SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

MITSUBISHI MICROCOMPUTERS

4520 Group

DESCRIPTION ® Timers
The 4520 Group is a 4-bit single chip microcomputer de- Timer 1-rcooemmemereneenes 8-bit timer with a reload register
signed with CMOS technology. ts CPU is that of 4500 Timer 20w e 8-bit timer with a reload register
series using a simple, high-speed instruction set. The com- Timer J--rooevreeennes 4 bits X2 (fixed dividing frequency)
puter is equipped with serial 1/0, A-D converter and an Timer 4. 8-bit timer with a reload register
LCD control circuit, and is suitable for household ap- ® Interrupt function - ---errrsree e 8 sources
pliances and consumer equipment. & A-D converter:----- 8-bit successive comparison method X 8ch
The varidus microcomputers in the 4520 Group include ® Serial [/O 8-bit wide
variations of the built-in memory type and package as ® Clock generating circui
shown the table below. Main clock {X;y) : a ceramic resonator or external clock
input
APPLICATION Sub-clock (X © a quartz-crystal oscitlator (32kHz)
VCRs, televisions, audio-visual equipment, microwave ovens, ® Built-in LCD controller/driver
rice cookers, telephones, office automation, toys Segment OUtpUL <~ -
COMIMON OULPUL: -« +w- - erreresrseneenaes e
FEATURES ® Zero cross detection circuit
® Number of basic instructions -+« 129 @ Real ime outpul -« orrrresrerr
® Minimum instruction execution time -+ RRRIERTIE 0.75us ® LED drive directly enabled (port D)
(at 4MHz system clock frequency)
® Supply voltage
at 1.5MHz system clock frequency ===+ 2.2V to 5.5V
(One Time PROM and EPROM version--- 2.5V to 5.5V)
at 4 0MHz system clock frequency ==+ 4.5V to 5.5v
Product RO“’% Q:?)%?fs)) size ?)é’rbslitzse) Package ROM type
M34520MBA-XXXSP/FP 6144 words 384 words sP 64P4aB Mask ROM
M34520MBA-XXXSP/FP 8192 words B _FP ! 64P6N-A
M34520E8-XXXSP/FP SP : 64P4B
}E@BE?S_F:/‘EI;*—MW;“ 8192 words 384 words | FP  64PEN-A One Time PROM
M34520E8SS/FS o SS : 64S1B-E FS | 64D0 EPROM

* ! Shipped in blank * % | For program development only
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MITSUBISHI MICROCOMPUTERS

4520 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

PIN CONFIGURATION (TOP VIEW)
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MITSUBISHI MICROCOMPUTERS

4520 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

PIN CONFIGURATION (TOP VIEW)

seG, — ] U [52) — SEGs
SEGy+— [ 2] [63] — SEG
SEG, — [1] [57] — SEG;,
SEG, « [ 4] [61] — SEG,
SEGy+ [5] [66] — SEGs
PO, +» [ 6| [59] ~ SEGy,
PO, « E E — SEGy,
PO, + [Z E — SEGy2
PO~ [2] [56 ] — SEGys
P1o+ [10 [55] — SEGy4
P1,«~ [ (53] — SEGs
Pl < [12 [53] — SEGys
Pl (3] z [52] — COM,
Do+ [i1] w [51] — com,
0+ [i5] 3 [s1] — com,
D+ [15] g 5] —~ com,
Dy [17 3 [38] + SEG7/Vich
Dy+ |18 $< [47 ] +> SEGs/Vic2
Dy + E >>§ E “Vics
De/CNTR, ++ [70] @ [15] > SEG1o/Pda/Any
D;/CNTR, +» [21 [44] +* SEGao/P4z/Ans
Da/INTo/ZEROX +» [22 | (73] +> SEG21/P4/Ans
Do/Sck/RTRy + (23] [32] +* SEGy/Pao/Ana
Dio/Sour/RTP/PWM + [24] [0 ] «> SEG,3/P3e/Ans
P2o/Sp — [25 [76 ) +* SEG4/P32/Ame
P2,/INT, — [2E | [35] +> SEGs/P31/Am
P2, — [27] (58] «* SEGs/P3o/INTa/Ang
P2y LE E — Vige
RESET «» (39 [36] AVss
Xy EE E  Xom
Xoyr += 3! E = Xcour
Ves  [32] (53] Voo
Outline 64P4B
MITSUBISHI
32 }\aacmc



MITSUBISHI MICROCOMPUTERS

4520 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

BLOCK DIAGRAM (M34520MxA-XXXSP/FP)
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MITSUBISHI MICROCOMPUTERS

4520 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

PERFORMANCE OVERVIEW

Paramater

T

Function

Number of basic instructions

2

Minimum instruction execution time

0. 754 s {at 4MHz system clock frequency)

System clock Main clock AMMz
frequencias Sub-clock 32kHz
Memory sizes ROM M34520M6A 6144 words X 10 bits
M34520M8A 8192 words X 10 bits
M34520M6A N
RAM 384 words X4 bits (LCD RAM 27 words X4 bits included)
““““““ M34520MBA
tnput/Qutput pins | Dp—Dy¢ {7fe] Eleven independent I/O ports; Dg pin is also used as real time output.
Do pin is also used as real time output or PWM output.
Do-D7, Dy and Dy (10 pins) are the middle withstand voltage N-channel open-drain 1/0 pins
and can drive directly.
POo— P03 170 4-bit 10 port; each pin is equipped with a pull-up function and a key-on wakeup function
{both programmable).
Pty—P13 7o) 4-bit I/Q port; each pin is equipped with a pull-up function and a key-on wakeup function
{both programmabie).
P2y—P2; Input 4-bit input port
- -
P3— P33 Input 4-bit input port; each pin is also used as an analog input pin or a segment output pin.
Pig—P4; | Input 4-bit input port; each pin is also used as an analog input pin or a segment output pin.
SEGe—SEGyg LCD output Seventeen LCD output pins; 10-bit expansion is enabled with ports P3, P4, Vi ¢y and Vi ca.
COMy—COM; LCD output Four LCD output pins
CNTRg Qutput Timer eutput; CNTR, pin is also used as port Dy,
CNTR, 1/Q Timer 1/O; CNTR, pin is aiso used as port Dy.
INTg input interrupt input; INT; pin is also used as port Dg or zero cross input pin, and is equipped with a
key-on wakeup function.
INT, input Interrupt input; INT, pin is also used as port P2,.
INT2 Input Interrupt input; INT2 pin is also used as port P3.
Timers Timer 1 B 8-bit programmable timer with a reload register
Timer 2 8-bit programmable timer with a refoad register is also used as an event counter )
Timer 3 4-bit fixed dividing frequency‘xz . . ]
Timer 4 B 8-bit programmable timer with a reload regE!gr o
A-D converter 8-bit successive comparison method X ggh
Serial 1/0 ) Bbwide _
interrupt ‘ Source 8 (twa for external, four Vf_qr}imer. A-D, and serial VQ,),
2 Mesting 1ievel . _ N i
Subroutine nesting 8,.‘,“:‘5'5 . - 5 N
LCD Selective bias vaiue 1/2, 1/3 blas — S
Selective duty value 2,3, 4 duty - -
Common output 4 - - - R _
Segment output 27

tnternal resistor for power supply

200k O (typical) X3

Device structure

CMOS silicon gate

Packages

M34520MxA-XXXSP

G4-p?n plastic molded SDIP

M34520MxA-XXXFP

64-pin plastic molded QFP

Operating temperature rangse

~20C t085C(—-20C to 7_0_'C at M34520E855/M34520E8FS)

Supply voltage

H{Xn)=1. 5SMHz

2.2V to 5. 5V (2.5V to 5. 5V at ail built-in PROM versions)

H{ Xin) =4, OMHz

| 4.5V 10 5.5v
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MITSUBISHI MICROCOMPUTERS

4520 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

PIN DESCRIPTIONS

Pin Name input/Qutput Function
Voo Power supply - j Connected to a plus power supply
Vss Ground - Connectad to a 0V power supply
AVsg Analog power supply input input | Connected to a OV power supply tor A-D converter,
Vaer Reference voltage input Input Reference voltage input pin for A-D converter,
RESET Reset I/O 170 An N-channel open-drain I/0O pin for a system reset. When the watchdog timer causes the sys-
tem 10 ba reset, the RESET pin outpuls “L” fevel.
Xin Main ctock input Input | 1/0 pins of the main clock generating circuit. X,y and Xqur can be connected to a ceramic res-
onator. A feedback resistor is built-in between them.
Xour Main clock output Output
L
i
Xew i Sub-glock input Input 170 pins of the sub-clock generating circuit. Xciy and Xcour are connected to a quarts-crystal
: - osciliator. A feedback resistor is built-in between them.
Xeout | Sub-clock output Output
Dg— Do 10 port D 10 Each pin has an independent 1-bit wide 1/0 function for instructions SZD, SD, and RD. Each bit
is designated for independent use by register Y of the data pointer. Each pin has an output fatch.
For input use, set the latch of the speciiied bit to “1”. All latches on port D can be set to “1” with
the CLD instruction.
PO;—P0; 170 port PO o Each of ports PO and P1 serves as a 4-bit I/0 port, and it can be used as inputs when the output
- latch is set fo “1”. Every pin of the ports has a key-on wakeup function and a pull-up function.
Pig—P1s 170 port Pt e}
P2,—P2; input port P2 input | 4-bit input port
P3y—P3, nput ports 3 input | 4-bit input port
P4g—P4; input ports P4 input 4-bit input port
SEGy—SEGz Segment output Output | LCD segment output pins
COM;—COM, Common output Output | LCD comman output pins. Pins COMy and COM, are used at 1/2 duty, pins COMg— COM; are
¢ used at 1/3 duty, and pins COMy—COM; are used at 1/4 duty.
Vict—Vica LCD power input input LCD power supply input pins, Connect Vi ca pin to Vpp pin when an internal resistor is used
{connect to Vpp through a resistor if brightness control is necessary). Apply voltage such that 0
 VictZVice$ Vica$ Von when external power is used.
INTp tnterrupt input Input | INT, pin accepts an external interrupt. It also accepts the input signal which releases the system
from the power down state {key-on wakeup function).
INT Interrupt input Input i INT; pin accepts an external interrupt.
INT, Interrupt input Input * INT, pin accepts an external interrupt.
ZEROX Zero cross input Input | ZEROX/Dg/!NTp pin is used as the zero cross input pin with software.
CNTRp Timer output Output | CNTRg pin is used to output timer 1 underfiow signais.
CNTR, Timer input/output /0 CNTR, pin is used to output timer 2 underflow signals, and to input clock signals o the timer 3
| event counter.
RTPg. RTP, Real time output RTP Output | Pins RTP, and RTP, are used as the real time output pins with software.
PWM PWM output Qutput | Dyo/Sour/RTP/PWM pin is also used as the PWM output pin with software.

x MITSUBISHI 3-175



MITSUBISHI MICROCOMPUTERS

4520 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

PIN DESCRIPTIONS (continued)

Pin Name Input/Output Function
Sin Seriat data input Input | P2y/Si pin is used to input serlal data signals with software.
Sour Serial data output Qutput | Dio/Sour/RTP/PWM pin is used to output serial data signals with software.
Sex Seriat {70 clock input/output, /O Dg/Sck/RTP, pin is used to input and output synchronous clock signals for serial data transter
with software.
Ao Az Analoginput Ay fnput Eight analog input pins
Pin Muititunction Pin Muitifunction Pin Multifunction
Ds CNTR, SEGyy Vit CNTR, Dg
Oy CNTR, SEGys Vicz CNTR, 0; . ]
Dg INT(/ZEROX SEGp P4/ Ay RTPy Do/Scx
Dy Sck/RTPg SEGy Pdo/Ans RTP, Do/ Sour/PWM
Do Sour/RTP/PWM SEG P4i/Ans PWM D1o/Sour/RTPy
P2, Sin SEGy Pao/Ana Sin P2,
P2, INT, SEGy; P3y/Ans Sour D1o/RTP,/PWM
P3y SEGi/INT/ Ao SEG24 1 P32/ Aine Sck Dy/RTPy
P34 SEGas/Am SEGas P3:/Aw Ao | SEG/P30/INT,
P32 SEGa/Anz SEGz P3y/INTo/Aing A SEG:/P3,
P33 SEGz/Ams Vier SEGyy Ainz SEG24/P3;
P4y SEG22/Ana Vice SEGs | Ams SEG/PI,
P4, SEG21/Ans INTy Da/ZEROX Amg SEG/P4,
P4, SEGoo/Ame INT, P2y Ams SEG2/P4,
Pés SEG19/Amy INT2 SEGazs/P3o/Amo Ana SEG20/P4;
ZEROX | Dg/INTo Az SEG19/P4;

Note ! Pins except above have just single function.
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MITSUBISHI MICROCOMPUTERS

4520 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

CONNECTIONS OF UNUSED PINS

Pin Connection Pin Connection
Xout Open (when using external clock) | P20/Sm. Connect to Vgg {Note 3)
Xem Connect to Vgg ] P2/INT;,
Xcour Open P2,, P23
AVgg Connect to Vg o SEG6/P30/INT2/ Ao, Select the SEG pin function and open these pins. (Note 4)
VRer Connect to Vgs (Note 1) || SEGis/P3/Aw—
Do—Ds, Connect to Vg, or set the output latch to 0" and open. | SEG,a/P33/Ains
Da/CNTR,, SEG/Pdo/Ana— Select the SEG pin function and open these pins. (Note 4)
D;/CNTR,, SEGro/Pdal Ay
Dg/INT¢/ZEROX, COMg—COM; Open
Da/Scr/RTPy, SEGq~ SEGas, Open (Note 5)
D10/ Sour/RTP/PWM SEG+/Vici, SEG18/Vic2
PO;— P03 Open or connect to Vss (Note 2) i Vees When not using LCD, connect to Vpp
P1g—Pl, QOpen or connect to Vgs (Note 2)

Notes 1. The 4520 Group has current flowing from the Vger pin even when not using the A-D conversion. Accordingly, on systems that require low pow-
er consumption such as battery drive system, the power to the Vger pin should be cut off when not using the A-D conversion. An example of a
circuit to turn the power to the Vaer pin off by controlling the general purpose port is shown below.

2. When the PO,— P03 and P1,~P1; are connected to Vs, turn off their pull-up transistors with software (register PUOi="0") and also invalidate
the key-on wakeup functions (register KOi=“0"). If the key-on wakeup functions are feft valid, the system fails 1o return from power down.
When these pins are disconnected, turn on their pull-up transistors (register PUOI="1") with software. Be sure to invalidate the key-on wakeup
functions and the pull-up functions with every two bits. If only one of the two bits key-on wakeup functions is used, turn on their pull-up transis-
tors with software and aiso disconnect the other pin. (i represents 0, 1, 2, or 3.)

3. When not using the P2; pin of M34520E8, connect to Vgg through a 5k} resistor at the shortest distance.

4. When setting some of pins SEG¢/P3y/INT,/Ang— SEG19/P43/ Ay t0 be unused, note the foliowing.

o

Select the SEG pin function with register L2 and open the unused pins.
When selecting pins P3,/Anz and P35/An; function with the bit 2 of register L2, fix all pins (P32/Awn2 and P33/Aws) 10 be used or unused.
When selecting pins Pdo/Ajng and P4y/Ay; function with the bit 3 of register L2, fix all pins (P4g/Ang and P43/An;) to be used or unused.

SEGys and SEG,; are also used as V ¢, and V¢4, respectively. Clear the LCD control register (1.3) to “0," and cut them off from the internal
LCD power supply and pins open when they are not used (register L3="0," at reset).

(Note when the output latch is set to “0” and pins are open)

After reset is released, port is in a high-impedance state until it is switched to an output enabled state. Accordingly, the voltage level of pins is
undefined and the excess of the supply current may occur while the port is in a high-impedance state.

To set the output fatch periodically by a program is recommended because the value of output latch may change by noise or program run-away
(caused by noise).

(Note when connecting to Vpp and Vss)
Connect the unused pins to Vpp or Vgg using the thickest wire at the shortest distance.

M34520
M34520
Vi
Voo Port D Les
SEGs/Vice Open when not using as
SEG output port sither.

AV Vv, (However, register L3="0")

ss REF SEGy/Vech

Handling of unused LCD power supply input pins

Example of handling Vrer pin at A-D conversion

x MITSUBISHI 3—177



MITSUBISHI MICROCOMPUTERS

4520 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

PORT FUNCTION

: Input/ , Controt Control
Port Pin Output Output structure Control bits instructions registers Remarks
Port D Do—Ds 170 N-channel epen-drain 1 80
De/CMTRy m RD w1
D7/CNTRy 82D w2
Da/INTo/ZEROX CLD H Key-on wakeup functions
]
Dy/8cx/RTPp SNZI0 J1
D4y/Sout/RTP/PWM (Note 1) J2
Port PO POy~ P03 170 N-channel open-drain 4 OPOA PUC Built-in programmable
{4} 1APO KO pult-up functions
Key-on wakeup functions
{programmable )
Port P1. P1g—P13 Qg N-channe! open-drain 4 OP1A PUG Built-in programmabte
(4) 1AP1 KO puti-up functions
Key-on waketp functions
{programmabie )
Port P2 P2:/Sn tnput 4 1AP2
P2/INT, 4) SNZH
P2, (Note 2)
P2;
Port P3 SEG2/P3g/INT2/ Ao Input 4 iAP3 L2
SEG2s/P3:1/Amy 14)
SEG3./P32/Amz
SEG2:/P3s/Ams
Port P4 SEGoe/Pdo/ A Input 4 b iapa L2
SEGy:/Pd1/Ans (4} ¢
SEGx/Pda/Ains
SEG o/Pda/ Az =~
Power input for LCD SEG+;/Vics Input § L1
SEG18/Vic2 1 L3
Vics i

Notes 1. Level of Dg/INT, pin can be examined with the SNZI0 instruction.
2. Level of P2,/iNT, pin can be examined with the SNZ11 instruction.
However, level of OR operation betwsen P2,/INT pin and SEGe/P3o/INT /Ao pin is examined when register 130 is 1",

Sz



MITSUBISHI MICROCOMPUTERS

4520 Group

SINGLE-CHIP 4-BIT CM0OS MICROCOMPUTER

PORT BLOCK DIAGRAMS

Register Y

Decoder I

Skip decision
(SZD instruction)

SD instruction

[RegisterY H Decoder l

RD instruction ;D—

SD instruction

RD instruction ——————-:j )

Timer 1 underflow signal output

Register Y

Decoder I

R Q ———Ji I
T
Skip decision
(8ZD instruction)
4
s w
_ __0_\ ; Dg/CNTRg
R Q 0 -
| ! x
I ;
ot J i’ :
A T

Clock input for timer 2 event counter

Skip decision {SZD instruction)

: [
8D instruction ———:D——' s W2,
- [oduln! ‘ D;/CNTR,
. " I \r R Q 0 :
RD instruction | | A
| OT_I i
Timer 2 underflow signal output 172 o1 71'7'
K ‘‘‘‘‘ This symbol represents a parasitic
diode on the port.
Applied potential to ports Dg—D; must be 12V or iess.
MITSUBISHI 3—179



MITSUBISHI MICROCOMPUTERS

4520 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

PORT BLOCK DIAGRAMS (continued)

Key-on wake up input

External interrupt circuit

<
Zero cross
| Register Y '—)I Decoder | cgmpara!or
Skip decisi

on
(SZD instruction) ﬂ

SD instmction———-———-:Di
RD instmction———;D_

S

=
| =
—

73

R Q

Synchronous clock input for serial data transfer

I Register Y }——)I Decoder l

Skip decision
(SZD instruction)

S J1g, JYy

l——()()

Q

R

SD instruction 7:D7
RD instruction ;D |
|

Synchronous clock output for serial data transfer ———+001
}

Real time output 0 —tom

Skip decision
Register Y Decoder I (8ZD instruction)
{7
SD instruction———————— J2,, 42,
— -
RD instruction ;—D R Q T 00

Serial data output ———O01
|

Real time output 1—l o0
|
———}-—OH

PWM output

3 TFT

¢———8— Dy¢/Sour/RTP,/PWM

Dg/INTo/ZEROX

+——H ) Do/Scr/RTPg

%
-

181

b

4

i

T

r

_______ This symbol represents a parasitic
diode on the port.

Applied potential to ports Dy and D, must be
12V or less.

MITSUBISHI
ELECTRIC

N
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MITSUBISHI MICROCOMPUTERS

4520 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

PORT BLOCK DIAGRAMS (continued)

KO,
2 Pull-up transistor
Key-on wakeup input J § -6'
=
1APQ instruction -_—I »—1 I
Register A 2 ‘v‘ O POy, PO,
_ = A
Ai D Q :
T
OPOA instruction —{T
KO,
Pull-up transistor
Key-on wakeup input 2N m g} _e_
1APQ instruction -__] L—l :
Register A <} +——4—OP0, POy
=
_ = z
Aj D Q =1 ;
T
OPOA instruction —| T T
Puli-up transistor
Key-on wakeup input T ; 6'
:
1AP1 instruction -—_1 l——l I
Register A )\/} » ¢ C Pl P14
_ o i
Ai D Q o
™
OP1A instruction~—{ T T
KOs
Puli-up transistor
: ©
Key-on wakeup input AN - § :
PUO, H
IAP14nstruction p_L x
Rlegister A 2 & +—QOP1,, P13
o i
Aj D Q [
bazd
OP1A instruction —T
. __H‘__”__This symbol represents a parasitic
diode on the port.
irepresents Oor 1.
j represents 2 or 3.

o Ty
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MITSUBISHI MICROCOMPUTERS

4520 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

PORT BLOCK DIAGRAMS (continued)

Serial data input

tAP2 instruction

| Register A } <

,_
O
v
N
N
P
z

¢
T
External 1 interrupt circuit
IAP2 instruction
T

IAP2 instruction

l Register A Ir {’} * QO P2,, P2,

Power supply for LCD ?
i — 4
LCD control signal Gonnect to * when
= : selecting SEG
* (OP4y/SEG 2/ Aa—P43/SEG g/ Ay

JAN x
o i
| S— i

Power suppl
IIQZI IAP4 instruction PPl

for LCD
4 '

Analog input %
_____ K _4__This symbol represents a parasitic
D i """ diode on the port.

Applied potential 1o port P2 must be Vpp.




MITSUBISHI MICROCOMPUTERS

4520 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

PORT BLOCK DIAGRAMS (continued)

Power supply for LCD j
LCD control sign  ————4
Connect to * when
Y selecting SEG

1 . O P30/SEGs/INT2/Ang

o - 3
:1 +
[
@ ) Power supply
1AP3 instruction for LCD

4

Anatog input

External 1 interrupt input (——C:l @ %
0

Pawer supply for LCD j

.
LCD controf signal —*’_‘D;._ Connect to + when
) selecting SEG
A
e ™
L
- Power supply
I Lai | for LCD

1AP3 instruction

o G~

— P3,/SEGys/Aw1—P33/SEGa/Ains

Analog input { ; Il
_,..Do_]— ______ - This symbol represents a parasitic
diode on the port.

i represents 1 or 2.
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MITSUBISHI MICROCOMPUTERS

4520 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

PORT BLOCK DIAGRAMS (continued)

©
Power supply for LCD * O Vics
(Vica) é x
"
Power supply for LCD
LCD control
signal ;
[
—
o3
) [l

Power supply for LGD

L
0

Power supply for LCD O SEG1s/Vic2

i
(Vig2) m—% I
- L

* OSEG17/VLC1

Power supply for LCD

Vicr) TN %

Reset signal |.J
> L i >

POF2 instruction

Power supply for LCD
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PORT BLOCK DIAGRAMS (continued)

LCD controi signal —|

LCD control signal
Vica (2/3-Vigs or 1/2:Vica)

Vicy (1/3+Viga or 1/2:Vic3)
LCD control signal

L.CD control signal

Vics

LCOD controt signal —I

(2/3-V g3 OF 1/2-Vic3)

Vier———
(1/3-Vygz 01 1/2+Vica

LCD control signal

LCD control signa! ——J ¥

VLCS—_]

:Ij:l Pch

— %
s
LCD conrol signal —— E

s
b

7
A

chh

’_] Power supply for LCD

LCD

control signal-$ Pch

T

+———O SEG,—SEGs

LCD

_t Nch
control signal

h

IFT

Power supply for LCD

h

COM—COM,

Pch

~
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FUNCTION BLOCK OPERATIONS
ARITHMETIC LOGIC UNIT (ALU)

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

REGISTER A AND CARRY FLAG

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

Carry fiag CY is a 1-bit flag that is set to “1” when there is
a carry with the AMC instruction (it is unchanged with both
A n instruction and AM instruction) . The value of Ag is
stored in the carry flag CY with the RAR instruction.

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

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.

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.

“won -

[
ddition > ALU
Ay /

< Carry> 1

<Result>

Fig. 1 AMC instruction exe

cution example

< Set> <Ciear>
SC instruction | RC instruction

‘ RAR instruction
[ [m] A <]

< Rotation>>

Fig. 2 RAR instruction execution example

Register B TAB instruction  Register A

Register B TBA instruction Register A

TABP p instruction

Specifying

|

Fig. 3 Registers A, B and register E
ROM
8 4 0
address T Tt
Hl I
N Low-order 4 bits

P
PCy

PC,
Golnlole [ lnle] Drlrlo] o[ ~l~1x]
- v

Middie-order 4 bits

/ \ AL
! !
Immediate field value p The contents The
of register D of re

P L]

Register A (4)

Register B(4)

contents
gister A

Fig. 4 TABP p instruction execution example

3186 )\
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STACK REGISTERS (SKs)

Stack registers SKs are used to temporarily store the con-
tents of program counter {PC) just before branching until l Program counter (PG) ]
returning to the original routine when;

* branching to an interrupt service routine (referred to as Executing BM instruction Executing RT instruction
an interrupt service routine),

« performing a subroutine call, or Ske (sP)=0
- executing the table reference instruction (TABP p). SKy (8P)=1
Stack registers (SKs) are eight identical registers, so that 8Kz (SP)==
subroutines can be nested up to 8 levels. However, one of SKg (SP)==
stack registers is used respectively when using an interrupt SKa (SP)=4
service routine and when executing a table reference in- v (5P)==5
struction. Accordingly, be careful not to over the stack when

performing these operations together. The contents of reg- SKs (sP)=6
isters SKs are destroyed when 8 levels are exceeded. SKy (SP)=7
The register SK nesting level is pointed automatically by Stack pointer (SP) points “7” at reset or returning
3-bit stack pointer (SP). The contents of the stack pointer from power down mode. Stack pointer points “0”
(SP) can be transferred to register A with the TASP in- by executing the first BM instruction, and the contents
struction. of program counter is stored :n SKg.
INTERRUPT STACK REGISTER (SDP) Fig. 5 Stack register (SK) structure

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

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

{SP)~0
{SKg)+—0001,¢
(PC)+SUB1

Subroutine

table reference instruction.

Address SUB1 :
SKIP FLAG 0000, NOP NOP
Skip flag controls skip decision for the conditional skip in- 0001, BM SUB! :
structions and continuous described skip instructions. When 0002,5 NOP \L o
an interrupt occurs, the contents of.skip flag is stored auto- T

matically in the interrupt stack register (SDP) and the skip
condition is retained.

(PC)+—(SKo)
(8P)7

Note : After returning to the BM instruction execution address
with the RT instruction, the BM instruction becomes the
NOP instruction.

Fig. 6 Example of operation at subroutine call

* MITSUBISHI 3—187
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PROGRAM MEMORY (ROM)
The program memory is the mask ROM. 1 word of ROM is

X . 9 8 7 6 5 4 3 2 1 0
composed of 10 bits. ROM is separated every 128 words 00004
by the unit of page (addresses 0 to 127). 007Fq Page 0
0080,
Interrupt address page Page 1
Table 1 ROM size and pages 00FF.g 9
16 N "
Product ROM s[ze Pages 017F 4 Subroutine special page Page 2
(X 10 bits) 0180,
M34520M6A 6144 words 48(01047) |
M34520MBA/E8 8192 words 64(0 to 63)

A part of page 1 (addresses 0080, to 00FF,¢) is reserved
for interrupt addresses. When an interrupt occurs, the
address (interrupt address) corresponding to each inter-
rupt is set in the program counter, and the instruction at the
interrupt address is executed. When using an interrupt serv-
ice routine, write the instruction generating the branch to  F!9- 7 ROM map of M34520M8BA
that routine at an interrupt address.

Page 2 (addresses 01004 to 017F,¢) is the special page
for subroutine calls. Subroutines written in this page can be

1FFFyq

8 8 7 6 85 4 3 2 t 0O

called from any page with the 1-word instruction (BM) . 0080;6 External 0 interrupt address
Subroutines extending from page 2 to another page can

f i i i Externat 1 interrupt address
also be called with the BM instruction when it starts on 0082, (Extornal 2 intorrupt addross)
page2. e
All pages can be used as data areas with the TABP p in- 0084,
struction.

0086,

PROGRAM COUNTER (PC)

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

The program counter consists of PCy (most significant bit
to bit 7) which specifies a ROM page and PC, (bits 6 to 0)
which specifies an address within a page. After it reaches O0FF
the last address (address 127) of a page, it specifies
address 0 of the next page.

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

0088,

008A¢

008Gy

Q08E;¢

Fig. 8 Page 1 structure

Program counter

ps | Ps| ps)Pa]po|pr]Popdas|as|asfasjaz|afa

PCh PCL
Specitying page Specifying address

Fig. 9 Program counter structure

_ MITSUBISHI
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DATA MEMORY (RAM)

1 word of RAM is composed of 4 bits, but 1-bit manipula-
tion (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 ex-
ecuting an instruction to access RAM.

Table 2 RAM size

Product - RAM size
M34520M6A 384 wordsX4 bits
M34520MBA/ES8 (1536 bits)

The RAM includes the area corresponding to the LCD. A
segment is turned on automatically when “1” is written in
the bit corresponding to the segment.

DATA POINTER (DP)

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

Register Y is also used to specify the port D bit position.
Set the value of register Y when using port D.

Data pointer DP

B BBBB AN
lelvle

[p—

Register Y{4) | Specifying RAM digit

Register X (4} Specifying RAM file

Register 212) }--ooooieeenns Specifying RAM fite group

Fig. 10 Data pointer (DP) structure

Specifying bit position

Register Y {4) Port D output atch

Fig. 11 SD instruction execution example

RAM 384 wordsX4 pits (1536 bits)
Register 2 T 0 o t
Register X 0 1 15 0- .. _' 5 6 7 1T s 9~—

0 - [ ”
1 — - —_ —
2 - =z [ _
3 ) - - - —
4 T - R R _.
5 — - - -

> 6 L - - - —

] 7 - - - -~

2

4 | 8 4] 8 16 24

< 9 1 9 17 25
10 : 2 10 18 26
11 | 3 11 19 |
2 | 2 12 |

IR N 5 13 21
14 1 6 u_ 2 T
15 7 15 23
Notes 1. The area marked “—” {Z=1, X==6 t0 8, Y=010 7) is not a memory area.
2. The numbers in the shaded area represent the corresponding segment output pin numbers.

Fig. 12 RAM map
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INTERRUPT FUNCTION Table 3 Interrupt sources
The interrupt type is a vectored interrupt branching to an Priority ] | interrupt
individual address (interrupt address) according to each lever | 'Meruptname | Activated condition) L
interrupt source. An interrupt occurs when the following 3 1 External O interrupt | Level change of iINT, pin| Address 0 in page 1
conditions are satistied. 2 External 1 interrupt| Level change of INT, pin| Address Z in page 1
* An interrupt activated condition is satisfied External 2 interrupt| Level changes of pins
(interrupt request flag=="1") INT, or INT,
= Interrupt enable bit is enabied (*1”) (OR of pins INT, and
» Interrupt enable fiag is enabled (INTE="1") - INT;)
Table 3 shows the interrupt sources. (Refer to each inter- 3 | TVimer 1 interrupt | Timer 1 underflow | Address ¢ in page !
rupt request fiag for details of activated conditions) 4 Timer 2interrupt | Timer 2 underflow Addess 6in page !
(1) Interrupt enable fiag (INTE) 5 Timer 3 interrupt Timer 3 underflow | Address 8 in page 1
P g - - -
. 6 Timer 4 interrupt Timer 4 underflow | Address A in page 1
The interrupt enable flag (INTE) controls whether the 7 TAD interrupt Gompletion of A-D | Adtress C i page 1
every interrupt enable/disable. Interrupts are enabled conversion
when INTE flag is set to “1” with the El instruction and 8 | Serial 170 interrupt | Completion of se- | Address £ in page *
disabled when INTE flag is cleared to “0" with the DI riat 17O transfer
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. Table 4 Interrupt enable bit and skip instruction
@) Interrupt enable bit Interrupt name Aequest flag | Enable bit | Skip instruction
Occurrence of each interrupt can be controlled with External 0 interrupt EXFO V1o SNZ0
software. When an interrupt is not used, its correspond- | Extornal 1, 2 interrupts EXF1 V1, SNZ1
ing skip instruction examines whether the interrupt Timer 1 interrupt TE Vi, SNZT1
activated condition is satisfied {(whether the interrupt Timer 2 interrupt T2F Vg SNZT2
request flag="1") or not. Use an interrupt enable bit to Timer 3 interrupt T3F V2, SNZT3
select the corresponding interrupt or skip instruction. Timer 4 interrupt T4F V2, SNZT4
(3) Interrupt request flag A-D interrupt ADF V2, SNZAD
When the activated condition for each interrupt is satis- Serial /O interrupt SIoF V2, SNZst

fied, the corresponding 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 satistied even if the interrupt is disabled by
the interrupt enable flag (INTE) or its interrupt enable
bit. Once set, the interrupt request flag retains set untit
a reset condition is satisfied.

Accordingly, an interrupt occurs when the interrupt dis-
able state is released while the interrupt request flag is
set.

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

Table 5

Interrupt enable bit function

interrupt enabie bit

Occurrence of interrupt

Skip instruction

1

Enabled

Invalid

0

Disabled

Valid

3—190
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(4) internal state during an interrupt
The internal state of the microcomputer during an inter-
rupt is as follows.

* Program counter {PC)

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

* Interrupt enable flag (INTE)

INTE fiag is cleared to “0” so that interrupts are dis-
abiled.

« Interrupt request flag
Only the request flag for the current interrupt source
is cleared toc “0".

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

(5) Interrupt processing
When an interrupt occurs, a program at an interrupt
address is executed after branching a data storing
sequence to stack register. Write the branch instruction
to an interrupt service routine at an interrupt address.

Use the RTI instruction to return from an interrupt ser-

vice routine.

interrupt enabled by executing the El instruction is per-

tormed after executing 1 instruction (just after the next

instruction is executed). Accordingly, when the El in-
struction is executed just before the RTI instruction, in-
terrupts are enabled after returning the main routine.

(Refer to Fig.16)

Main routine

tnterrupt service routine

-~
Interrupt occurs \( / '
/:;~._ El

interrupt is enabled
. RTI

- . interrupt enabled state
------- I Interrupt disabied state

* Program counter(PC}

« Stack register{ SK)

-------- The address of main routine 1o be executed when returning :
i i

« Interrupt enable flag (INTE)
[o (Interrupt disabled)

............................................................. |0 ipt disabled)

« Interrupt request flag{only the flag for the current interrupt source)

= Data pointer, carry flag, registers A and B

----------- Stored in the interrupt stack ragister (SDP) automatically

~ Skip fiag

------------ | Stored in the interrupt stack register (SDP) automaticaiﬂ

Fig. 14

internal state when interrupt occcurs

INT, pin

(L=Hor Lo ol-do—"obto "ol Address 0
H—L input) EXFOQ Vg E in page 1

i

1

INT, pin !

(INT; of !
INT, pin) o of—to—" o-—o/f/ o i’?f’gézsesf

{L—H or EXF1 Al :

H—L input) )

I

|
Timer 1 ey Address 4
underfiow Oé ’”‘Ov/ho——OE O in page 1

1

i

5

imer 2 i
Timer2 | ] Address 6
undertlow OT/ZFO Dv/u of of of— pddress,

H

|

!
Timer3___ | - ~ 1 | | Address 8
underflow OT/SFO 0;200 -O{O in page 1

[}
1
" i

Timerd 1o ol lo—"ob o o} Address A

underflow T4F v2, '
t
t
1

in page 1
Completion
of A-D

conversion ADF V2,

i
1
'

|
:
! Address C
o ot—0~" o071 in page 1
i
3

t
!
i

Fig. 13 Program example of interrupt processing Completion
of Serial 1/O o olo"ob-Ado—"ol— Address £
transter SIOF V2, INTE in page 1
Request flag Enable bit Enable flag
(state retained)
Fig. 15 Interrupt system diagram
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®When an interrupt request flag is set after its interrupt is enabled

1 machine cycle :

T 1 T | T

|nterrupi disabled state

Ty | Te | Ts
Xin
.
: El instruction
i execution cycle [
Interrupt enable flag INTE -

INTg, INTy (INT,)

interrupt enabled state

External
interrupt

EXFOQ, EXF1

.-.’P taining level for 4 periods or

more Is necessary.

Timer 1, timer 2,
timer 3, timer 4, | 1qf T2F, T3F,

(Note 3)

A-D and serial T4F, ADF, SIQF
170 interrupis N

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

1 machine cycle

; Ti| T2

Interrupt enable flag INTE

Ta T4 i T2

[ -
:+ El instruction

Flag cleared
Program starts from

interrupt address.

2 to 3 Machine cycies
(Notes 1, 2)

T3 T3

ol

execution cycle |::H Interrupt disabled state
- } Interrupt ;

enabled state

INTg, INT; (INT,) ___hllll} Retaining level for 4 periods or more is necessary.

(Note 3)

External
interrupt
EXFO, EXF1
I""e'a":'"'e' 42' TIE, T2F, TSF, |
imer S, imer 4, 1 r4¢, ADF, SIOF
A-D and serial
/O interrupts

2. Address is stacked to the last cycie.

3. EXFO and EXF1 flags are set at the second period.

Notes 1. This interval of cycles depends on the instruction being executed when EXFO, EXF1, T1F, T2F, T3F, T4F, ADF and SIOF flags are set to “1".

Flag cleared i Program starts from

interrupt address.
l 2 to 3 Machine cycles - i

(Notes 1, 2)

Fig. 16 Interrupt sequence

MITSUBISHI
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(6)

Interrupt control register
« Interrupt control register (V1)

interrupt enable bits of external 0, external 1, timer 1
and timer 2 are assigned to register V1. Set the con-
tents of this register through register A with the TV1A
instruction. The TAV1 instruction can be used to

» Interrupt control register (V2)
Interrupt enable bits of timer 3, timer 4, A-D and se-
rial 1/0 are assigned to register V2. Set the contents
of this register through register A with the TV2A in-
struction. The TAV2 instruction can be used to trans-
fer the contents of register V2 to register A.

transfer the contents of register V1 to register A.

Interrupt control register V1

(at reset : 0000, at power down - 0000, R/W)

External 0 interrupt enable bit

0 | Interrupt disabled (SNZ0 instruction is valid}

1 | Interrupt enabled {SNZO0 instruction is invalid)

External 1 interrupt enable bit

0 l—;ﬂerrupt disabled (SNZ1 instruction is valid)

1 | Interrupt enabled (SNZ1 instruction is invalid)

Timer 1 interrupt enable bit

a ‘ interrupt disabled (SNZT1 instruction is valid)

SRR ,Mﬁ,*ﬁm,ﬂ‘

1 1 Interrupt enabled (SNZT1 instruction is invalid)

Timer 2 interrupt enable bit

¢ Ilme(rup\ disabted (SNZT2 instruction is valid)

1 interrupt enabled (SNZTZ2 instruction is invalid)

[ vaa | va |

(Bit 3) (Bit 0)
vie | ovie | ovi [ v,
|
|
3
(Bit 3) (Bit 0)

interrupt control register V2

{at reset : 0000,, at power down : 0000, R/W)

Timer 3 interrupt enabie bit

0 | Interrupt disabled (SNZT3 instruction is valid)

1 | Interrupt enabied (SNZT3 instruction is invalid)

Timer 4 interrupt enable bit

1 | Interrupt enabled (SNZT4 instruction is invalid)

A-D interrupt enable bit

T
0 | Interrupt disabled (SNZAD instruction is vali

1 Interrupt enabled {SNZAD instruction is invalid)}

Serial 170 interrupt enable bit

0 —E Interrupt disabled (SNZS! instruction is valid)

1A—I Interrupt enabled (SNZS! instruction is invalid)

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

Fig. 17 interrupt control register

RR
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EXTERNAL INTERRUPTS

An external interrupt request occurs (edge detect) when
an valid waveform is input to the interrupt input pin. The
4520 Group has 3 external interrupt functions (external 0,
external 1, and external 2).

External 0 interrupt is equipped with a noise detection cir-
cuit and a zero cross detection circuit. The noise detection

circuit invalidates the first edge as noise when the second
valid edge is detected within a certain interval after a valid
edge is detected. The zero cross detection circuit detects
the point when the voltage level of an alternating waveform
passes OV. The external interrupts can be controlied with
the interrupt control registers (i1, 12, and 13).

Table 6 Interrupt activated condition
interrupt name Input pin Activated condition Valid .edge.
selection bit
External O interrupt Ds/INTo/ZEROX When the next waveform is input to INT, pin 11,
« Falling edge ("H"—"L") 11,
« Rising edge (“L"—“H")
« Both rising edge and falling edge
External 1 interrupt P2,/INT; When the next waveform is input to INT; pin 12,
« Falting edge (“H"—“L")
* Rising edge {“L"-+"H")
External 2 interrupt P2,/INT,, When the next waveform is input to INT, pin or INT; pin
SEG2e/P3o/INT2/Ano {OR operation between INTy pin and INT; pin)
« Falling edge (“H"—*“L")
~ Rising edge (“L"-—~"H")

1/3 instruction clock

Noise detection circuit
operating clock

e

4-bit shift register l :

ccveeieeeeeeneoa. .. Noise detection :
circuit

|

ZCF

F/F | SNZ0 instruction

[ FCE=

INT {Internal interrupt signal)

Ns e One-sided
Dg/INT, Falling | edge
Da/iNT, o] dgietition External 0
/ZEROX circult | interrupt
s
Both edges
- detection
circuit
SNZI0 - S:(Z“’
2
P2,/INT; () ___j‘—_
Oge's'ded Externat 1
edge
SEG/P3q detaction EXF1 interrupt
ANTof Puno gircuit -

SKIP

Fig. 18 External interrupt circult structure
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(8it3) (Bit0)
[ I3 I 1, l M, ] Ho I Interrupt controi register 11
™—
{at reset : 0000,, at power down ! state retained, R/W)
Noise detection circuit controf bit
0 | Disabled
1 Used
Edge detection circuit contral bit
0 | One-sided edge detected
1 | Both edges detected
INT, pin interrupt valid edge/return level selection bit
0 | Failing edge (SNZI0 instruction recognizes that level of INT, pin is *L” level)/“L” level
1 ' Rising edge (SNZI0 instruction recognizes that ievel of INT, pin is *H” level)/“H" level
Dg/INT/ZEROX pin function seiection bit
Q Dg/iNT, i
1 ZEROX
(Bit3) (Bit 0)
le, [ 12, ] 12, 12, ] Interrupt controi register 12

(at reset . 0000,, at power down : state retained, R/W)

Noise detection circuit sampling clock selection bit

| 0 | X or f(Xan) divided by 24 (Note 2)
! 1| (%) or {Xcw) divided by 9 (Note 2)
Noise detection circuit sampling clock control bit
0 | Stop
: 1 | Operating

Pins INT, and {NT, interrupt valid edge selection bit

0 Failing edge { SNZH instruction recognizes that leve! of INT, pin is “L" level)

1 | Rising edge (SNZI1 instruction recognizes that level of INT, pin is “H" level)

SN Not used (this bit has no function, but read/write is enabled)

| 130 l Interrupt control register 13 (Note 3)

(at reset . 0, at power down : state retained, R/W)

Externai 2 interrupt enable bit

] Disabled

1 | Enabled (Note 4)

Notes 1. “R” represents read enabled, and “W” represents write enabled.
2. The signal in {{X,y) or {{Xciy) selected as system clock is used.
3. After executing the TAI3 instruction, “0” is stored in bitd 3, 2 and 1 of register A.

4. External 2 interrupt activated condition is OR operation between INT, pin and INT; pin.

Fig. 19 External interrupt control registers
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(1)

External 0 interrupt request flag (EXF0)
The external 0 interrupt request flag (EXFO) is set to
“4" when a valid waveform is input to the INT, pin. The
valid edge polarity can be selected from rising edge ,
falling edge, or rising and falling edges. An example of
how to use the external O interrupt is shown below.
@ Set bits 0 and 3 of register |1 to “0” and select the
valid edge polarity with bits 1 and 2.
@ Clear EXFO flag to “0” with the SNZ0 instruction.
@ Set the external 0 interrupt enable bit (V1) and
the interrupt enable flag (INTE) to “1”.

External 0 interrupt is now enabled. Now when a valid
waveform is input to the INT, pin, the EXFO flag is set
to “1” and an external 0 interrupt ocours.
The external 0 interrupt circuit has a noise detection
function and a zero cross detection function. The above
usage does not involve these functions, and in this
case the waveform causing the interrupt must be re-
tained at their level for 4 periods or more of the signal
used as the system clock. (Refer to Fig. 16)
The state of the EXFQ flag can be examined with the
skip instruction (SNZ0). Use the interrupt control regis-
ter (V1) to select the interrupt or the skip instruction.
EXFO flag is cleared to “0” when the interrupt occurs or
when the next instruction is skipped with the skip in-
struction.
The Dg/INTo/ZEROX pin need not be selected the ex-
ternal interrupt input INTy function or the normal 1/0
port Dg function. However, the EXFO flag is set to “1”
when a valid waveform is input even if it is used as an
170 port Dg.
External 1 interrupt request flag (EXF1)
The external 1 interrupt request flag (EXF1) is set to
“1” when an activated condition of either an external 1
interrupt or external 2 interrupt is satisfied. The wave-
forms causing external 1 interrupt and externat 2 inter-
rupt must be retained at their level for 4 periods or
more of the signal used as the system clock. (Refer to
Fig. 16)
The state of the EXF1 fiag can be examined with the
skip instruction (SNZ1). Use the interrupt control regis-
ter (V1) to select the interrupt or the skip instruction.
EXF1 flag is cleared to “0” when the interrupt occurs or
when the next instruction is skipped with the skip in-
struction.
The P2,/INT, pin need not be selected the external in-
terrupt input INT, function or the input port P2 function.
However, the EXF1 flag is set to “1” when a valid
waveform is input even if it is used as an input port
P2,.
« External 1 interrupt activated condition

An external 1 interrupt activated condition is satisfied

when a valid waveform is input to the INT, pin.

The valid edge polarity can be selected from falling

edge or rising edge. An example of how to use the

external 1 interrupt is shown below.

@ Clear register I3 to “0”

@ Select a valid edge polarity with the bit 2 of reg-
ister 12.

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

@ Set both the external 1 interrupt enable bit (V1,)
and the interrupt enabte flag (INTE) to “1”.

External 1 interrupt is now enabled. Now when a

valid waveform is input to the INT, pin, the EXF1 flag

is set to “1” and an external 1 interrupt occurs.

* External 2 interrupt activated condition

An external 2 interrupt activated condition is satisfied

when a valid waveform is input to INT, pin or INT,

pin (OR operation between INT, and INT,). An ex-

ampie of how to use the external 2 interrupt is shown

below.

@ Set the bit 0 of LCD control register (L2) to “1”
and register 13 to “1”.

Perform steps @ to @ for external 1 interrupt. Then

the externai 2 interrupt is enabled. Now when a valid

waveform is input to INT, pin or INT, pin, the EXF1

flag is set to “1” and the external 2 interrupt occurs.
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(3)

Noise detection circuit

The external O interrupt is equipped with a noise de-
tection circuit which invalidates the first edge as noise
when the second valid edge is detected within a cer-
tain interval after a valid edge is detected. (Refer to
Fig. 21) This noise detection circuit consists of 4-bit
shift register and a noise canceller flag (NCF).

The clock used at the noise detection circuit is f(Xy)
or f{Xcin) selected as the system clock by register MR.
The signal obtained by dividing the frequency of this
clock by 24 or 96 is used as the sampling clock of the
noise detection circuit.

The interrupt activated conditions {valid edge interval)
for external O interrupt using the noise detection circuit
are as follows:

* When the signal of frequency divided by 24 is
selected as sampling clock:

Valid edge interval is 34 machine cycles or
greater.
* When the signal of frequency divided by 96 is
selected as sampling clock:

cycles or greater when the signal of frequency divided

by 24 is selected and 99 to 120 machine cycles or

greater when the signal of frequency divided by 96 is

selected.

An example of how to use the external 0 interrupt using

the noise detection circuit is shown below.

(D Set the bit 0 of register {1 to “1”, select the valid
waveform (=valid edge) with bits 1 and 2, and the
pin function with bit 3.

@ Clear the external O interrupt request flag (EXF0)
to “0” with the SNZO instruction.

@ Set both the external 0 interrupt enable bit (V1,)
and interrupt enable flag (INTE) to “1”.

@ Select the sampling clock with the bit 0 of register
12 and set the bit 1 to “1”.

External 0 interrupt is now enabled. Now when a valid

waveform is input to the INT, pin, the NCF flag is set to

“1" which in turn sets the EXFO flag to “1" and an exter-

nal 0 interrupt occurs.

The NCF flag is cleared to “0" when the external 0 in-

terrupt occurs, when the SNZO instruction is executed,

or when the zero cross input flag is set to “1”.

Valid edge interval is 120 machine cycles or {4) NOTES ON USING THE NOISE DETECTION CIRCUIT
greater. Note the SNZO instruction execution timing when using
| the noise detection circuit. i the SNZQ instruction is
1‘ (1 machine cycle (sec) = 3/f(X;n) or 3/f(Xew) executed at the timing when the noise canceller flag
e (NCF) is being set, the conditions for setting the exter-
When the valid edge interval is less than the above, nal 0 interrupt request flag (EXFO) and zero cross input
the previously detected edge is assumed to be noise flag (ZCF) become invalid.
and invalidated. However, the allowed values for the Even when the noise detection circuit is used, an inter-
valid edge interval changes according to the internal rupt occurs when the waveform shown in Fig. 20 is
state when the valid edge is input. The actual allowed input.
values for the valid edge interval are 27 to 34 machine
MITSUBISHI 3—197
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When selecting one-sided edge (bit 1 of register 11=0")

This is a noise, but interrupt activated Interrupt activated condition is
condition is satisfied because just satisfied because just before
betore rising edge is valid. rising-edge is valid.

27 to 34 machine cycles or> 27 to 34 machine cyctes or
99 to 120 machine cycles 99 to 120 machine cycles

Noise <——————=Normal input waveform

When selecting both edges (bit 1 of register 11="1*)

This is a noise, but interrupt activated interrupt activated condition is
condition is satisfied because just satistied because just before
before falling edge is valid. rising edge is valid.

!

.27 to 34 machine cycles orl '27 to 34 machine cycles or
99 to 120 machine cycles 99 to 120 machine cycles

Noise «————sNormal input waveform

Fig. 20 Precaution when using noise detection clrcult
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When selecting rising edge (Register |1 bit 2="1", bit 1="0")

Interrupt activated condition is

satisfied when jus!

Interrupt activated condition is
t before

satistiad when just before
ignored riging edge is valid. rising edge is valid.
Ds
/INT, ¢
/ZEROX pin :

27 10 34 machine cycles 27t034 machine cycles or
or fess than 99 to 120 99 to 120 machine cycles
machine cycles

When selecting falling edge (Bits 1 and 2 of register 11="0")

nterrupt activated condition
is satisfied when just before

o Ignored * falling edge is valid
8

/INTg

‘ 27 10 34 machine cycies or
99 to 120 machine cycies

Interrupt activated condition
is satisfied when just before
. falling edge is valid.

/ZERQX pin

27 10 34 machine cycles 27 to 34 machine cycles or
or less than 99 to 120 99 to 120 machine cycles
machine cycles

When selecting both edges (Bit 1 of register 11="1")

Interrupt activated condition is
satistied when just before

" 27 10 34 machine cycles or ‘
99 to 120 machine cycles

Interrupt activated condition is

satistied when just before
ignored falling edge is valid. rising edge is valid.

Dy

/INT, — -

fZEROX pin
27 to 34 machine cycles 27 to 34 machine cycles or 27 to 34 machine cycies or
or less than 99 to 120 99 to 120 machine cycles 99 to 120 machine cycles
magchine cycies

Fig. 21 Nolse detection circuit operation

Sl
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Zero cross detection circuit

The external Q interrupt is equipped with a zero cross

detection circuit which detects the point when the voit-

age level of the alternating waveform passes 0V. Zero
cross point to be detected can be selected when
changing from minus to plus, plus to minus, or both.

The zero cross detection circuit can be used together

with the noise detection circuit. When using together

with the noise detection circuit, the zero cross interval
of the input waveform must be equal to or greater than
the allowed values for the valid edge interval (refer to
description of the noise detection circuit). In addition,
the zero cross point detected with the zero cross de-
tection circuit can be used as the trigger to start timer

2 count operation (refer to description of zero cross in-

put flag).

An example of how to use the external 0 interrupt using

the zero cross detection circuit is shown below.

@ Set bit 3 of register 11 to “1" and select the valid
edge (==zero cross point to be detected) with bits
1and 2.

@ Clear the external 0 interrupt request flag (EXFO0)
to “0” with the SNZOQ instruction.

3 Set both external 0 interrupt enable bit (V1,) and
interrupt enable flag (INTE) to “1".

External 0 interrupt is now enabled. Now when an
alternating waveform is input to the ZEROX pin, zero
cross is detected, EXFO flag is set to “1”, and an exter-
nal 0 interrupt occurs. The interval between the time
from zero cross is detected until the time program at
the interrupt address is executed is 3 to 4 machine cy-
cles (the allowed value of edge interval is added when
the noise detection circuit is used).

Zero cross input flag (ZCF)

The ZCF flag is used to start timer 2 count operation
when a zero cross point is detected with the zero cross
detection circuit.

The ZCF flag is set to “1” when the voltage level of an
alternating waveform input to the ZEROX pin passes
OV. When the bit 2 of timer control register (W2) is set
to “1”, timer 2 starts counting when the ZCF flag is set
and stops counting when the ZCF flag is cleared.

The ZCF flag can be controlied by the bit 2 (W5,) of
timer control register (W5) . it can be set (operation
state) when W5, is set to “1”. It cannot be set (stop
state) because it is fixed to “0” when W5, is cleared to
“0". Clear W5, to “0” when the ZCF flag is cleared.
However, when the ZCF flag is to be used after reset,
set W5, to “1” and return it to the operation state.

When selecting both edges (Bit 1 of register [1="1")

Alternating waveform

Zero cross input fiag
(zCF) A T A

T : W5,=0 (Stop and clear the zero cross input fiag)

! W5,==1 (Operating the zero cross input flag)

t 1t

Bit 2 of register W5
(W5,)

A

2Zero cross detection external circuit exampie.

Note . Add the extemal circuit to the Dg/INT/ZEROX pin
when using AC100V as the input signal.
Set the value of input current control resistors (R1, R2)
used the external circuit in order that input current
must not be exceeded 100uA.

AC100V R i
O—AAA Dg/INTy/
! \ ZEROX
Vss

Fig. 22 Zero cross detection circult operation
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External interrupt control register

« Interrupt control register (11)

Register 11 controls the operation of noise detection
circuit, external O interrupt valid edge and return
level from power down (valid level of wakeup signal)
and Dg/INTo/ZEROX pin function. Set the contents of
this register through register A with the TI1A instruc-
tion. The TAI1 instruction can be used to transfer the
contents of register 11 to register A.

Interrupt control register (12)

Register 12 controls the sampling clock of noise de-
tection circuit and external 1 and 2 interrupt valid
edges. Set the contents of this register through reg-
ister A with the TI2A instruction. The TAI2 instruction
can be used to transfer the contents of register 12 to
register A.

Interrupt control register (i3)

Register I3 controls the occurrence of external 2 in-
terrupt. Set the contents of this register through reg-
ister A with the TI3A instruction. The TAI3 instruction
can be used to transfer the contents of register i3 to
register A.

.
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TIMERS » Fixed dividing frequency timer

The 4520 Group has a programmable timer and a fixed di- A fixed dividing frequency timer has a fixed frequency di-
viding frequency timer. viding ratio (n). The timer 3 interrupt request flag is set
* Programmabile timer to “1" after every n count of the count pulse.

The programmable timer has a reload register and en-
ables the frequency dividing ratio to be set. it is de-
cremented from a setling 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 register, and
count continues (auto-reload function).

—

An interrupt is accepted or a skip instruction is executed.

FRg - — o —— — —
n @ Counter initial value
Count starts Reload Reload
—

- l 1st underfiow 2nd underflow

3 |

(8]

5 i

2 |

[~

3 |

5 |

© 3

©

£

£ |

S .
n+1 count 1 ime

! 1 n+1 count
]

Timer 1, 2, 3, or 4 interrupt
request flag

Fig. 23 Auto-reload function
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The 4520 Group timer consists of the following circuits.

* Prescaler : frequency divider
* Timer 1 . 8-bit programmable timer
* Timer 2  8-bit programmable timer

* Watchdog timer

* Frequency divider for LCD
« PWM output

* Real time output

* Timer 3 © 8-bit fixed dividing frequency timer

* Timer 4 . 8-bit programmable timer

(Timers 1 to 4 have the interrupt function)

Table 7 Function related timers

These timers can be controlied with the timer control regis-
ters (W1 to W5) and serial IO mode registers {(J1, J2).
Each function is described below. )

Circuit Structure Count source Frequency dividing ratio Use of output signai Control
Prescaler Frequency divider o H(Xin) or H{Xein) 6,12 * Timer 1, 2 and 4 count sources w1
Timer 1 8-bit programmable « Prescaler output (ORCLK} {110 256 P Timer 2 count source i W1

binary down counter : + CNTRp output
i * Timer 1 interrupt
Timer 2 8-bit programmable < 1) 1 to 256 « Timer 3, 4 count source. w2
binary down counter « Timer 1 underfiow * PWM output ' W5
{Link ZCF flag) * Prescaler output (ORCLK) * CNTR; output ‘
* CNTR, inptt « Timer 2 intersupt |
Timer 3 8-bit fixed dividing frequency « f(Xgm) 256 * Timer 4 count source W3
binary down counter * Timer 2 undertiow * Timer 3 interrupt
— -~ - R
(Frequency dlivider (divide by 16}) (18) * Frequency divider for LCD
Timer 4 8-bit programmabte « H{Xy) 1 to 256 | » watchdog timer Wd
binary down counter + Timer 3 underfiow i« PWM output W5
+ Timer 2 underflow * Real time output
« Prescaler output {ORCLK) * Timer 4 interrupt
+ Power down 1 return
Watchdog timer 1-bit flag « Timer 4 underflow * System reset w4
Frequency divider ) 4-bit counter « Timer 3 intermediate underfiow 2(nt1) * LCOD contraller/driver w3
for LCD “+trequency divider (divide by 2} | * Timer 3 underflow [n=0 to 15}
PWM output Flip flop « Timer 2 underflow * PWM output wa
» Timer 4 underfiow J2
Real time output Qutput tatch 4 output register |+ Timer 4 underflow * Real time output J1
i J2
* MITSUBISHI 3-203
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Wi,
0- | Dg output
Ds/CNTR, |
Dg input - ]_ j

Timer 1(8)

—

Bil;l; ‘_ u

Timer 1 reload register

IT]

Timer 1
interrupt

Timer 1 underflow signal

A48}

T4ABD] T4AB

TAB4

TR4AB

T4AB

Register B
(4)

Register
(4)

Al TAB4

2 T1AB
Register B Registel
) (4)
TABI TAB1
W2, W2p
foo 1
To |
T ! T a Timer 28)  |—— ToF Timer 2
alg 7T interrupt
,: H { ZCF Bit7 * B0
Timer 2 'glz‘(’g)d register Timer 2 undertiow signal
T2AB
W2, ~—i
o olel? Register BI IRegister A Wi,
output (4] (4)
D4/ONTR, Ot : P — TAB2 TAB2
D, input |_ 107= - T Y
Timer LC H 1/2 LCD clock
N T3F ] Timer 3
Jj S interrupt
[ T4F ] Timer 4
e interrupt
i
i
o ’[ o Timer 4 reload register T a

_D—> System reset

W4,

b= Real time output trigger signal
(Timer 4 underilow signal)

Fig. 24 Timers structure
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(Bit 3) (Bit 0)
l Wi, W1, [ Wi, Wi, Timer control register W1
(at reset - 0000y, at power down © D000, R/W)
Dg/CNTR, pin function setection bit
0 | 1/0 port Dg
1 CNTR, output
Timer 1 control bit
0 | Stop (state retained)
1 Operating
Prescaler dividing ratio selection bit
0 | #(Xw) or #{Xcw) divided by 6 (Note 2)
1 1H(Xn) or f(Xew) divided by 12 (Note 2)
Prescaler control bit
0 | Stop (reset state)
1 QOperating
(Bit 3) (Bit0)
[owae | owae | wa w2, | Timer control register W2
(at reset . 0000,, at power down : state retained, R/W)
Timer 2 count source selection bits
W2, [ W2, | Count source
[ S () |
0 1 Timer 1 underfiow signal
1 0 Prescaler output {ORCLK)
| 1T CNTR, input
Timer 2 count start trigger selection bit
Q@ | Timer 2 control bit {bit 0 of register W5)
— . I
1 | Timer 2 controt bit and zero cross input flag (ZCF)
D+/CNTR; pin function selection bit
0 170 port D;/CNTR, input
1 CNTR; output

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

2. The signal in f{X,y) or 1{Xsn) selected as a system clock is used.

Fig. 26 Timer control registers

RRL
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(Bit 3) (Bit 0)
[ W3y l W3, l W3, W3, ' Timer control register W3
{at reset : 0000, at power down : state retained, R/W)
Timer 3 count source selection bit
0 FTimsr 2 underfiow signal
1 1(Xew)
Timer 3 control bit
0 | Stop {reset state)
...... =
1 QOperating
LCD frequency dividing circuit count source setection bit
0 Timer 3 intermediate underflow signal (Frequency divided by 16 output)
1 Timer 3 underfiow signal {Frequency divided by 256 output)
LCD frequency dividing circuit count source control bit
0 Stop
1 Operating
(Bit 3) (8it 0)
[wa, | owa, | owa | we | Timer contral register W4
(at reset . 0000,, at power down . state retained, R/W)
Timer 4 count source selection bits
T T
wa | way | Count source
| —
[ i 0 H{Xim)
= T
0 1 Timer 3 underflow signai
1 0 Timer 2 underflow signal
1 1 Prescaier output {ORCLK)
Watchdog timer control bit
0 | Watchdog timer stop
1 Watchdog timer operating
Timer 2 and 4 function selection bit
0 l Normal mode
1 [ PWM mode
Note  “R” represents read enabled, and “W" represents write enabled.

Fig. 26 Timer control registers (continued)
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(Bit 2) (Bit0)
w5, ‘ WS, l W5, Timer control register W5

Y

i

' (at reset : 000,, at power down : state retained, R/W)

Timer 2 controf bit

0 | Stop (state retained)
1 | Operating

| . ,

L Timer 4 control bit
0 | Stop (state retained)
1 QOperating
(1} [ Stop
1 ]’ Operating

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

2. AHer executing the TAWS instruction, “0” is stored in the bit 3 of register A.

Fig. 27 Timer control registers (continued)
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(2)

Prescaler

Prescaler is a frequency divider. its frequency dividing
ratio can be selected. Prescaler count source is f(Xyy)
or #(Xew) which is a signal selected as a system clock
with the register MR.

Use bit 2 of the register W1 to select the prescaler di-
viding ratio and bit 3 to start and stop its operation.
Prescaler is reset state, and the output signal
(ORCLK) stops when bit 3 of the register W1 are
cleared to “0”.

Timer 1

Timer 1 is an 8-bit binary down counter with timer 1 re-
load register (R1). Data can be set simultaneously in
timer 1 and reload register R1 with the T1AB instruc-
tion. Timer 1 starts counting after data is set in timer 1,
and bit 1 of register W1 is set to “1”.

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 the reload register R1, and count con-
tinues (auto-reload function). When a value set in re-
load register R1 is n, timer 1 divides the count source
signal by n+1 (n=0 to 255).

Data can be read from timer 1 with the TAB1 instruc-
tion. When reading the data, stop the counter and then
execute the TAB1 instruction. In addition, a signal
obtained by dividing the frequency of the timer 1
underflow signal by 2 can be output from the Dg/
CNTRg pin. Select the function of the Dg/CNTR, pin
with the bit 0 of register W1.

(4)

Timer 3

Timer 3 is an 8-bit binary down counter. Timer 3 starts
counting when a count source is selected with the bit 0
of register W3 and bit 1 is set to “1”.

Once count is started, the timer 3 underflow flag (T3F)
is set to “1" every 256 counts.

Timer 3 outputs both count source frequency by 16
(intermediate underflow) and by 256 {(underfiow). Tim-
er 3 is cleared and both count source divided by 16
and 256 outputs are stopped when the bit 1 of register
W3 is cleared to “0".

Timer 3 can be used as the clock counter during pow-
er down 1 state {executing the POF instruction).

Timer 4

Timer 4 is an 8-bit binary down counter with timer 4 re-
load register {R4). Data can be set simultaneously in
timer 4 and the reload register (R4) with the T4AB in-
struction. In addition, data can be written individually in
timer 4 with the T4ABD instruction and in the reload
register R4 with the TR4AB instruction. When data is
written individually, count down after writing starts from
the value set in timer 4, and count down after under-
flow starts from the value set in reload register R4,
Timer 4 starts counting after setting data in timer 4
when the count source is selected with bits 0 and 1 of
register W4 and the bit 1 of register W5 is set to “1”.
Once count is started, when timer 4 underflows (the
next count pulse is input after the contents of timer 4
become “0”), the timer 4 interrupt request flag (T4F) is
set to “1”, new data is loaded from the reload register

(3) Timer2 R4, and count continues (auto-reload function). When
Timer 2 is an 8-bit binary down counter with timer 2 re- the value set is n, timer 4 divides the count source sig-
load register (R2). Data can be set simultaneously in nal by n+1 (n=0 to 255).
timer 2 and the reload register (R2) with the T2AB in- Data can be read from timer 4 with the TAB4 instruc-
struction. Timer 2 starts counting after setting data in tion. When reading the data, stop the counter and then
timer 2, when the count source is selected with bits 0 execute the TAB4 instruction. In addition, timer 4 can
and 1 of register W2 and the bit 0 of register W5 is set be used as the clock counter during power down 1
to “1". However, if the bit 2 of register W2 is set to “1", state (executing the POF instruction).
the zero cross input flag (ZCF) can be used as the
timer 2 count start trigger (refer to description of exter-
nal interrupts).

Once count is started, when timer 2 underflows (the I Timer 48) I
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 the reload regis- Timer 4 reload register
ter R2, and count continues (auto-reload function) . R4E:
When the value set in reload register R2 is n, timer 2 TR4AABR
divides the count source signal by n+1 (n=0 to 255). TaABD] TaAB T4AB [T2ABD
Data can be read from timer 2 with the TAB2 instruc- TAB4 Re;s}era Regis'tem TAB4
tion. When reading the data, stop the counter and then (4) (4)
execute the TAB2 instruction. In addition, a signal
obtained by dividing the frequency of the timer 2
underflow signal by 2 can be output from the D,/ Fig. 28 Timer 4 data setting
CNTR; pin. Select the function of the D;/CNTR; pin
with the bit 3 of register W2.
S
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(6)

7

Watchdog timer

Watchdog timer consists of timer 4 and watchdog timer
flag (WDF). When a timer 4 underflow signal occurs,
the WDF flag is set to “1”. When the timer 4 underfiows
once more while the WDF flag is set, the watchdog
timer forces a system reset (operationally the same
that power-on reset).

Whether to use watchdog timer can be set with the bit
2 of the register W4. When using watchdog timer, be
sure to clear the WDF flag to “0” with the WRST in-
struction with a program before timer 4 underflows
again. In order to effectively use watchdog timer, do
not execute the WRST instruction during timer 4 inter-
rupt.

Timer interrupt request flags (T1F, T2F, T3F, and T4F)

Each timer interrupt request flag is set fo “1” when
each timer underflows. The state of these flags can be
examined with skip instructions, respectively (SNZT2,
SNZT3, and SNZT4). Use the interrupt or control regis-

ters (V1, V2) to select an interrupt or a skip instruction.
The interrupt request fiag is cleared to “0” when an in-
terrupt occurs or when the next instruction is skipped
with a skip instruction.

Frequency divider for LCD

The frequency divider for the LCD consists of timer LC
and frequency divider (divide by 2). Timer LC is a 4-
bit programmable timer with reload latch. Data can be
set simultaneously in the reload iatch and timer LC with
the TLCA instruction.

Timer LC starts counting when data is set in timer LC
and the count source is selected with bit 2 of the regis-
ter W3 and 1" is set to bit 3. When it underflows, data
is loaded from the reload latch and count continues.
When n is set in timer LC, the count source is divided
by n+1 (n=0to 15).

The timer LC underfiow signal divided by 2 becomes
the standard clock of the LCD.

Timer 4 underitow signal

Watchdog timer flag (WDF)

EExecuting WRST ins(ructicn§

RESET pin output

System reset

Fig. 29

Watchdog timer function
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(9) PWM output

The PWM output function uses timer 2 and timer 4 to
form a waveform having arbitrary frequency and duty,
and outputs it from the D,o/Sour/RTPy/PWM pin.

Set the “L" period of PWM waveform with timer 2, and
the “H” period with timer 4. The function of the Dyy/
Sour/RTP/PWM pin can be selected with the serial
110 mode register (J2).

During the “L” period of the PWM waveform, timer 4 is
stopped and timer, 2 counts the count source. When
timer 2 underfiows, the PWM waveform changes to “H",
During the “H” period, timer 2 is stopped and timer 4
counts the count source. When timer 4 underflows, the
PWM waveform changes to “L”. This sequence is re-

peated.

An example of how to use the PWM output is shown

below.

@ set bits 0 and 1 of serial 1/0 mode register {J2) to
"1,

@ Set the bit 3 of register W4 to “1”.

@ Set data in timer 2 and timer 4.

@ Set bits 0 and 1 of register W5 to “1”.

Now a PWM waveform is output from D;y/Soyr/RTP/

PWM pin. However, do not select timer 2 underflow as

the count source for timer 4 when using PWM output

function.

PWM ocutput pin (Dyg)

Timer 2

Timer 4

Fig. 30 PWM waveform
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100 Reaitime output (@ Set the function of the Dy/Sck/RTP, or Dyo/Sour/
The reaitime output function uses timer 4 underfiow as RTP{/PWM pin to realtime output with the serial
the trigger to output the contents of the realtime output /O mode registers (J1 and J2).
register (RTP) from the realtime output pin. @ Set the initial output value in reaitime output latch
Each time a timer 4 underflow occurs, the data set in (RTPL).
the realtime output register is transferred to the real- (The realtime output latch can be set to “1” with
time output latch and at the same time outputs from the the RTPS instruction or cleared to “0” with the
realtime output pin. RTPO and RTP1 can be used for RTPR instruction. However, the timer 4 interrupt
realtime output. request flag (T4F) must be cleared to “0” when
An example of how to use the realtime output is shown executing the RTPS or RTPR instruction.)
below. (3 Set data in the realtime output register (RTP).

(Set the data in the realtime output register through
register A with the TRTPA instruction.)

Table 8 Real time output pins and real time output . o
Select the timer 4 count source with bits 0 and 1 of

registers
- register W4,
Real time output pin Cort:es‘)m‘:'"? bits of real ® Set data in timer 4 and reload register R4, and
- me output register then start timer 4 count operation with the bit 2 of
Dgo/Sck/RTPg Bit 0 (RTP,) ister W5
Dio/Sour/RTP:/PWM Bit 1 (RTP,) regisier Wo. _ o
Now the contents of the realtime output register is out-
put from the realtime output pin each time a timer 4
underflow occurs.
Dy Input
TRTPA ATPS ‘BTS
Real time Real time
Ragister A (Ag) output register D output latch Qf—
(ATPg) (RTPLy)
RTPR—R
T4F
TRTPA RTPS S T
Real time Real time
Register A (A) output register D output latch Q ; :
(RTPy) (RTPL,) : :
PWM———011 :
RpPR—fpR | Djo Input

Fig. 31 Real time output structure
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Realtime output can be used together with the zero

cross detection circuit. An example of how to use the

reaitime output using the zero cross detection circuit is

shown below.

@ Repeat steps O to @ described above.

@ Set timer 4 count source to timer 2 underflow sig-
nal with bits 0 and 1 of register W4.

@ Clear the bit 2 of register W5 to “0” and the bit 2 of
register W2 to “1”.

@ Set bits 0 and 3 of register i1 to “1” and select the
valid edge (=zero cross point to be detected) with
bits 1 and 2.

®

®

Set data in timer 2 and reload register R2, timer 4
and reload register R4, and then start timer 2 and
timer 4 count operations with register W5.

Set the bit 2 of register W5 to “1”.

Now the zero cross of alternating waveform input to the
Dg/INT/ZEROX pin is detected and timer 2 count op-
eration starts. Timer 4 counts the timer 2 underflow sig-
nal and the contents of the realtime output latch are
output from the reaitime output pin each time timer 4
underflows.

Alternating waveform /-\

/

Timer 2 starts counting when
zero cross input flag is set.
Timer 4 counts the timer 2

undertiow signai. l

E

Zero cross input flag
(2CF)

T I W5,==0 (Stop and clear the zero cross input flag}

p t

A I W5,=1 (Operating the zero cross input flag)
(5‘2522;)' register W5 of 3 lg 3 — 1of 1 S
Timer 4 count value
(count source: timer 2)

A3 A2, A1 AD,

Timer 4

Timer 4 reload register

Dy/ATPO

A3 A2, A1 AQ, A3 A2, Al CAQ

Real time output register ATP,

Dyo/RTP,

Real time output register RTP,

A0 to A3: Timer 4 reload register setting value

Fig. 32 Real time output operation using zero cross detection circuit
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Timer control register

Timer control register (W1)

Register W1 controls the Dg/CNTR, pin function, tim-
er 1 count operation, prescaler dividing ratio and
prescaler count operation. Set the contents of this
register with the TW1A instruction through register A.
The TAWH1 instruction can be used to transfer the
contents of register W1 to register A,

Timer control register (W2)

Register W2 controls the timer 2 count source, count
start trigger and D;/CNTR; pin function. Set the con-
tents of this register with the TW2A instruction
through register A. The TAW2 instruction can be
used to transfer the contents of register W2 to regis-
ter A

Timer control register (W3)

Register W3 controls the count operation and count
source for timer 3 and LCD frequency dividing cir-
cuit. Set the contents of this register with the TW3A
instruction through register A. The TAW3 instruction
can be used to transfer the contents of register W3
to register A.

Timer control register (W4)

Register W4 controls the timer 4 count source, the
operation of watchdog timer and timer 2 and 4 func-
tion. Set the contents of this register through register
A with the TWA4A instruction. The TAW4 instruction
can be used to iransfer the contents of register W4
to register A.

Timer control register (W5)

Register W5 controls the count operation of timer 2
and 4, and the operation of zero cross input flag. Set
the contents of this register through register A with
the TW5A instruction. The TAWS instruction can be
used to transfer the contents of register W5 to regis-
ter A. After executing the TAWS instruction, “0” is
stored in bit 3 of register A.

Serial 1/0 mode register (J1)

in addition to controt serial I/O, register J1 controls
the Do/Scr/RTP, pin function. Set the contents of this
register through register A with the TJ1A instruction.
The TAJ1 instruction can be used to transfer the con-
tents of register J1 to register A. After executing the
TAJ1 instruction, 0" is stored in bit 3 of register A.
Serial 1/0 mode register (J2)

Register J2 controls the D.o/Souyr/RTP/PWM pin
function. Set the contents of this register through reg-
ister A with the TJ2A instruction. The TAJ2 instruction
can be used to transfer the contents of register J2 to
register A. After executing the TAJ2 instruction, “0" is
stored in bits 3 and 2 of register A.

(12)

Precautions

Note the foliowing for the use of timers.

* Prescaler precautions
Stop the prescaler to change its frequency dividing
ratio.

« Timer precautions
Stop timer 1, 2, 3, or 4 counting to change its count
source, as well as to execute the TAB1, TAB2, or
TAB4 instruction for reading the data (from timer 1,
2, or 4).
When the timer 4 write instruction (T4ABD) is ex-
ecuted, timer 4 count value before writing is invalid.
Do not execute the timer 4 write instruction (T4ABD)
just before and just after timer 4 underflow occurs.
Fully stabilize the f(Xcy) oscillation so as to select it
as a timer 3 count source.

: MITSUBISHI 3—213
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SERIAL 11O transfer.

The 4520 Group has a built-in clock synchronous serial 1/0 The pin functions of the serial I/O pins can be set with the
which can serially transmit or receive 8-bit data. Serial 1/0 serial 1/0 mode registers (J1 and J2).

consists of

« Serial 1/0 register (H, L) Table 9 Serial I/0 pins

« Serial /0 mode registers (J1 and J2)

Pin Pin function when setecting serial /0
* Serial I/0 transmission/reception completion flag {SIOF) Do/Sck/RTP, Clock 170 {Sgk)
* Serial |70 counter D1o/Sour/RTP/PWM Serial data output {Seyr)
Register A is used to perform data transfer with internal P2o/Sin Serial data input (Si)

CPU, and the serial 1/0O pins are used for external data Note : P2y/Sy is no need to select the function.

X O Instruction clock
Xew O——LO ‘L
Synchronous
9| Serial 1/ counter (3) SIOF }—.._> Serial 1/0

circuit interrupt
Dg/Sck
/PTP,

Transfer ciock
Soi
Dyo/Sour O—ﬂ<}
/RTP/PWM
MSB Serial I/0 register (8} LSB

P2/Sn O

H(4) L{4)

3 [ Register Al4)

[z, ] w2 | [0 | on | o0}

Fig. 33 Serial 1/0 structure
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Serial 170 mode register J1 (Note 2}

(at reset : 000,, at power down : state retained, R/W)

Serial 170 synchronous clock selection bit

External ctock

f(Xw) of f(Xcp) divided by é4

Dgy/Sck/RTPy pin function selsection bits

(it 1) (Bit 0)
I

J1; dty

Function

0 1/0 port Dg

Serial 170 clock input/output Sck

0 Real time output RTP,

1 Not available

Serial /O mode register $2 {Note 3)

(at reset : 00,, at power down ' state retained, R/W)

D19/Sour/RTP/PWM pin function selection bits

J2, J2, Function
(] [ 1/O port Dyg
Q 1 Serial data output Sgur

0 Real time output RTP,

1 PWM output PWM

Notes 1. “R” represents read enabled, and “W” represents write enabled.
2. After executing the TAJ1 instruction, “0” is stored in bit 3 of register A.

3. After executing the TAJ2 instruction, “0” is stored in bits 2 and 3 of register A.

Fig. 34 Serial IO mode register

AL
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Serial I/0 register (registers H and L)

The serial 1/0 register is an 8-bit data transfer serial/
parallel conversion shift register which consists of reg-
ister H and register L. Register H and register L are 4-
bit registers. Store the high-order 4 bits of the trans-
mission data in register H and the low-order 4 bits in
register L. Data can be set in registers H and L
through register A with the THA and TLA instructions,

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

respectively.

During transmission, each bit data is transmitted LSB
first from the lowermost bit (bit 0) of register L, and
during reception, each bit data is received L3B first to
register H starting from the topmost bit (bit 3). When
registers H and L are used as work registers without
using serial 170, pull up the Sqk pin or set its function
to other than Sgy.

When transmittiag (D;—Dy: Transfer data)

When receiving

Siv pin Sour pin
— Ot O .
Register H Register i Sout pin S pin Register H Register L.
D7]De[Ds[Da[Ds ] Dz O | B |——=() O——={x[*x[# x| +]*x[ [

[ lo 5 oo [0 5] 5]

[llDdDB[DdD“DSIDz[Dal Tran

DD

A 4

Lrleixje]efel*]«]

Transfer data to be set

[rixl+l*[]+]*[+]

sfer started

[Do] * [ *[*jxj#]*]*]

Transfer completed

(OofPof*[x[x]#]*]+]

4

Ioe[oelo e [0 0.]o0]

Fig. 35 Serial 1/0 register state when transferring

(2)

(4)

Serial I/0 transmission/reception completion flag { SIOF)

SIOF flag is set to “1” when serial data transmission or

reception completes. The state of this flag can be ex-

amined with the skip instruction (SNZSI). Use the in-

terrupt control register (V2) to select the interrupt or

the skip instruction.

SIOF fiag is cleared to “0” when the interrupt occurs or

when the next Instruction is skipped with the skip in-

struction.

Serial 1/0 start instruction (SST instruction)

When the SST instruction is executed, the SIOF flag is

cleared and then serial /O transmission/reception is

started.

Serial 1/0 mode register

+ Serial 1YO mode register (J1)
Register J1 controls the synchronous clock and Dg/
Sck/RTPg pin function. Set the contents of this regis-
ter through register A with the TJ1A instruction. The
TAJ1 instruction can be used to transfer the contents
of register J1 to register A. After executing the TAJ1
instruction, “0” is stored in the bit 3 of register A.

» Serial I/0 mode register (J2)
Register J2 controls the Dyo/Sour/RTP/PWM pin
function. Set the contents of this register through reg-
ister A with the TJ2A instruction. The TAJ2 instruction
can be used to transfer the contents of register J2 to
register A. After executing the TAJ2 instruction, “0” is
stored in bits 3 and 2 of register A.

3-216
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(s)

How to use serial I/0
The connection example in Fig. 36 is used to show the

170 interrupt is not used in this example. In the actual

wiring, pull up the wiring between each pin with a re-

data transfer timing and data transfer sequence. Serial sistor,
Master (clock control) Slave {external clock)
M34520 § signal M34520
signa
Ds rpY SIGN Ds
S S
Dg CK CK Dg
S S
Do OUT L P2,
S,
P2, N Sour Dio
Bit 2 Bit 0 Bit 2 Bit 0
0 1 1 Serial 1/0 mode register J1 1 Q Serial {/0 made register J1
H(Xin) or H{Xcw) divided External clock
by 24
Serial /0 port Sex Serial 1/0 port Sek
Bitt Bit0 Bit1 Bit0
[ 0 I 1 ! Seriat 1/0 mode register J2 | 0 | 1 | Serial 1/0 mode register J2
Serial 1/0 port Soyr Serial 170 port Sgur
Bit 3 Bit 0 Bit3 Bit 0
Lol of o1 0| mteruptcontol register v2 L o] of ol o finteruptcontol register v2
—— Serial I/0 interrupt enable bit Serfal 170 interrupt enable bit
(SNZS!I instruction is vatid) (SNZS! instruction is valid)

Fig. 36 Saerial /0 connection example

~
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Master

{Master) Sour M, X ﬂ M, M. X Ms X M, X Ms X M X M,
W X e

SST instruction ﬂ

| B

(Slave) Sour = K& X_31 S, S5 X 54 XS‘*‘- X Se X S
[

Mg—M; [ the contents of master serial /0 register So—S; : the contents of siave serial I/O register
Rising of CLK : serial input Falling of CLK : serial output

Fig. 37 Serlal 1/0 data transfer timing
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Table 10 Processing sequence of data transfer from master to slave

Master (transmission)

Slave {reception)

[initial setting}
» Setting serial /O mode registers J1 and J2, and
interrupt control register V2 shown in Fig. 36.

[initiat setting]
* Setting serial /O mode registers J1 and J2, and interrupt contro! register
V2 shown in Fig. 36.

 Setting the port received enable signai (Sgpy) to
input mode. (Port Dy is used In this example)

TJI1A, TI2A and TV2A instructions

SD instruction

SD instruction

% [Transmission enable state]
= Storing transmission data in serial 1/0 registers H |
and L. :

.« SIOF flag is cleared to “0"

* [Reception enable state]

SS8T instruction

Ds;. {Reception possible)

« “L" level is output from port

RD instruction

{Transmission]
« Check port D5 is “L” level.

SZD instruction

s Check transmission completes

SNZSI instruction

« Wait (timing when continuously transferring)

« Check reception completes

SNZSI instruction

SD instruction

[Data processing]

1-byte data is serially transferred on this proce

sequently, data can be transferred continuously by re-

peating the process from *. When an external

selected as synchronous clock, control the clock exter-

nally because serial transfer is performed as

sS. Sub- external clock is 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
instrugtion. Be sure to set the initial level of the exter-

nal clock to "H”".

clock is

long as

clock is externally input {(Unlike an internal clock, an

MITSUBISHI
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LCD FUNCTION
The 4520 Group has a built-in LCD (Liquid Crystai Display)
controller/driver. When proper voltage is applied to the
LCD power supply input pins, and data is set in timer con-
trol registers (W2, W3}, timer LC, LCD control registers
(L1 to L3), and LCD RAM, the controller/driver automati-
cally reads the display data, controls the LCD display by
sefting duty and bias.
4 common signal output pins and 27 segment signal output
pins can be used to drive the LCD to control the display of
up to 108 segments (when 1/4 duty and 1/3 bias are
selected) . When the required number of segment pins is
27 or less, SEG;—SEG,¢ can be used as 1/0 ports.
(1} Duty and bias
There are three combinations of duty and bias for dis-
playing data on the LCD. Use bits 0 and 1 of the LCD
control register (L1) to select the proper display
method for the LCD panel being used.
* 1/2 duty, 1/2 bias
* 1/3 duty, 1/3 bias
+ 1/4 duty, 1/3 bias

Tabie 11 Duty and maximum number of displayed pixels

Duty number of displayed pixals Used COM pins
1/2 54 segments COM,, COM, (Note)
1/3 81 segments COM;—COM; (Note)
1/4 | 108 segments COMg—COM3

Note . Leave unused COM pins open.

()

LCD clock control

The LCD clock is determined by the sefting values of
the timer 2 count source selection bits (W2, and W2,},
timer 3 count source selection bit (W3;), LCD frequen-
cy dividing circuit count source selection bit (W3,),
and timer LC. Accordingly, the frequency (F) of the
LCD clock is obtained by the following formula. The
number (O to ®) under formuta corresponds to Fig.
38.

* When using the timer 2 underflow output as timer 3

count source {W3,=0)

| {

F==Frequency of timer 2 count sourceXTQJ;T
I
@

SERVE
4 5
* When using f(Xcn) as timer 3 count source (W3,=1)
iy SRV}
(XC|N>X T3 X LEj‘_)f__a
@ ® ®
T2 : Timer 2 setting value {0 to 255)
T3 : Timer 3 frequency dividing ratio (16 or 256)
LC : Timer LC setting value (0 to 15)

The frame frequency for each display method can be
abtained by the following formula :

Frame frequency~——§-'(Hz) Frame cycle=—g~(3)

[F . LCD clock frequency
1/n . Duty

1(Xined O
Timer 1 underfiow ——1—0—‘—0
Prescaler output ——4——010

CNTR,; input

Intermediate underflow W3z

i

Underflow ==

J
@
®
LCD clack 172 Timer LC

Fig. 38 LCD clock control circuit structure
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(Bit 3) (Bit 0)
l Lis | L1, Ly L1g l LCD controt register L1
(at reset : 0000,, at power down : state retained, R/W)
LCD duty and bias selection bits

L1y Lig Duty { Bias
3] 0 Not available
0 1 1/2 172
1 0 1/3 1/3
1 1 1/4 1/3

LCD ON/OFF bit
0 | OFF
1 |ON
LCD power supply dividing resistor control bit
0 | Connecting internal dividing resistor to LCD power circuit
1 Disconnecting internat dividing resisor from LCD power circuit
(Bit 3) (Bit 0)
L2 12, ‘ L2, I L2, J LCD control register L2 (Note 2)

(at reset : 0000,, at power down : state retained, W)

SEG2a/P3p/INT2/ Ao pin function switch bit

0 | SEGz
1 P3o/INT/ Ao

SEG;5/P3,/An pin function switch bit

0 | SEGgs
1 P31/Aw1

SEG2a/P33/Ains, SEG24/P32/Amz pin function switch bit
0 | SEGus SEGa.
1| P3s/Ama, P32/ A

SEG;o/Pd3/ Ay —SEGz2/Pdy/ As pin function switch bit
0 | SEGp—SEG,:
1 Pdy/Anr— Pdo/Aina

LCD controf register L3

{at reset : 0s, at power down ! state retained, W)

SEG17/Vict, SEGa/Vic2 pin function switch bit
0 | SEG;7, SEGys

1 ! Viei Vie:

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

2. After setting the register L2, select Ao~ Ay With register Q1.

Fig. 40 LCD control registers
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(3) LCD RAM the display pixel corresponding to the bit is displayed
The RAM contains areas corresponding to the liquid automatically.
crystal display. When “1” is written to this LCD RAM,
[ =z 1
X 8 T | 8 T
Y Bt 3 : | [ 3 1 ° 3 | 2 | 1 0 |
8 SEGo | SEGy | SEG | SEGo | SEGy | SEGs | SEGs | SEGs | SEGs | SEGy | SEGy | SEGe
9 SEG | SEG: | SEG, | SEG: | SEGy | SEGe | SEG, | SEGo | SEGy | SEGy | SEGy | SEGy
10 SEG; | SEG, | SEG; | SEG, | SEGy | SEGyq | SEGyy | SEGy | SEGy | SEGys | SEGu | SEG
11 | SEGy | SEG, | SEG, | SEG, | SEGy | SEGy | SEGy | SEGy | SEGw | SEGy | SEGre | SEGy |
12 SEG, | SEG, | SEG, | SEG, | SEGy | SEG(, | SEGy | SEGr | SEG | SEG | SEGx | SEGy
[ 13 [ sEGy | SEG | SEGs | SEG; | SEGy | SEGy | SEGy | SEGy | SEGy | SEG | SEGy | SEGy |
14 SEGg | SEGs | SEGe | SEGs | SEGu | SEGy | SEG, | SEGy | SEGy | SEGm | SEGy | SEGy
15 | SEG; | SEG, | SEG; | SEG, _»_S‘Eag!ij[_see,ﬁ SEGys | SEGys ssenj[‘sscn SEGy | SEGa
COM__ | COMs | COM; | COM: | COM, | COM; | GOM, | COM; | COMs; | COMs | GOM, | COM, | GOM,
_____ 7T T
E 9
|y Bit] 3 2 T 1 o
| s SEGys | SEG2e | SEGy4 | SEGoa
9 SEGys | SEGas | SEGys | SEGes
| 10 | SEGye | SEGzs | SEGos | SEGys
11 ]
12 |
———-1‘3'~r ~~~~~~ I I e N —
- .
N
COM | COM; | COM,
Fig. 41 LCD RAM map
(4) LCD control register = LCD control register (L3)

« LCD control register {L1)

Register L1 controls the combinations of duty and bias,
L.CD on/off, and internal dividing resistor connection.
Set the contents of this register with the TL1A in-
struction through register A. The TAL1 instruction can
also be used 1o transier the contents of register L1 to

register A.
+ LCD controt register {L.2)

Register L2 contrels pins SEG9—SEGye function. Af-
ter set this register, select analog input Ay by regis-
ter Q1. Set the contents of this register with the TL2A

instruction through register A.

Register L3 controls pins SEG7/V g1 and Dyg/Vice

function. Set the contents of this register with the
TL3A instruction through register A.
LCD drive waveform
Fig. 42 shows the drive waveform example for each
display method. When “1” is written in the LCD RAM

data, the voltage difference between the correspond-

ing common pin and segment pin becomes
and the display pixel at the cross section turns on.

When returning from reset and being the power down 2
state, display pixel turns off because every segment

H 3
{ Vigs |

output pin and common output pin becomes V q; level.

MITSUBISHI
ELECTRIC
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M(Z, X, Y)=(1,8,8)

M(2, X, Y)=(1,8,8)

1/2 duty, 1/2 bias : When writing (XX10), to address M(Z, X, Y)=(1, 8, 8) in RAM

1 frame(2/F)

1/F

Voltage level

=Vice

coM, COM,
SEGy SEGqs
! ON T OFF '

1/3 duty, 1/3 bias | When writing (X101}, to address M(Z, X, Y)=(1, 8, 8) in RAM

1 frame(3/F)

Voitage tevel

1/4 duty, 1/3 bias . When writing (1010), to address M(Z, X, Y)={(1

M(Z, X, Y)=(1, 8, 8)

,8,8) in RAM

1 frame{4/F)

|
1
l Voitage fevel

F 1 LCD clock frequency

COM, | COM, | COM, | COM,
SEGis | SEGus | SEGi | SEGis
ON | OFF =~ ON ' OFF

X : Set an arbitrary valua. (These bits are not related to drive waveform setling at each duty.)

Fig. 42 Drive wave example
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(6) LCD power supply

The 4520 Group has the built-in LCD dividing resistor
that can be disconnected with software. Select whether
to connect this internal dividing resistor or not, and
select the LCD power supply circuit appropriate for the
LCD panel being used according to the combination of
3 items in the following Table 12. LCD power supply
control.

Table 12 LCD power supply control

Control item GControl Bit
L1
Connect/disconnect internal dividing _3
. Connecting ‘ o]
resistor to/from LCD power supply.
. Disconnecting ‘ 1]
Connect/disconnect pins SEG7/Vigr | L3 |
and SEG.e/V ;e to/from LCD power | Disconnecting | 0
_S_UPD|Y~ Connecting | 1
L1,
Use 1/2 or 1/3 bias. 1/2 bias 0 |
1/3 bias 1

+ When connecting the internal dividing resistor and
disconnecting pins SEG;/V ¢ and SEGa/V.c2
[L13=0, L3,=0]
in this case, 0 to V g3 (V) voltage is applied to the
LCD panel. Apply voltage between 2.2V and Vgp to
the V ¢z pin. {circuit example a)

* When connecting the internal dividing resistor and
connecting pins SEG7/V g1 and SEGs/V c2
[L15=0, L3¢=1]
In this case, internally generated divided voitage is
output from pins SEG,;/V ¢y and SEGqg/Vic2. Accor-
dingly, the impedance of the |.CD power can be re-
duced by externally connecting a capacitor to the
pins SEG;7/V ¢y and SEGis/V co. Apply voltage be-
tween 2.2V and Vpp to the V 3 pin.
(1/3 bias : circuit example b, 1/2 bias : circuit exam-
ple c)
* When disconnecting the internal dividing resistor and
connecting pins SEG7/V ¢y and SEGs/V c2
[L13=1, L30==1]
This is the external power input mode. Apply the fol-
lowing voltage to each LCD power supply input pins.
When using 1/3 bias : {2.2V<V, 3<Vpp)

2 1
Vice=73 Vica Vici=7 Vics
When using 1/2 bias : (2.2V<V,c3<Vpp)
1
Vice=Vic1=7% Vics

(1/3 bias : circuit example d, 1/2 bias . circuit exam-
ple e)

M34520 M34520

(a) ()

(¢)

Vics

E M34520

Vies Vics

Vica ———l Viez

Vies —-__j Vier ;

Fig. 43 LCD power circuit example

2l Ty
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() (e)
Change the rasistors in this figure
M34520 M34520 according to the specification {such
as driving voltage) of the LCD
panel being used.
Vics Vica
100k 0 150K
Vica Viez
100k
v
V|_(;1 LCt
100k O 150k Q)
Fig. 44 LCD power circult example (continued)
{7) LCD display method
The connection example in Fig. 45 shows the display (Bit 3) (Bit Q)
method, how to set the LCD control register, and the I o Oi 1 L1 J Register L1
drive waveform when displaying the character “9”.
1. Select the duty and bias combinations with bits 0 1/4 duty, 1/3 bias
and 1 of the register L1. L LCD off
2. Set the internal resistor with bit 3 of the register L1, Using internal dividing resistor
and register L.3. (Bit 0)
3. Switch pins SEG/P3¢/INT/Ang and SEGos/P3,/As - )
to segment output ports with bits 0 and 1 of the reg- Register L3
ister L2. Disconnecting pins Vi ¢y and
4, Write (1011), and (0111);, to addresses M (Z, X, Y) Vice from LCD power supply
=(1,9,9) and M (Z, X, Y)=={(1, 9, 10) in RAM as (Bit3) (8t 0)
shown in Fig. 47,' . ) . l 1 l 1 l 0 | 0 ]Register L2
5. Character “9" is displayed by setting bit 2 of the
register L1 to “1”. - SEGag selected
—SEG,s selected

: Fig. 46 Setting registers (before LCD on)

(Bit 3) (Bit 0)

Fig. 45 LCD connection example
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P O———— o1 1] 1Mz xY)=(1910)
D H  SEG
2 1ifol 1| mizxv=01909

(Bit 3) (Bit 0)
""""""""""""""""""""""""""""""""""""""""" ==+ Vics
Gom, T T I | IR | | I | e
___________ I

SEGs

Fig. 47 Display pattern example and drive waveform example
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A-D CONVERSION CIRCUIT Table 13 A-D conversion circuit function
The 4520 Group has a built-in A-D conversion circuit that Parameter Characteristics
performs conversion by 8-bit successive comparison Conversion format Successive comparison method
method. Table 13 shows the characteristics of this A-D con- [ Resolution 8 bits
version circuit. | Absolute accuracy +2188
Conversion speed 25.5us (at AMHz system clock frequency)
Analog input pin 8 (selecting from Ang— Ainz)

r Register A(4) J

1AP3 TAHA
1AP4 MR, TALA

0

TQA

Q1z, Q14, Qg

P3o/INTo/Ang (—q—- 2%

Pay/Am O——+20

A-D control ciﬁl——’l ADF |—= A-D interrupt

P3a/ Az Q—l—,ﬁo A Successive comparison
C i on o register

Pas/Ama Comparator (A-D register)

Pao/Ane O—4—1%0 HA) LAA)

P4, /A O——‘,—»—‘Q‘—O

Pas/ame O—4—100

Pdy/ A O—L—"&O I Switch tree l

r———«‘ Ladder resistor

AVSS VF’(EF

Fig. 48 A-D conversion circult structure
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(Bit 2) (Bit 0)
[ o [ ot | an |

A-D controi registerQ1

(at reset : 000,, at power down : state retained, R/W)

Analog input pin selection bits
Qi, Q1 Ql, Selective pin B

0 0 Aino

0 0 1 At |
"] 1 0 Az )

0 1 1 Az ]
1 0 ] Aing

1 0 1 Ans

1 1 0 Ains

1 1 1 A B o

Notes 1. “R” represents read enabled, and “W" represents write enabled.
2. After executing the TAQ1 instruction, “0” is stored in the bit 3 of register A.

Fig. 49 A-D control register

ELECTRIC

(1) Successive comparison register (HA, LA) (2) A-D conversion completion flag (ADF)

Successive comparison register consists of register HA The ADF flag is set to “1” when A-D conversion com-
and reglister LA. Register HA and register LA are 4-bit pletes. The state of this flag can be examined with the
registers. The high-order 4 bits of the 8-bit digital data skip instruction (SNZAD). Use the interrupt control regis-
which is the A-D conversion result of analog input is ter (V2) to select the interrupt or the skip instruction.
stored in register HA, and the low-order 4 bits are The ADF flag is cleared to “0” when the interrupt
stored in register LA. The contents of these registers occurs or when the next instruction is skipped with the
can be transferred to register A with the TAHA instruc- skip instruction.
tion and TALA instruction, respectively. However, do (3) A-D conversion start instruction (ADST instruction)
not execute these instructions during A-D conversion. A-D conversion starts when the ADST instruction is ex-
When the contents of successive approximation regis- ecuted. However, be sure to execute the SNZAD in-
ter is n, the logic value of the reference voltage Vger struction and clear the ADF flag to “0”, and then ex-
and comparison voltage Vref can be obtained by the ecute A-D conversion with the ADST instruction. The
following formuia. conversion result is automatically stored in the succes-
————Logic value of comparison voltage Vref —— sive approximation register.
* When n=0, Vref=0 (4) A-D control register (Q1)
* When n=1to 255 Register Q1 is used to select one of the 8 analog input

Veer pins. After set the pin function with the LCD control

vref==~2357><(n—0.5) register (L2), select the analog input with this register.
n . The value of A-D register
{Decimal expression)
MITSUBISHI 3—229
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(5)

Operating description

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

@ When A-D conversion starts, the successive com-
parison register is cleared to “00,¢".

Next, the topmost bit of the successive comparison
register is set to “1”, and the comparision voltage
Vref is compared with the analog input voltage V.
When the comparison result is Vref < Vy, the top-
most bit of the successive comparison register re-

@

®

mains set to “17. When Vref > Vi, it is cleared to

“0".
The M34520 repeats this operation to the lowermost bit
of the successive comparison register to convert an
analog value to a digital value. A-D conversion stops
after 102 clock cycles (25545 when f{X\) = 4MHz)
from the start and the conversicn result is stored in the
successive comparison register. An A-D interrupt acti-
vated condition is satistied and the A-D interrupt re-
quest flag (ADF) is set to “1” as soon as A-D conver-
sion completes.

Table 14 Change of successive comparison register during A-D conversion

Change of successive comparison register Comparison voltage (Vref) value L
; ; - v v 1 |
At starting conversion \ 0iojo 0 ‘ 0 i 0 0 i J 0
| 1 T T HE | v v,
+ : i | ! : i Vaer _ Vaer
First comparison : { tjojo. o ] 0jojoio, 172 512
. ™ o 1 Ty | | Veee , Veer _ Vaer
Second comparison [_*,‘ |1 N 0o 17'0 P 0 ‘ 0 | Ty T
. : Teo | 1 1 : ‘ Ty T g Veer . Veer 4 Veer  Veer
Third comparison I *1 L *2 | 1 | 0| 0 | 0 | 0 ._9'4 2ty + 8 512
. . A-D conversion result;_ - i ) B
After eighth comparison .

‘ I ] %7 | :
completes 3 [xi [wa w3 waf o5 ] 6] 7] %8| |
*1 ! First comparison result * 2 ! Second comparison result
* 3 Third comparison result * 4 [ Fourth comparison result
*5 . Fitth comparison result *6 . Sixth comparison result
*7 . Seventh comparison result * 8 . Eighth comparison resuit
3-2% )‘msws-u
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(6) A-D converter equivalent connection diagram

Fig. 50 shows the A-D converter equivalent connection
diagram. Fig. 51 shows the A-D conversion timing dia-

gram.
Voo Vss
l |
about 1000

Ao (O /\/\/\, T~ S
At O /\A/\,— o o

Voo AVss
Anz () ——/\/\/\r oo Sampie clack

I i

s O—— AN o Yo

Cc
Ams O\~ o
Ans O ANy——
Ane O——ANy——f—o— I |

11
Anr O /VW oo

Chopper amp. :7
A-D control register Q1
Reference clock
v vret
REF _—'I\
< . .
= built-in DAC > A-D interrupt
AVSS _j

l

.

Successive comparison register (Register HA and register LA)

Fig. 50 A-D converter equivalent connection

A-D conversion
start instruction __{—l

¥ |

A-D interrupt
request flag

34 machine cycles

Sample clock l

Fig. 51 A-D conversion timing chart

A
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(7) How to use A-D conversion
How to use A-D conversion is explained u;ing as ex- Bit3 Bit0
ample in which the analog input from the SEG.,e/ P3y/
INT,/ Ao pin is A-D converted and the high-order 4 [x [ x [ x| 1 |regstercz
bits of the converted data are stored in address M (0, Po/INT o/ Ao
0, 0) in RAM and the low-order 4-bits are stored in function selected
address M (0, 0, 1). The A-D interrupt is not used in
this example. Bit 2 Bit 0
@ Select the P3y/INT/Ajno function with the bit 0 of “nn Register Q1

LCD control register {(L2) and then select the Ay -

pin with the A-D control register (Q1) (refer to Fig.

52).

Execute the SNZAD instruction and clear the ADF

flag to “0". Fig. 52 Register setting example

Execute the ADST instruction and start A-D con-

version.

Examine the state of the ADF flag with the SNZAD

instruction to determine the end of A-D conversion.

Transfer the high-order 4 bits of the converted

data to M (0, 0, 0) from register HA through regis-

ter A {TAHA instruction).

Similarly, transfer the low-order 4 bits of the con-

verted data to M {0, 0, 1) from register LA through

register A (TALA instruction).

Ao pin selected

®

@ & @
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RESET EUNCTION

System reset is performed by applying “L” level to the
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 the RESET pin, the prog-
ram starts from address 0 in page 0.

f(x.,,)'H!HHH ................

' ' 1 clock cycle

RESET I

10746 to 10751 clock cycles

'
'
)
1
v
i
T
'
'
'
'

———== Program stants
(address 0 in page 0)

'
'
'
'
'
i
¢
‘
'
'
'
'
'
'
1
1
'
'
'
v

The number of clock cycies depends on the internal state of
the microcomputer when reset is performed.

'
1
t
v
'
1
1
'
1

Fig. 53 Reset release timing

Reset input

]
1 machine cycle 10746 to 10751

or more L clock cycles
0.85Vpp |---mrmn - o mmee o i _ Program starts
PSS — —
RESET (address 0 in
: page 0}
L R o
(Note)

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

Fig. 54 RESET pin input waveform and reset operation

PR
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{1) Power-on reset a capacitor to the RESET pin. Connect the RESET pin
Reset can be performed automaticailly at power on and the external circuit at the shortest distance.
{power-on reset) by connecting resistors, a diode, and

0
Voo ——
M34520
Q— RESET pin voltage

Reset state
Internal resst signal

RESET pin
- Watchdog timer output Internal reset signal

W4, |

power-on Reset release

K ----- This symbol represents a parasitic diode.

Fig. 55 Power-on reset circuit exampie

(2} Internal state at reset The contents of timers, registers, flags and RAM ex-
Table 15 shows port state at reset, and Fig. 56 and Fig. cept shown in Fig. 56 and 57 are undefined, so set the
57 show internal state at reset (they are the same after initial value to them.

reset is released).

Table 15 Port state at reset state

Name 1 AFunclion at reset _ State at reset

ey “’ " Toe-0s o ‘

De/CNTR,, D1/CNTR;, | |

Dg/INTo/ZEROX, |

De/Scw/RTP;, Ds—Cro High impedance (Note)

D10/ Sour/RTP/PWM

POy~ PO, POy~ PO, . i
| P1e—P1, o . Pleg—Pl, L o - ]
P29/Siy. P24/INT4 _ - P2, P2 —— High impedance

P2, P25 P2 P2y e —_—
SEGe—SEGw _ | BEGy—SEGys —_—

| SEG1;/Vior. SEGm/Vics SEGy7, SEG1s B

SEG19/Pda/Aner— SEGro— SEGas

SEGz/Po/Aine 4 Vi ¢3 Level

SEGzs/P3y/Ang~ SEGz—SEGes

SEGos/P31/Amis

SEGe/P3g/INT2/ Ao SEGz —

COMo—COM; COMy—COMs ‘

Note . Output latch is set to “1”.

S T



MITSUBISHI MICROCOMPUTERS

4520 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

. prw{am counter (pc) B LI TP R R P PSSR PRPP PR

Address 0 in page 0 is set.
* [nterrupt enabie flag (INTE) - rserrrmrsrormrs et
= Power down flag {P)
» External 0 interrupt request flag (EXFO0)
« External 1 intetrupt request flag (EXF1)

* Zero cross input "ag (ZCF) ...................................................................

» Noise canceller "ag (NCF) ........................................ e ieeiriee e

* Interrupt contrel register (V1) (Interrupt disabled)

* Interrupt control register (V2) (Interrupt disabled)
* Interrupt control register (11}
» Interrupt control register (12)

« Interrupt control register (13) j (interrupt disabled)

» Clock controi register (MR)-

* Timer 1 in‘en’\.IDt reques‘ ﬂag (T“F) ....................................................... [——0_1
« Timer 2 interrupt request flag (T2F) - wssersriossarees s E]
« Timer 3 interrupt raquest flag (T3F) <+ e wsrrresrevsmerss oo @
« Timer 4 IMermupt raquest flag (TAF) - re e E

» Watchdog timer flag ( WDF)
* Timer control register (W1}
« Timer control register (W2)
» Timer control register (W3}

« Timer controt register (W4)

» Timer controf register {W5)

; LGher (TP« eseeronererseeeancrmnnanscanes e riecresenenansn Mg 1
« Real time output register (RTP) (00
« Serial 1/0 transmission/reception. completion flag (SIOF) »-rrvvrrmeeirnns {—o

« Serial i/0 mode register (J1)
« Serial I/0 mode register (J2)
o Serial 1/0 register {H) - oo ¢ X |

o Serial 1/0 register (L) - sesrma ittt | B

+ LCD control register (L1)-+ s e

» LCD control register [ L LIS CEI PRI PYRTI

OIEI(E_ :l_L (Segment driver selected)

« LCD control register (L3) ...................................................................... | 0]

“X" represents undefined.

Note. Since timers, registers, flags, and the contents of RAM cother than the above are undefined, set the initial value after returning.

Fig. 56

Internal state at reset

ELECTRIC
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« A-D conversion completion flag (ADF)

» A-D controt ngiS‘Sr (01) ....................................................... Eo 0 ‘6_2 (PO" P30 selected)
* Successive comparison register (HA) e T"x ; X | X-ji

« Successive comparison register (LA) -« [;( X | X | X :
+ Key-on wakeup control register (KQ): - wmemmi e 0 :—Q:[O 0 ]
* Puil-up control register (PUQ) - oo { sj0j0 MO?

. Ca"y ﬂag (CY) .................................................................................... ]jj
* Register A

* Register B

» Stack pointer (SP) ................................................................ [J,_EJ LA “X" represents undefined.

Note. Since timers, registers, flags, and the contents of RAM other than the above are undefined, set the initial value after returning.

Fig. 57 Internal state at reset (continued)
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POWER DOWN FUNCTION
The 4520 Group has two power down functions.
« Power down 1 (clock operating mode)
.................................................. pOF inSﬂUC“Oﬂ
» Power down 2 (RAM back-up mode)
................................................... POF2 instruction

Note : Be sure to disabie interrupts by executing the DI in-
struction before the POF (power down 1) or POF2
(power down 2) instruction is executed.

Power down is performed by executing each instruction.
The start condition is different between these power downs
and normal reset.
* Return from power-down state
............................................ Warm Staﬂ Cond't'on

............................................... CO'd start condition
{1) Power down 1 (clock operating mode)
The following functions and states are retained at a
power down with the POF instruction.
* RAM
* Reset circuit
» Xcin-Xcour osciflation
« L.CD display
» Timer 3, timer 4
(2) Power down 2 (RAM back-up mode)
The following functions and states are retained at a
power down with the POF2 instruction.
* RAM
* Reset circuit
Unlike power down 1, all oscillations stop with power
down 2.
(3} Warm start condition
The system returns from the power-down state when :
« external wakeup signal is input, or
« timer 4 interrupt request flag is set
in power down 1 state, or when :
+ external wakeup signal is input
in power down 2 state. In either case, the CPU starts
executing the program from address 0 in page 0 af-
ter returning. In this case, the P flag is set to “1”,
(4) Cold start condition
The CPU starts executing the program from address
0 in page 0 when :
» reset pulse is input, or
* reset by watchdog timer.
in this case, the P flag is cleared to “0".

Table 16 Functions and states retained at power down

Function - Power down __ |
i ‘Mode 1 | Mode 2
Program counter (PC) 7 \
Registers A, B |
Carry flag (CY) x ‘ x
Stack pointer {SP){Note 2) |
‘é(;;;ents of RAM O (@)
[Porttever - o o
Clock control regi;’;;r (MR} O O
WTiﬁn;;v control register (W1} X vX
:rimer control registers (W2 to W5) VB_»VH“AB ﬂﬂﬂﬂﬂ
V_Igr:;;!ﬂt;ntrol re;I;t;': (V1, V2)7 X X
interrupt control registe;s_a;;é) @ O
wLCD display function O (Note 3)
LCD controt registers (L1 to L3) g O O
Timer LC ; WCS (Note 4)
Timer 1 function +rﬁ>‘(~ ~~»—:<*v
Timer 2 functién 7 - M 7k;;7e~7)7‘ —(Nzotierz’
_T|m9r 3 tunction ) I (@] {Note 4)
[ timer 4 function O | (Note 4)
;\-D function “:(ﬁv‘fu*; -------
Serial /O function x 00X
Serial 1/0 mode registers (J1, J2)r O O
A-D control register {Q1) @] O
';’ull-up control register (PUO) : O O
ﬁKey‘on wakeup control register (K0) : O ’ M(EDWM
"Real time output register (RTP) O B O
External O interrupt request flag (EXFO; X T X
External 1 interrupt request flag (EXF1) x x
Noise canceller flag LNCI:; x B x
“Zero cross input flag (ZWC?F) i X X
Timer 1 interrupt request flag (T1F) X X
vTﬁl:nMeA;Z interrupt request flag (T2F) (Note 4) = (Note 4)
Timer 3 interrupt request f|aéﬂ~(‘€Fr) O : (No;;:-)—
Timer 4 interrupt request flag (T4grv O (Note 4)
NWatchdog timer flag (WDF) O (Note 5)
A-D conversion completion flag (ADF) X x
Serid YO tr;‘;n;mwmpum campletion flag (SIOF | x ;wm
Interrupt enable flag (INTE) ‘ X I x

Notes 1. “O” represents that the function can be retained, and

“X" represents that the function is initialized.
Registers and flags other than the above are undefined
at power down, and set an initial value after returning.

2. The stack pointer (SP) points the level of stack regis-
ter and is initialized to “7” at power down.

3. The LCD is turned off.

4. The state of the timer is undefined.

5. Stop the watchdog timer with software, and then ex-
ecute the POF2 instruction.

S e
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(5) Identification of the start condition
The start condition {warm start or cold start) can be
identified by examining the state of P flag with the
SNZP instruction. The warm start condition (timer 4 or
external wakeup signal) can be identified by examin-
ing the state of the T4F flag.

Power down flag P

POF instruction
or —>-—8 of—

POF2 instruction

Reset input —> —{R

» Set source--+- POF or POF2 instruction execution

* Reset source:--Reset input

Fig. 58 Set source and reset source of P flag

Program starts

Cold start

Returning by

Returning by external
timer 4 underflow wakeup signat

Fig. 59 Start condition identification example with the
SNZP instruction

(8)

State transition

State transition is described using Fig. 60.

@ Cold start (Return from the reset state)
The state is A after a cold start from the reset
state. In state A, bit 0 (MR,) and bit 1 (MR,) of
the clock control register are both “0”, and H{X.x) Is
selected as the system clock.

@ Transition from state A to low-speed mode state C
via state B
First set MR, to “1” (state B) to switch the system
clock, and then set MR, to “1” (state C) to stop
f(Xin) osciltation.
However, after a cold start, do not use f(Xcw) as
system clock and count source until f(Xgw) oscilla-
tion sufficiently stabilizes {same as when returning
from state E to state A).

@ Transition from state D {(power down 1) or state E
(power down 2)
The power down 1 (state D) or power down 2
(state E) state can be entered from state A, B, or
C with the POF or POF2 instruction. When return-
ing, the state returns to the state before executing
the POF or POF2 instruction, but stabilizing time is
generated automatically according to the state as
shown in the Fig. 60 because the oscillation stabi-
lizing time depends on the state of f{Xn) or f
(ch).

@ Transition from state C to state A
First clear MR to “0" to go to state B, generate
sufficient time for {(X,,) oscillation to stabilize with
software, and then clear MR; to “0” to go to state
A. Also generate sufficient time for f(Xy) oscilla-
tion to stabilize with software, and then clear MR,
to “0” to go to state A from state B after the transi-
tion to state D from state B with the POF instruc-
tion (State transition | B—+D—B~+A).

3—238
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D A E
POF execution f(X) oscillating POF2 execution
f(Xem) oscillating
Power down 1 Return input 1, 2 Svst lock © 1(Xy) Return input 1
— stemn clock :
(Clock operating mode) | (Stabilizing time @) i © N (Stabilizing time @)
Power down 2
MR=(X00) (RAM back-up mode)
[ L)
£ o |£
| O o
£ =3
o
3 3
B
f(Xn) stop POF execution (Xs) oscillating POF2 execution f(Xu) stop
{Xem) osciflating f(Xei) oscillating H{Xom) stop
Syst ock Return input 1, 2 s tock * f(Xe) Return input 1
ysterm clock { stop ystem clock - —
(Note) o (Stabilizing time ®)
MR={X01)
i 7
« '3
=2
C
POF execution (X)) stop POF2 execution
f(Xcw) osciflating
Return input 1, 2 Return input 1
System clock . 1(Xein)
(Note) (Stabilizing time ®)
MR=(X11)

Stabilizing time (& : Microcomputer starts its operation after counting the (X clock signal 10746 to 10751 times with hardware to stabilize the
1(X,y) oscillation.

Stabilizing time ® : Microcomputer starts its operation after counting the f(Xciw) clock signal 10746 to 10751 times with hardware to stabilize the
f{Xcne) osciltation.

Stabilizing time © : Generate an interval required to stabilize the f(X,y) oscillation in state B with software at the transition C—=B—A or D—~B—A.

Stabilizing time @ . Generate an intervai required to stabilize the f(Xcw) oscillation in state A with software since the f{Xcin) oscillation may
be unstable immediately after cold starting or the return from power down 2.

Return input 1 : External wakeup signat (POy—P03, P1,—P1,, INT,)

Return input 2 : Timer 4 interrupt request flag

X © Not used (this bit has no function)

Note : The microcomputer starts its operation after counting f(Xcy) 42 to 48 times. (automatic generating)

Fig. 60 State transition diagram
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(7} Return signal wakeup functions. Set the contents of this register
An external wakeup signal or timer 4 interrupt request through register A with the TKOA instruction. In addi-
fltag is used to return from power down 1. External tion, the TAKO instruction can be used to transfer the
wakeup signal is used to return from power down 2 be- contents of register KO to register A.
cause the oscillation is stopped. Table 17 shows the * Pull-up control register (PUO}
return condition for each return source. Register PUO is used to control the ON/OFF of the

(8] Ports PO, P1 control register ports PO and P1 pull-up transistors. Set the contents
» Key-on wakeup control register {K0) of this register through register A with the TPUOA in-

Register KO controls the ports PO and P1 key-on struction.

Table 17 Return source and return condition

Return Source'_;__{» Return Condition E - Remarks
= ‘ oy
=4 Set fi rt i t - i i is-
5 Return by an external falling edge et the p? “usmg he key orAl w.'?keup function selected with regis
g Ports PO, Pt input (“H —"L") ter KO to “H" level before going into power down state because the
2 ’ talling edge detection circuit is also used as ports PO and P1.
X
- — -
.; Return by an external “H" level or | Select the return ievel (“L” level or “H” level) with bit 2 of the inter-
g Port Da/INT, ; “L” level input. rupt control register (11) before going into the power down state
5 The EXFO fiag is not set. according to the external state.
Altlowed only when returning from power down 1 (executing the
Timer 4 interrupt Return when the timer 4 undertiows | POF instruction). However, when the POF or POF2 instruction is ex-
request flag , and the T4F flag is setto "1". ecuted with T4F=*1", return condition is recognized and return is
performed.

Note | When the POF or POF2 instruction is executed with T4F=1, return condition is recognized and return is immediately performed after going into
power down state.

RR:
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(Bit 3) (Bit0)
‘ KOs [ KO, ! KO ‘ KOq 4‘ Key-on wakeup control register KO
E (at reset : 0000,, at power down . state retained, R/W)
| Pins PO, and PQ, key-on wakeup control bit
; Q Key-on wakeup not used
1 Key-on wakeup used
| \ Pins PO, and PO, key-on wakeup control bit
‘ Q [ Key-on wakeup not used T
1 I Key-on wakeup used
i Pins P1, and P1, key-on wakeup control bit
[} Key-on wakeup not used ]
1 Key-on wakeup used
Pins P1, and P1; key-on wakeup controf bit
g Key-on wakeup not used
1 Key-on wakeup used
(Bit 3) (Bit 0)
[ PUG, [ PUO, PUO, PUG, ] Pull-up control register PUO

(at reset : D000, at power down : state retained, W)

Pins P0y and PO, pull-up transistor control bit

] } Puli-up transistor OFF

1 1 Puli-up transistor ON

Pins PQ, and PO, pult-up transistor control bit

¢ Pull-up transistor QFF

1 Pull-up transistor ON

Pins P1, and P1, puli-up transistor control bit

0 | Puli-up transistor OFF

1 Puil-up transistor ON

Pins P1, and P1; pull-up transistor control bit

0 Puli-up transistor OFF

1 Pull-up transistor ON

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

Fig. 61 Ports PO and P1 control registers
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CLOCK CONTROL controlied with the clock control register (MR).
The clock control circuit consists of the following circuits. The (X)) clock is selected just after a cold start. The in-
* #(X;n) clock generating circuit struction clock can be switched to the f(Xen) clock with
* f(Xci) clock generating circuit the system clock selection bit (MR,). At a warm start, the
« Control circuit to stop the clock oscillation clock selected just before power down is used. The in-
* Control circuit to return from power down state struction clock is the signal divided by 3 of the selected
System clock selection and clock oscillation start/stop are clock (f(Xin)/3 or 1(Xow)/3).
MRy
Xy O r=--1
0SsC ———r%};— Internal clock
Xour O ] 5 ’ generating circuit Instruction clock
'w—i[c_)_’__i (frequency divided by 3)

_Counter
' ' | Wait time control circuit |——>Signa| for

Xom O] program start

0sC

Xeour O—————] [
MoQ————o RESET

POF instruction —R ~—- T4F flag

g i Ports PO, PO,
3 Muiti- T i Ports P0,, PO,

lexer — P
Detacting the fall ; plexer ‘_ pgg: ;P::O ';:'
POF2 instruction Ry —— L 2. P13

|
; i1,
| “L" tevel

“H" level

Note : Refer to Fig. 59 State transition diagram for time set by wait time controi circuit.

Flg. 62 Clock control circuit structure

(Bit 2) (Bit 0)
r MR, T mr, | wmR, | Clock control register MR

{at reset | 000,, at power down . state retained, R/W)

Syste clock selachon bit

0 | 1(Xw)
1 | {(Xem)

H{Xin) clock oscillation circuit control bit

0 ! Osciltation enabled
1
1 I

Oscitlation stop

b e Not used (this bit has no function, but read/write is enabled.)

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

2. Atter executing the TAMR instruction, “0” is stored in the bit 3 of register A.

Fig. 63 Registers related clock control

SR




MITSUBISHI MICROCOMPUTERS

4520 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

(1) f{Xiy) clock generating circuit

Clock oscillation (#(X)y)) is obtained by externally con-
necting a ceramic resonator. Connect this external cir-
cuit to pins X;y and Xgyur at the shortest distance. A
teedback resistor is built in between pins X,y and Xour.
When external clock signal is input, connect the clock
source to X,y and leave Xoyr open. When using an ex-
ternal clock, the maximum value of external clock
oscillation frequency is shown in Table 18.

Table 18 Maximum value of external clock oscillation
frequency

Misuppiy voitage Oscillation frequency (duty ratio)
4.5V to 5.5V 3.0MHz (40% to 60%)

2.2V to 6.5V 800kHz (30% to 70%)
Note . 2.5V 10 5.5V for One Time and EPROM version

(2) f(Xc) clock generating circuit

Clock oscillation (f (Xciy)) is obtained by externaily
connecting a quartz-crystal oscillator. Connect this ex-
ternal circuit to pins Xgiy and Xcoyr at the shortest dis-
tance. A feedback resistor is built-in between pins Xcinv
and Xcout-

Unlike the f{X,) clock generating circuit, external
clock signal cannot be used for this circuit.

ROM ordering method

Please submit the information described below when

ordering Mask ROM.

(1] M34520MBA-XXXSP/FP ROM Order Confirmation Form
or M34520MBA-XXXSP/FP ROM Order Confirmation

Form .................................................................... 1
2) Data to be written into mask ROM:«-«-ro-veeees EPROM
(three sets containing the identical data)
{3} Mark Specification Form -+ oo 1

M34520 Note : Use a damping resistor Rd

suitable for the oscillation
frequency.

(Built-in feedback resistor)
Use the resonator

Rd manufacturer's recommended
value because constants such
as capacitance depend on the
resonator.

Xin Xour

-y

Cw ==
7T l

Cour

Fig. 64 Ceramic resonator external circuit

M34520

Xin Xour & l I | I | |
1 o

;
|

i
External oscillation circuit

Fig. 65 External clock input clrcuit

M34520
Note © Use a damping resistor Rd

suitable for the oscillation
frequency.

{ Built-in feedback resistor)
Use the oscillator
manufacturer's recommended
value because constants such
as capacitance depend on the
oscillator.

xCIN xCOUY

Rg
—] []

Cpy —

—— Cour
7T J;

Fig. 66 Quartz-crystal oscillator external circuit

KR
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LIST OF PRECAUTIONS

)

Noise and latch-up prevention

Connect a capacitor (approx. 0.1xF) between pins Vpp
and Vgg at the shortest distance using the thickest wire
and equalizing its width and length to prevent noise
and latch-up.

in the built-in PROM versions, P2; pin is also used as
Ve pin. Accordingly, when using this pin, use this pin
through a resistor about 5k () in series at the shortest
distance. When not using the P2; pin of M34520ES,
connect to Vgg through a 5k 0 resistor at the shortest
distance.

The Vpe pin functions as the power supply input pin for
the internal EPROM, and the impedance is lowered to
enable current for writing to flow when writing a pro-
gram to the EPROM. Accordingly, unless it is con-
nected as shown in Fig. 67, noise may be collected
into the internal EPROM from the Vpp pin and this may
cause program run-away because instruction or data
from the EPROM cannot be read correctly.

The location of the bypass capacitor is significant in
guarding against the strong noise from the Vgg and Vpp
lines. As shown in Fig. 68, after connecting the bypass
capacitor to Vpp and Vsg lines, connect at equal dis-
tance to the pins Vgg and Vpp of the microcomputer.

M34520E8-XXXFP

about 5k {}

P23/Vpp '——/\/\/\/"—

Fig 67 Wiring example when using P25/Vee pin

Chip

VD()

il

Fig. 68 Noise prevention for Vpp and Vg lines

(2)

(3)

(4

This will significantly reduce the effect of noise.
Prescaler

Stop the prescaler to change its frequency dividing
ratio.

Timer 1,2, 3, 4

Stop timer 1, 2, 3, or 4 counting to change its count
source, as well as to execute the TAB1, TAB2, or TAB4
instruction for reading the data (from timer 1, 2, or 4)
When timer 4 write instruction (T4ABD) is executed,
count value of timer 4 is invalid. Do not execute the
timer 4 write instruction (T4ABD) just before or after
timer 4 underfiow signal occurs.

Fully stabilize the (X)) oscillation so as to select it
as a timer 3 count source.

Notes on unused pins

When the P0y — P0; and P1,— P1; are connected to
Vs, turn off their pull-up transistors with software (PUO;
=*“0"), and also invalidate key-on wakeup functions
(Koj="0").

If the key-on wakeup functions are left valid, the sys-
tem fails to return from power down. When these pins
are disconnected, turn on their pull-up transistors
(register PUOj="1") with software. Be sure to invali-
date the key-on wakeup functions and the puil-up func-
tions with every two bits. If only one of the two bits key-
on wakeup functions is used, turn on their puli-up tran-
sistors with software and also disconnect the other pin.
(i represents 0, 1, 2, or 3.)

Buiit-in PROM version precautions

The operating supply voltage of the built-in EPROM
version (M34520E8SS, M34520E8FS) and the One Time
PROM version { M34520E8-XXXSP/FP, M34520E8SP/FP)
is 2.5V to 5.5V.

The operating temperature range of the built-in
EPROM version is —20°C to 70C.

Built-in EPROM version is the microcomputer for pro-
gram development. Use this microcomputer only for
program development and prototype test.
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(8)

Notes on INT, pin

When the input edge polarity of the INT, pin is

changed with the bit 2 of the register 11 in a program,

be careful about the following notes.

¢ Clear the bit 0 of the register V1 to “0” before the in-
put edge polarity of the interrupt input pin INTy is
changed with the bit 2 of the register 11 (refer to Fig.
6D).

« Depending on the input state of the INT, pin, the ex-
ternal 0 interrupt request flag EXF0O may be set when
the input edge polarity is changed. Accordingly, set a
value to register |1, and execute the SNZO0 instruction
after executing at least one instruction (refer to Fig.
69@), and then clear the EXFQ flag.

LA 4 (XXX0,)

TVIA ; The SNZO instruction is vatid---------(@

LA 4

THA ; Change of the input polarity
................................................... @

NOP

SNZ0 ; The SNZO instruction is executed

NOP

Fig. 69 External O Interrupt program example

7

Notes on pins INT; and INT;

When the input edge polarity of pins INT, and INT, are

changed with the bit 2 of the register 12 in a program,

be careful about the following notes.

« Clear the bit 1 of the register V1 to “0” before the in-
put edge polarity of the interrupt input pins INT; and
INT, are changed with the bit 2 of the register 12
(refer to Fig. 703).

« Depending on the input state of pins INT; and INT,,
the external 1 interrupt request flag EXF1 may be set
when the input edge polarity is changed.
Accordingly, set a value to register 12, and execute
the SNZ1 instruction after executing at least one in-
struction (refer to Fig. 70@), and then clear the
EXF1 flag.

LA 8 ;(XX0X;)

TV1A : The SNZ1 instruction is valid:«--+ ©)]
LA 4

TI2A Change of the input polarity

NOP s @
SNZ1 . The SNZ1 instruction is executed
NOP

(8)

(10

Note on noise detection circuit

Be careful about the following note when using the noise

detection circuit without using the zero cross detection

function.

» Clear the bit 2(WS,) of timer control register (W5) to
“0" and fix the ZCF flag to reset state because the
noise canceller flag (NCF) is cleared to “0” when
the zero cross input flag (ZCF) is set to “1”.

Note on f(X,y) clock generating circuit

When using a ceramic resonator for f(X,y) clock, con-

nect this ceramic resonator external circuit to pins Xy

and Xyt at the shortest distance.

Note on f(Xcw) clock generating circuit

When using f(Xciw) clock, connect the quarts-crystal

oscillator external circuit to pins Xy and Xgoyr at the

shortest distance.

Unlike the f (X)) clock generating circuit, external

clock signal cannot be used for this circuit.

Note on A-D conversion

A-D conversion circuit is equipped with a capacitor

which is used to compare the analog voltage. Accor-

dingly, when the analog voltage is input from the circuit
with high-impedance and, charge/discharge noise is
generated and the sufficient A-D accuracy may not be
obtained. Theretore, reduce the impedance or, connect

a capacitor (0. 01xF to 14F) to analog input pins.

When the overvoltage applied to the A-D conversion

circuit may occur, connect an external circuit in order

to keep the voltage within the specifications as shown
the Fig. 72. In addition, test the application products
sufficiently.

M34520

Sensor circuit A

1
]

* Apply the voltage within the specifications to an analog input pin.
(i represents O to 7.)

Fig. 71 Analog input external circult example-1

about M34520

| 1k

A

Sensor circuit

I

(i represents 0 to 7.)

Fig. 72 Analog Input externat circuit example-2

Fig. 70 External 1, 2 interrupt program example

o My
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12

13

1)

Note on interrupt

Be sure to disable interrupts by executing the DI in-
struction before the POF (power down 1) or POF2
(power down 2) instruction is executed.

Note on program counter

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

Note on LCD

The 4520 Group has the LCD dividing resistor that can
be disconnected by software. Select whether to con-
nect this internal dividing resistor or not, the LCD pow-
er supply circuit appropriate for the LCD panel being
used, and test sufficiently.

3246 A
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LIST OF INSTRUCTION FUNCTION

|

uping] MRemMOnNc Function Grawieg| Mnemonic Function Gaupng| Mnemonic Function
TAB (A)—(B) XAMI | | (A)——{M(DP)) szBj | (Mj{(DP))~0?
| ! (X)—(X)EXOR(}) 8 =010 3
TBA | (B)~(A) 5 j=010 15 g
] ()= (¥ +1 &
TAY (AY—(Y) £ z
| 8 | TMAj | (M(DP))+(A)
LTYA | (V)—(A) =1 (X)+(X)EXOR(j)
g =010 15 c | SEAM | (A)=(M(DP))?
TEAB | (E,—Eq)«(B) z 28
' 2 5%
5 (Ez—Eq)+(A) g a5 |SEAN | (A)=n?
B i Eg However, n=0 to 15
£ | TABE | (B)~(E,~E) © !
8 (A)—(Eq—Eq)
-3, LAN (A)«n Ba (PC)+ag—ag
g TDA  (DRp—DRo}*=(Ar—Ag) However, n=0 to 15
o § |BLp. a! (PCu)—p
$ | TAD | (A;—Ag)—(DR,—DR0) TABP p| (SP)+(SP)+1 % (PC)~as—a0
5 (Ag)+0 (SK(SP))+(PC) re !
= ; (PGP £ |BLAD | (PCu)—p
TAZ | (A4, Ad)—(Z4. Z0) (PCL) (DR, ~DRqg, As—Ao) | & | (PC,)+(DRz—DRg, As—Aq)
(A3, Az)+-0 (B)+=(ROM(PC))7 1 4 @ "
(AY~(ROM(PC))3 w0 1
TAX (A)=(X) (PC)+(SK(SP))
(SP)«—(SP)—1 i
TASP | (Az—Ag)+—(SP,—5Pq) BMa | (SP)~(SP)+1
{(Ag)—0 AM | (A (AY+IM(DP)) | (8K(SP))—(PC)
] | (PC)—2
' § | aMC | (A)—(A)H(M(DPY)+(CY) (PC, ) —as—ap
g (CY)+Carry
LXY {X)—x, x=0 to 15 8 § |BML | (SPYe(SP)+1
.y (Y)~y, y=0to 15 2 An (A)e—(A)+n ?; ipa (SK(SP))—(PC)
- E However, n=0to 15 a (PCy)+p
s 3 9 (PG, )—ag—ao
¢ |tzz (2)+z,z=0t0 3 < LAND | (A)—(A)AND(M(DP)) E
3| ‘ Z | BMLA | (SPj—(SP)+1
; t INY (N =(¥)+1 "OR | (A)~{(A)OR(M(DP)) alp (SK(SP))—(PC)
< (PCu)+p
i DEY (¥)=(v)—1 sC {cY)—1 (PC, )+ (DR;—DRg, Ay—Ag)
i
z RC (CY}+~—0
: \
| TAM | | (A)~(M(DP)} szC | (CY)=0? -
‘ (X)—(X)EXOR{j) RT) (PC)+—(SK(SP))
5 f j=0to 16 CMA (A)+~(A) (SP)—(sP)~—1
@ |
§ XAM j | (A)=—(M(DP)) RAR | [*‘EY,}-« AsAZA A J § | RT | (PC)—(SK(SP))
3 (X)+—(X)EXOR)) i | | £ (8P)—(SP)—1
B j=0to 15 ) 2
g g |SB1 | (MI(DPY) g IRTS | (PC)+(SK(SP))
£ | XAMD jI {(A)=~—(M(DP)) K i=0to3 2 (sP)—(sP)—1
Z - ) g «
g (:2) t:j;exom 5 RB | FM}(DP))«—O
(¥)(¥)—1 @ =0to3

S Ty
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—
Groping| Mnemonic Function Grauping| Mnemonic Function Grawping| Mnemonic Function
DI (INTE)—0 TWSEA | (W5,—W5g)—(Ax—Ag) 1AP3 (A)—(P3)
e (INTE)—1 TAB1 | (B)«~(T1,—T1,) IAP4 | (A)+—(P4)
(A)—{T13~T1y) !
SNZO | (EXFO)=1? Co | (D)
| Atter skipping (EXFO)—0 I TIAB | (R1,—R1,)—(8)
! (T1,—T1,)—(8) c |RD (D(Y))+0
SNZ1 | (EXF1)=12 ‘ ETR113-TR110))~—((:)) ,i; (Y)=01010
After skipping (EXF1)+«0 s Hlol= [
& | sp (D{Y))+1
SNZIO | H,=1: (INTo)="H" TABZ | (B)e-(T2;—T2.) 2  (Y)=0t0 10
| 112=0 : (INTo)="L" | (A (T25—T2,) 5
: 1 ; 9 lszp | (D(Y)=07
= =
. SNZIT | 12,=1 1 (INTy)=“H" T2AB | (R2,—R2,)«(B) E (Y)=01to 10
2 12,0 (INT,)="L" (T2,—72,)(B)
5 (R23—R2p)+(A) TKOA | (KO)+(A)
g TAV1 (AY=—{(V1) (T2;—T25)+(A) E !
a ‘ | TAKO | A+—(K0)
3
§ | TVIA | (Vi)=(a) (TAB4 | (B)(T4;—T4,)
£ 5 : (A)e—(T43—T4o) TPUOA | (PUO)+—(A)
TAVZ | (A)+(V2) £ T
5 | T4AB | (R4;—R4,)~(B) 5 | TLA (L1)=(A)
TV2A | (V2)~(A) & (T4,—T44)—(B) g
2 (R43—~R4g)~(A) Tg TALY | (A)—(L1)
TAN | (A)=(1) = (T4s—Tdo) —(A) >
i i T | TL2A (1L2)(A)
_ — 13
THA (1) —(A) T4ABD | (T4;,—T4,)—(B) g
{Td3—T4p)—(A) a TL3A (L3)+—(Ay)
TAI2 (A)+-(12) 9
TR4AB | (R4;—R44)+—(B) [ TLCA | (LC)—(A)
TizA | (12)(A) | (Rds—Rdo)==(A) ]
TAH (A)—(H)
TAIZ | (Ag)—(13) SNZTY | (T1F)=12
(As—Ay1+-0 After skipping (T1F)«+0 THA | (H)~(A)
| |
TIZA | (13)(Ag) SNZT2 | (T2F)=1? TAL (A)~(L)
After skipping (T2F)+-0 -
2] -
TAWT | (A)=(W1) g | LA
SNZT3 | (T3F)=17? 5
LTWAA | (Wi —(A) After skipping (T3F)+0 8 Tan | (A—Ag)—(d1—J10)
_e' (Az)+0
TAW2 | (A)—(W2) SNZT4 | (T4F)=1? 5
| After skipping (T4F)+0 1 TJ1A (J1o—d1o)+—{A—Ay)
o
Twaa | (w2)+—(A) =
% — e 1 g | TAIZ | (A Ag)— {42y, J20)
S TAW3 | (A)~-(W3) : AP0 | (A)+-(PO) 3 | (Ao Az)0
o i
) . Sl oPoa | (PO)-(A) TU2A | (U2, 920) (A, Ag)
'E TW3A | (W3)—{A) ] | reo e
6 ;
= [ 1AP1 (A)—(P1) SST | (SIOF)+0,
TAWS | (A)—(w4 5
(At g { | serial 10 starts
0 lor1a | (P1)—(A) ! |
W4A | (W4)—(A S ! |
T (wal=(a) 3 | snzst | (s10F)=17
TAWS | (Ap—Ao)+=(WE,~W5a) E P2 | (A)=(P2) | After skipping, (SIOF)+—0
(Ag)—0 |
MITSUBISHI
8 Aa_acmc
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Groupingl Mnemonic Function
TAHA | (A)+—(HA)
§ | TALA | (A)—(LA)
.§
gg TAQT | (Ag—Ag)«—{(Q1,—Q1p)
5 (Aa)'_o
@
g iTQIA | (Q1,—Q1g)+{(Ar—Ag)
Q | ADST A-D conversion starts
<
SNZAD | (ADF)=17?
After skipping, (ADF)«-0
NOP (PC)+—(PC)+1
POF Paower down 1
POF2 Power down 2
| SNZP | (P)=1?
5 .
= TAMR | (A,—Ag)«-(MR,—MR,)
a (Aa)“o
Q
o]
5 | TMRA | (MR;—MRo)—(Az—Ao)
é
WHRST | (WDF)+-0
RTPS | (ATPL,)«1
(RTPLo)+1
RTPR | (RTPL,}+0
(RTPLg)+0
TRTPA | (RTP)~(A)
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INSTRUCTION CODE TABLE

010000{011000
ﬁm 000000 | 000001 000010000011 {00010 000101 [000116{000111 |001000| 001001 |001010 | 001011001100 001101 {001110|001111 | | t
B _ ] o 010111011111
- R
gz me | 00 | 01 | 020304 0506 |07 |08 09 OA|OB|0C| 0D ! O0E | OF 10tol71BtolF
tior ; i
{ szB f i A | LA |TABP|TABP TABP|TABP
0000 0 |[NOP;BLA BMLA| — TASP| : BML|BML| BL | BL | BM | B
0 i 0o | o 0 | 16 | 32 |48
szB ! A | LA [TABP|TABP|TABP|TABP
0001 | 1 -~ | CLD — | — IT1AD BMLIBML! BL | BL { BM | B
1 AL S A T O I 33 | 49* )
szB A | LA |TABP[TABP|{TABP|TABP !
0010 2 {POF| ~— - | ~ | TAX BML BML| BL | BL | BM | B
2 i l 2 2! 2 18 34 150" |
szB A LA TABP!TABP | TABP TABP
o011t 3 |sNzP| INY -~ | - |71Az : BML |[BML| BL | BL | BM | B
3 3 3 3 | 19| 3 61" e
A | LA |TABP|TABP|TABP TABP
0100 4 | ot | RO {S2D| — | RT |TAV1 BML{BML| BL | BL | BM | B
4 4 4 20 36 | 52* I I
} A | LA |TABP|TABP|TABP TABP| | | 1 ,
0101 | 5 El | SD |SEAn| — | RTS |TAv2! 1 ; 'BML |BML' BL | BL BM | B
o j .5 5 . 8§ 21 | 37 ,83° | L ]
A | LA [TaBP|TABP|TABP|TABP ‘
0110 6 RC - SEAM| -~ | RTI . — ! BML |BML BL | BL | BM B
[, 8] 6 | 6 | 22|38 |s4m} | i -
: IoA LA | TABP!TABP|TABP|TABP
o 7 | scjoevy| — | — | - | — BML (BML BL | BL | BM | B
RS | 7 7 | 7 | 23 39 |s5"
| ., b Lz A ' LA 'TABP TABP TABP!TABP ; : 1
1000 8 |POF2 AND | — (SNZO - : ‘ BMLIBML| BL BL | BM | B
‘ . 0 8 a | 8 24 | 40 | s6* |
! Lz A | LA [TABP|TABP|TABP|TABP '
10001 9 | — | O” | TDA SNzt - i BML|BML| BL | BL | BM | B
| 1 9 | 9 | 9 125 | 4 57| | 3 |
Lz A | LA [Taep|TABP|TABP|TABP |
1000 | A | AM | TEAB|TABE|SNZI0 — BML|BML| BL | BL BM . B
L2 110 10110 26 | 42 B8* ‘ j ; | P
Lz A | LA |TABP|TABP|TABP| TABP f
01| B |aMC. — | — |sNzi — BML{BML!| BL | BL | BM | B
| 3 | w27 | a3 st » N
RB | S8 | A | LA |TABP|TABP|TABP|TABP
1Moo ¢ {Tvajcmal — | — BML|BML| BL | BL | BM B
‘ 0 o 12 ) 12 1 12 | 28 | 44 | 60" R
RB . SB A LA |TABP TABP|TABP|TABP : ;
nmotl o | — |RAR| — | - BML BML| BL | BL | BM | B
11 13 013 113 1 29 | 45 1 61% L EU NN S
| RB | SB| A | LA |TABP!TABP{TABP|TABP E
Mno} E |TBA|TAB| — [Tv2a BML|BML| BL | BL | BM | B
2 2 14 1 14 | 14 | 30 | 46 | 62* L L
RBE | SB | A . LA !TABP!TABP,TABPITABP! , f
My F | — | TAY 8ZC {TVIA ; : ‘ | i [BML BML: BL | BL | BM | B
| 3 | 3 |15 ;15 | 15 | 31 | 47 | 63* | | L [

The above table shows the relationship between machine language codes and machine language instructions. Da—Dg show the low-order 4 bits of the
machine language code, and Dg— 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 showrn. Do not use the code marked

The codes for the second word of a two-word instruction are described below.

The second word u
| BL_ 10 paaa aaaa * cannot be used at M34520MBA-XXXSP/FP.
BML 10 Paaa aaaa
BLA 10 PPOO PPPP
BMLA | 10 PPOO pPPPP
|sEa |00 0113 nnnn|
SZD 00 0010 1011

S



MITSUBISHI MICROCOMPUTERS

4520 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

g T e 110000
Dy—D, | 100000 | 100001 | 100010| 100011 | 100100 100101 | 100110 | 100711 101000 | 101001 | 101010 101011 | 101300 101701 { 101110 101111 | |
R R P i
réex& - . ‘1 3 1 R R T T T
— ec- : i ! ' |
gz ma | 20 4 21 1 22|23 24 25~‘26§27 28 | 29 | 2A | 2B 2C | 2D | 2E | 2F [twdF
tion |
| ! | TMA | TAM | XAM | XAMI | XAMD
0000 O | THA |TW3A|OPOA|T1AB| TAH | — | IAPO | TAB1|SNZT1] — |WRST j LXY
: by 0O 0 0 0
; TMA | TAM | XAM | XAMI | XAMD
000t | 1 | TLA [TW4A|OP1A| T2AB! TAL | — | IAP1 | TAB2|SNZT2| — |[RTPS LXY
1 1 1 1 1
f : i i TMA | TAM | XAM | XAMI | XAMD |
0010 | 2 |TJIA|TWBA| — | — |TAJ1|TAMR|IAP2 | — |SNZT3] — |RTPR LXyY
- . 2 2 1 2 2 2 |
. TMA | TAM | XAM | XAMI | XAMD
0011 3 |TJ2A| — | — |T4AB|TAJ2  TAI1 | IAP3 | TAB4 |SNZT4 — | — ! , LXY
- ! | ! N s ;. 8 .8 8| 3
3 ! | } | ‘ TMA | TAM | XAM | XAMI XAMD! ]
0100 | 4 [TQ1A] — = — — |TAQ1| TAIZ JAP4| — | — e ‘ ‘ . Ly
L L N | 4 4 4 4 a4
TMA | TAM | XAM | XAMI | XAMD
ot 5 | — | — | - -] - |TAB - - - | — | — LXY
. o N T N 5 . 5 | 5 5
: ‘. | TMA | TAM | XAM | XAMI | XAMD
0116| 6 | — TMRA| — |T4aBD| — !TAKO| — | — | — | — | — LXY
| - 6 6 6 | 6 | 86
| ‘ | TMA | TAM | XAM | XAMI | XAMD|
ol 7 - | THA| — - - - - — ISNzAD| — | — ‘ : i LXY
; : | |
1. ; ; [ | | 0 I A N A T2 T 4 7
| | ; TMA | TAM | XAM | XAMI | XAMD
000/ 8 | — |Ti2A| ~ | —~ {TAHA] — | ~— | — |sNzsi — | - LXY
! i ‘ 8 8 | 8 8 8
O A SN S i — L
j TMA | TAM | XAM | XAMI [ XAMD
001 9 | — |TRTPA| — | -~ |TALA] — | — | —  — | — | — LXY
1 R P 9 9 9 s | 8 |
| , TMA | TAM | XAM | XAMI | XAMD
1010 A JTLIA]TIBA] — | — !TAL1| — | —~ | — — | — @ — ; Lxy
i | | o 10 |10 | 10 10
; | ‘ TMA | TAM | XAM | XAMI | XAMD|
1011 B [TL2ATKOA| — — |TAW1 — — - - - - : LXY
f 0 R I 11 11 1 11
; TMA | TAM | XAM | XAMI | XAMD
1100 C |TL3A — — [TR4AB|TAW2| — - - - - - LXY
| 1 I | 12 112 |1z |12 12
B B i [ | TMA | TAM | XAM | XAMI | XAMD
1101 D |TLCA| — ITPUOA] — [TAW3] — | — | — | — | — | — : LXY
i ‘ 13 013 [ 13 113 a3
e + + S
n , T™A | TaM | xAM | XAMIE[xAMD
1110 E [TWIA| — - - |Taw4| — - - -~ | 88T | - LXY
| 14 14 14 14 14
| ‘ ‘; | | TMA | TAM | XAM | XAMIT | XAMD
M F (tTwa2al — - — = |TAWS: — - - - |ADST| ~—~ | 5 LXY
: ; : ; 1 15 | 15 | 15 | 15 15

The above tabie shows the relationship between machine language codes and machine language instructions. D;—Dg show the low-order 4 bits of the
machine language code, and Dg— D, show the high-order 6 bits of the machine tanguage 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 the code marked

The codes for the second word of a two-word instruction are described below.

The second word
BL 10 paaa aaaa
BML 10 pPaaa aaaa
BLA |10 PPOO PPPP
BMLA (10 PPOO PPPP
SEA 100 6111 mnnn
SZb |00 0010 1011

ANITS\BSH 3251



MITSUBISHI MICROCOMPUTERS

4520 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

MACHINE INSTRUCTIONS

Paramster] |
\ Instruction code k-] ” 5, !
N, ’ 3o|82 !
Mnemonic gg .g S Functions
Hexadecimal | 5% (50
Type of Dy D D; De Ds Ds Dy D2 Dy Do z |z
instruction: notation
TAB 6 0 a 0 0 1 1 1 1 0|0 1 E ;1|1 :{A)—(B)
. | TBA 6 0 6 0 0 0 1 1 1 0{06 0 E|1]|1][(B)~A)
2 | rar 6 o0 0 0 0 1 1 1 1 1tloe 1 Fl1]1 (A
g |Tva 6 0 0 0 0 0 1 1 0 0|0 0 clt1i1](M—(a)
% | TEAB 0 0 0 0 0 1 1 0 1 010 1 A1 1 {E—E)—(B), (Ea—Eo)(A)
@ | TABE 6 6 0 0 1 0 1t 0 1 o]0 2 Al1}1 |(B)(E—Ey), (A)—(Es~Eo)
5’ TDA 0 0 0 0 1t 0 1 0 0 170 2 9 1/|1|(DR;—DRoI+(Az—Ag)
o I TAD 6 0 0 1 0 1 0 0 0 1[0 5 1|1 |1]|(A;—Ag+{DR,—DRg), (A)—0
o | TAZ o o 0 1 0 1 0 0o 1 11¢ 5 3|11 1A, A+ (Z Za)
@ (As Az}~ 0
E’ TAX 0 0o o0 1 0 1 0 0 1 070 85 211 @M
TASP 000 0 1 0 1 0 0 0 0:0 5 0] 11! (A—A))—(SP,—SPg)
(Aa)‘_‘o
LXY x,y [ 1 1 X3 Xo %X Xo ¥a Y2 Y1 Yo! 3 x ¥ |11 (X)+~x, x=0 to 15
(Y)+y, y=0 to15
w
]
@
e LZ z o 0 0 1 0 0 1 0 z 2|0 4 8{1:1[(Z)-z,2z=01t03
2 +
he
[ z
2 iy 0 0 60 1 0 0 T 1[0 1 3 11 (nN=(+1
© | DEY 0 0o 6 0 0 1 0 1 1 110 1 7,111 (V)1
TAM | 1 0 1 1 o 0 i i i itz ¢ §ijti1|(A)—(MDP))
(X)—(X)EXOR(j), [=0 to 15
8 Ixamj 1 0 1 1 0 1 i i i jj2 D iiti1|{A)+—(M(DP))
a (X)—(XEXOR(j), j=0 1015
@
E oixampij |1 0 7t v v 0 0 o0 iz Foi]1 1 (A)—(MDP)
& (X)—(X)EXOR(j), j= 0 to 15
° (¥)—(Y)—1
9
° XAMI j 1 o 1 1 1 o 1 1 1 ilz €€ i}t [(A)—(MDP)
hat (X)+(X)EXOR(j), j=0 to 15
= (Y)e—(Y)+1 !
3 i
TMA | 1 0 1 0 1 1 0 0 0 dilz B 0|11 i(MDPI—(A)
§ (X)+—(X)EXOR(j), j= 0 to 15
LA n o 6 0 1 1 1 n A n o n 07 a1l (An
However, n=0 to 15
YABP p 10 0 1 0O ps ps Ps Pz P1 Po{ O 8 P 1|3 | (8P)—(SP}+1
- + {SK(SP))+(PC)
8 P {PCu)+~p
3 | ¢ | 1 (PG)-(DRy—~DR,, Az—Ao) :
& | | | {B)—(ROM(PC))7 104
g I {(A)~(ROM(PC))atwo i
o (PC)—(SK(sP))
3 (8P)+(SP)— 1
£ {Note)
&
<l am 6 0 0 ©6 0 0 1 0 1 0]0 0 Al1|1(A—(A+MDP)
| t
% % ;
Note : p is 0 to 63 for M34520M8A.
p is 0 to 47 for M34520M6A.
s A%ﬂ



MITSUBISHI MICROCOMPUTERS

4520 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

Skip condition Detaited description

Carny flag CY

|
|

Transfers the contents of register B ta register A.
— — | Transiers the contents of register A to register B.
— — Transfers the contents of register Y to register A.
— |~ Transfers the contents of registar A to register Y.

U

- _— Transfers the contents of registers A and B to register E.

— — | Transiers the contents of register E to registers A and B.
i

| Transters the contents of register A to ragister 0.

|
|

— — Transfers the contents of register D to register A.
- ~ | Transfers the contents of register Z to register A.

- - ‘ Transfers the contents of register X to register A,
-— — | Transters the contents of stack pointer {SP) to register A.

Continuous description — Loads the value x in the immediate field to register X, and the vaiue 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 instruc-
tions coded continuously are skipped.

-— ~- | t.oads the value z in the immediate figld to register Z.

2
I
o
|

Adds 1 to the contents of register Y. As a result of addition, when the contents of register ¥ is 0, the next instruction is skipped.
(v} =18 - 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
i skipped.

—- — Alter transferring the contents of M(DP) to register A, an exclusive OR operation is performed between register X and the value |
in the immediate field, and stores the result in register X.

- i — | After exchanging the contents of M(DP) with the contents of register A, an exclusive OR operation is performed between register
| X and the value | in the immediate field, and slores the result in register X.

| (y) =15 -~ After exchanging the contents of M(DP) with the contents of register A, an exclusive OR operation is performed between segister
X and the value | 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.

(¥) =0 \ — After exchanging the contents of M{DP) with the contents of register A, an exclusive OR operation is performed between register
X and the value | in the immediate field, and stores the result in register X. Adds 1 to the contents of register Y. As a result of
addition, when the contents of register Y is 0, the next instruction is skipped.

-— — | After transferring the contents of register A to M(DP), an exclusive OR operation is performed between register X and the value j
in the immediate tield, and stores the result in register X.

Continuous description — | Loads the vatue n in the immediate field to the 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 7 to 4 to register B and bits 3 to 0 to register A. These bits 7 to 0 are the ROM pattern in address (DR; DR; DRg A3
Az Ay Ag) specified by registers A and D in page p.

| Wren this instruction is executed, 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 remains unchanged.

S



MITSUBISHI MICROCOMPUTERS

4520 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

Parameter I
\‘ Instruction code ,l'f iy T
| \‘\\ Mnemonic — e é‘é .§§ Functions
Type _ofl Dy Ds Dy Dy Dy Dy Dy D Dy D He:::;;ma‘ 272" :
liostughionsN — o . e
AMC 0 0 0 0 0 0 1 0 1 1i0 0 B|1[1|{A—A+MDPH+(CY)
(CY)«Carry
An 0 0 0o 1t 1 0 n n n a|l0 6 nl1i1|(A)—(A)+n
c i However, n=0 to 15
=]
® :
g | AND 0 0 0 0 0 1 1 0 0 0,0 1 8,1/ 1] (A)—(A) AND (M(DP))
o lor 6 0 0 0 0 1 1 0 0 170 1t 989|111 /|(A—(A) OR(MDP))
3 !sc c 0 0 0 0 0 0 1 1 1/06 0 7[1]1 {(Cy)et i
E |Rc 6 0 0 0 0 0 0 1 1 0]/0 0 6|11 ](cy)=o ‘;
£ |szc 0 0 0 0 1 o 1 1 1 1]0 2 Fl1!l1l(cr=02 ]
CMA 0o 0 0 0 0 1 1t 1 0 010 1t cltil)—A
RAR ¢ ¢ 0 0 0 1 1 1 0 1 “ 0 1 D1 |1 ~CY{AkRAA —
S AU N —
0 o ¢ 1 o 1t 1 1t j ji06 5 Ccl1l1I(MH{DP))—1
c + =0t 3
° i
$ |mBj 000 0 v 0 06 1 1 § ilo 4 c|1 1{(M(DP)0O
a + i =0 to 3
= il
Q@ | szB j 0 0 0 0 1 0 0 0 J 1,0 2 . 1]1](M(DP)=07?
=010 3
P — —— —
235 | SEAM 000 0 0 1 0 0 1 1 0j0 2 8|1]|1][(A=(MDP)?
S° IsSEA n ¢ 0 0 0 1 6 0 1 0 1]0 2 572 2 (A=n?
£ § © 0 0 1 1 1 n n n nlo 7 a| | |Howevern=01015
Q e WSS WSV NS N O
| i 1
Ba 0 1 1 a @ @, a 8 a a |1 8 a1 {1 ! (PC)—as—ag
+ :
a i
§ :BLpa |0 0 1 1 1 ps ps Pz Pr Poi 0 E P 212 (PCuwp
% i + i (PCL)+ag—ao |
K 2 : P 1, i (Note) ‘
g | i1 0 ps @ as as a3 3 a, a 2 P a: ; ‘
2 | a ‘
f al | .
§ !BLAp 10 0 0 0 O 1 0 0 0 0{0 1 0}2]|2;(PCy)p |
i : {PC, ) {DR>—DRo, As—Ag) l
(Note) |
1 0 ps pa O O p3s pz pPi P! 2 P P I
. 7?’ - S U e l
BM a 0 1 0 ag ag a, az a, a, a |1 a a1 ]| 1](SP)~—(sP)+1 I
(SK(SP))(PC)
L (PG 2, (PC)=ag—a, :
'BMLp,a |0 0 1 1 0 ps Ps P2 Pt Poi 0 C Pl 2| 2] (sSP)—(sP)+1
& + (SK(SP))«(PC) !
8 p (PCy)+p, (PC_)*+as~2aq !
5 ! (Note) 3
aQ |
] 1 O ps @ @ as az a a; a 2 P a !
o i + [ ‘
a0
® BMLAP O 0 0 0 1 1 0 0 0 0:0 3 022! (sPyr—(sP)4+1
| - {SK(SP))—(PC) |
® 1 0 ps Pe O O ps P P Po 2 P P (PCW)—p
{ ; ! ~ {PC_)+~{ DRz~ DRg, Az—Ao) :i
| ! ! i ; (Note) i
1
| | Lo
‘ % | L]
Note : p is O to 63 for M34520M8A.
p is O to 47 for M34520M86A.
MITSUBISH!
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MITSUBISHI MICROCOMPUTERS

4520 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

P

| Q

-1

Skip condition »'; Detailed description

3

)
et 0/1 | Adds the contents of M{DP) and carry flag CY to register A. Stores the result in register A and carry flag CY.
Overflow= 0 ~— | Adds the value n in the immediate field to register A.

The contents of carry flag CY remains unchanged.
Skips the next instruction when there is no overflow as the result of opera.ticm
— - Takes the AND operation between the contents of register A and the contents of M(DP), and stores the result in register A.
- ~— | Takes the OR operation between the contents of register A and the contents of M{DP), and stores the result in register A.
- 1 Sets (1) to carry flag CY.
Ciears (D) to carry ftag CY.
(CY)=0 — Skips the next instruction whan the contents of carry flag CY is 0.
- — | Stores the one’s complement for register A's contents in register A.
i 0/1 | Rotates 1 bit of the contents of register A inciuding the contents of carry flag CY to the right.

— — | Sets (1) to the contents of bit j {bit specified by the value | in the immediate field) of M{DP}.

—_ — | Clears (0) the contents of bit j (bit specified by the value j in the immediate field) of M(DP).

(Mj(DP))=0, - Skips the next instruction when the contents of bit | (bit specified by the value j in the immediate field) of M(DP) is “0".
=0 to 3

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

(A)==n — ; Skips the next instruction when the contents of register A is equal to the value n in the immediate field,

i - t — | 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 {address DRy DR, DR, A; A, A; Ag); specified by registers D and A in page p.

— -~ | Call the subroutine in page 2 : Calis the subroutine at address a in page 2.

—_ — Call the subroutine . Calls the subroutine at address a in page p.

hd — | Call the subroutine : Calls the subroutine at address (DR, DRy DRq Ay Az Ar Ag); specified by registers D and A in page p.

MITSUBISHI .
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MITSUBISHI MICROCOMPUTERS

4520 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

Parameter
\ tnstruction code 5 |5
5538
Mnemonic - £ 4 23 Functions
Twed Do Oy D Dy Dy Di Dy D D Dp | ot 3|39
|instruction: —
§ |RT 09 0 1 0 0 0 1 1 00 4 61| 1!(PC)—(SK(SP))
2 {sP)e—(SP)— 1
g
° |mT 6 0 0 1 0 0 0 1 0 0|0 4 4|1 |2/ (PC)—(SK(SP)
5 (sP)«—(sP)—1
3 |rTs 0 0 0 Vv 0 0 0 1 0 1|0 4 5|1]2]|Pc)—(sk(sP)) |
(SP)—(SP)— 1
! ! !
DI 00 0 0 0 0 0 1 0 0.0 0 41 1|UNTE)=0 l
£l 000 0 0 0 0 0 1 0 1]/0 0 5|71 |1 |UNTE)«1
SNZO © 0 0 0 1 1 1 0 6 06,0 3 8|1/ 1/|(EXFO)=1 7, After skipping (EXFQ)« 0
SNZ1 0 0 0 0 1 1 1 0 0 110 3 8|11 (EXF)=1 ?,After skipping (EXF1)« 0
i
SNZI6 (0 0 0 0 1 1 T 0 1 0!0 3 A| 1|1 |My=1:(NT)="H"?
H,=0: (INTy)="L" ?
SNZIT {0 0 0 0 1 1t 1 0 1 170 3 B{1]|1|12=1:0NT)="H" 2
(Note)
2,=0 : (INT)="L"?
J
c |TAVI to 0 0 1 0 1 0 1 0 00 5 4|11 (A—(vD) !
§ ] ]
£ lmvia 000 0 0 1 1T 1V 1 1 170 3 Fi1i1l(v)—(A) ‘i
g | i
g | TAv2 0 0 0 1 0 1 0 1 0 1,656 511|1]a—va §
g
T | Tvaa 0 0 0 0 1 1 1 1 1 06]0 3 E|1]1](v2)—(a)
%TAH 1 0 0 1 0o 1 0 0o 1 1128 31171 (=0 [
|
THA 10 0 0 0 1 0 1 1 1{2 1 711 0-(a
I
TA2 L1 0 0 1 0 1 0 1 0 0|25 4]1][1 |02 ‘
| |
[ Ti2A 10 0 0 0 1 1 0 0 0f2 1 811|102~
TAIS 10 0 1 0 1 0 1 0 1]2 5 5]1]1](aA)~03), (As—A.)—0
1
T3A  l1 0 0 0 0 1 1 0 1 0]2 1 Al1]|1]03)—(A)
|
|
| t |
| | | |

Note : OR operation between INT; pin and INT, pin when “1” is set to register (3.

S



MITSUBISHI MICROCOMPUTERS

4520 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

Skip condition

|
.

Skip at uncondition

arry flag CY

Detailed description

|

Returns trom interrupt service routine to main routine.

instruction, registers A and B to the states just before interrupt.
Returns from subroutine ta the routine called the subroutine.

Returns from subroutine to the routine called the subroutine, and skips the next instruction at uncondition.

(EXFO)= 1
(EXF1)=1
(INTg)="H"
i Hp=1
(INTg)="“L"
11,=0
(INT, }="H"
12,=1
(INT,)="L"
112,=0

i
i
1
i
i

Returns each value of data pointer (X, Y, Z}, carry flag, skip status, NOP mode status by the continuous description of the LA/LXY

Ctears (0) to the intercupt enable tlag INTE, and disables the interrupt.

Sets (1) to the interrupt enable flag INTE, and enables the interrupt.

Skips the next instruction when the contents of EXFQ flag is “1”.

| After skipping, clears the EXFO flag.

Skips the next instruction when the contents of EXF1 flag is “1".

After skipping, clears EXF1 flag.

When bit 2 of register 11 {11,) is “1" . Skips the next instruction when the level of INTq pin is “H".

When bit 2 of register {1 {I1,) is “0” : Skips the next instruction when the level of INTq pin is “L".

‘When bit 2 of register 12 (12;) is “1” . Skips the next instruction when the level of INTy pin is “H”.

When bit 2 of register 12 (12,) is “0" . Skips the next instruction when the leve! of INT; pin is “L".

Transters 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
Transfars the contents of register A to interrupt control register V2.
Transfers the contents of interrupt controf register (1 o register A,
Transfers the contents of register A to interrupt controi register i1.
! Transfers the contents of interrupt controt register 12 to register A,
Transfers the contents of register A to interrupt contral register 12.
Transfers the contents of interrupt control register I3 to register A.

Transfers the contents of register A to interrupt control register 13.

MITSUBISHI
ELECTRIC
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MITSUBISHI MICROCOMPUTERS

4520 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

ameter|
\ Instruction code k] ” k] ”
.‘~\ Mnemonic .‘é g é § Functions
N\ Hexadecimal £
- 0e 0s O Ds Dy Dy Dy Dy Do aeeomZ 2T
TAW1 t 0 0 o 0 1t 0o 1 2 4 B 1|1 [(A—(W1)
TW1A 10 0 c o 1 1 1 2 0 El 11 L (w)=(A)
TAW2 1t 00 o o0 1 1 0 2 4 Civ1(Aa)—(w2)
TW2A 1 0 0 o 0o 1 1 1 2 0 F |1 (1  (W2)—(A)
TAW3 1 0 0 o 0 v 1 0 2 4 D11 | (A)~(W3)
TW3A i 0 0 6 1 0 o o© 2 1 0] 1|1 1w3)—(A)
TAW4 1 0 0 o 0 1 1 1 2 4 E| 1|1 1 (A)—(Wa4)
TW4A 1 0 0 o 1t 0 0 0 2 01 1|1 |1 i(way—(A)
TAWS 1 0 © o o0 v 1 1 2 4 F | V11 | (A—Ag)+—{W5E,—W5p), (A3)+0
TWSA 1 0 o0 o 1t o0 0 1 2 1 2 v 11 i (WB,—WS5)—(Ay—Ag)
TAB1 1 0 0 1 1 0 0 O 2 7 0111 0 (B)(T1,—T1,), (A)+(T13—T1o)
i T1AB 1t 0 0 T 1 0 0 0 2 3 01111V [ {(R1;—R1,)«—(B), (T1;—T1,)(B)
s | (R13—R1g)—(A), (T13—=T1g)—(A)
[
2 i TAB2 1 0 O 1 1 0 0 0 2 7 1011 (B~ (T2,—T24), (A)—(T23—T2)
2 i
E T2AB 1 0 0 t 1 0 0 © P23 111 1 H{R2;,—R2)—(B), {T2,—T2,)—(8)
= (R23—R20)+(A), (T23—T20)+~(A)
TAB4 1 0 0 T 1 0 o 1 2 7 311 1 1(B)—(Ta—Tdy), (A)+=(T4d3—~Tdo)
T4AB 1 0 0 1 v 0 0 1 2 3 3| 111 | (R4;—R4,)~(B), (T4,—T4a)(B)
(R43—R40)+(A), (T43—T4ao)+—(A)
T4ABD 1 0 0 t 1 0 1 2 03 611 | 1 | (Ta4;—Tds)(B), (T4d3—T4o)—(A)
TR4AB 1 0 0 11 1 v o0 12 3 C| 1|1 |({R4—R4,)+(B), (R&—R4)—(A)
SNZT1 T o 1 o 0 0 0 © 2 8 0] 11 (TIF)=1 7 After skipping, (T1F)~0
SNZT2 10 1 0 0 0 O © 2 8 1 1] 1 |(T2FR)=1 7 After skipping, (T2F)«0
SNZT3 1 0 1 0o 0 0 0 1 0l2 8 2111 |(T3F)=1 7 After skipping, (T3F)—0
SNZT4 Tt 0o 1 g 0 0 0 1 2 8 3| 1|1 |(T4F)=1 ? After skipping, (T4F)+ 0
i |
| l
3-8 A
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SINGLE-CHIP 4.BIT CMOS MICROCOMPUTER

Detaited description

> |
o
g
Skip condition =
E
| Ll
o
! :’
— —_—
i
|
[
B T
- =
- | —
i
|
- - |
(T1F)=1 - |
{
I
L(T2F)=1 i §
(T3F)=1 -
i
(T4F)=1 -

Transters 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.

Transters the contents of register A to timer contral register W2,

Transfers the contents of timer controf register W3 to register A.

i Transfers the contents of register A to timer control register W3,

Transfers the contents of timer control register W4 to register A.
Transters the contents of register A to timer control register W4.
Transters the contents of timer control register W5 to register A.
Transfers the contents of régister A to timer controt register W5,
Transters the contents of timer 1 to registers A and B.

Transfers the contents of registers A and B to timer 1 and timer 1 reload register.

Transters the contents of timer 2 1o registers A and B.

Transfers the contents of registers A and B to timer 2 and timer 2 reload register.

Transfers the contents of timer 4 to registers A and B.

Transfers the contents of registers A and B to timer 4 and timer 4 reload register.

Transfers the contents of registers A and B to timer 4.
Transfers the contents of registers A and B fo timer 4 reload register.

Skips the next instruction when the contents of T1F flag is “1°.
After skipping, clears the T1F flag.

Skips the next instruction when the contents of T2F flag is “1".
After skipping, clears T2F ftag.

Skips the next instruction when the contents of T3F flag is “1”.
After skipping, clears the T3F {lag.

i SKips the next instruction when the contents of T4F flag is “1".

After skipping, clears TAF flag.

oo e
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Parametet ‘ !
! Instruction code B |B
\ ! e B 1
o DI O
\ Mnemonic e T - .gg EE Functions
Typeol\ Do Ds Oy Ds Ds Di Ds Dy Oi Do Hexadecimal 3%3 o
nstruction ‘ I notation
r f -~ - e o —- e
| 1APO 10 0 1 1 0 0 0 0 012 6 0]1{1]|(A—(PO)
OPOA 1 0 0 0 1 0 0 06 0 012 2 01|71 ][(PO—(A)
1AP1 1 0 0 1 1 0 0 0 0 1|2 6 1]1 1]A)(pP)
% ! !
OPIA |1 0 0 0 1 0 0 0 0 1]22 1 1.1 ‘(P1)‘—(A)
| 1aP2 1 0 0o 1 1 0 ¢ o 1 ol2 86 2|11 (A)(P2)
i
1
1AP3 1 0 0 1 1 0 0 0 1 112 6 311 !(A)—(P3)
1
< : i
S |iaPa 1T ¢ 0 1t 1 0 0 1 0 012 6 411 1!(A)—(P4)
«
g ‘ ‘ |
2 o 0 ¢ 0 0 0 1 0 0 0O 1|0 1 1 1|1][(D1 '
i n
5 |RD 0 0 0 0 0 1 0 1 0 0|0 1 4711 1 |(DY)+0
o) ‘ (Y)=0 to 10
1% ‘
2
£ |sp 6 0 0 0 0 1 0 1 0 1]o 1 5 11y |
: (Y)=0 to10 i
szZD 6 0 0 0 1 0 0 1t 0 0l0 2 422 (DV)=02
(¥)=10 to 10
6 0o 0 0 1 ¢ 1 ¢ 1 1 0 2B
|
TKOA 10 0 o0 0 1 1t 0o t 12 1 Bit|1l{(KO—(A)
TAKQO 10 0 t 0 t 0 1 1 02 85 6|11 |(A)~(KO
|
TPUOA 1 9 0 o6 1 0o 1 t 0 1 \ 2 2 pl1 |1 |(PUD)—(A)
5 _ | TL1A 10 0 0 0 0 1 0 1t 0l2 0 A1 |1 {Lt)—(A) 3
6 tat |1 0 0 1 0 0 1 0 1 012 4 A 11 ][ |
cflmea |1 0 0 0 0 0 1 0 1 1[2 0 B|1[1 (t2(A) |
8gimsa |1 0 0 0 0 0 1 1 0 012 0 C|Ti1][(L3(A)
< | TLCA 1 6 0 0 0 0 1 1 0 172 0 D!l1]1 o)A
| TAH 1 0 0 1 0 0 0 0 0 0|2 4 0 ‘ 11 (A= (H)
THA 1 0 0 0 0 0 0 O 0 0{2 0 O l T 11 | (H)+—(A) !
TAL t 0 0 1 0 0 0 0 0 1]2 4 1711 A=) |
5 |TLA 1.0 0 0 0 0 0 ¢ 0 1.2 0 1.1 1 [{L—(A)
g [Tan 1T 0 0 1 0 0 0 0 1 0]2 4 2 11 |(A—A)—(J1,—d1p), (A)~0
g TJtA 1 0 0 0 0 0 0 0 1 0,2 0 2|11 |{J—d1g){AAg)
o | TAU2 1.0 0 1 0 0 0 0 1 112 4 3|11 (A A)—(I2,J2) (As A2)—0
> l7y2A 10 0 0 0 0 0 0 1 112 0 3111 [(J2,J2)—(A Ay
3 |ssT 1 0 1 0 0o 1 1 1 1 0ol2 9 11 |(SIOF)«0,serial I/O starts
& |snzsi 1 0 1 0 0 0 t 0 0 0(2 8 811 [(SIOF)=12?,
| R | After skipping, (SIOF)« 0
|
. i
3200 )\aﬂcmc'




MITSUBISH!I MICROCOMPUTERS

4520 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER
>
[&]
g |
Skip condition = ; Detailed description
z |
[&]
- — | Transfers input of port PG to register A.
— - Outputs the contents of register A to port PO.
- — | Transfers input of port P1 to register A.
— — Outputs the contents of register A to port P1.
- _ Transfers input of port P2 to register A.
- — | Transfers input of port P3 1o register A.
— — Transfers input of port P4 to register A.
- ! — 1 sets (1) toport D.
— — | Ciears (0) to a bit of port D specified by register Y.
- — | Sets (1) to a bit of port D specified by register Y.
(D(Y))=0 — | Skips the next instruction when a bit of port D specified by register Y is “0”.
(Y)=0 to 10 |
|
- - Transfers the contents of register A to key-on wakeup control register K0,
- - Transters the contents of key-on wakeup control register KO to register A,
- — | Transters the contents of register A to pull-up control register PUO.
— — | Transters the contents of register A to LCD control register L1.
— — Transtfers the contents of LCD control register L1 to register A.
- — | Transfers the contents of register A to LCD controi register L.2.
— — Transfers the contents of register A to LCD control register L3,
e — ! Transfers the contents of register A to timer LC and reload register.
- — f Transfers the contents of register H to register A.
_ — | Transfers the contents of register A to register H.
e — Transfers the contents of register L to register A,
—_ — | Transfers the contents of register A to register L.
—_ _ Transfers the contents of serial 1/0 mode register J1 to register A
_ — Transfers the contents of register A to serial /0O mode register J1.
— — | Transfers the contents of serial I/0 mode register J2 to register A.
— L Transfers the contents of register A to serial /O mode register J2.
- \‘ — | Ctears {0) ta SIOF flag and stadts serial /C.
P (SIOF)=1 ‘ — | Skips the next instruction when SIOF flag is “1".
| After skipping, clears (0) to SIOF flag.
|
Awmrsmm%l 37
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4520 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

Parameler| ‘“_
Instruction code 5 ? -
\ Mnemonic e -é g .E i Functions
Type of Dy Dg D7 Dg Ds Dy Dy D2 Dy Dg He:z;e:ic;nmal Z > E °
e
- TAHA 1 0 0 t 0 0 1 0 0 0]2 4 8111 ]|(A)(HA)
.g TALA 1 0 0 1t 0 0 1 0 0 1|2 4 9711 [A)—(A)
g é TAQ1 1 0 0 1 0 0 0 1 0 0|2 4 4111 [(A=A)—(Q1;—Q1), (Az)—0
L Ta1a 1. 0 0 0 0 0 0 1 0 0,2 0 4|1 |1 |(Q1,—Qlg)(A;—A)
“3’ g | ADST 1 o 1 0 0 1 1 1 1 1.2 9 F| 1|1 |ADconversion starts
& SNZAD (1 0 1 0 0 0 0 1 1Y 1.2 8 7.1 |1]|(ADF)=17,
After skipping, (ADF)+- 0
NOP 0o 0 0 © 0 ¢ 0 0 0|0 O 111 (PC)+—(PC)+1
: POF 0 o] 0 0 0 0 0 0 1 0,0 0 211 1 | Power down 1
| POF2 0 0 0 0 O 0 1 0 0 0610 0 8|11 |Powerdown?2
s |snzp 0 06 0 0 0 0 0 0 1 1 0 0 3|11 i(P=12?
g
§ TAMR 1 0 0 1 0 1 0 0 1 0]2 5 21 |1 (A—Ag+~(MR—~MRy), (A3)+0
5 | TMRA 1T 0 0 0 0 1t 0 1t 1 012 1 6111 (MR—MRy)—(Ay—Ao)
£ | WRST t 0 1 0 1 0 O 0 0 0!2 A 0!11 (WDF)+~0D
© lrres 1 6 1 0 1 0 o 0 0 1 2 A 11111 {(RTPL)1,
(RTPLg)+ 1
RTPR i 0 1 06 1 o6 0 € 1 ¢l2 A 2{1 1 ]|{(RTPL)~0,
, (RTPLo)+ 0 |
TRTPA 1 ¢ ©0 0 0 1 1 ©0 0 172 1 9.1 1 (RIP)~A i
{ :
| i
MITSUBISHI
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SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

Skip condition

i Carry flag CY

Detailed description

(ADF)=1

|

ot

Transfers the contents of register HA to register A.

Transfers the contents of register LA to register A,

Transters the contents of A-D control register Q1 to register A.
Transfers the contents of register A to A-D control register Q1.
Starts A-D conversion.

Skips the next instruction when ADF flag is *1”.

After skipping, clears {0) to ADF fiag.

(P)=1

— | Transfers the contents of register A to real time output register RTP,

No aperation

Puts the system in power down 1 state (clock operating mode).
(X} oscillation, LCD, timer 3 and timer 4 can be used.

Puts the system in power down 2 state (RAM back-up mode).
Osciliations are all stopped.

Skips the next instruction when the contents of P flag is “1".
After skipping, the contents of P flag remains unchanged.
Transfers the contents of clock control register MR to register A.
Transters the contents of register A to clock control register MR.
Clears watchdog timer flag WOF.

Sets (1) to both real time output fatch RTPL, and RTPL,.

Clears {0) to both real time output latch RTPL, and ATPL,.

MITSUBISHI
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SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

SYMBOL
The symbols shown are used in the following instruction function table and instruction fist.
Symbol T Contents Symbot : Contents
A [ Register A (4 bits) T Timer 1
B Register B (4 bits) T2 Timer 2
DR Register D (3 bits) T3 Timer 3
E Register E (8 bits) T4 Timer 4
Q1 A-D control register Q1 (3 bits) LC Timer LC
HA Successive comparison register HA (4 bits) TIF Timer 1 interrupt request flag
LA Successive comparison register LA {4 bits) T2F Timer 2 interrupt request flag
Jt Sarial 1/0 mode register J1 (3 bits) T3F Timer 3 interrupt request fiag
J2 Serial 1/0 mode register J2 (2 bits) TAF Timer 4 interrupt request fiag
H | Seriat I/0 register H (4 bits) WDF Watchdog timer flag
L Serial 140 register L (4 bits) INTE Interrupt enable tiag
L1 LCO controt register L1 (4 bits) EXFO External O interrupt request flag
L2 LCD controt register L2 (4 bits) EXF1 External 1 interrupt request flag
L3 LCD control register L3 (1 bit) ZCF Zero cross input flag
MHA Clock control register MR (3 bits) NCF Noise cancelier flag
V1 Interrupt contral register V1 (4 bits) P Power down flag
v2 Interrupt control register V2 (4 bits) ADF | A-D conversion completion flag
i1 | interrupt control register 11 (4 bits) SIOF Serial I/C transmission/reception completion fiag
2 Interrupt control register 12 (4 bits)
13 Interrupt control register 13 (1 bit) D Port D (11 bits)
Wi Timer control register W1 (4 bits) PO Port PO (4 bits)
w2 Timer control register W2 {4 bits) P1 Port P1 (4 bits)
w3 Timer control register W3 (4 bits) P2 Port P2 (4 bits)
w4 Timer control register W4 (4 bits} P3 Port P3 (4 bits)
w5 Timer control register W5 (3 bits) P4 Port P4 (4 bits)
RTP | Real time output register RTP (2 bits)
KO Key-on wekeup control register (4 bits) X Hexadecimal variable
PUO Pull-up control register PUO (4 bits) b4 Hexadecimal variable
z Hexadecimai variable
X Register X (4 bits) [ Hexadecimal variable
Y Register Y (4 bits) n Hexadecimal constant
z Register 2 (2 bits) i | Hexadecimat constant
DP Data pointer {10 bits) i : Hexadecimal constant
i {1t consists of registers X, Y and 2) AzAsAqAg | Binary notation of hexadecimal variable A
PC i Program counter {14 bits) (same for others)
PCnx High-order 7 bits of program counter
PC_ Low-order 7 bits of program counter — Direction of data movement
SK Stack register {14 bitsX8) ) Contents of registers and memories
SP Stack pointer {3 bits) - Negate, Flag unchanged after executing instruction
cY Carry flag M(DP) RAM address specified by the data pointer
R1 Timer 1 reload register a . Label indicating address as as a4 a3 az a1 2
R2 | Timer 2 reload register p. a Label indicating address ag as a4 a3 az a: ag in page ps Pa
R4 Timer 4 reload register P3 P2 P1 Po
C Hex. C + Hex. number X (also same for others)
+
PaS ;

Note © The 4520 Group just invalidates the next instruction when a skip is performed. The contents of program counter is not increased by 2. Accord-
ingly, the number of cycles does not change even if a skip is not performed. However, the cycle count becomes “1” when the TABP p, RT, or
RTS instruction is skipped.

3—264



MITSUBISHI MICROCOMPUTERS

4520 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

CONTROL REGISTERS

Interrupt control register V1 i at reset : 0000, i at pawer down : 0000, R/W
i Timer 2 ] Interrupt disabled (SNZT2 instruction is valid) ) T
2 interrupt enable bit 1 Interrupt enabled (SNZT2 instruction is invalid)
v Timer 1 | 0 interrupt disabled (SNZT1 instruction is valid)
N interrupt enable bit 1 } Interrupt enabled (SNZT1 instruction is invalid)
i External 1 L 0 . Interrupt disabled (SNZ1 instruction is valid)
! interrupt enable bit 1 Interrupt enabled (SNZ1 instruction is invalid)
Vi External O aQ interrupt disabled (SNZO0 instruction is valid)
° interrupt enabie bit 1 interrupt enabled (SNZO instruction is invalid)
T
Interrupt control register V2 at reset © 0000, at power down . 0000, ‘\ R/W
v2 Serial 1/0 3 0 Interrupt disabled (SNZS! instruction is valid)
2 interrupt enable bit i1 Interrupt enabled (SNZS! instruction is invalid)
v2 A-D 0 Interrupt disabled {SNZAD instruction is valid) :
2 interrupt enable bit 1 Interrupt enabled (SNZAD instruction is invalid)
va Timer 4 0 Interrupt disabled {SNZT4 instruction is vatid)
! : interrupt enabie bit 1 Interrupt enabled (SNZT4 instruction is invalid)
va Timer 3 0 Interrupt disabled (SNZT3 instruction is valid)
° interrupt enable bit 1 interrupt enabled (SNZT3 instruction is invalid)
Clock controf register MR (Note 2) at reset : 000, at power down . state retained R/W
0 . o
MR, Not used L -~1~v~ This bit has no function, but read/write is enabled
0 Oscillation enabled o
MR, {Xn) clock oscilfation circuit control bit - E—
1 Oscillation stop
) . 0 H(Xin)
MRy System clock selection bit | - - - —
1 f{(Xom)
I T
interrupt control register |1 at reset 0000, } at power down _ state retained R/W
H — 1
" Dg/INT/ZEROX pin o Da/INTg
’ function selection bit T zemox B
" iNT, pin interrupt valid edge/ 0 Falling edge (SNZIO instruction recognizes that level of INTq pin is “L” level)/“L” level
z raturn tevel sefection bit o 1 Rising edge (SNZi0 instruction recognizes that levet of INTo pin is “H” level)/'H" level |
“ Edge detection circuit 0 One-sided edge detected
! control bit 1 Both edges detected
" Noise detection circuit 0| Disabled _ ]
° control bit 1 | Used
interrupt controt register 12 at reset . 0000, at power down : state retained R/W
o . ! o
123 Not used *J*"— -7 This bit has no function, but read/write is enabled.
. . Q Falling edge (SNZI1 instruction recognizes that levei of INT, pin is “L" level)
122 Pins INT, and INT; interrupt valid edge sefection bit o " - N " T
1 Rising edge (SNZi1 instruction recognizes that level of INT, pin is “H" level)
i a Stop
124 Noise detection circuit sampling clock control bit e
1 Operating
” N g ¢ ’ tock selection bit a #{Xn) or #{Xc) divided by 24 (Note 2}
ise detecti ircuit sampling clock selection bi
o o on ¢ ping 1 | 10X) o {Xom) divided by 96 (Nate 2)
interrupt control register I3 (Note 3) atreset . 0; = at power down . state retained R/W
| —
N External 2 | 0 | Disabled
¢ interrupt enable bit 1 | Enabled (Note 4)
Notes 1. “R” represents read enabled, and “W" represents write enabled.
2. After executing the TAMR instruction, "0” is stored in the bit 3 of register A
3. After executing the TAI3 instruction, “0” is stored in bits 3, 2 and 1 of register A.
4, External interrupt activated condition is OR operation between INT, and INT,,
AR
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SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

Timer controf register W1 at resst : 0000, at power down 0000, R/W
0 | Stop (reset state T
Wis Prescaler controt bit P { - )
1 Operating
. 0 1(X) or f } divided by 6 (Note 2
Wi, | Prescaler dividing ratio sefection bit (X of HXe — y6 ( )
: o f(Xn) or {(Xcw) divided by 12 (Note 2)
0 Stop (state retained
Wi, Timer 1 control bit p (s )
1 Operating
Wi Deg/CNTR pin | 0 |10 port Ds
° function selection bit 1 CNTRg output
T T
Timer control register W2 at reset | 0000, | at power down | state retained R/W
wa D,/CNTR, pin © | I/O port D,/CNTR, input
: | function selection bit 1| GNTR, output
w2 Timer 2 0 Timer 2 control bit (bit 0 of register W5)
2 __: count start trigger setection bit 1 Timer 2 control bit and zero cross input flag (ZCF)
. W2, W2, Count source
W2 Timer 2
5 ) ) 00 H{Xin)
count source selection bits e N -
BAEEE— 01 Timer 1 underfiow signal
W2, ) 1.0 | Prescaler output (ORCLK)
11 CNTR, input
: ! !
Timer control register W3 : at reset | 0000, \ at power down . state retained i R/W
w3 LCD trequency dividing circuit o |0 |Stop
¢ count source control bit 1 Qperating
wa LCD frequency dividing circuit 0 Iimer 3 intermediate underflow signal (Frequency divided by 16 output)
‘ | count source selection bit 1 Timer 3 underflow signal (Frequency divided by 256 output}
wa Timer 3 0 Stop (reset state) o
! control bit 1 Operating
W3, Timer 3 0 Timer 2 underflow signal
count source selection bit 1 (X}
Timer control register W4 at reset 0000, { at power down : state retained R/W
Wi Timer 2 and 4 0 N&mal mode
o function selection bit ) 1 | PWM mode
wa | Watchdog timer 0 | Watchdog timer stop
? control bit - R 1 Watchdog timer operating
Timer 4 W4, W4, Count source
mer
W4, ! ) 00 H{Xun)
count sourze selection bits oo
e 0 1 Timer 3 underflow signal
Wiy Lo o Timer 2 underflow signal
11 Prescaler output (ORCLK)
Timer control register W5 (Note 3) at reset © 000, [ at power dawn | state retained g R/W
S . S — — i
! ) . 0 Stop
W5, | Zero cross input flag controt bit - -
o _ . 1 gperatlng _ e
ws Timer 4 0 Stop (state retained) .
N control bit - 1 Opeatng N
Timer 2 ¢ 0 ! Stop (state retained)
W5y ° i .
controf bit [ | i Operating

Notes 1. “R” represents read enabled, and “W” represents write enabled.
2. The signal in (X)) of t{Xcw) selected as a system clock is used.
3. After executing the TAWS instruction, “0” is stored in bit 3 of register A.

S
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4520 Group

SINGLE-CHIP 4.BIT CMOS MICROCOMPUTER

Serial 1/0 mode register J1 (Note 2) at reset . 000, at power down . state retained R/W
'—J‘h J1y - Function
Do/Scx/RTPy pin -
N, o/ Sox/RTTo pin - 00 170 port D
function selaction bits N -
| 01 Serial 1/0 ctock input/output Sck
Ji, 10 Real time output RTP,
b1 Not available
n Serial /O L0 Extornal clock -
° synchronous clock selection bit 1 H(Xun) or H{Xo) divided by 24
Seriat 10 mode register J2 (Note 3) at reset : 00; at power down | state retained ! R/W
S a2, 92| Function
n
J2 rorSour T P 00 170 port Dyg
function selection bits - -
~ 01 Serial data output Soyr N
320 10 Real time output ATP;
11 PWM output PWM
LCD contrel register L1 at reset . 0000, at power down © state retained T R/W
— |
u LCD. power supply dividing 0 Connecting internal dividing resistor to LCD power circuit
3 resistor control bit - 1 Disconnecting internal dividing resistq from LCD power cirguit
t1 LCD ON/OFF bit 0 OFF
i —
? 1 |ON
* e b L1, Ll Duty [ Bias
i and bias
L ity 00 Not available
selection bits [
_____ 0 1 2 1/2
Lig \ . “7‘1 0 : 1/3 1/3
i 11 ) 1/4 1/3
LCD control register L2 {Note 4) at reset | 0000, I at power down  state retained w
L2 SEG19/Pdy/ Ay — SEGza/Pdo/ Ans pin 0 | SEGy—SEGx i
i function switch bit 1 Pay/Any—Pdo/ A
L2 SEG/P3y/ Ana, SEG4/P32/ Ay pin 0 ! SEGp, SEGa. o
? function switch bit 1 P3a/Aing P32/ Az o
L2 SEGys/P3:/Am; pin Q SEGys
! function switch bit 1 P3¢/Ain
o SEG2e/P3g/INT2/Ang pin 0 | SEGy
° function switch bit [ PBo/INT2/Aing
LCD control register L3 at reset : 0y j at power down . state retained ! w
| ;
3 SEG17/Vic1. SEG(a/Vic2 pin 0 SEGy;, SEGua
° function switch bit 1 Vigr Viea
Notes 1. “R” represents read 2nabled, and "W” represents write enabled.
2. After exscuting the TAJ1 instruction, “0” is stored in bit 3 of register A,
3. After executing the TAJ2 instruction, “0” is stored in bits 3 and 2 of register A.
4. After setting the register L2, select Ayyo— Ay with register Q1
* MITSUBISHI 3—267
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SINGLE-CHIP 4-BIT CM0S MICROCOMPUTER

A-D control register Q1 (Note 4) at reset . 000, at power down . state retained R/W
Analog input pin Q1 Q1, Q1 Setective pin
a1, . . 000 Aino
selection bits
P 00 Aint
010 Az
Q14 0 1 1 Aing
10 ¢ Ane
101 Awns
Qtg L1 0 Ane
L 111 lAw
Key-on wakeup control register KO at reset . 0000, at power down | state retained R/W
K0, Pins P1; and P13 _9 i Key-on wakeup not used
key-on wakeup control bit 1 Key-on wakeup used
K0z Pins P1y and P1, 1} Key-on wakeup not used
key-on wakeup control bit 1 Key-on wakeup used
Ko, Pins PO, and PQy i 0 Key-on wakeup not used Mn
key-on wakeup control bit 1“ Key-on wakeup used
K06 Pins POy and PO, 0 Key-on wakeup not used .
key-on wakeup control bit 1 Key-on wakeup used
Pull-up control register PUO at reset : 0000, at power down . state retained w
PUGs Pins Py and P13 0 Pull-up transistor OFF
putt-up transistor control bit 1 Puli-up transistor ON
PUO, Pins P1g and P1, ~ ~Q Putl-up transistor OFF
puli-up transistor control bit 1 Pull-up transistor ON
PUD, Pins PO, and POy 0 Pull-up transistor OFF B
puli-up transistor control bit 1 Pull-up transistor ON
[ Pins POy and PO, 0 Plil!-up transistor OFF
PUG | pull-up transistor control bit 1 Putl-up transistor ON

Notes 1. “R” represents read enabied, and “W” represents write enabled.
2. After executing the TAQ1 instruction, “0" is stored in bit 3 of register A,

MITSUBISHI
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SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

ABSOLUTE MAXIMUM RATINGS

Symbol _Parameter Conditions Rating Unit
Voo Supplyvotage 4 :‘“m“ T —0.3t0 7 v
v, Input voltage PO, P1, P2, P3, P4, RESET, Xpv, Xom, Vs ) - —~0.3 to Vpo+0. 3 Y j
Vi input voitage Dop—Dy, Dy, DL o P.._,M;__,k_mglim 13 AV
\/ Input voitage Vi:y, Vica, Vics o ~0.3 to Vpp+0.3 v
v, [ tnput voltage Dy/INTE/ZEROX B ) —0.7 to Vpp+0.7 v
h,__ | nput current De/INTy/ZEROX e - S0t 100 “A
Vo | Oupitvoliage R0, P1. FESET T ouput vansisors e cuto e | 0.3 0 Vopt0.3 |V
Vo Output voltage [g - Output fransistors in the cut-off state ___f _ —0.7toVept+0.7 | V|
Vo Output voltage Do~D7, De. Do | Output transistors in the cut-off state ~0.3t013 v
Vo “_“?uvt»pul voltagé‘xom, Xcout 1 0.3 10 Vpo+0. 3 Y
Vo | Output votage SEG.COM [ T_,w ' —0.3to Viggt0.3 | V|
M34520MxA-XXXSP 1100
Pa Power dissipation ! 1:a=25j?7 i M348 ZOMRA SRR B mw
Topr " Operating temperature rangz o —_ﬁge_ﬂ_i t:_;_: 201085 | € |
Tstg Storage temperature range ; —~40 to 125 T
Notet. Operating temperature range for built-in EPROM version (M34520E8FS, M34520E8SS) is —207C t0 70C.
: MITSUBISHI 3—269
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SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

RECOMMENDED OPERATING CONDITIONS (Ta=—20C to 85T, Vpp=2. 2V t0 5.5V, uniess otherwise noted)

Symbot Parameter Test conditions - Limits ——  Unit
Min. Typ. Max.
1(Xi) =4. OMHz 4.5 5.0 5.5
Vv Supply voltage (Note 1)

Yoo Fply vollaa HXw) =1, 5MHz 2.2 55

_Vaam RAM back-up voltage (at RAM back-up mode) 2.0 5.5 v
Vss Supply voltage 0 v
AVsg Anaiog supply voltage (Note 2) Vss \Y
Vics Supply voitage tor LCD (Note 3) 2.2 5.5 \'

“H" level input voitage PG, P1, P2, P3,

ﬁv.H P4 Do 0. Voo Voo v
Vi “H” leve! input voitage Do—D7, Dy, Dyg 0. Voo 12 v

| Vig “H" level input voltage X 0. 7Vpp Vbo A%
Vi “H" level input voitage RESET 0. B5V o Voo \4

“H" level input voltage CNTH,, Sinv. Sck,

| Vi INTo, INTy, INT, 0 8¥oo [ Voo |V
v [ “L" tevet input voltage PO, P1, P2, P3, {

- ' P4, Dg—Dyo 0 0.3Vpp| V
Vi “L” levet input voltage X 0 0.3Vpp! V
Vie “L” level input voltage RESET ~ 0 0. 1Vpp v

“L" level input voltage CNTR;, S, Sck.

#_Y"- INTo, INT,, INT, 0 0.2Vpo,  V
lovpeak) | “L” level peak output current PO, P1, RESET 10 mA
lou(peak) | “L" level peak output current Dy, Ds 40 mA
f “L" level paak output current Dg—Ds, Dg—D:

| loutpeak: vel pi Py it e Ml { Vpp=4.5V to 5.5V 2 ma
loLcavg) | "L leve! average output current PO, P1, RESET (Note 4) l 5 mA
loLcavg) | “L” level average output current D, Ds (Note 4) 20 mA

~J0Lc avg) | ‘1" level average output current Do—Ds, Dg—Dyo (Note 4) 12 mA

1(Xn) clock frequency Vpp=4.5V to 5. 5V 4.0
H{Xin) . MHz
. {with a ceramic resonator] (Note 5) Vpp=2. 2V to 5. 5V 1.5 :
| H{X,) clock frequency (Note 5) Voo=4. 5V to 5.5V 3.0
HXn) - ) ~—~ MHz
(with external clock inpul) {Note 6) Vop=2. 2V to 5. 5V 0.8
f(Xom) clock frequency i
(Xem) (with a quartz-crystal oscillator) (Note 7} Vop=2.2V o 5.5V 50 kHz
Serial 1/0 external clock cycle Vop==4.5V to 5. 5V 750 ns
tw{Scx) P w ;
(“H” level or “L" leve! puise width) Vpp==2.2V t0 5. 5V 2.0 us
Timer external input cycle ' Vpo==4, 5V to 5.5V 750 ns
W(CNTR1)| o AT ree
(“H" level or “L" level pulse width) | Vpo=2.2V t0 5.5V 2.0 S
Notes 1. Supply voltage at Mask ROM version is 2. 2V to 5.5V,
Supply voitage af buiit-in PROM version is 2.5V to 5. 5V.
* When using zero cross detection circuit
Vop=3. 0V to 5. 5V (Mask ROM version)
Vpp=4. 0V to 5. 5V (Built-in PROM version)
« When using A-D converter
Vpo=2.7V to 5.5V {Mask ROM version, buitt-in PAOM version)
2. Use AVgs and Vgg at the same voltage level.
3. When using 1/2 bias ! Vi e =Vic2=1/2'Vi 3
When using 1/3 bias Vi ¢1=1/3-Vica, Vice=2/3Vies
4. Keep the total currents of I {avg) for ports PO, P1, De— Dy, and RESET to 80mA or less.
5. However, the minimum value for the system clock frequency when using an A-D converter is 400kHz. -
6. Keep the duty ratio of the external clock within the range shown in Table 19.
Table 19 Supply voltage and duty ratio of external clock
Supply voltage Duty ratio of external clock
4.5V to 5.5V 40% to 60%
2.2V to 5.5V 30% to 70%
7. External clock cannot be used as (Xgy) clock.
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MITSUBISHI MICROCOMPUTERS

4520 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

ELECTRICAL . CHARACTERISTICS (72=—20C t0 85T, Vpp=3. 0V, unless otherwise noted)

Symbot Parameter Taest condition L Limits Unit
i Min. . Typ. Max.
VoL “L* jevel output voltage PO, P1, RESET loL=2mA T ' 0.9 ",
Vor “L" level output voltage D, Ds loL=8mA 1.5 v |
| VoL “L" level output voltage Do—Dj, Dg, D7—D1g T I9L=2mA i 0.9 \Y
i “H" tevel input current PO, P1.P_2,E Vi=Vop (Note 1) 1 }:‘:M
P4, Dg, RESET
I “H" tevel input current Do—D;, Dy, Dig ‘7;,;12V - B 1 A
Ly “H" level input current Vper V=3V 1 FnTW
“L” level input current PO, P1, P2, P3, R {Note 1)
e P4, Dy, RESET V= Note2) | ! #h
fie “L” level input current Dg—Dy7, Dg, Dyg - V=0V —1 j[;“-
foz Output current at off-state Dg—Dy, Dg, Dyg : "vc-—-lzv 1 ‘;; ]
loz Output current at off-state PO, Pt, Dg, RESET Vo=Vpo 1 “A
: f(Xn)=1.5MHz
) KXo} =32kHz 0.7 21 mA
at active high-speed mode = e i ~
(X} =500kHz
#{Xcin) =32kHz 0.3 0.9 mA
) HX) = Stop
at active low-speed mode K X )= 32KHz ' 20 60 “A
lop Supply current at power down 1 mode i(xm)=3\op ; 7 2 #A_~
(LCD operation) fXom)=32kHz
Hxw=stop | I
H{Xcin) =Stop 0.1 ¢ 10 A
at power down 2 mode HTa=25‘C
i H Xin)=Stop
‘ H{Xein)=Stop 10 : A
1Aco A-D operation current 1(X)=1. 5MHz 0.2 0.6 | mA
1Zoo Zero cross comparator operation current (X ) =1. SMHz 0.8 2.4 mA
X { Vpp=3V
Reu Puli-up resistor value PO and P1 Cv=0v 40 100 250 k()
Vi4—Vr— | Hysteresis INTo, INTy, INT, L 0.3 v
Vy4—Vr— | Hysteresis RESET .7 v
Rcom COM output impedance (Note 3) 2 10 ka |
Rsea SEG output impedance (Note 3) 3 15 kO
Ruic internat resistor vatue for LCD power Ty=25C 300 600 1200 kO
(impedance between Vi cs and Vss)
— Zero cross comparator accuracy +0,04Vpp A\

Notes 1. In this case, port P4 function is selected with software.
2. The puli-up resistors of ports PO and P1 are disconnected.
3. Use an external power supply for the LCD power, and leave all pins open except the measured pin.
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MITSUBISHI MICROCOMPUTERS

4520 Group

SINGLE-CHIP 4.BIT CMOS MICROCOMPUTER

ELECTRICAL CHARACTERISTICS (Ta=—20C 1085T, Vpp=4.5V to 5.5V, uniess otherwise noted)

Symbol Parameter Test condition Limits Unit
Min. Typ. Max.
Voo “L" level output voltage PO, P1, RESET o =5mA 0.5 2
VoL “L" tevel output voitage Dy, Ds loL=20mA 2 V7:
VoL “L" level output voltage D¢—Da, De, fou=12mA 2 v
D7~ Dig
e “H” level input current PO, P1, E’EE Vi=Voo N (Note 1) 1 A ]
P4, Dg, RESET “
lin “H" level input current Dg—Dy7, Dy, Dyp Vi=12v 1 HA
lin “H" level input current Vage V=5V 2 mA
N “L" tevel input current PO, P1,E._PE — (Note 1) - A B
P4, Dg, RESET (Note 2) “
e “L" leve! input current Dg— Dy, Dg, D1o T oy [ uA |
loz Output current at off-state Dy—Dy, Dg, Do Vg=12V 1 uA
oz Output current at oif-state PO, P1, Dg, RESET Vo=Vpp 1 HA
i at active high-spaed mode (i) =AMtz 3 9 mA
: | : 1 Xgm)=32kHz ]
at active low-speed mode  HXn)=Stop 50 150 i A
| H{Xew) =32kHz :
at power down 1 mode f{Xn)=Stop
foo Supply current {LCD operation) H{Xow ) =32kHz % 90 #A
f(Xin) =Stop !
f(Xeim ) =Stop I o1 1.0 | kA
at power down 2 mode Ta=25C
f(Xin) =Stop : 10 A
#(Xom ) =Stop |
Apo A-D operation current LX) =4MHz 0.8 2.5 mA
1Zpo Zero cross comparator operation current ! (X)) =4MHz 1.0 3.0 mA
, vorsv T I
Rey Pull-up resistor value PO and P1 Yy 20 50 125 kO
Vrs—Vi—_| Hysteresis INTo, INT;, INT, 0.3 v
Vre—Vr- | Hysteresis RESET ) 1.8 | \
Reom COM output impedance L (Note 3) 2 10 kQ
Rsea SEG output impedance . (Note 3) | .3 151 ko |
Ruic !r.nemal resistor value for LCD power Ta=25C ! 300 600 1200 <Q
! (impedance between V| c; and Vss)
— 1 Zero cross comparator accuracy +0.MVgp v

A-D CONVERTER CHARACTERISTICS (1a=—20C t0 857, Vpp=5V, Vss=AVgs=0V. f(X;y)=4MHz, unless otherwise noted)
Symbol Parameter Test conditions Limits Unit
Min, Typ. Max
- Resolution ) ) 8 bit
- Absoiute accuracy (_Note 4) VDD=“\7;EF=5. 12v *+2 LSB |
Reaopen | Ladder resistor e i 2.5 5 10 kQ
tcony Conversion time o H{Xn) =4MHz l 25.5 | wus
Vger Reference input voitage i . N 1[ 2.7 Voo oy
Via Analog input voltage ; | 0 Vier \%
Notes 1. In this case, port P4 function is selected with software.

2.
3.
4.

The puli-up resistors of ports PO and P1 are disconnected,
Use an external power supply for the LCD power, and leave all pins open except the measured pin.
The absolute accuracy does not include quantification error.
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MITSUBISHI MICROCOMPUTERS

4520 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

BASIC TIMING DIAGRAM

Machine cycie

Mi Mi+1

State
Pamme(er\ Pin name T3 Ty T Ty
Clock Xin l l | _"I

Port D output Dg—D1o
Port D input Do—Dio o i
POy~ P0;
Ports PO and P1 output P1,—P1,
POy PO,
Ports PO, P1, P2, P3 b
B Q 3
and P4 input P3g—P3,
PdgPdy

INTg, INT,, INT,

RN
NI

interrupt input

Notes on zero cross input

Apply the voltage within the limits of —0.7 to 7. 7v. Because the voltage is supplied to Vpp and Vgg through a parasitic diode in the microcomputer
when the voltage is applied to port Dg while Vpp and Vgg are open

And keep the current to port Dg to 100.A or less.




MITSUBISHI MICROCOMPUTERS

4520 Group

SINGLE-CHIP 4-BIT CM0S MICROCOMPUTER

BUILT-IN PROM VERSION

In addition to the mask ROM versions, the 4520 Group has
three programmable ROM versions software compatible
with the mask ROM. One is the window-type EPROM ver-
sion supplied with a built-in EPROM which can be written
to and erased. Others are the One Time PROM versions
whose PROMs can only be written to and not be erased.
Since the functions of the built-in EPROM and One Time
PROM versions are exactly the same, except erasure, all of
them are referred to as built-in PROM versions in this ex-
planation, unless otherwise noted.

Table 20 Product of built-in PROM version

The built-in PROM versions have functions similar to those
of the mask ROM versions, but they have PROM mode that
enables writing to built-in PROM.

Table 20 shows the product of buiit-in PROM version. Fig.
73 and Fig. 74 show the pin configulations of built-in PROM
version. The One Time PROM versions have pin-compatibility
with the mask ROM version. The built-in EPROM version
has a different outline.

The built-in EPROM version is the microcomputer for prog-
ram development. Use this microcomputer only for program
development and prototype test.

PRQOM size RAM size
Product (X710 bits) ; (X4 bits) Package Remarks
M34520E8-XXXSP/EP SP * 64PAB One' Tl@e PROM ve‘r‘smn {shipped after writing)
FP * 64PEN-A JShlppmg after writing and testing in factory) N
M34520E8SP/FP 8192 words 384 words ’ One Time PROM version (shipped in blank) -
S$S ! 64S1B-E
34 /FS * - si
M34520E85S FS : 64D0 Buiit-in EPROM version
%* . For program development only
PIN CONFIGURATION (TOP VIEW)
22222
L <LK
- ~ \N \'_ ~ \!’7
98 FIFFS
> aooaa
prveossot® BRINR
[ORURGRO] [ORUEPICHORURURG]
00QQ S
BHhEHRSCCOBBSHGn o b
Pttt r ittt
[={[=]#] SIRIZIRIBIEI0
SEG;, « [ +> SEG4/P32/ Az
seay, 0 () ~+ SEGys/P31/Ans
SEGyo + B0} =+ SEG/P30/INT2/ Ao
SEGg + + Vrer
SEGy + AVgs
SEG; + [54 - Xen
SEG, 5] M34520E8-XXXFP ] — Xoour
SEGs [ M34520E8FP Voo
SEG,4 + or Vss
SEG; + [¥] F 23] — Xour
e M34520E8FS A,
SEG, «[&] 1]+ RESET
SEG, +[® — P2,
POy + [62} +— P2,
PO, ++ + P2,/INT,
PO, + [64] + P2,/Sin
= el N=j =1 ===l
S EEEEEEEEERER
n'g,_—‘:a‘::c—unv-no—x ]
EmmamDODOOQEEg&;
zzhmTa
OON ¥ 7
da2dE
z o
€0
& 3
e %
2
Q

Outline
64D0 (Built-in

64P6N-A (One Time PROM version)

EPROM version)

Fig. 73 Pin configuration of bullt-in PROM version
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MITSUBISHI MICROCOMPUTERS

4520 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

PIN CONFIGURATION (TOP VIEW)

SEG,+— [
SEG, + [2 ]

PO+ [3]

Plg+ ['1—

Pt~ [ir]

P1, « [z}

Ply+r (3]

Do+ (7]

Dy« U5

D+ [15]

De+ (7]

Dy {18

D+ [19]
Dg/CNTRg ++ (20|
D,/CNTR, = [21 |
Da/INT/ZEROX «» (721
Dy/Scx/RTPy + [23]
Dio/ Sour/RTP,/PWM + {24
P20/Siy —* 128
P2,/INT, ~ {76 |
P2, —» (7]

P2, — (78|
RESET « [23]

Xin — @

Xour +— [31]

Vsg 3z

Outline

$S83025YEN
10
dS8302SYEN
10
dSXXX-8302SPEN

[51] — SEG,

[63] —» SEG,

l62] — SEG,

[61] — SEG,

[60] — SEG,

[59] ~ SEG,o

E—’_} = SEGy4

[57] — SEG,,

E — SEGyy

[55] — sEG.,

[} — SEGys

[53] — SEG,s

[57] — com,

[51] — COM,

[50] — COM,

[25] — COM,

E] > SEG7/Vics
[a7] ++ SEG.e/Vice
(48] + Vica

E +> BEG,o/Pha/ Ay
[46] + SEG0/P42/Ans
(43 ] +> SEG,/P41/Aws
[42] <+ SEGu2/Pdo/Ana
[21] +> SEG,e/P3s/Ana
[20] > SEG/P3,/ Az
[38] «> SEG/P31/Am:
[38] +* SEGye/P30/INT2/ Ao

[37] = Veer
[36] AV
[35] + Xomw
E —* Xcour
[33] Voo

64P4B (One Time PROM version)
64S1B-E (Built-in EPROM version)

Fig. 74 Pin configuration of built-in PROM version (continued)

~

MITSUBISHI
EBLECTRIC

3275



MITSUBISHI MICROCOMPUTERS

4520 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

(1) PROM mode

Each built-in PROM version has a PROM mode in

addition to a normal 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 adapters are listed in

Table 21.

* Writing and reading of built-in PROM

Programming voltage is 12.5V. Write the program in
the PROM of the built-in PROM version as shown in
Fig. 75.

* Erasing

Only the built-in EPROM (M34520E8SS/FS) version
has a transparent window for erasing on the top sur-
face of the package. The EPROM is erased when it
is exposed to ultraviolet light with a wavelength of
2537 A to an integrated dose of 15 W-s/cr or more
through the window.

(2) Notes on handling

@ Sunlight and fluorescent lamp contain light that can
erase written information. Be sure to cover the
transparent glass portion with a seal or other simi-
lar materials except when erasing.

@ Mitsubishi Electric corp. provides the seal for
covering the transparent glass. Take care that the
seal does not touch the lead pins.

@ Clean the transparent glass before erasing. Fin-
gers' fat and paste disturb the passage of ultra-
violet light and may affect badly the erasure capa-
bility.

@ A high voltage is used for writing. Take care that
overvoltage is not applied. Take care especially at
turning on the power.

® For the One Time PROM version shipped in blank,
Mitsubishi Electric corp. does not perform PROM
writing test and screening in the assembly process
and following processes. In order to improve re-
liability after writing, performing writing and test
according to the fiow shown in Fig. 76 before using
is recommended. (Products shipped in blank :
PROM contents is not written in factory when
shipped)

Table 21 Programming adapters
Microcomputer Programming adapter
M34520E8-XXXSP, M34520E85P, M34520E8SS PCA4747
M34520E8-XXXFP, M34520E8FP PCA4748
M34520E8FS PCA4749
Address

0000 [y 1 1 D, D, D, Dy Dg
I — |

Low- .
1FFF ow-order 5 bits

400046 1 1 1 Ds D D D D
—

High-order § bits

7 7

Set “FF;g” to the shaded area.

5FFFy

TFFF g

Fig. 76 PROM memory map

| Writing with PROM programmer I
I
|

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

!

L Verify test with PROM programmer l

__________________________________ oo

Function test in target device

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

Fig. 76 Flow of writing and testing for products shipped
in blank
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MITSUBISHI MICROCOMPUTERS

4520 Group

SINGLE-CHIP 4-BIT CM0OS MICROCOMPUTER

ABSOLUTE MAXIMUM RATINGS FOR BUILT-IN PROM VERSION

Symbot Parameter Conditions Rating © o Unit
Voo Supply voitage —0.3t0 7 v
v Input voitage PO, P1, P2, P3, P4, RESET, Xin, Xciw, Vaer —0.3 to Vpp+0. 3 \%
V; input voltage Dg—Dy7, Dg, D1p B ~0.3t013 v
vV, nput voltage Vic1, Vice Vics —0.3to Vpp+0.3 v
vV, input voltage Da/INTo/ZEROX —0.7 to Vpp+0.7 \
1 input current Dg/INTo/ZEROX —100 to 100 mA
Vo Output voltage P0, P1, RESET Output transistors in the cut-off state | —0. 3 to Vop+0. 3 v
Vo Output voltage Dg Qutput transistors in the cut-off state —0.7 to Vpp+0.7 v
Vo Output voltage Dg—Dy, Dy, Dy Output transistors in the cut-off state —-0.3t013 v
Vo Qutput voltage Xour. Xcout —0.3 to Vpp+0.3 v
Vo Output voitage SEG, COM ~—0.3 to V ca+0.3 v
Pd Power dissipation Ta=25C g':p( I:gt(e; ?l)\lote 2 1;83 mw
Topr Operating temparature range Nete 1| T —20 t0 85 C
Tstg Storage temperature range —40 to 125 c

Note1. Operating temperature range for built-in EPROM version (M34520EBFS, M34520E8SS) is —20°C to 70°C.
2. DIP : M34520E8-XXXSP, M34520E85P, M34520E85S
QFP, LCC | M34520E8-XXXFP, M34520E8FP, M34520E8FS

PR



MITSUBISHI MICROCOMPUTERS

4520 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

RECOMMENDED OPERATING CONDITIONS FOR BUILT-IN PROM VERSION

(Tg=--20T to 85°C (Note 1), Vpp=2.5V to 5.5V, uniess otherwise noted)

Symbol Parameter Test conditions Limits Unit
Min. Typ. Max.
H{Xen) =4. OMHz 4.5 5.0 5.5
% Supply voltage (Nate 2) -

ee pply voteg X) =1 EMHz 25 55| ¥
Viaam RAM back-up voitage (at RAM back-up mode) 2.0 5.5 \Y
Vsg Supply voitage O v
AVgs Analog supply voitage (Note 3) Vss Vv
Vies Supply voltage for LCD (Note 4) 2.5 5.5 \

“H" level input voltage PO, P1, P2, P3,
Vin P4, D 0. 7Vpp Voo v
Vin “H" level input voltage De—Dy, Dg, Do 0. 7Voo 12 v
Vin “H” tevel input voitage Xy 0. 7Vop Voo \'4
Vin “M” jevel input voltage RESET 0. 85V Voo \
“H" tevel input voltage CNTR;:, Sin, Sck.
Vin INTo, INTy, INT2 0.8Von Voo v
v “L" level input voltage PO, P1, P2, P3,

w P4, Dy—D1o 0 0.3Vpo \
Vi “L" level input voltage Xin Q 0.3Vpo v
Vi “L" level input voltage RESET 0 0. 1Vpp v

“L” level input voltage CNTR,, Siv, Sck, ‘
Ve INTo, INT,, INT, 0 0.2Vop.  V
| loupeak) | “L” ievel peak output current PO, P1, RESET ! 10 mA
loLipeak) | "L ‘evel peak cutput current Dy, Ds 40 mA
! “L” level k output t Dg—Da, Dg—D-
| low(peak) Peat oupit CUITert o™ P De o Vpp=4.5V t0 5.5V 2| ma
locavg) | "L level average output current PO, P1, RESET (Note 5) 5 mA
lowcavg) | "L level average output current Dy, Ds (Note 5) 20 mA
loiavg) | “L” level average output current Dy—Ds, Dg—Dyg (Note 5) 12 mA
f{Xi) clock frequency Vop==4.5V to 5. 5V 4.0
f(Xn) . ) MHz
(with a ceramic resonatar) (Note 6) Vpp=2.5V to 5. 5V 1.5
. f(Xn) clock frequency {Note 6} Vop=4.5V to 5.5V 3.0
H X} (' . . MHz
with external clack input) (Note 7) Vop=:2.5V to 5. 5V 0.8
! H{Xein) clock fraquency :
(Xem) . (with a quartz-crystal oscillator) (Note 8) ; Vopo=2.5V ta 5.5V 50, kHz
w(Sen) " Serial I£0 external clock cycle " Vpp=4. 5V 10 5.5V 750 ns
CK7 1 (“H” level or “L" level pulse width) Vpp=:2. 5V to 5.5V 2.0 us
Timer external input cycle Vpo=4.5V to 5.5V 750 ns
W(CNTRD)! /... wr ‘
- {“H" tevel or “L" level pulse width) Vpe=2.5V t0 5.5V 2.0 Lus
Notes 1. Operating temperature range for built-in EPROM version (M34520E8FS, M34520E88S) is —20C to 70°C.
2. Supply voltage at Mask ROM version is 2. 2V to 5.5V.
Supply voltage at built-in PROM version is 2.5V to 5.5V.
* When using zero cross detection circuit
Vpo=3. 0V t0 5.5V {Mask ROM version)
Vpo=4.0V to 5. 5V (Built-in PROM version)
« When using A-D converter
Vpp=2.7V to 5.5V (Mask ROM version, built-in PROM version)
3. Use AVgs and Vgg at the same voltage level.
4. When using 1/2 bias | V_c:=Vico=1/2"Vica
When using 1/3 bias © Viey=1/3Vica Vic2=2/3"Vica —
5. Keep the total currents of Ig, (avg) for ports PO, P1, Dg—D1o, and RESET to 80mA or less.
6. However, the minimum value for the system clock frequency when using an A-D converter is 400kHz.
7. Keep the duty ratio of the external clock within the range shown in Table 22.

Table 22 Supply voltage and duty ratio of external clock

Supply voitage

Duty ratio of external clock

4.5V to 5.5V

40% to 60%

2.5V to 5.5V

30% to 70%

8. External clock cannot be used as H{ X)) clock.
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MITSUBISHI MICROCOMPUTERS

4520 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

ELECTRICAL CHARACTERISTICS FOR

BUILT-IN PROM VERSION

{Ta=—20C 10 85 (Note 1), Vpp=3. 0V, unless otherwise noted)

Symbot Parameter Test condition Limits Unit
- Min. Typ. Max.
Vor “L" level output voltage PO, P1, RESET lou==2mA 0.9 v
VoL “L* tavel output voltage D, Ds {o=8mA 1.8 v
Voo “L” level output voltage Dg—Dg, Dg, Dy—Dyg loL=2mA 0.9 \'4
i “H” level input current PG, P1, 22 Vi=Vao (Noto 2) 1 A
P4, Dg, RESET #
li “R” level input current Dp—Dy, Dy, Dig ~ Vi=12v - 1 uA
g “H" tevel input current Vege - V=3V 1 mA
N “L" level input current PO, P1, P2, P3, | vi=ov (Note 2} - A
P4, Dy, RESET ! (Note 3)
e “L” level input current Dy—Dy, Dy, Dyo V=0V -1 HA
foz Output current af off-state Dy—D7, Do, Dy Vo=12V 1 uA
loz Output current at off-state PO, P1, Dy, RESET Vo=Von V| eA |
f(Xin) =1, 5MHz
. (X )= 32kHz 0.7 2.1 mA
at active high-speed mode s e}
#{ Xine) =500kHz
H Xew ) =32kHz 0.3 0.9 mA
. (X ) =Stop
at active low-speed mode HXom}=32KHz 20 60 wA
oo Supply current at power down 1 mode 1(X)n) =Stop T
(LCD operation) #{Xcom) =32kHz 7 2 uA
{ Xy ) =Stop
{ Xcin) = Stop 0.1 1.0 | uA
at power down 2 mode Ta=25C i
¢ (X ) ==Stop 10 “A
#{Xcn ) =Stop
1Aop A-D operation current (X ) =1.5MHz 0.2 0.6 mA
1Zo0 Zero cross comparator operation current f(Xin)=1,5MHz 0.8 2.4 mA_ |
Vop=3V
Rey Pull-up resistor value PO and P . 40 100 250 (3¢
Vrp—Vy— | Hysteresis INTq, INT, INT; 0.3 v
Vry—Vy- | Hystoresis RESET B 0.7 \
Rcom COM output impedance (Note 4) 2 10 kQ
Rsea SEG output impedance (Note 4) 3 15 Kk
Ruie Internal resistor vaiue for LCD power Ta=25C 200 600 1200 KQ
(impedance between Vi ¢y and Vgs)
— Zero cross comparator accuracy +0.04Vpp \'
Notes 1. Qperating temperature range tor built-in EPROM version (M34520E8FS, M34520€8SS) is —20°C to 70C.
2. Inthis case, port P4 function is seiected with software.
3. The pull-up resistors of ports PO and P1 are disconnected.
4. Use an external power supply for the LCD power, and leave all pins open except the measured pin.
RN



MITSUBISHI MICROCOMPUTERS

4520 Group

SINGLE-CHIP 4-BIT CMO0S MICROCOMPUTER

ELECTRICAL CHARACTERISTICS

FOR

BUILT-IN PROM VERSION

{Ta=—207T to 85C (Note 1}, Vpp=4.5V to 5.5V, unless otherwise noted)

T
Symbot Parameter Test condition : Limits Unit
| Min. Typ. Max.
Voo “L” level output voltage PO, P1, RESET loL=5mA 0.5 \'4
__Vo,_ “L" feve! output voltage D, Ds C o =20mA 2 v
Voo ‘ “L” levet output voltage Dop— D3, Dg, o =12mA 2 v
- D;—Dyo :
o “H" level input current PO, P1, EZ—PE Vi=Von (Note 2;_“ ] A
- P4, Dg, RESET
_I.H "H” tevel input current Dg—Dy, Dy, Dyg Vi=12v 1 uA
lin “H" level input current Vger ) V=5V 2 mA
e “L* level input current PG, P1, E{fﬁ B Vim0V {Note 2) 1 A
P4, Dg, RESET (Note 3)
i “L” level input curremt Do—D-~, Dg, Dyg V=0V -1 HA
| loz Qutput current at off-state Dg—Dy, Dg, Dig ‘Vo=\2\/ 1 uA
loz Qutput current at off-state PO, P1, Dg, RESET Vo=Veop 1 A
at active high-speed mode 1) =aMHz 3 9 mA
H{Xon)=32kHz
' #{ X ) =Stop
at active low-speed mode HXon) =32kHz | 50 150 #A
at power down 1 made (X)) =Stop
Ino Supply current _(LCD operation) 1(Xow ) =32kHz 30 %0 uh
H{ Xin) =Stop
H{Xcim) = Stop 0.1 1.0 A
at power down 2 mode Ta=25C !
#(Xin)=Stop 10 2A
f(Xoi ) =Stop
1Apo A-D operation current 1(Xin) =4MHz 0.8 2.5 mA
1200 Zero cross comparator operation current ) 1(Xin) ==4MHz 1.0 3.0 mA
. T Vop=5Y
Apy Pult-up resistor vatue PO and P1 V=0V 20 50 125 k)
| Ves — Voo | Hysteresis INTg, INT,, INT, ) 0.3 v ]
Vy;+ — Vi—| Hysteresis RESET - - 1.8 v
Reoum COM output impedance (Note 4) 2 10 kK
Rsea SEG output impedance (Note 4) 3 15 KkQ
Ruio lr.xternat resistor value for LCD power Ty=25C 200 600 1200 Ka
{impedance between V| g3 and Vsg} ;
= . Zero cross comparator accuracy | +0.4Vop \4

A-D CONVERTER CHARACTERISTICS FOR BUILT-IN PROM VERSION

(Ta=—20C 10 85°C (Note 1), Vpp=5V, Vss=AVgss=0V, f{X,y)=4MHz, unless otherwise noted)

i - Linits 1 o
Symbaol ! Parameter ‘ Test conditions T Tro T Max J Unit
[ = mesoution - 1 . g | bit
- ;. Absolute accuracy o (Note .’3{ V’X9D=Vngp=5. 12_V . “+2 LSB
E‘R‘LIDDEH Ladder resistor o .25 ‘ 10 k&
teony Conversion time - | i =dMbz 25.5 us
“Veer Reference input voltage I B 27 Voo \
Via Analog input voitage i Vagr v
C

1.
2
3.
4
5

Notes on zero cross input

Operating temperature range for built-in EPROM version (M34520E8FS, M34520E8SS) is —20C 1o 70
. In this case, port P4 function is selected with software.

The pull-up resistors of ports PO and P1 are disconnected.
. Use an external power supply for the LCD power, and leave all pins open except the measured pin.
. The absolute accuracy does not include quantification error.

Apply the voltage within the limits of —C.7V 10 7. 7V. Because the voitage is supplied to Vpp and Vgs through a parasitic diode in the microcomputer
when the voltage is applied to port Dg while Vpp and Vsg are open.

And keep the current to port Dg to 1002 A or less.
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