.

Fig. 18 External O interrupt program example-1

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

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

LA 0 ; (@ 02)

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

EPOF

POF ; RAM back-up

0 : these bits are not used here.

Fig. 19 External O interrupt program example-2

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

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

» Depending on the input state of the P31/INT1 pin, the external 1
interrupt request flag (EXF1) may be set when the bit 3 of regis-
ter 12 is changed. In order to avoid the occurrence of an
unexpected interrupt, clear the bit 1 of register V1 to “0” (refer to
Figure 21[0) and then, change the bit 3 of register 12.

In addition, execute the SNZ1 instruction to clear the EXF1 flag
after executing at least one instruction (refer to Figure 210).
Also, set the NOP instruction for the case when a skip is per-
formed with the SNZ1 instruction (refer to Figure 210).

O Note on bit 2 of register 12

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

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

interrupt request flag (EXF1) may be set when the bit 2 of regis-
ter 12 is changed. In order to avoid the occurrence of an
unexpected interrupt, clear the bit 1 of register V1 to “0” (refer to
Figure 2300) and then, change the bit 2 of register 12.

In addition, execute the SNZ1 instruction to clear the EXF1 flag
after executing at least one instruction (refer to Figure 2300).
Also, set the NOP instruction for the case when a skip is per-
formed with the SNZ1 instruction (refer to Figure 230).

LA 4 ; (0 002)

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

LA 8 ;(Am  2)

TI2A ; Control of INT1 pin input is changed

NOP ]

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

NOP ]

0 : these bits are not used here.

LA 4 ; (0 002)

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

LA 12

TI2A ; Interrupt valid waveform is changed

NOP O

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

NOP O

0 : these bits are not used here.

Fig. 21 External 1 interrupt program example-1

O Note [2] on bit 3 of register 12
When the bit 3 of register 12 is cleared, the RAM back-up mode is
selected and the input of INT1 pin is disabled, be careful about
the following notes.

* When the input of INT1 pin is disabled (register 123 = “0”), set the
key-on wakeup function to be invalid (register K22 = “0") before
system enters to the RAM back-up mode. (refer to Figure 220J).

LA 0 ; (oo 2)

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

EPOF

POF ; RAM back-up

0 : these bits are not used here.

Fig. 22 External 1 interrupt program example-2

Fig. 23 External 1 interrupt program example-3
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TIMERS

 Fixed dividing frequency timer

The 4519 Group has the following timers.

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

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

FFi6 | — — — - — L L e L e e e -
n : Counter initial value
Count starts

0 v y v

I

g | 1st underflow 2nd underflow

3 | \ \

S I

5 .

@ |

5 i A A

c

o '

® I

()

e 1

a I

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

request flag

\ 1&
ﬂ An interrupt occurs or

a skip instruction is executed.

Fig. 24 Auto-reload function

The 4519 Group timer consists of the following circuits.
» Prescaler : 8-bit programmable timer

e Timer 1 : 8-bit programmable timer

e Timer 2 : 8-bit programmable timer

* Timer 3 : 8-bit programmable timer

* Timer 4 : 8-bit programmable timer

* Watchdog timer : 16-bit fixed dividing frequency timer

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

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

Each function is described below.
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Table 9 Function related timers

Circuit Structure Count source Frequency Use of output signal Control
dividing ratio register
Prescaler 8-bit programmable * Instruction clock (INSTCK) | 1 to 256 » Timer 1, 2, 3, amd 4 count sources PA
binary down counter
Timer 1 8-bit programmable * Instruction clock (INSTCK) | 1 to 256 * Timer 2 count source w1
binary down counter * Prescaler output (ORCLK) * CNTRO output w2
(link to INTO input) * XIN input * Timer 1 interrupt W5
(period/pulse width * CNTRO input
measurement function)
Timer 2 8-bit programmable » System clock (STCK) 1to 256 » Timer 3 count source W2
binary down counter * Prescaler output (ORCLK) * CNTRO output
e Timer 1 underflow  Timer 2 interrupt
(TLUDF)
* PWM output (PWMOUT)
Timer 3 8-bit programmable * PWM output (PWMOUT) 1 to 256 * CNTR1 output control W3
binary down counter * Prescaler output (ORCLK) * Timer 3 interrupt
(link to INT1 input) * Timer 2 underflow
(T2UDF)
* CNTR1 input
Timer 4 8-bit programmable * XIN input 1 to 256 * Timer 2, 3 count source w4
binary down counter * Prescaler output (ORCLK) * CNTR1 output
(PWM output function) e Timer 4 interrupt
Watchdog 16-bit fixed dividing * Instruction clock (INSTCK) | 65534 * System reset (count twice)
timer frequency » WDF flag decision
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Division circuit lr\/I_R:3_, L\/I_Fizﬂ ——— System clock (STCK)
111 1
Divided by 8 !
""""" },_"_—'—o: 1O\ 4| [overnat cook
- - Divided by 4 i nternal cloc )
Ring oscillator MRo | oreeay s ;01 1 generating circuit ;I?Nstsr#cctllgn clock
" i Divided by 2 H 00: H divided by 3 ( )
1t o o
XNO RC oscillation Mulg- o o T <
plexer |  ===---' -
Quartz-crystal (CMCK,
oscillation CRCK,
CYCK) BAg D

Prescaler (8) |_> ORCLK
B

(Note 1) | *
| Reload register RPS (8) |
[(TPSAB; ;(TPSA )]
(TABPS) (TPSAB) (TABPS)

Register B || Register A

Weéa

i 02+~ Port De output W23

o o7 i{az F—T1uoF
:....J 0

One-period
gen i i

De/CNTRO O——

P30/INTOO

(Note 2)
S Q

R

—° Timer 1
—| Timer 1 (8) | interrupt
A * A
|Re|oad register R1 (8)|
(T1AB) (;I'RlAI?) (T1AB)
W21, W2 (TAB1) LLRE (TABL) L — .
r55° Register B] [Register Timer 1 underflow signal (
STCK — T1UDF)
ORCLK——+—0\_ 1 )
T1UDF L : | Timer 2 (8) |7_..T|mer 2
PWMOUT ! 4 interrupt

|Re|oad register R2 (8)|
(T2AB) (T28) (T2AB)

Register B||Register A

(TAB2)

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

TR1AB: This instruction is used to transfer the contents of  Notes 1: When CMCK instruction is executed, ceramic resonance is selected.
register A and register B to only reload register R1.

PWMOUT:PWM output signal (from timer 4 output unit) When CRCK instruction is executed, RC oscillation is selected.
When CYCK instruction is executed, quartz-crystal oscillator is selected.
* Data is set automatically from each reload 2: Timer 1 count start synchronous circuit is set by the valid edge of P30/INTO pin
register when timer underflows selected by bits 1 (111) and 2 (112) of register 11.
(auto-reload function). 3: XIN cannot be used for the count source when bit 1 (MR1) of register MR is set

to “1” and f(XIN) oscillation is stopped.

Fig. 25 Timer structure (1)
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P31/INT1O

One-sided edge
detection circuit

D7ICNTR1O

c
detection circuit
R
‘_‘ - Timer 3
ATlmer 3 (82 |7 T3F interrupt
|Re|oad register R3 (8)|
(T3AB) ((TTRsaAf?Bl?) (T3AB)
(TAB3) (TAB3) — Timer 3

Register B”Reqister Al

underflow signal
(T3UDF)

(T4RAL)

= T3UDF
Qb
R T
|Reqister B||Register A|
l (TAHAB)
. Q** pwMoUT
(Note 3) | Reload register R4H (8)|
ngQ1 Q‘ | Reload control circuit [¢—— RH was
Xin O QP | W
ORCLK i0q 1 D, > Timer 4 (8) TI “H” interval expansion I—:‘Ol > rimerd
: interrupt

| Reload register R4L (8) |

INSTCK ™

TR3AB: This instruction is used to transfer the contents of
register A and register B to only reload register R3.
T4RA4L: This instruction is used to transfer the contents of
reload register R4L to timer 4.
INSTCK: Instruction clock (system clock divided by 3)
ORCLK: Prescaler output (instruction clock divided by 1 to 256)

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

16 (Note 5)
S Q
WDF1
WRST instruction—|R
RESET signal-{S Q
WEF
DWDT instruction—{ R D Q[ Wwatchdog reset signal
+
WRST instruction (Note 6)
T R[— RESET signal

Notes 3: XiN cannot be used for the count source when bit 1 (MR1) of

register MR is set to “1” and f(XIN) oscillation is stopped.

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

5: Flag WDF1 is cleared to “0” and the next instruction is skipped
when the WRST instruction is executed while flag WDF1 = “1".
The next instruction is not skipped even when the WRST
instruction is executed while flag WDF1 = “0".

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

Fig. 26 Timer structure (2)
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Table 10 Timer related registers

W
Timer control register PA at reset : 02 at RAM back-up : 02 TPAA
PAo Prescaler control bit 0 Stop (s.tate initialized)
1 Operating
) . ) R/W
Timer control register W1 at reset : 00002 at RAM back-up : state retained
TAW1/TW1A
Wiz Timer 1 count auto-stop circuit selection 0 Timer 1 count auto-stop circuit not selected
bit 1 Timer 1 count auto-stop circuit selected
Wi2 Timer 1 control bit 0 Stop (s‘tate retained)
1 Operating
W11|W1lo Count source
Wi 0 | 0 | Instruction clock (INSTCK)
Timer 1 count source selection bits 0 | 1 | Prescaler output (ORCLK)
W10 1| 0 | XiNinput
1 | 1 | CNTRO input
. . _ . RIW
Timer control register W2 at reset : 00002 at RAM back-up : state retained TAW2/TW2A
W23 CNTRO output signal selection bit 0 T?mer 1 underflow s?gnal d?v?ded by 2 output
1 Timer 2 underflow signal divided by 2 output
W22 Timer 2 control bit 0 Stop (s‘tate retained)
1 Operating
W21\W20 Count source
w21 0 | 0 | System clock (STCK)
Timer 2 count source selection bits 0 | 1 | Prescaler output (ORCLK)
W20 1 | 0 | Timer 1 underflow signal (TLUDF)
1| 1 | PWM signal (PWMOUT)
) . . R/W
Timer control register W3 at reset : 00002 at RAM back-up : state retained
TAW3/TW3A
W33 Timer 3 count auto-stop circuit selection 0 Timer 3 count auto-stop circuit not selected
bit (Note 2) 1 Timer 3 count auto-stop circuit selected
W32 Timer 3 control bit 0 Stop (s.tate retained)
1 Operating
W31|W30 Count source
w31 _ o 0| 0 | PWM signal (PWMOUT)
Timer 3 count source selection bits 0 | 1 | Prescaler output (ORCLK)
W30 1 | 0 | Timer 2 underflow signal (T2UDF)
1| 1 | CNTR1 input

Notes 1: “R” represents read enabled, and “W” represents write enabled.
2: This function is valid only when the timer 1 count start synchronous circuit is selected (110="1").
3: This function is valid only when the timer 3 count start synchronous circuit is selected (120="1").
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Timer control register W4 at reset : 00002 at RAM back-up : 00002 RIW
TAW4/TW4A
. ) . . 0 D7 (1/0) / CNTR1 (input
W43 D7/CNTR1 pin function selection bit (/0) (.|npu )
1 CNTRZ1 (I/0) / D7 (input)
W2 PWM signal 0 PWM signal “H” interval expansion function invalid
“H” interval expansion function control bit 1 PWM signal “H” interval expansion function valid
W41 Timer 4 control bit 0 Stop (s.tate retained)
1 Operating
W4o Timer 4 count source selection bit 0 XIN Input —
1 Prescaler output (ORCLK) divided by 2
) . ) R/W
Timer control register W5 at reset : 00002 at RAM back-up : state retained
TAWS5/TW5A
W53 Not used 0 This bit has no function, but read/write is enabled.
1
W52 Period measurement circuit control bit 0 Stop _
1 Operating
W51\W50 Count value
W51 - -
Signal for period measurement selection 0|0 |Ring osm.lla.tor (fRING/16))
bits 0 | 1 | CNTRo pin input
W50 1 | 0 | INTO pin input
1 | 1 | Notavailable
) . ) R/IW
Timer control register W6 at reset : 00002 at RAM back-up : state retained
TAWG6/TW6A
o . ) 0 Falling edge
W63 CNTR1 pin input count edge selection bit —
1 Rising edge
o . . 0 Falling edge
W62 CNTRO pin input count edge selection bit — gedg
1 Rising edge
W61 CNTR1 output auto-control circuit 0 CNTR1 output auto-control circuit not selected
selection bit 1 CNTR1 output auto-control circuit selected
. . . . Ds (I NTRO (i t
W60 D6/CNTRO pin function selection bit 0 woysc 0 (!npu )
1 CNTRO (I/O) /Ds (input)

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

Timer control register PA

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

Timer control register W1

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

Timer control register W2

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

Timer control register W3

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

Timer control register W4

Register W4 controls the D7/CNTR1 output, the expansion of “H”
interval of PWM output, and the count operation and count
source of timer 4. Set the contents of this register through regis-
ter 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 period measurement circuit and target
signal for period measurement. Set the contents of this register
through register A with the TW5A instruction. The TAWS5 instruc-
tion can be used to transfer the contents of register W5 to
register A.

Timer control register W6

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

(2) Prescaler

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

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

Prescaler starts counting after the following process;

0 set data in prescaler, and

O set the bit O of register PAto “1.”

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

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

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

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

(3) Timer 1 (interrupt function)

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

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

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

Timer 1 starts counting after the following process;

O set data in timer 1

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

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

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

Once count is started, when timer 1 underflows (the next count
pulse is input after the contents of timer 1 becomes “0”), the timer
1 interrupt request flag (T1F) is set to “1,” new data is loaded from
reload register R1, and count continues (auto-reload function).
INTO pin input can be used as the start trigger for timer 1 count op-
eration by setting the bit O of register 11 to “1.”

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

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

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

Timer 2 is an 8-bit binary down counter with the timer 2 reload reg-
ister (R2). Data can be set simultaneously in timer 2 and the reload
register (R2) with the T2AB instruction. Data can be read from
timer 2 with the TAB2 instruction. Stop counting and then execute
the T2AB or TAB2 instruction to read or set timer 2 data.

Timer 2 starts counting after the following process;

0 set data in timer 2,

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

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

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

(5) Timer 3 (interrupt function)

Timer 3 is an 8-bit binary down counter with the timer 3 reload reg-
ister (R3). Data can be set simultaneously in timer 3 and the reload
register (R3) with the T3AB instruction. Data can be written to re-
load register (R3) with the TR3AB instruction. Data can be read
from timer 3 with the TAB3 instruction.

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

When executing the TR3AB instruction to set data to reload regis-
ter R3 while timer 3 is operating, avoid a timing when timer 3
underflows.

Timer 3 starts counting after the following process;

O set data in timer 3

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

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

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

Once count is started, when timer 3 underflows (the next count
pulse is input after the contents of timer 3 becomes “0"), the timer
3 interrupt request flag (T3F) is set to “1,” new data is loaded from
reload register R3, and count continues (auto-reload function).
INT1 pin input can be used as the start trigger for timer 3 count op-
eration by setting the bit 0 of register 12 to “1.”

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

(6) Timer 4 (interrupt function)

Timer 4 is an 8-bit binary down counter with two timer 4 reload reg-
isters (R4L, R4H). Data can be set simultaneously in timer 4 and
the reload register R4L with the T4AB instruction. Data can be set
in the reload register R4H with the T4AHAB instruction. The contents
of reload register R4L set with the T4AB instruction can be set to
timer 4 again with the T4RA4L instruction. Data can be read from
timer 4 with the TAB4 instruction.

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

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

Timer 4 starts counting after the following process;

0 set data in timer 4

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

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

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

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

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

Timer 1 has the period measurement circuit which performs timer

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

vided by 16 of a built-in ring oscillator, D6/CNTRO pin input, or

P30/INTO pin input (one cycle, “H”, or “L” pulse width at the case
of a P30/INTO pin input).
When the target signal for period measurement is set by bits 0

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

In addition, execute the SNZT1 instruction to clear the T1F flag
after executing at least one instruction (refer to Figure 2700).
Also, set the NOP instruction for the case when a skip is per-
formed with the SNZT1 instruction (refer to Figure 270).

LA 0 ; (00 2)

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

LA 0 ; (00D 2)

TW5A ; Period measurement circuit stop

NOP e O

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

NOP e O

0 : these bits are not used here.

Fig. 27 Period measurement circuit program example

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

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

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

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

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

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

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

At the time of the start of a period measurement circuit and timer
operation, “L” pulse width (from falling to rising) when the input
level of P30/INTO pin is “1” or “H” pulse width (from rising to fall-
ing) when its level is “0” is measured.

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

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

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

timer count operation.

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

ting the bit O of register 11 to “1” and the control by INTO pin input

can be performed.

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

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

can be performed.

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

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

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

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

synchronous circuit is the same as the external interrupt activated

condition.

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

the bit 110 or 120 to “0” or reset.

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

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

timer 3 underflow.

(10) Count auto-stop circuit (timer 1, timer 3)
Timer 1 has the count auto-stop circuit which is used to stop timer
1 automatically by the timer 1 underflow when the count start syn-
chronous circuit is used.

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

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

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

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

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

(11) Timer input/output pin

(D6/CNTRO pin, D7/CNTR1 pin)
CNTRO pin is used to input the timer 1 count source and output the
timer 1 and timer 2 underflow signal divided by 2.
CNTR1 pin is used to input the timer 3 count source and output the
PWAM signal generated by timer 4.
The De/CNTRO pin function can be selected by bit 0 of register W6.
The selection of D7/CNTR1 output signal can be controlled by bit 3
of register W4.
When the CNTRO input is selected for timer 1 count source, timer
1 counts the rising or falling waveform of CNTRO input. The count
edge is selected by the bit 2 of register W6.
When the CNTR1 input is selected for timer 3 count source, timer
3 counts the rising or falling waveform of CNTR1 input. The count
edge is selected by the bit 3 of register W6.

(12) PWM output function (D7/CNTR1, timer 3,
timer 4)
When bit 3 of register W4 is set to “1”, timer 4 reloads data from re-
load register R4L and R4H alternately each underflow.
Timer 4 generates the PWM signal (PWMOUT) of the “L” interval
set as reload register R4L, and the “H” interval set as reload regis-
ter R4H. The PWM signal (PWMOUT) is output from CNTRL1 pin.
When bit 2 of register W4 is set to “1” at this time, the interval
(PWM signal “H” interval) set to reload register R4H for the counter
of timer 4 is extended for a half period of count source.
In this case, when a value set in reload register R4H is n, timer 4
divides the count source signal by n + 1.5 (n = 1 to 255).
When this function is used, set “1” or more to reload register R4H.
When bit 1 of register W6 is set to “1”, the PWM signal output to
CNTR1 pin is switched to valid/invalid each timer 3 underflow.
However, when timer 3 is stopped (bit 2 of register W3 is cleared to
“0"), this function is canceled.
Even when bit 1 of a register W4 is cleared to “0” in the “H” interval
of PWM signal, timer 4 does not stop until it next timer 4 underflow.
When clearing bit 1 of register W4 to “0” to stop timer 4, avoid a
timing when timer 4 underflows.

Rev.2.00 2003.04.15 page 40 of 159

RENESAS



4519 Group

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

(13) Timer interrupt request flags

(TAF, T2F, T3F, T4F)
Each timer interrupt request flag is set to “1” when each timer
underflows. The state of these flags can be examined with the skip
instructions (SNZT1, SNZT2, SNZT3, SNZT4).
Use the interrupt control register V1, V2 to select an interrupt or a
skip instruction.
An interrupt request flag is cleared to “0” when an interrupt occurs
or when the next instruction is skipped with a skip instruction. The
timer 1 interrupt request flag (T1F) is not set by the timer 1 under-
flow signal, it is the flag for detecting the completion of period
measurement.

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

Prescaler

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

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

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

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

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

Writing to reload register R1, R3, R4H

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

Timer 4

Avoid a timing when timer 4 underflows to stop timer 4.

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

Period measurement function

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

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

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

When data is read from timer, stop the timer and clear bit 2 of
register W5 to “0” to stop the period measurement circuit, and
then execute the data read instruction.

Depending on the state of timer 1, the timer 1 interrupt request
flag (T1F) may be set to “1” when the period measurement cir-
cuit is stopped by clearing bit 2 of register W5 to “0”. In order to
avoid the occurrence of an unexpected interrupt, clear the bit 2 of
register V1 to “0” (refer to Figure 280J) and then, stop the bit 2 of
register W5 to “0” to stop the period measurement circuit.

In addition, execute the SNZT1 instruction to clear the T1F flag
after executing at least one instruction (refer to Figure 2800).
Also, set the NOP instruction for the case when a skip is per-
formed with the SNZT1 instruction (refer to Figure 280).

LA 0 ; (0o 2)

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

LA 0 ; (00 2)

TW5A ; Period measurement circuit stop

NOP ]

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

NOP O

[ : these bits are not used here.

Fig. 28 Period measurement circuit program example

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

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

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

When the input of P30/INTO pin is selected for measurement, set
the bit 3 of a register 11 to “1”, and set the input of INTO pin to be
enabled.
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e CNTR1 output: invalid (W43 = “0")

Timer 4 count source

Timer 4 count value

(Reload
register)

Timer 4 underflow signal

PWM signal (output invalid)

PWM signal “L”
Timer 4 start fixed

e CNTR1 output: valid (W43 = “1")
PWM signal “H” interval extension function: invalid (W42 = “0")

Timer4countsource|| | _]l_ll_ll_ll_ll_ll-']-ll—']—ll—ll—ll—'l—ll—ll—ll—

Timer 4 count value

(Reload
register)

Timer 4 underflow signal

PWM l«—3 clock—| l«—3 clock—|

signal Tinter 4 start H_PWM period 7 cIock—>E<_ PWM period 7 clock _>i

o CNTR1 output: valid (W43 = “1")
PWM signal “H” interval extension function: valid (W42 = “1") (Note)

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

Timer 4 count value

(Reload
register)

1
1
1
1
Timer 4 underflow signal : I | l | | |_|_
i 1
1
1

|«—3.5 clock:>| {«—3.5 clock—

PWM
signal

1 1 1
TmIer 4 start | <—— PWM period 7.5 clock ——9» <@—— PWM period 7.5 clock—— P!

Note: At PWM signal “H” interval extension function: valid, set “0116” or more to reload register R4H.

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

e CNTR1 output: valid (W43 = “1")
CNTR1 output auto-control circuit selected (W61 = “1")

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

CNTR1 output

— T T T -
=
s

} CNTR1 output start

e CNTR1 output auto-control function

PWM S ———————————— -

signal
Timer 3 underflow signal

1 Timer 3 st

rt

Register W61

CNTR1 output T T

T CNTR1 output start

B s h .k
RPN P S———
T e e

O

R R

] e -
RPN U S —

O
JERIPRIV S S ——
P e
—
o
3
@
=
w

1 CNTRL output stop

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

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

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

Fig. 30 CNTR1 output auto-control function by timer 3
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“0316”
“0216”

~—Timer 4 count start timing

o Waveform extension function of CNTR1 output “H” interval: Invalid (W42 = “0"),
CNTR1 output: valid (W43 = “1"),
Count source: XIN input selected (W40 = “0"),
Reload register R4L:
Reload register R4H:

Machine cycle

Mi

Mi+1

A

Mi+2

System clock
f(STCK)=f(XIN)/4

XIN input
(count source selected)

Register W41

j —
RN ERERERERERERE

TWA4A instruction execution ¢

cle (W41) ~ 1

A

I
LY

[
JEpSpEpERERE

Timer 4 count value

0316

(oo

(Reload register)

Timer 4

(RAL)

(0216Y0116001040316X 02160116
(R4H) (R4L)

[]

underflow signal

I

PWM signal

Timer 4 count st

art timing

~—Timer 4 count stop timing

Machine cycle

Mi

Mi+1

Mi+2

System clock
f(STCK)=f(XIN)/4

XIN input
(count source selected

T |

TWA4A instruction execution cy

JEEREREREREREEE

Register W41

Timer 4 count value
(Reload register)

Timer 4

‘cle W41) « 0 |
|

LU

underflow signal

PWM signal

-

e (2 o (2 O
(R4H) (R4L) # (RaH)
[ []
(Note 1)

Timer 4 count stop timing

Notes 1: In order to stop timer 4 at CNTR1 output valid (W43 = “1"), avoid a timing when timer 4 underflows.
If these timings overlap, a hazard may occur in a CNTR1 output waveform.
2: At CNTR1 output valid, timer 4 stops after “H” interval of PWM signal set by reload register R4H is output.

Fig. 31 Timer 4 count start/stop timing
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WATCHDOG TIMER

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

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

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

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

Execute the WRST instruction at each period of 65534 machine
cycle or less by software when using watchdog timer to keep the
microcomputer operating normally.

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

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

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

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

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

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

O Reset
released

watchdog reset signal is output.

executed.

is the instruction clock.

FFFF16 —
|
Value of 16-bit timer (WDT) l |
|
000016 — i
‘ 0 O
WDF1 flag |
3 o :
| | | 65534 count |
|
| ! | (Note) !
! |
WDF2 flag | | -
|
! |
? |
RESET pin output ; | V
I ! —_

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

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

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

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

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

0 WRST instruction
executed
(skip executed)

0 System reset

Fig. 32 Watchdog timer function
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When the watchdog timer is used, clear the WDF1 flag at the pe-
riod of 65534 machine cycles or less with the WRST instruction.
When the watchdog timer is not used, execute the DWDT instruc-
tion and the WRST instruction continuously (refer to Figure 33).
The watchdog timer is not stopped with only the DWDT instruction.
The contents of WDF1 flag and timer WDT are initialized at the
RAM back-up mode.

When using the watchdog timer and the RAM back-up mode, ini-
tialize the WDF1 flag with the WRST instruction just before the
microcomputer enters the RAM back-up state (refer to Figure 34).
The watchdog timer function is valid after system is returned from
the RAM back-up. When not using the watchdog timer function, ex-
ecute the DWDT instruction and the WRST instruction continuously
every system is returned from the RAM back-up, and stop the
watchdog timer function.

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

Fig. 33 Program example to start/stop watchdog timer

WRST ; WDF1 flag cleared
NOP

DI ; Interrupt disabled
EPOF ; POF instruction enabled
POF

!
Oscillation stop

Fig. 34 Program example to enter the mode when using the
watchdog timer
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A-D CONVERTER (Comparator)

Table 11 A-D converter characteristics

The 4519 Group has a built-in A-D conversion circuit that performs

conversion by 10-bit successive comparison method. Table 11

shows the characteristics of this A-D converter. This A-D converter

Parameter Characteristics
Conversion format |Successive comparison method
Resolution 10 bits

can also be used as an 8-bit comparator to compare analog volt-
ages input from the analog input pin with preset values.

Relative accuracy

Linearity error: +2LSB (2.7 V < VDD < 5.5V)

Non-linearity error: +0.9LSB (2.2 V< VDD < 5.5V)

Conversion speed

31 ps (f(XIN) = 6 MHz, STCK = f(XIN) (XIN
through-mode), ADCK = INSTCK/6)

Analog input pin |8
| Register B (4) |
A
| Register A (4) |
|\ A A 4 4
4 LTAQL 4 NTAQ2 4 FTAQ3 4t la
TQ1A TQ2A TQ3A
(P40-P43) |Q13|Q12 Qll‘Q10| |Q23|Q22 Q21|Q20| |Q33|Q32 Q31‘Q30| 2 8 8
IAPG TALA| TABAD TADAB
(P60-P63) Division circuit| Q31, Q3
OP4A Divided by 48 70}
(P40-P43) Q32 [|Avidedbzs A-D conversion clock
OP6A , Lo " irpivided by 12 | (ADCK)
(P60-P63) Instruction clock = I
3 Ring oscillator
Q13
0 :
y 5 ! O\o—i— ADF »A-D
P6o/ANG O %’) R b L) interrupt
Pe1/ANL O— 8
o— g . _
P62/AIN2 g Successive comparison
P6s/ANs O— g register (AD) (10) s
P4o/Aing O / 2‘ 10 J o/o)
P41/ANs O—] g DAC ol Ja
D T operation )
P42/AiNe O % signal
Paa/ANT O—— S
[ee]
8
DA converter ﬂ 81 8
(Note 1) VDD )
Vss -
Comparator register (8)
t k(Note 2) )
J
Notes 1: This switch is turned ON only when A-D converter is operating and generates the comparison voltage.
2: Writing/reading data to the comparator register is possible only in the comparator mode (Q13=1).
The value of the comparator register is retained even when the mode is switched to the A-D conversion
mode (Q13=0) because it is separated from the successive comparison register (AD). Also, the resolution
in the comparator mode is 8 bits because the comparator register consists of 8 bits.

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

R/W
A-D control register Q1 at reset : 00002 at RAM back-up : state retained
TAQL/TQ1A
Q13 A-D operation mode selection bit A-D conversion mode
Comparator mode
Q12|Q11|Q10] Analog input pins
Q12 0|00 AN
0|0 ]|1] AN
Analog input pin selection bits 011/0] AN
Ql1 0|1 1] ANs
110 |0]| AN
110 |1]AINS
Qlo 111 ]0]| AINe
1 (1 (1] AN?
A-D control register Q2 at reset : 00002 at RAM back-up : state retained RIW
TAQ2/TQ2A
Q23 P40/AIN4, P41/AIN5, P42/AINe, P43/AINT 0 P4o, P41, P42, P43
pin function selection bit 1 AIN4, AIN5, AIN6, AIN7
0 P62, P63
Q22 P62/AIN2, P63/AIN3 pin function selection bit
1 AIN2, AIN3
0 P61
Q21 P61/AIN1 pin function selection bit
1 AIN1
0 P60
Q20 P60/AINO pin function selection bit
1 AINO
. R/W
A-D control register Q3 at reset : 00002 at RAM back-up : state retained
TAQ3/TQ3A
0
Q33 Not used 1 This bit has no function, but read/write is enabled.
) i ) 0 Instruction clock (INSTCK)
Q32 A-D converter operation clock selection bit - -
1 Ring oscillator (f(RING))
031|030 Division ratio
Q31 0 | o | Frequency divided by 6
A-D converter operation clock division 0 | 1 | Frequency divided by 12
Q30 ratio selection bits 1 | o | Frequency divided by 24
1 | 1 | Frequency divided by 48

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

« A-D control register Q1
Register Q1 controls the selection of A-D operation mode and the
selection of analog input pins. Set the contents of this register
through register A with the TQ1A instruction. The TAQ1 instruc-
tion can be used to transfer the contents of register Q1 to register
A.

* A-D control register Q2
Register Q2 controls the selection of P4o/AIN4—P43/AIN7, P60/
AINO—P63/AIN3. Set the contents of this register through register A
with the TQ2A instruction. The TAQ2 instruction can be used to
transfer the contents of register Q2 to register A.

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

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

(3) Successive comparison register AD

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

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

— Logic value of comparison voltage Vref

VbD

Vel = 024~

On

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

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

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

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

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

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

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

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

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

The 4519 Group repeats this operation to the lowermost bit of the

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

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

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

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

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

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

At starting conversion Change of successive comparison register AD Comparison voltage (Vref) value
1st comparison 1 [ o] o [ o [ o o | sz

2nd comparison [0 [ 2 [ o [ o [ o] o | VZD . V:D

3rd comparison [0 [ o2 [ 1 [ — [0 [ o] o | VED . VZD . sz

After 10th comparison | A-D conversion result voo , ., Voo
completes [01 [ o2 [ o | — EIEIEN s :

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

0J2: 2nd comparison result
[J8: 8th comparison result
JA: 10th comparison result
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(7) A-D conversion timing chart
Figure 36 shows the A-D conversion timing chart.

ADST instruction

A-D conversion
completion flag (ADF)

~@— 2 machine cycles + 10/f(ADCK) ———— 3

DAC operation signal

]

Fig. 36 A-D conversion timing chart

(8) How to use A-D conversion

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

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

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

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

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

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

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

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

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

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

(Bit 3) (Bit 0)
oo m 1 A-D control register Q2
L Aino pin function selected
(Bit 3) (Bit 0)

0Oj0|0]|O A-D control register Q1

Aino pin selected

A-D conversion mode

(Bit 3) (Bit 0)
olololo A-D control register Q3

Frequency divided by 6

Instruction clock

[J: Set an arbitrary value.

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

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

Below, the operation at comparator mode is described.

(10) Comparator register

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

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

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

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

Logic value of comparison voltage Vref

Vref=ﬂD n

256

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

(11) Comparison result store flag (ADF)

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

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

(12) Comparator operation start instruction
(ADST instruction)

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

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

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

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

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

ADST instruction

Comparison result

~—— 2 machine cycles + 1/f(ADCK) ———— 3

%

store flag(ADF)

DAC operation signal

L

1

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

Fig. 38 Comparator operation timing chart
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(14) Definition of A-D converter accuracy
The A-D conversion accuracy is defined below (refer to Figure 39).

* Relative accuracy

O Zero transition voltage (Vor)
This means an analog input voltage when the actual A-D con-
version output data changes from “0” to “1.”

O Full-scale transition voltage (VFST)
This means an analog input voltage when the actual A-D con-
version output data changes from “1023” to “1022.”

O Linearity error
This means a deviation from the line between Vot and VFsT of
a converted value between Vot and VFsT.

O Differential non-linearity error
This means a deviation from the input potential difference re-
quired to change a converter value between Vot and VFsT by 1
LSB at the relative accuracy.

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

Vn: Analog input voltage when the output data changes from “n” to
“n+1” (n = 0 to 1022)

. VFST-VoT
* 1LSB at relative accuracy - ————— (V)

1022

VDD
* 1LSB at absolute accuracy - —— (V)
1024

Output data

Full-scale transition voltage (VFsT)

1023 [————————— 7!———

Differential non-linearity error =bjTa

Linearity error = = [LSB]

Actual A-D conversion
characteristics

a: 1LSB by relative accuracy
b: Vn+1—-Vn
c: Difference between ideal Vn

and actual Vn /
/ \

1 |l-———————

1022 f—————— e

+~n-----—-————"—"—"—"—"—"—"————

. -
Ideal line of A-D conversion
between Vo—Vio22 !

0 Vo Vi

Zero transition voltage (Vo)

Analog voltage

Fig. 39 Definition of A-D conversion accuracy
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SERIAL I/O

The 4519 Group has a built-in clock synchronous serial I/O which
can serially transmit or receive 8-bit data.

Serial /O consists of;

« serial 1/0 register Sl

« serial I/0 control register J1

« serial I/0O transmit/receive completion flag (SIOF)

* serial /0 counter

Registers A and B are used to perform data transfer with internal
CPU, and the serial I/0O pins are used for external data transfer.
The pin functions of the serial I/0 pins can be set with the register
J1.

Table 14 Serial I/O pins

Pin Pin function when selecting serial 1/0
P20/Sck Clock 1/0 (Sck)
P21/Sout Serial data output (SouT)
P22/SIN Serial data input (SIN)

Note: Even when the Sck, SouT, SIN pin functions are used, the input of
P20, P21, P22 are valid.

Synchronous|
circuit

|_<._>| SIOF|—> Serial /0

| Serial I/O counter (3)

interrupt

SST

instruction

R_G; Internal reset signal

P21/Sout

Sout
OS]

'

P2y O=N >

MSB Serial I/O register (8) LSB

TABSIL TTSIABT lTABSI

Register B (4)

Register A (4)

Fig. 40 Serial 1/O structure

Table 15 Serial I/O control register

Serial I/O control register J1 at reset : 00002 at RAM back-up : state retained RIW
TAJ1/TI1A
J13[J12 Synchronous clock
J1s 0 Instruction clock (INSTCK) divided by 8
Serial 1/0 synchronous clock selection bits | 0 | 1 | Instruction clock (INSTCK) divided by 4
J12 1 Instruction clock (INSTCK) divided by 2
1 | 1 | External clock (Sck input)
J11|Jlo Port function
Jha 0 | 0 | P20, P21,P22 selected/Sck, SouT, SIN not selected
Serial I/0 port function selection bits 0 | 1 | Sck, Sourt, P22 selected/P20, P21, SIN not selected
Jlo 1 | 0 | Sck, P21, SiN selected/P20, SouT, P22 not selected
1 | 1 | Sck, Sourt, SIN selected/P20, P21,P22 not selected

Note: “R” represents read enabled, and “W” represents write enabled.
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At transmit (D7—Do: transfer data) At receive
SIN pin SOuUT pin
- Oat-{--f-- Ot
Serial I/O register (SI) SOuUT pin SIN pin Serial I/O register (SI)

D7 |D6 D5 [Da[D3[D2[D1[Do

[D7 [D6 D5 [D4|D3[D2[D1]Do]

¥

[ % [D7]|D6 [D5[D4|D3[D2]D1|

4

[ % | % [D7[D6|Ds|D4[D3]D2]

A 4

Lok el [ e [ el [ %]

Transfer data set

Transfer start

Transfer complete

Lo [ e[ [ e [ [ % [ %]

$

[Do] %% [ %% [ *[*[*]

$

[D1]D0] % [ % | % [ * [ %] *|

$

[D7 [D6 D5 [D4 D3 [D2 D1 [ Do

Fig. 41 Serial I/O register state when transferring

(1) Serial 1/O register S

Serial I/O register Sl is the 8-bit data transfer serial/parallel conver-
sion register. Data can be set to register Sl through registers A and
B with the TSIAB instruction. The contents of register A is transmit-
ted to the low-order 4 bits of register Sl, and the contents of
register B is transmitted to the high-order 4 bits of register SI.
During transmission, each bit data is transmitted LSB first from the
lowermost bit (bit 0) of register SI, and during reception, each bit
data is received LSB first to register Sl starting from the topmost bit
(bit 7).

When register Sl is used as a work register without using serial I/0,
do not select the Sck pin.

(2) Serial I/O transmit/receive completion flag
(SIOF)

Serial I/0 transmit/receive completion flag (SIOF) is set to “1” when
serial data transmission or reception completes. The state of SIOF
flag can be examined with the skip instruction (SNZSI). Use the in-
terrupt control register V2 to select the interrupt or the skip
instruction.

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

(3) Serial I/O start instruction (SST)
When the SST instruction is executed, the SIOF flag is cleared to
“0” and then serial 1/O transmission/reception is started.

(4) Serial I/0 control register J1

Register J1 controls the synchronous clock, P20/Sck, P21/SouT
and P22/SiN pin function. Set the contents of this register through
register A with the TJ1A instruction. The TAJ1 instruction can be
used to transfer the contents of register J1 to register A.
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(5) How to use serial I/0 wiring between each pin with a resistor. Figure 42 shows the data
Figure 42 shows the serial I/O connection example. Serial I/O inter- transfer timing and Table 16 shows the data transfer sequence.

rupt is not used in this example. In the actual wiring, pull up the

Master (clock control) Slave (external clock)
SRDY signal
D3 [ { D3
Sck B Sck
Sout B SN
SIN [ Sout
(Bit 3) (Bit 0) (Bit 3) (Bit 0)
[0 o [ 1] 1] seralliOcontrol [1 [1 [ 1 [ 1] seriall/Ocontrol
register J1 register J1
Serial 1/0 port Serial 1/O port
SCcK,SOuT,SIN ScK,SouT,SIN
Instruction clock/8 selected External clock selected

as synchronous clock as synchronous clock

(Bit 3) (Bit 0) (Bit 3) (Bit 0)

[o [olo o] Interruptcontrol l[olololg | interruptcontrol
register V2 register V2
Serial I/O interrupt Serial I/O interrupt
enable bit enable bit
(SNZSI instruction valid) (SNZSi instruction valid)

[: Set an arbitrary value.

Fig. 42 Serial 1/0 connection example
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Master

SIN

SST instruction

Sck

SST instruction

SRDY signal

Sout

Mo-M7: Contents of master serial I/O register
So-S7: Contents of slave serial I/O register
Rising of Sck: Serial input

Falling of Sck: Serial output

Fig. 43 Timing of serial /0 data transfer
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Table 16 Processing sequence of data transfer from master to slave

Master (transmission)

Slave (reception)

[Initial setting]

« Setting the serial I/O mode register J1 and inter-
rupt control register V2 shown in Figure 42.

« Setting the port received the reception enable
signal (SRDY) to the input mode.

(Port D3 is used in this example)

SD instruction

[Initial setting]

» Setting serial I/O mode register J1, and interrupt control register V2 shown in
Figure 42.

» Setting the port transmitted the reception enable signal (SRDY) and outputting
“H” level (reception impossible).

(Port D3 is used in this example)

SD instruction

* [Transmission enable state]
« Storing transmission data to serial 1/O register Sl.

*[Reception enable state]
» The SIOF flag is cleared to “0.”

RD instruction

[Transmission]
*Check port D3 is “L” level.

*Wait (timing when continuously transferring)

[Reception]

» Check reception completes.

SD instruction

[Data processing]

1-byte data is serially transferred on this process. Subsequently, data
can be transferred continuously by repeating the process from *.
When an external clock is selected as a synchronous clock, the

clock is not controlled internally. Control the clock e
cause serial transfer is performed as long as clock
input. (Unlike an internal clock, an external clock is

xternally be-
is externally
not stopped

when serial transfer is completed.) However, the SIOF flag is set to
“1” when the clock is counted 8 times after executing the SST in-

struction. Be sure to set the initial level of the external

clock to “H.”
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RESET FUNCTION

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

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

. Ring oscillator (internal oscillator)

) i —>—> Program starts
: is counted 120 to 144 times. !

(address 0 in page 0)

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

Fig. 44 Reset release timing

Reset input

I Ring oscillator (internal oscillator) is

1 machine cycle or more counted 120 to 144 times.

'@
Pl

»'
>,

0.85VDD « - cfmmmee el !
s Program starts
RESET . (address 0 in page 0)
03VDD---Hd-------ccee )

A

(Note)

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

Fig. 45 RESET pin input waveform and reset operation
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(1) Power-on reset If the rising time exceeds 100 ps, connect a capacitor between the
Reset can be automatically performed at power on (power-on re- RESET pin and Vss at the shortest distance, and input “L” level to

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

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

operating voltage must be set to 100 s or less.

-
=100 ps or less — VoD (Note 3)

_Q Pull-up transistor ‘ — Power-on reset circuit output

(Note 1) I I;T
(Note 2) K B

RESET pin o—-——l}o—» Internal reset signal ‘ 1

; Power-on reset circuit | .

(Note 1)t
: \Voltage drop detection circuit|

Internal reset signal

Watchdog reset signal |

Reset
state

Power-on Reset released

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

Fig. 46 Structure of reset pin and its peripherals,, and power-on reset operation

Table 1 Port state at reset

Name Function State

Do-Ds Do-Ds High-impedance (Notes 1, 2)
D6/CNTRO D6 High-impedance (Notes 1, 2)
D7/CNTR1 D7 High-impedance (Notes 1, 2)
P00-P03 P00—P03 High-impedance (Notes 1, 2, 3)
P1lo-P13 Plo-P13 High-impedance (Notes 1, 2, 3)
P20/Sck, P21/SouT, P22/SIN P20-P22 High-impedance (Note 1)
P30/INTO, P31/INT1, P32, P33 P30-P33 High-impedance (Note 1)
P4o/AiN4—P43/AIN7 P40-P43 High-impedance (Note 1)
P50-P53 P50-P53 High-impedance (Notes 1, 2)
P60/AINO—P63/AIN3 P60-P63 High-impedance (Note 1)

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

Figure 47 and 48 show internal state at reset (they are the same af-
ter system is released from reset). The contents of timers, registers,
flags and RAM except shown in Figure are undefined, so set the
initial value to them.

olofoJolofolofo]

* Program COUNEr (PC) ........cvveveereceereesiseeeessessseesessses s ssses s [oJlofofololo]
Address 0 in page 0 is set to program counter.

e Interrupt €nable flag (INTE) ....oouiiiiiiie it @

¢ POWET AOWN FIAG (P) ..cvoeeeeeceeeee et s e en e eneeee s eresneeensenees [0]

 External O interrupt request flag (EXFO)
 External 1 interrupt request flag (EXF1)

o Interrupt control register VL ...
o INterrupt CONrol rEGISTEr V2 .. ..oiiiiiii e
e Interrupt CONtrol reGISLEr I ....o.eiii e
o INterrupt CONrol rEGISIEr 12 .....oiiiiiiiiiiece s loJofolo]
e Timer 1 interrupt request flag (TLF) ....oooiiiiiiii e E
» Timer 2 interrupt request flag (T2F) .....ooiiiiiii e @
e Timer 3 interrupt request flag (T3F) ....ooiiiiiieiie e @
» Timer 4 interrupt request flag (TAF) ....oooiiii e E
» Watchdog timer flags (WDFL, WDF2) ......ccuiiiiiiiieiie ettt @
» Watchdog timer enable flag (WEF) ......ccoiiiiiiiiiiiie e
o Timer control register PA ... [0]
o Timer control register W1 .........cccooviiiiiiiiiiiii s
o TimMer CONMrol FEGISTEr W2 ..o
« Timer control register W3 ...
o TIMEr CONLrOl FEGISTEr W4 ..o [o0Jo]o]o]
o Timer CONtrol reGISTEr W ......oiiiiiiiiiiee it
o TIMEr CONLIOI TEGISTEr WB .......eovvececece e oJofo]o]
« Clock control register MR ...
* Clock CONLIol reGIStEr RG .....ccuiiiiiiiiiciiieee et [o]
* Serial 1/0 transmit/receive completion flag (SIOF) .......cccooiiiiiiiiiiiii e @
o Serial /0 MOode regiSter J1 ......cccoiiviiriiieii e
o Serial 1/O T@QISIET Sl .....ccccuiveeerereeeeeeeeeeeees et oo Jojogogop [ |
* A-D conversion completion flag (ADF) .....cc.uoiiiiiiiiieie et @
* A-D cONtrol regiSter QL ......cciuiuiiiiiiiiiiiieie ettt [0]J0]O0]O0]
* A-D CONtrol reGiStEr Q2 ......cecviviierieiiiieiiieteeietes ettt [0]J0]O0]O0]
o A-D CONErol r@QISTEr Q3 .....veueiieiieieeeeieeeet ettt ettt ns et [oJoJo]o0]
« Successive approximation register AD ..................... [OCIodo] JTooogogop | ]
o COMPArALOr FEQISIET ......cvevevieeveieeetieeeeee et eee et [Oo Jologoop [ |
* Key-on wakeup control register KO ..........ccooeiiririinieee e [0]o]o]o0]
* Key-on wakeup control register K1 .............ccoceeueiecevereeeeeeeceseeeseeeeeeeeeans [o0]oJo]o0]
« Key-on wakeup control regiSter K2 ............cccowivcueceeeeeeceeeeeeeeeeeeeeeeseen e lolofolo]
* Pull-up control register PUO ..

o Pull-up control register PUL .........ccooiiiiiiiiiiiieeceee s

(Interrupt disabled)

(Interrupt disabled)
(Interrupt disabled)

(Prescaler stopped)

(Timer 1 stopped)

(Timer 2 stopped)

(Timer 3 stopped)

(Timer 4 stopped)

(Period measurement circuit stopped)

(Ring oscillator operating)

“0" represents undefined.

Fig. 47 Internal state at reset 1
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« Port output structure control register FRO ...........ccccoevoveveviveeecieceeeneenae [o]o]lo]o]
« Port output structure control register FRL ..........cccoceiiieriiiiieieicieieieeeeieias loJo]o]o]
« Port output structure control register FR2 ............ccocieevevevevceseeerenenennnns loJo]o]o]
« Port output structure control register FR3 ........cccccooiievieeeeeeveeeeeeeevee e [o]olo]o]
L Or- T gV (- Vo [ (O PSP P PP PP E

@ REGISTEI A ettt m
@ REGISIET B .. m
L LYo (=Y O o OO (olog ]

* Register E
* Register X
* Register Y
* Register Z
@ SEACK POINLET (SP) .ottt
« Operation source clock.......
« Ceramic resonator circuit
© RC OSCIllAtION CIFCUIL ......ieiieiieie e

e Quartz-crystal OSCIllatioN CIFCUIL ........viiiiiiiiieiie e Stop

“0” represents undefined.

Fig. 48 Internal state at reset 2
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VOLTAGE DROP DETECTION CIRCUIT

The built-in voltage drop detection circuit is designed to detect a
drop in voltage and to reset the microcomputer if the supply voltage
drops below a set value.

* O VDCE

Voltage drop detection circuit
VRsT* Reset signal

VRST -

Voltage drop detection circuit

Fig. 49 Voltage drop detection reset circuit

VDD.

+
VRST (reset release voltage) - - - - oS --
VRsT (reset voltage) - - - = - - oo oo 23

[ A -

————— -

Voltage drop detection circuit
Reset signat

ring oscillator (internal oscillator)
——» clock is counted 120 to 144 times.

RESET pin | |

1
1
i Microcomupter starts operation after
i
1

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

Fig. 50 Voltage drop detection circuit operation waveform

Table 17 Voltage drop detection circuit operation state

VDCE pin At CPU operating At RAM back-up
“ Invalid Invalid
“H” Valid Valid
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RAM BACK-UP MODE

The 4519 Group has the RAM back-up mode.

When the EPOF and POF instructions are executed continuously,
system enters the RAM back-up state. The POF instruction is
equal to the NOP instruction when the EPOF instruction is not ex-
ecuted before the POF instruction.

As oscillation stops retaining RAM, the function of reset circuit and
states at RAM back-up mode, current dissipation can be reduced
without losing the contents of RAM. Table 18 shows the function
and states retained at RAM back-up. Figure 51 shows the state
transition.

(1) Identification of the start condition

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

(2) Warm start condition

When the external wakeup signal is input after the system enters
the RAM back-up state by executing the EPOF and POF instruc-
tions continuously, the CPU starts executing the program from
address 0 in page 0. In this case, the P flag is “1.”

(3) Cold start condition

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

« reset pulse is input to RESET pin, or

« reset by watchdog timer is performed, or

« voltage drop detection circuit detects the voltage drop, or

* SRST instruction is executed.

In this case, the P flag is “0.”

Table 18 Functions and states retained at RAM back-up

Function RAM back-up
Program counter (PC), registers A, B, 0
carry flag (CY), stack pointer (SP) (Note 2)
Contents of RAM O
Interrupt control registers V1, V2 ]
Interrupt control registers 11, 12 o
Selection of oscillation circuit e}
Clock control register MR O
Timer 1 function (Note 3)
Timer 2 function (Note 3)
Timer 3 function (Note 3)
Timer 4 function (Note 3)
Watchdog timer function O (Note 4)
Timer control register PA, W4 O
Timer control registers W1 to W3, W5, W6 o
Serial I/O function O
Serial /0 mode register J1 (6]
A-D conversion function O
A-D control registers Q1 to Q3 O
Voltage drop detection circuit O (Note 5)
Port level o}
Key-on wakeup control register KO to K2 O
Pull-up control registers PUO, PU1 (0]
Port output direction registers FRO to FR3 O
External O interrupt request flag (EXFO) O
External 1 interrupt request flag (EXF1) O
Timer 1 interrupt request flag (T1F) (Note 3)
Timer 2 interrupt request flag (T2F) (Note 3)
Timer 3 interrupt request flag (T3F) (Note 3)
Timer 4 interrupt request flag (T4F) (Note 3)
A-D conversion completion flag (ADF) ]
Serial I/0 transmission/reception completion flag O
(SIOF)
Interrupt enable flag (INTE) O
Watchdog timer flags (WDF1, WDF2) O (Note 4)
Watchdog timer enable flag (WEF) O (Note 4)

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

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

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

3: The state of the timer is undefined.

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

5: The valid/invalid of the voltage drop detection circuit can be con-
trolled only by VDCE pin.
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(4) Return signal
An external wakeup signal is used to return from the RAM back-up
mode because the oscillation is stopped. Table 19 shows the return

condition for each return source.

Pull-up control register PUO

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

(5) Related registers

» Key-on wakeup control register KO

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

Key-on wakeup control register K1

Register K1 controls the return condition and valid waveform/
level selection for port PO. Set the contents of this register
through register A with the TK1A instruction. In addition, the
TAK1 instruction can be used to transfer the contents of register
K1 to register A.

Key-on wakeup control register K2

Register K2 controls the INTO and INT1 key-on wakeup functions
and return condition function. Set the contents of this register
through register A with the TK2A instruction. In addition, the
TAK2 instruction can be used to transfer the contents of register

used to transfer the contents of register PUO to register A.
Pull-up control register PU1

Register PU1 controls the ON/OFF of the port P1 pull-up transis-
tor. Set the contents of this register through register A with the
TPU1A instruction. In addition, the TAPU1 instruction can be
used to transfer the contents of register PUO to register A.
External interrupt control register 11

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

External interrupt control register 12

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

K2 to register A.

Table 19 Return source and return condition

Return source

Return condition

Remarks

Ports P0Oo-PO03

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

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

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

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

©

c

k=

(%]

=Y Ports P1o-P13
(0]

Y4

g

= INTO
S |INT1
[0}

<

N

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

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

Select the return level (“L” level or “H” level) with the registers |1 and 12 ac-
cording to the external state, and return condition (return by level or edge)
with the register K2 before going into the RAM back-up state.
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(Note 5) E
A Key-on wakeup
Operation state RAM back-up mode
(Note 1) Of?slrstcl_:‘o)n source clock: POF instruction
) execution
« f(XIN): Stop (Note 4)

(Note 2) MR1-0 | #MR1-1

v

B
Operation state
« Operation source clock: POF instruction
f(RING) . execution e
« f(XIN): Operating (Note 4)
(Note 3) MRo~0 | 4 MRo-1
v
Operation state
. f(())[()li‘r)atlon source clock: POF instruction ‘
« f(RING): Operating executlon(Note 4)
RGo-1] 4 RGo-0
\ 4
D
Operation state
« Operation source clock: POF instruction R
f(XIN) execution > f(RING): stop
« f(RING): Stop (Note 4) f(XIN): stop

Notes 1: Microcomputer starts its operation after counting f(RING) 120 to 144 times.
2: The f(XIN) oscillation circuit (ceramic resonance, RC oscillation or quartz-crystal oscillation) selected by the CMCK, CRCK or CYCK
instruction starts oscillatng (the start of oscillation and the operation source clock is not switched by these instructions).
The start/stop of oscillation and the operation source is switched by register MR.

Surely, select the f(XIN) oscillation circuit by executing the CMCK, CRCK or CYCK instruction before clearing MR1 to “0".
MR1 cannot be cleared to “0” when the oscillation circuit is not selected.

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

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

: System returns to state A certainly when returning from the RAM back-up mode.

However, the selected contents (CMCK, CRCK, CYCK instruction execution state) of f(XIN) oscillation circuit is retained.

S

Fig. 51 State transition

EPOF POF Power down flag P

instruction + instruction ™™ S Q[ ( Program start )

Yes

Reset input ™ —R

No Warm start

e Setsource *+++++* EPOF instruction + POF instruction Cold start

e Clear source******Reset input

Fig. 52 Set source and clear source of the P flag Fig. 53 Start condition identified example using the SNZP in-

struction
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Table 20 Key-on wakeup control register, pull-up control register

Key-on wakeup control register KO at reset : 00002 at RAM back-up : state retained RIW
ITAKO/TKOA|
KO3 Pins P12 and P13 key-on wakeup 0 Key-on wakeup not used
control bit 1 Key-on wakeup used
K02 Pins P10 and P11 key-on wakeup 0 Key-on wakeup not used
control bit 1 Key-on wakeup used
Ko Pins P02 and P03 key-on wakeup 0 Key-on wakeup not used
1 .
control bit 1 Key-on wakeup used
Ko Pins P0o and P01 key-on wakeup 0 Key-on wakeup not used
0 .
control bit 1 Key-on wakeup used
Key-on wakeup control register K1 at reset : 00002 at RAM back-up : state retained RIW
TAKL/TK1A
K1 Ports P02 and P03 return condition selection 0 Return by level
bit 1 Return by edge
K12 Ports P02 and P03 valid waveform/ 0 Falling waveform/“L” level
level selection bit 1 Rising waveform/“H” level
K1 Ports P01 and POo return condition selection 0 Return by level
1 .
bit 1 Return by edge
K1 Ports P01 and POo valid waveform/ 0 Falling waveform/“L” level
0 . . —
level selection bit 1 Rising waveform/“H” level
Key-on wakeup control register K2 at reset : 00002 at RAM back-up : state retained RIW
[TAK2/TK2A
) . ) . 0 Return by level
K23 INT1 pin return condition selection bit
1 Return by edge
) . 0 Key-on wakeup not used
K22 INT1 pin key-on wakeup contro bit
1 Key-on wakeup used
) . ) ) 0 Return by level
K21 INTO pin return condition selection bit
1 Return by edge
) . 0 Key-on wakeup not used
K20 INTO pin key-on wakeup contro bit
1 Key-on wakeup used

Note: “R” represents read enabled, and “W” represents write enabled.
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Table 21 Key-on wakeup control register, pull-up control register

Pull-up control register PUO at reset : 00002 at RAM back-up : state retained TARlé\L/JVO/
TPUOA
P03 pin pull-up transistor 0 Pull-up transistor OFF
PU0s control bit 1 Pull-up transistor ON
P02 pin pull-up transistor 0 Pull-up transistor OFF
PU02 control bit 1 Pull-up transistor ON
PO1 pin pull-up transistor 0 Pull-up transistor OFF
PUOL control bit 1 Pull-up transistor ON
POo pin pull-up transistor 0 Pull-up transistor OFF
PUOo control bit 1 Pull-up transistor ON
R/W
Pull-up control register PU1 at reset : 00002 at RAM back-up : state retained TAPUL/
TPUIA
P13 pin pull-up transistor 0 Pull-up transistor OFF
PULs control bit 1 Pull-up transistor ON
P12 pin pull-up transistor 0 Pull-up transistor OFF
PUL2 control bit 1 Pull-up transistor ON
P11 pin pull-up transistor 0 Pull-up transistor OFF
PULL control bit 1 Pull-up transistor ON
P10 pin pull-up transistor 0 Pull-up transistor OFF
pUlo control bit 1 Pull-up transistor ON

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

The clock control circuit consists of the following circuits.

» Ring oscillator (internal oscillator)

» Ceramic resonator

* RC oscillation circuit

¢ Quartz-crystal oscillation circuit

« Multi-plexer (clock selection circuit)

* Frequency divider

« Internal clock generating circuit

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

Figure 54 shows the structure of the clock control circuit.

The 4519 Group operates by the ring oscillator clock (f(RING))
which is the internal oscillator after system is released from reset.
Also, the ceramic resonator, the RC oscillation or quartz-crystal os-
cillator can be used for the main clock (f(XIN)) of the 4519 Group.
The CMCK instruction, CRCK instruction or CYCK instruction is ex-
ecuted to select the ceramic resonator, RC oscillator or
quartz-crystal oscillator respectively.

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

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

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

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

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

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

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

Ring oscillator

Division circuit]

Divided by 2

(internal oscillator)

MR3, MR2
177" > System clock (STCK)
1
110 i
| 01: H Internal clock Instruction clock
s ! ge_n_eratlng circuit (INSTCK)
100 1 (divided by 3)
—0 :

T .i-. 04 RGo S
— s
XN O Ceramic > Multi- RO
Xout O resonance | Plexer <
T | Q S_ﬁ— CMCK instruction
>—| RC oscillation |—— R
A
( . Qs __G:— CRCK instruction
Quartz-crystal R
— oscillation
SH . .
Tigg_o Q ( ': CYCK instruction
. o< H MR1 R

o) Sﬂ: Internal reset signal
Key-on wakeup signal

R EPOF instruction + POF instruction

Fig. 54 Clock control circuit structure
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(1) Main clock generating circuit (f(XIN))

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

After system is released from reset, the MCU starts operation by
the clock output from the ring oscillator which is the internal oscilla-
tor.

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

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

Reset

'

Ring oscillator operation

« Main clock: ceramic resonance * Main clock: RC oscillation circuit « Main clock: Quartz-crystal circuit
* Ring oscillator: operating « Ring oscillator: operating « Ring oscillator: operating
« System clock: ring oscillator clock « System clock: ring oscillator clock « System clock: ring oscillator clock

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

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

« Set the ring oscillator clock oscillation by register RG.

Fig. 55 Switch to ceramic resonance/RC oscillation/quartz-crystal oscillation
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(2) Ring oscillator operation

When the MCU operates by the ring oscillator as the main clock M34519 + Do not use the CMCK, CRCK and
(f(XIN)) without using the ceramic resonator, RC oscillator or CYCK instructions in program.
quartz-crystal oscillation, leave XIN pin and XouT pin open (Figure Xin Xout

56) Open Open

The clock frequency of the ring oscillator depends on the supply
voltage and the operation temperature range.
Be careful that variable frequencies when designing application

Fig. 56 Handling of XiN and XouT when operating ring oscillator

products.

. M34519 Execute the CMCK instruc-
(3) Ceramic resonator tion in program.
When the ceramic resonator is used as the main clock (f(XIN)), XIN XOUT
connect the ceramic resonator and the external circuit to pins XiN Note: Externally connect a damping
and XouT at the shortest distance. Then, execute the CMCK in- Rd ;essclii;iros(fjr:qeupeirlil.ng on the
struction. A feedback resistor is built in between pins XiN and XouTt (A feedback resistor is built-in.)
(Figure 57). _“] Use the resonator manu-

o on T Cour e e e
(4) RC oscillation l pacitance depend on the
When the RC oscillation is used as the main clock (f(XIN)), connect Youa resonator.
the XIN pin to the external circuit of resistor R and the capacitor C
at the shortest distance and leave XouT pin open. Then, execute Fig. 57 Ceramic resonator external circuit
the CRCK instruction (Figure 58).
The frequency is affected by a capacitor, a resistor and a micro-
computer. So, set the constants within the range of the frequency M34519 * Execute the CRCK
limits. ; o i
R XIN XouT instruction in program.

(5) Quartz-crystal oscillator Open
When a quartz-crystal oscillator is used as the main clock (f(XIN)), c
connect this external circuit and a quartz-crystal oscillator to pins ;I/;

XIN and XouT at the shortest distance. Then, execute the CYCK in-
struction. A feedback resistor is built in between pins XIN and XouT Fig. 58 External RC oscillation circuit
(Figure 59).

* Execute the CYCK instruction

(6) External clock M34519 in program.

When the external clock signal for the main clock (f(XIN)) is used,

connect the clock source to XIN pin and XouT pin open. In program, XIN XouT Note: Externally connect a damping

after the CMCK instruction is executed, set main clock (f(XIN)) os- resistor Rd depending on the

L _ oscillation frequency.

cillation start to be enabled (MR1=0). Rd (A feedback resistor is built-in.)

For this product, when RAM back-up mode and main clock (f(XIN)) | |:| Use the quartz-crystal manu-

stop (MR1=1), XIN pin is fixed to “H” in order to avoid the through facturer's recommended value

current by floating of internal logic. The XIN pin is fixed to “H” until CIN— Cout because constants such as ca-
) N . pacitance depend on the

main clock (f(XiN)) oscillation starts to be valid (MR1=0) by the resonator.

CMCK instruction from reset state. Accordingly, when an external 777

clock is used, connect a 1 kQ or more resistor to XIN pin in series

to limit of current by competitive signal. Fig. 59 External quartz-crystal circuit

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

M34519 f(XIN) to be enabled (MR1=0)
XIN Xout | VDD l I |‘| |7
R Open  ygg
1kQ or more

External oscillation circuit

Fig. 60 External clock input circuit
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(7) Clock control register MR

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

Table 22 Clock control registers

(8) Clock control register RG

Register RG controls start/stop of ring oscillator. Set the contents of

this register through register A with the TRGA instruction.

R/W
Clock control register MR at reset : 11112 at RAM back-up : 11112 TAMR/
TMRA
MR3MR2 Operation mode
MR3 0 | O | Through mode (frequency not divided)
Operation mode selection bits 0 | 1 | Frequency divided by 2 mode
MR2 1 | O | Frequency divided by 4 mode
1 | 1 | Frequency divided by 8 mode
0 Main clock (f(X illati |
MR1 Main clock f(XIN) oscillation circuit control bit a!n clock (f(Xin)) OS?I a.lon enabled
1 Main clock (f(XIN)) oscillation stop
I ) . 0 Main clock (f(XIN
MRo System clock oscillation source selection bit . (fxin))
1 Main clock (f(RING))
Clock I regi G : back-up : 0 W
ock control register R at reset : 02 at RAM back-up : 02 TRGA
Ri illator (f(RIN illati |
RGo | Ring oscillator (f(RING)) control bit 0 ing oscillator (f(RING)) oscillation enabled
1 Ring oscillator (f(RING)) oscillation stop

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

ROM ORDERING METHOD

1.Mask ROM Order Confirmation Form"

2.Mark Specification FormH

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

OFor the mask ROM confirmation and the mark specifications,
refer to the “Renesas Technology Corp.” Homepage
(http://www.renesas.com/en/rom).

Rev.2.00 2003.04.15 page 71 of 159

RENESAS




4519 Group

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

LIST OF PRECAUTIONS

D|Noise and latch-up prevention|
Connect a capacitor on the following condition to prevent noise
and latch-up;
« connect a bypass capacitor (approx. 0.1 uF) between pins VDD

and Vss at the shortest distance,

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

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

O|Register initial values 2 |

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

* Register Z (2 bits)

* Register X (4 bits)

* Register Y (4 bits)

 Register D (3 bits)

 Register E (8 bits)

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

O|Multifunction

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

* The input of ports P20—P22 can be used even when SIN, SouT
and Sck are selected.

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

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

* The input/output of D7 can be used even when CNTR1 (input) is
selected.

 The input of D7 can be used even when CNTR1 (output) is selected.

[|Prescaler

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

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

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

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

O Writing to the timer

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

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

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

@|Watchdog timer

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

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

* When the watchdog timer function and RAM back-up function are
used at the same time, execute the WRST instruction before sys-
tem enters into the RAM back-up state and initialize the flag
WDF1.

Rev.2.00 2003.04.15 page 72 of 159

RENESAS



Notice: This is not a final specification.
4519 Group Some parametric limits are subject to change.

©|Period measurement circui
When a period measurement circuit is used, clear bit O of regis-
ter 11 to “0”, and set a timer 1 count start synchronous circuit to
be “not selected”.
Start timer operation immediately after operation of a period
measurement circuit is started.
When the edge for measurement is input until timer operation is
started from the operation of period measurement circuit is
started, the count operation is not executed until the timer opera-
tion becomes valid. Accordingly, be careful of count data.
When data is read from timer, stop the timer and clear bit 2 of
register W5 to “0” to stop the period measurement circuit, and
then execute the data read instruction.
Depending on the state of timer 1, the timer 1 interrupt request
flag (T1F) may be set to “1” when the period measurement cir-
cuit is stopped by clearing bit 2 of register W5 to “0”. In order to
avoid the occurrence of an unexpected interrupt, clear the bit 2
of register V1 to “0” (refer to Figure 6101) and then, stop the bit 2
of register W5 to “0” to stop the period measurement circuit.
In addition, execute the SNZT1 instruction to clear the T1F flag
after executing at least one instruction (refer to Figure 6101).
Also, set the NOP instruction for the case when a skip is per-
formed with the SNZT1 instruction (refer to Figure 610).
While a period measurement circuit is operating, the timer 1 in-
terrupt request flag (T1F) is not set by the timer 1 underflow
signal, it is the flag for detecting the completion of period mea-
surement.
When a period measurement circuit is used, select the suffi-
ciently higher-speed frequency than the signal for measurement
for the count source of a timer 1.
When the signal for period measurement is D6/CNTRO pin input,
do not select D6/CNTRO pin input as timer 1 count source.
(The XIN input is recommended as timer 1 count source at the
time of period measurement circuit use.)
When the input of P30/INTO pin is selected for measurement, set
the bit 3 of a register I1 to “1”, and set the input of INTO pin to be

enabled.
LA 0 ; (DJom 2)
TV1A ; The SNZT1 instruction is valid ........ O
LA 0 ;(DJ0m 2)
TW5A ; Period measurement circuit stop
NOP 0
SNZT1 ; The SNZT1 instruction is executed
(T1F flag cleared)
NOP e O
[ : these bits are not used here.

Fig. 61 Period measurement circuit program example
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@[P30/INTO pin

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

* Depending on the input state of the P30/INTO pin, the external O
interrupt request flag (EXFO) may be set when the bit 3 of regis-
ter I1 is changed. In order to avoid the occurrence of an
unexpected interrupt, clear the bit 0 of register V1 to “0” (refer to
Figure 61 ) and then, change the bit 3 of register I11.

In addition, execute the SNZO0 instruction to clear the EXFO flag
after executing at least one instruction (refer to Figure 62 ).
Also, set the NOP instruction for the case when a skip is per-
formed with the SNZO0 instruction (refer to Figure 62 0).

LA 4 (0D 02)

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

LA 8 ;A0 2)

TI1A ; Control of INTO pin input is changed

NOP ]

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

NOP O

0 : these bits are not used here.

Fig. 62 External O interrupt program example-1

O Note [2] on bit 3 of register |11
When the bit 3 of register I1 is cleared, the RAM back-up mode is

selected and the input of INTO pin is disabled, be careful about

the following notes.

* When the input of INTO pin is disabled (register 113 = “0"), set the
key-on wakeup function to be invalid (register K20 = “0") before
system enters to the RAM back-up mode. (refer to Figure 630).

LA 0 ; (D 02)

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

EPOF

POF ; RAM back-up

0 : these bits are not used here.

Fig. 63 External O interrupt program example-2

0 Note on bit 2 of register 11

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

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

interrupt request flag (EXFO) may be set when the bit 2 of regis-
ter I1 is changed. In order to avoid the occurrence of an
unexpected interrupt, clear the bit 0 of register V1 to “0” (refer to
Figure 64[]) and then, change the bit 2 of register I1.

In addition, execute the SNZO0 instruction to clear the EXFO flag
after executing at least one instruction (refer to Figure 640).
Also, set the NOP instruction for the case when a skip is per-
formed with the SNZO0 instruction (refer to Figure 640).

LA 4 (0 02)

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

LA 12

TI1A ; Interrupt valid waveform is changed

NOP O

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

NOP ]

0 : these bits are not used here.

Fig. 64 External O interrupt program example-3
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©[P31/INT1 pin

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

« Depending on the input state of the P31/INT1 pin, the external 1
interrupt request flag (EXF1) may be set when the bit 3 of regis-
ter 12 is changed. In order to avoid the occurrence of an
unexpected interrupt, clear the bit 1 of register V1 to “0” (refer to
Figure 6500) and then, change the bit 3 of register 12.

In addition, execute the SNZ1 instruction to clear the EXF1 flag
after executing at least one instruction (refer to Figure 6501).
Also, set the NOP instruction for the case when a skip is per-
formed with the SNZ1 instruction (refer to Figure 650J).

O Note on bit 2 of register 12

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

Depending on the input state of the P31/INT1 pin, the external 1
interrupt request flag (EXF1) may be set when the bit 2 of regis-
ter 12 is changed. In order to avoid the occurrence of an
unexpected interrupt, clear the bit 1 of register V1 to “0” (refer to
Figure 670) and then, change the bit 2 of register 12.

In addition, execute the SNZ1 instruction to clear the EXF1 flag
after executing at least one instruction (refer to Figure 670).
Also, set the NOP instruction for the case when a skip is per-
formed with the SNZ1 instruction (refer to Figure 670).

LA 4 ; (00 002)

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

LA 8 ;A0 2)

TI2A ; Control of INT1 pin input is changed

NOP g

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

NOP g

[ : these bits are not used here.

LA 4 ; (00 002)

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

LA 12

TI2A ; Interrupt valid waveform is changed

NOP ]

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

NOP O

0 : these bits are not used here.

Fig. 65 External 1 interrupt program example-1

O Note [2] on bit 3 of register 12
When the bit 3 of register 12 is cleared, the RAM back-up mode is
selected and the input of INT1 pin is disabled, be careful about
the following notes.

» When the input of INT1 pin is disabled (register 123 = “0"), set the
key-on wakeup function to be invalid (register K22 = “0") before
system enters to the RAM back-up mode. (refer to Figure 6607).

LA 0 ;oo 2)

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

EPOF

POF ; RAM back-up

[ : these bits are not used here.

Fig. 66 External 1 interrupt program example-2

Fig. 67 External 1 interrupt program example-3
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@©|A-D converter-1

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

« Do not change the operating mode (both A-D conversion mode

and comparator mode) of A-D converter with the bit 3 of register

Q1 while the A-D converter is operating.

Clear the bit 2 of register V2 to “0” to change the operating mode of

the A-D converter from the comparator mode to A-D conversion mode.

The A-D conversion completion flag (ADF) may be set when the

operating mode of the A-D converter is changed from the com-

parator mode to the A-D conversion mode. Accordingly, set a

value to the register Q1, and execute the SNZAD instruction to

clear the ADF flag.

LA 8 ; (00 2)

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

TQ1A ; Operation mode of A-D converter is

changed from comparator mode to A-D
conversion mode.

SNZAD

NOP

: 0 : these bits are not used here.

Fig. 68 A-D converter program example-3

@A-D converter-2

Each analog input pin is equipped with a capacitor which is used
to compare the analog voltage. Accordingly, when the analog volt-
age is input from the circuit with high-impedance and, charge/
discharge noise is generated and the sufficient A-D accuracy may
not be obtained. Therefore, reduce the impedance or, connect a
capacitor (0.01 pF to 1 pF) to analog input pins (Figure 69).
When the overvoltage applied to the A-D conversion circuit may
occur, connect an external circuit in order to keep the voltage
within the rated range as shown the Figure 70. In addition, test
the application products sufficiently.

Sensor _L AIN

il

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

Fig. 69 Analog input external circuit example-1

About 1kQ

Sensor AN T AIN

;

Fig. 70 Analog input external circuit example-2

BIPOF instruction

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

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

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

@[program counter]

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

e|Power-on reset

When the built-in power-on reset circuit is used, the time for the
supply voltage to rise from 0 V to the value of supply voltage or
more must be set to 100 ps or less. If the rising time exceeds 100
Us, connect a capacitor between the RESET pin and Vss at the
shortest distance, and input “L” level to RESET pin until the value
of supply voltage reaches the minimum operating voltage.

@)|Clock control

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

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

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

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

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

@|Ring oscillator

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

Be careful that variable frequencies when designing application
products.

When considering the oscillation stabilize wait time at the switch
of clock, be careful that the variable frequency of the ring oscilla-
tor clock.
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@)|External clock

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

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

®)

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

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

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

. R/W
Interrupt control register V1 at reset : 00002 at RAM back-up : 00002 TAVA/TVIA
o - - — -
Vis Timer 2 interrupt enable bit Interrupt disabled (SNZT2 .|nstruct-|on-|s.valld.)
1 Interrupt enabled (SNZT2 instruction is invalid)
o - - — -
Vo Timer 1 interrupt enable bit Interrupt disabled (SNZTlhlnstructilon-ls.valld.)
1 Interrupt enabled (SNZT1 instruction is invalid)
o - - — -
ViL External 1 interrupt enable bit Interrupt disabled (SNZ1 -|nstruct.|0n .|s‘vaI|d.)
1 Interrupt enabled (SNZ1 instruction is invalid)
o - - — -
Vio External 0 interrupt enable bit Interrupt disabled (SNZ0 -|nstruct.|0n .|s‘vaI|d.)
1 Interrupt enabled (SNZO0 instruction is invalid)
. R/W
Interrupt control register V2 at reset : 00002 at RAM back-up : 00002
TAV2/TV2A
: : . 0 Interrupt disabled (SNZSI instruction is valid
V23 Serial 1/O interrupt enable bit L ( - — .)
1 Interrupt enabled (SNZSI instruction is invalid)
0 Interrupt disabl NZAD instruction is vali
V22 A-D interrupt enable bit errupt disabled (S - S UC_O _S_ a d_)
1 Interrupt enabled (SNZAD instruction is invalid)
0 Interrupt disabl NZT4 instruction is vali
V21 Timer 4 interrupt enable bit errupt disabled (S - s UC_O _S, a d_)
1 Interrupt enabled (SNZT4 instruction is invalid)
0 Interrupt disabl NZT3 instruction is vali
V20 Timer 3 interrupt enable bit errupt disabled (S 3_ S uc.o .S. a d.)
1 Interrupt enabled (SNZT3 instruction is invalid)
Int t trol ister 11 : 0000 t RAM back . stat tained RIW
nterrupt control register at reset : 2 a ack-up : state retaine TAILTHA
. . INTO pin input disabl
113 INTO pin input control bit 0 0 p. - put disabled
1 INTO pin input enabled
0 Falling waveform/“L” level (“L” level is recognized with the SNZIO
11 Interrupt valid waveform for INTO pin/ instruction)
return level selection bit 1 Rising waveform/“H” level (“H” level is recognized with the SNZIO
instruction)
111 INTO pin edge detection circuit control bit One-sided edge detected
1 Both edges detected
1o INTO pin Timer 1 count start synchronous 0 Timer 1 count start synchronous circuit not selected
circuit selection bit 1 Timer 1 count start synchronous circuit selected
Int t trol ister 12 t t : 0000 t RAM back tat tained RIW
nterr ntrol register : -up : retain
errupt control registe at rese 2 a ack-up : state retaine TAI2/TI2A
123 INT1 pin input control bit (Note 2) 0 INT1 p!n !nput disabled
1 INT1 pin input enabled
0 Falling waveform/“L" level (“L” level is recognized with the SNZI1
125 Interrupt valid waveform for INT1 pin/ instruction)
return level selection bit (Note 2) 1 Rising waveform/“H” level (“H” level is recognized with the SNZI1
instruction)
0 -
121 INT1 pin edge detection circuit control bit One-sided edge detected
1 Both edges detected
120 INT1 pin Timer 3 count start synchronous 0 Timer 3 count start synchronous circuit not selected
circuit selection bit 1 Timer 3 count start synchronous circuit selected

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

2: When the contents of 112, 113 122 and 123 are changed, the external interrupt request flag (EXF0, EXF1) may be set.
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R/W
Clock control register MR at reset : 11112 at RAM back-up : 11112 TAMR/
TMRA
MR3[MR2) Operation mode
MR3 0 | O | Through mode (frequency not divided)
Operation mode selection bits 0 1 | Frequency divided by 2 mode
MR2 1 | O | Frequency divided by 4 mode
1 | 1 | Frequency divided by 8 mode
0 Main clock (f(X illati |
MR1 Main clock f(XIN) oscillation circuit control bit a!n clock_(f(Xin)) OS?I a.lon enabled
1 Main clock (f(XIN)) oscillation stop
I ) . 0 Main clock (f(XIN
MRo System clock oscillation source selection bit . (fxin))
1 Main clock (f(RING))
Clock I regi G back-up : 0 W
ock control register R at reset : 02 at RAM back-up : 02 TRGA
Rin illator (f(RIN illation enabl
RGo | Ring oscillator (f(RING)) control bit 0 ing oscillator (f(RING)) oscillation enabled
1 Ring oscillator (f(RING)) oscillation stop
i | regi k W
Timer control register PA at reset : 02 at RAM back-up : 02 TPAA
PAo Prescaler control bit 0 Stop (s‘tate initialized)
1 Operating
) . ) R/W
Timer control register W1 at reset : 00002 at RAM back-up : state retained
TAW1/TW1A
Wis Timer 1 count auto-stop circuit selection 0 Timer 1 count auto-stop circuit not selected
bit 1 Timer 1 count auto-stop circuit selected
0 Stop (state retained
Wiz Timer 1 control bit P - )
1 Operating
W11{W1lo Count source
Wi 0 | 0 | Instruction clock (INSTCK)
Timer 1 count source selection bits 0 | 1 | Prescaler output (ORCLK)
W10 1| 0 | XiNinput
1| 1 | CNTRO input
Ti | i w2 : 0000 RAM back : ined RIW
imer control register at reset : 2 at ack-up : state retaine TAW2/TW2A
0 Ti 1 underfl ignal divided by 2 output
W23 CNTRO output signal selection bit ?mer undertiow s!gna lv' ©d by < oulpu
1 Timer 2 underflow signal divided by 2 output
W22 Timer 2 control bit 0 Stop (s‘tate retained)
1 Operating
W21/W20 Count source
w21 0 | 0 | System clock (STCK)
Timer 2 count source selection bits 0 | 1 | Prescaler output (ORCLK)
W20 1 | 0 | Timer 1 underflow signal (TLUDF)
1| 1 | PWM signal (PWMOUT)

Note: “R” represents read enabled, and “W” represents write enabled.
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) . ) R/W
Timer control register W3 at reset : 00002 at RAM back-up : state retained
TAW3/TW3A
W33 Timer 3 count auto-stop circuit selection 0 Timer 3 count auto-stop circuit not selected
bit (Note 2) 1 Timer 3 count auto-stop circuit selected
0 Stop (state retained
W32 Timer 3 control bit p( - )
1 Operating
W31|W30 Count source
W31 Timer 3 count eetion bi 0| 0 | PWM signal (PWMOUT)
imer 3 count source selection bits
0 | 1 | Prescaler output (ORCLK)
W30 1 | 0 | Timer 2 underflow signal (T2UDF)
1| 1 | CNTR1 input
) . R/W
Timer control register W4 at reset : 00002 at RAM back-up : 00002
TAW4/TWA4A
. ) . . 0 D7 (1/0) / CNTRL1 (i t
W43 D7/CNTR1 pin function selection bit (/0) (.|npu )
1 CNTRL1 (I/0) / D7 (input)
W42 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 St tat tained
W41 Timer 4 control bit op (S_ ate retained)
1 Operating
W4o Timer 4 count source selection bit 0 XIN input —
1 Prescaler output (ORCLK) divided by 2
Ti trol ister W5 t t : 00002 t RAM back tat tained RIW
imer control register r : a ack-up : state retaine
9 arrese P TAW5/TW5A
W53 Not used 0 This bit has no function, but read/write is enabled.
1
W52 Period measurement circuit control bit 0 Stop _
1 Operating
W51|W50 Count value
W51 - -
Signal for period measurement selection 0|0 |Ring osu.lla.tor (fRING/16))
bits 0 | 1 | CNTRo pin input
W50 1 | 0 | INTO pin input
1 | 1 | Not available
) . . R/W
Timer control register W6 at reset : 00002 at RAM back-up : state retained
TAW6/TW6EA
L . . 0 Falling edge
W63 CNTR1 pin input count edge selection bit —
1 Rising edge
0 Falling edge
W62 CNTRO pin input count edge selection bit — gedg
1 Rising edge
W61 CNTRL1 output auto-control circuit 0 CNTR1 output auto-control circuit not selected
selection bit 1 CNTR1 output auto-control circuit selected
W60 D6/CNTRO pin function selection bit 0 D5 (1/0) / ENTRO (!nput)
1 CNTRO (I/O) /Ds (input)

Notes 1: “R” represents read enabled, and “W” represents write enabled.
2: This function is valid only when the timer 3 count start synchronous circuit is selected (120="1").
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R/W
Serial 1/0 control register J1 at reset : 00002 at RAM back-up : state retained TAJUTIIA
J13[J12 Synchronous clock
Jis 0 Instruction clock (INSTCK) divided by 8
Serial I/O synchronous clock selection bits | 0 | 1 | Instruction clock (INSTCK) divided by 4
J12 1 Instruction clock (INSTCK) divided by 2
1 External clock (Sck input)
J11|J1o Port function
Ju1 0 | 0 | P20, P21,P22 selected/Sck, SouT, SIN not selected
Serial 1/0 port function selection bits 0 | 1 | Sck, Sourt, P22 selected/P20, P21, SIN not selected
Jlo 1| 0 | Sck, P21, SIN selected/P20, SouT, P22 not selected
1| 1 | Sck, SouT, SIN selected/P20, P21,P22 not selected
i ) . . RIW
A-D control register Q1 at reset : 00002 at RAM back-up : state retained TAQLTQIA
Q13 A-D operation mode selection bit A-D conversion mode
Comparator mode
Q12|Q11|Q10] Analog input pins
Q12 0] 0|0/ AN
0|0 ]|1] AN
Analog input pin selection bits 0] 1]0]AN2
Q11 0|1 ]|1]|ANSs
1|00 AN
10| 1]ANs
Qlo 1|11 1]0] AINe
1 1] 1] AN7
A-D control register Q2 at reset : 00002 at RAM back-up : state retained RIW
TAQ2/TQ2A
Q23 P40/AIN4, P41/AINS, P42/AIN6, P43/AINT 0 P40, P41, P42, P43
pin function selection bit 1 AIN4, AIN5, AIN6, AIN7
Q22 P62/AIN2, P63/AIN3 pin function selection bit 0 P62, P63
1 AIN2, AIN3
Q21 P61/AIN1 pin function selection bit 0 P61
1 AIN1
Q20 P60/AINo pin function selection bit 0 P60
1 AINO
A-D control register Q3 at reset : 00002 at RAM back-up : state retained RIW
TAQ3/TQ3A
Q33 Not used 2 This bit has no function, but read/write is enabled.
Q32 A-D converter operation clock selection bit 0 Instruction clock (INSTCK)
1 Ring oscillator (f(RING))
031|030 Division ratio
Q31 0 | o | Frequency divided by 6
A-D converter operation clock division 0 | 1 | Frequency divided by 12
Q30 ratio selection bits 1 | o | Frequency divided by 24
1 | 1 | Frequency divided by 48

Note: “R” represents read enabled, and “W” represents write enabled.
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Key-on wakeup control register KO at reset : 00002 at RAM back-up : state retained RIW
[TAKO/TKOA
KO3 Pins P12 and P13 key-on wakeup 0 Key-on wakeup not used
control bit 1 Key-on wakeup used
Ko Pins P1o and P11 key-on wakeup 0 Key-on wakeup not used
2 .
control bit 1 Key-on wakeup used
Ko Pins P02 and P03 key-on wakeup 0 Key-on wakeup not used
1 .
control bit 1 Key-on wakeup used
Ko Pins POo and P01 key-on wakeup 0 Key-on wakeup not used
0 .
control bit 1 Key-on wakeup used
Key-on wakeup control register K1 at reset : 00002 at RAM back-up : state retained RIW
ITAKL/TK1A
K1 Ports P02 and P03 return condition selection 0 Return by level
bit 1 Return by edge
K1 Ports P02 and P03 valid waveform/ 0 Falling waveform/“L” level
2 . . —
level selection bit 1 Rising waveform/“H” level
K1 Ports P01 and POo return condition selection 0 Return by level
1 .
bit 1 Return by edge
K1 Ports P01 and POo valid waveform/ 0 Falling waveform/“L” level
0
level selection bit 1 Rising waveform/“H” level
Key-on wakeup control register K2 at reset : 00002 at RAM back-up : state retained RIW
ITAK2/TK2A|
) . ) ) 0 Return by level
K23 INT1 pin return condition selection bit
1 Return by edge
) . 0 Key-on wakeup not used
K22 INT1 pin key-on wakeup contro bit
1 Key-on wakeup used
) . ) . 0 Return by level
K21 INTO pin return condition selection bit
1 Return by edge
) . 0 Key-on wakeup not used
K20 INTO pin key-on wakeup contro bit
1 Key-on wakeup used

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

Note: “R” represents read enabled, and “W” represents write enabled.
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Port output structure control register FRO at reset : 00002 at RAM back-up : state retained TF\I;VOA
Ports P12, P13 output structure selection 0 N-channel open-drain output
FROs 1 | CMOS output
Ports P10, P11 output structure selection 0 N-channel open-drain output
FRO2 bit 1 CMOS output
Ports P02, PO3 output structure selection 0 N-channel open-drain output
FROL bit 1 CMOS output
Ports POo, P01 output structure selection 0 N-channel open-drain output
FROO bit 1 CMOS output
Port output structure control register FR1 at reset : 00002 at RAM back-up : state retained TF\I;VlA
) ) 0 N-channel open-drain output
FR13 Port D3 output structure selection bit 1 CMOS output
. . 0 N-channel open-drain output
FR12 Port D2 output structure selection bit 1 CMOS output
. . 0 N-channel open-drain output
FR11 Port D1 output structure selection bit 1 CMOS output
. . 0 N-channel open-drain output
FR1o Port Do output structure selection bit 1 CMOS output
Port output structure control register FR2 at reset : 00002 at RAM back-up : state retained TF\I;VZA
. ) 0 N-channel open-drain output
FR23 Port D7/CNTR1 output structure selection bit 1 CMOS output
) ) 0 N-channel open-drain output
FR22 Port D6/CNTRO output structure selection bit 1 CMOS output
. . 0 N-channel open-drain output
FR21 Port Ds output structure selection bit 1 CMOS output
) ) 0 N-channel open-drain output
FR20 Port D4 output structure selection bit 1 CMOS output
Port output structure control register FR3 at reset : 00002 at RAM back-up : state retained TF\I;VsA
) ) 0 N-channel open-drain output
FR33 Port P53 output structure selection bit 1 CMOS output
. . 0 N-channel open-drain output
FR32 Port P52 output structure selection bit 1 CMOS output
. . 0 N-channel open-drain output
FR31 Port P51 output structure selection bit 1 CMOS output
. . 0 N-channel open-drain output
FR30 Port P50 output structure selection bit 1 CMOS output

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

The 4519 Group has the 153 instructions. Each instruction is de-
scribed as follows;

(1) Index list of instruction function

(2) Machine instructions (index by alphabet)

(3) Machine instructions (index by function)

(4) Instruction code table

SYMBOL

The symbols shown below are used in the following list of instruc-

tion function and the machine instructions.

Symbol Contents Symbol Contents
A Register A (4 bits) PS Prescaler
B Register B (4 bits) Tl Timer 1
DR Register DR (3 bits) T2 Timer 2
E Register E (8 bits) T3 Timer 3
V1 Interrupt control register V1 (4 bits) T4 Timer 4
V2 Interrupt control register V2 (4 bits) T1F Timer 1 interrupt request flag
11 Interrupt control register 11 (4 bits) T2F Timer 2 interrupt request flag
12 Interrupt control register 12 (4 bits) T3F Timer 3 interrupt request flag
MR Clock control register MR (4 bits) T4AF Timer 4 interrupt request flag
RG Clock control register RG (1 bit) WDF1 Watchdog timer flag
PA Timer control register PA (1 bit) WEF Watchdog timer enable flag
w1 Timer control register W1 (4 bits) INTE Interrupt enable flag
w2 Timer control register W2 (4 bits) EXFO External O interrupt request flag
W3 Timer control register W3 (4 bits) EXF1 External 1 interrupt request flag
w4 Timer control register W4 (4 bits) P Power down flag
W5 Timer control register W5 (4 bits) ADF A-D conversion completion flag
W6 Timer control register W6 (4 bits) SIOF Serial I/0 transmit/receive completion flag
J1 Serial I/O control register J1 (4 bits)
Q1 A-D control register Q1 (4 bits) D Port D (8 bits)
Q2 A-D control register Q2 (4 bits) PO Port PO (4 bits)
Q3 A-D control register Q3 (4 bits) P1 Port P1 (4 bits)
PUO Pull-up control register PUO (4 bits) P2 Port P2 (3 bits)
PU1 Pull-up control register PU1 (4 bits) P3 Port P3 (4 bits)
FRO Port output format control register FRO (4 bits) P4 Port P4 (4 bits)
FR1 Port output format control register FR1 (4 bits) P5 Port P5 (4 bits)
FR2 Port output format control register FR2 (4 bits) P6 Port P6 (4 bits)
FR3 Port output format control register FR3 (4 bits)
KO Key-on wakeup control register KO (4 bits) X Hexadecimal variable
K1 Key-on wakeup control register K1 (4 bits) y Hexadecimal variable
K2 Key-on wakeup control register K2 (4 bits) z Hexadecimal variable
X Register X (4 bits) p Hexadecimal variable
Y Register Y (4 bits) n Hexadecimal constant
Z Register Z (2 bits) i Hexadecimal constant
DP Data pointer (10 bits) j Hexadecimal constant

(It consists of registers X, Y, and Z) A3A2A1A0 Binary notation of hexadecimal variable A
PC Program counter (14 bits) (same for others)
PCH High-order 7 bits of program counter
PCL Low-order 7 bits of program counter - Direction of data movement
SK Stack register (14 bits (0 8) - Data exchange between a register and memory
SP Stack pointer (3 bits) ? Decision of state shown before “?”
CY Carry flag () Contents of registers and memories
RPS Prescaler reload register (8 bits) — Negate, Flag unchanged after executing instruction
R1 Timer 1 reload register (8 bits) M(DP) RAM address pointed by the data pointer
R2 Timer 2 reload register (8 bits) a Label indicating address a6 as a4 a3 az a1 ao
R3 Timer 3 reload register (8 bits) p, a Label indicating address a6 as a4 a3 a2 a1 ao
R4L Timer 4 reload register (8 bits) in page p5 p4 p3 p2 p1 po
R4H Timer 4 reload register (8 bits) g Hex. C + Hex. number x
X

Note : Some instructions of the 4519 Group has the skip function to unexecute the next described instruction. The 4519 Group just invalidates the next instruc-
tion when a skip is performed. The contents of program counter is not increased by 2. Accordingly, the number of cycles does not change even if skip
is not performed. However, the cycle count becomes “1” if the TABP p, RT, or RTS instruction is skipped.
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INDEX LIST OF INSTRUCTION FUNCTION

j=0to15
Y)-(-1

Group- ) ) Group-
rig;p Mnemonic Function Page rig;p Mnemonic Function Page
TAB (A) - (B) 110, 130 XAMI j (A) = — (M(DP)) 129, 130
& (X) ~ (X)EXOR())
TBA (B) « (A) 119, 130 = j=0to15
= (YY) - (V) +1
TAY (A) < (Y) 119, 130 %
(@]
2 |TMA]j (M(DP)) — (A) 122,130
TYA (Y) « (A) 128, 130 ; (X) — (X)EXOR()
é j=0to 15
TEAB (E7—E4) < (B) 120, 130
kol (E3-E0) ~ (A) LAn (A) < n 98, 132
[}
S n=0to 15
£ |TABE (B) «~ (E7-E4) 111, 130
Q
k] (A) ~ (E3-E0) TABPp |(SP) — (SP)+1 111, 132
(2]
8 (SK(SP)) — (PC)
2  |TpA (DR2-DR0) « (A2—A0) 119, 130 (PCH) < p
2 (PCL) — (DR2-DRo, A3—A0)
2 |TAD (A2—-A0) — (DR2-DROo) 112,130 (DR2) < 0
& (A3) - 0 (DR1, DR0) — (ROM(PC))9, 8
(B) « (ROM(PC))7—4
TAZ (A1, Ao) « (Z1, Z0) 119, 130 (A) « (ROM(PC))3—-0
(A3,A2) ~ 0 (SK(SP)) - (PC)
(SP) - (SP) -1
TAX (A) < (X) 118, 130
AM (A) < (A) + (M(DP)) 91, 132
TASP (A2-A0) — (SP2-SPo) 116, 130
(A3) - 0 - |AmC (A) < (A) + (M(DP)) + (CY) 91, 132
-% (CY) — Carry
LXY X,y |(X) = xx=0to 15 98, 130 5
" (Y) -yy=0to15 © |An (A) < (A) +n 91, 132
A k5 n=0to 15
§ LZ z (Z) —zz=0t03 98, 130 _g
° =
2 < |AND (A) < (A) AND (M(DP)) 92, 132
S |INY () « (V) +1 98, 130
o OR (A) « (A) OR (M(DP)) 101, 132
DEY ) = (Y)-1 95, 130
sc (cY) <1 103, 132
TAM | (A) - (M(DP)) 114,130
(X) « (X)EXOR(j) RC (CY) < 0 102, 132
. j=0to 15
()
iz szc (CY)=0? 108, 132
g [xamj @A) < - (MOP) 128, 130
g (X) « (X)EXOR(j) CMA A - (A 94,132
° j=0to15
S RAR - [cY]- [AsAzALA0 101, 132
S [XAMDj [(A) - ~ (M(DP) 128,130
& (X)  (X)EXOR()

Note: p is 0 to 47 for M34519M6,
p is 0 to 63 for M34519M8/ES8.
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INDEX LIST OF INSTRUCTION FUNCTION (continued)

Griggp- Mnemonic Function Page Grig;p- Mnemonic Function Page
SBj (Mj(DP)) < 1 103, 132 DI (INTE) « O 95, 136
j=0to 3
s El (INTE) < 1 95, 136
8 |RBj (Mj(DP)) < 0 101, 132
‘é& j=0to3 SNZ0 V10 = 0: (EXF0) = 1?2 104, 136
= After skipping, (EXFO) — O
SZB | (Mj(DP)) =0 ? 107, 132
j=0to3 SNZ1 V11 =0: (EXF1)=17? 104, 136
After skipping, (EXF1) —~ O
S _ |SEAM (A) = (M(DP)) ? 104, 132
% % SNZIO 12 =1: (INTO) = “H" ? 105, 136
g— g SEAnN (A)=n? 104, 132 112=0: (INTO) =“L" ?
8 ° n=0to 15
SNzI1 122 =1: (INT1) =“H"? 105, 136
Ba (PCL) ~ as-ao 92, 134 122=0: (INT1) =“L" ?
5 5
T  [BLp,a (PCH) « p 92,134 S |TAVL (A) < (V1) 116, 136
qg). (PCL) — a6-ao0 )
5 g2 [TviA (V1) < (A) 126, 136
& [BLAp (PCH) — p 92,134 s
@ (PCL) — (DR2-DRo, A3—A0) = |7AV2 (A) < (V2) 117, 136
BM a (SP) « (SP) + 1 93, 134 TV2A (V2) « (A) 126, 136
(SK(SP)) ~ (PC)
(PCH) « 2 TAIL (A) ~ (11) 113, 136
(PCL) ~ a6-ao0
5 TILA (1) < (A) 121, 136
© |BMLp,a [(SP) - (SP)+1 93,134
"g (SK(SP)) ~ (PC) TAI2 (A) < (12) 113, 136
_g (PCH) « p
'g (PCL) ~ as-ao TI2A (12) « (A) 121, 136
5
9O IBMLAp [(SP) < (SP) +1 93, 134 TPAA (PA0) — (A0) 123, 136
(SK(SP)) ~ (PC)
(PCH) < p TAW1 (A) — (W1) 117, 136
(PCL) ~ (DR2-DRo, A3—A0)
TW1A (W1) < (A) 126, 136
RTI (PC) < (SK(SP)) 102, 134
(SP) « (SP) -1 o |TAW2 (A) - (W2) 117, 136
o
RT (PC) — (SK(SP)) 102, 134 § TW2A (W2) < (A) 126, 136
(SP) - (SP)-1 Nt
_§ £ |TAws (A) « (W3) 117, 136
g IrTS (PC) < (SK(SP)) 103, 134 =
g (SP) — (SP) -1 TW3A (W3) « (A) 127, 136
i

Note: p is 0 to 47 for M34519M6,
p is 0 to 63 for M34519M8/ES8.
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INDEX LIST OF INSTRUCTION FUNCTION (continued)

Grig;p- Mnemonic Function Page Grig;p- Mnemonic Function Page
TAW4 (A) < (W4) 118, 136 T4HAB  |(R4H7-R4Ha) - (B) 109, 138
(R4H3-R4H0)  (A)
TWA4A (W4) — (A) 127, 136
TR1AB  |(R17-R14) — (B) (R13-R10) — (A)| 125, 138
TAW5 (A) — (W5) 118, 138
TR3AB  |(R37-R34) — (B) (R33-R30) — (A)| 125, 138
TW5A (W5) — (A) 127,138
T4RAL (T47-T44) — (RAL7-RAL4) 109, 140
TAW6 (A) — (W) 118, 138
SNZT1  |V12=0:(T1IF)=17? 106, 140
TW6A (W6) — (A) 127,138 § After skipping, (T1F) — 0
S V12 = 1: NOP
TABPS | (B) — (TPS7-TPS4) 112, 138 g
(A) < (TPS3-TPS0) g |SNzT2 V13=0:(T2F) =17 106, 140
= After skipping, (T2F) < 0
TPSAB | (RPS7-RPS4)  (B) 123,138 V13 = 1: NOP
(TPS7-TPS4) ~ (B)
(RPS3-RPS0) « (A) SNZT3  |V20=0:(T3F)=17? 106, 140
(TPS3-TPS0) ~ (A) After skipping, (T3F) — 0
V20 = 1: NOP
TAB1 (B) « (T17-T14) 110, 138
(A) - (T13-T1lo) SNZT4  |V21=0:(T4F) =17 107, 140
After skipping, (T4F) - 0
S |T1AB (R17-R14) — (B) 108, 138 V21 =1:NOP
© (T17-T14)  (B)
g (R13-R10) - (A) IAPO (A) < (PO) 96, 140
3 (T13-T10) < (A)
E OPOA (PO) — (A) 99, 140
TAB2 (B) « (T27-T24) 110, 138
(A) — (T23-T20) IAP1 (A) « (P1) 96, 140
T2AB (R27-R24) — (B) 108, 138 OP1A (P1) - (A 99, 140
(T27-T24) ~ (B)
(R23-R20) « (A) |1AP2 (A2-A0) ~ (P22—P20) (A3) -~ O 96, 140
(T23-T20) ~ (A) -
& |oP2a (P22—P20) — (A2-A0) 99, 140
IS
TAB3 (B) — (T37-T34) 110, 138 g
(A) ~ (T33-T30) o |IAP3 (A) - (P3) 97, 140
L
T3AB (R37-R34) — (B) 109, 138 3 |oPs3A (P31, P30) — (A1, A0) 100, 140
(T37-T34) — (B) 2
(R33-R30) — (A) £ |IAP4 (A) ~ (P4) 97, 140
(T33-T30) « (A)
OP4A (P4) — (A) 100, 140
TAB4 (B) « (T47-T44) 111, 138
(A) — (T43-T4o) IAP5 (A) — (P5) 97, 140
T4AB (RAL7-R4L4)  (B) 109, 138 OPSA  |(P5) — (A) 100, 140
(T47-T44) ~ (B)
(RAL3_RAL0) — (A) IAP6 (A) — (P6) 97, 140
(T43-T40) ~ (A)
OP6A (P6) — (A) 100, 140
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INDEX LIST OF INSTRUCTION FUNCTION (continued)

Grig;p- Mnemonic Function Page Grig;p- Mnemonic Function Page
CLD (D) <1 93, 140 TABSI (B) — (SI7=Sl4) (A) — (SI3=Slo) | 112, 142
RD (D(Y)) - 0 102, 140 TSIAB (S17-Sla) — (B) (SI3-Slo) — (A) | 125, 142
(Y)=0to 7
s SST (SIOF) —~ 0 107, 142
SD D(Y)) - 1 103, 140 © Serial 1/0 starting
(Y)=0to7 “é
O |[SNZSI V23=0: (SIOF)=1? 106, 142
SZD (D(Y)) =072 108, 140 ‘:_U After skipping, (SIOF) — 0
(Y)=0to 7 (}B) V23=1: NOP
TAPUO (A) — (PUO) 115, 140 TAJ1 (A) ~ (J1) 113, 142
TPUOA (PUO) « (A) 123, 140 TJ1A J1) < (A) 121, 142
TAPU1 (A) — (PUL) 115, 140 TABAD In A-D conversion mode , 111, 144
(B) — (AD9-ADs)
TPUIA | (PU1) < (A) 124, 140 (A) — (AD5-AD2)
IS In comparator mode,
§ TAKO (A) < (KO) 113, 142 (B) — (AD7-ADa)
) (A) —~ (AD3—ADO)
3 |TKoA (KO) — (A) 122, 142
a TALA (A3, A2) — (AD1, ADo) 114, 144
S |TAKL (A) < (K1) 114, 142 (A1,A0) — O
c
TK1A (K1) < (A) 122, 142 TADAB (AD7—-AD4) — (B) 112, 144
(AD3-AD0) — (A)
TAK2 (A) — (K2) 114, 142
S |apST  [(ADF) -0 91, 144
TK2A (K2) « (A) 122, 142 g A-D conversion starting
Q.
o
TFROA (FRO) < (A) 120, 142 f-( SNZAD  |V21=0:(ADF)=17? 105, 144
After skipping, (ADF) — 0
TFR1A (FR1) < (A) 120, 142
TAQ1 (A) —~ (Q1) 115, 144
TFR2A (FR2) < (A) 120, 142
TQ1A Q1) - A 124, 144
TFR3A (FR3) < (A) 121, 142
TAQ2 (A) - (Q2) 116, 144
CMCK Ceramic resonator selected 94, 142
TQ2A (Q2) «~ (A) 124, 144
CRCK RC oscillator selected 94, 142
TAQ3 (A) — (Q3) 116, 144
é CYCK Quartz-crystal oscillator selected | 94, 142
g TQ3A (Q3) - (A) 124, 144
S |TRGA (RG0) — (A0) 125, 142
S
O  |TAMR (A) < (MR) 110, 142
TMRA (MR) < (A) 123, 142
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INDEX LIST OF INSTRUCTION FUNCTION (continued)

Group- ] ]
ing Mnemonic Function Page
NOP (PC) -« (PC)+1 99, 144
POF Transition to RAM back-up mode | 101, 144
EPOF POF instruction valid 96, 144
c
Be]
© [SNZP P)y=17? 105, 144
()
g
5 DWDT Stop of watchdog timer function| 95, 144
£ enabled
o
After skipping, (WDF1) — 0
SRST System reset occurrence 107. 144
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET)

A n (Add n and accumulator)

Instruction

Do Do Number of | Number of | Flag CY Skip condition
code words cycles
Lofofolafafofnfnfn]n] [o]e]n], -
1 1 - Overflow = 0
Operation: (A) < (A)+n Grouping: Arithmetic operation
n=0to 15 Description: Adds the value n in the immediate field to
register A, and stores a result in register A.
The contents of carry flag CY remains unchanged.
Skips the next instruction when there is no
overflow as the result of operation.
Executes the next instruction when there is
overflow as the result of operation.
ADST (A-D conversion STart)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[1ofe o o e e 1 ]a]a], [2]or], [ tos | o | .
Operation: (ADF) —~ 0 Grouping: A-D conversion operation
Q13 = 0: A-D conversion starting Description: Clears (0) to A-D conversion completion
Q13 = 1: Comparator operation starting flag ADF, and the A-D conversion at the A-D
(Q13: bit 3 of A-D control register Q1) conversion mode (Q13 = 0) or the compara-
tor operation at the comparator mode (Q13
= 1) is started.
AM (Add accumulator and Memory)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
oo o o o o = o s o], [oTo[al, | tote | odes | .
Operation: (A) < (A) + (M(DP)) Grouping: Arithmetic operation
Description: Adds the contents of M(DP) to register A.
Stores the result in register A. The contents
of carry flag CY remains unchanged.
AMC (Add accumulator, Memory and Carry)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[ofofofojofofs]ofafz][ofo]s],
1 1 0/1 -
Operation: (A) <« (A) + (M(DP)) + (CY) Grouping: Arithmetic operation

(CY) ~ Carry

Description:

Adds the contents of M(DP) and carry flag
CY to register A. Stores the result in regis-
ter A and carry flag CY.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

AND (logical AND between accumulator and memory)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
LoloJolofofs]s]ofofol, [o]1]s],
1 1 - -
Operation: (A) < (A) AND (M(DP)) Grouping: Arithmetic operation
Description: Takes the AND operation between the con-
tents of register A and the contents of
M(DP), and stores the result in register A.
B a (Branch to address a)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code | 0 | 1 | 1 | a6| a5| a4| a3| a2| a1| ao|2 |1 |+8a a |16 words cycles
1 1 - —
Operation: (PCL) —~ a6toao Grouping: Branch operation
Description: Branch within a page : Branches to address
a in the identical page.
Note: Specify the branch address within the page
including this instruction.
BL p, a (Branch Long to address a in page p)
Instruction D9 Do Number of | Number of | Flag CY Skip condition
E words cycles
code  ofo 11 [a[pefslp]pifpol,[0]p]p ], :
2 2 — —
|1 |0 |p5|a6|a5|a4|a3| a2|a1|ao|2|2 |+pa|a |16 - -
Grouping: Branch operation
Operation: (PCH) < p Description: Branch out of a page : Branches to address
(PCL) ~ a6 to a0 ain page p.
Note: pis O to 47 for M34519M6 and p is O to 63
for M34519M8ES8.
BLA p (Branch Long to address (D) + (A) in page p)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[ofoJofofofsfofofofol, [ofs]o],
2 2 - -
[2 Lo [ps| pe[0 o0 pa| pef ps] pof, [2 [p | p |sg [—— .
Grouping: Branch operation
Operation: (PCH) < p Description: Branch out of a page : Branches to address
(PCL) ~ (DR2-DRo, A3—A0) (DR2 DR1 DRo A3 A2 A1 Ao)2 specified by
registers D and A in page p.
Note: pis 0 to 47 for M34519M6 and p is O to 63

for M34519M8ES.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

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

Instruction Do Do Number of | Number of | Flag CY Skip condition
code | 0 | 1 | 0 | a6| a5| a4| a3| a2| a1| ao|2 |1 | a | a |1s words cycles
1 1 — —
Operation: (SP) - (SP)+1 Grouping: Subroutine call operation
(SK(SP)) —~ (PC) Description: Call the subroutine in page 2 : Calls the
(PCH) ~ 2 subroutine at address a in page 2.
(PCL) ~ as—ao Note: Subroutine extending from page 2 to an-
other page can also be called with the BM
instruction when it starts on page 2.
Be careful not to over the stack because the
maximum level of subroutine nesting is 8.
BML p, a (Branch and Mark Long to address a in page p)
Instruction Do Do Number of | Number of | Flag CY Skip condition
C words cycles
codeJoJofu]1fo|elpsferfpr]po],[0]sp]p fg = : - -
| 1 |O | p5| a6| a5| a4| a3| a2| a1| ao|2 |2 |+pa| a |16
Grouping: Subroutine call operation
Operation: (SP) « (SP)+1 Description: Call the subroutine : Calls the subroutine at
(SK(SP)) « (PC) address a in page p.
(PCH) « p Note: p is 0 to 47 for M34519M6 and p is O to 63
(PCL) ~ as—ao for M34519M8ES8.
Be careful not to over the stack because the
maximum level of subroutine nesting is 8.
BMLA p (Branch and Mark Long to address (D) + (A) in page p)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [ofofofo[r]r]ofofofo], [o]a o], | "% %=
2 16 5 5 _ B
[2 Lo [ps[psfo[o]palpef pspof, [2]p[p | —— . _
Grouping: Subroutine call operation
Operation: (SP) « (SP) + 1 Description: Call the subroutine : Calls the subroutine at
(SK(SP)) ~ (PC) address (DR2 DR1 DRo A3 A2 A1 Ao)2 speci-
(PCH) < p fied by registers D and A in page p.
(PCL) — (DR2-DRo, A3—A0) Note: pis 0 to 47 for M34519M6 and p is O to 63
for M34519M8ES8.
Be careful not to over the stack because the
maximum level of subroutine nesting is 8.
CLD (CLear port D)
Instruction D9 Do Number of | Number of | Flag CY Skip condition
code o000 o]z [0 o o]x], [o]x] 1], [ tes | oee
2 16 1 1 _ _
Operation: (D) ~ 1 Grouping:  Input/Output operation
Description: Sets (1) to port D.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

CMA (CoMplement of Accumulator)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
Lolofolofofsfafafololf,[o]s]c],
1 1 - —
Operation: A) « (A) Grouping: Arithmetic operation
Description: Stores the one’s complement for register
A's contents in register A.
CMCK (Clock select: ceraMic oscillation ClocK)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1Jof1fofofssfofa]o],[2]e]a], | "o %=
2 16
1 1 - —
Operation: Ceramic oscillation circuit selected Grouping: Clock control operation
Description: Selects the ceramic oscillation circuit for
main clock f(XIN).
CRCK (Clock select: Rc oscillation ClocK)
Instruction D9 Do Number of | Number of | Flag CY Skip condition
|
code [1]o[1 o o 1]1]o]a]a], [2]o]p],, |tes | o=
2 16
1 1 — -
Operation: RC oscillation circuit selected Grouping: Clock control operation
Description: Selects the RC oscillation circuit for main
clock f(XIN).
CYCK (Clock select: crYstal oscillation ClocK)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1Jofufofofs]e]afofu] [2]e[p], "o 2%
2 16
1 1 — -
Operation: Quartz-crystal oscillation circuit selected Grouping: Clock control operation

Description:

Selects the quartz-crystal oscillation circuit
for main clock f(XIN).
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

DEY (DEcrement register Y)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
Lofofofofofafolafa]al, [ofa]7]s— ; T
Operation: YY) -()-1 Grouping: RAM addresses
Description: Subtracts 1 from the contents of register Y.
As a result of subtraction, when the con-
tents of register Y is 15, the next instruction
is skipped. When the contents of register Y
is not 15, the next instruction is executed.
DI (Disable Interrupt)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [ofofofofofoofsfofo] [ofofa], | "ot | %=
2 16 1 1 _ _
Operation: (INTE) -~ O Grouping: Interrupt control operation
Description: Clears (0) to interrupt enable flag INTE, and
disables the interrupt.
Note: Interrupt is disabled by executing the DI in-
struction after executing 1 machine cycle.
DWDT (Disable WatchDog Timer)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[i]o[alo o]s [ 1 o o], [2]o]c], [ Mot | oce | i
Operation: Stop of watchdog timer function enabled Grouping: Other operation
Description: Stops the watchdog timer function by the
WRST instruction after executing the
DWDT instruction.
El (Enable Interrupt)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[o]ofofojofofojsfofs] [o]o]s | - - -
Operation: (INTE) ~ 1 Grouping: Interrupt control operation
Description: Sets (1) to interrupt enable flag INTE, and
enables the interrupt.
Note: Interrupt is enabled by executing the El in-

struction after executing 1 machine cycle.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

EPOF (Enable POF instruction)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
loloJolafofafafofa]al,[o]s]m],
1 1 — -
Operation: POF instruction valid Grouping: Other operation
Description: Makes the immediate after POF instruction
valid by executing the EPOF instruction.
IAPO (Input Accumulator from port P0O)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[2lofofa]s]ofololofol,[2]6]0],
1 1 — —
Operation: (A) < (PO) Grouping: Input/Output operation

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

IAP1 (Input Accumulator from port P1)

Instruction Do Do Number of | Number of | Flag CY Skip condition
d cycles
code  |alofofifafofofolofu], |2]e]1 ], =12
2 16 1 1 ~ ~
Operation: (A) ~ (P1) Grouping: Input/Output operation
Description: Transfers the input of port P1 to register A.
IAP2 (Input Accumulator from port P2)
Instruction Do Do Number of | Number of | Flag CY Skip condition
d cycles
code  |alofofufafofofolrfol, |2]e]o ], =1
2 16 1 1 B B
Operation: (A2—-A0) ~ (P22—P20) Grouping: Input/Output operation
(A3) -« 0 Description: Transfers the input of port P2 to register A.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

IAP3 (Input Accumulator from port P3)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1fofofafrfofofofu]ua], [2]e]s], "o 1%

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

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

IAP4 (Input Accumulator from port P4)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1]ofofa[r]ofof1fo]o], [2]e]e], "o 1%

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

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

IAP5 (Input Accumulator from port P5)

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

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

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

IAP6 (Input Accumulator from port P6)

Instruction Do Do Number of | Number of | Flag CY Skip condition
|
code  [1JofofafsJoo s a]o],[2]s 6], =12
2 16 1 1 B ~
Operation: (A) ~ (P6) Grouping: Input/Output operation
Description: Transfers the input of port P6 to register A.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

INY (INcrement register Y)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code fofofofofoiJofofs]a],o]s]a], e o=
1 1 - (Y)=0
Operation: YY)« ()+1 Grouping: RAM addresses
Description: Adds 1 to the contents of register Y. As a re-
sult of addition, when the contents of
register Y is 0, the next instruction is
skipped. When the contents of register Y is
not 0, the next instruction is executed.
LA n (Load n in Accumulator)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code fofofofafafaln]n]nln], [o]7[n], | o %= .
1 1 - Continuous
description
Operation: (A) < n Grouping: Arithmetic operation
n=0 to15 Description: Loads the value n in the immediate field to
register A.
When the LA instructions are continuously
coded and executed, only the first LA in-
struction is executed and other LA
instructions coded continuously are
skipped.
LXY x,y (Load register X and Y with x and y)
Instruction D9 Do Number of | Number of | Flag CY Skip condition
code [ [1 e[ elalx] e[ vi] vol, [s [x [y |y e
1 1 - Continuous
description
Operation:  (X) - xx=0t0 15 Grouping:  RAM addresses
(Y) -yy=0to15 Description: Loads the value x in the immediate field to
register X, and the value y in the immediate
field to register Y. When the LXY instruc-
tions are continuously coded and executed,
only the first LXY instruction is executed
and other LXY instructions coded continu-
ously are skipped.
LZ z (Load register Z with z)
Instruction Do Do Number of | Number of | Flag CY Skip condition
cose  [ofofofafofos]ofafn], [o]a]F], o= 2%
1 1 — —
Operation: (Z2) ~zz=0to 3 Grouping: RAM addresses
Description: Loads the value z in the immediate field to

register Z.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

NOP (No OPeration)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
LoloJolofofofolofolol,[0]o]oly,
1 1 — -
Operation: (PC) - (PC)+1 Grouping: Other operation
Description: No operation; Adds 1 to program counter
value, and others remain unchanged.
OPOA (Output port PO from Accumulator)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[1lofolofsfofofofolol,[2]2]0],
1 1 — -
Operation: (PO) ~ (A) Grouping: Input/Output operation
Description: Outputs the contents of register A to port
PO.
OP1A (Output port P1 from Accumulator)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[1lofolofafofofofols],[2]2]1],
1 1 - -
Operation: (P1) « (A) Grouping: Input/Output operation
Description: Outputs the contents of register A to port
P1.
OP2A (Output port P2 from Accumulator)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[1lofofolslofololafol,[2]2]2],
1 1 — -
Operation: (P2) - (A) Grouping: Input/Output operation
Description: Outputs the contents of register A to port
P2.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

OP3A (Output port P3 from Accumulator)

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

OP4A (Output port P4 from Accumulator)

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

code words cycles

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

OP5A (Output port P5 from Accumulator)

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

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

OPG6A (Output port P6 from Accumulator)

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

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

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

OR (logical OR between accumulator and memory)

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

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

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

POF (Power OFf)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
LoloJolofofofolofs]ol,[ofo]2],
1 1 - -
Operation: Transition to RAM back-up mode Grouping: Other operation

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

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

RAR (Rotate Accumulator Right)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[olofofofofafafafofal, [of1]p],
1 1 0/1 -
Operation: |—>—> A3A2A1A0 Grouping: __Arithmetic operation

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

RB j (Reset Bit)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code A C words cycles
Lofofofafofofafafifil,[o]4]4],
1 1 - -
Operation: (Mj(DP)) ~ O Grouping: Bit operation
j=0to3 Description: Clears (0) the contents of bit j (bit specified

by the value j in the immediate field) of
M(DP).
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

RC (Reset Carry flag)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
LoloJolofofofofafs]o], [ofo]e],
1 1 0 —
Operation: (CY) -0 Grouping: Arithmetic operation
Description: Clears (0) to carry flag CY.
RD (Reset port D specified by register Y)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [ofofofofofs]ofsfofo] [o]s]a], | e %=
2 16
1 1 - —
Operation: (D(Y)) -~ 0O Grouping: Input/Output operation
However, Description: Clears (0) to a bit of port D specified by reg-
(Y)=0to9 ister Y.
RT (ReTurn from subroutine)
Instruction D9 Do Number of | Number of | Flag CY Skip condition
code  [ofofof1fofofof1]o]o], [ofa]e], "o 1 %
2 16
1 2 — —
Operation:  (PC) ~ (SK(SP)) Grouping:  Return operation
(SP) ~ (SP)-1 Description: Returns from subroutine to the routine
called the subroutine.
RTI (ReTurn from Interrupt)
Instruction Do Do Number of | Number of | Flag CY Skip condition
cogse fofofofsfofofofa]a]o],[o]ale], | "o 2%
2 16
1 1 - —
Operation: (PC) ~ (SK(SP)) Grouping: Return operation

(SP) - (SP)-1

Description:

Returns from interrupt service routine to
main routine.

Returns each value of data pointer (X, Y, Z),
carry flag, skip status, NOP mode status by
the continuous description of the LA/LXY in-
struction, register A and register B to the
states just before interrupt.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

RTS (ReTurn from subroutine and Skip)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
LoloJolsfofofofafols],[ofa]s], _ .
1 2 - Skip at uncondition
Operation: (PC) ~ (SK(SP)) Grouping: Return operation
(SP) — (SP)-1 Description: Returns from subroutine to the routine
called the subroutine, and skips the next in-
struction at uncondition.
SB j (Set Bit)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code 1. C words cycles
Lolofolafofafafafifilf,[o]s]|5]s
1 1 - -
Operation: (Mj(DP)) ~ 1 Grouping: Bit operation
j=0to 3 Description: Sets (1) the contents of bit j (bit specified by
the value j in the immediate field) of M(DP).
SC (Set Carry flag)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [oofofofofofofa]a]u] [ofo]7], | "% %=
2 16
1 1 1 -
Operation: (CY) -1 Grouping: Arithmetic operation
Description: Sets (1) to carry flag CY.
SD (Set port D specified by register Y)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [ofofofofofs]ofafofu] [o]s]s], | %=
2 16
1 1 - -
Operation: (D)) < 1 Grouping: Input/Output operation
(Y)=0to9 Description: Sets (1) to a bit of port D specified by regis-

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

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

Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
lofofofosfofo]s]of][o]2]s],
2 2 - (A)=n
|O |O |O |1 | ! | ! | " | " | " | " |2 |O |7 |n |16 Grouping: Comparison operation
Operation: (A)=n? Description: Skips the next instruction when the con-
n=0to 15 tents of register A is equal to the value nin
the immediate field.
Executes the next instruction when the con-
tents of register A is not equal to the value n
in the immediate field.
SEAM (Skip Equal, Accumulator with Memory)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
lofofofosfofofa]r]o], [of2]e]; -
1 1 - (A) = (M(DP))
Operation: (A) = (M(DP)) ? Grouping: Comparison operation
Description: Skips the next instruction when the con-

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

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

SNZO0 (Skip if Non Zero condition of external 0 interrupt request flag)

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

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

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

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

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

Instruction Do Do Number of | Number of | Flag CY Skip condition
cose  fofofofofs]a]afofofr] [o]s]s], | "o %=
1 1 - V11=0: (EXF1)=1
Operation: V11 =0: (EXF1) =17 Grouping: Interrupt operation
After skipping, (EXF1) —~ 0 Description: When V11 = 0 : Skips the next instruction

V11 =1: SNZ1 = NOP
(V11 : bit 1 of the interrupt control register V1)

when external 1 interrupt request flag EXF1
is “1.” After skipping, clears (0) to the EXF1
flag. When the EXF1 flag is “0,” executes
the next instruction.

When V11 = 1 : This instruction is equiva-
lent to the NOP instruction.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

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

Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1]ofsfofofofofa[u]ua], [2]s]7 ], "o 122
1 1 - V22 =0: (ADF) =1
Operation: V22=0: (ADF)=17? Grouping: A-D conversion operation
After skipping, (ADF) — 0 Description: When V22 = 0 : Skips the next instruction

V22 = 1: SNZAD = NOP

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

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

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

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

Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
LoloJolofafafafofs]ol,[ofs]al, T
1 1 - 112 =0: (INTO) = “L
112 =1 : (INTO) = “H”
Operation: 112=0: (INTO) = “L" ? Grouping: Interrupt operation
112 =1: (INTO) = “H" ? Description: When I12 = 0 : Skips the next instruction

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

when the level of INTO pin is “L.” Executes
the next instruction when the level of INTO
pin is “H.”

When 112 = 1 : Skips the next instruction
when the level of INTO pin is “H.” Executes
the next instruction when the level of INTO
pin is “L.”

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

Instruction Do Do Number of | Number of | Flag CY Skip condition
words cycles
code  [o[olololals]alols]s], [o]5]e); y
1 1 - 122=0: (INT1) = “L"
122 =1: (INT1) = “H"
Operation: 122=0: (INT1) =“L"? Grouping: Interrupt operation
122=1:(INT1) = “H"? Description: When 122 = 0 : Skips the next instruction
(122 : bit 2 of the interrupt control register 12) when the level of INT1 pin is “L.” Executes
the next instruction when the level of INT1
pin is “H.”
When 122 = 1 : Skips the next instruction
when the level of INT1 pin is “H.” Executes
the next instruction when the level of INT1
pin is “L.”
SNZP (Skip if Non Zero condition of Power down flag)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [ofofofofofoJofofu]1] [o]o[s], | e %=
2 1 1 - P)=1
Operation: P)=12 Grouping: Other operation
Description: Skips the next instruction when the P flag is

“1n.

After skipping, the P flag remains un-
changed.

Executes the next instruction when the P
flag is “0.”
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

SNZSI (Skip if Non Zero condition of Serial I/o interrupt request flag)

Instruction

Do Do Number of | Number of | Flag CY Skip condition
code [1Jofsfofofo1fofofo],[2]ee], |12
1 1 - V23 =0: (SIOF) = 1
Operation: V23=0:(SIOF) =17 Grouping: Serial I/0O operation
After skipping, (SIOF) — 0 Description: When V23 = 0 : Skips the next instruction
V23 =1: SNZSI = NOP when serial 1/0 interrupt request flag SIOF
(V23 = bit 3 of interrupt control register V2) is “1.” After skipping, clears (0) to the SIOF
flag. When the SIOF flag is “0,” executes
the next instruction.
When V23 = 1 : This instruction is equiva-
lent to the NOP instruction.
SNZT1 (Skip if Non Zero condition of Timer 1 interrupt request flag)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1]o[s]ofofofofofofo], [2]s o], [ | 2% —
1 1 - V12=0: (T1IF) =1
Operation: V12=0:(T1F)=17? Grouping: Timer operation
After skipping, (T1F) « O Description: When V12 = 0 : Skips the next instruction
V12 = 1: SNZT1 = NOP when timer 1 interrupt request flag T1F is
(V12 = bit 2 of interrupt control register V1) “1.” After skipping, clears (0) to the T1F
flag. When the T1F flag is “0,” executes the
next instruction.
When V12 = 1 : This instruction is equiva-
lent to the NOP instruction.
SNZT2 (Skip if Non Zero condition of Timer 2 interrupt request flag)
Instruction D9 Do Number of | Number of | Flag CY Skip condition
code [1]ofs]ofofofofofo]s], [2]s 1], |t {0 ——
1 1 - V13=0: (T2F) =1
Operation: V13=0:(T2F) =17 Grouping: Timer operation
After skipping, (T2F) —~ 0 Description: When V13 = 0 : Skips the next instruction
V13 =1: SNZT2 = NOP when timer 2 interrupt request flag T2F is
(V13 = bit 3 of interrupt control register V1) “1.” After skipping, clears (0) to the T2F
flag. When the T2F flag is “0,” executes the
next instruction.
When V13 = 1 : This instruction is equiva-
lent to the NOP instruction.
SNZT3 (Skip if Non Zero condition of Timer 3 interrupt request flag)
Instruction Do Do Number of | Number of | Flag CY Skip condition
cove  [1]of1fofofoofof1]o] [2]s]o], | "% 2% —
1 1 - V20=0: (T3F) =1
Operation: V20=0:(T3F) =17 Grouping: Timer operation
After skipping, (T3F) — 0 Description: When V20 = 0 : Skips the next instruction
V20 = 1: SNZT3 = NOP when timer 3 interrupt request flag T3F is
(V20 = bit O of interrupt control register V2) “1.” After skipping, clears (0) to the T3F
flag. When the T3F flag is “0,” executes the
next instruction.
When V20 = 1 : This instruction is equiva-
lent to the NOP instruction.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

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

Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1]ofsofofoJofofa]1], [2]e]s ], "o
1 1 - V21=0: (T4F) =1
Operation: V21 =0:(T4F) =17 Grouping: Timer operation
After skipping, (T4F) - 0 Description: When V21 = 0 : Skips the next instruction
V21 =1: SNZT4 = NOP when timer 4 interrupt request flag T4F is
(V21 = bit 1 of interrupt control register V2) “1.” After skipping, clears (0) to the T4F
flag. When the T4F flag is “0,” executes the
next instruction.
When V21 = 1 : This instruction is equiva-
lent to the NOP instruction.
SRST (System ReSeT)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [oofofofofofofofofu] [ofo]n], | "% %=
2 16 1 1 _ B
Operation: System reset occurrence Grouping: Other operation
Description: System reset occurs.
SST (Serial i/o transmission/reception STart)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1Jof1fofofaafa]u]o] [2]o[e], | "o %=
2 16 1 1 _ _
Operation: (SIOF) - 0 Grouping: Serial I/0 operation
Serial I/0 transmission/reception start Description: Clears (0) to SIOF flag and starts serial I/O.
SZB j (Skip if Zero, Bit)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code [0 oo ot o o o [i], [o]2]i],, | —ors | o R
- J =
j=0to3
Operation: (Mj(DP))=07? Grouping: Bit operation
j=0to3 Description: Skips the next instruction when the con-

tents of bit j (bit specified by the value j in
the immediate field) of M(DP) is “0.”
Executes the next instruction when the con-
tents of bit j of M(DP) is “1.”
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

SZC (Skip if Zero, Carry flag)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
Lofofolofafofafafsfa] [o]2]r],
1 1 - (Cy)=0
Operation: (CY)=07? Grouping: Arithmetic operation
Description: Skips the next instruction when the con-
tents of carry flag CY is “0.”
After skipping, the CY flag remains un-
changed.
Executes the next instruction when the con-
tents of the CY flag is “1.”
SZD (Skip if Zero, port D specified by register Y)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
Lolofofolsfofols]ofol,[o]2]4],
2 2 - (D(Y))=0
(Y)=0to7
Lolofofolsfofs]ofafs],[of2]e],
Operation: (D(Y)) =072 Grouping: Input/Output operation
(Y)=0to7 Description: Skips the next instruction when a bit of port

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

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

Instruction D9 Do Number of | Number of | Flag CY Skip condition
d cycles
code  [1]ofofofafs]ofofo]o] [2]s]o ], —== 1=
2 16 1 1 ~
Operation: (T17-T14) ~ (B) Grouping: Timer operation
(R17-R14) — (B) Description: Transfers the contents of register B to the

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

high-order 4 bits of timer 1 and timer 1 re-
load register R1. Transfers the contents of
register A to the low-order 4 bits of timer 1
and timer 1 reload register R1.

T2AB (Transfer data to timer 2 and register R2 from Accumulator and register B)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1Jofofofafsofofo a], [2]s]u], ("o 1
2 16 1 1 _ _
Operation: (T27-T24) ~ (B) Grouping: Timer operation
(R27-R24) — (B) Description: Transfers the contents of register B to the

(T23-T20) ~ (A)
(R23—-R20) ~ (A)

high-order 4 bits of timer 2 and timer 2 re-
load register R2. Transfers the contents of
register A to the low-order 4 bits of timer 2
and timer 2 reload register R2.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

T3AB (Transfer data to timer 3 and register R3 from Accumulator and register B)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[1fofofofafafofofs]o], [2]a]2 ], = : - -
Operation: (T37-T34) ~ (B) Grouping: Timer operation
(R37-R34) ~ (B) Description: Transfers the contents of register B to the

(T33-T30) ~ (A)
(R33-R30) ~ (A)

high-order 4 bits of timer 3 and timer 3 re-
load register R3. Transfers the contents of
register A to the low-order 4 bits of timer 3
and timer 3 reload register R3.

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

Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[olololx e o olalal, [2]ala], [ Mot | o | -
Operation: (T47-T44) ~ (B) Grouping: Timer operation
(RAL7-R4L4) — (B) Description: Transfers the contents of register B to the

(T43-T40) ~ (A)
(R4L3-R4L0) « (A)

high-order 4 bits of timer 4 and timer 4 re-
load register R4L. Transfers the contents of
register A to the low-order 4 bits of timer 4
and timer 4 reload register R4L.

T4HAB (Transfer data to register R4H from Accumulator and register B)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1fofofofulaofafu]u], [2]s]r ] "o 120
2 1 1 - -
Operation: (R4H7-R4H4) — (B) Grouping:  Timer operation
(R4H3-R4Ho) ~ (A) Description: Transfers the contents of register B to the
high-order 4 bits of timer 4 and timer 4 re-
load register R4H. Transfers the contents of
register A to the low-order 4 bits of timer 4
and timer 4 reload register R4H.
T4RA4L (Transfer data to timer 4 from register R4L)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1fofufofofafofufa]n], [2]o 7] "o
1 1 - _
Operation:  (T47-T44) ~ (R4L7-R4L4) Grouping:  Timer operation

(T43-T40) — (R4L3-R4L0)

Description:

Transfers the contents of reload register
RAL to timer 4.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TAB (Transfer data to Accumulator from register B)

Instruction Do Do Number of | Number of | Flag CY Skip condition
wor cycles
cose [ofofofofo[s[s]s]a]o], [o]a]e], =12
2 16 1 1 B ~
Operation: (A) « (B) Grouping: Register to register transfer
Description: Transfers the contents of register B to reg-

ister A.

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

Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1Jofofafs]s]ofofofo],[2]7 o], | "o %=
2 16
1 1 - —
Operation: (B) ~ (T17-T14) Grouping: Timer operation
(A) ~ (T13-T10) Description: Transfers the high-order 4 bits (T17-T14) of

timer 1 to register B.
Transfers the low-order 4 bits (T13-T10) of
timer 1 to register A.

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

Instruction D9 Do Number of | Number of | Flag CY Skip condition
code  [1fofofafe]a]ofofo]u], [2]7]a], |t
2 16 1 1 B B
Operation: (B) — (T27-T24) Grouping: Timer operation
(A) ~ (T23-T20) Description: Transfers the high-order 4 bits (T27-T24) of

timer 2 to register B.
Transfers the low-order 4 bits (T23-T20) of
timer 2 to register A.

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

Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1fofofafafa]ofofa]o], [2]7]z], | "ot | %=
2 16 1 1 _ _
Operation: (B) — (T37-T34) Grouping: Timer operation
(A) ~ (T33-T30) Description: Transfers the high-order 4 bits (T37-T34) of

timer 3 to register B.
Transfers the low-order 4 bits (T33-T30) of
timer 3 to register A.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

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

Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1fofofufa]aofofa]a], [2]7]a], "o 1%
2 16 1 1 _ ~
Operation: (B) — (T47-T44) Grouping: Timer operation
(A) ~ (T43-T4o) Description: Transfers the high-order 4 bits (T47-T44) of

timer 4 to register B.
Transfers the low-order 4 bits (T43-T40) of
timer 4 to register A.

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

Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [afofofafafa]afofo]a], [2]7 o], "o 1%
2 16 1 1 _ _
Operation:  InA-D conversion mode (Q13 = 0), Grouping: __ A-D conversion operation
(B) — (AD9-ADs) Description: In the A-D conversion mode (Q13 = 0), trans-

(A) — (AD5-AD2)

In comparator mode (Q13 = 1),

(B) —~ (AD7-AD4)

(A) — (AD3-ADO0)

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

fers the high-order 4 bits (AD9—ADs) of
register AD to register B, and the middle-or-
der 4 bits (AD5-AD2) of register AD to
register A. In the comparator mode (Q13 = 1),
transfers the middle-order 4 bits (AD7—ADa4)
of register AD to register B, and the low-order
4 bits (AD3-ADo0) of register AD to register A.

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

Instruction Do Do Number of | Number of | Flag CY Skip condition
ode  [o[olo o[1o]z ot ]0], [0]Z[A], | Mot | oces
2 16 1 1 _ —
Operation: (B) ~ (E7-E4) Grouping: Register to register transfer
(A) ~ (E3—E0) Description: Transfers the high-order 4 bits (E7—E4) of

register E to register B, and low-order 4 bits
of register E to register A.

TABP p (Transfer data to Accumulator and register B from Program memory in page p)

Instruction Do Do Number of | Number of | Flag CY Skip condition
8 words cycles
code 0|0| 1|0/ ps| pal pa| p2| pi| po|_ | 0| p| P Y
2 p 16 3
1 — —

Operation: (SP) « (SP) +1 Grouping:  Arithmetic operation

(SK(SP)) ~ (PC) Description: Transfers bits 9 and 8 to register D, bits 7 to 4

(PCH) < p to register B and bits 3 to 0 to register A.

(PCL) — (DR2-DR0, A3-A0) These bits 7 to 0 are the ROM pattern in ad-

(DR2) - 0 ' dress (DR2 DR1 DRo Az A2 A1 Ao)2 specified

(DR1, DR0) — (ROM(PC))g, 8
(B) — (ROM(PC))7-4

(A) « (ROM(PC))3-0

(PC) « (SK(SP))

(SP) « (SP)—1

by registers A and D in page p.

Note: p is 0 to 47 for M34519M6, and p is 0 to 63 for
M34519M8ES.
When this instruction is executed, be careful not to
over the stack because 1 stage of stack register is

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

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

Instruction Do Do Number of | Number of | Flag CY Skip condition
words cycles
code  [1fofolafafafolafofs],[2]7]s] .
2 16 1 1 B ~
Operation: (B) — (TPS7-TPS4) Grouping: Timer operation
(A) — (TPS3-TPS0) Description: Transfers the high-order 4 bits (TPS7—

TPS4) of prescaler to register B, and
transfers the low-order 4 bits (TPS3-TPS0)
of prescaler to register A.

TABSI (Transfer data to Accumulator and register B from register Sl)

Instruction Do Do Number of | Number of | Flag CY Skip condition
words cycles
code  [1lofolafafa]afofolof,[2]7]s], !
1 1 - —
Operation: (B) ~ (SI7-Sl4) Grouping: Serial I/O operation
(A) ~ (SI3-Slo) Description: Transfers the high-order 4 bits (S17—Sl4) of
serial 1/0 register Sl to register B, and
transfers the low-order 4 bits (SI13-Slo) of
serial 1/O register Sl to register A.
TAD (Transfer data to Accumulator from register D)
Instruction D9 Do Number of | Number of | Flag CY Skip condition
code words cycles
Lofofolafofsfofofofal,[ofs]a],
1 1 — —
Operation: (A2-A0) ~ (DR2-DRo) Grouping: Register to register transfer
(A3) -« 0 Description: Transfers the contents of register D to the
low-order 3 bits (A2—A0) of register A.
Note: When this instruction is executed, “0” is
stored to the bit 3 (A3) of register A.
TADAB (Transfer data to register AD from Accumulator from register B)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[lofofofafafafofola],[2]s]0],
1 1 — —
Lo a Grouping: A-D conversion operation
Operation: (AD7-AD2) - (B) Description: In the A-D conversion mode (Q13 = 0), this in-

(AD3-ADO0) ~ (A)

struction is equivalent to the NOP instruction.
In the comparator mode (Q13 = 1), trans-
fers the contents of register B to the
high-order 4 bits (AD7—AD4) of comparator
register, and the contents of register A to
the low-order 4 bits (AD3—-ADo) of compara-
tor register.

(Q13 = bit 3 of A-D control register Q1)

Rev.2.00 2003.04.15 page 112 of 159

RENESAS



4519 Group

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

MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TAIL (Transfer data to Accumulator from register 1)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1foJofifofaofofa]a], [2]s]s |, "o 1%
1 1 - —
Operation: (A) < (12) Grouping: Interrupt operation
Description: Transfers the contents of interrupt control
register 11 to register A.
TAI2 (Transfer data to Accumulator from register 12)
Instruction Do Do Number of | Number of | Flag CY Skip condition
|
code [1foJofsfofsJofufo]o], [2]s]a ], "o
1 1 - —
Operation: (A) < (12) Grouping: Interrupt operation

Description: Transfers the contents of interrupt control
register 12 to register A.

TAJ1 (Transfer data to Accumulator from register J1)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1fofofrJofofofofa]o], [2]s]2], | % | %

1 1 - _
Operation: (A) « (J1) Grouping: Serial I/0 operation

Description: Transfers the contents of serial I/O control
register J1 to register A.

TAKO (Transfer data to Accumulator from register K0)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1Jofofrfofr]ofa]a]o],[2]s]e], "o %=
2 16 1 1 _ _
Operation: (A) ~ (KO) Grouping: Input/Output operation
Description: Transfers the contents of key-on wakeup

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

TAK1 (Transfer data to Accumulator from register K1)

Instruction Do Do Number of | Number of | Flag CY Skip condition
|
cose  [1fofofsfos]sfofofu], [2]s o], =2
1 1 — -
Operation: (A) « (K1) Grouping: Input/Output operation
Description: Transfers the contents of key-on wakeup
control register K1 to register A.
TAK2 (Transfer data to Accumulator from register K2)
Instruction Do Do Number of | Number of | Flag CY Skip condition
|
code  [1fofofafofa]a]ofs]o], [2]s]a], 2= 2%
2 1 1 - -
Operation: (A) « (K2) Grouping: Input/Output operation
Description: Transfers the contents of key-on wakeup
control register K2 to register A.
TALA (Transfer data to Accumulator from register LA)
Instruction D9 Do Number of | Number of | Flag CY Skip condition
code [1]oJofifofo1fofo]s], [2]a]e ], |t %
1 1 - —
Operation: (A3, A2) — (AD1, ADo) Grouping: A-D conversion operation
(A1,A0) ~ 0 Description: Transfers the low-order 2 bits (AD1, ADo) of
register AD to the high-order 2 bits (A3, A2)
of register A.
Note: After this instruction is executed, “0” is

stored to the low-order 2 bits (A1, Ao) of
register A.

TAM j (Transfer data to Accumulator from Memory)

Instruction Do Do Number of | Number of | Flag CY Skip condition
P P R : words cycles
code  [1fofaafofofi|ififil,[2]c|i] :
2 16 1 1 _ _
Operation: (A) « (M(DP)) Grouping: RAM to register transfer
(X) « (X)EXOR()) Description: After transferring the contents of M(DP) to

j=0to 15

register A, an exclusive OR operation is
performed between register X and the value
j in the immediate field, and stores the re-
sult in register X.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TAMR (Transfer data to Accumulator from register MR)

Instruction Do Do Number of | Number of | Flag CY Skip condition
I
code  [1foJofsfofsofofs]o], [2]s e |, "o 4%
1 1 - —
Operation: (A) - (MR) Grouping: Clock operation
Description: Transfers the contents of clock control reg-
ister MR to register A.
TAPUO (Transfer data to Accumulator from register PUO)
Instruction Do Do Number of | Number of | Flag CY Skip condition
words cycles
code |slolofafofafofalafal,[2]s]7], .
1 1 — -
Operation:  (A) ~ (PUO) Grouping: __ Input/Output operation

Description: Transfers the contents of pull-up control

register PUO to register A.

TAPUL (Transfer data to Accumulator from register PU1)

Instruction Do Do Number of | Number of | Flag CY Skip condition
words cycles
code  [1fololafofalalafafol,[2]s]el; :
1 1 - -
Operation:  (A) ~ (PU1) Grouping: _ Input/Output operation
Description: Transfers the contents of pull-up control
register PU1 to register A.
TAQ1 (Transfer data to Accumulator from register Q1)
Instruction Do Do Number of | Number of | Flag CY Skip condition
|
cose  [1fofofsfofoofs]ofo], [2]4]4], =2
1 1 - -
Operation:  (A) ~ (Q1) Grouping: _ A-D conversion operation

Description:

Transfers the contents of A-D control regis-
ter Q1 to register A.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TAQ2 (Transfer data to Accumulator from register Q2)

Instruction Do Do Number of | Number of | Flag CY Skip condition
|
code [1]ololslololo]s]o]s], [2]as],, —oris o=
1 1 - -
Operation:  (A) ~ (Q2) Grouping:  A-D conversion operation
Description: Transfers the contents of A-D control regis-
ter Q2 to register A.
TAQ3 (Transfer data to Accumulator from register Q3)
Instruction Do Do Number of | Number of | Flag CY Skip condition
words cycles
code  [1lofolsfofolofafs]of,[2]a]s]; !
1 1 - -
Operation:  (A) ~ (Q3) Grouping:  A-D conversion operation
Description: Transfers the contents of A-D control regis-
ter Q3 to register A.
TASP (Transfer data to Accumulator from Stack Pointer)
Instruction D9 Do Number of | Number of | Flag CY Skip condition
code  [oJofofs]ofs]ofofo o], [o]s]o], ("o o
1 1 - —
Operation: (A2—-A0) ~ (SP2-SPo) Grouping: Register to register transfer
(A3) <« 0 Description: Transfers the contents of stack pointer (SP)
to the low-order 3 bits (A2—Ao0) of register A.
Note: After this instruction is executed, “0” is
stored to the bit 3 (A3) of register A.
TAV1 (Transfer data to Accumulator from register V1)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [ofoJof1fofsJof1]o]o], [o]s ], "o 1 %=
1 1 — —
Operation: (A) <« (V1) Grouping: Interrupt operation
Description: Transfers the contents of interrupt control

register V1 to register A.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TAV2 (Transfer data to Accumulator from register V2)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
lofofofsjofafofafoajfo]s]s],—= : - -
Operation: (A) <« (V2) Grouping: Interrupt operation
Description: Transfers the contents of interrupt control
register V2 to register A.
TAW1 (Transfer data to Accumulator from register W1)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[[oo 2o o s o x s], [ [e o], torte | ode | -
Operation:  (A) — (W1) Grouping: _ Timer operation
Description: Transfers the contents of timer control reg-
ister W1 to register A.
TAW? (Transfer data to Accumulator from register W2)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
1o o 2 o o =]z 0 o], [ [« c], s | odes | -
Operation: (A) « (W2) Grouping: Timer operation

Description: Transfers the contents of timer control reg-
ister W2 to register A.

TAWS3 (Transfer data to Accumulator from register W3)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code [1Jofofsfofos]afofu],[2]a]p], | "o %=
2 16 1 1 _ _
Operation: (A) < (W3) Grouping: Timer operation
Description: Transfers the contents of timer control reg-

ister W3 to register A.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TAWA4 (Transfer data to Accumulator from register W4)

Instruction Do Do Number of | Number of | Flag CY Skip condition
|
codse  [1ofofsfofoafa[s]o],[2]4]e], ===
1 1 - -
Operation: (A) < (W4) Grouping: Timer operation
Description: Transfers the contents of timer control reg-
ister W4 to register A.
TAWS (Transfer data to Accumulator from register W5)
Instruction Do Do Number of | Number of | Flag CY Skip condition
|
code  [1ofofafofoa]s]s]a] [2]a]F], 2= 2%
1 1 - —
Operation: (A) — (W5) Grouping: Timer operation

Description: Transfers the contents of timer control reg-

ister W5 to register A.

TAWG (Transfer data to Accumulator from register W6)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1]ofo[1]of1]ofofo]o], [2]s o], "o

1 1 - _
Operation: (A) < (W6) Grouping: Timer operation

Description: Transfers the contents of timer control reg-

ister W6 to register A.

TAX (Transfer data to Accumulator from register X)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code loJofof1]of1]ofof1]o] |o]s]2], words cycles

1 1 - _
Operation: (A) « (X) Grouping: Register to register transfer

Description: Transfers the contents of register X to reg-

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

TAY (Transfer data to Accumulator from register Y)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
lofofofojofafafafajaj[ofa]r]y—= : - -
Operation: (A) < (Y) Grouping: Register to register transfer
Description: Transfers the contents of register Y to regis-
ter A.
TAZ (Transfer data to Accumulator from register Z)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
oo o s To 1 o o x]a], [o[s a], ("o
Operation: (A1, A0) ~ (Z1, Z0) Grouping: Register to register transfer
(A3,A2) - 0 Description: Transfers the contents of register Z to the
low-order 2 bits (A1, Ao) of register A.
Note: After this instruction is executed, “0” is
stored to the high-order 2 bits (A3, A2) of
register A.
TBA (Transfer data to register B from Accumulator)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
lofofofojofofufafajol [ofofef, == : - -
Operation: (B) « (A) Grouping: Register to register transfer
Description: Transfers the contents of register A to regis-
ter B.
TDA (Transfer data to register D from Accumulator)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[oofo o [x o o o] 1], [0z s], [ tos | oce | .
Operation: (DR2-DR0) « (A2—A0) Grouping: Register to register transfer
Description: Transfers the contents of the low-order 3

bits (A2—A0) of register A to register D.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

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

Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [ofoJoofofs]1of1]o], [ofx]al, || o=
1 1 — -
Operation: (E7-E4) ~ (B) Grouping: Register to register transfer
(E3—-E0) « (A) Description: Transfers the contents of register B to the
high-order 4 bits (E7—E4) of register E, and
the contents of register A to the low-order 4
bits (E3—E0) of register E.
TFROA (Transfer data to register FRO from Accumulator)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1]ofofofs]os]ofofo],[2]2]e], | "o %=
1 1 - —
Operation: (FRO) « (A) Grouping: Input/Output operation

Description: Transfers the contents of register A to the

port output structure control register FRO.

TFR1A (Transfer data to register FR1 from Accumulator)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1]oJofofrfoafofo]u1], [2]2]e ], | meee | o=

1 1 - —
Operation: (FR1) « (A) Grouping: Input/Output operation

Description: Transfers the contents of register A to the

port output structure control register FR1.

TFR2A (Transfer data to register FR2 from Accumulator)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1fofofofafofafofa]o], [2]2]a], | "o 1 %
2 16 1 1 B _
Operation: (FR2) «~ (A) Grouping: Input/Output operation
Description: Transfers the contents of register A to the

port output structure control register FR2.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TFR3A (Transfer data to register FR3 from Accumulator)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1fofofofafoafofu]a], [2]2]s], "o 1 %=
1 1 — -
Operation: (FR3) « (A) Grouping: Input/Output operation
Description: Transfers the contents of register A to the
port output structure control register FR3.
TI1A (Transfer data to register 11 from Accumulator)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code [1fofofofolaofafu]u], [2]a]r], "o 1%
1 1 - —
Operation: (11) < (A) Grouping: Interrupt operation
Description: Transfers the contents of register A to inter-
rupt control register 1.
TI2A (Transfer data to register 12 from Accumulator)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code [1]oJofofofs]sfofo]o], [2]1]s], "o 1 %=
1 1 - —
Operation: (12) « (A) Grouping: Interrupt operation

Description: Transfers the contents of register A to inter-
rupt control register 12.

TJ1A (Transfer data to register J1 from Accumulator)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1]ofofofofofofof1]o] [2]o]2], | " %=
2 16 1 1 _ _
Operation: J1) -« (A Grouping: Serial 1/0 operation
Description: Transfers the contents of register A to serial

1/0O control register J1.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TKOA (Transfer data to register KO from Accumulator)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1fofofofo[safofa]a], [2]a]e], o2

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

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

TK1A (Transfer data to register K1 from Accumulator)

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

1 1 -
Operation: (K1) < (A) Grouping: Input/Output operation

Description: Transfers the contents of register A to key-
on wakeup control register K1.

TK2A (Transfer data to register K2 from Accumulator)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code |l|O|O|O|O|l|0|l|0|l|2|2|l|5|16 words cycles

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

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

TMA | (Transfer data to Memory from Accumulator)

Instruction Do Do Number of | Number of | Flag CY Skip condition
N I N : words cycles
code  [afofafofafafiififil,[2]e]i] :
2 16 1 1 B
Operation: (M(DP)) « (A) Grouping: RAM to register transfer
- escription: After transferring the contents of register
(X) < (X)EXOR()) D ipti Af ferring th f regi A

j=0to15

to M(DP), an exclusive OR operation is per-
formed between register X and the value j
in the immediate field, and stores the result

in register X.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TMRA (Transfer data to register MR from Accumulator)

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

1 1 - -
Operation: (MR) ~ (A) Grouping: Other operation

control register MR.

Description: Transfers the contents of register A to clock

TPAA (Transfer data to register PA from Accumulator)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code [1fofsfofufofsfofu]o], [2]afal, "o 122
2 16 1 1 _ B
Operation: (PA0) ~ (A0) Grouping: Timer operation
Description: Transfers the contents of lowermost bit (A0)

register A to timer control register PA.

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

Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1fofofofu]sofafo]1], [2]5]s ], "o 2%
1 1 - —
Operation: (RPS7-RPS4) ~ (B) Grouping: Timer operation
(TPS7-TPS4) — (B) Description: Transfers the contents of register B to the
(RPS3-RPS0) « (A) high-order 4 bits of prescaler and prescaler
(TPS3-TPS0) ~ (A) reload register RPS, and transfers the con-
tents of register A to the low-order 4 bits of
prescaler and prescaler reload register
RPS.
TPUOA (Transfer data to register PUO from Accumulator)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1JofofofsJos]afofu],[2]2]p], | "o %=
1 1 — —
Operation: (PUO) ~ (A) Grouping: Input/Output operation
Description: Transfers the contents of register A to pull-

up control register PUO.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TPU1A (Transfer data to register PU1 from Accumulator)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[[oTo o s o s 2 s]o], [2]2e], teote {00 | .
Operation: (PUL) « (A) Grouping: Input/Output operation
Description: Transfers the contents of register A to pull-
up control register PU1.
TQ1A (Transfer data to register Q1 from Accumulator)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[1]oToToTo o o x0T o], [z o ], | Moo | oo | -
Operation: Q1) « (A Grouping: A-D conversion operation
Description: Transfers the contents of register A to A-D
control register Q1.
TQ2A (Transfer data to register Q2 from Accumulator)
Instruction D9 Do Number of | Number of | Flag CY Skip condition
code words cycles
[2]ofofofofofofafo]a] [2]o]s ] —= - - -
Operation: (Q2) « (A) Grouping: A-D conversion operation
Description: Transfers the contents of register A to A-D
control register Q2.
TQ3A (Transfer data to register Q3 from Accumulator)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[2]ofofofofojoa]ajol [2]ofe |, = : - -
Operation: (Q3) « (A) Grouping: A-D conversion operation
Description: Transfers the contents of register Ato A-D
control register Q3.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TR1AB (Transfer data to register R1 from Accumulator and register B)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1Jofofofafaafafa]u], [2]a]F], |0 2%
2 16
1 1 - -
Operation: (R17-R14) ~ (B) Grouping: Timer operation
(R13-R10) « (A) Description: Transfers the contents of register B to the
high-order 4 bits (R17—R14) of reload regis-
ter R1, and the contents of register A to the
low-order 4 bits (R13—R10) of reload regis-
ter R1.
TR3AB (Transfer data to register R3 from Accumulator and register B)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1Jofofofs]s[afofa]r] [2]s]b], | "o 2%
2 16
1 1 - -
Operation: (R37-R34) ~ (B) Grouping: Timer operation
(R33-R30) ~ (A) Description: Transfers the contents of register B to the
high-order 4 bits (R37—R34) of reload regis-
ter R3, and the contents of register A to the
low-order 4 bits (R33—R30) of reload regis-
ter R3.
TRGA (Transfer data to register RG from Accumulator)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1Jofofofofofafofof1],[2]o]e], | "o %=
2 16
1 1 - -
Operation: (RGO0) « (A0) Grouping: Clock control operation
Description: Transfers the contents of register A to regis-

ter RG.

TSIAB (Transfer data to register S| from Accumulator and register B)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[2lofofola]sfi]ofofol,[2]s]s],
1 1 - -
Operation: (SI7-Sl4) ~ (B) Grouping: Serial I/0 operation
(SI3=Slo) ~ (A) Description: Transfers the contents of register B to the

high-order 4 bits (SI7-Sl4) of serial I/O reg-
ister Sl, and transfers the contents of
register A to the low-order 4 bits (SI3-Slo) of
serial 1/0 register Sl.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TV1A (Transfer data to register V1 from Accumulator)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
o oToTo s e 5] a] 1], [o]]F],
1 1 - —
Operation: (V1) « (A Grouping: Interrupt operation
Description: Transfers the contents of register A to inter-
rupt control register V1.
TV2A (Transfer data to register V2 from Accumulator)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
Lolofofolalafalafafol,[ofs]els
1 1 — -
Operation: V2) « (A) Grouping: Interrupt operation
Description: Transfers the contents of register A to inter-
rupt control register V2.
TW1A (Transfer data to register W1 from Accumulator)
Instruction D9 Do Number of | Number of | Flag CY Skip condition
code words cycles
[1lofolofofofafafs]o],[2]0]E],
1 1 — -
Operation: (W1) ~ (A) Grouping: Timer operation
Description: Transfers the contents of register A to timer
control register W1.
TW2A (Transfer data to register W2 from Accumulator)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[lofolofofofafafa]s],[2]0]F],
1 1 — -
Operation: (W2) < (A) Grouping: Timer operation
Description: Transfers the contents of register A to timer

control register W2.

Rev.2.00 2003.04.15 page 126 of 159

RENESAS



4519 Group

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

MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TW3A (Transfer data to register W3 from Accumulator)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
Lslololofols]ofofofol,[2]s]0]s
1 1 - -
Operation: (W3) < (A) Grouping: Timer operation
Description: Transfers the contents of register A to timer
control register W3.

TWA4A (Transfer data to register W4 from Accumulator)

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

[slololofols]ofofofa],[2]a]al,
1 1 - -
Operation: (W4) « (A) Grouping: Timer operation
Description: Transfers the contents of register A to timer
control register W4.

TW5A (Transfer data to register W5 from Accumulator)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code [1]ofofofofsJofofu]o], [2]a]z], "o 1 2%

2 16
1 1 - -

Operation: (W5) «~ (A) Grouping: Timer operation

Description: Transfers the contents of register A to timer
control register W5.

TWB6A (Transfer data to register W6 from Accumulator)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[ilofofo ot ololx]a], [2]a]a], [ tos | oces | i
Operation: (W6) — (A) Grouping: Timer operation
Description: Transfers the contents of register A to timer

control register W6.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TYA (Transfer data to register Y from Accumulator)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
loloJolofofofa]sfofo], [ofo]c],
1 1 - —
Operation: YY) < (A) Grouping: Register to register transfer
Description: Transfers the contents of register A to regis-
ter.
WRST (Watchdog timer ReSeT)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[2lof2fofafofo]ofofol,[2]a]o], -
1 1 - (WDF1) =1
Operation: (WDF1)=17? Grouping: Other operation
After skipping, (WDF1) — 0 Description: Skips the next instruction when watchdog
timer flag WDF1 is “1.” After skipping, clears
(0) to the WDF1 flag. When the WDF1 flag
is “0,” executes the next instruction. Also,
stops the watchdog timer function when ex-
ecuting the WRST instruction immediately
after the DWDT instruction.
XAM j (eXchange Accumulator and Memory data)
Instruction D9 Do Number of | Number of | Flag CY Skip condition
code . 1. . . words cycles
Llofafafofali [sfilif[2]o]if
1 1 — —
Operation: (A) - - (M(DP)) Grouping: RAM to register transfer
(X) « (X)EXOR()) Description: After exchanging the contents of M(DP)

j=0to15

with the contents of register A, an exclusive
OR operation is performed between regis-
ter X and the value j in the immediate field,
and stores the result in register X.

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

Instruction Do Do Number of | Number of | Flag CY Skip condition
T T . words cycles
cose [afoa[a[s[a[ [ [ i), [2[e]i s
1 1 - (Y)=15
. Grouping: RAM to register transfer
Operation: (A) —— (M(DP)) Description: After exchanging the contents of M(DP)
(X) — (X)EXOR()) with the contents of register A, an exclusive
j=0to 15 OR operation is performed between regis-
Y) < (V) -1 ter X and the value j @n the_immediate field,
and stores the result in register X.
Subtracts 1 from the contents of register Y.
As a result of subtraction, when the con-
tents of register Y is 15, the next instruction
is skipped. When the contents of register Y
is not 15, the next instruction is executed.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

XAMI j (eXchange Accumulator and Memory data and Increment register Y and skip

Instruction Do Do Number of | Number of | Flag CY Skip condition
P P P : words cycles
code fafolafafafolifilifil,|[2][e]i]g ”
1 1 - (Y)=0
Operation: (A) - - (M(DP)) Grouping: RAM to register transfer

(X) « (X)EXOR(j)
j=0to15
Y)-(N)+1

Description: After exchanging the contents of M(DP)

with the contents of register A, an exclusive
OR operation is performed between regis-
ter X and the value j in the immediate field,
and stores the result in register X.

Adds 1 to the contents of register Y. As a re-
sult of addition, when the contents of
register Y is 0, the next instruction is
skipped. when the contents of register Y is
not 0, the next instruction is executed.
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MACHINE INSTRUCTIONS (INDEX BY TYPES)

Parameter Instruction code ks S "
- )| =
Mnemonic 3 = 23 Function
Type of Hexadecimal| € 2| € &
. . Do D8 D7 De Ds D4 D3 D2 Di Do . = S
instruction: notation z z
TAB 0000 0 1 1 1 1 0 01 E | 1| 1|(A)(®
TBA 0O 0 0 O OO 12 1 1 O 00 E 1 1 [(B) « (A)
TAY 0000 0 1 1 1 1 1 01 F | 1| 1|
TYA 0O 0 0 O OO1 121 0O 00C 1 1 [(Y) « (A
% |TEAB 0 000 01 1 010 01 A | 1| 1 |(E7-E4) ~ (B)
8 (E3—E0) ~ (A)
g |7ABE 000 01 0 1 0 1 0 |[02A]|1]|1]|®-®E—E
> (A) ~ (E3—Eo0)
o
2  |TDA 0 0001 01 0 0 1 029 | 1| 1 |(DR2-DRo) — (A2-A0)
Q
0 TAD 0O 0 01 01 0 O O 1 051 1 1 | (A2-A0) ~ (DR2-DRo)
(o]
o} (A3) - 0
o4
TAZ 0 001 0 1 0 0 1 1 053 | 1| 1 |(A1,A0) — (Z1,Z0)
(A3,A2) - 0O
TAX 0O 0 01 012 0 O 1 O 05 2 1 1 [(A) « X
TASP 0O 0 01 012 0 O O O 050 1 1 | (A2-A0) ~ (SP2-SPo)
(A3) - 0
LXY X,y 1 1 X3 X2 X1 X0 y3 y2 yl1 Yo 3 xy 1 1 |(X) « xx=0to 15
(Y) «yy=0to 15
1]
$ |Lzz 0 0 01 00 1 0 z1t z0o |0438 1 1 |(2) ~zz=0to3
g 2
g
IS INY 0O 0 0 0O 0O1 0 O 1 1 013 1 1 [(Y) «(V)+1
=
£
DEY 0 000 0 1 0 1 1 1 017 | 1] 1])-1
TAM j 1 0 1 1 0 O j j j ] 2 Cj 1 1 |(A) - (M(DP))
(X) « (X)EXOR())
j=0to 15
XAM | 10 1 1 0 1 j j i i 2 Dj 1| 1 |(A) « - (MDP))
(X) « (X)EXOR())
- j=0to 15
Q@
é XAMD j 10 1 1 1 1 j j i i 2 Fj 1] 1|« ~ (MDP)
f (X) « (X)EXOR())
9] j=0to 15
2]
5 () - (M)-1
S |XAMI] 10 1 1 1 0 j j j i 2 Ej 1| 1 |[(A) « -~ (MDP))
s (X) = (X)EXOR())
3:( j=0to 15
Y) « (V) +1
TMA | 10 1 0 1 1 j j i i 2 B j 1| 1 |(MDP) - (A)

(X) — (X)EXOR(j)
j=0to 15
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Skip condition

Carry flag CY|

Datailed description

Transfers the contents of register B to register A.
Transfers the contents of register A to register B.
Transfers the contents of register Y to register A.
Transfers the contents of register A to register V.

Transfers the contents of register B to the high-order 4 bits (E7—E4) of register E, and the contents of regis-
ter A to the low-order 4 bits (E3—E0) of register E.

Transfers the high-order 4 bits (E7—E4) of register E to register B, and low-order 4 bits (E3—E0) of register E
to register A.

Transfers the contents of the low-order 3 bits (A2—A0) of register A to register D.

Transfers the contents of register D to the low-order 3 bits (A2—Ao0) of register A.

Transfers the contents of register Z to the low-order 2 bits (A1, Ao) of register A.

Transfers the contents of register X to register A.

Transfers the contents of stack pointer (SP) to the low-order 3 bits (A2—Ao) of register A.

Continuous
description

(Y)=0

(Y) =15

Loads the value x in the immediate field to register X, and the value y in the immediate field to register Y.
When the LXY instructions are continuously coded and executed, only the first LXY instruction is executed
and other LXY instructions coded continuously are skipped.

Loads the value z in the immediate field to register Z.
Adds 1 to the contents of register Y. As a result of addition, when the contents of register Y is O, the next in-
struction is skipped. When the contents of register Y is not 0, the next instruction is executed.

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

(Y)=15

(Y)=0

After transferring the contents of M(DP) to register A, an exclusive OR operation is performed between reg-
ister X and the value j in the immediate field, and stores the result in register X.

After exchanging the contents of M(DP) with the contents of register A, an exclusive OR operation is per-
formed between register X and the value j in the immediate field, and stores the result in register X.

After exchanging the contents of M(DP) with the contents of register A, an exclusive OR operation is per-
formed between register X and the value j in the immediate field, and stores the result in register X.
Subtracts 1 from the contents of register Y. As a result of subtraction, when the contents of register Y is 15,
the next instruction is skipped. When the contents of register Y is not 15, the next instruction is executed.

After exchanging the contents of M(DP) with the contents of register A, an exclusive OR operation is per-
formed between register X and the value j in the immediate field, and stores the result in register X.

Adds 1 to the contents of register Y. As a result of addition, when the contents of register Y is O, the next in-
struction is skipped. When the contents of register Y is not 0, the next instruction is executed.

After transferring the contents of register A to M(DP), an exclusive OR operation is performed between reg-
ister X and the value j in the immediate field, and stores the result in register X.
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MACHINE INSTRUCTIONS (INDEX BY TYPES) (continued)

Parameter Instruction code 5 |5
- Nl = 0
Mnemonic 8 g 8 % Function
Type of Hexadecimal| € 2| € &
. . Do D8 D7 De Ds D4 D3 D2 Di Do . = S
instruction: notation z z
LAn 0 0 011 1 n n n n 07n | 1|1 |A«<n
n=0to 15
TABP p 0 0 1 O p5 psa p3 p2 p1 po | O 8 p 1 3 [(SP) - (SP)+1
+p (SK(SP)) —~ (PC)
(PCH) — p (Note)
(PCL) ~ (DR2-DRo, A3-A0)
(DR2) - 0O
(DR1, DR0) — (ROM(PC))9, 8
(B) — (ROM(PC))7-4
(A) — (ROM(PC))3-0
(SK(SP)) ~ (PC)
(SP) « (SP) -1
AM 0 0 0 0O 0OOO1 0 1 O 00 A 1 1 [(A) < (A) + (M(DP))
s
'g AMC 0O 0 0 0O O O1 0 1 1 0 0B 1 1 [(A) < (A) + (M(DP)) +(CY)
e (CY) « Carry
&
2 |An 0 0 01 12 0 n n n n 0 6 n 1 1 |(A) < (@A)+n
2 n=0to 15
=
<
AND 0O 0 0 O O1 12 0 0 O 018 1 1 |[(A) < (A) AND (M(DP))
OR 0O 0 0 0O 0O21 1 0 0 1 0109 1 1 [(A) < (A) OR (M(DP))
SC 0O 0 0 0O O OO 1 1 1 007 | 1] 1 [|(CY)~1
RC 0O 0 0 O OO O 1 1 O 006 | 1| 1|CY)~O
szc 0 000 1 0 1 1 1 1 02F | 1] 1|€CY)=07?
CMA 0O 0 0 O O1 12 1 0 O 01C | 1|1 |A)@®
RAR 00000 1110 1 |01D]|1]|1 |-[cY]-[asaninrd-
SBj 0O 0 01 0 1 1 1 j | 05¢C 1 1 [(Mj(DP)) - 1
+ j=0to 3
s
T |RBj 0O 0 01 0 O 1 1 j j 0 4C 1 1 |[(Mj(DP)) - O
@ + j=0to3
)
o  |szBj 0 0 0 0O1 0 O O j | 0 2 j 1 1 |(Mj(DP))=07?
j=0to 3
SEAM 0 0 0 O1 0 0 1 1 O 026 1 1 |[(A)=(M(DP))?
s c
2 S
5 8
g & [SEAN 0O 0 001 0 0 1 0 1 025 2| 2 [(A=n?
o O
© 0 0 0112 12 n n n n |07n
Note: p is 0 to 47 for M34519M6,

p is 0 to 63 for M34519M8/E8.
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Skip condition

Carry flag CY|

Datailed description

Continuous
description

Overflow = 0

G
=

1
o

0/1

0/1

Loads the value n in the immediate field to register A.
When the LA instructions are continuously coded and executed, only the first LA instruction is executed and
other LA instructions coded continuously are skipped.
Transfers bits 9 and 8 to register D, bits 7 to 4 to register B and bits 3 to 0 to register A. These bits 7 to 0

are the ROM pattern in ad-dress (DR2 DR1 DRo A3 A2 A1 Ao)2 specified by registers A and D in page p.
When this instruction is executed, be careful not to over the stack because 1 stage of stack register is used.

Adds the contents of M(DP) to register A. Stores the result in register A. The contents of carry flag CY re-
mains unchanged.

Adds the contents of M(DP) and carry flag CY to register A. Stores the result in register A and carry flag CY.
Adds the value n in the immediate field to register A, and stores a result in register A.

The contents of carry flag CY remains unchanged.

Skips the next instruction when there is no overflow as the result of operation.

Executes the next instruction when there is overflow as the result of operation.

Takes the AND operation between the contents of register A and the contents of M(DP), and stores the re-
sult in register A.

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

Sets (1) to carry flag CY.

Clears (0) to carry flag CY.

Skips the next instruction when the contents of carry flag CY is “0.”
Stores the one’s complement for register A’'s contents in register A.

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

(Mi(DP)) = 0
j=0to3

Sets (1) the contents of bit j (bit specified by the value j in the immediate field) of M(DP).

Clears (0) the contents of bit j (bit specified by the value j in the immediate field) of M(DP).

Skips the next instruction when the contents of bit j (bit specified by the value j in the immediate field) of
M(DP) is “0.”
Executes the next instruction when the contents of bit j of M(DP) is “1.”

(A) = (M(DP))

(A)=n

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

Skips the next instruction when the contents of register A is equal to the value n in the immediate field.
Executes the next instruction when the contents of register A is not equal to the value n in the immediate
field.
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MACHINE INSTRUCTIONS (continued)

Parameter Instruction code 5 |5
- N = 0
Mnemonic 3 EiE e Function
Type of Hexadecimal| € 2| € &
. . Do D8 D7 De Ds D4 D3 D2 Di Do . g g
instruction: notation
Ba 0 1 1 a6 a5 a4 a3 a2 a1 ao 1 8 a 1 1 |n=0to15
+a
(PCL) ~ a6-ao
5 BLp,a 0 0 1 1 1 p4 p3 p2 pr po |0 E p 2 2
2 +p
o (PCH) « p (Note)
S 1 0 ps a a5 a4 a3 a2 a1 a0 |2 p a (PCL) — as—ao
o +a
[8)
g
& BLAp 0O 0 0o 0O 0O1 0 0 0 o 010 2 2
1 0 ps p4 O O p3 p2 p1 po [2 p p (PCH) ~ p (Note)
(PCL) ~ (DR2-DRo, A3-A0)
BM a 0 1 0 a a5 a4 a3 a2 a1 ao 1 a a 1 1
(SP) — (SP) + 1
(SK(SP)) ~ (PC)
5 (PCH) « 2
b= BML p, a 0 0 1 1 0 p4 p3 p2 p1 po |0 Cp 2 2 |(PCL) « as-ao
2 +p
o (SP) -« (SP)+1
Q 1 0 ps a6 a5 a4 a3 a2 a1l ao |2 p a (SK(SP)) ~ (PC)
5 +a (PCH) « p (Note)
2 (PCL) — a6-ao
U:) BMLA p 0O 0 0o 01 1 0 0 0 o 0 30 2 2
1 0 ps p4 O O p3 p2 p1 po (2 p p (SP) -« (SP)+1
(SK(SP)) —~ (PC)
(PCH) — p (Note)
(PCL) ~ (DR2-DR0,A3-A0)
RTI 0O 0 o1 0 0 O 1 1 O 0 4 6 1 1
< (PC) — (SK(SP))
= (SP) « (SP) -1
5 RT 0O 0 01 0 0 O 1 0 O 0 4 4 1 2
Q.
o
c (PC) ~ (SK(SP))
=) (SP) « (SP)-1
¢ |RTS 0 001 0 00 1 0 1 |045 | 1|2
(PC) « (SK(SP))
(S D) (S D) 1

Note: p is 0 to 47 for M34519M6,
p is 0 to 63 for M34519M8/E8.

T \day
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Skip condition

Carry flag CY|

Datailed description

Branch within a page : Branches to address a in the identical page.

Branch out of a page : Branches to address a in page p.

Branch out of a page : Branches to address (DR2 DR1 DRo A3 A2 A1 Ao)2 specified by registers D and A in
page p.

Call the subroutine in page 2 : Calls the subroutine at address a in page 2.

Call the subroutine : Calls the subroutine at address a in page p.

Call the subroutine : Calls the subroutine at address (DR2 DR1 DRo A3 A2 A1 Ao)2 specified by registers D|
and A in page p.

Skip at uncondition

Returns from interrupt service routine to main routine.
Returns each value of data pointer (X, Y, Z), carry flag, skip status, NOP mode status by the continuous de-
scription of the LA/LXY instruction, register A and register B to the states just before interrupt.

Returns from subroutine to the routine called the subroutine.

Returns from subroutine to the routine called the subroutine, and skips the next instruction at uncondition.
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MACHINE INSTRUCTIONS (INDEX BY TYPES) (continued)

Parameter Instruction code S k)
- Nl = 0
Mnemonic 3 EiES e Function
Type of Hexadecimal| € 2| € &
. . Do D8 D7 De Ds D4 D3 D2 Di Do . > S
instruction: notation z z
DI 0O 0 0 OO OO 12 0 O 00 4 1 1 [(INTE) -« O
El 0O 0 0 0O O OO 1 0 1 0 05 1 1 [(INTE) « 1
SNZ0 0O 0 0 0O1 1211 0 0 O 0 3 8 1 1 [Vio=0:(EXFO)=17?
After skipping, (EXFO) — 0
V1o =1: SNZ0 = NOP
SNZ1 0 0 0 02 11 0 O 1 0 39 1 1 |V11=0:(EXF1)=17?
After skipping, (EXF1) —~ 0
V11 =1: SNZ1 = NOP
SNzIO 0 0 0o 012 1 1 0 1 O 03 A 1 1 [I12=1:(INTO) ="“H"?
112=0: (INTO) =“L" ?
c
RS
©
ué. SNzZI1 0 0 0o 02 1 1 0 1 1 0 3 B 1 1 (I22=1:(INT1)="“H""?
a
2
o 122 =0: (INT1) =“L" ?
IS
TAV1 0001 0 1 0 1 00 054 | 1] 1 |A)<(V1
TV1A 0000 1 1 1 1 1 1 03 F | 1] 1 |{(V) (A
TAV2 0 0 01 0 1 0 1 0 1 0 55 1 1 |(A) <« (V2)
TV2A 0 000 1 1 1 1 1 0 03 E | 1] 1 |{(V2-(@
TAIL 10 0 1 0 1 0 0 1 1 253 | 1] 1 |A)<@
TILA 10 0 0 0 1 0 1 1 1 217 | 1] 1|1 (@A
TAI2 1 0 0 1 01 0 1 0 O 2 5 14 1 1 |(A) < (12)
TI2A 1 0 0 0 01 1 0 0 O 218 1 1 102) « (A)
TPAA 10 1 0 1 0 1 0 1 O 2 AA | 1] 1 [(PAD) < (A0)
TAW1 10 0 1 0 0 1 0 1 1 2 4B | 1] 1AW
TW1A 10 0 0 0 0 1 1 1 O 20E | 1] 1 |wW)-(@®A
TAW?2 1 0 0 1 0 01 1 0 O 2 4 C 1 1 |(A) « (W2)
c |Tw2A 10 0 0 0 0 1 1 1 1 20F | 1] 1 |wW2<(@®A
i)
s |TAWS3 10 0 1 0 0 1 1 0 1 24D | 1] 1 |(A) < (W3
()
Q.
° TW3A 1 0 0 0 0O1 0 O 0 O 210 1 1 |(W3) « (A)
Q
£
£ |TAw4 10 0 1 0 0 1 1 1 O 2 4E | 1] 1AW
TWA4A 10 0 0 0 1 0 0 0 1 211 | 1] 1 |wWd-(@A
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Skip condition

Carry flag CYV|

Datailed description

V1o = 0: (EXFO) = 1

Vi1=0: (EXF1)=1

(INTO) = “H"
However, 112 =1

(INTO) = “L”
However, 112 =0
(INT1) = “H”
However, 122 =1

(INT1) = “L"
However, 122 =0

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

Sets (1) to interrupt enable flag INTE, and enables the interrupt.

When V1o = 0 : Skips the next instruction when external O interrupt request flag EXFO is “1.” After skipping,
clears (0) to the EXFO flag. When the EXFO flag is “0,” executes the next instruction.

When V1o = 1 : This instruction is equivalent to the NOP instruction. (V1o: bit O of interrupt control register V1)
When V11 = 0 : Skips the next instruction when external 1 interrupt request flag EXF1 is “1.” After skipping,
clears (0) to the EXF1 flag. When the EXF1 flag is “0,” executes the next instruction.

When V11 = 1: This instruction is equivalent to the NOP instruction. (V11: bit 1 of interrupt control register V1)

When 112 = 1 : Skips the next instruction when the level of INTO pin is “H.” (I12: bit 2 of interrupt control reg-
ister 11)

When 112 = 0 : Skips the next instruction when the level of INTO pin is “L.”

When 122 = 1 : Skips the next instruction when the level of INT1 pin is “H.” (122: bit 2 of interrupt control reg-
ister 12)

When 122 = 0 : Skips the next instruction when the level of INT1 pin is “L.”

Transfers the contents of interrupt control register V1 to register A.
Transfers the contents of register A to interrupt control register V1.
Transfers the contents of interrupt control register V2 to register A.
Transfers the contents of register A to interrupt control register V2.
Transfers the contents of interrupt control register 11 to register A.
Transfers the contents of register A to interrupt control register 11.
Transfers the contents of interrupt control register 12 to register A.

Transfers the contents of register A to interrupt control register 12.

Transfers the contents of register A to timer control register PA.
Transfers the contents of timer control register W1 to register A.
Transfers the contents of register A to timer control register W1.
Transfers the contents of timer control register W2 to register A.
Transfers the contents of register A to timer control register W2.
Transfers the contents of timer control register W3 to register A.
Transfers the contents of register A to timer control register W3.
Transfers the contents of timer control register W4 to register A.

Transfers the contents of register A to timer control register W4.
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Parameter Instruction code ks S
- Nl = 0
Mnemonic R Function
Type of Hexadecimal| € 2| € &
. . Do D8 D7 De Ds D4 D3 D2 Di Do . = S
instruction notation z z
TAWS5 1 0 0 1 0 O 1 1 1 1 2 4 F 1 1 |(A) « (W5)
TW5A 1 0 0 0 O1 0 O 1 O 212 1 1 [(W5) « (A)
TAW6 1 0 0 1 0 1 O O O O 250 1 1 |(A) « (W6)
TW6A 1 0 0 0 01 0 O 1 1 21 3 1 1 [(W6) — (A)
TABPS 1 0 0 1 1 1 O 1 o0 1 275 1 1 |(B) « (TPS7-TPS4)
(A) —~ (TPS3-TPS0)
TPSAB 1 0 0 0 1. 1 0 1 0 1 2 35 1 1 |(RPS7-RPS4) — (B)
(TPS7-TPS4) ~ (B)
(RPS3-RPS0) « (A)
(TPS3-TPS0) ~ (A)
TAB1 1 0 0 1 1 1 0 O O O 2 70 1 1 |(B) « (T17-T1a4)
(A) ~ (T13-T1o)
T1AB 1 0 0 0 1 1. 0 O O O 230 1 1 |(R17-R14) — (B)
(T17-T14) ~ (B)
(R13-R1o) ~ (A)
(T13-Tlo) ~ (A)
TAB2 1 0 0 1 1 1 0 O 0 1 271 1 1 |(B) « (T27-T24)
(A) ~ (T23-T20)
T2AB 1 0 0 0 1.1 0 O 0 1 2 31 1 1 |(R27-R24) — (B)
- (T27-T24) ~ (B)
2 (R23-R20) ~ (A)
© (T23-T20) ~ (A)
[
Q.
e TAB3 1 0 0 1 1 1 O O 1 O 2 7 2 1 1 |(B) « (T37-T34)
‘JEJ (A) ~ (T33-T30)
£
T3AB 1 0 0 0 1. 1.0 O 1 O 2 3 2 1 1 |(R37-R34) ~ (B)
(T37-T34) ~ (B)
(R33-R30) ~ (A)
(T33-T30) ~ (A)
TAB4 1 0 0 1 1 1 0 O 1 1 2 7 3 1 1 |(B) « (T47-T4a4)
(A) ~ (T43-T4o)
T4AB 1 0 0 0 1. 1 0 O 1 1 2 33 1 1 |(R4L7-R4La) ~ (B)
(T47-T44) ~ (B)
(R4L3-R4L0) ~ (A)
(T43-T40) ~ (A)
T4HAB 1 0 0 0 1 1 0 1 1 1 2 37 1 1 |(R4H7-R4H4) ~ (B)
(R4H3-R4H0) ~ (A)
TR1AB 1 0 0 0 1 1 1 1 1 1 2 3 F 1 1 |(R17-R14) — (B)
(R13-R10) ~ (A)
TR3AB 1 0 0 0 1 1 1 0 1 1 2 3 B 1 1 [(R37-R34) ~ (B)
(R33-R30) ~ (A)
T4R4L 1 0 1 0 0O 1 0 1 1 1 2 97 1 1 |(T47-T4o) — (RAL7-RA4Lo)
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Skip condition

Carry flag CY|

Datailed description

Transfers the contents of timer control register W5 to register A.
Transfers the contents of register A to timer control register W5.
Transfers the contents of timer control register W6 to register A.
Transfers the contents of register A to timer control register W6.

Transfers the high-order 4 bits of prescaler to register B, and transfers the low-order 4 bits of prescaler to
register A.

Transfers the contents of register B to the high-order 4 bits of prescaler and prescaler reload register RPS,

and transfers the contents of register A to the low-order 4 bits of prescaler and prescaler reload register
RPS.

Transfers the high-order 4 bits of timer 1 to register B, and transfers the low-order 4 bits of timer 1 to regis-
ter A.

Transfers the contents of register B to the high-order 4 bits of timer 1 and timer 1 reload register R1, and
transfers the contents of register A to the low-order 4 bits of timer 1 and timer 1 reload register R1.

Transfers the high-order 4 bits of timer 2 to register B, and transfers the low-order 4 bits of timer 2 to regis-
ter A.

Transfers the contents of register B to the high-order 4 bits of timer 2 and timer 2 reload register R2, and
transfers the contents of register A to the low-order 4 bits of timer 2 and timer 2 reload register R2.

Transfers the high-order 4 bits of timer 3 to register B, and transfers the low-order 4 bits of timer 3 to regis-
ter A.

Transfers the contents of register B to the high-order 4 bits of timer 3 and timer 3 reload register R3, and
transfers the contents of register A to the low-order 4 bits of timer 3 and timer 3 reload register R3.

Transfers the high-order 4 bits of timer 4 to register B, and transfers the low-order 4 bits of timer 4 to regis-
ter A.

Transfers the contents of register B to the high-order 4 bits of timer 4 and timer 4 reload register R4L, and
transfers the contents of register A to the low-order 4 bits of timer 4 and timer 4 reload register R4L.

Transfers the contents of register B to the high-order 4 bits of timer 4 reload register R4H, and transfers the
contents of register A to the low-order 4 bits of timer 4 reload register R4H.

Transfers the contents of register B to the high-order 4 bits of timer 1 reload register R1, and transfers the
contents of register A to the low-order 4 bits of timer 1 reload register R1.

Transfers the contents of register B to the high-order 4 bits of timer 3 reload register R3, and transfers the
contents of register A to the low-order 4 bits of timer 3 reload register R3.

Transfers the contents of timer 4 reload register R4L to timer 4.
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Parameter Instruction code 5 |5 "
- )| =
Mnemonic 3 EiE e Function
Type of Hexadecimal| € 2| € &
. . Do D8 D7 De Ds D4 D3 D2 Di Do . g g
instruction: notation
SNZT1 1 0 1 0 0O O O O O O 280 1 1 [V12=0:(T1F) =1 ? After skipping, (T1F) - 0
V12 = 0: NOP
c
S |SNzT2 10 1 0 0 0 0 0 0 1 281 1 | 1 |V13=0:(T2F) =1 ? After skipping, (T2F) — O
g V13 =0: NOP
Q.
° SNZT3 1 0 1 0 0O O O O 1 o 2 82 1 1 [V20=0:(T3F) =1 ? After skipping, (T3F) - 0
g V20 = 0: NOP
£
SNZT4 1 0 1 0 O O O O 1 1 2 8 3 1 1 [V21=0: (T4F) = 1 ? After skipping, (T4F) — 0
V21 =0: NOP
IAPO 1 0 0 1211 0 O O O O 260 1 1 [(A) < (PO)
OPOA 1 0 0 0 1 0 O O O O 220 1 1 [(PO) « (A)
IAP1 10 0 1.1 0 0 0 0 1 2 61 1| 1 |(A) < (PL)
OP1A 1 0 0 0 1 0 O O O 1 221 1 1 [(P1) -« (A)
IAP2 1 0 0 1211 0 O O 1 O 2 6 2 1 1 |(A2—A0) ~ (P22—-P20) (A3) - 0
OP2A 1 0 0 0 1 0 0O O 1 O 2 22 1 1 |[(P22—P20) ~ (A2-A0)
IAP3 10 0 1.1 0 0 0 1 1 2 6 3 1 | 1 |(A1,Ao) — (P31, P30)
OP3A 1 0 0 0 1 0 O O 1 1 2 23 1 1 |[(P31, P30) « (A1, Ao)
IAP4 10 0 1.1 0 0 1 0 O 2 6 4 1| 1 |(A) < (PY)
OP4A 1 0 0 0 1 0 O 1 0 O 2 2 4 1 1 [(P4) - (A)
IAP5 10 0 1.1 0 0 1 0 1 2 65 1| 1 |(A) < (P5)
c
-% OP5A 10 0 01 0 0O 1 0 1 225 1| 1 [(P5) < (A)
g [IaPe 1 00 1 1 0 0 1 1 0 |266 |1/ 1 |A)-(Pe
5- OP6A 1 0 0 0 1 0 O 1 1 O 2 26 1 1 [(P6) — (A)
>
o
E] CLD 0O 0 0 0O 0O1 0 O 0 1 011 1 1 |(D) -1
Q.
£ RD 0 0 0 OO1 0 1 0 O 01 4 1 1 [(D(Y)) <0
(Y)=0to7
SD 0 0 0 0O 0O1 0 1 0 1 015 1 1 |(D(Y)) « 1
(Y)=0to7
SZD 0O 0 0 0O 1 0 0 1 0 O 02 4 1 1 |(D(Y))=0?
(Y)=0to7
0O 0 0 0O1 0 1 0 1 1 0 2B 1 1
TAPUO 10 0 1 0 1 0 1 1 1 2 57 1| 1 |(A) < (PUO)
TPUOA 10 0 0 1 0 1 1 0 1 22D | 1| 1 |(PUD) < (A
TAPU1 10 0 1 0 1 1 1 1 O 25 E | 1| 1 |A)«(PUL)
TPU1A 10 0 0 1 0 1 1 1 O 2 2 E | 1| 1 |(PUL) (@A)
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Skip condition

Carry flag CY|

Datailed description

Vi2=0:(T1IF) =1

V13 = 0: (T2F) =1

V20=0: (T3F) =1

V21 = 0: (T4F) =1

Skips the next instruction when the contents of bit 2 (V12) of interrupt control register V1 is “0” and the con-
tents of T1F flag is “1.” After skipping, clears (0) to T1F flag.

Skips the next instruction when the contents of bit 3 (V13) of interrupt control register V1 is “0” and the con-
tents of T2F flag is “1.” After skipping, clears (0) to T2F flag.

Skips the next instruction when the contents of bit 0 (V20) of interrupt control register V2 is “0” and the con-
tents of T3F flag is “1.” After skipping, clears (0) to T3F flag.

Skips the next instruction when the contents of bit 1 (V21) of interrupt control register V2 is “0” and the con-
tents of T4F flag is “1.” After skipping, clears (0) to T4F flag.

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

Transfers the input of port PO to register A.
Outputs the contents of register A to port PO.
Transfers the input of port P1 to register A.
Outputs the contents of register A to port P1.
Transfers the input of port P2 to register A.
Outputs the contents of register A to port P2.
Transfers the input of port P3 to register A.
Outputs the contents of register A to port P3.
Transfers the input of port P4 to register A.
Outputs the contents of register A to port P4.
Transfers the input of port P5 to register A.
Outputs the contents of register A to port P5.
Transfers the input of port P6 to register A.
Outputs the contents of register A to port P6.
Sets (1) to all port D.

Clears (0) to a bit of port D specified by register Y.

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

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

Transfers the contents of pull-up control register PUO to register A.

Transfers the contents of register A to pull-up control register PUO.

Transfers the contents of pull-up control register PU1 to register A.

Transfers the contents of register A to pull-up control register PU1.
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MACHINE INSTRUCTIONS (INDEX BY TYPES) (continued)

Parameter Instruction code 5 |5
Mnemonic ] g é g %g’j Function
- Typeof Do Ds D7 Dé Ds D4 D3 D2 D1 Do Hexade_cmal 5 = 55
instruction: notation
TAKO 1 0 0 1 0 1 O 1 1 O 2 56 1 1 |(A) < (KO)
TKOA 10 0 0 0 1 1 0 1 1 2 1B | 1| 1 [(KO)«<(A)
_ TAK1 10 0 1 0 1 1 0 0 1 259 | 1| 1 |A) < (KL
% TK1A 10 0 0 0 1 0 1 0 O 214 | 1| 1 [(K1) < (A)
% TAK2 10 0 1 0 1 1 0 1 0 25 A 1] 1 |A)-(K2
;‘, TK2A 10 0 0 0 1 0 1 0 1 215 | 1| 1 |(K2<(A
% TFROA 10 0 0 1 0 1 0 0 O 2 28 | 1| 1 |(FRO) < (A)
= TFR1A 10 0 0 1 0 1 0 0 1 229 | 1| 1 |FRL < (A
TFR2A 10 0 0 1 0 1 0 1 0 22 A | 1| 1 |(FR2 < (A
TFR3A 10 0 0 1 0 1 0 1 1 2 2B | 1| 1 |[(FR3) (A
TABSI 10 0 1 1 1 1 0 0 O 2 78 | 1| 1 |B)- (SI7-Sla) (A) — (Slz-Slo)
< TSIAB 10 0 0 1 1 1 0 0 O 2 38 | 1| 1 |(SI7-Sla) — (B) (SI3-Slo) — (A)
£
g SST 1 0 1 0o O 1 1 1 1 O 2 9 E 1 1 |(SIOF) - 0
8 Serial 1/0 starting
E SNZSI 1 0 1 0 0 O 1 O O O 2 8 8 1 1 [V23=0: (SIOF)=17?
g After skipping, (SIOF) - 0 V23 =1: NOP
TAJ1 10 0 1 0 0 0 0 1 O 242 | 1|1 |A) <@
TJ1A 10 0 000 0 0 1 0 202 | 1] 1 |01)<@®
CMCK 10 1 0 0 1.1 0 1 O 2 9 A 1 1 |Ceramic resonator selected
< CRCK 10 1 0o 0 1 1 0 1 1 2 98B 1 1 |RC oscillator selected
§ CYCK 10 1 0o 0 1 1 1 0 1 2 9D 1 1 |Quartz-crystal oscillator selected
g TRGA 10 0 00 0 1 0 0 1 2009 | 1| 1 (RGO — (A0)
5 TAMR 10 0 1 0 1 0 0 1 0 252 | 1] 1 [(A < (MR)
TMRA 10 0 0 0 1 0 1 1 0 216 | 1] 1 |MR)<(A
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Skip condition

Carry flag CY|

Datailed description

Transfers the contents of key-on wakeup control register KO to register A.
Transfers the contents of register A to key-on wakeup control register KO .
Transfers the contents of key-on wakeup control register K1 to register A.
Transfers the contents of register A to key-on wakeup control register K1.
Transfers the contents of key-on wakeup control register K2 to register A.
Transfers the contents of register A to key-on wakeup control register K2.
Transferts the contents of register A to port output format control register FRO.
Transferts the contents of register A to port output format control register FR1.
Transferts the contents of register A to port output format control register FR2.

Transferts the contents of register A to port output format control register FR3.

V23 =0: (SIOF) = 1

Transfers the high-order 4 bits of serial I/O register Sl to register B, and transfers the low-order 4 bits of se-
rial 1/O register Sl to register A.

Transfers the contents of register B to the high-order 4 bits of serial I/O register Sl, and transfers the con-
tents of register A to the low-order 4 bits of serial 1/0 register Sl.

Clears (0) to SIOF flag and starts serial 1/0.

Skips the next instruction when the contents of bit 3 (V23) of interrupt control register V2 is “0” and contents
of SIOF flag is “1.” After skipping, clears (0) to SIOF flag.

Transfers the contents of serial I/O control register J1 to register A.

Transfers the contents of register A to serial /O control register J1.

Selects the ceramic resonator for main clock f(XIN).

Selects the RC oscillation circuit for main clock f(XiN).

Selects the quartz-crystal oscillation circuit for main clock f(XIN).
Transfers the contents of clock control regiser RG to register A.
Transfers the contents of clock control regiser MR to register A.

Transfers the contents of register A to clock control register MR.
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MACHINE INSTRUCTIONS (INDEX BY TYPES) (continued)

Parameter Instruction code 5 |5
- Nl = 0
Mnemonic SE|23 Function
Type of Hexadecimal| € 2| € >
. . Do D8 D7 De Ds D4 D3 D2 Di Do . = S
instruction: notation z z
TABAD 1 0 0 1 1 1 1 O O 1 2 79 1 1 [Q13=0:
(B) — (AD9-ADs)
(A) — (AD5—AD2)
Ql3=1:
(B) —~ (AD7-ADa4)
(A) — (AD3-ADO0)
TALA 10 0 1 0 0 1 0 0 1 249 | 1| 1 |(A3,A2) — (AD1, ADO)
(A1,A0) ~ O
TADAB 10 0 0 1 1 1 0 0 1 2 39 1 1 |(AD7-AD4) — (B)
s (AD3—-AD0) ~ (A)
.g
3]
s ADST 1 0 1. 0 0 1 1 1 1 1 2 9 F 1 1 |(ADF) - 0
c A-D conversion starting
3]
P SNZAD 1 0 1 0 0 0 O 1 1 1 2 87 1 1 |V21=0:(ADF)=17?
8 After skipping, (ADF) « 0 V22 =1: NOP
[a)
<
TAQ1 10 0 1 0 0 0 1 0 O 244 | 1| 1 (A< (@1
TQ1A 10 0 0 0OOO 1 0 O 2 0 4 1 1 |(Q1) - (A)
TAQ2 10 0 1 0 0 0 1 0 1 245 | 1|1 |A)<(@Q2
TQ2A 10 0 0 0O O 1 0 1 2 05 1 1 |(Q2) - (A)
TAQ3 10 0 1 0 0 0 1 1 0 246 | 1| 1 (A< (@3
TQ3A 1 0 0 0 00O 1 1 O 2 06 1 1 |(Q3) « (A)
NOP 0O 0 0 0o OO OO O O 000 1 1 [(PC) - (PC)+1
POF 0 0o 0 0O 0O OO 0O 1 O 00 2 1 1 [Transition to RAM back-up mode
EPOF 0 0o 0 1. 061 1 0 1 1 058B 1 1 |POF instruction valid
SNzP 0O 0 0 0O O OO O 1 1 003 1 1 |(P)=1"7
- WRST 1 0 1 0 1 0 O O O O 2 A0 1 1 |[(WDF1)=1?
o After skipping, (WDF1) — O
IS
g
° DWDT 10 1 o 0 1 1 1 0 O 2 9¢C 1 1 |[Stop of watchdog timer function enabled
£
O
SRST 0 0o 0 0O 0OOO 0 0 1 001 1 1 |System reset occurrence
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Skip condition

Carry flag CY|

Datailed description

V22 = 0: (ADF) = 1

In the A-D conversion mode (Q13 = 0), transfers the high-order 4 bits (AD9—ADs) of register AD to register
B, and the middle-order 4 bits (AD5—AD?2) of register AD to register A.

In the comparator mode (Q13 = 1), transfers the middle-order 4 bits (AD7—AD4) of register AD to register B,
and the low-order 4 bits (AD3—ADo) of register AD to register A.

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

Transfers the low-order 2 bits (AD1, ADo) of register AD to the high-order 2 bits (AD3, AD2) of register A.

In the comparator mode (Q13 = 1), transfers the contents of register B to the high-order 4 bits (AD7—ADa4) of
comparator register, and the contents of register A to the low-order 4 bits (AD3—ADo0) of comparator register.
(Q13 = bit 3 of A-D control register Q1)

Clears (0) to A-D conversion completion flag ADF, and the A-D conversion at the A-D conversion mode (Q13
= 0) or the comparator operation at the comparator mode (Q13 = 1) is started.

(Q13 = bit 3 of A-D control register Q1)

When V22 = 0 : Skips the next instruction when A-D conversion completion flag ADF is “1.” After skipping,
clears (0) to the ADF flag. When the ADF flag is “0,” executes the next instruction. (V22: bit 2 of interrupt con-
trol register V2)

Transfers the contents of A-D control register Q1 to register A.

Transfers the contents of register A to A-D control register Q1.

Transfers the contents of A-D control register Q2 to register A.

Transfers the contents of register A to A-D control register Q2.

Transfers the contents of A-D control register Q3 to register A.

Transfers the contents of register A to A-D control register Q3.

(P)=1

(WDF1) =1

No operation; Adds 1 to program counter value, and others remain unchanged.

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

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

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

Skips the next instruction when watchdog timer flag WDF1 is “1.” After skipping, clears (0) to the WDF1 flag.
Also, stops the watchdog timer function when executing the WRST instruction immediately after the DWDT
instruction.

Stops the watchdog timer function by the WRST instruction after executing the DWDT instruction.

System reset occurs.
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INSTRUCTION CODE TABLE
Do—D4 {00000 000001J000010000011000100 000101J000110 000111/001000{0010010010101001011001100{001101/001110|001111

010000{011000
010111]011111

Hex

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

6 6 22 38 | 54*

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

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

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

1000| 8 - |AND| - |SNZO0 LOZ - L8A TASBP T,;B‘rP TZEP TQE*P BML | BML | BL BL | BM B

1001 9 - OR | TDA |SNZ1 le - LéA TAQBP T,;l;P Tﬁl]':iP Téip BML | BML | BL BL | BM B

1010| A AM |TEAB|TABE|SNZIO LZZ - lig‘ TA11(3)P TélZP TZEP TQE*P BML | BML | BL BL | BM B

1011 B |AMC| - - |SNzI1 L?’Z EPOF Iii‘ T,ili,P T';EP T,ZEP TQ;P BML | BML | BL BL | BM B
RB | SB LA | TABP|TABP| TABP|TABP

1100 C | TYA |[CMA| - - 0 0 12 12 28 a4 | 60* BML | BML | BL BL | BM B

=
N

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

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

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

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

3 3 15 15 15 31 47 | 63*

The above table shows the relationship between machine language codes and machine language instructions. D3—Do show the low-order
4 bits of the machine language code, and D9—D4 show the high-order 6 bits of the machine language code. The hexadecimal representa-
tion of the code is also provided. There are one-word instructions and two-word instructions, but only the first word of each instruction is
shown. Do not use code marked “-.”

The codes for the second word of a two-word instruction are described below.

The second word | * * cannot be used in the M34519M6.

BL 1p paaa aaaa
BML 1p paaa aaaa
BLA 1p pp00 pppp
BMLA 1p pp00 pppp
SEA 00 0111 nnnn
SzZD 00 0010 1011
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INSTRUCTION CODE TABLE (continued)

D9—D4 [100000{100001}100010100011{100100(100101]100110|100111{101000|101001{101010]101011{101100{101101{101110{101111

110000
111111

D3-Do Hex. 20 21 22 23 24 25 26 27 28 29 2A 2B 2C 2D 2E 2F [30-3F

notation

TMA | TAM | XAM | XAMI [XAMD| | yy
0 0 0 0 0

0001| 1 | - |TwaalopPia|T2aB| - | — |1AP1|TAB2iSNZTZ - | - T“{'A T’;M X'i'v' XAIM' XAiV'D LXY

0010| 2 |TJIA|TWSA|OP2A|T3AB|TAJL1 |TAMR|IAP2 |TAB3 [SNZT3 - - T,;IA T';M X';M XgMI XA2MD LXY

0011 | 3 — |TW6A|OP3A|[T4AB| — | TAI1 | IAP3 |TAB4 SNZT4 — - T’\éIA T';M XQM XgMI XAéVID LXY

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

0101| 5 |TQ2A|TK2A|OPSATPSAB TAQ2| - |IAPS TABPS| - - - T’\éIA T':M XQM X':MI XA5l\/ID LXY

0110| 6 |TQ3A|TMRAJOP6A| - |[TAQ3|TAKO|IAP6| - - - - T,\éIA T'Z\M XQM XA6M| XAéVID LXY

TMA | TAM | XAM | XAMI (XAMD| | vy
7 7 7 7 7

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

1001| 9 |[TRGA| - [TFRIATADAB TALA|TAK1| - [ABAD| - | - | - T';'A TgM X'SM X’ZM' XAE;V'D LXY

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

TMA | TAM | XAM | XAMI [XAMD
— - - - - - LXY
1011 | B TKOA [TFR3ATR3AB| TAW1 CRCK 1 1 1 11 1

TMA | TAM | XAM | XAMI [XAMD
_ _ _ _ _ _ _ _ _ LXY
1100| C TAW2 DWDT 12 | 12 | 12 12 | 12

TMA | TAM | XAM | XAMI [XAMD
— — - - - - - - LXY
1101| D TPUOA TAW3 CYCK 13 13 13 13 13

TMA | TAM | XAM | XAMI [XAMD
— - - — - - LXY
1110 | E |TW1A TPU1A TAWATAPUL SST 14 14 14 14 14

TMA | TAM | XAM [xAMI [xAMD
_ | N R R _ LXY
111 F [TW2A TR1AB TAWS ADST 15 |15 | 15 | 15 | 15

0000| O — |TW3A|OPOA|T1IAB| - |TAWG6|IAPO |TAB1 [SNZT1l - |WRST]

0100| 4 |TQ1lA|TK1A|OP4A| - |TAQ1l|TAI2 [IAP4| - - - -

o111 | 7 - | TILIA| - [T4HAB| - [TAPUO - — [SNZADT4RA4L| -

1000| 8 — | TI2A [TFROATSIAB| — - — |TABSI|SNZSI| - -

The above table shows the relationship between machine language codes and machine language instructions. D3—Do show the low-
order 4 bits of the machine language code, and D9—D4 show the high-order 6 bits of the machine language code. The hexadecimal
representation of the code is also provided. There are one-word instructions and two-word instructions, but only the first word of
each instruction is shown. Do not use code marked “-.”

The codes for the second word of a two-word instruction are described below.

The second word
BL 1p paaa aaaa
BML 1p paaa aaaa
BLA 1p pp00 pppp
BMLA | 1p pp00 pppp
SEA 00 0111 nnnn
SzZD 00 0010 1011
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ABSOLUTE MAXIMUM RAINGS

Symbol Parameter Conditions Ratings Unit
VDD Supply voltage -0.3t06.5 \%
\Y Input voltage —0.3 to VbD+0.3 \%
PO, P1, P2, P3, P4, P5, P6, Do-D7, RESET, XN, VDCE
\Y Input voltage Sck, SIN, CNTRO, CNTR1, INTO, INT1 —0.3 to VbD+0.3 \%
Vi Input voltage AINO—AIN7 —0.3 to VbD+0.3 \%
Vo Output voltage Output transistors in cut-off state | —0.3 to VbD+0.3 \%
PO, P1, P2, P3, P4, P5, P6, Do-D7, RESET
Vo Output voltage Sck, SouTt, CNTRO, CNTR1 Output transistors in cut-off state | —0.3 to VbD+0.3 \%
Vo Output voltage XouT -0.3 to VDD+0.3 \Y
Pd Power dissipation Ta=25°C 42P2R-A 300 mw
Topr Operating temperature range —20to 85 °C
Tstg Storage temperature range —40 to 125 °C
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RECOMMENDED OPERATING CONDITIONS 1
(Mask ROM version: Ta =-20 °C to 85 °C, VDD = 1.8 to 5.5 V, unless otherwise noted)
(One Time PROM version: Ta = —-20 °C to 85 °C, VbD = 2.5 t0 5.5 V, unless otherwise noted)

» Limits )
Symbol Parameter Conditions Min. Typ. Max. Unit
VDD Supply voltage Mask ROM version f(STCK) < 6 MHz 4.0 5.5 \Y
(when ceramic resonator/ring f(STCK) < 4.4 MHz 2.7 5.5
oscillator is used) f(STCK) £ 2.2 MHz 2.0 55
f(STCK) < 1.1 MHz 1.8 55
One Time PROM version|f(STCK) < 6 MHz 4.0 55
f(STCK) < 4.4 MHz 2.7 55
f(STCK) < 2.2 MHz 25 55
VDD Supply voltage f(STCK) < 4.4 MHz 2.7 5.5 \Y
(when RC oscillation is used)
VDD Supply voltage Mask ROM version f(XIN) < 50 kHz 2.0 5.5 \
(when quartz-crystal oscillator is used) | One Time PROM version [f(XIN) < 50 kHz 25 55 \%
VRAM RAM back-up voltage Mask ROM version at RAM back-up mode 1.6 \Y
One Time PROM version |at RAM back-up mode 2.0 \Y
Vss Supply voltage 0 \%
VIH “H” level input voltage PO, P1, P2, P3, P4, P5, P6, Do-D7, VDCE, XIN | 0.8VDD VDD \%
VIH “H” level input voltage RESET 0.85VDD VDD \Y
VIH “H” level input voltage Sck, SIN, CNTRO, CNTR1, INTO, INT1 0.85VDD VDD \Y
VIL “L” level input voltage PO, P1, P2, P3, P4, P5, P6, Do-D7, VDCE, XIN 0 0.2VDpD \%
ViL “L” level input voltage RESET 0 0.3vbp | V
VIL “L” level input voltage Sck, SIN, CNTRO, CNTR1, INTO, INT1 0 0.15Vop | V
loH(peak) | “H” level peak output current PO, P1, P5, Do-D7 VDD =5V -20 mA
CNTRO, CNTR1 VbD =3V -10
loH(avg) | “H” level average output current PO, P1, P5, Do-D7 VDD =5V -10 mA
(Note) CNTRO, CNTR1 VDD =3V -5
loL(peak) | “L” level peak output current PO, P1, P2, P4,P5,P6 |VDD=5V 24 mA
Sck, Sout VoD =3V 12
loL(peak) | “L” level peak output current P3, RESET VbD =5V 10 mA
Vbb =3V 4
loL(peak) | “L” level peak output current Do-Ds VbbD=5V 24 mA
VoD =3V 12
loL(peak) | “L” level peak output current Ds, D7 VDD =5V 40 mA
CNTRO, CNTR1 VoD =3V 30
loL(avg) | “L” level average output current PO, P1, P2, P4, P5, P6 VDD =5V 12 mA
(Note) Sck, Sout VbD =3V 6
loL(avg) | “L” level average output current P3, RESET VDD =5V 5 mA
(Note) VDD =3V 2
loL(avg) | “L” level average output current Do-Ds Vbb=5V 15 mA
(Note) VoD =3V 7
loL(avg) | “L” level average output current Ds, D7 VDD =5V 30 mA
(Note) CNTRO, CNTR1 VDD =3V 15
>loH(avg) | “H” level total average current P5, Do—D7, CNTRO, CNTR1 -60 mA
PO, P1 -60
>loL(avg) | “L” level total average current P2, P5, Do—D7, RESET, CNTRO, CNTR1 80 mA
PO, P1, P3, P4, P6 80

Note: The average output current is the average value during 100 ms.
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RECOMMENDED OPERATING CONDITIONS 2

(Mask ROM version: Ta = —20 °C to 85 °C, VbD = 1.8 to 5.5 V, unless otherwise noted)
(One Time PROM version: Ta = -20 °C to 85 °C, VbD = 2.5 t0 5.5 V, unless otherwise noted)

Limits

Symbol Parameter Conditions - Unit
Min. Typ. Max.
f(XiN) | Oscillation frequency Mask ROM Through mode VDD =4.0t0 5.5V 6.0 |MHz
(with a ceramic resonator) version VDD =2.7t055V 4.4
VDD =2.0t055V 2.2
VbD=1.8t055V 1.1
Frequency/2 mode |VbDD=2.7t05.5V 6.0
VbD=2.0to 5.5V 4.4
VbD=1.8t05.5V 2.2
Frequency/4, 8 mode VDD =2.0t0 5.5V 6.0
VbD=1.8t055V 4.4
One Time PROM |Through mode VDD =4.0t0 5.5V 6.0
version VDD =2.7t05.5V 4.4
VDD =25t055V 2.2
Frequency/2 mode |VDD=2.7t05.5V 6.0
VDD =25t055V 4.4
Frequency/4, 8 mode VDD =2.5t0 5.5V 6.0
f(XIN) | Oscillation frequency VDD =2.7t05.5V 4.4 |MHz
(at RC oscillation) (Note)
f(XIN) | Oscillation frequency Mask ROM Through mode VoD =4.0t0 5.5V 4.8 |MHz
(with a ceramic resonator selected, |version VDD =2.7t055V 3.2
external clock input) VDD =2.0t05.5V 1.6
VbD=1.8t05.5V 0.8
Frequency/2 mode [VDD=2.7t05.5V 4.8
VbD=2.0to 5.5V 3.2
VDD =18t055V 1.6
Frequency/4, 8 mode VDD =2.0t0 5.5V 4.8
VbD=1.8t05.5V 3.2
One Time PROM |Through mode VDD =4.0t05.5V 4.8
version VDD =2.7t05.5V 3.2
VDD =25t055V 1.6
Frequency/2 mode [VDD=2.7t05.5V 4.8
VbD=25t055V 3.2
Frequency/4, 8 mode VDD =2.5t0 5.5V 4.8
Note: The frequency is affected by a capacitor, a resistor and a microcomputer. So, set the constants within the range of the frequency limits.
<System clock (STCK) operating condition map>
When ceramic resonance is used When RC oscillation is used When external clock is used
f(STCK) f(STCK) f(STCK)
[MHz] [MHZ] [MHz]
A [ | A | I A
6 [ | | | |
——————— e — e ——— | |
[ | | |
[ | | |
N i i : !
a4l ______ Ld a4l _________ l L o I — -
i .
I I
il |
1l | 32F—————— -
: ! Recommended Recommended Recommended
22 | : operating operation operating operation operating operation
o e i
I 1o} ----- | -
1 __ : | I |
I o8-~~~ | -
I |
18 I2 2.7 > VoolV] ' > Voo

. 4
(2.5)

(): One Time PROM version

55

2.7

55

4

5.5
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RECOMMENDED OPERATING CONDITIONS 3
(Mask ROM version: Ta = —20 °C to 85 °C, VbD = 1.8 to 5.5 V, unless otherwise noted)
(One Time PROM version: Ta = -20 °C to 85 °C, VbD = 2.5 t0 5.5 V, unless otherwise noted)

Symbol Parameter Conditions - Limits Unit
Min. Typ. Max.

f(XIN) Oscillation frequency Mask ROM version VDD =2.0t05.5V 50 kHz
(with a quartz-crystal oscillator) One Time PROM version Vbbb =25t055V 50

f(CNTR) | Timer external input frequency CNTRO, CNTR1 f(STCK)/6| Hz

twW(CNTR)| Timer external input period CNTRO, CNTR1 3M(STCK) s
(“H” and “L” pulse width)

f(Sck) Serial I/0O external input frequency Sck f(STCK)/6| Hz

tw(Sck) | Serial I/0 external input frequency Sck 3M(STCK) s
(“H” and “L“ pulse width)

TPON Power-on reset circuit Mask ROM version Vbb=0 - 1.8V 100 ps
valid supply voltage rising time One Time PROM version Vbb=0 - 25V 100
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ELECTRICAL CHARACTERISTICS 1
(Mask ROM version: Ta = —-20 °C to 85 °C, VDD = 1.8 to 5.5 V, unless otherwise noted)
(One Time PROM version: Ta = —-20 °C to 85 °C, VbD = 2.5 t0 5.5 V, unless otherwise noted)

Limits
Symbol Parameter Test conditions - Unit
Min. | Typ. | Max.
VOH “H” level output voltage VDD =5V loH = -10 mA 3 \Y
PO, P1, P5, Do-D7, CNTRO, CNTR1 loH = -3 mA 4.1
VoD =3V IoH = -5 mA 2.1
IOH = -1 mA 2.4
VoL “L” level output voltage VDb =5V loL=12 mA 2 \Y
PO, P1, P2, P4, P5, P6 loL =4 mA 0.9
Sck, SouTt VbD =3V loL =6 mA 0.9
loL =2 mA 0.6
VoL “L” level output voltage VDD =5V loL =5 mA 2 Y,
P3, RESET loL=1mA 0.9
VDD =3V loL=2 mA 0.9
VoL “L” level output voltage VDD =5V loL =15 mA 2 \Y
Do-Ds loL=5mA 0.9
VDD =3V loL =9 mA 1.4
loL=3 mA 0.9
VoL “L” level output voltage VDD =5V loL =30 mA 2 \Y
De, D7, CNTRO, CNTR1 loL =10 mA 0.9
VoD =3V loL=15mA 2
loL=5mA 0.9
IIH “H” level input current VI = VDD 2 UA
PO, P1, P2, P3, P4, P5, P6, Ports P4, P6 selected
Do-D7, VDCE, RESET,
SckK, SIN, CNTRO, CNTR1,
INTO, INT1
liL “L” level input current Vi=0V -2 UA
PO, P1, P2, P3, P4, P5, P6, PO, P1 No pull-up
Do-D7, VDCE, Ports P4, P6 selected
Sck, SIN, CNTRO, CNTR1,
INTO, INT1
RPU Pull-up resistor value Vi=0V VDD =5V 30 60 125 kQ
PO, P1, RESET VDD =3V 50 120 250
VT+ — VT- | Hysteresis VoD =5V 0.2 \%
ScK, SIN, CNTRO, CNTR1, INTO, INT1 VDD =3V 0.2
VT+— VT- | Hysteresis RESET VDD =5V 1 \Y
VDD =3V 0.4
f(RING) |Ring oscillator clock frequency VDD =5V 200 | 500 700 | kHz
VDD =3V 100 | 250 | 400
Mask ROM version Vbb=1.8V 30 120 | 200
Af(XIN) Frequency error VDD =5V + 10 %, Ta=25°C +17 %
(with RC oscillation,
error of external R, C not included ) VDD =3V £ 10 %, Ta=25°C +17 %
(Note)

Note: When RC oscillation is used, use the external 33 pF capacitor (C).
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ELECTRICAL CHARACTERISTICS 2
(Mask ROM version: Ta =—-20 °C to 85 °C, VDD = 1.8 to 5.5 V, unless otherwise noted)
(One Time PROM version: Ta = —20 °C to 85 °C, VDD = 2.5 t0 5.5 V, unless otherwise noted)

Symbol Parameter Test conditions - Limits Unit
Min. | Typ. | Max.
IDD Supply current |at active mode Vbbb =5V f(STCK) = f(XIN)/8 1.4 2.8 mA
(with a ceramic resonator, | f(XIN) = 6 MHz f(STCK) = f(XIN)/4 1.6 3.2
ring oscillator stop) f(STCK) = f(XIN)/2 2.0 4.0
f(STCK) = f(XIN) 2.8 5.6
VDD =5V f(STCK) = f(XIN)/8 11 | 22 | mA
f(XIN) = 4 MHz f(STCK) = f(XIN)/4 12 | 2.4
f(STCK) = f(XIN)/2 15 3.0
f(STCK) = f(XIN) 2.0 4.0
VDD =3V f(STCK) = f(XIN)/8 0.4 0.8 mA
f(XIN) = 4 MHz f(STCK) = f(XIN)/4 0.5 1.0
f(STCK) = f(XIN)/2 0.6 1.2
f(STCK) = f(XIN) 0.8 1.6
at active mode VDD =5V f(STCK) = f(XIN)/8 55 110 LA
(with a quartz-crystal f(XIN) = 32 kHz f(STCK) = f(XiN)/4 60 120
oscillator, f(STCK) = f(XIN)/2 65 130
ring oscillator stop) f(STCK) = f(XIN) 70 140
VDD =3V f(STCK) = f(XIN)/8 12 24 LA
f(XIN) = 32 kHz f(STCK) = f(XiN)/4 13 26
f(STCK) = f(XIN)/2 14 28
f(STCK) = f(XIN) 15 30
at active mode VDD =5V f(STCK) = f(RING)/8 50 100 HA
(with a ring oscillator, f(STCK) = f(RING)/4 70 140
f(XIN) stop) f(STCK) = f(RING)/2 100 | 200
f(STCK) = f(RING) 150 | 300
VDD =3V f(STCK) = f(RING)/8 10 20 UA
f(STCK) = f(RING)/4 15 30
f(STCK) = f(RING)/2 20 40
f(STCK) = f(RING) 35 70
at RAM back-up mode Ta=25°C 0.1 3 A
(POF instruction execution) | VDD =5V 10
VbD =3V 6
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A-D CONVERTER RECOMMENDED OPERATING CONDITIONS

(Comparator mode included, Ta = —-20 °C to 85 °C, unless otherwise noted)

Symbol Parameter Conditions - Limits Unit
Min. Typ. Max.
VDD Supply voltage Mask ROM version 2.0 55 \
One Time PROM version 3.0 5.5
VIA Analog input voltage 0 VDD Y,
f(ADCK) | A-D conversion clock Mask ROM version Vbb=4.0t05.5V 0.8 334 kHz
frequency VDD =2.7t05.5V 0.8 245
(Note) VDD =2.2t05.5V 0.8 3.9
VbbD=2.0t0o 55V 0.8 1.8
One Time PROM version | VDD =4.0t0 5.5V 0.8 334
Vbb=3.0to 55V 0.8 123

Note: Definition of A-D conversion clock (ADCK)

» Ring oscillator clock (RING)

Division circuit ﬁ"{}i‘ MRz » System clock (STCK)
1 1
Divided by 8 "o !
-------------- 1 1
- - Divided by 4 [——0° ! Internal clock -
Ring oscillator MRo_ | [t 1 01 i generating circuit I(?stsn_ll_(éllg)n clock
r ' Divided by 2 [+ © ' (divided by 3)
EI foo
N0 | RCoscillation | Muiti- o T
plexer -
Quartz-crystal (CMCK,
oscillation CRCK,
CYCK)
Division circuit| Q31, Q30
P il
Divided by 48 _'_0'11 H
______________ 1 1
Q32 Divided by 24 [ 170 C !
—eeeea| o TToTTTe 1 O—— A-D conversion clock (ADCK)
) 10 Divided by 12 —:—O/ !
Instruction clock (INSTCK)—:—{ ______________ 101 !
. ' ! Divided by 6 +—0 '
Ring oscillator clock(RING)—=+—O 100 !
L

<Operating condition map of A-D conversio

f(ADCK)
[kHz]
A

334

245
(123)

Recommended
operating operation

39 ______
(15.3) |
1.8
0.8

1

n clock (ADCK) >

(): One Time PROM version

> Vop[V]
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A-D CONVERTER CHARACTERISTICS

(Ta =-20 °C to 85 °C, unless otherwise noted)

Symbol Parameter Test conditions - Limits Unit
Min. Typ. Max.
- Resolution 10 bits
- Linearity error 2.7 (3.0) V< VDD < 5.5 V((): One Time PROM version) +2 LSB
Mask ROM version | 22vs<vpp<27V +4
- Differential non-linearity error |2.2 (3.0) V< VDD < 5.5V ((): One Time PROM version) +0.9 LSB
Vot Zero transition voltage Mask ROM version VDD =5.12 V 0 10 20 mV
VoD =3.072 V 0 7.5 15
VDD =2.56 V 0 7.5 15
One Time PROM version VDD =5.12V 0 15 30
VoD = 3.072 V 3 13 23
VFST Full-scale transition voltage |Mask ROM version Vbbb =5.12V 5105 5115 5125 mVv
VoD = 3.072 V 3064.5 3072 3079.5
VDD = 2.56 V 25525 2560 2567.5
One Time PROM version VbD =5.12V 5100 5115 5130
VoD = 3.072 V 3065 3075 3085
- Absolute accuracy Mask ROM version 20V<VbD<22V +8 LSB
(Quantization error excluded)
IADD A-D operating current VDD =5V 150 450 HA
(Note 1) VDD =3V 75 225
TcoNv  |A-D conversion time f(XIN) = 6 MHz 31 us
f(STCK) = f(XIN) (XIN through mode)
ADCK=INSTCK/6
- Comparator resolution 8 bits
- Comparator error (Note 2) Mask ROM version VbD =5.12V +20 mV
VoD = 3.072 V *15
VDD = 2.56 V +15
One Time PROM version VoD =5.12 V +30
VoD = 3.072 V +23
- Comparator comparison time |f(XIN) = 6 MHz 4 us
f(STCK) = f(XIN) (XIN through mode)
ADCK=INSTCK/6

Notes 1: When the A-D converter is used, IADD is added to IDD (supply current).
2: As for the error from the ideal value in the comparator mode, when the contents of the comparator register is n, the logic value of the comparison
voltage Vref which is generated by the built-in DA converter can be obtained by the following formula.

Logic value of comparison voltage Vref

VDD
Vief=————1[0n
256

n = Value of register AD (n = 0 to 255)
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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 3.3 3.5 3.7 \Y,
(reset occurs) (Note 1) 2.7 4.2
2.6 4.2
VRST+ Detection voltage Ta=25°C 3.5 3.7 3.9 \Y,
(reset release) (Note 2) 2.9 4.4
2.8 4.4
VRsT+— | Detection voltage hysteresis 0.2 \%
VRST-
IRST Operation current (Note 3) Vbbb =5V 50 100 UA
VDD =3V 30 60
TRST Detection time VbD - (VRST- —0.1V) (Note 4) 0.2 1.2 ms

Notes 1: The detected voltage (VRST-) is defined as the voltage when reset occurs when the supply voltage (VDD) is falling.
2: The detected voltage (VRsT+) is defined as the voltage when reset is released when the supply voltage (VDD) is rising from reset occurs.
3: When the voltage drop detection circuit is used (VDCE pin = “H"), IRST is added to IDD (power current).
4: The detection time (TRST) is defined as the time until reset occurs when the supply voltage (VDD) is falling to [VRST-— 0.1 V].

BASIC TIMING DIAGRAM

Machine cycle

Parameter in (signal) name Mi Mi+1
System clock STCK | | | |
Port D output Do-D7
Port D input Do—-D~

Ports PO, P1, P2, P3, | POo—P03
P4, P5, P6 output Plo-Pls
P20-P23
P30—P33
P40—P43
P50—P53
P60—P63

Ports PO, P1, P2, P3, | POo—PO0s3
P4, P5, P6 input Plo-Pls
P20-P23
P30-P33
P40—P43
P50—P53
P60—P63

Interrupt input INTO, INT1
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BUILT-IN PROM VERSION

In addition to the mask ROM versions, the 4519 Group has the
One Time PROM versions whose PROMs can only be written to
and not be erased.

The built-in PROM version has functions similar to those of the
mask ROM versions, but it has PROM mode that enables writing to
built-in PROM.

Table 23 shows the product of built-in PROM version. Figure 73
shows the pin configurations of built-in PROM versions.

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

Table 23 Product of built-in PROM version

PROM si i
Product © s'lze RAM S_Ize Package ROM type
(O 10 bits) (O 4 bits)
M34519E8FP 8192 words 384 words 42P2R-A One Time PROM [shipped in blank]

PIN CONFIGURATION (TOP VIEW)

Pl3 <= [1T] 42 ] <—> P12

Do <> [2 Q 41 ) <> P11

D1 <= [3] 40 ] <—> Plo

D2 <> [4 39 ] <—> P03

D3 <= [5] 38 <—> P02

D4 <> [6 37 1 <> P01

Ds <> [7 36 1 <> P0o
De6/CNTRo €—> 8| Z 35 ] <> P4s/AIN7
D7/CNTR1 <—> [0} w [347] <—> P42/Aine
P50 <> [I07] & 33 <> P41/Ans
P51 ¢—> [I1] = [32] <> P4o/AiNa
P52 <> [IZ] m (31 <> P63/An:
P53 <> [13] [ee] 301 €<—> P62/AIN2
P20/Sck <—> [147] % 291 <—> P61/AINL
P21/Sout ¢—> [I5] [287] <—> P60/AIN0

P22/SIN <> [16] [277] <> P33

RESET <—> [T [26 ] <> P32
CNVss [ [25] <> P31/INT1
Xour ¢<— [19] [247] <—> P30/INTO

xin —> 20 (23] <— VDCE
Vss [217] 22] VoD

Fig. 72 Pin configuration of built-in PROM version
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(1) PROM mode

The built-in PROM version has a PROM mode in addition to a nor-
mal operation mode. The PROM mode is used to write to and read
from the built-in PROM.

In the PROM mode, the programming adapter can be used with a
general-purpose PROM programmer to write to or read from the
built-in PROM as if it were M5M27C256K.

Programming adapter is listed in Table 24. Contact addresses at
the end of this data sheet for the appropriate PROM programmer.

« Writing and reading of built-in PROM

Programming voltage is 12.5 V. Write the program in the PROM of
the built-in PROM version as shown in Figure 73.

(2) Notes on handling

OA high-voltage is used for writing. Take care that overvoltage is
not applied. Take care especially at turning on the power.

OFor the One Time PROM version shipped in blank, Renesas
Technology Corp. does not perform PROM writing test and
screening in the assembly process and following processes. In
order to improve reliability after writing, performing writing and
test according to the flow shown in Figure 74 before using is rec-
ommended (Products shipped in blank: PROM contents is not
written in factory when shipped).

Table 24 Programming adapter

Microcomputer Name of Programming Adapter

M34519E8FP PCA7441

Address
000016

1 1 1 D4 Ds D2 D1 Do
L |

Low-order 5 bits

3FFFie
4000.f 1 9 1 p, Ds D2 D: Do
| |
High-order 5 bits

TFFF1s

Fig. 73 PROM memory map

Writing with PROM programmer

4

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

4

Verify test with PROM programmer

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

Fig. 74 Flow of writing and test of the product shipped in blank
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PACKAGE OUTLINE
42P2R-A Plastic 42pin 450mil SSOP

EIAJ Package Code | JEDEC Code | Weight(g) | Lead Material | € b

SSOP42-P-450-0.80 | - \ 0.63 [Alloy 42/Cu Alloy | T

HE

@ @ —t—1
alilatalilabilitabilitabilatatifatatifald | %

Hf——+%

Recommended Mount Pad

Dimension in Millimeters

Symbol Min Nom Max
A - - 2.4
A1 0.05 - -
A2 - 2.0 -
b 0.35 0.4 0.5
c 0.13 0.15 0.2
D 17.3 17.5 17.7
E 8.2 8.4 8.6
€] - 0.8 -
HE 11.63 | 11.93 | 12.23
L 0.3 0.5 0.7
L1 — 1.765 -
- 0.75 -
Z1 - - 0.9
y - - 0.15
%) 0° - 10°
b2 - 0.5 -
Z1 Detail G Detail F — 11.43 —
1.27 - -

Sales Strategic Planning Div. Nippon Bldg., 2-6-2, Ohte-machi, Chiyoda-ku, Tokyo 100-0004, Japan

Keep safety first in your circuit designs!

1. Renesas Technology Corporation puts the maximum effort into making semiconductor products better and more reliable, but there is always the possibility that trouble may occur with
them. Trouble with semiconductors may lead to personal injury, fire or property damage.
Remember to give due consideration to safety when making your circuit designs, with appropriate measures such as (i) placement of substitutive, auxiliary circuits, (ii) use of
nonflammable material or (jii) prevention against any malfunction or mishap.

Notes regarding these materials

1. These materials are intended as a reference to assist our customers in the selection of the Renesas Technology Corporation product best suited to the customer’s application; they

do not convey any license under any intellectual property rights, or any other rights, belonging to Renesas Technology Corporation or a third party.

Renesas Technology Corporation assumes no responsibility for any damage, or infringement of any third-party’s rights, originating in the use of any product data, diagrams, charts,

programs, algorithms, or circuit application examples contained in these materials.

. All information contained in these materials, including product data, diagrams, charts, programs and algorithms represents information on products at the time of publication of these
materials, and are subject to change by Renesas Technology Corporation without notice due to product improvements or other reasons. It is therefore recommended that customers
contact Renesas Technology Corporation or an authorized Renesas Technology Corporation product distributor for the latest product information before purchasing a product listed
herein.

The information described here may contain technical inaccuracies or typographical errors.

Renesas Technology Corporation assumes no responsibility for any damage, liability, or other loss rising from these inaccuracies or errors.

Please also pay attention to information published by Renesas Technology Corporation by various means, including the Renesas Technology Corporation Semiconductor home page
(http://www.renesas.com).

. When using any or all of the information contained in these materials, including product data, diagrams, charts, programs, and algorithms, please be sure to evaluate all information
as a total system before making a final decision on the applicability of the information and products. Renesas Technology Corporation assumes no responsibility for any damage,
liability or other loss resulting from the information contained herein.

. Renesas Technology Corporation semiconductors are not designed or manufactured for use in a device or system that is used under circumstances in which human life is potentially

at stake. Please contact Renesas Technology Corporation or an authorized Renesas Technology Corporation product distributor when considering the use of a product contained

herein for any specific purposes, such as apparatus or systems for transportation, vehicular, medical, aerospace, nuclear, or undersea repeater use.

The prior written approval of Renesas Technology Corporation is necessary to reprint or reproduce in whole or in part these materials.

If these products or technologies are subject to the Japanese export control restrictions, they must be exported under a license from the Japanese government and cannot be

imported into a country other than the approved destination.

Any diversion or reexport contrary to the export control laws and regulations of Japan and/or the country of destination is prohibited.

. Please contact Renesas Technology Corporation for further details on these materials or the products contained therein.
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Some values of the following table are revised.
RECOMMENDED OPERATING CONDITIONS 1;
 Supply voltage (when quartz-crystal oscillator is used)
* RAM back voltage

RECOMMENDED OPERATING CONDITIONS 3;

* Oscillation frequency (with a quartz-crystal oscillator)
A-D CONVERTER RECOMMENDED OPERATING CONDITIONS;
 Supply voltage

* A-D conversion clock frequency

A-D CONVERTER CHARACTERISTCS;

* Linearity error

« Differential non-linearity error

* Zero transition voltage

* Full-scale transition voltage

e Comparator error

VOLTAGE DROP DETECTION CIRCUIT,;

» Detection voltage (reset occurs)

*Detection voltage (reset release)
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