SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER for
INFRARED REMOTE CONTROL TRANSMITTER

MITSUBISHI MICROCOMPUTERS

4550 Group

DESCRIPTION @ Minimum instruction execution time <+« 1.875us
The 4550 Group is a 4-bit single chip microcomputer de- (at 1.6MHz system clock frequency)
signed with CMOS technology for remote controller. its ® Supply voltage -+ omree 2.2V to 3.6V
CPU is that of 4500 series using a simple, high-speed in- (2.5V to 3.6V at built-in PROM versions)
struction set. The computer is equipped with a remote con- ® Timers
trol carrier wave output circuit and an LCD controt circuit, Timer 1--rooeerereeeeees 9-bit timer with a reload register
and is suitable for remote control transmitters designed for Timer 2---verrerereeees 4-bitX 2 (fixed dividing frequency)
VCRg and air conditioners. Thner 3-reeereeermenreeene 8-bit timer with a reload register
The various microcomputers in the 4550 Group include ® Interrupt function «-ororreove i 3 sources
variations of the built-in memory type and package as ® Ciock generating circuit
shown the table below. Main clock (Xiy) © a ceramic resonator or external clock
input
APPLICATION Sub-clock (Xgin) © a quartz-crystal oscillator (32kHz)
Various remote control transmitters @ Remote control carrier wave output function
@ Built-in LCD controller/driver
FEATURES Segmem output ................................................... 40
. Number Of basic ins“-ucﬁons .................................. 100 ccmmon Output ....................................................... 4
Product RO"?Q:'S%?"‘S))SHG (F‘Q"‘:bs."zse) Package outline ROM type
M34550M4A-XXXFP 4096 words
M34550MBA-XXXFP 6144 words Mask ROM
M34550MBA-XXXFP 368 word 80PEN-A
M34550E8-XXXFP 6192 word ords one 11
M34550E8FP * s ne Time PROM
M34550E8FS * % 80D0 EPROM
* | Shipped in blank
* % | For program development only
PIN CONFIGURATION (TOP VIEW)
[40] +— P3o/INT
(3] P,
E" D4/Vie
SEG;; + [E8] [37] — Dy2/Vice
SEGg4 - [69] [38] Vies
SEG s+ [T 35] + Xew
SEG 6 +— E E" Xeour
SEGy [ -XXXEP 3] Veo
SEGy, [ M34550MxA Ve
SEGp [ [31] ~ Xour
SEGg «- [ [30] < X
SEGs, + [7] 3] ~» RESET
SEGy, + [77] 28] — CARR
SEGy; + [7] Q 77— P2,
SEGas +~ [ [26] + P2,
SEGiss + [8] (3] + P2,
e e == R E EEE R R
R R
{ii{deddsisidaddadasadyy
3583 Q
[CECEGEG] >
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4550 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER for

INFRARED REMOTE CONTROL TRANSMITTER
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SU0ISIBA NOHd UI-IIING O4i 404 S1HG §L X SPIOM 2618 WOHd © 210N

_ sIdino LOWILIOS _ _

sindino juswbag _

(SUOWIWOD p X sluawbes oy "xew)
INoND jOUOD AT

papnjoul sHa ¥ X
SPIOM Op VY A1
$4q pXspiom 89g (19A9] 1) das Jeis16a) yoess jdnueiug
v (s1oa9] 8) sHS sualsibol yorig
(s4q 8) 3 saisibay (S1q €) d Jei8169y
(sna ¥) g ssiBay (suq ¥) v 1ais168y
UG 01X (svav) Nv
SPioMm Z618 01 9601 3100 NdD
(S10N) WOH . S9lBs Q0SY
RETF AT
INAING SABM 10111ED [0JUOD BowsY
(do0f2-qng)
.:._OUX(Z—DX
(30010 UIBiN)
t..OX..z_X
S)n0Jo Bupeieueb %5010 weysig

(SHq g) € JowIL
(ZXSH b) 2 JuiL
(5uq §) | Jouity

siewi ]

suonouny feseyduag

:‘ Ld Hod

Il odwea |

| rawa | ma.Sa

suod O/l

-

4

)‘msmsu



MITSUBISHI MICROCOMPUTERS

4550 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER for
INFRARED REMOTE CONTROL TRANSMITTER

PERFORMANCE OVERVIEW

Parameter Function
Number of basic instructions 100
Minimum instruction execution time i 1.875us {(at 1.6MHz system clock frequency)
Main clock 1.6MHz
System clock
Sub-ctock 32kHz
Memory sizes ROM M34550M4A 4096 words X 10 bits
M34550M6A 6144 wordsX 10 bits
M34550M8BA 8192 wordsX 10 bits
RAM 368 wordsX 4 bits (LCD RAM 40 words X 4 bits included)
[
Input/Output pins | Do— D+ : Output Ten independent output ports; Dyy and Dy, are also used as the LCD power supply input pins
Dy, Dy2 ! Vict and V2, respectively
Ds~—Dio [1e] Three independent 1/0 ports; D4y pin is also used as the buzzer output pin BEEP.
PQo—P03 /0 4-bit IO port; each pin is equipped with a pull-up function and a key-on wakeup function
(both programmable).
Plo—P13 1/0 4-bit I/0 port; each pin is equipped with a pull-up function and a key-on wakeup function
(both programmable). :
P2o—P2; input 4-bit input port; pins P2y and P2, are equipped with a key-on wakeup function, respectively.
P3g, P34 Input 2-bit input port; each pin is equipped with a pull-up function. P34 pin is also used as the inter-
rupt input pin INT, and is equipped with a key-on wakeup function,
Pdp—Pas Input 4-bit input port; these pins are also used as pins SEGas—SEGss respectively with software.
Carrier wave Output structure | Variable period carrier wave output {software carrier output enabled)
Output frequency Variable period carrier wave) 28.57kHz 1o 400kHz (at 1.6MHz system clock frequency)
output used ) ‘
Timers Timer 1 9-bit programmable timer with a reload register
Timer 2 4-bit fixed dividing frequency X2
Timer 3 8-bit programmable timer with a reload register
Interrupt Source 3 (one tor both edges sense external, two for timer)
Nesting 1 level
Subroutine nesting e 8 levels
LCD Selective bias value 172, 1/3 bias
Selective cluty value 2, 3, 4 duty
Common output 4 et e i s s i i e e
Segment output 40

Internal resistor for power supply

200k Q (typical value) X3

Device structure

CMOS silicon gate

Package

80-pin plastic molded QFP

Operating temperature range

~20C to 0C

Supply voltage

2.2V 10 3.6V {2.5V to 3.6V at built-in PROM version)

Power dissipation
(typical value)

Active moce

1mA (1{ Xy ) =910kHz, Vop=3V, output transistors in the cut-off state)
0.5mA (#(X,y)=455kHz, Vpp=3V, output transistors in the cut-off state)

Power down 1 mode

Power down 2 mode

AuA (S

Xoiw) = 32kHz, Vpr==3V, output transistors in the cut-off state)

(
0.1xA (at room temperature, Vpp=3V, output transistors in the cut-off state)

AL



MITSUBISHI MICROCOMPUTERS

4550 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER for
INFRARED REMOTE CONTROL TRANSMITTER

PIN DESCRIPTION

Pin Name input/Qutput Function
Voo Power supply - Connected to a plus power supply
Vsg Ground - Connected to a OV power supply
RESET Resel 1/0 70 An N-channel open-drain I/0Q pin for a system reset. When the waichdog timer causes the sys-
tem to be reset, the RESET pin outputs "L” ievel.
Xin Main clock input i input /0 pins of the main clock generating circuit. X,y and Xour can be connected 10 a ceramic res-
onator, A feedback resistor is built-in between them.
Xour Main clock output Output
Xem Sub-ciock input Input | /O pins of the sub-clock generating circuit. Xgiy and Xcour are connected to a 32.768kHz
quarts-crystal oscillator. A feedback resistor is built-in between them.
Xeout Sub-clock output Cutput
DDy Output port D Output | Each pin has an independent 1-bit wide output function for instructions SD and RD. Each bit is
D41/ Vet designated for independent use by register Y of the data pointer. Each pin has an output fatch.
Diz/Vice All latches on port D can be set to “1” with the CLD instruction.
Bg~—Dyo 170 port D o 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 latch.
For input use, set the jatch of the specified bit to “1”. All latches on port D can be set to 1" with
the CLD instruction.
POy—PO; I/C port PO le] Each of ports PO and P1 serves as a 4-bit I/O port, and it can he used as inputs when the cutput
Jatch is set to “1”. Every pin of the ports has a key-on wakeup function and a pull-up function.
P1,—P1; 11O port P1
P2p—P2; input port P2 input | 4-bit input port. Pins P2, and P2, have a key-on wakeup function, respectively.
P3y/INT {nput port P3 Input | 2-bit input port. Each pin is provided with a pull-up function which can be tumed on or off with
P34 software. P3g pin is also used as the interrupt input pin INT and has a key-on wakeup function
which can be initiated with software.
SEGae/P4g { lnput port P4 i input | 4-bit input port. P4,—P4; are also used as SEGg— SEGs, respectively with software.
—SEG/P4y
CARR Carrier output Output | Remote control carrier wave autput pin. C4 flag (1 bit) can be also used to control the carrier
wave in addition to hardware carrier method using an exclusive hardware.
Vicr—Vies LCD power input input | LCD power suppiy input pins. Connect Vi ¢y pin to Vpp pin when an intemal resistor is used
| (connect to Vip through a resistor if brightness control is necessary). Apply voitage such that 0<
{ Vi1 € ViczSVics<Vpp when external power is used.
- -
SEGo—SEGas Segment output Output | LCD segment output pins
— t
COMg—COM;3 Common output Output ‘ LCD common output pins. Pins GOMy and COM, are used at 1/2 duty, pins COMg-~COM; are
| used at 1/3 duty, and pins COM,—COM; are used at 174 duty.




MITSUBISHI MICROCOMPUTERS

4550 Group

SINGLE-CHIP 4-BIT CMO0OS MICROCOMPUTER for
INFRARED REMOTE CONTROL TRANSMITTER

CONNECTIONS OF UNUSED PINS

Pin Connection Pin Connection
Xout Open (when using an external clock) P2,—P2; Connect to Vpp (Note 2)
Xow Connect to Vsg P3y, P3, Connact to Vpp
Xcour Open ] SEGas/Pég— When selecting SEG pin function, open (Note 3)
ﬁ:’;VD;h Connect to Vg, or set the output latch to “0” and open. SEG/Pds
DyafVics (Note 1} CARR Open

v When not using LCD,

Dg— Do Connect to Vgs, or set the output fatch to “0” and open. connect to Vpp (Note 4)
POy—PO3 Open SEGg—SEGys Open
Plp—P1; Open COMy—COM; Opsen

Notes | 1. Pins Dy, and D, are aiso used as pins Vi ¢, and V, ¢y, respectively. When not using, clear the LCD control register (L3) to “0," and discon-
nect from the internal LCD power supply {register L3="0," at reset).
2. When not using the P2; pin of M34550E8, connect to Vg thraugh a 5k} resistor at the shortest distance.
3. The segment output pin function is selected at reset.
4. When not using LCD, clear the LCD controt register (L1) to “0000," and turn off the LCD (register L1="0000," 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 M34550
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 Vica
port is in a high-impedance state. Vici Connect to Vgg pin when pins
« To set the output latch periodically by a program is re- D1/Vigi Di2/V co are not used
commended because the value of output latch may as port D either.
change by noise or program run-away (caused by
noise). Handling of unused LCD power supply input pins
(Note when connecting to Vpp and Vss)
* Connect the unused pins to Vpp or Vss using the thick-
est wire at the shortest distance.

PORT FUNCTION

Vics

Port Pin g&:ﬁt QOutput structure; Control bits in Scig\é‘rgns Muttifunction rgg;‘t[eorls Remark
Do— 07
Quiput Vier
D41/ Vet o) SD, RD, CLD L1 s
10 N-channel v
Port D D12/Vic2 open-drain 1 [
D Ds /0 ! 8ZD L ;
D1o/BEEP (3 BEEP w3
PO — PO 1o N-channel 4 QPOA, 1APO Key-on wakeup Built-in a puli-up transistor
Port POy 3 (4) open-drain '
170 N-channel ke | . ’ !
Port P1 Pig—P1s (4) open-drain 4 OP1A, IAP1 Key-on wakeup Buiit-in a pull-up transistor
P2y, P2 W Key-on wakeup
Port P2 nput 4 1AP2
P2, P23 @
INT
P3o/INT Input ) AP3 Key-on wakeup 1" Built-in a programmable
Port P3 (2) putl-up transistor
P3¢
_ i i
Port P4 i SEGx/Pdy input 4 1AP4 SEGy—SEGse L2
SEGga/P4s (4)
Output 8C3, RC3 .CrC2
Port CARR CARR o CMOS 1 G4, R4 l PA
i

}\a.acmc"'" T 7



MITSUBISH! MICROCOMPUTERS

4550 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER for
INFRARED REMOTE CONTROL TRANSMITTER

PORT BLOCK DIAGRAMS

| Register ¥ I——)l Decoder I ?
?
SD instruction —.—:D" s J—T—O Do—D;
RD instruction_.__:_D—“"‘ R _Q ‘—! i t
|
r
- Skip decision ©
‘ Register Y l———’l Decoder l (SZD instruction) T
lx
SD instruction ___—:D"‘ § : Ds. D
RD instructionb—iD‘— R _Q ———' 1 ?
bead
Skip decision ©
l Register ¥ I ’l Decoder l (SZD instruction) t
|
sp instruction——————:D—_ S : Dyo/BEEP
RD instruction——::D_— jr !
]
, [Frequency] T
Timer 2 intermediate > divided
underflow signal by 1,24 T Q
W3 D
Pull-up
transistor
Key-on p input 4 § ‘
1APO instruction t
i
— P .
Reg A N ’—l : O PO,—PI;
Al D Q ——J )
T
QPOA ingtruction— T
---1d{--- Tnis symbol represents a parasitic diode on the port.
irepresents 0, 1, 2, or 3.

oo



MITSUBISHI MICROCOMPUTERS
4550 Group

SINGL% -CHIP 4-BIT CMOS MICROCOMPUTER ftor
INFRARED REMOTE CONTROL TRANSMITTER

1

PORT BLOCK DIAGRAMS (continued)

Pull-up transistor

Key-on wakeup input <} ﬁ !
{
IAPY instruction ,,l A
i
Register A 1 O Plg—P1
2N : 3

A 5 Q‘ij

OP14 instruction— T

-

Key-on wakeup input

1AP2 instruction IAP2 instruction
Register A . P2y, P2, Register A < . O P2, P23
1] 1
? i
7 rr

1AP3 instruction

I Register A %

"y
“L” leve!

“H” level

[—D>— J) M

1APY instruction j t

I

A

T

8ms(256/1(Xcw)) N
31us(1/4H(Xem)) ' ""‘!“'" This symbol represents a parasitic diode on the port.
—’—H——

i represents 0, 1, 2, or 3.
Signal a l | | I Applied potential to port P2 must be Vpg.

When selecting Xcy for timer 2 count source

SR e



MITSUBISHI MICROCOMPUTERS

4550 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER for
INFRARED REMOTE CONTROL TRANSMITTER

PORT BLOCK DIAGRAMS (continued)

i
A
Power supply for LCD :v O Vics
(Vics) ";
AEe A
Power supply for LCD . m =t : —Q Dyp/Vic2
(Vch) ‘E_T —§ :j7 *
r*r
e Y
Power supply for LCD m -t % —) Dy/Vier
(Vied Lis —DO_ % 1 _j 1 t
r
Reset signal }__{
S [EH

POF2 instruction l Register Y ]———9‘ Decoder I

LRERARRRRAR

SD instruction D—r

RD instruction

SD instrumion——zDi S
RD instruction ,—jj—ﬂ Q

Power supply for LCO

LCD control signal -—-————— A \( Connecting to * when
selecting SEG pin function.

1

| S
Zi —( SEGag/Pdy—SEGae/P4;

Y J Y
4
ﬂ r

Power supply for LCD
EEZ] 1AP4 instruction
Register A
“-“—-—— This symboi represents s parasitic diode on the port.

irepresents 0, 1, 2, or 3.

" S



MITSUBISHI MICROCOMPUTERS

4550 Group

SINGLE-CHIP 4.BIT CMOS MICROCOMPUTER for
INFRARED REMOTE CONTROL TRANSMITTER

PORT BLOCK DIAGRAMS (continued)

Vica

LCD control signal -
! Pch

Power supply for LCD

| el Pch

L.CD control signal ——— LCD control sngnal——l ;Pch
—

Vic2(2/3Vigs OF 1/2-Vica)
—— ) SEG,—SEG
Ve (1/3+Vigq or 1/2-vm)—~:} o %
LCD control signalﬂ—j

’l ; Nch
Nch  LCD control signal— +—

Power supply for LCD
Nch

ML,_H

LCD control signal ——'

3
N

Vica

LCD control signal Peh

(O COM—COM;

Pch

il

a

LCD controi signal

Vica
(2/3 Vics or 172 Vigs)

VLC1
(1/8+ Vigg or 1/2+ Viga)
LCD controt signal — Nch
[,
(=
i
e Nch
LCD contral signal i
T
Set instruction(SC3) {S
Q <
Reset instruction(RC3) {R ;
pch&
Carrier wave 3——0——0 CARR
Nchd
v

------ }&-------- This symbol represents a parasitic diode.

x MITSUBISHI 5—11
ELECTRIC



MITSUBISHI MICROCOMPUTERS

4550 Group

SINGLE-CHIP 4.BIT CMOS MICROCOMPUTER for
INFRARED REMOTE CONTROL TRANSMITTER

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 1/0 operation.

Carry flag 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 A, 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.

<Carry> 1

{M{DP)) >
Addition

(A) /

< Result>

Fig. 1 AMC instruction execution example

<Set> <Clear>
SC instruction | RC instruction

—

< Rotation >
RAR instruction

Fig. 2 RAR instruction execution example

Register B

TAB instructicn  Register A

TEAB instruction

Register E lErlEslﬁle4 IEa IEZ|E'I IEo]

TABE instruction

Register B TBA instruction

Register A

Fig. 3 Registers A, B and register E

TABP p instruction

Specifying address

ROM
8 4 0

|

PC

L_ ) Register A(4)

/ —

4

PCy L
[rees[oe]ma]e]r]r] [orJorJor]aTaTaTa]
L

Middie-order 4 bits

The contents
of register D

tmmediate field value p

The contents
of register A

(I
\/\\

Register B{(4)

Fig. 4 TABP p instruction execution example

MITSUBISHI
°12 )\ELECTRIC



MITSUBISHI MICROCOMPUTERS

4550 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER for
INFRARED REMOTE CONTROL TRANSMITTER

STACK REGISTERS (SKs)

Stack registers (SKs) are used to temporarily store the

contents of program counter (PC) just befare branching un-

til returning to the original routine when;

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

« performing a subroutine call, or

* executing the table reference instruction (TABP p).

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

subroutines can be nested up to 8 fevels. However, one of

stack registers is used respectively when using an interrupt

service routine and when executing a table reference in-

struction. Accordingly, be careful not to over the stack when

performing these operations together. The contents of reg-

isters SKs are destroyed when 8 levels are exceeded.

The register SK nesting level is pointed automatically by

3-bit stack pointer (SP). The contents of the stack pointer

(SP) can be transferred to register A with the TASP in-

struction.

INTERRUPT STACK REGISTER (SDP)
interrupt stack register (SDP) is a 1-stage register. When
an interrupt occurs, this register (SDP) is used to tempo-
rarily 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 (8Ks), this register (SDP) is not
used when executing the subroutine call instruction and the
table reference instruction.

SKIP FLAG

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

{ Program counter {PC) l

Executing BM instruction Executing RT instruction

SKg (sP)=0
SKy (sP)=1
SK, (8P)=2
SKs (sP)=3
5K, (SP)=4
8K (sP)=5
SKe (sP)=6
SK; (sP)=7

Stack pointer (SP) points “7” at reset or returning
from power down mode. Stack pointer {SP)
points “0” by executing the first BM instruction,
and contents of program counter is stored in SK,.

Fig. 5 Stack register (SK) structure

(SP) <0

(SKy)+0001,¢

(PC)~-SuB1

Main program Subroutine

Address SuB1 !
0000, NOP - NoP
0001, BM SUB1 ‘J
0002, NOP RT

(PC)+(SKy)

(8P)+~7

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

Fig. 6 Operation at subroutine call

MITSUBISHI 513
ELECTRIC



MITSUBISHI MICROCOMPUTERS

4550 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER for
INFRARED REMOTE CONTROL TRANSMITTER

PROGRAM MEMORY (ROM)
The program memory is the mask ROM. 1 word of ROM is 98 7 6 5 4 3 2 1 0
composed of 10 bits. ROM is separated every 128 words 000015
by the unit of page (addresses 0 to 127). 007F ¢ Page 0
0080, Interrupt address page Page 1
Table 1 ROM size and pages %‘:’;z:z
N Subroutine speciat page Page 2
Product (F;?,"S z‘if:) Pages g} ;g::
M34550M4A 4096 words 32 (0to 31)
M34550M6A 6144 words 48 (0 to 47)
i M34550MBA/ES 8192 words 64 (0 to 63)
A part of page 1 (addresses 0080;¢ to 00FF,q) is reserved
for interrupt addresses. When an interrupt occurs, the
address (interrupt address) corresponding to each inter- 1FFFig
rupt is set in the program counter, and the instruction at the
interrupt address is executed. When using an interrupt serv- Fig. 7 ROM map of M34550M8A-XXXFP
ice routine, write the instruction generating the branch to
that routine at an interrupt address.
Page 2 (addresses 0100, to 017F,) is the special page 9 8 76 5 4 3 2 1 0
for subroutine calls. Subroutines written in this page can be 00804 External interrupt address
called from any page with the 1-word instruction (8M). | [ '
Subroutines extending from page 2 to another page can 00824 Timer 1 interrupt address
also be called with the BM instruction when it stats on | [T rmmmm——
page 2. 0084, Timer 3 interrupt address
All pages can be used as data areas with the TABP p in- [
struction.
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- QOFF,q
er that increments the number of instruction bytes each
time an instrucﬁo.n. is executed. However,. the v.alue Fig. 8 Page 1 structure
changes to a specified address when branch instructions,
subroutine call instructions, return instructions, or the table
reference instruction (TABP p) is executed. Program counter
Program counter cansists of PCy (most significant bit to bit . ~ \
7) which specities a ROM page and PC, (bits 6 to 0) pel 05 | | 0sh P2 | o0 | oo bt a6 | 2 | a0 | s | 22 | & | 2
which specifies an address within a page. After it reaches
the last address (address 127) of a page, it specifies — e - - ~
address 0 of the next page. Specitying page Specifying address
Make sure that the PC,, does not specify after the last page

of the built-in ROM.
Fig. 9 Program counter structure

S TR



MITSUBISHI MICROCOMPUTERS

4550 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER for
INFRARED REMOTE CONTROL TRANSMITTER

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 | 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.

Tabie 2 RAM size

Product RAM size
4A
M34550M 368 words X4 bits
M34550M6A
] (1472 bits)
M34550M8A/E8

The RAM includes the area corresponding to the LCD. A
segment is turned on automatically when “17 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.

Data painter DP

[zlz]xfx]x]x][v]v.]v]

] T
Register Y(4) | Specitying RAM digit

..... Specitying RAM file

Register X (4)
I Register Z (2) l »»»»»»»»»»»»»»»»»» Specifying RAM file group

Fig. 10 Data polinter (DP) structure

Specifying bit position

Register Y (4)

Port D output latch

Register Y is also used to specify the port D bit position. Fig. 11 SD Instruction execution example
Set the value to register Y certainly when using port D.
RAM 368 words>* 4 bits (1472 bits)
Register Z 0 1
Register X | © 1 15 o | - 1 3] 4 5 6 7 8 9
Q | — — - — - =
— B . . = = - -
2 - = - =z B S
I— 3 il S — — - - - - L - -
4 - | =1T-= [ —
5 | —— — —_— — — _—
> 6 — - - - - —
g 7 - - | - -~ - -
e S e e B
> 8 0 8 16 24 32
“ 9 1 9 17 25 33
10 P 2 10 18 2 34 |
1 3 1 19 27 35
12 4 12 20 28 36
13 | 5 13 21 29 37
14 ; { 6 14 | 2 [ 30 a8
15 | { T 7 15 2 31 39
Notes 1. The area marked “~" (Z=1, X=4 ta 9, Y=0 ta 7) is not a memory area.
2. The numbers in the shaded area represent the correspending segment output pin numbers.

Fig. 12 RAM map

MITSUBISHI
ELECTRIC
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INTERRUPT FUNCTION

The interrupt type is a vectored interrupt branching to an

individual address (interrupt address) according to each

interrupt source. An interrupt occurs when the following 3

conditions are satisfied.

* An interrupt activated condition is satisfied

(interrupt request flag="1")

« Interrupt enable bit is enabled (“1")

» Interrupt enable flag is enabled (INTE="1") .

Table 3 shows the interrupt sources. (Refer to each inter-

rupt request flag for details of activated conditions.)

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

(2) Interrupt enable bit
Occurrence of each interrupt can be controlled with
software. When an interrupt is not used, its correspond-
ing skip instruction examines whether the interrupt
activated condition is satisfied (whether the interrupt
request flag="1") or not. Use an interrupt enable bit to
select the corresponding interrupt or skip instruction.

(3} Interrupt request flag
When the activated condition for each interrupt is satis-
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 satisfied 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 until
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
interrupt disable state is released, the interrupt priority
level is as follows shown in Table 3.

Table 3 Interrupt sources
Priority Interrupt name Activated condition nterrupt
feval address
1 External interrupt Level change of INT pin | Address 0 in page 1
("H"—*1." and
“L”—’"H")

2 Timer 1 interrupt Timer 1 underflow

Address 2 in page 1
Address 4 in page 1

3 | Timer 3 imterrupt Timer 3 underfiow

Table 4 Interrupt enable bit and skip instruction
interrupt hame Request flag | Enabte bit ! Skip instruction
External interrupt EXFQ Vi SNZ0
Timer 1 interrupt TIF vy SNZT1
Timer 3 interrupt T3F Vi, SNZT3
Table § Interrupt enable bit function
interrupt enable bitJ Occurrence of interrupt—{ Skip instruction
1 i Enabled | Invalid
0 ! Disabled i Valid
INT pin
j- —L Address 0
oo o}—to 7 of—"
(L—H and EXFO TOQ i in page 1
H-+L input) !
:
i
Timer 1 : Address 2
underflow O/O"—'O/Ohﬁo/:/ [ in page 1
TIF Vi ' pag
]
)
!
]
Timer 3 ! Address 4
underflow 'O/O*O/O—LO//O#_ in page 1
T3F Vi, INTE
. Request Enable  Enable
Activated y
condm:n flag bit flag
(state retained)
Fig. 13 Interrupt system diagram
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(4)

(5

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 automatically stored in the stack register
(SK).

* Interrupt enable flag (INTE)

INTE flag is clearad to “0” so that interrupts are dis-
abled.

* interrupt request flag
Only the request flag for the current interrupt source
is cleared to “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).

External interrupt request flag (EXFO)
EXFO flag is set to “1” when either & rising edge (“L"—
“H") or a falling edge (“H”—*“L"} is input to P3¢/INT
pin. However, both levels before the change and after
of an waveform for an interrupt activated condition must
be retained 4 periods or more (2.5¢s at 1.6MHz sys-
tem clock frequency) of a signal used as the system
clock in order for an interrupt activated condition to be
satisfied. {Refer to Fig.15)

The state of EXFO flag can be examined with the skip

instruction {SNZ0). Use the interrupt control register

(V1) to select the interrupt or the skip instruction. This

tag is cleared to “0" when the interrupt occurs or when

the next instruction is skipped with the skip instruction.

P3,/INT pin need not be selected the input port P3;

function or an external interrupt input pin INT function.

However, EXFO flag is set to “1” when a condition for

setting EXFO flag is satisfied (waveform which is the

external interrupt activated condition is input) even if
this pin is used as the input port P3,.

« Program counter{PC)

..................... e ok Each intertupt addreSﬂ

« Stack register(SK)

--------- ILThe address of main routine to be executed when returnina

« Interrupt enable flag (INTE)

— —
.............................................................. 0 {interrupt disablei)_]

« Interrupt request flag(Only the flag for the current interrupt source)

Fig. 14

Internal state when Interrupt occurs

S
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« When an interrupt request flag is set after its interrupt is enabled

1 machine cycle

]
T l T, | Ts| Ty l T Ts| Ty I T | Ty T [ T | T
o TUuUuL
i Elinstruction ; :
Interrupt enable fiag ; execution cycle [ : —Ib Interrupt disabled state
INTE - interrupt enabled state et
Input of INT pin | saa ) Retaining ‘evel for 4 periods or

terrupt External interrupt

more is necessary.

request flag

(Note 3)

EXFO

Timer

Timer 1 interrupt
interrupt/ request fiag
Timer 3 TiE, T3F

interrupt

= When an interrupt is enabled after its interrupt request flag is set
1 machine cycle

Ts

TI ‘ TZ TI! Tl ‘ T2

El instruction
Interrupt enable fiag

i

i

Flag cleared Program starts from
interrupt address.
2to3 machine cycles -
(Notes 1, 2)
T | T, | Ts Ty l T. | Ta

execution cycle
INTE T

:H Interrupt disable state.
1 Interrupt x

enabled
state

Input of INT pin

____h-:il} Retaining levet for 4 perioéls or more is necessary.

|
terrupt || e ternal interrupt l

réquest flag
EXFO (Note 3)
Timer 1  Timer
interrupt/ mte’n;l:pt [
| request flag
Timer 3 TIF. T3

interrupt

2. Address is stacked to the last cycle.
3. EXFQ flag is set at the second period.

4

Flag cleared Program starts from

interrupt address.
[ 2103 machine cycles P

(Notes 1, 2)

Notes 1. This interval of cycies depends on the executed instruction when EXFQ, T1F, and T3F are set to “1".

Fig. 15 Interrupt sequence
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(6) Interrupt control register
« interrupt control register (V1)
The interrupt enable bit is assigned to register V1.
Set the contents of this register through register A
with the TV1A instruction. The TAV1 instruction can
be used to transfer the contents of register V1 to
register A.
(7) Interrupt processing
When an interrupt occurs, a program at an interrupt
address is executed after branching a data store sequ-
ence 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 in-
struction is performed after executing 1 instruction (just
after the next instruction is executed) . Accordingly,
when the El instruction is executed just before the RTI
instruction, interrupts are enabled just after returning
the main routine. {Refer to Fig.16)

Main
routine

Interrupt
service
routine

-
*
*
Interrupt ** '
cccurrence

Interrupt & RTL
enabled Ve,

e nterrupt enabled state
mmu  Interrupt disabled state

Fig. 16

Program example of interrupt processing

(8it 3) (Bit 0)

[ Vig ‘ Viy l Vi, Vig tnterrupt contral register V1

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

Externat interrupt enable bit

0 | interrupt disabied (SNZO instruction is valid)

1 | Interrupt enabled { SNZO0 instruction is invalid)

Timer 1 interrupt enable bit

o [ Interrupt disabled {SNZT1 instruction is vatid)

-

( Interrupt enabled (SNZT1 instruction is invalid)

Timer 3 interrupt enable bit

0 | Interrupt disabled (SNZT3 instruction is valid)

1 | Interrupt enabled { SNZT3 instruction is invalid)

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

....................... Not used (this bit has no function, but R/W is enabled.)

Fig. 17 Interrupt control register

o My
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TIMERS * Fixed dividing frequency timer

The 4550 Group has 2-type timers. One is a programmable A fixed dividing frequency timer has a fixed frequency di-
timer, and the other is a fixed dividing frequency timer. viding ratio (n). The underflow flag is set to “1” after eve-
* Programmable timer ry 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 the setting value n. When it underflows
(count to n+1), a timer interrupt request flag is set to
“1”, new data is focaded from the reload register, and
count continues (auto-reload function).

[ i e il SR
n : Counter initial value
Count starts Reload Reload
1) e e C—— e —— e

5 [ 1st underflow 2nd undertlow

< '

3 |

9

3

2 |

€ H

8 .

5 |

w [

43

£

£ |

0045 ! T
n+1 count : n+1 count : ime

o e N
: | =1
I
]

Timer 1 or 3 interrupt
request flag, or
Timer 2 underflow fiag

An interrupt occurs or a skip instruction is executed.

Fig. 18 Auto-reload function
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The 4550 Group timer consists of the following circuits.
» Prescaler . frequency divider
« Timer 1 : 9-bit programmable timer {with interrupt function)

* Watchdog timer
* Buzzer drive output
* Frequency divider for LCD

» Timer 2 : 8-bit fixed dividing frequency timer
*» Timer 3 ! 8-bit programmable timer (with interrupt function)

Table 6 Function related timers

These timers can be controlied with the timer control regis-
ters (W1 to W3). Each function is described below.

Circuit Structure Count source Frequency dividing ratic Use of output signal control
Prescater Frequency divider » 1{(Xn) or H{Xo) 2,4,8 « Timer 1 and 3 count sources | W1
* Multi-carrier generating circuit
(Frequency divider {divide by 8)) (8) i« Timer 2 count source
Timer 1 9-bit programmabie + Prescaler output (ORCLK) 1to 512 < Multi-carrier generating circuit
binary down counter * Multi-carrier output {CARR) « Timer 1 interrupt
Timer 2 8-bit fixed dividing frequency * {{ Xem) 256 « Timer 3 count source w2
hinary down counter » Praescaler output
(Frequency divided by 8 outpwt) ——— R
(Frequency divider (divide by 16)) ‘ (16) * Buzzer drive cutput
. * Frequency divider for LCD
Timer 3 8-bit programmable = Timer 2 underflow 1 to 256 « Watchdog timer !
binary down counter « Prescaler output {ORCLK) : « Power down 1 returmn i
| « Timer 3 interrupt |
Watchdog timer Timer 3 « Timer 3 underfiow » System reset W3
Buzzer drive output | Frequency divider « Timer 2 intermediate underfiow 1.2,4
(Frequency divided by 16 output)
Frequency divider | Frequency dvider (divide by 1, 2, 4); « Timer 2 intermediate underflow 2(n+1), * LCD controller/driver
for LCD -+4-bit counter | {Frequency divided by 16 output) 4(n+-1),
~+frequency divider (divide by 2) | 8(n+1)
i
| [n=01015]
S
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C3 flag
Q sb———— Set instruction{SC3)
R|————~Reset instruction(RC3)

CARR Q“C_‘

Instruction ciock

!

Internal clock
generating circuit
(trequency divided by 3)

Carrier wave

i
i
i
MR, 5
e K
X N 4: ORCL! Multi-carrier
455kHz p E |
910kHz r i i \ generating circuit
- i
t
i
Timer 1 underflow signal
(Note) w1,
Wi [
Il‘_“““: t 0 1
Q 9 ! | %Q—’I Timer 1(9) > Timer 1 interrupt
I 1!
01 L } (iR
Lo
I Reload register R1(9)
(TR1AB, TR1A)
Register B Register A
Q D W33 l g “ 9 |
Dyo/ O Timer LC
/ —> LCD clock
BEEP (4-bit reload) 172 cloe
Timer 2 intermediate underflow signal
Xcin O —)-——1 /16 —)E T2F
32kHz Timer 2
Timer 2 underilow signat
T3F — Timer 3 interrupt
i
O\ol—>| Timer 3(8) WDE ;

3 ﬁ
(TABS) l Reload register R3(8) | L
(T3AB) D Q System reset
R

egister B " Register A

Note . The count source stops by setting to “0".

Fig. 19 Timers structure
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(Bit 3) (Bit 0)

{owne | owe | owy Wi,

‘ Timer control register W1

(at reset | 0000, at power down | 0000,, R/W)

Prescaler frequency dividing ratio selection bits

Wi, Wi Freguency dividing ratio

0 0 Prescaler stop (reset state)

0 1

1 0 (X )or t(Xew) divided by 4 (Note 2]

1 1

f{Xin)or H{Xcyn) divided by 8 (Note 2)

Timer 1 control bit

Q0 | Stop (state retained)

1 Operating

Timer 1 count source selection bit

(Bit 3)

1 | Multi-carrier output (CARR)

W2, W2, l

Timer control register W2

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

Timer 2 count source setection bit

o

! f(Xom)

i Prascaler output (frequency divided by 8 output)

Timer 2 control bit

0 | Stop {reset state)

B
1 CGperating

Timer 3 count source selection bit

0 | Timer 2 underflow signal

1 | Prescaler output {ORCLK)

Timer 3 controt bit

0 ; Stop (state retained)

-

J Operating

Notes 1. “R” represents read enabied, and “W” represents write enabled.
2. The signat in f{(X;n) o 1(Xci) selected as a system clock is used.

Fig. 20 Timer control register

ELECTRIC
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(Bit 3) (Bit0)
W3, ' W3, l W3, W3, l Timer control register W3

{at reset - 0000;, at power down | state retained, R/W)

BEEP, LCD clock frequency dividing circuit control bits

W3, W3, Frequency dividing ratio
0 o st ]
0 1 Timer 2 intermediate underflow (frequency divided by 16 output)
1 0 Timer 2 intermediate underfiow (frequency divided by 16 output) divided by 2
1 1 Timer 2 intermediate undertiow {frequency divided by 16 output} divided by 4

Watchdog timer contro! bit

0 Not used

1 Used

BEEP output contral bit

(¢} Output stop

1 | Qutput

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

Fig. 21 Timer control register (continued)
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m

Prescaler

Prescaler is a frequency divider. Its frequency dividing
ratio can be selected. Prescaler outputs 2 signals
(ORCLK and frequency divided by 8 as signal). Pre-
scaler count source is f(Xin) or f{Xgw) which is a sig-
nal selected as a system clock with the register MR,
Use bits 0 and 1 of the register W1 to select the pre-
scaler dividing ratio and to start and stop its operation.
Prescaler is reset state, and the ORCLK and frequency
divided by 8 as signal output stop when both bits 0 and
1 of the register W1 are cleared to “0".

Timer 1 (with the interrupt function)

Timer 1 is a 9-bit binary down counter with timer 1 re-
Ioad register (R1). To set data in timer 1, first set data
in reload register R1 (TR1AB instruction, TR1A
instruction) and then transfer it from the reload register
R1 to timer 1 (T1R1 instruction) . Timer 1 starts count-
ing when data is set in timer 1, count source is
selected with bit 3 of the register W1, and bit 2 is set
to “1".

Once count is started, when timer 1 underflows (the
next count pulse is input after the contents of timer 1
becomes “0”), the timer 1 interrupt request flag (T1F)
is set to “1”, new data is ioaded from the reload regis-
ter R1, and count continues {auto-reload function) .
When the value set in reload register R1 is n, timer 1
divides the count source signal by n+1 (n=0to 511).
When writing data to reload register R1, be sure the
timing when timer 1 does not underflow.

(3)

Timer 2

Timer 2 is an 8-bit binary down counter. Timer 2 starts
counting when the count source is selected with bit 0
of the register W2 and bit 1 is set to “1". The timer 2
underflow fiag (T2F) is set to “1” at every 256 count of
the count source.

Timer 2 outputs both count source divided by 16
(intermediate underflow) as a signal and count source
divided by 256 (underflow) as a signal. Timer 2 is
cleared and both count source divided by 16 and 256
outputs stop when bit 1 of the register W2 is cleared to
“0”.

Timer 2 can be used as clock counter during power
down 1 state {executing the POF instruction).

Timer 3 (with the interrupt function)

Timer 3 is an 8-bit binary down counter with timer 3 re-
load register (R3). Data can be set simultaneously in
reload register R3 and timer 3 with the T3AB instruc-
tion. Timer 3 starts counting when data is set in timer 3,
count source is selected with bit 2 of the register W2,
and bit 3 is set to “1”.

Once count is started, when timer 3 underfiows (the
next count pulse is input after the contents of timer 3
becomes “0"}, the timer 3 interrupt request flag (T3F)
is set to “1”, new data is loaded from the reload regis-
ter R3, and count continues (auto-reload function) .
When the value set in reload register R3 is n, timer 3
divides the count source signai by n+1 {(n==0 to 255).
The TAB3J instruction can be used to read the data in
timer 3. Stop the counter before executing the TAB3
instruction to read the data. Timer 3 can be used as

Setting data with Setting data with the clock counter during power down 1 state
TR1A instruction TR1AB instruction (executing the POF instruction’.
A \
l R15| R1; lms | Ris l R1, l /i, l R1s l m“ Riq l
[eTelefe|{a{n{a]n]
Fig. 22 Setting example of register R1
)\W %
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(5) Watchdog timer Wa3. Signal start/stop can be controlled with bit 3 of the
Watchdog timer provides a method to reset the system register W3.
when a program runs wild. The watchdog timer con- When using the Dyy/BEEP pin as buzzer drive output,
sists of timer 3 and watchdog timer flag (WDF). When set the Dyg output latch to “1”.
a timer 3 underflow signal occurs, the WDF flag is set (7) Freguency divider for LCD
to “1”. When the timer 3 underflows once more while The frequency divider for the LCD consists of timer LC
the WDF flag is sel, the watchdog timer forces a sys- and frequency divider (divide by 2). Timer LC is a 4-
tem reset { operationally the same that power-on reset). bit programmable timer with reload latch. Data can be
Whether to use watchdog timer or not can be set with set simultaneously in the reload latch and timer LC with
the bit 2 of the register W3. When using the watchdog the TLCA instruction. The timer LC count source can
timer, be sure to clear the WDF flag to “0" with the be selected from the timer 2 intermediate underflow
WRST instruction with a program before timer 3 under- signal (frequency divided by 16 output) undivided, di-
flows again. in order to effectively use watchdog timer, vided by 2 or 4.
do not execute the WRST instruction during timer 3 in- Timer LC starts counting when data is set in timer LC
terrupt. and the count source is selected with bits 0 and 1 of
(6) Buzzer drive output the register W3. When it underfiows, data is loaded
The D/BEEP pin has a buzzer drive output function. from the reload latch and count continues. When the
The output signal can be selected from the timer 2 in- value set in timer LC is n, the count source is divided
termediate underflow signal (frequency divided by 16 by n+1 (n=01to 15).
output) undivided, divided by 2 or 4. Select the fre- The timer LC underflow signal divided by 2 becomes
quency dividing ratio with bits 0 and 1 of the register the standard clock of the LCD.
Timer 3 underflow signal
Watchdog timer flag e
(WDF) :
Executing
e WARST instruction :
RESET pin output \/
| System reset
Fig. 23 Watchdog timer function
PR
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(8) Timer interrupt request flags (T1F and T3F)

The timer 1 interrupt request flag (T1F) is set to “1”
when timer 1 underflows, and the timer 3 interrupt re-
quest flag (T3F) is set to “1” when timer 3 underflows.
The states of these flags can be examined with the
skip instructions (SNZT1 and SNZT3). Use the inter-
rupt control register (V1) to select an interrupt or a
skip instruction.

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

Underfiow flag (T2F)

The timer 2 underfiow flag (T2F) is set to “1” each
time timer 2 underflows (every 256 count). The state of
this flag can be examined with the skip instruction
(SNZT2 instruction). The T2F flag is cleared to “0” only
when the next Instruction is skipped with the skip in-
struction.

Timer control registers

Timer control register (W1)

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

Timer control register (W2)

Register W2 controls the count operations and count
sources for timer 2 and timer 3. Set the contents of this
register with the TW2A instruction through register A.
The TAW?2 instruction can be used to transfer the con-
tents of register W2 to register A,

Timer control register {W3)

Register W3 controls the watchdog timer, buzzer drive
output, and the frequency divider for the LCD. 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.

an

Precautions

Note the following when using a timer.

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

* Timer precautions
Stop timer 1, 2, or 3 counting to change its count
source, as well as to execute the TAB3 instruction for
reading the data (from timer 3).

« Dyo/BEEP pin precautions
To use the buzzer drive output function, set the fre-
quency (bits 0 and 1 of the register W3) and then
start output. When changing the buzzer drive output
frequency or switching this pin as port Dy function,
first stop the buzzer drive output, wait for 1 cycle of
the buzzer drive output, and then set the frequency
or start using as port Dyg.

KRS
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MULTI-CARRIER GENERATING CIRCUIT

The 4550 Group is equipped with the multi-carrier generat-
ing circuit to generate transmission waves for the remote
control carrier wave. This circuit automatically generates a
carrier wave compensated at constant period by setting
data in the carrier wave data control register (C1), carrier
wave compensation control register (C2}, preset register

(PA,—PA3), and compensation control timer (PT). When a
waveform not obtainable with this method is necessary, the
“H” or “L" interval of the carrier wave and the compensa-
tion can be controlled at your option by generating the wait
interval until the set instruction and reset instruction (SC4,
RC4) are executed with software.

Flag C3 (at reset, at power down : 0}

Set instruction{ SC3)

s Q

l Register A l

Flowing of data «ffsnum Reset instruction(RC3) R
Set instruction(SC4) S Q
Reset instruction(RCtt)——m R
(at raset, at power down : 0)
pAal PAZI PA‘l PAOI PAHI PA,
T T T T hi T
—Q D Q D Q D Q D Q op—1Q D
PR PR PR PR PR if |
asEmN [ R R R ] .III..I..I\
12 ¥ .
M
P m ey .
' 's) :
1 100 010 .
1 i »
L-}.__.--.._ L]
§ . . Carrier wave output
3 sw .| (GARR)
LI‘IIIIJIIIIIIIIII*’ ““““““ TE | opL
. o -l A T
!
H g : x " a
s | oo+ : : D
- ' 1 R
D Q =0 !
kll!l R pRiswsswuswepn ]
. To timer 1
Switching signal count source
switching circuit
Enable signal
i Timer PT(2)
PT OUT
Reload register by
B i l Prescaler output
l cirouit |<———4D ORCLK
Start instruction(STGR) (from timer biock,
N - N
{ & } Stop instruction{ SPCR)
R
1
N Fiag CR
ima | Cte (‘:YCEI |Cz' ©2% | Timer 1 (at reset, at power down . 0)
underilow signal
L (Tctall (TG2A) (TPTA) (from timer block)
(TPAA)

Fig. 24

Multl-carrier generating circuit
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(Bit 3) (Bit 0)
' Cty C1, Cty Ctg Carrier wave data control register C1
(at reset . 0000,, at power down  0000;, W)
Carrier wave data register connection controf bits
C1, C1, Cl, The number of connection bits
0 [ 0 2-bit connection {PA_, PA,, are used)
0 0 1 3-bit connection {PA - PA; are used)
0 1 0 4-bit connection {PA - PA, are used)
0 1 1 5-bit connection (PA- PA, are used)
1 0 0 6-bit connection {PA - PA, are used)
Other combinations Not available
Carrier wave data compensation control bit
Q -1 compensation
1 +1 compensation T
(@it 1) (Bit 0)
L C2, l C2y Carrier wave compensation control register G2

(at reset . 00,, at power down : 00, W)

Carrier wave compensation control bit

0 Not compensated -

1 Compensated

Carrier wave automatic stop function control bit

0 | Automatic stop function not used

1 Automatic stop function used

! c3 l Carrier wave output controi flag C3

(at reset : 0, at power down © 0,, W)

Carrier wave output control

0 | Carrier wave output disabled (RC3 instruction execution)

1 Carrier wave output {SC3 instruction execution)

l C4 | Carrier wave data controt flag C4

(at reset . 0z, at power down . 0,, W)

Carrier wave data control

0 | Carrier wave data cleared (RGC4 instruction execution)

1 | Carrier wave data set {SC4 instruction execution)

l CR l Carrier wave generating control flag CR

(at reset : 05, at power down - 0y, W)

Carrier wave generating control

0 | Carrier wave generating stop (SPCR instruction execution)

1 Carrier wave generating start (STCR instruction execution)

Note | “W" represents write enabled.

Fig. 25 Multi-carrier generating circuit control register and control flag
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Multi-carrier generating circuit operation
The carrier wave is compensated by +1 compensation
or — 1 compensation. Assuming the interval between
the rise of the reference clock (ORCLK) input through
the synchronization circuit and the next rise is 1T ©
+1 compensation © extends the “L” interval by 1T at
constant period.
—1 compensation | reduces the “L” intervat by 1T at
constant period.
The operation of the multi-carrier generating circuit is
described below with examples for +1 compensation
and —1 compensation (refer to Fig. 24).
® -1 compensation example
{Output wavetorm]
» Basic waveform ! “H” intervai=2T
“L" interval==2T
» Compensation period . once every 2 period
(+1 compensation)
{Initial setting value]
¢+ Carrier wave data control register
C13—C1o==(1010),
* Carrier wave compensation control register
C24, C24=(01),
* Preset register PA;—PA;
Initial value==(XX01),
* Compensation control timer PT
Initial value=(1),4
X . Set the arbitrary value (this bit is not related the
waveform setting in this example).

In this case, the shift operation is PA ~PA —PA;—PA,
because the carrier wave data register (PA) is set to
4-bit connection. In addition, the data compensation
latch (DGL) stops at reset state when the timer PT out-
put (PT OUT) is "H” and operates when it is “L” be-
cause C1; is set to “1”.

ORCLK is input to the multi-carrier generating circuit
with the STCR instruction and register PA shift opera-
tion starts. At this time, DCL stops at reset state and
disconnected from register PA because timer PT out-
puts initial level "H". Accordingly, PA, output is input to
output fatch (OPL) and is output as the carrier wave
(CARR) after T/2. This is the basic waveform.

When timer PT underfiows and PT QUT changes to “L”,
DCL reset is released and connected to the top bit of
register PA. This causes the shift operation PA ~PA,—
PAg— PA;—DCL. Accordingly, the DCL output is input
to OPL and the “L” interval becomes longer than the
basic waveform by 1T. This is the waveform of com-
pensated period.

When the next fall of the carrier wave occurs, PT QUT
returns to “H”, DCL is disconnected, and a basic wave-
form is output. The carrier waveform is stopped with
the SPCR instruction because C2, is cleared to “0".

Contral instruction l STCR ’ \ 0 r \

PA,

PA, l ] l

U e B

L

ooL 1

Timer PT 1 fo ’ {o It

Prout | SIS | e I
CARR T : l f : l | ; | | |

T
fe—s Note : When the falling edge of the ORCLK occurs while executing the STCR instruction,
the start timing of the shitt operation is not constant.

Shift operation starts

Fig. 26 Timing diagram at +1 compensation
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® —1 compensation example
[Output waveform]
* Basic waveform [ “H" interval=2T
“L” interval=2T
« Compensation period . once every 2 period
{(—1 compensation)
[initial setting value]
« Carrier wave data control register
C13“C10=(0001 )2
« Carrier wave compensation control register
C2,, C20=(01),
« Preset register PA;—PAg
Initial value=(XXX1),
« Compensation control timer PT
Initial vatue={(1)g
X : Set the arbitray value (this bit is not related the
waveform setting in this example).
In this case, the shift operation is PA_—* PA,—PAg be-
cause the carrier wave data register (PA) is set to 3-
bit connection. In addition, the data compensation latch
(DCL) operates when the timer PT output (PT OUT) is

“H” and stops at reset state when it is “L” because C1;
is cleared to “0".

ORCLK is input to the multi-carrier generating circuit
with the STCR instruction and register PA shift opera-
tion starts. At this time, DCL operates and is connected
to the top bit of register PA because timer PT outputs
initial level “H". Accordingly, DCL output is input to out-
put latch (OPL) and is output as the carrier wave
(CARR]) after T/2 because shift operation PA_—PA,—
PA,—DCL is performed. This is the basic waveform.
When timer PT underflows and PT OUT changes to “L”,
DCL stops at reset state and is disconnected from reg-
ister PA opposite of +1 compensation. Accordingly, the
PA, output is input to OPL and the “L" interval becom-
es shorter than the basic waveform by 1T. This is the
waveform of compensated period.

When the next fali of the carrier wave occurs, PT QUT
becomes “H” and the basic waveform is output. The
carrier waveform is stopped with the SPCR instruction
because C2, is cleared to “0".

Control instruction ] STCR I . , , .

f spcr|

PAL ___l — L | I— L

PAy g | | | | I.__I ‘_[ L_.r
SO T S e IR e O e N
o LT L [

Timer PT 1 {o |1 fo 1 fo

PT OUT [—'—I

CARR I__| _|

o B s I s T e R

Note . When the failing edge of the ORCLK occurs while executing the STCR instruction,
the start timing of the shift operation is not constant.

Fig. 27 Timing diagram at -—1 compensation
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(2) Preset register (PA;—PA;)

Preset register is the top 4 bits of the carrier wave data
register (PA) which consists of a 6-bit shift register.
The waveform of the carrier wave is determined by the
number of connection bits of this register and the pre-
set value.

Set the number of connection bits of preset register
with bits 0 to 2 of the carrier wave data control register
{C1), and the preset value with the TPAA instruction
through register A. Set so that the waveform generated
by the carrier wave data register (PA) is 1 period
(both “H™ and “L" are one interval).

(3) Compensation control timer {PT)

Timer PT is a 2-bit programmable timer and is used to
determine the compensation period of the carrier
wave. The initial level of the timer PT output (PT OUT)
is “H”. Timer PT down counts the fall of the carrier
wave (“H”—“L”). An underflow occurs and PT OUT
changes to “L" at the fall of the carrier wave after it be-
comes “0". Then the initial value is reloaded into timer
PT and count continues. The output returns to “H” next
time the carrier wave falls.

The carrier wave is compensated while this PT OUT is
“L" (carrier wave compensation interval). Accordingly,
when the value set in timer PT is n, the carrier wave is
compensated every n-+ 1 period. Data can be set
simuitaneously in timer PT and the reload register with
the TPTA instruction,

When timer PT initial setting value is set to 3"
(compensation every 4 period)

Jor Tea s Tea Tea Tes
CARRI"'IlI‘I'lI

T

Timer PT

0

H H
N —

Tes—Tea - Each period of carrier wave.  Compensation

. Carrier wave compensation period
period.

PT QUT

Tes

Fig. 28 Timer PT operation exampie

{4)

Data compensation latch {DCL)

Data compensation latch is a 1-bit latch with the preset
value fixed to “0". The “L” interval of the carrier wave
changes depending on whether or not this latch is con-
nected to the top bit of the shift register (register PA).
The connection/disconnection of DCL is automatically
controlled by timer PT output value (PT OUT).

Table 7 Timer PT output value and DCL connection

state
o "__ﬂ}»_’ Cla="Q" Cla="1"
PT | ‘H Connection Disconnection
ouTt “L" Disconnection Connection

Note | C2, is set to “1” in this table.

(%)

Carrier wave control instruction

The carrier wave generation is controlled with the
STCR instruction (generation start) and the SPCR in-
struction (generation stop). Whether to output the
generated carrier wave from the CARR pin can be con-
trolled by the SC3 instruction {output) and the RC3 in-
struction (output disabled).

Multi-carrier generating circuit contro! registers and
control flags

Carrier wave data control register (C1)

Register C1 controls the number of connection bits to
the carrier wave data register (PA), and the carrier
wave compensation method. Set the contents of this
register with the TC1A instruction through register A.
Carrier wave compensation control register (C2)
Register C2 controls the carrier wave ccmpensation
function and the automatic stop function (stop with tim-
er 1 underflow flag). Set the contents of this register
with the TC2A instruction through register A

Carrier wave output control flag (C3)

C3 flag controls whether to output the generated car-
rier wave from the CARR pin. C8 flag is cleared to "0”
and the carrier wave output is disabled when the RC3
instruction is executed, and C3 flag is set to “1” and
carrier wave output is enabled when the SC3 instruc-
tion is executed.

Even if output is disabled with this flag, the carrier
wave output stop interval can be counted by using tim-
er 1 because the carrier wave generation is possible.
This flag is cleared to “0” at system reset.

S lEEe
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« Carrier wave data control flag (C4)

C4 flag controls the generation of the carrier wave
which cannot be generated with the multi-carrier
generating circuit. C4 flag is cleared to “0” and “L”
interval of carrier wave is generated when the RC4
instruction is executed. G4 flag is set to “1” and "H”
interval of carrier wave is generated when the SC4
instruction is executed. The “H” or "L” interval of the
carrier wave and the compensation can be controlled
at your option by generating the wait interval until the
SC4 instruction and the RC4 instruction are executed
with software. Stop the multi-carrier generating circuit
(CR flag=="0") when the carrier wave is generated by
C4 flag. This flag is cleared to “0” at system reset.
Carrier wave generating controt flag (CR)

CR flag controls the operation to generate the carrier
wave at the multi-carrier generating circuit. CR flag is
cleared to “0” and generating the carrier wave is stop-
ped when the SPCR instruction is executed or timer 1
underflow occurs (when C2, is set to “1”), and CR flag
is set to “1” and generating the carrier wave is started
when the STCR instruction is executed. This flag is
cleared to “0” at system reset.

Precautions

Note the following when using the muiti-carrier gener-
ating circuit.

Precaution when starting carrier wave (CARR) genera-
tion

The shift operation of the muiti-carrier generating cir-
cuit starts in synchronization with the falling edge (“H”
—“L") of ORCLK, However, the shift operation start
timing after executing the carrier wave generation start
instruction (STCR) is not constant because the instruc-
tion cycle does not match the ORCLK period.

In addition, when the falling edge of ORCLK occurs
during the STCR instruction execution cycle, whether
register PA starts shift operation or not is undefined.
When the shift operation is not started, it is started at
the falling edge of the next ORCLK. The carrier wave
output timing after starting shift operation depends on
the initial setting value as described in the carrier
wave compensation example.

.

Precaution when stopping carrier wave (CARR) gen-
eration

The carrier wave is stopped at the fall of the carrier
wave. However, the carrier wave stop timing after ex-
ecuting the carrier wave stop instruction (SPCR) is not
constant because the instruction cycle does not match
the carrier wave period.

In addition, when the fall of the carrier wave occurs
during the SPCR instruction execution cycle, whether
the carrier wave is stopped or not is undefined. When
the carrier wave is not stopped, it is stopped at the fall
of the next carrier wave.

When the prescaler is to be stopped after stopping the
carrier wave, wait for 1 period of ORCLK after the car-
rier wave has stopped, and then stop the prescaler.
Precaution when restarting carrier wave (CARR) gen-
eration

When carrier wave generation is restarted after stop-
ping, timer PT retains the previous value without in-
itializing. Accordingly, be sure to set again timer PT
(with the TPTA instruction) before restarting carrier
wave generation {(with the STCR instruction).
Precaution when using the carrier wave (CARR) auto-
matic stop function

Carrier wave generation can be stopped (C2,=“1")
with the timer 1 underfiow signal using the carrier wave
as the timer 1 count source (W1;="1"). In this case, it
is necessary to set again timer 1 (with the T1R1
instruction) when carrier wave generation is to be re-
started (with the STCR instruction) after stopping it
with a timer 1 underflow signal.

R
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LCD FUNCTION
The 4550 Group has a built-in LCD (Liquid Crystal 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 LG, LCD control registers
{L1 to L3), and LCD RAM, the controller/driver automati-
cally reads the display data, controls the LCD display by
setting duty and bias.
4 common signal output pins and 40 segment signal output
pins can be used to drive the LCD to control the display of
up to 160 segments (when 1/4 duty and 1/3 bias are
selected). When the required number of segment pins is
40 or less, SEGas— SEG3o can be used as input ports P4;—
P43<
(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 L.CD panel being used.

* 1/2 duty, 1/2 bias

* 1/3 duty, 1/3 bias

» 1/4 duty, 1/3 bias

Table 8 Duty and maximum number of displayed pixels

Duty maxirmm number of dispiayed pixels Used COM pins

1/2 80 segments COM,, COM, (Note)

1/3 120 segments COMy—COM,; (Note)

1/4 160 segments COM—COM;

Note . Leave unused COM pins open.

(2} LCD clock controt

The LCD clock is determined by the setting values of
the timer 2 count source selection bit (W2;), LCD
clock frequency dividing circuit control bits (W3, W3,),
and timer LC. Accordingly, the frequency (F) of the
LCD clock is obtained by the following formula. The
number (D to ®) shown under formula corresponds to
Fig.29

» When using the prescaler output (frequency divided by
8 output)as timer 2 count source {W2,=1)

System clock frequency 1 1 1 1
F 8 X6 X X TeHT X2
L I U S T VR S A
D2 3 @ ® ®
* When using f(Xcw) as timer 2 count source (W2,==0)
1 1 1 1
F=tXom) XJg X X Tepi X2
| S N M Sy MY |

® ® ® ®
System clock frequency © f(Xin) or f(Xci)
m:1,2 4
LC:0to15

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

F
Frame frequency=-——(Hz)
) n
Frame period=¢(s)

F . LCD clock frequency
1/n : Duty

Xew O

@
Prescaler

Xin O 1/8

Note . Count source is stopped when it is cieared to “0”.

@
W3y, W3

3
Timer 2

1/16

| ISRV U |

LCD ciock 172 Timer L.C

Fig. 29 LCD clock control circuit
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Fig. 30 LCD controller/driver structure
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{Bit 3) (Bit 0)

( L1y ] L1, r L1, J L1y J LCD controf register L1

{at reset - 0000, at power down - state retained, R/W)

LCD duty and bias selection bits

o, | e Duty 1 B |
0 i Not avaitable T N

0 1 e ‘ 12

1 0 + 173 'J[M_ 13
B 1 174 | 1/3 T

LCD ON/OFF bit

0 | OFF

1.CD power supply dividing resistor control bit

o} ‘ Connecting internal dividing resistor to 1.CD power circuit

1 Disconnecting internai dividing resistor from LCD power circuit

(Bit 3} (Bit 0)
L2, L2, 12, l L2 J LCD controf register L2
{at reset : 0000,, at power down . state retained, W)
SEGa/P4, pin function switch bit
0 |SEGs
1| P4
SEG37/P4, pin function switch bit
o [secy i
1 ] P4,
SEG3a/P4, pin function switch bit
0 J SEG;
1 } P4,
SEG3e/P4; pin function switch bit
0 SEG3e
1| P4y
(Bit @)
L3p LCD control register L3

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

Di2, Di1/Vica Vies Pin function switch bit
—
o D‘l?r D11
1 Vica Vics

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

Fig. 31 LCD control register

KR



MITSUBISHI MICROCOMPUTERS

4550 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER for
INFRARED REMOTE CONTROL TRANSMITTER

(3) LCD RAM the display pixel corresponding to the bit is displayed
The RAM contains areas corresponding to the liquid automaticatly.
crystal display. When “1” is written to this LCD RAM,

z 1
X 4 - 5 8

Y Bit| 3 2 1 0 3 2 1 [ 3 2 1 0
8 SEGy | SEGq | SEGo | SEGo | SEGs | SEGs | SEGs | SEGs | SEGi | SEGy | SEGus | SEGus
9 SEGy | SEGy | SEGy | SEG, | SEGy | SEGy | SEGs | SEGs | SEGy; | SEGy | SEG( & SEGy
10 SEG; | SEG; | SEG, | SEG; | SEGi | SEGu | SEGiu | SEGyw | SEGys | SEGys | SEGy | SEGu
11 SEG; | SEGy | SE@s | SEGy | SEGy | SEGi | SEGy | SEGy | SEGp | SEGus | SEGi | SEGye
12 SEG, | SEG, | SEG, | SEG, | SEGi | SEG:, | SEGy; | SEGi, | SEGy | SEGg | SEGwm | SEGa
13 SEGs | SEGs | SEGs | SEGs | SEGy | SEGy | SEGiy | SEGu | SEGx | SEGy | SEGy | SEGy
14 SEGs | SEGe | SEGe | SEGs | SEGi | SEGi | SEGy | SEGy, | SEGz | SEGy | SEGy | SEGy
15 SEG; | SEG; | SEG; | SEG;, | SEGqs | SEGis | SEGys | SEGys | SEGz | SEGa | SEGy | SEG
COM COM, | COM; | COM; | COM; | COM; | COM; | COM, | COMg | COM; | COM, | COM, | COM,
z 1
X 7 8

Y Bit 3 2 1 [1] 3 2 1 1]
8 SEGzs | SEGo4 | SEGypa | SEG24 | SEGy, | SEGa; | SEGa; | SEGa:
9 SEGys | SEGas | SEGos | SEGys | SEGas | SEGas | SEGas | SEGas
10 SEGys | SEGse | SEGas | SEGpe | SEGas | SEGas | SEGas | SEGas
11 SEG.; | SEGar | SEG2, | SEG,; | SEGgs | SEGas | SEGas | SEGas
12 SEGops | SEGos | SEGag | SEGos | SEGas | SEGas | SEGas | SEGas
13 SEGys | SEGze | SEGg | SEG o | SEGas | SEGar | SEGa; | SEGs;
14 SEGago | SEGao | SEGga | SEGao | SEGas | SEGas | SEGas | SEGas
15 SEGy, | SEGg, | SEGg) | SEGs | SEGgs | SEGas | SEGa3s | SEGge
COM COM; | COM, | COM, | COM, | COM, [ COM, | COM, | COM,

Fig. 32 LCD RAM map

(4) LCD control register (5) LCD drive waveform

* LCD control register (L1) Fig. 33 shows the drive waveform example for each
Register L1 controls the combinations of duty and bias, display method. When “1” is written in the LCD RAM
LCD on/off, and internal dividing resistor connection. data, the voltage difference between the correspond-
Set the contents of this register with the TL1A instruc- ing common pin and segment pin becomes | Vi ga |
tion through register A. The TAL1 instruction can also automatically and the display pixel at the cross section
be used to transfer the contents of register L1 to regis- turns on.
ter A, When returning from reset and being the power down 2

« LCD control register (L2) state, display pixel turns off because every segment
Register L2 controls pins SEGgs/P4y— SEG39/P44 func- output pin and common output pin becomes V ¢3 level.

tion. Set the contents of this register with the TL2A in-
struction through register A.

« LCD control register (L3)
Register L3 controls pins Dy1/Vi g and Dy3/V ¢, func-
tion. Set the contents of this register with the TL3A in-
struction through register A.

SR
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172 duty, 1/2 bias : When writing {XX10); to address M{Z, X, Y)=(1, 6, 8) in RAM

1 trame(2/F)

M{Z X, Y)=(1,68)

Voltage level

Vies
Vici=Vice
Vss

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

M(Z, X, Y)=(1,6,8)

Voltage level

COM, COMm, COM,
SEGs SEGqs SEGs
ON ' OFF | ON '
1/4 duty, 1/3 bias . When writing (1010) to address M(Z, X, Y)=(1, 6, 8) in RAM
1 frame(4/F)
M(Z, X, Y)=(1,6,8) 1/F ’1 Voltage level

F . LCD clock frequency

X : Set an arbitrary value. l COM; L COM; COM, COMq
(This bit is not related to drive ' SEG1e N SEGse | SEGie | SEGye -
waveform sefting at each duty.) ON OFF ON OFF

Fig. 33 Drive wave example
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(6) LCD power supply LCD panel. Apply voltage between 2.2V and Vpp to the
The 4550 Group has the built-in LCD dividing resistor Vi cs pin. (circuit example a)
that can be disconnected with software. Select whether * When connecting the internal dividing resistor and con-
to connect this internal dividing resistor or not, and necting pins D;,/Vi 1 and D1/Vi g [L13=0, L3¢=1]
select the LCD power supply circuit appropriate for the In this case, internally generated divided voltage is
LCD panel being used according to the combination of output from pins D4/Vicy; and Dyp/Vi o Accordingly,
3 items in the following Table 9. LCD power supply the impedance of the LCD power can be reduced by
control. externally connecting a capacitor to the pins D,,/V ¢4

and Dyo/V co. Apply voltage between 2.2V and Vpp to

Table 9 LCD power supply control the V,c; pin.

Controt Iltem Controf Bit (1/3 bias : circuit example b, 1/2 bias : circuit example ¢)
Connect/disconnect internal dividing — ;::g - . :Z:::C::‘scor.mectmg the internal dividing resistor and
resistor to/from LCD power supply. - g pins D441/Vicy and Di2/Vic:

Disconnecting U [L13=1, L30=1]
Connect/disconnect pins 134/V ¢y and 75@35}7:;;9‘1”3“ Thif is the external power input mode. Apply tr?e fol-
Dy2/Vicz to/from LCD power supply. Connecting ] . lowing voltage to each LCD power supply input pins.
o - When using 1/3 bias : (2.2V<V < Vpp)
Use 1/2 or 1/3 bias. L. 1/2bias | 9: VL02=% Vics VLc1=’:§‘ Vics
173 bias |l

When using 1/2 bias - {2.2V<V,c3<Vpp)
* When connecting the internal dividing resistor and dis-

1
connecting pins Dy4/Vi ¢ and Dy2/Vico Vigr=Vier=7 Vica
[L13=0, L30=O] . L e,
in this case, 0 to V 3 (V) voltage is applied to the (1/3 bias : circuit example d, 1/2 bias * circuit example e)

(a; (b) (c)
M34550 M34550 M34550
Viea Vics Vica
Vice j Vica
Vict —__L_ Vier

Fig. 34 LCD power circuit example
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{d) (e)
Change the resistors in this figure
M34550 M34550 according to the specification
(such as driving voltage)
of the LCD panel being used.
Viea Vica
1000 § 150k
Vi
V.LC2 Le2
;
100k 2
Vict
Vics |
100k 150K Q)
Fig. 35 LCD power circult example {continued)
(7} LCD display method
The connection example in Fig. 36 shows the display (Bit 3) (Bit 0)
method, how to set the LCD control register, and the r 0 l 0 T 1 l 1 Jgegis,e, L1
drive waveform when displaying the character “9”. l ]
1. Select the duty and bias combinations with bits 0 1/4 duty, 1/3 blas
and 1 of the register L.1. L  LCDoff
2. Set the internal resistor with bit 3 of the register L1, Using internal dividing resistor
and register L3. (8it o)
3. Switch pins SEGss/P4e and SEGg,/P4; to segment : Rocister Lo
output ports with bits 0 and 1 of the register L2. egister
4. Write (1011}, and (0111}, to addresses M{Z, X, Y) Disconnecting pins V¢, and
=(1, 8, 12) and M(Z, X, Y)=(1, 8, 13} in RAM as Vicz from LCD pawer supply
shown in Fig. 38. ‘ (Bt 3) (Bit 0)
5. Character “9" is displayed by setting bit 2 of the r ; ] ] [ P l o l Register L2
register L1 to “1".
SEGqs selected
SEG,; selected

Fig. 37 Setting registers (before LCD on)

B
G| F

(Bit 3) (8it 0)

Fig. 36 LCD connection example
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B

M(Z, X, Y)=(1, 8, 13)

M(Z, X Y)=(1,8,12)

-

(Bt 3)

(Bit0)

SEG;;

Fig. 38 Display pattern example and drive waveform example
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RESET FUNCTION of the recommended operating conditions, and

System reset is performed by applying “L” level to the * the oscillation is stabilized.

RESET pin for 1 machine cycle or more when the following Then when “H” level is applied to the RESET pin, the prog-
2 conditions are satisfied; ram starts from address 0 in page 0.

« the value of supply voltage is the minimum value or more

\ « 1 clock cycle

14331 to 14336 clock cycles (address 0 in page 0)

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

i
‘
'
h
|
:
'
\
' Program starts
.
i
!
'
i
'
:
i
'

Fig. 39 Reset reiease timing

(1) Power-on reset

“esea input Reset can be performed automatically at power on
1 machine cycie 14331 to 14336 (power-on reset) by connecting resistors, a diode, and
or more : clock cycles : a capacitor to the RESET pin. Connect the RESET pin

: and the external circuit at the shortest distance.
__ Program starts
(address 0 in
page 0)

RESET

0. 3Vpp

(Note)

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

Fig. 40 RESET pin input waveform and reset operation

VDD
il
Voo
M34550 -
'e' RESET pin voltage
% ,
‘ i
i
t / Reset state
. Watchdog timer output Internal reset signal
I:
Reset released
Power-on
""" {& -~~~ This symbol represents a parasitic diode

Fig. 41 Power-on raset circuit example

SlEEs
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(2} Internal state at reset
Fig. 42 shows the internal state and port state at reset
{they are the same after reset is released).

« Program counter (PC) «-r--weererssornnsinenns [ofoJafo]olo]ofolo]o[a]o]o]0]
Address 0 in page 0 is set.

o Interrupt enable flag (INTE) - s rerrreerisreminsineressese st E (Interrupt disabled)

2 POWST OWN flag (P) -~++rereeresemmesressre e oes et s E

« External intefmupt request flag {EXEQ) <+ rresrreimeesirreninisisn s E

* Interrupt control register (V1) - i-?)vi_o : 0 | (Interrupt disabled)

* Interrupt contral register (11) - o0 o : 0 | (Pull-up transistor OFF)

* Clock control register (MR)-«- - seerssssroies mz (X selected)

« Timer 1 interrupt request lag (TAF) -« wresteemmommmmseernee e E

« Timer 2 Underflow flag (T2F)« - eesrromressrromemsaiosoass s E

* Timer 3 interrupt request flag (T3F) - oo EJ

« Watchdog Hmer flag (WD) «-----srrrsreesssriireissont s @

* Timer control register (W1) oo Em (Prescaler and timer 1 stop)

» Timer control register (W2) -+ e ‘ oo r 0 | ¢ | (Timer 2 and timer 3 stop)
* Timer control register (W3) -+ -ereerrsrmnr & 0 [_JA_L_?_] (Watchdog timer stop)

(BEEP output stop)
* Carrier wave data control register (C1) «-rreeeererennn
* Carrier wave compensation control register (G2} - |
» Garrier wave output Control flag {G3) + e srssestsesrnise it E (Carrier wave output disabled)
+ Carrier wave data control flag (G4) -+ - rersremsmrerresisto s @
+ Carrier wave generating Control flag (R} -s+crssimesmereincrnieccicsien, D]
* LOD CONrol ragister (L1)---rrseomsersmrrmniineiinsses EQ 0 TE—E (LCD oft)
* LCD control ragister (L2) - werrissnnsnn e E(ELT_JE (Segment driver selected)
« LOD GOMPOL FEQISEr {LB)r- -+ reesresssrressremssescm e E
. Cafry ﬂag (Cy) ................................................................................... E
. Registe' F T TR P LR P PR R PR PRRE PR g |
* Register B~
@ REGISLEr D -+ v e v ot | X
- Register B oceerrreenrientiiii e
B T S P P EEI(}E]
« DAEE POIMEE Y ++crvsreemscmmresromenmssins et [EIO_—];EE
o DA PO Z -+ -+ eerresenesrssnmsans s [ﬂz‘]
o StACK POINtEr {SP) +rrssreresremmmrimsremtret s r:j P “X" represents undefined.

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

Fig. 42 Internal state at reset

* MITSUBISHI 543
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Table 10 Port state at reset

Name Function at reset State at reset

Dy—Dy Do—Dy
Dg, Dg Ds. Do . .

High impedance (Note 1
D,o/BEEP Do/ BEEP gh imp (Note 1)
011/VLC|r DIZ/VLCZ D1lr DIZ
POy—P0O3 POy,— PO,

“H” (V level (Note 1
P1o—P1g P1,—P1; {Voo) ¢ )
P2o—P2, P2,—P23 High impedance
P3o/INT P3q ;

High impedance (Note 2
P3, P3, igh impedance ( )
SEGg3e/P4o—SEG;9/P44 SEGz6— SEGae
SEGo—SEGas SEG;—SEGas Vi ca level
COM—COM; COMy—COM,
CARR CARR “L" (Vgs) tevel

Notes 1. Qutput latch is set to “1”.
2. Puli-up transistor is turned off.

R
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POWER DOWN FUNCTION
The 4550 Group has 2-type power down functions.
« Power down 1 (clock operating mode)
..................................................... POF instruction
= Power down 2 (RAM back-up mode)
................................................... POF2 instruction
Note . 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.
Power down is performad by executing each instruction.
The start condition is different between these power downs
and normal reset.
* Return from power-down state
.............................................. Warm Start cond'“m

................................................ Cdd s‘an Codition
{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— Xcout Osciilation
» LCD display
* Timer 2, timer 3
(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 3 interrupt request flag is set
in power down 1 state, or when

Table 11 Functions and states retained at power down
Function Power down
Mode 1 Mode 2
Registers A, B
Program counter (PC) X x
Stack pointer (SP)(Note 2)
Carry flag (CY)
Contents of RAM @) O
Port level O O
Clock control register (MR) O @]
Timer control register (W1) X X
Timer control registers (W2, W3) O O
Interrupt control register (V1) = X
Interrupt control register (11) O O
Multi-carrier generating circuit control x x
registers and flags (C1, C2, C3, C4, CR)
LCD display function O (Note 3)
LCD controf registers (L1, L2, L3) O O
Timer LC : O : (Note 4)
Timer 2 function @] (Note 4)
Timer 3 function O - (Note 4)
External interrupt request flag (EXFO0) X x
Timer 2 underfiow flag (T2F) O {Note 4)
Timer 3 interrupt request flag (T3F) O {Note 4)
Watchdog timer flag (WDF) O Em:: gg
~IEnte:rrupt enable fiag ) x x )

Notes 1. “O" represents that the function can be retained, and
“X" represents that the function is initialized.
Timers, registers and flags other than the above are
undefined at power down, and set the initial vaiue af-
ter returning.
2. The stack pointer (SP) points the level of the stack
register and is initialized to “7” at power down.

. o 3. The LCD is turned off.
* external wakeup signal is input 4. The state of the timer is undefined.
in power down 2 state. In either case, the CPU starts 5. Stop the watchdog timer with software, and then ex-
executing the program from address 0 in page 0 af- ecute the POF2 instruction.
ter returning. In this case, the P fiag is set to “1".
{4) Coid 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”.
MITSUBISHI 5—45
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(5) Identification of the start condition (6) State transition
The start condition (warm start or cold start) can be State transition Is described using Fig. 45.
identified by examining the state of P flag with the 1. Cold start (Return from reset state)
SNZP instruction. The warm start condition (timer 3 or The state is A after a cold start from the reset state.
external wakeup signat) can be identified by examin- in state A, bit 0 (MR;) and bit 1 (MR,) of the clock
ing the state of the T3F fiag. control register are both “0”, and f(X\) is selected
as the system clock.
. Transition from state A to low-speed mode state C
First set MRy to “1" (state B) to switch the system
POF instruction Power down flag clock and then set MR, to “1” (state C) to stop
or — s al— f(X;x) oscillation.
POF2 instruction However, after a cold start, do not use f(Xgn) as
Reset input —> —| system clock and count source until f{Xg) oscilla-
tion sufficiently stabilizes (same as when returning
« Set source~--POF or POF2 instruction execution from state E to state A).
« Reset source---Reset input 3. Transition from state D (power down 1) or state E
(power down 2)
The power down 1 {state D)or power down 2 (state
Fig. 43. Set source and resset source of P flag E)state can be entered from state A, B, or C with the
POF or POF2 instruction. When returning, the state
returns to the state before executing the POF or
POF2 instruction, but stabilizing time is generated
Program mm’:) automatically according to the state as shown in Fig.
45 because the oscillation stabilizing time depends
on the state of f{X,n} or t{Xcw):
. Transition from state C to state A
First clear MR, to “0” to go to state B, generate suffi-
Cold start cient time for f{X,y) oscillation to stabilize with soft-
ware, and then clear MR, to “0” to go to state A. Also
Returning by Returning by external generate sufficient time for f(X,y) oscillation to stabil-
timer 3 underfiow wakeup signal ize with software, and then clear MRy to “0” to go to
state A from state B after the transition to state D
from state B with the POF instruction {State transition
Fig. 44 Start condition identlfication example with the P B—~D—B—A).
SNZP instruction
5~46 A'a.ecmc' 1o
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Power down 1
(Clock operating mode)

f{Xin) stop
f(Xc) oscillating

System clock : stop

POF execution

Retumn input 1, 2

(Stabilizing time @)

POF execution

f(Xi) oscillating
f(Xcw) oscillating

System clock © #(Xn)

POF2 execution

Raturn input 1

Return input 1, 2

MR=(X00)
3 )
- E ol E
Lo Lo
| € | £
3|8 5|8
B 3
]
& 3

B

f(X,n) oscillating
1(Xci) oscitlating

System clock : f(Xgin)

(Stabilizing time @)

POF2 execution

Return input 1

Power down 2
{RAM back-up mode)

£(Xn) stop
f{Xcin) stop

(Note) (Stabilizing time &)
MR==(X01)
L 7
- '3
-]
c
POF exscution f{Xn) stop POF2 execution

f(Xcm) oscillating

Return input 1, 2
(Note)

Return input 1

System clock | f{ X!} _
4 o (Stabilizing time ®)

MR=(X11)

Stabilizing time ® :

Stabilizing time ©

Stabilizing time @ :

Stabilizing time & :

. Generate an interval required to stabilize the 1(X,y) oscillation in state B with software at the transition C—B-+A or D—~B—A.

Returning input 1 . External wakeup signal (PO;—P03, P1,—P15, P2, P2y, P3,)
Returning input 2  Timer 3 interrupt request flag
X : Not used (this bit has no function)

Note | The microcomputer starts its operation after counting f(Xcn) oscitlation 27 to 34 times.

Microcomputer starts its operation after counting the 1(X,y) clock signal 14331 1o 14336 times with hardware to stabilize the
f(Xn) oscillation.
Microcomputer starts its operation after counting the f(Xc\) clock signal 14331 to 14336 times with hardware to stabilize the

{Xcuy, osciltation.

Generate an interval required to stabilize the f{Xqn) oscillation in state A with software since the (X} oscillation may be

unstable immediately after cold starting or the return from power down 2.

Fig. 45 State transition diagram

oo
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(7} Return signal

An external wakeup signal or the timer 3 interrupt r

quest flag is used to return from power down 1. Exter-

Table 12 Return source and condition

nal wakeup signal is used to return from power down 2
because the oscillation is stopped. Table 12 shows the
return condition each return source.

S

Return Source Return Condition

l

Remarks

Ports PO, Pt Aeturn by ix\)erna! talling edge in-

out (“H"—

Set ports PO and P1 to “H" level before going into power down state
began’.nse the talling edge detection circuit is also used as ports PO
and P1

Ports P25, P2, Return by ext)ernal talling edge in-

put {(“H"—

Set both ports P2, and P2, to “H" level before going into power
down state because the falling edge detection circuit is also used
as ports P2, and P2,.

Port P3y/INT {Note 1) | Return by externat “H" level or "L”
tevel input. In this case, EXFO flag

is not set.

External wakeup signals

Select the return level (“L* level or “H” level) with bit 2 of the inter-
rupt control register (11} according to the external state before
going into power down state,

Timer 3 interrupt re- | Return when timer 3 underflows

Altowed only when returning from power down 1 (exacuting POF

quest flag and T3F flag is set to “1”. instruction).” However, when the POF or POF2 instruction is ex-
; ecuted with T3F="“1", return condition is recognized and return is
i performed.

Notes 1 . The P3g/INT pin has a built-in pull-up transistor that can be turned ON/OFF by program. When going into power down

state with the P3¢/INT pin externally set to “L" lev

el, current fiows from the P3y/INT pin if this puli-up transistor is turned

ON. Accordingly, systems that required power consumption to be kept tow should turn off this pull-up transistor by prog-

ram (114="0") before going into power down stal

te. However, when pull-up transistor is necessary to obtain the return

level “H", pull-up transistor can be temporarily turned ON by using timer 2 output signal (dynamic pull-up function: I1¢=

uon‘ ]13=n1u)
. When the POF or POF2 instruction is executed witl
formed after going into power down state.

h T3F=1, return condition is recognized and return is immediately per-

tAP3 instruction

Register A

“H” level

When Xc, is selected as the limer 2 count source

b : When the putl-up transistor is turned ON
¢ When the pull-up transistor is turned OFF

8ms(256/1( X))

>
1 31us(14(Xom))
fe
Signal a l l I l
0 ¢ |
I |

Fig. 46 P3,/INT pin block diagram

SaliEs
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(8) - Power down function control register
« Interrupt control register (11}

the P3y/INT pin from power down state. Set the con-
tents of this register with the Ti1A instruction through

Register 11 controls pins P3y/INT and P3; puli-up tran- register A. The TAI1 instruction can also be used to
sistors ON/QOFF and controls the return signal level of transfer the contents of register 11 to register A.
(Bit 3) (Bit 0)

[ 1, | 11, l i, [ no]

interrupt control register 11

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

P3y/INT pin puli-up transistor control bit

0 | OFF
1 {ON
P3, pin pull-up transistor contro! bit
0 ! OFF
1 | ON

P3p/INT pin return input level selection bit

0 | Return from power down state by inputting “L" leve!

1 | Return from power down state by inputting "H” leve!

P3o/INT pin dynamic puil-up control bit

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

0 | Dynamic pull-up disabled

1 | Dynamic puil-up enabled

Fig. 47 Power down function control register
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CLOCK CONTROL controlled with the clock control register (MR). The f(X\)
The clock control circuit consists of the following circuits. clock is selected just after a cold start. The instruction
» f{X,n) clock generating circuit clock can be switched to the f(Xcw) clock with the system
* f(Xem) clock generating circuit clock selection bit (MRg) . At a warm start, the clock
« Control circuit to stop the clock oscillation seiected just before power down is used. The instruction
» Control circuit to return from power down state clock is the signal divided by 3 of the selected clock
System clock selection and clock oscillation start/stop are (#(Xin) 73 or f{Xoin)/3).
R,

%o 08¢ ——*‘TKO*—i Internal clock
o—]
ur ' generating circuit —= instruction clock

————L:.o] | (frequency divided by 3)
o< |
XCIN O] OSC Q
XCOUY O_— [E—
<] o RESET
POF instruction R a T3F flag
S Ports PQ, P1
. . Ports P2,, P24
POF2 instruction R a
s
: 0 o ' ——— P3y/INT
—C |
H 1 0_1'—_
| ISR -
“H" level
Fig. 48 Clock control circult structure
(Bit 2) (Bit0)
I MR, l MR, [ MR, l Clock contro! register MR

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

System clock selection bit

0 | f(Xw)
t | Xen)

f(X;n) clock oscillation circuit control bit

0 | Oscillation enabled
-

1 | Osciliation disabled

Formr Not used (this bit has no function, but R/W is enabled.)

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

Fig. 49 Registers related clock controt
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(1) Ctock control register MR
Register MR controls the system clock. Set the con-
tents of this register with the TMRA instruction through
register A. The TAMR Iinstruction can also be used to
transfer the contents of register MR to register A. After
executing the TAMR instruction, “0” is stored in bit 3 of
register A.

(2) #{Xu) clock generating circuit
Clock oscillation (f(X,y)) is obtained by externally con-
necting a ceramic resonator. Connect this external cir-
cuit to pins Xy and Xgur at the shortest distance. A
feedback resistor is huilt-in between pins Xy and Xoyr.
When external clock signal is input, connect the clock
source to X,y and leave Xour open. When using an ex-
ternal clock, the maximum clock ‘system clock frequen-
cy is 800kHz. Use the external clock at 30% to 70%
duty ratio.

(3) t{Xcw) clock generating circuit
Clock oscillation (f (Xgn)) is obtained by externally
connecting a quartz-crystal oscilfator. Connect this ex-
ternal circuit to pins Xgn and Xgour at the shortest dis-
tance. A feedback resistor is built-in between pins Xcin
and Xcour-
Unlike the f(X\y) clock generating circuit, the external
clock signal cannot be used for this circuit.

ROM ordering method

Please submit the information described below when

ordering Mask ROM.

(1) M34550M4A-XXXFP ROM OQrder Confirmation Form,
M34550M6A-XXXFP ROM Order Confirmation Form, or
M34550MBA-XXXFP ROM Order Confirmation Form -+ 1

(2) Data to be written into mask ROM-«++«rreereee EPROM
(three sets containing the identical data)
(3) Mark Specification Form «-« oo 1

M.
34550 Note . Use a damping resistor Ry

suitable for the osciltation
Xin frequency. (Bullt-in

teedback resistor)
Cin :E I

Use the resonator
77T

manufacturer's recommended
value because constants
such as capacitance depend

C
out on the resonator.

Fig. 50 Ceramic resonator external circuit

M34550

Xin Xout 3‘/—] I——I ﬂ I—-
ov

External oscillation circuit

Fig. 51 External clock input circuit
M34550
Note : Use a damping resistor Ry
X suitable for the oscillation
CIN Xcour frequency. (Built-in

feedback resistor)
Rg Use the oscitlator
manufacturer's recommended
value because constants
such as capacitance depend
on the oscillator.

+—0

—— Cour
lzaa i

Fig. 52 Quartz-crystal oscillator external circuit
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LIST OF PRECAUTIONS

M

@

{3)

@

(5)

.

Noise and latch-up prevention

Connect a capacitor (approx. 0.1u4F) between pins Vop
and Vss using the thickest wire and equalizing its wir-
ing in width and length at the shortest distance in order
to prevent noise and latch up.

In the built-in PROM version, P2; pin is also used as
Vee pin. Accordingly, when using this pin, use this pin
through a resistor about 5k{) in series at the shortest
distance.

When not using this pin, connect to Vgg through a 5kQ
resistor at the shortest distance.

Prescaler

Stop the prescaler to change its frequency dividing
ratio.

Timer 1,2, 3

Stop timer 1, 2, or 3 counting to change its count
source, as well as to execute the TAB3 instruction for
reading the data (from timer 3).

D1o/BEEP pin

To use the buzzer drive output function, set the fre-
quency (bits 0 and 1 of the register W3) and then start
output. When changing the buzzer drive output fre-
quency or switching this pin as port Dy function, first
stop the buzzer drive output, wait for 1 cycle of the
buzzer drive output, and then set the frequency or start
using as port Dqo.

Multi-carrier generating circuit

Precaution when starting carrier wave (CARR) genera-
tion )

The shift operation of the multi-carrier generating cir-
cuit starts in synchronization with the falling edge (“H”
—“L") of ORCLK. However, the shift operation start
timing after executing the carrier wave generation start
instruction (STCR. is not constant because the instruc-
tion cycle does nat match the ORCLK period.

in addition, when the falling edge of ORCLK occurs
during the STCR instruction execution cycle, whether
register PA starts shift operation or not is undefined.
When the shift operation is not started, it is started at
the falling edge of the next ORCLK. The carrier wave
output timing after starting shift operation depends on
the initial setting value as described in the cartrier
wave compensation example.

Precaution when stopping carrier wave (CARR) gen-
eration

The carrier wave is stopped at the fall of the carrier
wave, However, the carrier wave stop timing after ex-
ecuting the carrier wave stop instruction (SPCR) is not
constant because the instruction cycle does not match
the carrier wave period.

in addition, when the fall of the carrier wave occurs
during the SPCR instruction execution cycle, whether
the carrier wave is stopped or not is undefined. When

the carrier wave is not stopped, it is stopped at the fall
of the next carrier wave.

When the prescaler is to be stopped after stopping the
carrier wave, wait for 1 period of ORCLK after the car-
rier wave has stopped, and then stop the prescaler.
Precaution when restarting carrier wave (CARR) gen-
eration

When carrier wave generation is restarted after stop-
ping, timer PT retains the previous value without in-
itializing. Accordingly, be sure to set again timer PT
(with the TPTA instruction) before restarting carrier
wave generation (with the STCR instruction).
Precaution when using the carrier wave (CARR) auto-
matic stop function

Carrier wave generation can be stopped (C2, =“1")
with the timer 1 underflow signal using the carrier wave
as the timer 1 count source (W13="1"). In this case, it
is necessary to set again timer 1 (with the T1R1
instruction) when carrier wave generation is to be re-
started (with the STCR instruction) after stopping it
with a timer 1 underflow signal.

Built-in PROM version precautions

The operating power voltage of the built-in EPROM
version (M34550E8FS) and the One Time PROM ver-
sion (M34550E8-XXXFP, M34550E8FP) is 2.5V to 3.6V.
The operating power voltage of the mask ROM version
(M34550M8A-XXXFP) is 2.2V to 3.6V.

Notes on power down function

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

Note on LCD

The 4550 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 1.CD panel being
used, and test sufficiently.

o e
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SYMBOL
The symbols shown are used in the fotlowing instruction function table and instruction tist.
Symbol Contents Symbot Contents
A Register A {4 bits) T1F Timer 1 interrupt request flag
B Register B (4 bits) T2F Timer 2 underilow flag
DR Register D (3 bits) T3F Timer 3 interrupt request flag
E Register E (8 bits) INTE interrupt enable flag
c1 Carrier wave data control register C1 (4 bits) EXFO External interrupt request flag
c2 Carrier wave compensation control register G2 (2 bits) P Power down flag
c3 Carrier wave output controf flag C3 WDF Watchdog timer flag WDF
[o2:] Carrier wave data control flag C4
CR Carrier wave generating contro flag CR D Port D (13 bits}
PA Preset register PA (4 bits) PO Part PO {4 bits)
L1 L.CD control register L1 (4 bits) P1 Port P1 {4 bits)
L2 LCD control register L2 (4 bits) P2 Port P2 (4 bits)
L3 LCD control register L3 (1 bit) P3 Port P3 (2 bits)
MR Ciock contro: register MR (3 bits) P4 Port P4 (4 bits)
vi interrupt control register V1 (4 bits)
1 Interrupt control register 11 {4 bits) X Hexadecimal variable
w1 Timer contro register W1 (4 bits) y Hexadecimal variable
W2 Timer contro: register W2 (4 bits) z Hexadecimal variable
w3 Timer contro: register W3 (4 bits) p . Hexadecimal variable
n | Hexadecimal constant
X Register X {4 bits) i : Hexadecimal constant
Y Register Y (4 bits) i | Hexadecimal constant
Z Register Z {2 bits) AzALA AL Binary notation of hexadecimal variable A
DP Data pointer (10 bits) (same for others)
{1t consists of registers X, Y and 2}
PC Program counter {14 bits) - Direction of data movement
PCyx High-order 7 bits of program counter ) Contents of registers and memories
PC, Low-order 7 bits of program counter — Negate, Flag unchanged after executing instruction
SK Stack register {14 bitsX8) M(DP) RAM address specified by the data pointer
Sp Stack pointer (3 bits) a L.abel indicating address ag as as a3 a3 a; &
CcY Carry flag p, a Labe! indicating address ag as a4 B3 a2 8 8y in page ps Ps
T Timer 1 P3 P2 Py Po
T2 Timer 2
T3 Timer 3 C Hex. C + Hex. number X (also same for others)
Rt Timer 1 reload register ~+
R2 Timer 2 reload register x
/3 Timer 3 reload register

Note . The 4550 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, RY, or
RTS instruction is skipped.

KR
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4550 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER for
INFRARED REMOTE CONTROL TRANSMITTER

LIST OF INSTRUCTION FUNCTION
e.w Mnemonic Function arauping| Mnemanic Function Grapingl Mnemonic Function
TAB (A)—(B) XAMI j | {A)=——(M(DP)) SZBj | (Mj(DP))+—07?
(X)—(X)EXOR(j) s =003
TBA (B)—(a) H i=01t015 g
2 (Y)+=(Y¥)+1 g
TAY | (A)—(Y) g z
3 [T™aj | (M(DP)—(A)
TYA [ (Y)—(A) 5 (X)—{X)EXOR(j)
g j=0to 15 § o | SEAM | (A)=(m(DP))?
TEAB | (E;—Es)+(B) ; gé
% (Es—Eq)+~(A) z g2 |sean | (A)=n?
9 Eg However, n=0 to 15
£ | TaBE | (BY—(E,—EL) ©
:‘:’ (A)—(Ez—E;) —
2 LAn | (A)en Ba (PCL)—as—a,
E TDA | (DR,—DRg)—(A;—Aq) However, n=0 to 15
= 5 i BLp, a|(PCy—p
2 | TAD | (A;—Ag)—(DR,~DRy) TABP p| (SP)«(SP)+1 3 (PC)—ag—ag
° (Ag)+=0 (SK(SP))—(PC) 8
€ (PCu)+p £ |BLAP (PCp)*p
TAZ (Aq, Ag)+(Z4, Do) (PG« (DR,—DRo, As—Ag)| & (PCL)+~(DRz~DRo, A3—Ao)
(Ag, Az)*0 (B)—~(ROM(PC)); 1o 4 @
{(A)—{ROM(PC) )3 v 0
TAX (A)—(X) (PC)+—(SK(SP))
(SP)+~(sP)—1 2
TASP | (Az—Ap)—(SP,—SPy) BMa | (SP)—(SP)+1
{A3)+0 AM (A)—(A)+{(M(DP)) (SK{SP))~(PC)
(PCy)—2
% AMC (A (A)+(M(DP))+(CY) (PCL)+as—a,
— ® (CY)+—Carry
LXY | (X)ex, x=0 to 15 g § |BML | (SP)—(SP)+1
Xy (Y)—y, y=0to 15 % An (A)—(A)+n % |poa (SK(SP))«{PC)
£ However, n=0 to 15 2 (PGu)+p
§ | % g (PCL)+—as—ao
§lzz |(2ezz=0103 < 1AND | (A)—(A)AND(M(DP)) £
3 S | BMLA | (SP)—(SP)+1
; INY (V)—(¥)+1 OR {A)«(A)OR(M(DP)) ERES (SK(SP))=(PC)
é (PCh)+wp
DEY (Y)(¥}—1 sSC (CY)+—1 ! (PG )+ (DR;—DRo, Az—Ag)
RC (CY)—0
TAM j | (A)=-(M(DP)) SZC (CY)=0?
(X)‘—(X)EXORU) RTI {PC)+(SK(SP)}
5 j=0t015 CMA | (A)—(A) (8P)—(5P)—1
7]
| XAM | (A)e—r(M(DP)) RAR | (Y] [Adkzhidal § |RT | (PC)—(SK(sP))
:‘é (3)+—(X)EXOR(}) e £ (8P)+-(8P)—1
0 o=
H o ¢ | S8 | (Mi(DP)) E ATS | (PC)+(SK(SP))
2 | XAMD j| (A)+«—{M(DP)) % j=0to3 E (SP)+(SP)—1
z 00 00xOR() % [rei | itopn—o
(Y} (Y)—1 @ i=0to 3
L
PR



MITSUBISHI MICROCOMPUTERS

4550 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER for
INFRARED REMOTE CONTROL TRANSMITTER

Mnemonic Function Grouping| Mnemonic Function Graupieg| Mnemonic Function
DI (INTE)+0 gg SNZT3 | (T3F)=17 2 |ses (o4
F3 58 _
El (INTE)«1 < '5 STCR | Camier wave generating starts
IAPO | (A)—(PO) o2
SNZO0 (EXFO)==17 }7:’; SPCR Cammier wave generating stops
After skipping, (EXF0)+0 1AP1 (A)+~(P1) § §
S0 | TC2A | (C2)+(A,. Ag)
§ | Tvia | (vh—(a) IAP2 | (A)—(P2) 3
©
ué, TIA (11)—(A) NOP (PC)+(PC)+1
§ H IAP3 (Al- Ao)’—(P31y P3o)
% CTAVA (A)—(V1) (Ag Az)=-0 POF Power down 1
E §
TAN (A)—(11) Z | 1aP4 (A)+—(P4) 5 POF2 | Power down 2
S oo (D)y—1 g SNZp | (P)=17?
H :
g RD (DY) 0 g TMRA | (MRy—MRg)«(A;—Ag)
] (¥)=0to 12 ©
a TAMR | (As—Ag)+—(MR2—MRq)
sD (D(Y))—1 (A3)+-0
TWIA | (W1)~—(A) (Y)=0to 12
WRST | (WDF)+0
TW2A | (W2)+(A) Szb (D(Y))=07?
(¥)=81to 10
TW3A | (W3)+—(A]
OPOA | (PO)+(A)
TAWT | (A)«(W1)]
i OP1A | (P1)«(A)
FTAWZ | (A)—(W2)
‘ [TL1A (L1)+(A)
TAW3 | (A)—(W3} :
c | TALY | (A)—(L1)
T3AB | (R3,—R3,)~(B) 2
c 1 (T37,—T3,)+(B) Eg TL2A (L2)«(A)
2 (R3;—R3,)+(A) 8
s (T33—T3g)(A) B Tea | (L3)—(Ay)
8 :
g TIR1 | (T1)«(R1) ‘o | TLea 1 (LC)—(A)
£ g
TR1AB | (R1;—R1,)+~(B)
(R1a—R1g)+(A)
TR1A | (R1g)—(Ag) TPTA | (PT)—(A4, Ag)
o
TAB3 | (B)+-(T8,—T3,) £ _ITC1A | (C1)=(A)
(A)+—(T3,—T3,) g % 5
25| TPAA | (PA)—(A) :
SNZT1 | (T1F)=17 5o
After skipping, (T1F)+0 §'§ RC3 | (C3)+~0
SNZT2 | (T2F)=17 g SC3 (C3)+1 ]
After skipping, (T2F)«0 : !
RC4 (Ca)+0

A




MITSUBISHI MICROCOMPUTERS

4550 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER for
INFRARED REMOTE CONTROL TRANSMITTER

INSTRUCTION CODE TABLE

010000] 011000
Do— D, |000000 | 000001 | 000010| 000011 {000106| 600101 | 000110 {0001 11| 601000| 001001 | 001010001011 | 001100] 001101 [G01110|001111| | \
\ 010111{011111
o ) !
g:” e 10001 |02 03 0405 0607, 08,09 0A 0B 0C 0D OE | OF 10tol7i8tolF
tion i
sz A | LA |TABP TABP|TABP| TABP
0000 0 |NOP|BLA BMLA| — |TASP BML BML| BL | BL | BM | B
0 0 0 0 16 {32**| 48~
szB A | LA |TABP|TABP|TABP|TABP
0001 | 1 -~ I CLD — | - |7TAaD BML|BML| BL | BL | BM | B
1 i 5 1 1 1 17 |33** | 49"
sz A | LA |TABP|TABP|TABP|TABP
0010 2 |POF| — — | = | 7Ax BML |BML| BL | BL | 8M | B
2 2 2 2 18 |34%*| s50*
‘ 528 A | LA |TABP|TABPTABP|TABR
0011 | 3 |SNzP| INY - | = | 1Az BMLIBML]| BL | BL | BM | B
3 3 3 3 19 |35**| 51* ]
: A | LA [TABP|TABP TABP TABP ; ] ‘
0100 | 4 Di | RD $2D| — | RT |TAVi : BML!BML! BL | BL BM | B
4 4 4 20 [36**| 52*
A | LA |TABP|TABP|TABP|TABP
0101l 5 Et | SD .SEAn| — |RTS| — BML|BML| BL | BL | BM | B
; 5 5 5 21 |37**| 53*
| i A | LA |TABP|TABP| TABP|TABP
ole| 6 | RC | — SEAM; — | RTI | — i BML [BML| BL | BL | BM | B
| | 6 | 8 | & | 22 |38%* 54 P
A | LA |TABP| TABP|TABP TABP
o1 7 | scioEY| — | — | — | — BML BML| BL | BL | BM | B
7 7 7 23 |39%*| 55™
Lz A | LA |TABP|TABP|{TABP|TABP
1000 8 |POF2|AND| — |SNZO - BML|BML| BL | BL | BM | B
B 0 8 8 8 24 |40™*| 56"
Lz ""A | LA |TABP TABP|TABP|TABP
1001 9 -~ | OR |TDA| — - BML |BML| BL | BL | BM | B
1 9 9 9 25 |41**| 57 ]
Lz A | LA |TABP|TABP|TABP|TABP
1010 A | AM |TEAB|TABE| — - BMLIBML| BL | BL | BM | B
2 10 1 10 | 10 | 26 |a2**| s8* | | | \
Lz A LA TABP!TABP TABP| TABP| i [ [ !
il B |amc! — | — | — - BML BML{ BL | BL | BM | B
| 3 il 1" imn 27 |43**| 59*
RB | SB | A | LA |[TABP|TABP|TABP|TABP
11001 ¢ |Tya|cMA| — | — BMLIBML| BL | BL | BM | B
0 0 12 | 12 | 12 | 28 |44**| 60* ]
RB | SB | A | LA !TABP|TABP TABP|TABP
1ot o | -~ |[RAR| — | — BMLIBML! BL | BL [ BM | B
1 1 13 | 13 | 13 | 29 146%* | 61* |
RB | SB | A | LA |TABP|TABP|TABR|TABP
110 E |TBA|TAB] — | — BMLIBML| BL | BL | BM | B
2 2 14 1 14 | 14| 30 |46**]| e2*
1, " RB | SB | A | LA \TABP|TABP TABP| TABP|
1| F ~ | TAY | SZC |TV1A | 1 ‘ BML BML| BL | BL | BM | B
a | 3 s )15 |15 | 31 |477* e3" R

The above table shows the relationship between machine language codes and machine language instructions. D3 — Do show the low-order 4 bits of the
machine language code, and Dg— D, show the high-order 6 bits of the machine ianguage 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 ** and®*cannot be used at M34550M4A-XXXFP.
BL 10 Paan asaa *  cannot be used at M34550MBA-XXXFP.
BML 1 10 paaa aaaa |
BLA 10 PPOO PPPP
BMLA 10 PPOO PPOP
SEA ¢0 0111 nnnn
SZD 00 0010 1011

R
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4550 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER for
INFRARED REMOTE CONTROL TRANSMITTER

110000
1

Dy—D, } 100000 | 160001 | 100010 | 160011 | 100100 | 100101 | 100110| 100111 101000| 101001 | 101010 101011 | 101100 101101 101110101111

mat 20 21 22 23 24 25 26 27 28 29 2A | 2B | 2C | 2D | 2E 2F |30t03F

SNZT TMA | TAM | XAM | XAMI [XAMD)|
o000 | 0 | — Twaaloroa; — | — | — [1aP0| — — |wRsT LXY
1 0 0 0 0 0
SNZT TMA | TAM | XAM | XAMI [XAMD)|
0001 | 1 — i — [oPA] — | — | — |aP1| — - | = LXY
2 1 1 1 1 1
SNZT TMA | TAM | XAM | XAMI [XAMD
oo10| 2 | — | — | — {73aB! — |TAMR| 1AP2 |TAB3 - | = LXY
3 2 2 2 2 2
TMA | TAM | XAM | XAMI [XAMD
oot1} 3 | — 1 — | — | —  — [TAH|WAP3| — | — | — | — LXY

TMA | TAM | XAM | XAMI|  XAMD|

o0} 4 | — | — = 1 — [ — | — laP4| — | — | — | — LXY
4 | 4| a4 | 4| a4
TMA | TAM | XAM | XAMI [XAMD

ool | 5 | — | — | = = = =1 =] -] =] = |vera LXY
5 | 5|1 515158
TMA | TAM | XAM | XAMI [XAMD

ool 6 | — TMRA| — | — | =1 —  — | = | = | - |TR1A LXY

TMA [ TAM | XAM | XAMI XAMD
o] 7 =dma - - | - = = - - =1~ Ly

TMA | TAM | XAM | XAMI XAMD,
weo| 8 | — | — | — | = | = | =1 =1 ~ 1 — ISTCR|TCIA Ly

: TMA | TAM | XAM | XAMI [ XAMD
1001 9 ot - — it - - - - — |SPCR;TC2A LXY
i 9 9 9 9 9

TMA | TAM | XAM | XAMI [XAMD|
1010 A |[TL1A| — - — | TAL1| — — — — — ITPAA LXY
: © 10 10 10 10 10

" TMA | TAM | XAM | XAMI [XAMD|
1] B |TL2A| — - — |TAW1| — - — = — ITIR1: LXY
1" 1 11 "o
TMA . TAM | XAM  XAMI XAMD!
1100 | G |TL3A| — - — |TAwz| — - - — | — | RC3 L LXY
: 12 12 212 012 12
. : L TMA TAM | XAM ' XAMI XAMD;
1101 | D |TLCA| — - — |TAW3| — - - i = . — |sC3! ‘ : LXY
1313 13 13 ;13
TMA  TAM | XAM | XAMI XAMD
1110 E |TWI1A| — - - - - - - - — | RC4 | LXyY
P14 5 14 | 14 14 14
LTMA L TAM | XAM | XAMI [XAMD
1M1 F |TW2A| — — |TR1AB| — - — - — — | sc4! ] LXY
: {15 115 | 15 | 15 | 15

The above table shows the relationship between machine language. codes and machine language instructions. D3—Dg show the low-order 4 bits
of the machine language cotle, and Dy—D, show the high-order 6 bits of the machine language code. The hexadecimal representation of the
cade 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
8L 10 pPaaa aaaa
BML 10 pPaaa aaaa
BLA 10 PPOO PPPP
BMLA 10 PPOO PPPP
SEA 00 011Y nmann
SZD ¢0 0010 1011

Sl



MITSUBISHI MICROCOMPUTERS

4550 Group

SINGLE-CHIP 4-BiT CM0OS MICROCOMPUTER for
INFRARED REMOTE CONTROL TRANSMITTER

MACHINE INSTRUCTIONS

Parameter|
instruction code s w|B o
Mnemonic ég E § Functions
Hexadecimal [
Type of Dy Dy Dy Dg Dy Dy D3 D2 Dy Dg 3 |3
L_ q notation i z
TAB 6 0 0 0 0 1 1 1 1 0f0 1 E|[1]1 (a8
_ | TBA 0o 0 o o0 0 o0 1t 1 1 olo 0o E|1]|1](B)(A)
£ | Tay 0 0 0 0 O 1 1 1 1 1|0 1 F|1]71 (A j
§ [Tvra 9 0 0 0 0 0 1 1 0 0/0 0 C|1 |1 |/(MN—A 1
5 TEAB 6 0 0 0 0 1 1 0 1t 0[0 1 A|1{1|(E~E)—(B), (Ez—Eg)—(A) ;
@ | TABE 0o 0 0 0 1 0 1t 0 1 0/0 2 A1 1 (B)(E,~E,), (A)(E;—Ep) |
5’ TDA 0 0 0 0 1 0 1 0 0 1[0 2 9|1 |1 |(DR;—DRg)(A—Ag)
o | TAD 0 0 0 1 0 1 0 0 0 1[0 5 1:i1]|1]{A—Ag*(DR—DRy), (Az)+~0
. & | TAZ 6 0 0 1 0 1 0 0 1 110 5 3|11 (A A)—(Zq, Zo)
:‘5 (As, Az)" 4
9 | TAX 0o 0o 0 1 0 1 0 0 1 6 5 2|11 |(A~X)
® | tasp 0 0 0 1 0 1 0 0 0 0|0 5 0} 1|1 | (A—Ag)—(SP,—SP,)
(A3)+=0
LXY X,y |} 1 Xz X2 X Xo ¥Ya Y2 ¥1 Yo:3 X Y |1 1 | (X)+=x, x=0 to15
@ 1‘ (Y)+=y, y=0 to 15
é
H
5 LZ z c o 0 1 0 0 1 0 2z 2,!0 4 8| 111 (2)z,z=01to3
3 +
E z
g [Ny 0 0 0 0 0 1t 0 0 1 1|0 1t 3|11 |(Y)=(Y)+1
DEY 0O 0 o0 0 0 1 0 v 1 1|0 1 7|t]1]|W)=(¥V)—1
TAM j 10 1 v 0 O §i i i i]2 ¢ j|1]1{Aa~—(MmDP)
(X)+—(X)EXOR(}), j=0 t0 15
3 | XAM | 10 1 1 o6 1 J § j i|l2 D jij1]1]|(A)~(MDP))
2 (X0 {X)EXOR(}), j=0 to 15 ‘
[ i
S IxamMpj 1 0 1 1 1 1 000 it 2 Fo i (A)—(M(DP) i
& (X)-(X)EXOR(j), |=0 to 15
B (Y)—(y)—1
&
o Ixamij |1 0 1 1 1 0 i j 0 ij2 E j|1 1 [{A—(MDP)
= (X)—(X)EXOR(j), j=0 to 15
5 (Y)—(¥)+1
14
TMA j 10 t 0 1t 1 j i i i]2 8B i|v{1](MDP))—(A)
(X)+(X)EXOR(j), j=0 to 15
LA n 0 0 0 1 1 1 n n n ni0 72 ni1/|1 (A)n
However, n=0 to 15
TABP p |0 O 1 O ps pe Ps P2 P1 Po| O 8 P 1|3 |(SP)—(SP)+1
+ (SK(SP))+~(PC)
5 p (PCn)+p
2 (PCL)+(DR;—DRg, Az—Ao)
T (B)+—(ROM(PC))7 o 4
g (A)—(ROM(PC))3 0
5 (PC)—(SK(SP))
° (sP)—(sP)—1
g (Note)
€
é H
Z | Am 6 60 0 0 0 0 1 0 1 00 0 A[1]1 | (A—(A)+MDP) }

Note : p is 0 to 63 for M34550M8A.
p is 0 to 47 for M34550M6A.
p is 0 to 31 for M34550M4A.

ER
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SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER for
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5
o
Skip condition £ Detailed description

- Transtfers the contents of register B to register A.

—_— — Transfers the contents of register A to register B.

— - Transfers the contents of register Y to register A.

- - Transfers the contents of register A to register Y.

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

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

— - Transfers the contents of register A to register D.

- — Transfers the contents of register D to register A.

- - Transters the contents of register Z to register A.

— — Transfers the contents of register X to register A,

- —_ Transfers the contents of stack pointer (SP) o 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.

- - Loads the value z in the immediate field to register Z.

(v) =0 ~ | 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.
(Y) =15 — | 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.

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

- — | After exchanging the contents of M(DP) with the contents of register A, an exclusive OR operation is performed between register
X and the value | in the immediate fieid, and stores 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 register
X and the value j in the immediate field, and stores the result in register X. Subtracts 1 from the contents of register Y. As & result
of subtraction, when the contents of register Y is 15, the next instruction is skipped.

(Y) =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 flald, 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.

_ — | Atter transferring the contents of register A to M{DP), an exclusive OR operation is performed between register X and the value j
in the immediate field, and stores the result in register X.
Continuous description — | Loads the value n in the immediate fieid 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; DRy Az
Az Aq Ap) specified by registers A and D in page p.

When this instruction is executed, 1 stage of stack register is used.

Adds the contents of M(DP) 1o register A. Stores the resuft in register A. The contents of carry flag CY remains unchanged.

MITSUBISH! _
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4550 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER for
INFRARED REMOTE CONTROL TRANSMITTER

\ ! Instruction code 5 15
8= 8
Mnemonic 2 g 2 3 Functions
H decimal | € E
Type of Dg Dg Dy Dg Ds Dy Dy D2 Dv O e:;;:)nma 32 |2 ©
AMC 06 0 0 0 6 0 1 0 1 1|0 0 B 1 [ (A)~(A)+(M(DP))+(CY)
i (CY)+Carry
An 0 0 6 1Y 1 0 n o n on n|l0 6 n|1|1/|(A—(A)+Fn
5 ! However, n= 0 to 15
£
§ AND 0O 0 0 0 0 1 1 0 0 00 1 8|1 | 11(A+(A)AND (M(DP))
o |OR 0 0 0 0 0 1 1 0 0 1[0 1 9|1 |1](A—(A)ORM(DP)
E’ sc 00 0 0 0 0 0 1 1 1|0 0 7:i1}1|[(cr—1
£ |RC 0 0 0 0 0 0 0 1 1 0|0 0 6.1 {1 i(cy)~0
& | szc 0 0 0 0 1t 0 1 1 v 1|l0 2 F{11|(cY)=027?
CMA 0 0 0 0 0 1t 1 1 0 o]0 1 C|t|1iA—(A
RAR ¢ 0 0 06 o 1 vt 1 0 {0 1 0|11 ~[CY{AAAA 3—1 !
SB | o 0 0o t o v 1 1 i i]l0o 5 c|1}1[(M{DP))+1
5 T ! =0 to 3
2 Imej 6 0 o t 0 0 1 1 i ilo 4 clt|1{{MiOP)—0
g “;' j=0 to 3
@ | sz8 i 0 o0 0 0 1 0 0 O i qilo 2 i|t |1 (M(DP)=07?
=01t 3
§ SliseaM [0 0 0 0 1 0 0 1 1 0[0 2 &1 |1 |(A=(MDP)?
3§ SEAn |0 0 0 0 1 0 0 1 0 1/0 2 5122 |(A=n?
Eg 0 0 0 1 1 1 n n n ni0 7 n However, n=0 to 15
141
Ba 0 1 1 as as a a3 a a a1 8 a1l |1 |(PClwas—ag
B \
o
§ BLp,a {0 0 1 1 1 ps ps P2 P1 Po| 0O E P | 2|2 |(PCy)p
) + (PC)+—as—ao
S P ¢ (Note)
g T 0 ps as as a, a; a & a |2 P a {
= +
% a
& |BLAp 0 0 0 0 0 1 0 6 © 0:!0 Vv 0|2 2]|(PCy+p
(PC. )+ (DRy—DRo. Ag—Ap)
(Note)
1 0 ps pPs 0 O p3 p2 P2 Po| 2 P P
BM a o 1 0 ag as a4 as a a, a |1 a a1 1 | (SP)«{SP)+1
{SK(SP))«(PC)
(PCu)+ 2, (PC)+as—ao !
BMLpa 0 0 1t 1 0 pg ps p2 Pt Po| 0 ©C P 2] 2 (SP)—(SP)+1 I
. 1 + (SK(8P))+—(PC)
2 : p (PCy)+p, (PC)—as—ao
g (Note)
2 1 0 ps ag as a4 ag a; a4 a 2 P a
o +
2 a |
T leMap !0 0 0 0 1 1 0 0 G 010 3 0!2]2](SP)~(SP)+1
= (SK(SP))«(PC}
@ 1 0 ps Pa O O ps pz P1 po|2 P P (PGy)+p
(PCL)+(DRy—~DRg, Ag—Ag)
(Note)

Note : p is 0 to 63 for M34550M8A.
p is 0 to 47 for M34550MBA.
p is 0 to 31 for M34550M4A.
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>
Q
g
Skip condition ; Detaited description
@
Q
had 0/1 | Adds the contents of M(DP) and the contents of carry flag CY to register A. Stores the result in register A and carry fiag CY.
Overflow= 0 — | Adds the value n in the immediate fieid 1o register A.
The contents of carry flag CY remains unchanged.
3kips the next instruction when there is no overflow as the result of operation.
- — Takes the AND operation between the contents of register A and the contents of M(DP), and stores the result in register A.
- — | Takes the OR operation between the contents of register A and the contents of M(DP), and stores the result in register A.
— 1 Carry flag CY is setto 1.
- 0 Carry flag CY is cleared to 0.
(CY)=20 — | Skips the next instruction when the contents of carry flag CY is 0.
— —~ | Stores the one’'s complement for register A’s contents in register A.
- 0/1 | Rotates 1 bit of the contents of register A inciuding the contents of the carry flag CY ta the right.
- — | Sets (1) to the contents of bit | (bit specified by the value | in the immediate field) of M{DP).
- ' — | Clears {0) the contents of bit | {bit specified by the value | in the immediate tield) of M{DP).
i
(Mj{DP))=10, -— | $kips the next instruction when the contents of bit j {bit specified by the value | in the immediate field) of M{DP} is “0".
j=0to 3

(A)=(M(DP))
(A)}=n

Skips the next instruction when the contents of register A is equal 1o the contents of M(DP).
Skips the next instruction when the contents of register A is equal to the value n in the immediate fieid.

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 DRz DRy DRy Az Az A Ap), specified by registers D and A in page p.

Call the subroutine in page 2 ' Cails the subroutine at address a in page 2.

Cati the subroutine : Calis the subroutine at address a in page p.

Call the subroutine : Calis the subroutine at address {address DR, DRy DRy As Ay A, Ag), specified by registers A and D in page p.

* MITSUBISH 5—61
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Parameler| —
Instruction code *f " é - 5‘
Mnemonic - { 3% 3%2 Functions i
iTypeofE Ds Dy D; D¢ Dy D¢ D3 D Dy Dy He::::g\n al §; EU
ingtructior |
g |RT 0O 0 0 1 0 0 0 1V 1 0|0 4 86111 |(PC)~—(SK(SP)) !
= (SP)+(SP)—1
@
§ RT 0 0 0 1 0 0 0 1 0 0|0 4 4|1 |2 (PC)—(SK(SP))
£ (sP)«(sP)—1 |
© |RTS 6 0 0 1 0 0 0 1 0 1|0 4 5|1 | 2! (PC)~(SK(SP)) '
« (SP)—(SP)— 1 l
DI 0 0 0 0 0 0 0 1 0 0.0 0 4|1 |1 |GNTE)—0
& & 6 0 0 0 0 0 0 1 110 0 5|11 | (NTE)Y=
g SNZO 0 0 0 0 t 1 1 0 0 0{0 3 8 11 {(EXFO)=127?
a After skipping (EXFQ)~— 0
5 | TVIA 00 ¢ o0 1 1t 1 1 1 110 3 F |1 |1][(vi)—(A)
2 | TiA 10 0 0 0 1 0 1 1 1{2 1 701 |1]00)—A
£ lravi 6 0 0 1 0 1 0 1 0 0!0 5 4|11 | (A—(vD)
T | Tan 1 0 0 1 0 1 0 0 1 12 85 3|1 |1](A<0D
TWIA 1T 6 @ 6 0 0 1t 1 1 02 0 E|[1[1](wte(A)
TW2A T 0 80 0 0 0 1 v 1 112 0 F |11 [(w2)—(A)
TW3A 1 0 0 0 0 1t 0 0 0 0|2 1 0oV |{w3)(A)
TAW1 1 0 0 1 0 0 1 0 1 12 4 B|1]1]|(A)—(w1)
TAW2 1 0 0 1 0 0 1 1 0 02 4 C|1:1]|(A—(w2
& | Taws 1 0 6 1 0 0 1 1 0.112 4 D|1]1](A—(w3)
8 | taaB 10 0 6 1 1 0 © 1 012 3 2i1 |1 ]|(R3;—R3)—(B), (T3,—T3,)—(B)
2 | i (R83—~R3p)+(A), (T33—T35)+(A)
o | TiIRY 10 1 0 1t 0 1 0 1 1[2 A B[1]1 (TO—(RD
é’ TR1AB 1 0 0 0 1 1t 1 1 1t 1|2 3 F|1]1|(R1,—R1J+(B), (R13—R1y)—(A)
F ltR1a 10 01 0 1 06 0 1 1 0{2 a 6{1[1/|(Rig—(Ay)
TAB3 1 0 0 1 1 1 0 6 1 012 7 2|11 [{B){(T3—T3,), (A)—(T3—T3;)
SNZT1 1 6 1 0 0 0 0 0 0 072 8 O0|1]1{(TIF)=1 7 After skipping (T1F)+ 0
SNZT2 1 0 ¥ ¢ 0 0 0 0 0 12 8 1111 |(T2F)=1 7 After skipping (T2F)~0
SNZT3 1 ¢ 1 0 0 0 0 O 1t 0|2 &8 2|11 1]|(T3F)=1 7 Atter skipping (T3F)—0
IAPO 1 0 0 1 1 0 0 0 0 0l2 6 01 |1]A—(P)
1AP1 10 0 1 1 0 0 0 0 1.2 8 11|71 (AP
1AP2 1 0 6 1 1 0 0 0 1 012 6 211! (A—(P2)
1AP3 1 0 0 t 1t 0 0 0 1 Y |2 6 3111 (A A)—(P3y P3)
(A, Az)+—0
1AP4 Tt 6 0 1 1t 0 0 t 0 0!2 6 4|11 (A)~(P4)
§ |cLD 6 0 0 0 0 1 0 0 0 tj0o 1 1}1]1 (D)1
T |RD 0 0 0 0 0 1 0 1 0 0]0 1 4;1[1[{(DYN=0(Y)=01012
g& sSD 6 0 0 0 0 1 0 1 0 1vio 1 5|17 (D=1 (¥Y)=01012
g |szD 0 6 0 0 1t 0 0 Vv 0 070 2 4122 |(DYN=07(¥Y)=81t10
g 0o ¢ 0 0 1 0 1 0 1 1{0 2 B;
] | !
o | (PD)+-(A)
3 |oPoa t 00 0 1 0 0 0 0 0}{2 2 01|71 |[(P1)(A)
£ |oPi1A 1 0 0 0 1 0 ©0 6 0 112 2 1111
|
{
Sa
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Skip condition

Carry flag CY

Detaited description

¢ Skip at uncondition

Feturns from interrupt service routine to main routine.

Fetumns each value of data pointer (X, Y, Z), carry tiag, skip status, NOP mode status by the continuous description of the LA/LXY
instruction, registers A and B to the states just before interrupt.

Fietums from subroutine to the routine called the subroutine.

Feturns from subroutine to the routine calted the subroutine, and skips the next instruction at uncondition.

(EXFO)=1

Clears (0) to the interrupt enable flag INTE, and disables the interrupt.
Sets (1) Lo the interrupt enable flag INTE, and enables the interrupt.
Skips the next instruction when the contents of EXFO flag is “1”.

After skipping, clears the EXFO flag.

Transfers the contents of register A to interrupt control register V1.
Transfers the contents of register A to interrupt control register 1.
Transtfers the contents of interrupt controf register V1 to register A.
Transiers the contents of interrupt controf register |1 ta register A.

(T1F)=1
(T2F)=1
(T3F)=1

Transfers the contents of register A to timer control register W1,
Transfers the contents of register A to timer control register W2.
Transfers the contents of register A 1o timer control register W3.
Transfers the contants of timer control register W1 to reqgister A.
Transters the contents of timer control register W2 to register A
Transfers the contants of timer control register W3 to register A.
Transters the contents of registers A and B to timer 3 and the reload register R3.

Transfers the refoad register vaiue to timer 1.

Transfers the contents of registers A and B to reload ragister R1.

Transfers the contents of register A to reload ragister R1.

Transfers the contents of timer 3 to registers A and B.

Skips the next instruction when the contents of T1F flag is “1”. Clears the T1F flag after skipping.
Skips the next instruction when the contents of T2F flag is “1”. Clears the T2F flag after skipping.
Skips the next instruction when the contents of T3F flag is “1”. Clears the T3F fiag after skipping.

(D(y})=0,
(Y)=8 to10

Transfers input to port PO to register A.
Transfers input to port P1 to register A.
Transfers input to port P2 to register A.
Transfers input to port P3 to register A

Transfers input to port P4 to register A.

Sets (1) port D.

Ciears (0) 1o a bit of port D specified by register Y.

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

When the contents of a bit of part D specified by register Y is “0", skips the next instruction.

Ciutputs the contents of register A to port PQ.
Cutputs the contents of register A to port P1.

KRS
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Parerve]
Instruction code ‘S - E -
M ég éiE Functions
ype of Do Dg O; Dy Ds D, D3 D, D, Dy He::'::;““' 23|3°
| mstctions
5. | TLIA 1 0 0 0 0 0 1t 0 1 0/2 0 A[1[1 /]~
£8 | TALY 1 0 0 1 0 0 1 0 1 0]2 4 A[1][1/](A=D
§§ TL2A 1 0 0 0 0 0 1 0 1 1]2 0 8B|1]|1](LD—A)
8g |TLaa 1 0 0 0 0 0 t 1 0 02 0 C|1|1/|(L3)(Ay)
37 | TLCA 1 0 0 0 0 0 1 1 0 1]/2 0 D}!1/[1]|(Lc)—(A)
TPTA 1 0 31 0 1 0 0 1 0 1[2 A 51|11 (PT)—(A A
e TC1A 10 1 0 1 0 1t 0 0 0|2 A 81 |1l(C—(A)
g § | TPAA 1 0 1 0 1 0 1 0 1 0[2 A A|1]|1 (PA)—(A)
£% |RC3 1 01 0 1 0 1 1 0 02 A cC|1]|1}(c3)~0
28 iscs 1 0 1 0 v 0 1 1 0 1[2 AD|1[1](C3)—
2° | rC4 1T 0 1 0 1 0 1 1 1 02 AE|1[1](Ca0
83 |sca T 0 1 0 1 0 1 1 1 1(2 A F|1]1(ca
%‘5 STCR 1 [V 0o 0o 1 1 0 0 02 9 8|1 1 ; Carrier wave generating start
b3 SPCR 1 0 1 0o 0 1 1 0 0 112 9 81 1 | Carrier wave generating stop
TC2A 1 0 1 0 1 0 1 0 0 1./2 A 91|71 ¢2)~(A,A)
NOP 0 0 0 0 0 0 0 0 0 00 0 01| 1 |{PC)—(PC)H1
POF 0O 0 0 0 o [¢] 1 00 0 2|1 1 | Power down 1
§
% | POF2 0 0 0 0 0 0 1t 0 0 0/0 0 8|11 |Powerdown?2
2
° Isnze 0 0 0 0 0 0 0 0 1t 1[0 0 3]1|1|(P)=12 ,
2 |
O | TMRA 1 0 0 0 0 1 0 1 1 0[2 1 6|1 1]|(MR~MRy)—(A—A,) }
TAMR 1 0 0 1t 0 1 0 0 1 0]2 5 2|111](A—A))—{MR,—MRg), (A3)=—0 i
WRST t 0t 0 1 0 0 0 0 0]2 A 01 ‘ 1 | {(WDF)+-0 |
ER -y
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Skip condition Detaited description

Carry flag CY

— — | Transfers the contents of register A 10 LCD control register L1.
— — | Transfers the contents of LCD control register L1 to register A.
_ ~ | Transfers the contents of register A to LCD control register L.2.
— — | Transfers the contents of register A to LCD control register L3.
—_ — | Transters the contents of register A to L.C counter and reload register.

— — | Transters the contents of register A to compensation control timer PT.
- — | Transfers the contents of register A to data control register C1.

_ - Transfers the contents of register A to prasef register PA.

— — | Ciears (0) the output control flag C3 and disables carrier wave output.
— —_— Sets (1) the output control fiag C3 and enables carrier wave output.

— — | Ciears (0) to data of data controf flag C4.

— — | Sats (1) to data of data control flag C4.

— — Starts generating of carrier wave.

—_ - Stops generating of carrier wave.

— — | Transfers the contents of register A to compensation control register C2.

— — No operation

— — Puts the system in power down 1 state (clock operating mode)
(Xcm) oscillation, LCD, timer 2 and timer 3 can be used.

— — | Puts the system in power down 2 state (RAM back-up mode)}.
Oscillations are all stopped.

(P)=1 — | Skips the next instruction when the contents of P tiag is “1".
After skipping, the contents of P fiag remains unchanged.

— -— | Transters the contents of register A to clock contral register MR.

- — | Transters the contents of clock controi register MR to register A.
b { Clears watchdog flag WDF.
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CONTROL REGISTERS

Interrupt controt register V1 at reset © 0000, E at power down © 0000, § R/W
0 | ] \
Vig Nat used ] This bit has no function, but R/W is enabled.
Vig Timer 3 0 Interrupt disabled (SNZT3 instruction is valid) ]
interrupt enable bit 1 Interrupt enabled (SNZT3 instruction is invalid)
Vi, Timer 1 0 Interrupt disabled (SNZT1 instruction is valid)
interrupt enable bit 1 Interrupt enabled (SNZT1 instruction is invalid)
vio External o Interrupt disabled (SNZO0 instruction is valid)
interrupt enable bit 1 Interrupt enabled (SNZO0 instruction is invalid)
interrupt control register 11 E at reset : 0000, at power down : state retained R/W
1
N P3/INT pin 1" 0 | oynamic pult-up disabied -
dynamic pull-up conatrol bit 1 Dynamic pull-up enabled
s P3o/INT pin a Retum from power down state by inputting “L" evel |
return input level selection bit % 1 Retum from power down state by inputting “H" level A
", P34 pin .0 OFF
pull-up transistor control bit 1 ON .
Ho P3¢/INT pin ] OFF ]
put-up transisior control bit 1 ON
Clock control register MR | at reset - 000, at power down . state retained LR/W
MR, Not used : :] ~1 This bit has no function, but R/W is enabled.
i
N ] ] 1" 0 | oscillation enabled
MR, #(Xn) clock oscillation circuit control bit E ] t Guailiation disablod T ]
RS ]
MRy ! System clock selection bit —
| 1 1(Xew)
Timer control register W1 at reset : 0000, at power down : 0000, A/W
[ Timer 1 h P 0 I Prescaler output (ORCLK)
Wi count source selection bit 1| Multi-carrier output (CARR)
Timer 1 0 [ Stop (state retained)
Wiz control bit 1 l Operating
W1, Wiy Fregquency dividing ratio ]
w1, Prescaler frequency dividing ratio selection bits P Prescaler stop (raset state) -1
- 0 T'V"Zf(xm) or f0Xcw) divided by 2 (Note 2) ]
W1g i . to | (X} or H{Xcw) divided by 4 (Note 2) o
| T 11 10X} of 1(Xew) divided by 8 (Note 2)

Notes 1. “R” represents read enabled, and “W" represents write enabied.
2. The signal in 1{Xu) of H{Xciv} selected as system clock is used.

MITSUBISH!
ELECTRIC
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Timer control register W2 at reset : 0000, at power down : state retained R/W
w2 Timer 3 0 ! Stop (state retained)
i controt bit 1 ' Operating
w2 Timer 3 0 Timer 2 underilow signal
? count source selaction bit 1 Prescater output (ORCLK)
we Timer 2 0 Stop (reset state)
! controf bit 1 Operating
w2 Timer 2 0 HXow)
0 count source selection bit 1 Prescaler output (frequency divided by B output)
T
Timer control register W3 at reset . 0000, at power down | state retained | R/W
L
BEEP 0 CQulput stop
W33 ] [
output control bit 1 Output
. o HNot used
W3 Watchdog timer control bit —
1 Used
o . W3, W3 Frequency dividing ratio
wa ; BEEP, LCD clock frequency dividing circuit control bits ——
1 00 Stop
e o0 Timer 2 intermediate underfiow (frequency divided by 16 output)
W3 | 10 Timet 2 ir derfiow {# divided by 16 output) divided by 2
11 | Timer 2 ir di d {1r divided by 16 output) divided by 4
Carrier wave clata control register C1 at reset : 0000, at power down : 0000, w
. 0 f ~1 compensation
C1; Carrier wave data compensation controt bit - i "
1 | +1 compensalion
) i C1,C1,Cty ! The number of connection bits
(o1 PY Carrier wave data register connection control bits | -
000 2-bit connection (PA., PAy are used)
o1 601 3-bit connection {PA_-PAg are used)
! 010 4-bit connection {PA-PA, are used)
011 5-bit connection (PA_-PA; are used)
Clp 100 6-bit connection (PA_-PA; are used)
Other combinations | Not available
T
Carrier wave compensation control register G2 at reset : 00, )\ at power down . 00, w
| . X 0 | Automatic stop function not used
C2y Carrier wave automatic stop function control bit - -
1 Automatic stop function used
i 0 Nat compensated
C24 Carrier wave compensation control bit
1 Compensated
T i
Carrier wave output control flag C3 at reset - 0y ‘ at power down © 0, } w
i i
ca (Gar ‘ wol) 0 Carrier wave output disabled (RC3 instruction execution)
arrier wave oul control
Py 1 Carrier wave output (SC3 instruction execution)
T T
Carrier wave data control flag C4 atreset - 0p ; at power down : 0p ' w
L. A
c4 a ol [4} ‘, Carrier wave data cleared (RC4 instruction execution)
arrier wave data contr —
Carrier w ac 1 | Carrier wave data set (SC4 instruction execution)
|
Carrier wave generating control flag CR at reset | 0 at power down 0, ’ W
a c . [ Carrier wave generating stop (SPCR instruction sxecution)
arrier ating control pes
¢ wave generaling 1 Carrier wave generating start (STCR instruction execution)
Note “R” represents read enabled, and “W" represents write enabled.
AW Y
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LCD control register L1 at reset : 0000, at power dowr © state retained E R/W
1
-, . 0 Connecting internal dividing resistor to LCD power circuit
L1, LCD power supply dividing resistor control bit -
1 Disconnecting internaf dividing resistor from LCD power circuit
Q OFF
L1, LCD ON/OFF bit
1 ON
I
Ly Lig Du ) Bias
g LGD duty and bias selection bits 1t o |
! 00 Not avaifable.
0 1 1/2 172
Ll 10 1/3 3
11 1/4 1/3
LCD controt register 1.2 at reset © 0000, } at power down : state retained w
. N 0 SEG3s
123 SEG39/P4; pin function switch bit
1 | P4y
0 SEGgs
L2, SEG3/P4; pin function switch bit
1 P4,
0 SEGy
L2y SEGy/P4+ pin function switch bit 3 e
1
| . 0 SEGa
L2y SEG3s/P4y pin tunction switch bit
1 Pég
T T
LCD control register L3 at reset : 0 § at power down | state retained w
1
. ) . 0 1 Dz, Dyy
L3 Dha, Di/Vice, Vier pin function switch bit :
1 Viga Vies

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

RR g
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ABSOLUTE MAXIMUM RATINGS

i Symbol i Parameter ] Conditions Rating . Unit
Vop Supply voitage —0.3t0 7 \"
v, Input voitage PO, P1, P2, Dg—Dig, P3, P4, RESET, X, Xome o _* 720,310 Vpot0.3 )
V, | Input voitage Vi1, Vica, Vics —0.3 10 Vpp1+0.3 v
Vo Output voltage PO, P1, D, RESET B Qutput transistors in the cut-off state —0.310 Vpp+0.3 B v
Vo Output voltage CARR, Xour, Xcout —0.3 to Vpp+0.3 v
Vo Output voltage SEG, COM o ’ —0.3t0V,ca+0.3 | Vv |
.._'.;d Power dissipation ) N 300 mwW
Topr Operating temperature range T —20t70 T |
Tstg Storage temperature range | T —40 to 126 | °C—“

RECOMMENDED OPERATING CONDITIONS (T,=-20C 10 70C, Vpp=2. 2V t0 3.6V, unless otherwise noted)

Symbol Paramster Conditions L S Unit
_____ . _ Min. T Typ. Max.
Voo Supply voltage 1(Xin) =1.6MHz 2.2 3.6 Vv
Vaam RAM back-up voitage (at RAM back-up mode) | - 2.0 3.6 v |
| Vss Supply voltage 0 \4
Vica Suppty voltage for LCD (Note 1) - 2.2 3.6 v
Vin “H” level input veltage PO, P1, P2, P3, P4, Dg—Dyy 0.8Vpp Voo v :
Vin “H" level input voitage Xy i 0. 7Vpp Voo v |
Vin “H level input volage RESET o 0. 85Vpp Voo v
Vin “H" level input voitage INT Voo=3. 0V "0. 8Voon Voo \
Vio “L” fevel input votage PO, P1, P2, P3, P4, Dg—Dyo i 0 0.3Vpo! Vo]
[ Vi “L" Jevel input votage Xin ] 0 0.3Vep) V¥
Vie “L” level input voitage RESET 0 0.3Vpp! v |
Vi “L” jeve! input voltage INT 0 0.2Vpp! V.
[ “L" level peak output current PO, P1, Do~D;,
loL(peak) Dy—D1z, CARR, 4 mA
RESET -
Ar)u peak;| “L" leve! peak output current Dy, Dy 24 mA |
“L" level average output current PO, P1, Do—0y, :
'OL(an) Dyo—D+2. CARR, 2 . mA
RESET —
loLcavg) | “L” tevel average output current Dg, Dy R ' 12 mA ]
lon(peak) | “H” level peak output current CARR B ¢ —30 mA
longavg; | “H” level average output current CARR N -—15 mA
(Xn) H{Xi) clock frequency with a ceramic resonator . 1.6 MHz
{ Xin) | #{Xn) clock frequency (Note 2) with external clock input i {800 kHz
f{Xein) | HXow) clock frequency (Note 3) with a quartz-crystal oscillator 32 i 50 kHz

Note 1. at 1/2 bias : V1=V 2=1/2 * Vic3
at 1/3 bias . Vi cy=1/3 * Vi3, Vi c2=2/3 * Vi3

2. External clock duty is 30% to 70%.
3. External clock cannot be used as f(Xc) clock.

MITSUBISHI _
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ELECTRICAL CHARACTERISTICS (75=—20C to 70C, Vpp=3V, unless otherwise noted)

Symbol Parameter Test conditions " Limits Unit
Min. Typ. Max.
“L” level cutput voltage PO, P1, Dy—D7, Dig—Dy2, _
Vou CARR, RESET foL=2mA 0.8
Vou “L" level cutput voltage Dg, Dy lou=12mA 1.5 v
Vou “H" level nutput voltage CARR fow=""7mA 1.0 \%
i “H” Ievel input current PG, P1, P2, P3, P4, Dg— Dy, Vi=V, (Note 1)
H HBESET i=Voo e 1 1 LA
i “L" level input current P2, P3, P4, Dg—Dyg, RESET V=0V {(Note 1) -1 A
loz Qutput currdnt at off-state Dy—D; Vo=Vpp 1 uA
£ Xin) =1MHz
1 2 A
N KXo ) =32kHz m
at active high-speed mode
: (X ) =500kHz 0.5 1.0 A
| . . m.
HXom)=32kHz
. 1(Xin)=Stop
at active low-speed mode 20 50 A
T | HXom)=32kHz a
(X)) == Stop
#(Xem) =32kHz 4 10 A
Ipo Supply current at power down 1 mode o “
(LCD operation) Ta=2T
eration
® (X} =Stop 1% A
: f{Xew ) ==32kHz #
.
(X ) =Stop
1(Xon)=Stop 0.1 1.0 A
at power down 2 mode Ta=25C
1(Xn) =Stop
10 A
H Xl =Stop “
Vpp=3V
Rpu Puil-up resistor vaiue PG, P1, and P3 N~ 40 100 250 kQ
=
Vi — Vo= Hysteresis INT 0.4 v
Vg = Vi- Hysteresis RESET ) 0.7 A\
Rcom COM output impedance (Note 2) 2 10 Kk
Rsea SEG output impedance o (Note 2} 3 15 k$)
Internaj rasistor value for LCD power N
Ryic rremal rosilor value for L pawe Ta=25C 300 600 1200 kO
(impedance between V| cs and Vss)

Notes 1. In this case, port P4 is selected as input port with software.

2. External power is used for LCD power and measurement is performed with all pins freed except the measurement pin.

&
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BASIC TIMING DIAGRAM

Machine cycle Mi Mi+ 1
State
Parameter Pin name Ts T T2 Ts

Clock Xin l L l l__.
Port D output Do—Dr2
Port D input Dg—Dyp ///;/' / //// 7 9/ ////,,/ /}7;/C5;;/{/)////

POo— P03
Ports PG and £1 output Plo—P1,

f

POG—POg ‘

P1g—P1 7%
amapampa P2,—P2, L
i s P3,, P3,

Pdy—Pd
Interrupt input INT

b
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BUILT-IN PROM VERSION

In addition to the mask ROM versions, the 4550 Group has
three programmable ROM versions software compatibie
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

Table 13 Product of built-in PROM version

them are refetred to as built-in PROM versions in this ex-
planation, unless otherwise noted.
The built-in PROM versions have functions similar to those

_of the mask ROM versions, but they have PROM mode that

enables writing to buiit-in PROM.

Table 13 shows the product of built-in PROM version.

The One Time PROM versions have pin-compatibility with
the mask ROM version. The built-in EPROM version has
different outline.

PROM size RAM size
Product (X710 bits) (X4 bits) Package Remarks
i PR i i 1t it
wssoes NN odilial oo
8192 words 368 words lpping eor wiiting esting In fagtory
M34550E8FP One Time PROM version (shipped in blank) .
M34550E8FS * 80D0 Buiit-in EPROM version

* ! For program development only

PIN CONFIGURATION (TOP VIEW)

—p SEG
- SEG
—p SEG
—» SEG

[5a] —» SE

53] —» SEG,

[52] —» SEG;

[ 511 —» SEGg

[50] —» SEGs

[49] —» SEG,

[48] —» SEG,

[ 47] —» SEG,

[ 46 ] —» SEG,

[45] —» SEG,

| 44] —P COM;
[23] —» cOM,
2] —» COM,
L4 ] —» COM,

SEG #—- %565 [40] 4— P3,/INT
SEG; #—- [ 6 33 | 4 P3,
SEG;; 4—- Ez 38 ] —» D1/ Vies
SEG; &—- 58| [31] ¥ Dpa/Vice
SEG €—- [£9| 35 Vics
SEG,s 4—- [70 35 | 4— Xcim
M34550E8-XXXFP
2:225 L—" % or 2: —» :cour

27 = M34550E8FP S5 eo
RaDRE or =
SEG?‘-‘ 5 M3550E8FS = <« X°‘”

30 - :} T A
SEGy, €— [T [23] <% RESET
SEGs, #— [77 % —» CARR
SEGa; ¢— [78 O 27 ] 4— P2,
SEGs, ¢— [13] (76 ] <— P2,
SEGos €—- (30 [25] #— P2,

SEG3s/Pdy 4 [1 |
SEGq /P4, 4 [ 7|
SEGge/P4, 4 3 |
SEGge/Pd; € [4 |
PO, 4 [5 |
PO, € (5 |
PO, 4 [ 7|
PO, 4> (5 |
Pl 4> (9 |
P1, € o |
Pl 11|
P1; 4> [z |

Outline

Do #— [13]
D, «— 11

80PBN-A(One Time PROM verision)
80D0 (Built-in EPROM version)

0, ¢— (05|
D; 4— (15|
D, 4— [17]
D; 4— [ |
Ds<_[:£
D, €— [0
Ds > (7|
Do <> 77|
Dio/BEEP 4 (77|
P2, —» [24]

Fig. 53 Pin configuration of built-iIn PROM version

KR



MITSUBISHI MICROCOMPUTERS

4550 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER for
INFRARED REMOTE CONTROL TRANSMITTER

m

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 14.

* 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. 54.

» Erasing

Only the built-in EPROM (M34550E8FS) version has
a transparent window for erasing on the top surface
of the package. The EPROM is erased when it is ex-
posed to ultraviolet light with a wavelength of 2537A
to an integrated dose of 15W-s/cm? or more through
the window.

Notes on handling

D Suniight 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.

(3 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 flow shown in Fig. 55 betore using
is recommended. (Products shipped in blank :

PROM contens is not written in factory when

shipped)

@

Table 14 Programming adapters

Microcomputer

Programming adapter

1FFFye

M34550E8-XXXFP, M34550E8FP PCAA4745
M34550E8FS PCA4746
Address
00006 [y 1 1 D, D, D, D,

Low-order 5 bits

777

400016 | 1 1 1 Ds D D, D,

I |
SEFFe High-order § bits
7FFFyq

Set “FF4g” to the shaded area.

Fig. 54 PROM memory map

| Wwriting with PROM programmer l

!

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

<

l Verity test with PROM programmer J

exceeding 100 hours.

Note | Since the screening temperature is higher than storage
temperature, never expose the microcomputer to 150

Flg. 55 Flow of writing and testing for products shipped

in blank

R



MITSUBISHI MICROCOMPUTERS

4550 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER for
INFRARED REMOTE CONTROL TRANSMITTER

ABSOLUTE MAXIMUM RATINGS FOR

BUILT-IN PROM VERSION

Symbol Parameter Conditions Rating Unit
Voo Supply voitage —0.3t0 7 v
Vi Input voltage PQ, P1, P2, Dg—Dig, P3, P4, RESET, Xin, Xoin —0.3 to Vpo+0. 3 v
vV, Input voltage Vic1, Vica, Vics —0.3 to Vpp+0.3 v
Vo Output voltage P0, P1, D, RESET Qutput transistors in the cut-off state -—0.3 to Vpp+0.3 \Y
Vo Output voitage CARR, Xour, Xcour ] —0.3 to Vpo+0.3 \4
Vo Output voltage SEG, COM —0.3 to Vi ca+0.3 \Y
Pd Power dissipation 300 mw
Topr Operating temperature range —20 to 70 T
Tstg Storage temperature range —40 to 125 C

RECOMMENDED OPERATING CONDITIONS FOR BUILT-IN PROM VERSION
(Tag=—20T to 70°C, Vpp=2.5V 0 3.6V, unless otherwise noted)
Symbol Parameter Conditions ‘ Limits Unit
Min. Typ. Max.
Voo Supply voitage fOn) =1, 6MHz 2.5 3.6 \4
Vram RAM back-up yoltage {at RAM back-up mode) 2.0 3.6 \
Vss Supply voltage 0 v
Vica Supply votage for LCD (Note 1) 2.5 | 3.6 \"
Vin “H" tevel input voltage PO, Pt, P2, P3, P4, Dg—Dyp 0.8Vpo Voo \4
I Vin “H” level input voltage Xy 0. 7Voo Voo v
Vin “H" level input voltage RESET 0. 85Vpp| Voo v
Vin | “H" level input vottage INT Vop=3. 0V ‘0 8Vpo Vo v
Vi “L” lgvel input voltage PO, P1, P2, P3, P4, Dy—Dyg 0 0.3Vpp \"
Vie *L" level input voltage Xy 0 0.3Vpp v
Vi “L" leve! input voitage RESET 0 0.3Vpn| V
Vi “L" leve! input voltage INT 0 0. 2Vpp v
“1” leve! peak output current PO, P1, Do—Ds, *‘
loL(peak)] Dyo—Ds2, CARR, 4 mA
RESET
loL(peak) “L” tevel peék output current Dg, Do 24 mA
“L* level average output current PO, P1, Dy—D;,
loLtavg) D1o—Dr2, CARR, 2 mA
RESET

loLavg) | “L” level a—v;age output current Dg, Dg 12 mA

lon(peak; | “H” level peak output current CARR —30 mA

loncavg) | “H” level average output current CARR —15 mA

(X)) 1(Xn) clack frequency with a ceramic resonator 1.6 MHz

F(Xin) (X)) clock frequency {Note 2} 1 with external clock input 800 | kHz

f{(Xcin) | HXemw) clock frequency (Note 3) | with a quartz-crystal oscillator 32 l[ 50 | kHz

Note 1. at 1/2 bias | Vi ¢c1=Vic2=1/2 * Vica
at 1/3 bias © Vic1=1/3 * Vica, Viee=2/3 " Viea
2. External clock duty is 30% to 70%.

3. Exte

rnal clock cannot be used as f(Xg) clock.




MITSUBISHI MICROCOMPUTERS

4550 Group

SINGLE-CHIP 4-BIT CMO0S MICROCOMPUTER for
INFRARED REMOTE CONTROL TRANSMITTER

ELECTRICAL CHARACTERISTICS FOR BUILT-IN PROM VERSION

(Ta=—20T 1o 70C, Vpp==3V, uniess otherwise noted)

Limits
Symbol Parameter Test conditions ; Unit
Min. Typ. Max.
“L" tevel output voitage PO, P1, Do—D7, D1g—Dyz, _
Vou CARR, RESET lo=2mA 0.9
Voo “L" level output voitage Dg, Dy toc==12mA 1.5 '
Vou “H" tevel output voitage CARR lon=—7mA 1.0 v
“H" lavel input current PO, P1, P2, P3, P4, Dg—Dyq,
i RESET Vi=Vpp (Note 1) 1 A
he “L” levet input current P2, P3, P4, Dg—Dyo, RESET V=0V (Note 1) —1 2A
foz OFF-state output current Dg—D7 Vo=Vpo 1 wA
T
; fXn)=1MH
| Yon =Mz 1 2 mA
o f(Xein) =32kHz
. at active high-speed mode
(X} =500kHz
0.5 1.0 mA
{ Xeiw ) =32kHz
(XN )= St
at active iow-speed mode Ot} P 20 50 uA
#(Xoin)=32kHz
(X ) =Stop
1{Xom)==32kHz 4 10 zA
lop Supply current at power down 1 mode Txfgs“c
(LCD operation) 2
1(Xn)=Stop
15 uA
1(Xom)=32kHz
1(Xn)==Stop
1(Xow) = Stop 0.1 1.0 uA
at power down 2 mode Ta=25T
(X ) =St
(X =Stop 10 | wA
f{Xcm) =Stop
Vop==3V
Rpu Pull-up resistor value PO, P1, and P3 Vim0V 40 100 250 kQ
=
Vg — Vyo Hysteresis INT 0.4 v
Vot — Vo— | Hysteresis RESET 0.7 v
Rcom COM output impedance (Note 2) 2 10 (¢
Rsea SEG output impedance (Nate 2) 3 15 kQ
i tor LCD .
Ruie Internal resistor value for power Ta=25¢C 200 600 1200 KO
(impedance between Vi c; and Vgs)
Notes 1. In this case, port P4 is selected as input port with software,
2. External power is used for LCD power and measurement is performed with all pins freed except the measurement pin.
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