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M34550Mx-XXXFP

SINGLE-CHIP CMOS MICROCOMPUTER for
INFRARED REMOTE CONTROL TRANSMITTER

OUTLINE DISTINCTIVE FEATURES
The M34550Mx-XXXFP is a 4-bit one chip microcomputer ® Number of basic Instructions:««-covroeeerreren. 100
designed with CMOS technology for remote controller. It's @ Instruction execution time:-«--:--xrrrrreenn 3.3us
core CPU is an enhanced version of the MELPS 720 which (shortest instruction at 910kHz oscillating frequency)
has a simple and high-speed instruction set. It has a built-in @ Supply voltage: - orereerrer 2.2V to 3.6V
remote control carrier wave output circuit and an LCD con- ® Timer
trot circuit and is suitable for remote control transmitters Timer 1o, 9-bit timer with reload register
designed for VCRS and air condiﬁonersl Timer 2 ................................................... 4_b’tx2
The M34550Mx-XXXFP family has several models with Timer 3 oveererrerrermreennn, 8-bit timer with reload register
different built-in memory size. An internal PROM version is @ interrupt function «--ccoeeerreie 3 sources
also available. ' ® Clock generating circuit Built-in 2 circuits
® Remote control carrier wave output function
APPLICATION @ Built-in LCD controller/driver
Various remote control transmitters Segment output -rorrrerrrrre 40
Common OUtlet ....................................................... 4
Type name RON(' ;’zg%’x’:) size ?22";'&? Package ROM characteristics
M34550M6E-XXXFP 6144 words
M34550MB-XXXFP BOPEN Mask ROM
M34550E8-XXXFP % 8192 words 368 words One-time PROM
M34550E8FS *# 80D0 EPROM
% . Under development
PIN CONFIGURATION (TOP VIEW)
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M34550Mx-XXXFP

SINGLE-CHIP CMOS MICROCOMPUTER for
INFRARED REMOTE CONTROL TRANSMITTER

PERFORMANCE OVERVIEW

Parameter | Functions
Number of basic instructions 1100
Instruction execution time i 3. Jus (shortest instruction at 910kHz clack frequency)
[ Main clock frequency ! 910kHz
Clock ' +
Sub-clock frequency | 32kHz
oM { M34550M6 | 6144 wordsX 10 bits
Memory size [ M34550M8 8192 words X 10 bits
RAM 368 words X 4 bits (including 40 wordsX 4 bits for LCD RAM)
OB 1 bitsX 10
D° 0’ Qutput D1y pin is shared with powsr supply input pin Vi ¢ for LCD and Dy pin 18 shared with power
n. Ve input pin V¢ for LCD.
1 bits X3
Ds~Dyo 170 D10 pin is shared with buzzer output pin BEEP.
4 bitsX 1, Built-in pull-up transistor
POs~P0s V0 Key-on wakeup function
4 bits X1, Built-in pull-up transistor
input/Output ping | P1g~P1s 170 Key-on wakeup function
4 bits X1
P2g~P2, Input Pins P2, and P2, have each key-on wakeup function.
2 bits X1
P30, P3, input Built-in programmable pull-up transistor
P3; pin is shared with interrupt input INT and has a key-on wakeup function
4 bits X1
Pdo~P4, Input Switched with pins SEGas~SEGxw by software

Remote control carrier wave output

Variable perlod carrier wave output (softwars carrier output enabled)

Timer 1 9-bit programmable timer with reload register
Timer Timer 2 4-bit fixed dividing frequency X2

Timer 3 8-bit programmable timer with reload register

Sources 3 sources (both adges sense external X1, timer X2)
Interrupts

Nesting 1 level
Subroutine nesting 8 level

Selected bias value 1/2, 1/3 blas

Selected duty valus 2, 3, 4 duty
LCD Common output 4

Segment output 40

Internal resistance for power supply

200k Q (Typical) X3

Device structure

CMOS silicon gate process

Package

80 pin plastic moided QFP

Operating temperature range

—-20C~70C

Supply voltage

2.2V~3.6V

at operation

1mA (at 910kHz clock frequency, Typical}

Oissipation current | at clock operation

4uA (at 32kHz clock fraquency, Typical)

at stop

Less than 0.1uA (Normal temperature, Typicat)

ELECTRIC
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MITSUBISHI(MICMPTR/MIPRC) M34550Mx-XXXFP

SINGLE-CHIP CMOS MICROCOMPUTER for
INFRARED REMOTE CONTROL TRANSMITTER

PIN DESCRIPTION

Pin Name Input/Output Functiona
Voo Power supply - This pin is connected to plus power supply.
Vsg Ground - This pin is connected to OV power supply.
RESET Reset 1/0 170 RESET pin is the I/O pin of the reset puise. “L” lavel is output when reset is occurred by the

watchdog timer. The output format is N channel open drain.

Xin Main clock input Input | Pins Xy and Xour are the main clock generating circuit 170 pins.
A ceramic oscillator is connected between Xy pin and Xoyr pin.
Xour Main clock output Output | A feedback resistance is built-in between X pin and Xour pin.
Xen Sub-clock input input Pins Xcin and Xeour are the sub-clock genarating circuit 170 pins.
A 32kHz crystal oscillator I connected between X¢y pin and Xcour pin.
Xcour Sub-clock output Output | A feedback resistance is built-in between Xci pin and Xcour pin.
Do~Dy Qutput port O Output | Output port D has a 1-bit unit output function.
D1/Vier Oy pin is shared with power supply input pin V ¢ for LCD and Dy, pin is shared with powaer in-
O12/Vica2 put pin V¢ for LCD.
Ds~Dyq /0 port © 17Q 1/0 port D has a 1-bit unit /0 function. input is enabled when the output latch is set to “1~.

D1a pin is shared with the buzzer output pin BEEP.

POg~ PO, 1/Q port PO 170 170 ports PO and P1 have each 4-bit unit I/0 function. Input is enabled when the output latch is
set to *1". Each pin has a key-on wakeup function and has a built-in pull-up transistor.

Plg~P1, /0 port P1

P2g~P2y Input port P2 Input Input port P2 has a 4-bit unit input function.
Pins P2y and P2, have each key-on wakeup function.

P3y/INT Input port P3 input | Input port P3 has a 2-bit unit input function.

P3, Each pin has a built-in pull-up transistor that can be turned on/off by software.
P3q pin is shared with both edges sense (rising edge and falling edge) Interrupt input pin INT.
P3q pin has a key-on wakeup function which can be switched between “H" and “L” level sense
by software.

SEG/Péy Input port P4 Input Input port P4 has a 4-bit unit input function.

~SEGa/P4 These pins are shared with pins SEGxws~SEGy and are set by software.

CARR Carrier output Output | CARR pin is the ramote control carrier wave output pin.
C4 flag (1 bit) can be output in addition to hardware carrier method using a dedi d hardware.

Vici~Vies Powar input for LCO Input | Pins Vici~Vics are the power supply Input pin for LCD. Conneact V c3 pin to Vpg pin when using
an internal resistance and connect through a resi it brigl djustment is r y.
Apply voltage such that 0< V¢ SVic2SVicaS Vop when using an external power.

SEGy~SEGy Segment output Qutput | Pins SEGo~ SEGayg are the LCD segment output pin.

COMy~COM, Common output Qutput | Pins COMg~COM,; are the LCD common output pin. Pins COMy~ COM, are used at 1/2 duty,

pins COMy~COM, are used at 1/3 duty, and pins COMe~CQOM,; are used at 1/4 duty.

ELECTRIC
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SINGLE-CHIP CMOS MICROCOMPUTER for
INFRARED REMOTE CONTROL TRANSMITTER

SETTING OF UNUSED PINS

Pin Setting ; Pin Setting

Xour Open (when selecting an external ciock) | P2~ P23 Connect ta Vgg
Xcin Connect to Vss P3,~P3, Connect to Voo
Xcour Open SEGaa/Pég~ :‘ When selecting port P4 function, connect ta Vg
Do~Dr, SEGaw/P4, : When selacting SEG pin function, apen (Note 1)
OV Connect to Vgg ;

1/Veen (Note 2) CARR Open
D12/Vicz

v When not using LCD

Dg~Dio Connect ta Vg Les Connect to Vgp (Nota 3)
POy~ POy Open SEGo~SEGas Open
P1g~P1, Open COM~CQOM, Open

Notes : 1. The SEG pin function is selected at reset.
2. Pins Dy, and D,; are shared with pins Vi ¢, and V ¢, respectively. When not used, set the LCD control register (L3) 10 "0, and disconnect
from the internat LCD power supply (L3="0," at reset).
3. When LCD is not used, set the LCD control register (L1) to “0000;" and turn off the LCD (L1="0000," at reset).

M34550Mx T
Vies

Viez

Vier Connect to Vs pin when not used
as port D either.

Handling of unused LCD power supply input pins

PORT FUNCTIONS

Port Pin g‘&g& Output format | Control umits ingr?c'trgns Double function rgg?i';'treor‘s Aemarks
Dg~Dy,
Output
On/Vier, P SD, RO, CLD | Vi ¢
(10) N-channel . Ly, L3
Port D Dua/Vica, open drain 1 bit Vicz
Ds, Ds, /0 s20
D1/BEEP (3) BEEP w3
170 N-channet - .
Port PO PO~ P03 I open drain 4 bits QPOA, 1APO Key-on wakaup Built-in puil-up transistor
/0 N-channel . . )
Port P1 P1y~P1,y () open drain 4 bits QOP1A, IAP1 Key-on wakeup Built-in pult-up transistor
Key-on wakeup
P2, P24 Input
Port P2 4 bits 1AP2
P2;, P23 (4)
Pa/INT nput T Built-in pr able
Port P3 Py 2 bits 1AP3 Key-on wakeup " ulit-in programm
(2) pull-up transistor
P3,
SEGw/Pég~ Input
Port P4 i 4 bits 1AP4 SEGy~ SEG L2
SEGa/P4y | : - »
MITSUBISHI 5
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SINGLE-CHIP CMOS MICROCOMPUTER for
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PORT BLOCK DIAGRAM

| Register Y I—;I Decoder I

SD instruction Do~D7

RO instructlm@ R

1n¢

D1
1--p

. Skip distinction
[M——'L Decoder l (SZD instruction)

R

SD instructlon—-———-:D— s Ds, Dy
RD instrucxlon____.D— R_Q — 1
Skip distinction
I Register ¥ | 'l Decoder l (SZD instruction) ?—
1lllllllll7'7 x
]
1 1
SD instruction ——————— S ‘-—T——O D.o/BEEP
—
AD instruz:tlon—_D_'R Q] i ?
]
Frequency rr
Timer 2 immediate > divided
overtlow signal by 1.2 4 T Q
0
Pull-up
transistor
key-on wakeup input <} ?‘
IAPO instruction A
pen S
Register A ! (O PO,~P0,
\J :
- i
Al D Q J !
r
OPOA instruction — T

---K ~=- This is a parasitic diode and no current flows.
| indicates bit.

s S
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PORT BLOCK DIAGRAM (continued)

Signal Q—J_‘

When ssiecting Xc for timer 2 count source

Puil-up transistor
P <
key-on wakeup input <J !
IAP1 instruction HE-l ,._l A
Register A O Plg~P1,
\J :
1
r
OP1A instruction —{T
key-on wakeup input*q—
1AP2 instruction| IAP2 instruction
—rorare Lo
! |
A A
1 [}
rr rr
IAP3 instruction
&
1, '
“L" level ‘
R !
g OP3/INT
Wakeup M ! ,
L1 A
“H" level 1
rr
> E M
IAPJ instruction ,_l x
1
1
A
rr
8ma(256/1(Xcm)) |
1431;‘:(1/1( X)) ---“----Thll is a parasitic diode and no current flows.
- r_|_ | indicates bit

Resisting pressure of port P2 is Vop.

~
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PORT BLOCK DIAGRAM (continued)

<
Power supply for LCD : —O Vies
(Vica) :
A
r
T i
Power supply fo(rVLCE)) ' { { I =t : O D12/Vice
Lc2 |
oD s
g — i
]
Power supply for LCD - g : O Duy/Vies
R S % R
1
1
T
Reset signal '_]
Do > >— 7 {>o-
POF?2 instruction l Register Y—I,_,I Decoder ]
LAARSARREL N
SD instruction ’._D_‘S
RD instruction :D_ R_Q
D instruction {O)—F
RD instruction —k—-D—"R e
Power supply for LCD T
LCD control signal
9 D——I ;‘ ) Connaecting to * when
— 1 selecting SEG pin function.
A
¢ SEGe/Pdq
1}
z ! !
* SEGay/P4,
(-
.
e [ S ”’
Power supply for LCO
L2 | 1AP4 instruction
Register A )4
[Regmera ] <
---{q§---- This is a parasitic diode and no current flows
i indicates bit.
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PORT BLOCK DIAGRAM (continued)

Pawer supply for LCD

LCD control signal—-] = pen
Il
—

t+———(O SEG,~SEGas

(=
e NCh
LCD control signat —

Power supply for LCD

Viea

LCO control signal —
9 rel Pch
[—

O COMy~COM,

—
Pch

o

LCD control signal —

Vica
(2/3 * Vi or 172« Viea)

VLC‘
(1/3 *Viggor 172 Vch)

LCD control signal =
9 yom Nch
—

—
Nch
-
LCO control signal ———J =

T
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FUNCTION BLOCK OPERATIONS
4-BIT ARITHMETIC LOGIC UNIT (ALU)

This unit performs 4-bit arithmetic such as 4-bit addition,
comparison, AND, OR, and bit manipulation.

REGISTER A AND CARRY FLAG

Register A is a 4-bit register used for arithmetic, transfer,
exchange, and 1/0 operations.

The carry flag is a 1-bit flag that is set to “1” when there is
a carry after executing the AMC instruction (it is un-
changed after executing the A n instruction or the AM
instruction) . After executing the RAR instruction, the value
of Aq is stored in the carry tlag. The carry flag is set to “1"
by the SC instruction and reset to “0" by the RC instruction.

REGISTERS B, E

Register B is a 4-bit register and is used for temporary

storage for 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 together with regis-
ter A to store a 7-bit ROM address and is used as a pointer
within the specified page when executing the TABP p, BLA
p, or BMLA p instruction.

<Carry>
\

(M(DP))
Addition > ALU

(A) /

< Result>

Fig. 1 AMC instruction execution example

< Set> < Reset>
SC instruction | RC instruction

o D

< Rotation >
‘ RAR instruction
[ov [m]m] A

Fig. 2 RAR Instruction execution example

Register 8 TAB instruction  Register A

Register 8 TAB instruction

Register A

Fig. 3 Registers A, B and register E

TABP p Instruction ROM
Specitying address .B — .4 o ‘O
l ERERANER!
- Low-order 4 bit
e, ~ ) its
Register A (4
(e[ [oTo P o o] (o]0 [0 [B] %]~ ]"] o A
\ ? N A / Middle-order 4 bits
immadiate field value The contents The contents Regiser 81
of register O of register A ¥/_\‘

Fig. 4 TABP p Instruction execution exampie

o Amswsu
ELECTRIC
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STACK REGISTER (SK)

This register is used to temporarily store the contents of

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

original routine when branching to an interrupt service ) )

routine (referred to as interrupt service routine), performing Execuling BM instruction Executing RT instruction

a subroutine call, or executing a table reference instruction Ky (SP)=0

(TABP p instruction). '

The stack register (SK) has 8 stages so that subroutines SKs (SP)=1

can be nested up to 8 levels. However, 1 stage is used re- SK, (sP)=2

spectively when using an interrupt service routine or ex- SK,4 (sP)=3

ecuting a table reference instruction. Therefore, be sure SK, (SP)=4

the stack is not exhausted when performing these opera- SKe (SP)=5

tions together. The contents of the register SK are des-

troyed when 8 levels are exceeded. SKe (SP)=6

The register SK nesting level is indicated automatically by SKa {(sP)=7

a 3-bit stack pointer (SP). The contents of this stack poin- The contents of program counter is stored in SKq

ter can be transferred to register A with the TASP instruc- ({SP)=0)at reset or returning from power down

tion. mode when axacuting the first BM instruction
while(SP)=7.

STACK REGISTER (SDP)

This register is used to temporarily store until returning to Fig. 5 Stack register (SK) structure
the original routine, the data pointer, carry flag, skip flag,
and contents of registers A and B just before an interrupt

when an interrupt occurs. The stack register (SDP) is a 1 (SP1—0

stage register. (SKo) 0001,

This register cannot be used during a subroutine call or (PC)—SUBT

when executing a table reference instruction as with the

SK. Main program Subroutine
SKIP FLAG Address suBt
This tlag controls skip distinction for the conditional skip in- 0000,s NOP % NoP
struction and continuous described skip instructions. When 0001,, BM SUB1 :
an interrupt occurs, the contents of the skip flag are stored 0002,5 NOP N R.T
automatically to the stack register (SDP) and the skip con-

dition is retained.

(PC)—0001,4
(SP)=7

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

Fig. 6 Operation at subroutine call

e :
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PROGRAM MEMORY (ROM)

The program memory is the mask ROM consisting of 10

: . L . ) 9 8 7 6 5 4 3 2 1 0
bits per 1 word. It is divided into 128 words by the unit of 000014 o
page (addresses 0 to 127). 007F g page
g::g’“ Interrupt address page 1 page
Table 1 ROM size and pages 0100“
8
N Subroutine special page 2 page
ROM size 017F
Type name Pages 8
P (%10 bits) 9 0180,
M34550M8-XXXFP 8192 words 64
M34550M6-XXXFP 6144 words 48

A part of page 1 (addresses 0080, to 00FFs) is reserved
for interrupt addresses. When an interrupt occurs, the
address (interrupt address) corresponding to each inter-
rupt is set in the program counter and the instruction at the 1FFFiq
interrupt address is executed. When using an interrupt ser-
vice routine to process an interrupt, write the instruction to Fig. 7 ROM map of M34550M8-XXXFP
branch to that routine at the interrupt address.

Page 2 (addresses 0100, to 017F,¢) is the special page

for subroutine calls. Subroutines written in this page can be 9 8 76 5 4 3 2 1 0
called from any page with a 1-word instruction (BM). Sub- 0080,4)....,... External interrupt address
routines extending from page 2 to other page can also be

called with the BM instruction if it starts on page 2. 0082,s Timer 1 interrupt address

All pages can be used as data area with the TABP p in-

struction. 0084, Timer 3 interrupt address

PROGRAM COUNTER (PC)

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

The program counter consists of PC,, (most significant bit
to bit 7) which points to a ROM page and PC_ (bit 6 to 0)
which points to an address within a page. After it reaches Program counter

the last address (address 127) of a page, it points to - A~— \
address O of the next page.

Make sure that the PC, does not point beyond the last
page of internai ROM.

Fig. 8 1 page structure

Pe]Ps| Pal Pa|[P2|P1|Poj==tAfas|aa]azfazfar|ao

PC. PC.
Specitying page Specitying address

Fig. 9 Program counter structure

ELECTRIC
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DATA MEMORY (RAM)

The RAM consists of 4-bit words, but bit manipulation {with
the SB j, RB j, and SZB j instruction) is enabled for the en-
tire memory area. A RAM address is specified by a data
pointer consisting of registers Z, X, and Y. Set the contents
of data pointer certainly when executing an instruction re-
lated RAM.

Table 2 RAM size

Type name RAM size
M34550M8-XXXFP 368 words X4 bits
M34550MB-XXXFP (1472 bits)

The RAM includes the area corresponding to the LCD. A
segment is displayed automatically when “1" is written in
the bit corresponding to the segment.

DATA POINTER (DP)

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

Data pointer DP

Lalalxfx]x]xv]v]v]v]

%/_‘/ ~ T T
Specitying RAM digit

Specifying RAM file

I Register Z(2) | ------------------ Specitying RAM file group

Fig. 10 Data pointer (DP) structure

Specifying bit position

1
Set

!

CLeD OO0 00

Register Y (4) Port D output latch

Fig. 11 SD instruction execution example
Register Z 0 1
Registar X 0 1 15 0 3 4 5 6 7 8 9
0 - - - - - —
1 -— — — — -_— —
2 — — -— - — —
3 — — - - - —
4 - - - - - -
5 — -— —-— —_— — —
> 6 - - - - - -
3 7 - - - - - =
]
g 8 (] ] 16 24 32
€ 3 1 9 17 | 25 | 3
10 2 10 18 28 H
11 3 1" 19 27 a8
12 T4 12 20 | 28 36
13 P 13 2 29 a7
14 8 14 22 30 38
15 L7 15 23 3 30
Notes 1. The area marked *—" (Z=1, X=4~9, Y=0~7} is not a memory area.
2. The numbers In the shaded area indicate the corresponding segment output pin numbers.

Fig. 12 RAM map
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INTERRUPT FUNCTION Table 3 Interrupt source and interrupt address
The interrupt format is a vectored interrupt branching to Priority Interrupt source Interrupt
different address (interrupt address) according to each in- level Interrupt name | Activated condition |  address

terrupt source. An interrupt occurs when : 1
* Activated condition is satisfied (request ftag="1")

* Interrupt enable bit is enabled (“1")

* Interrupt enable flag is enabled (INTE="1")

Table 3 shows the activated condition and interrupt address
for each interrupt.

(1) Interrupt enable flag (INTE)

External interrupt Level change of INT pin : Address 0 in page !
("H"—"L" and
L)
Timer 1 overflow
. Timer 3 overflow

2 Timer 1 interrupt
3 Timer 3 interrupt

Address 2 in page !
! Address 4 in page !

Table 4 interrupt enable bit function

The m.tem"pt enavle ﬂaq (INTE) controls whether the Interrupt enable bit | Occurrence of interrupt Skip instruction
every interrupt enable/disable. Interrupts are enabled ] enabled invalid
when INTE flag is set to “1" with the E! instruction and o disabled Vaid

disabled when INTE fiag is set to “0" with the DI in-
struction. When any interrupt occurs, the INTE flag is

automatically reset to “0" and interrupt is disabled until

Table 5

Interrupt enable bit and skip instruction

the El instruction is executed. Interrupt name Request tlag; Enable bit | Skip instruction
(2} Interrupt enable bit External interrupt EXFQ Vig SNZO
The occurrence of each interrupt can be controiled by Timer 1 interrupt T1F Vi, SNZT1
software. When interrupt is not used, whether the acti- Timer 3 interrupt T3F Vi1, SNZT3
vated condition is satisfied (whether request flag="1")
can be checked with the skip instruction. Select
whether to use an interrupt or the skip instruction with
the interrupt enable bit. INT pin
(3) Interrupt request flag _T_l o/oj o = Address 0
When the activated condition for each interrupt is satis- (LeHand ~ [Expo | | woo”“ ; O —in page 1
fied, the corresponding request flag is set to “1". Each H—L input) !
request flag is reset to “0” when E
* An interrupt occurs Timer 1 i Address 2
« Next instruction is skipped with a skip instruction overtiow OT,/FO_%O_O{O_ in page 1
Each request flag is set when an activated condition is i
satistied even if the interrupt is disabled by the inter- !
rupt enable flag (INTE) or the interrupt enable bit. tmers [ ] [ ] | i | Adaress 4
Once set, it retains set until a reset condition is satis- ovarfiow T3F Vi, INTE | [nPaget
tied. Therefore, an interrupt occurs when the interrupt Activated xques! Enable  Enabie
disable state is removed while the request flag is set. condition 9 bit flag
(retain state)
Fig. 13 interrupt system diagram
14 MITSUBISHI

ELECTRIC




LLE D HE bL2u9828 0017500 330 EENITYH

MITSUBISHI(MICMPTR/MIPRC)

MITSUBISH! MICROCOMPUTERS

M34550Mx-XXXFP

SINGLE-CHIP CMOS MICROCOMPUTER for

INFRARED REMOTE CONTROL TRANSMITTER

(4) Internal state when an interrupt occurs

The internal state of the microcomputer is as tollows

when an interrupt occurs.

« Program counter (PC)
The interrupt address is set. The address to be ex-
ecuted when returning to the main routine is auto-
matically stored in the stack register (SK).

« Interrupt enable flag (INTE)
INTE flag is reset to “0" and interrupt is disabled.

« Interrupt request flag
Only the request flag for the interrupt source is reset
to “0".

= Data pointer, carry flag, skip flag, registers A and B
Data pointer, carry flag, skip flag, and registers A
and B are stored to the stack register (SDP).

* Program counter(PC)

{ .
1 Each interrupt address |

r )
{ Executing address of main program |

f
| 0 {Interrupt disabled) |

* Interrupt request flag(The flag of interrupt source)

« Data pointer, carry flag, registers A and B

1 Stored to stack register automaticaily |
;

l Stored to stack automalicallyj

Fig. 14 internal state when interrupt occurs

External
interrupt

Level of INT pin

-

EXFOQ
Timer 1 :
Timerd  1y¢ T3F I l
interrupt

e 2~3 machine cycle > —> Program starts from interrupt address

(Note 1, 2)

Notes | . Depending on the Instruction being executed when EXFQ, T1F, and T3F become “1".
2. Address is stacked at the last cycle.

Fig

.18

Interrupt sequence

~
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(5) Interrupt control register
« Interrupt control register (V1) INT

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

Interrupt service routing

€l

be used to transfer the contents of register V1 to RTI
register A.
(6) Interrupt processing Fig. 16 Program example of interrupt processing
When an interrupt occurs, the program at the interrupt
address is executed after branching sequence to the (7) External interrupt request flag (EXFQ)

interrupt address. When using an interrupt service
routine, write the instruction to branch to the interrupt
service routine at the interrupt address. Use the RTI in-
struction to return from an interrupt service routine.
When the Ei instruction and the RT! instruction are
coded continuously at the end of an interrupt service
routine, interrupts are enabled after executing the RTI
instruction. (Refer to Fig. 16)

When using an interrupt service routine, the contents of
the program counter at returning to the main routine is
automatically stored to the stack register (SK). This
uses 1 of the 8 stack stages. Therefore, 7 stages are
left for subroutines.

The EXFO fiag is set to "1" when a rising waveform (“L"
—~“H"} or a falling waveform (“H"—~"L") is input to P3,/
INT pin. However, both the level before the change
and after must be retained at least 4 cycles (4.4us at
910kHz oscillating frequency) of the signal selected as
system clock in order for an interrupt activated condi-
tion to be satisfied.

The state of the EXFO flag can be checked when an in-
terrupt occurs or with a skip instruction (SNZ0Q). This
flag is reset to "0" when an interrupt occurs or when
the next instruction is skipped with a skip instruction.
The P3y/INT pin need not be selected for an external
interrupt input pin or normal port. However, the EXFOQ
When using the registers in the interrupt service flag is set when the condition for setting the EXFQ flag
routine, store the contents of the registers by program is satisfied even when this pin is used as input port
at the beginning of the interrupt service routine. And P3,.

then, restore them betfore returning to the main routine.
However, the data pointer (registers Z, X, Y), carry
flag, skip flag, and registers A and B are automatically
stored to the stack register (SDP) and restored.

(Bit 3) (Bit 0}

Vi, Vi, V1, Vig Interrupt control register V1

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

External interrupt enable bit
0 | Disabled (the SNZO instruction valid)
1 | Enabled (the SNZO instruction invalid)

Timer 1 interrupt enable bit

0 | Disabled (the SNZT1 instruction valid)

1 | Enabled (the SNZT1 instruction invalid)

Timer 3 interrupt enable bit
0 | Disabled (the SN2T3 instruction valid)
1 | Enabled (the SNZT3J instruction invalid)

SOOI ORPRRRTRUROS Not availabie (this bit has no function)

Fig. 17 Interrupt control ragister
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TIMERS

The M34550Mx-XXXFP timer consists of the following cir-

cuits.

» Prescaler . frequency divider

« Timer 1 : 9-bit programmable timer {with interrupt function)

* Watchdog timer

* Buzzer drive output
These timers can be controlled with the timer control regis-

« Timer 2 . 8-bit fixed dividing frequency timer
« Timer 3 : 8-bit programmable timer (with interrupt function)

Table 6 Function related timers

* Frequency divider for LCD

ter (W1, W2, W3). Each function is described below.

Circuit Structure Count source Frequency dividing ratio A use of output signai control
Prescaler Frequency divider » H{Xi) or H{Xein) 2,48 « Timer 1, 3 count source wi
* Muiti-carrier generating circuit
(Frequency divider (divide by 8)) (8) « Timer 2 count source
Timer 1 9-bit programmable * Prescaler output {ORCLK} 1~512 * Mutti-carrier generating circuit | W1
binary down counter * Multi-carrier output (CARR) « Timer 1 interrupt
Timer 2 8-bit fixad dividing frequency o 1 Xew) 256 « Timer 3 count source w2
binary down counter « Prascaler output
(Frequency divided by 8 output)
(Frequency divider (divide by 16)) (16) « Buzzer drive output
« Frequency dlvider for LCO
Timer 3 8-bit programmable « Timer 2 overflow 1~258 * Watchdog timer w2
binary down counter + Prescaler output (ORCLK) « Power down 1 return
+ Timer 3 interrupt
Watchdog timer Timer 3 « Timer 3 overflow + Systam reset w3
Buzzer drive output | Fraquency divider * Timer 2 immediate overflow 1,2, 4 w3
(Frequency divided by 16 output)
Freq y divider | Frequency divider (divide by 1, 2, 4)| * Timer 2 immediate overfiow 2(n+1), * LCD controller/driver w3
tor LCD -+4-bit countsr (Frequency divided by 16 output) 4(n+1),
“+trequency divider (divide by 2) 8(n+1)
[n=0~15]
AR ;
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The MELPS 4500 has a programmable timer and a fixed di- « Fixed diviging frequency timer

viding frequency timer. A tixed dividing frequency timer has a fixed frequency di-

* Programmable timer viding ratio {n). The overflow flag (interrupt request flag
A programmable timer enables the frequency dividing it equipped with interrupt function) is set to “1” after ev-
ratio to be set and has a reload register. It is de- ery n count of the count pulse.

cremented from the setting value n. When it overflows
(count to n+1), the overflow flag (interrupt request flag if
equipped with interrupt function) is set to “1", a new data
is set from the reload register, and count continues
(auto-reload tunction).

FFgr————— - - — —_— e — e —_——_—
n . Counter initial value

Count starts Relocad Reload

|

=1

. l 1st overflow 2nd overflow
5}
2 : \ \
2 |
Qo
= )
£ |
<
3 h
§ |
< l
Q
L
£ I
00,y —— :
L n+1 count 3 n+1 count J* Time
. T il
Timer 3 interrupt |
request flag 1 —
interrupt occurs or skip instruction is executad.
Fig. 18 Auto-reload function




LLE D N

L2u9828 0017504 Téb ENITH

MITSUBISHI( MICMPTR/MIPRC)

MITSUBISHI MICROCOMPUTERS

M34550Mx-XXXFP

SINGLE-CHIP CM0OS MICROCOMPUTER for
INFRARED REMOTE CONTROL TRANSMITTER

CARAR

C3 flag
Q S Set instruction(SC3)
R Aeset instruction(AC3)
System clock

!

internai clock
genarating circuit

Carrier wave

MR {trequency divided by 3}
a
rTee RCLK
Xin O_"'Q’ 0 | ORC Muiti-carrier
455kHz : f _—
310kHz ;LO__‘_-J —=»] generating circuit
Timer 1 overflow signal
(Note) w1,
Wiy e
reme Q0
~Q 0 . H Timer 1(9) I— TiF Timer 1 interrupt
] ]
01 1 Lolld T {T1R1)
bemmed
I Reload register R1(9) I
T (TRIAB, TR1A)
Register B Register A
e w] | ° || |
Do/ O Timer LC
LCD clock
BEEP (4-bit reload) 172
Timer 2 immediate overflow signal
(Note) W2,
[aindnints]
e Q0|
Xem (%) O TR R N ryr~ . 1/18 ToF
32kHz :O\o-i———o-ol ' 1 1 ,,: Timer 2
Cammad
Timer 2 overflow signal
(Note) w2, T3F Timer 3 interrupt
2 Fe===2
ST
\ ‘0—)—»{ Timer 3(8) }— WOF
1
~

1 1
=01 | s
P
(TAB3) | Reload register R3(8) ]
(T3AB)
Register B " Register A ]

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

System reset

Fig. 19 Timers structure
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(Bit 3) (Bit0)
Wi, Wi, w1, Wi, 1 Timer control register W1
(at reset : 0000,, at power down : 0000, R/W)
Prescater frequency dividing ratio selection bit
w1, Wi, Frequency dividing ratio
0 0 Prescaler stopped (reset stata)
0 1 t(Xw)or f(Xcin) divided by 2 (Note)
1 0 t{Xin)or 1(Xew) divided by 4 (Note)
1 1 f(Xin)or f(Xeiw) divided by 8 (Note)
Timer 1 controt bit
0 | Stop {retain state)
1 Operating
Timer 1 count source selection hit
0 | Prescaler output (ORCLK)
1 | Muiti-carrier output (CARR)
Note : The signal in 1(X,y) or t(Xc) selected as system ciock is used.
(Bit 3) (Bit Q)
w2, I w2, w2, [ W2, 1 Timer control register W2

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

Timer 2 count source selection bit

0 H{ Xein)
1 | Prescaler output (frequency divided by 8 output)

Timer 2 control bit

0 | Stop {retain state)

1 | Operating

Timer 3 count source selection bit

0 | Timer 2 overfiow signal

1 | Prescaler output (ORCLK)

Timer 3 control bit

0 | Stop (retain state)

1 Qperating

Fig. 20 Timer control register

26 MITSUBISHI
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(Bit 3) (Bit 0)

w3, wh, | ws W3,

Timer control register W3

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

BEEP, LCD clock frequency dividing circuit control bit

W3, W3, Frequency dividing ratio
0 0 Stop
0 1 Timer 2 immediate overflow (frequency divided by 16 output)
1 0 Timer 2 immediate overfiow (frequency divided by 16 output) divided by 2
1 1 Timer 2 immediate overfiow (frequency divided by 16 output) divided by 4
Watchdog timer control bit
0 | Not used
1 Used

BEEP output control bit

0 Qutput stopped

1 Qutput

Fig. 21

Timer control register (continued)

S e
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(1) Prescaler (3) Timer 2
The prescaler is a frequency divider with selectable Timer 2 is an 8-bit binary down counter. Timer 2 starts
frequency dividing ratio and it outputs 2 signais counting when the count source is selected with bit 0
(ORCLK and frequency divided by 8 as signal). The of the register W2 and bit 1 is set to “1”. The timer 2
prescaler count source is f{X) or f(Xgn) which is overflow flag (T2F) is set to “1" at every 256 count of
selected signal as system clock with the register MR. the count source.
Use bits 0 and 1 of the register W1 to select the pre- Timer 2 outputs signals consisting of count source di-
scaler dividing ratio and to start and stop its operation. vided by 16 (intermediate overtlow) as signal and
The prescaler is reset state and the ORCLK and fre- count source divided by 256 (overflow) as signal. Tim-
gquency divided by 8 as signal output stop when both er 2 is reset and both frequency divided by 16 and 256
bits 0 and 1 of the register W1 are set to “0". outputs stop when bit 1 of the register W2 is set to “0".
(2) Timer1 Timer 2 can be used as clock counter during power
Timer 1 is a 9-bit binary down counter and has a timer down 1 state (executing the POF instruction).
1 reload register (R1). To set data in timer 1, first set (4) Timer 3
data in reload register R1 (TR1AB instruction, TR1A Timer 3 is an 8-bit binary down counter with timer 3 re-
instruction) and then transfer it from the reload register load register (R3). Data is set simultaneously in reioad
R1 to timer 1 (T1RY instruction). Timer 1 starts count- register R3 and timer 3 with the T3AB instruction. Tim-
ing when data is set in timer 1, count source is er 3 starts counting when data is set in timer 3, count
selected with bit 3 of the register W1, and bit 2 is set source is selected with bit 2 of the register W2, and bit
to “1". 3is setto“1”.
When timer 1 overflows (next count pulse is input after When timer 3 overflows (next count puise is input after
the contents of timer 1 becomes “0”), the timer 1 inter- the contents of timer 3 becomes “0"), the timer 3 inter-
rupt request flag (T1F) is set to “1", new data is rupt request flag (T3F) is set to “1°, new data is
loaded from the reload register R1, and count con- loaded from the reload register R3, and count con-
tinues (auto-reload function). If the reload register R1 tinues (auto-reload function). If the reload register R3
contains n, timer 1 divides the count source signal by contains n, timer 3 divides the count source signal by n
n+1 (n=0~511). +1 (n=0~255).
When writing data to reload register R1, be sure the The TABS instruction can be used to read the data in
timing when timer 1 does not overflow. timer 3. Stop the counter before executing the TAB3
’ instruction to read the data. Timer 3 can be used as
the clock counter during power down 1 state
Setting data with Setting data with (executing the POF instruction).
TR1A instruction TR1AB instruction
~ = A N
l Ri, I A1, [m. [ R1,lm‘ ] R1, | A1, I Rnl R1°l
[elefels]|[s]afr]n]
Fig. 22 Setting example of register R1
MITSUBISHI
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{5}

Watchdog timer

The watchdog timer consists of timer 3 and watchdog
timer flag (WDF). When a timer 3 overflow signal is
occurred, the WDF flag is set to “1”. When the timer 3
overflows once more while the WDF flag is set, the
watchdog timer forces a system reset (operationally
equal to a power-an reset).

Whether to use the watchdog timer can be set with the
bit 2 of the register W3.

When using the watchdog timer, be sure to reset the
WODF flag to “0" with the WRST instruction by program
once timer 3 overflows.

In order to effectively use the watchdog timer, do not
execute the WRST instruction during timer 3 interrupt.
Buzzer drive output

The D,o/BEEP pin has a buzzer drive output function.
The output signal can be setected from the timer 2 in-
termediate overflow signal (frequency divided by 16
output) undivided, divided by 2 and 4. Select the fre-
quency dividing ratio with bits 0 and 1 of the register
W3. Signal start/stop can be controlled by bit 3 of the

register W3.

When using the D,,/BEEP pin as buzzer drive output,
set the D,, output latch to “1".

Frequency divider for LCD

The frequency divider for the LCD consists of timer LC
and frequency divider (divide by 2). Timer LC is a 4-
bit programmable timer with reload latch. Data can be
set simultaneously in the reload latch and timer LC with
the TLCA instruction. The timer LC count source can
be selected from the timer 2 intermediate overflow sig-
nal (frequency divided by 16 output) undivided, di-
vided by 2 and 4.

Timer LC starts counting when data is set in timer LC
and the count source is selected with bits 0 and 1 of
the register W3. When it overflows, data is reloaded
from the reload latch and count continues. If n is set in’
timer LC, the count source is divided by n+1 (n=0~
15).

The timer LC overflow signal divided by 2 becomes
the basic clock of the LCD.

Timer 3 overtiow signal

Watchdog timer flag

(WDF)

Executing

WRST instruction

RESET pin output

———
System reset

Fig. 23

Watchdog timer function
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{8)

(0

Interrupt request flag (T1F, T3F)

The timer 1 interrupt request flag (T1F) is set to "1"
when timer 1 overflows and the timer 3 interrupt re-
quest flag (T3F) is set to “1” when timer 3 overflows.
The state of these flags can be checked when an in-
terrupt occurs or with a skip instruction (SNZT1, SNZT3
instruction).

Use the interrupt control register (V1) to select be-
tween interrupt and skip instruction. The interrupt re-
quest flag is reset to “0" when an interrupt occurs or
when the next instruction is skipped with a skip instruc-
tion.

Overtlow flag (T2F)

The timer 2 overtlow flag (T2F) is set to "1” each time
timer 2 overflows (every 256 count). The state of this
flag can be checked when a skip instruction (SNZT2
instruction) is executed. The T2F flag is reset to “0"
only when the next instruction is skipped with a skip in-
struction.

Timer control register

Timer control register (W1)

Register W1 cotrols the prescaler and timer 1 count
operation and the count source. Set this register with
the TW1A instruction through register A. The TAW1 in-
struction can be used to transfer the contents of regis-
ter W1 to register A.

Timer control register (W2)

Register W2 controls the timer 2 and timer 3 count op-
eration and the count source. Set this register with the
TW2A instruction through register A. The TAW2 instruc-
tion can be used to transfer the contents of register W2
to register A.

Timer control register {W3)

Register W3 controls the watchdog timer, BEEP drive
output, and the frequency divider for the LCD. Set this
register with the TW3A instruction through register A.
The TAWS instruction can be used to transfer the con-
tents of register W3 to register A.

(1

Precautions
Note the following when using a timer.
* Prescaler precautions
Be sure to stop the prescaler before changing the
frequency dividing ratio of the prescaler.
* Timer precautions
Be sure to stop counting of each timer before switch-
ing the timer 1, 2, or 3 count source.
To read the data from timer 3, stop counting of the
timer 3 and then execute the TABS instruction.
* D1o/BEEP pin precautions
To start the buzzer drive output, set the frequency
(bits 0 and 1 of the register W3) and then start
output.
When changing the buzzer drive output frequency or
»using this pin as port Dy, 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 Dy,.

24
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MULTI-CARRIER GENERATING CIRCUIT

The M34550Mx-XXXFP s equipped with multi-carrier
generating circuit for generating transmission waves for re-
mote control carrier wave. This circuit automatically gener-
ates a carrier wave compensated at constant period by set-

ter (PA;~PA;), and compensation control timer (PT). if 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,

ting data in the carrier wave data control register (C1), car- RC4) with software.

riar wave compensation control register (C2), preset regis-

Set instruction(SC3) s Q
Flowing of data ‘- Y] Reset instruction( RC3)——————R
Set instruction{SC4) s Q
Reset instruction(RC4}—— R
pk,l PA, PA, g PA PA..g PAL (L
T T T T T T
—o  ofe4o oleda ofeda ofea@ of—o ohy
PR PR PR PR PR PR
f y
‘----- T.'..- ----ur-----v---n-n.u.-\
L ]
-
T -
e——eoon 10 } s
1100 0 000 | .
i om 001 I -
S Gl EEREEER 4 .
. : Carrier wave output
M SwW - (CARR)
Suieananny YTITTTTTTY e 1% gpL
H o) 1 0 \C b < <
HE ; , Io Q
L 0D Q -0 ; a
seesi{pn prlssscccandm  _______ J
Timer 1
R Switching signal count source
switching circuit
Timer PT(2) D
PT OUT
Reload register S
|E Prescaier output
I circult ‘1—0 ORCLK
Start Iinstruction(STCR) {from timer block)
_].__ s q9—
[ ] Stop instruction( SPCR
R
|
(02 % No3 PY o2 P Hoi Y C3,|C%
Timer 1
overflow signal
\ (TC1AN {Tc2A (TPTA) (from timer block)
(TPAA) A
I Ragister A I

Fig. 24 Multi-carrier generating circult
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(Bit 3) (Bit 0)
l Cly C1, C1, l C1, j Carrier wave data control register C1
(at reset . 0000,, at power down : 0000,, W)
Carrier wave data register connection control bit

C1, C1y Cl, Number of connection bits
0 [t} 0 2 bits connection
0 0 1 3 bits connection
0 1 o} 4 bits connection
Q 1 1 5 bits connaection
1 0 0 6 bits connection

Other combination Not used
Carrier wave data compensation controi bit
] —1 compensation
1 +1 compensation
(Bit 1) (Bit 0)
c2, l C2 Carrier wave compensation control ragister C2

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

Carrier wave compensation control bit

0 | Do not compensate

1 Compensate

Carrier wave automatic stop function control bit

0 | Automatic stop function not used

1 Automatic stop function used

l c3 l Carrier wave output control tlag C3

(at reset : 0,, at power down : 0,, W)

Carrier wave output control

0 | Carrier wave outpyt disabied (execute ACI instruction)

t | Carrier wave output {execute SC3 instruction)

Fig. 25 Multl-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" interval by 1T at
constant period.
The operation of the muiti-carrier generating circuit is
described below with exampies for +1 compensation
and —1 compensation (refer to Fig. 24).
@ +-1 compensation example
[Output waveform)
« Basic waveform : “H” interval=2T
“L” interval=2T
« Compensation period . once every 2 cycle (+1
compensation)
[initial setting value)
« Carrier wave data control register
C13~C10=(1010)2
« Carrier wave compensation control register
C2,, C2,=(XX01),
* Preset register PA;~PA,
Initial value={XX01),
« Compensation control timer PT

Initial value (1),q

in this case, the shift operation is PA_—=PA,—PA;—~PA,
because the carrier wave data register (PA) is set to 4
stages connection. In addition, the data caompensation
latch (DCL) 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". The ORCLK is input to the mul-
ti-carrier generating circuit with the STCR instruction
and register PA shift operation starts. At this time, DCL
stops at reset state and disconnected from register PA
because timer PT outputs initial level “H". Therefore,
PA, output is input to output latch (OPL) and output as
carrier wave (CARR) after T/2. This is the basic wave-
form.
When timer PT overflows and PT OUT changes to “L",
DCL reset is removed and connected to the last level
of register PA. This causes the shift operation PA_—

A,,—PA;—PA,—~DCL. Therefore, the DCL output is in-
put to OPL and the “L" interval becomes longer than
the basic waveform by 1T. This is the compensated
waveform.
When the next fall of the carrier wave occurs, PT OUT
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 set to “0".

Control instruction l STCR | , , , \

[ spcr]

L L 1 ] 1 L

[ 1 1 [ 1

PA, ]___|

PA,, | l l I
PA, ~ L |

1

I 3 L
I

F’"__J'_l J_l 1 1 [

ocL

| .

Timer PT 1 lO

{0 [

PT QUT

Shift operation starts

T
Note : When the fall of the ORCLK occurs while executing the STCR instruction,
the start of the shift operation 18 not constant.

Fig. 26 Timing diagram at +1 compensation
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® —1 compensation example
{Output waveform]
* Basic waveform : "H” intervai=2T
“L" interval=2T
» Compensation period . once every 2 cycle (+ 1
compensation)
{Initial setting value]
* Carrier wave data control register
C13~C1,=(0001),
* Carrier wave compaensation control register
C2,, C24=(XX01),
* Preset register PA;~PAy
Initial value={XXX1),
» Compensation control timer PT
Initial value (1).¢
In this case the shift operation is PA_—PA,—PA; be-
cause the carrier wave data register (PA) is set to 3
stages 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" be-

cause C1; is set to “0". The ORCLK is input to the mul-
ti-carrier generating circuit with the STCR instruction
and register PA shift operation starts. At this time, DCL
operates and is connected to the last stage of register
PA because timer PT outputs initial level “H”. Thers-
fore, DCL output is input to output latch (OPL) and out-
put as carrier wave (CARR) after T/2 because shift op-
eration PA_—PA,—PA;—~DCL is performed. This is the
basic wavetorm.

When timer PT overflows and PT QUT changes to “L",
DCL stops at reset state and is disconnected from reg-
ister PA opposite of +1 compensation. Therefore, the
PA, output is input to OPL and the “L” interval becom-
es shorter than the basic waveform by 1T. This is the
compensated waveform.

When the next fall 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 set to “0".

Control instruction l STCR I R N \ R L L . L

PA | f | | | | LJ
w T L] [ U N
o L L L
Timer PT 1 Jo || fo [1 fo
CARR l_l | : u : | | J | I

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

Fig. 27 Timing diagram at —1 compensation
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Preset register {PA~PA;)

The preset register is the high-order 4 bits of the car-
rier wave data register (PA) which consists of 6-bit
shift register. The waveform of the carrier wave is de-
termined by the connection levels of this register and
the preset value.

Set the level number 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 intervai).

Compensation control timer (PT)

Timer PT is a 2-bit programmable timer and is used to
determine the compensation period of the carrier

(4) Data compensation latch (DCL)

The 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 connected to the last level of the shift register
(register PA). The connection/disconnection of DCL is
automatically controlled by timer PT output vaiue (PT
ouT).

Table 7 Timer PT output value and DCL connection

state
C1y="0Q" Cly="1"
PT “H" Connect Disconnect
QuUT "L Disconnect Connect

Note . This table is at C24="1"

wave. The initial level of the timer PT output (PT OUT)  (5) Carrier wave control instruction
is “H". Timer PT down counts the fall of the carrier The carrier wave generation is controlled with the
wave (“H”—"“L"). An overflow occurs and PT OUT STCR instruction (generation start) and the SPCR in-
changes to “L" at the fall of the carrier wave after its struction (generation stop). Whether to output the
becomes “0". Then the initial vaiue is reloaded into generated carrier wave from the CARR pin can be con-
timer PT and count continues. The output returns to “H" trolled by the SC3 instruction (output) and the RC3 in-
next time the carrier wave falls. struction (disable output).
The carrier wave is compensated while this PT OUT is () Multi-carrier generating circuit control register and
“L" (carrier wave compensation interval). Therefore, control flag
when n is set in timer PT, the carrier wave is compen- « Carrier wave data control register (C1)
sated every n+ 1 period. Data can be set simul- Register C1 controls the number of levels connected to
taneously in timer PT and the reload register with the the carrier wave data reqgister (PA) and the carrier
TPTA instruction. wave compensation method. Set this register with the
TC1A instruction through register A.
+ Carrier wave compensation control register (C2)
When timer PT initial setting value is set to “3" Register C2 controls the carrier wave compensation
{compensation every 4 period) function and the automatic stop function (stop with tim-
Ter | Tee . Tes i Tee 1 Tea er 1 overflow flag). Set this register with the TC2A in-
struction through register A.
CARRW * Carrier wave output control flag (C3)
The C3 flag controls whether to output the generated
i § carrier wave from the CARR pin. C3 becomes “0" and
3 3 carrier wave output is disabled when the RC3 instruc-
Timer PT 2 l__]__ tion is executed and C3 becomes “1” and carrier wave
1 output is enabled when the SC3 instruction is ex-
0 ; ecuted.
; Even when output is disabled with this flag, carrier
: : wave generation is possible and the carrier wave out-
PT QUT I . o )
put stop interval can be counted using timer 1. This
—— flag is set to “0" at system reset.
Te1~Tcs - Each period of carrier wave. Compensation
Tea . Carrier wave compensation period
period.
Fig. 28 Timer PT operation
MITSUBISHI

ELECTRIC

29




blE D W L249828 0017515 8L1 EAMITY

MITSUBISHI(MICMPTR/MIPRC)

MITSUBISHI MICROCOMPUTERS

M34550Mx-XXXFP

SINGLE-CHIP CMOS MICROCOMPUTER for

INFRARED REMOTE CONTROL TRANSMITTER

(7)

Precautions

Take the following precautions when using the muiti-
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 fall (“H"="L") of
ORCLK. However, the shift operation start timing after
executing the carrier wave generation start instruction
(STCR) is not constant because the instruction cycle
does not match the ORCLK period.

In addition, it the fali of ORCLK occurs during the
STCR instruction execution cycle, whether register PA
starts shift operation or not is undefined. If the shift op-
eration is not started, it is started at the fali 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 fail of thé 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.

Iin addition, if the fall of the carrier wave occurs during
the SPCR instruction execution cycle, whether the car-
rier wave is stopped or not is undefined. |f the carrier
wave is not stopped, it is stopped at the fall of the next
carrier wave. If the prescaler is to be stopped after
stopping the carrier wave, wait one ORCLK period af-
ter the carrier wave has stopped and then stopping the
prescaler.

* Precaution when restarting carrier wave (CARR) gen-
eration
it carrier wave generation i3 restarted after stopping,
timer PT retains the previous value without initializing.
Therefore, be sure to set again timer PT (with the
TPTA instruction) before restarting carrier wave gen-
eration (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 overflow 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 T1Rt
instruction) if carrier wave generation is to be returned
(with STCR instruction) after stopping it with a timer 1
ovreflow signal.
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LCD FUNCTION
The M34550Mx-XXXFP has a built-in LCD (Liquid Crystal
Display) controller/driver. When proper voltage is applied
ta the LCD power supply input pins and data are set in tim-
er control register (W2, W3), timer LC, LCD control regis-
ter (L1~L3), and LCD RAM, the controller/driver automati-
cally reads the display data, controls duty and bias, and
displays the data.
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) . If the required number of segment pins is less
than 40, SEGas~ SEGae can be used as input ports Pdg~
P43.
(1) Duty and bias control

There are three duty and bias combinations for display-

ing data on the LCD. Use bits 0 and 1 of the LCD con-

trol register (L1) to select the proper display method

for the LCD panel being used.

« 1/2 duty, 1/2 bias

* 1/3 duty, 1/3 bias

* 1/4 duty, 1/3 bias

Table 8 Duty and maximum number of displayed pixels

Duty Maximum number o displayed pixels Used COM pins

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

1/3 120 segment COMy~COM, {Note)

1/4 160 segment COMy~COM,3

Note : Leave unused COM pins open.

LCD clock control
The frame frequency for each display method can be
obtained by the following formuia :

F . LCD clock frequency
1/n . Duty

The LCD clock is determined by the setting value of
the timer 2 count source selection bit (W2,), LCD
clock frequency divider circuit control bit (W3q, W3,),
and timer LC. Therefore, the frequency (F) of the LCD
clock is obtained by the following formula :
« When using the prescaler output (frequency divided by
8 output) as timer 2 count source (W2,=1)
Clock frequency ., 1 ., 1 1 1
F 8 XX m X TeF1 X2
« When using f{Xcw) as timer 2 count source (W2,=0)

Frame frequency=—fT [

F=t{Xcn) X%X%XE{"_—‘X‘;—

[Clock frequency - f(Xyy) or f(Xc.N)]
m:1,2 LC I 0~15

Xem

Prescaler

X O— 1/8

Note : Count source is stopped by setting to “0".

W2,
W2, (Note)r"n"}

pm————

Timer 2

'ko-i—-—-‘ 116

[ SR |

LCD clock 1/2 ’— Timer LC

Fig. 29 LCD clock control circuit
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(BIt 3) (8it 0)
[, | U, | o LCD control register L1
(at reset : 0000,, at power down : retain state, R/W)
LCD duty and bias selection bit
L1, L1 Duty Bias
0 0 This is not availabte
0 1 172 172
1 0 1/3 1/3
1 1 1/4 1/3
LCD ON/OFF bit
o |of
1 |On
LCD power supply dividing resistance control bit
0 | Connecting internal dividing resistance to LCD power circuit
1 Disconnecting internal dividing resistance from LCD power circuit
(Bit3) (8it0)
L2 I L2, L2, L2 J LCD control register L2
(at reset : 0000,, at power down : retain state, W)
SEGae/P4y pin function switch bit
0 | SEGss
1 | Py
SEGy;/P4, pin function switch bit
0 | SEGy
1 | P4
SEG;4/P4, pin function switch bit
0 | SEGas
1 | P4y
SEGe/P4, pin function switch bit
0 | SEGy
1 Pdy

l L3 l LCD control ragister L3

{at reset : 0,, at power down : retain state, W)

Dz, D11/Vieca, Yics pin function switch bit

0 |02 Dy

1 | Vica Vier

Fig. 31 LCD control register
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{3) LCD RAM

The RAM contains areas corresponding to the liquid
crystal display. When “1" is written to this LCD RAM,

the display pixel corresponding to the bit is displayed
automatically.

z 1
X 5
Y Bt 3 2 1 0 3 2 | 1 0 3 2 1 0
8 SEGo | SEGy | SEGo | SEGy | SEGs | SEGs | SEGs | SEGs | SEGi | SEGrs | SEGrs | SEG.e
9 SEG, | SEGy | SEG: | SEG, | SEGy | SEGe | SEGy | SEGe | SEG, | SEGy | SEG, | SEGy,
10 SEG; | SEG, | SEG; | SEG; | SEGyy | SEGw | SEG | SEGuw | SEG:s | SEGys | SEGrs | SEGis
1" SEGs | SEGy | SEGy | SEGy | SEGy | SEGn | SEGys | SEGn | SEG | SEGy | SEGrs | SEG:
12 SEG, | SEGs | SEGs | SEG. | SEGiz | SEGr | SEG; | SEGr: | SEGx | SEGm | SEGx | SEGm
13 SEG, | SEGs | SEGs | SEGs | SEGi | SEGys | SEGi | SEGys | SEGy | SEGy | SEG» | SEGy
14 SEGe | SEGy | SEGe | SEGy | SEGw | SEGi | SEGu | SEGy | SEGy | SEGs | SEGy | SEGs
15 SEG; | SEG; | SEGy | SEG; | SEGws | SEGis | SEGws | SEGis | SEGy | SEGn | SEGes | SEGx
COM COM, | COM; | COM, . COM, | COM; | COM: | COMs | COMs | COM, | COM, | COM, | COM,
Z 1
X 8
Y Bit] 3 2 1 0 3 2 1 0
8 SEGz24 | SEG24 | SEGos | SEG24 | SEGg2 | SEGy; | SEGa; SEGj;,
9 SEG2s | SEGys | SEGas | SEGys | SEGas | SEGas | SEGas | SEGag
10 SEG2e | SEG2e | SEG2e | SEG2g | SEGas | SEGas | SEGg, SEGa,
11 SEGyy | SEGy7 | SEG2r | SEGy; | SEGas | SEGas | SEGss | SEGas
12 SEG2s | SEG2s | SEG2s | SEG,s | SEGas | SEGas | SEGse | SEGag
13 SEG29 | SEG29 | SEG29 | SEG20 | SEGy; | SEGar | SEGa, SEGj,
14 SEGg30 | SEGa0 | SEGa0 | SEGag | SEGas | SEGas | SEGss | SEG,s
15 SEGq: | SEGay | SEGay | SEG3: | SEGgp | SEGag | SEGae SEG3p
COM COMs | COM, | COM, | COM, | COM; | COM, | COM, COMq

Fig. 32 LCD RAM map

(4) LCD control register

* LCD control register {L1)

* LCD control register (L3)

Register L1 controls the combination of duty and bias,
LCD on/off, and internal dividing resistance connec-
tion. Set this register with the TL1A instruction through
register A. The TAL1 instruction can also be used to
transter the contents of register L1 to register A.

* LCD control register {L2)

Register L2 controls pins SEGae/Pdy~ SEG3e/P4; func-
tion. Set this register with the TL2A instruction through

register A.

Register L3 controls pins D11/Vigr and Dyy/V e, func-
tion. Set this register with the TL3A instruction through

register A.
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(8) LCD drive waveform the voltage difference between the corresponding
Fig. 33 shows the drive waveform example for each common pin and segment pin becomes | V ;3 | and
display method. When “1” is written in the LCD RAM, the dispiay pixel at the cross section turns on.

1/2 duty, 1/2 bias | When writing {XX10); to address M(1, 6, 8) in RAM

1 frame(2/F)

1/F ' Voitage level

M(1, 6, 8}

COM, COM,
SEGyy SEGs
! ON ! OFF '

1/3 duty, 1/3 bias : When writing (X101), to address M(1, 6, 8) in RAM
1 frame(3/F)

M(1, 6, 8)

Voitage tevel

Voitage level

Vss
COM, | COM, | COM, | COM,
SEG,y | SEG.e SEGs | SEGe
F 2 LCD clock frequency " OoN " OFF ' ON ' OFF !

Fig. 33 Drive wave example
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(6) LCD power supply * When connecting the internal dividing resistance and
The M34550Mx-XXXFP has a built-in LCD dividing re- connecting pins D44/Vi ¢ and D42/Vic2 [L13=0, L3=1]
sistance that can be disconnected by software. Select In this case, internally generated divided voltage is
whether to connect this internal dividing resistance or output from pins Dyy/V_ gy and Dy2/Vica. Therefors, the
not and select the LCD power circuit appropriate for impedance of the LCD power can be reduced by ex-
the LCD panei being used according to the combina- ternally connecting a capacitor between the pins D,/
tion of 3 items in the following Table 9. LCD power Vici and Dy2/Vicz. Apply voltage between 2.2V and
supply control. Voo 1o the V ¢4 pin.

(1/3 bias : circuit example b, 1/2 bias : circuit example

Table 9 LCD power supply control o)

Control item Control Bit « When disconnecting the internal dividing resistance
Connect/disconnect internal dividing Ll and connecting pins Dy1/Vicy and Dya/Vice [L13= 1,
resistance to LCD power supply. Connecting 0 L3=1]

Disconnecting | 1 This is the external power input mode. Apply the fol-
Connect/disconnect pins D11/Vics Discmneﬁng 5 lowing voitage to each LCD power input pins.
and D,2/Vic2 to LCD power supply. Gonnecting n When using 1/3 bias : (2.2V<V ca<Voo)
i, Vica=2/3 Vica Vici=1/3 Vi ca
Use 1/2 or 1/3 bias. 1/2 bias 0
1/3 bias 1 When using 1/2 bias . (2-2V__<_VLC3$VDD)

Vica=Vici=1/2 Vies
* When connecting the internal dividing resistance and
disconnecting pins Dy,/V ¢ and Dy2/Vic2 (1/3 bias : circuit example d, 1/2 bias : circuit example
[L1z=0, L3=0] e)
In this case, 0~V_ca (V) voltage is applied to the LCD
panel. Apply voltage between 2.2V and Vpo to the Vi cs
pin. (circuit example a)

(a) (b) (¢)
M34550Mx M34550Mx M34550Mx
Viea Vica Vics
Vicz j Vica
Vier -j Vier

Fig. 34 LCD powaer circuit example
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(d) - (o) -@-
\g ‘g\ Change the resistance in this figure
M34550Mx M34550Mx according to the specification (such
as driving voitage) of the LCD
panel being used.
VLC:! VLCJ
100k § 150kD
Vv
Vch Lc2
4
100k
'
V,_c‘ Lc1
100k {2 150Kk
Fig. 35 LCD power circuit example {continued)
{7) LCD display method
The connection example in Fig. 36 shows how to set {Bit 3) (Bit 0)
the LCD control register and the drive waveform when Lo l 0 l 1 | 1 ]Rews(e, L1
displaying the number “9",
1. Select the duty and bias combination with bits 0 1/4 duty, 1/3 bias
and 1 of the register L1. LCD off
2. Set the built-in resistance with bit 3 of the register Using Internal dividing resistance
L1 and register L3,
3. Switch pins SEG,4/P4; and SEG3;/P4, to segment i
output ports with bits 0 and 1 of the register L2. Register
4. Write (1011); and (0111), in RAM addresses M (1, Disconnecting pins V ¢, and
8, 12) and M (1, 8, 13) as shown In Fig. 38. Vicz from LCD power supply
5. Character “9" is displayed by setting bit 2 of the (Bit3) (81t 0)

register L1 to *1",

O

F

(bit 0)

(bit 3)

Fig. 38 LCD connection example

[t ]o | o ]register L2

SEGas selected
L SEG,, selected

Fig. 37 Setting registers (before LCD on)
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PR Na— COMo .

Fl l ...... coM_____._._.. |

8 :

COM; '

SEGyy

M(1, 8,13)

1| M(1,8,12)

{bit 3)

(bit 0)

Fig. 38 Display pattern example and drive waveform example
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RESET FUNCTION 1 machine cycle. Then when "H" level is applied to the RE-
System reset is performed regardless of the microcomputer SET pin, program starts from address 0 in page 0.

state when “L" level is applied to the RESET pin for at least

1 clock cycle

f(xm)Off(xcxN)llllll'Il --------------------- ||I||l‘l|||||||l

RESET l

Program starts

14331 ~ 14336 clock cycle (address 0 in page 0)

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

U S

v
‘
‘
'
i
T
'
‘
'
'
'
'
[
'
'
+
'
[

Flg. 39 Timing of reset removing

(1} Power-on reset

Reset can be performed automatically at power-on and a capacitor to the RESET pin. Connect the RESET
{power-on reset) by connecting a resistance, diode, pin and the external circuit at the shortest distance.
/VOD

M34550Mx .
RESET pin voltage

F bo__ Watchdog timer output

L :: internal reset signal

Flg. 40 Power-on reset circuit example
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{2) Internal state at reset
Fig. 41 shows the internal state and port state at reset

(they are the same after reset is removed).

* Program counter (PC)

1

J

Address 0 In page 0 is set.

* Interrupt enabie fiag (INTE) --rereeereerenes R RS I—(Jj (interrupt disabled)

* Power down "ﬂg (P) ............................................................................ E

+ External intarrupt request flag ( EXFO) -+ -ssersscsserserssarissssnssnsnenireenss E]

* Interrupt Control register (V1) et nnn“ (Interrupt disabled)

« INErrupt CONtrOl FaGiISter (11) «+wesrrrivssresrioerceriisanerisnanens nnnn (Puil-up transistor OFF)

+ CIOGK CONLFOI rOGIStEr (MR )+ -+ resessseeesssiessrrissnnasserssssssnos (X seleCted)

« Timer 1 interrupt raquest flag (TTF) - wseeurromie et E’

« TIMer 2 overflow fag (T2F) --s-r-s rsrrrs et EI

o Timer 3 interrupt request flag (TIF) -« rremrimmeremsismsnsssinnisesisnisan, E

+ Watohdog tImer flag (WD) «-:-wswrssressemscsrirssiitsiitenis st sissssssss s nsnsas E

* Timer control register (W1 )« -eoeeoeeeerenminiiin nnnn (Prescaler and timer 1 stop)

* Timer control register (W2) «-weoereereerniinie nnnn (Timer 2 and timer 3 stop)

« Timer control registar (W3) - - erreriiinieiiiniccinnee nnnn (Watchdog timer disabled)
(BEEP output disabled)

« Carrier wave data control register (C1) oo nnnn

+ Carrier wave compensation control register (C2) <+ -r--eeeeererernnnninnnn

« Carrier wave output control flag (C3) ---sorerr i E (Carrier wave output disabled)

o LCD CONMIOl ragistar (L1} -« -erersemsersecsemmersasmansnsssnacens nnnn (LCD oft)

« LCO control ragistar {L2}---+-rsrermmresesesnn nnnn (Segment driver selected)

* LCD control register (L3)

o]

= Carry flag (CY)

@ ROQISHEF Ar-s-rrerssrrsesssestee e (o[0T o] 0]

¢ ROGISION Be-rreerrrerrssrrtsersssesssestsre s 0] o] o] 0]

© ROGISHBE D) -vrrereererersssssrssesse s e

« ROGISHEN E wrrnrrrerorcresnoreresceesee XX X=X x [ x[x[x]

« DAL POINBE X --reerrererserreer e eer et [0 oo 0]

DB POINLBE Y <+vrverserssreeereesses e [e]oo 0]

DU POITMBE 2 ++resressrasssosesessnesssoessseraesesssesess e esmeee e

o S1aCK POINEF (SP) +++resreresivssemssrssimsenniiseisiisi s oo m “X" indicates undafined.

Fig. 41 Internal state at reset
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Table 10 Port state at reset

Name Function at reset State at reset
Do~D> Dg~D> High impedance state (Note 1)
Ds. Dg Da, Dy High impedance state (Note 1)
D,o/BEEP D,,/BEEP High impedance state (Note 1)
D11/Vict D12/Viea D11, Dy2 High impedance state { Note 1)
POg~ PO, POy~ PO, “H" (Vpp) level {Note 1)
P1y~P1, P1y~P1, “H” (Vpp) level (Note 1)
P2,~P2;, P2y,~P2; High impedance state
P3o/INT P3, High impedance state (Note 2)
P3, P3, HIigh impedance state (Note 2)
SEGae/P40~SEGag/P4;y SEG3s—~SEGge Vica level
SEGy—~SEG;s SEGe~SEGas Vica level
COMg~COM, COMg~COM, Vica level
CARR CARR “L” (\/45_3) lovel

Notes 1. Output fatch is set to

L

2. Pull-up transistor is turned OFF.

41
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POWER DOWN FUNCTION
The M34550Mx-XXXFP has two power down functions.
+ Power down 1 (clock operating mode)
POF instruction
+ Power down 2 (RAM back-up mode)
POF2 instruction
Power down is performed by executing each instruction.
The start condition is different between these power downs
and normal reset.
* Return from power-down state
Warm start condition
* Return from reset state
Cold start codition
(1) Power down 1 (clock operating mode)
The following functions and states are retained after a
power down with the POF instruction.
* RAM
* Reset circuit
* Xcin~Xcour oscillation
* LCD display
* Timer 2, timer 3
{2) Power down 2 (RAM back-up mode)
The following function and state are retained after 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
« timer 3 interrupt request flag is set
in power down 1 state or when :
« external wakeup signal is input
in power down 2 state. In either case, the CPU starts

Table 11 Functions and states retained at power down
Function Power down
Mode 1 Mode 2

Registers A, B
Program counter (PC) % %
Stack pointer (SP)(Note 2)
Carry flag (CY)
Contents of RAM O | O
Port level O O
Clock control register (MR} O O
Timer control register (W1) X x
Timer control registers (W2, W3) @] O
Interrupt control register (V1) X X
Interrupt control register (11) @) @]
Mul_ti-carrier generating circuit control % x
registers and flag (C1, C2, C3)
LCD display function @) (Note 3)
LCD control registers (L1, L2, L3) O O
Timer LC @] (Note 4)
Timer 2 function o (Note 4)
Timer 3 function O (Note 4)
External interrupt request flag ( EXFQ) x x
Timer 2 overflow flag (T2F) (@ (Note 4)
Timer 3 interrupt request flag (T3F) (@) {Note 4)
Watchdog timer flag (WDF) o gng:: g;
Interrupt enable flag x x

Notes 1. “O” indicates that the function can be retained and "X"
indicates that the function is initialized.
Registers and flags other than the above are undefined
at power down and initialize after power up.
2. The stack pointer (SP) points to the stack register and
is initlalized to “7" at power down.

. . . 3. The LCD goes off.
from addre?ss“ O"m page O after returning. In this case, 2 The state of the timer is undefined.
the P flag is "1". 5. Stop the watchdog timer by software and then execute
(4) Cold start condition the POF2 instruction.
The CPU stants from address 0 in page 0 when :
« r@set pulse is input
* reset by watchdog timer.
In this case, the P flag is “0".
MITSUBISHI
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(5)

Identification of the start condition

The start condition (warm start or cold start) can be
identified by checking the P flag with the SNZP in-
struction. The warm start condition (timer 3 or external
wakeup signal) can be identified by checking the state
of the T3F flag.

. Power down flag P
POF instruction

or —» —3 Ql—
POF2 instruction

Reset input —a» —R

« Set source - POF or POF2 instruction execution
* Reset source---Reset input

Fig. 42. Set source and reset source of P flag

( Program starts )

Cold stant

Returning by external
wakeup signal

Returning by
timer 3 overflow

Fig. 43 Start condition identification example using the

SNZP instruction

(6)

State transition

State transition is described using Fig. 44.

The state is A after a cold start from the reset state. In
state A, bit 0 (MR,) and bit 1 (MR,) of the clack con-
trol register are both “0" and t{X,y) is selected as the
system clock.

To go from state A to low-speed mode state C, first set
MR, to “1” (state B) to switch the system clock and
then set MR, to “1" (state C) to stop f(X,y) oscillation.
However, after a cold start, do not use f(Xgn) as sys-
tem clock and count source until f{Xcy) oscillation
sufficiently stabilizes (same as when returning from
state A with the POF2 instruction).

The power down 1 (state D) or power down 2 (state
E) state can be entered from state A, B, C with the
POF or POF2 instruction. When returning, the state re-
turns to the state before executing the POF or POF2
instruction, but stabilizing time is generated automati-
cally according to the state as shown in the figure be-
cause the oscillation stabilizing time depends on the
state of f(X,y) or f(Xci).

To go from state C to state A, first set MR, to “0" to go
to state B, generate sufficient time for f{X,y) oscillation
to stabilize with software, and then set MRq to “0" to go
to state A. Also generate sufficient time for f (X\)
oscillation to stabilize with software, and then set MR,
to “0" to go to state A after returning from state B with
the POF instruction.

MITSUBISHI 43
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Reset
9] E
POF execution (Xin) osciltating PQF2 execution
f(Xcon) Oscillating
_ 1, .
Returning input 1, 2 System clock © f(Xn) Returning input 1
{Stabilizing time @) (Stabilizing time ()
MR={ X X00) Power down 2
Power down 1 — = (RAM back-up mode)
(Clock operation mode) @2 ?
~-| € ol E
7= 1=
| € | &
2|2 =8
g g
s k]
B8
1(Xy) stop POF execution 1(X) oscillating POF2 exacution (X)) stop
{Xem) oscillating f(Xc) oscillating H(Xem) stop
Returning input 1, 2 Returning input 1
lock © st System clock : f(
System clock : stop (Note) i Xem) (Stabilizing time ®)
MR=( X X01)
L T
3 S
C
POF execution (Xn) stop POF2 execution
t(Xein) oscitlating
Returning input 1, 2 , Retuming input 1
System clock  1( )
(Note) Xom (Stabilizing time ®)
MR== (X X11)

Stabilizing time a : Time required for 1{X,y) osclilation to stabilize Is generated automatically by hardware.

Stabilizing time b : Time required for 1(Xc,) oscillation to stabilize is generated automaticaily by hardware.

Stabiiizing ime ¢ . When switching state from C—B—A or D—~B—A, generate the time for {{X,,) oscillation to stabilize In state B by software.

Stabilizing time d : The H(Xem) oscillation may not be stable immediately after a cold start or immediately after returning from power down 2.
Generate the time for f{ Xc) oacillation to stabilize in state A by software.

Returning input 1 . External wakeup signal (POo~P0s, P1,~P1,, P2,, P2, P3a)

Returning input 2 : Timer 3 interrupt request flag

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

Fig. 44 State transition diagram
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(1) Return signal

The 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 oscillator is stopped. Table 12 shows the
return condition each return source.

Q-

Raturn Source Return Condition

. Note

| Set ail ports PO and P1 to "H" level before going into power down

Returning by externai failing edge
input (“H"==*L").

Ports PO, P1 Returning by external falling edge
input (“H"—"*L"). state because the falling edge detection circuit shares ports PO and
Ports P2,, P2, Set both ports P2, and P2, to “H" level before going into power

Returning by external “H” level or
“L" level input. In this case, EXFQ
flag is not set.

Ports P3,/INT (Note)

External wakeup signal

down state because the falliing edge detection circuit shares ports
P2, and P2,.

Select the return leve! E“L" level or “H" level) with bit 2 of the inter-
rupt control register (11) before going into power down state
according to the external state.

Returning when timer 3 overfiows

Timer 3 interrupt re-
and T3F flag is set to “1”.

quest flag

Allowed only for return from power down 1 (POF instruction).
However, if the POF or POF2 instruction is executed when T3F =
“1", return condition is recognized and return is performed.

Note . The P3¢/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 P3y/INT pin set to “L" level, current flows from the P3,/INT pin if this pull-up transistor is ON. Therefore, systems that

required power consumption to be kept low should turn oft this pull-up transistor by program (i1,="0") before going into

power down state. However, when pull-up transistor is

necessary to get the return level “H”, pull-up transistor can be tempor-

arily ON by using timer 2 output signal (I1g="0", I13=41")

IAP3 instruction

<

I
1

O P3/INT

Register A
11,
“L" level
1 i
0
1
Wakeu|:><-:—c>/c '
' 1 O—r—_e
1 L}
" lavel

b . When the pull-up transistor is ON
¢ When the pull-up transistor is OFF

When Xcy is selected as the timer 2 count source

S S )

8ms(256/1(Xem))

p 31as{1/1(Xci) )
i

Signal a__‘_l

b
»t

-

!
e

Fig. 45 P3,/INT pin block diagram
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(8)

Power down function control register
« Interrupt control register (I11)

P3¢/INT pin. Set the contents of this register with the
TI1A instruction through register A. The TAI1 instruction

Register 11 turns pins P3y/INT and P3, pull-up transis- can also be used to transfer the contents of register 11
tors ON/OFF and controls the return signal level of the to register A.
(Bit3) (Bit 0)

IR

Interrupt control register 11
(at reset . 0000,, at power down : retain state, R/W)

P3,/INT pin pull-up transistor control bit

0 | OFF
1 |ON
P3, pin pull-up transistor control bit
0 | OFF
1 |ON

P3¢/INT pin return input level selection bit

0 | Retumning from power down state by inputting *L" level

1 | Returning from power down state by inputting “H" level

P3/INT pin dynamic pull-up control bit

0 | Dynamic pull-up disabled

1 | Dynamic pull-up enabled

Fig. 46 Power down function control register
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CLOCK CONTROL controlled with the clock control register (MR). The (X))
The clock controf circuit consists of the following circuits. clock is selected at cold starnt, but it can be switched to the
» f(X)n) clock generating circuit t(Xein) clock with the system clock selection bit {MR,). At
* f(Xci) clock generating circuit warm start, the clock selected just before power down is
*» Clock generating termination control circuit used. The actuai system clock is signai divided by 3 of the
« Contral circuit for return from power down state selected clock (f(X;n)/3 or f(Xc)/3).

System clock selection and clock oscillation start/stop are

Xy O————————— i
! ooe
Xm 0osc —————%_ Intemalt iclock
our O 1 1 generating circuit
) i (frequency divided by Systam clock
—tol B 3)

o]

e
osC

XCOUT o—
oq o RESET
POF instruction —-R a T3F Nag
S Ports PO, Pt
. ’ Ports P2,, P2,
POF2 instruction R Q
S

—— P3/INT

“H" level
Fig. 47 Clock control circuit structure
(Bit2) (Bit0)
I MR, l MR, I MR, I Clock control register MR

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

System clock selection bit

0 | (X))
1| (Xem)

#(Xn) clock oscillating circuit control bit

0 | Osciltation enabled
1 | Oscillation disabled

B TSI IS Not used (this bit has no function)

Fig. 48 Registers related clock control

MITSUBISHI
ELECTRIC
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1(X,n) clock generating circuit

Clock signal (f(X,y)) is obtained by externally connect-
ing a ceramic oscillator. Connect this external circuit to
pins X,y and Xgur at the shortest distance. A feedback
rasistance is built-in between pins X,y and Xoyr.

When external clock signal is input, connect the clock
source to X,y and leave Xgyr open. When using an ex-
ternal clock, the maximum clock oscillating frequency
is 500kHz. Use the external clock at 30 to 70% duty
ratio.

#{Xcin) clock generating circuit

Clock signal (f(Xcu)) is obtained by externally con-
necting a crystal oscillator. Connect this external circuit
to pins Xciw and Xcoyr at the shortest distance. A feed-
back resistance is built-in between pins X and
Xcour-

Unlike the f{X)y) generating circuit, external clock sig-
nal cannot be used for this circuit.

ROM ordering method

Please submit the

information described beiow when

ordering Mask ROM.

(1)

M34550M6-XXXFP ROM Order Confirmation Form or
M34550M8-XXXFP ROM Order Confirmation Form «---- 1

M34550Mx-XXXFP

Xin Xour

Rg

J: Cour

—i0

L
Cin =

Note . Externally connect a damping
resistance Rgq depending on
the oscillating frequency.

(A feedback resistance is
built-in.)

Use the oscillator
manufacturer's racommended
value because constants such
as capacitance depend on the
oscillator.

Fig. 49 Ceramic osclilator external circult

M34550Mx-XXXFP

Xin Xour

External oscillating circuit

w LML
ov

Fig. 50 External clock input circuit

(2) Data to be written into mask ROM:--e=-eeeeereneene EPROM
. f : M34550Mx-XXXFP
(three sets containing the identical data) Note : Externally connect a damping
(3) Mark Specification Form -««-rooeeseenii . 1 resistance Ay depending on
Xcin Xcour the oscillating frequency.
(A teedback resistance is
built-in.)
Ra Use the oscillator
manufacturer's recommended
) D value because constants such
Ciy —— Cour as capacitance depend on thef
;[ J: oscillator.
Fig. 51 Crystal oscillation external circuit
.8 MITSUBISHI
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LIST OF PRECAUTIONS

1

(4)

Noise and latch-up prevention
Connect a capacitor (approx. 0.1uF) between pins Vgp
and Vgg at the shortest distance using relatively thick
wire to prevent noise and latch up.
Prescaler
Be sure to stop the prescaler before changing the fre-
quency dividing ratio of the prescalar.
Timer 1,2, 3
Be sure to stop counting of each timer before switching
the timer 1, 2, or 3 count source. To read the data from
timer 3, stop counting of timer 3 and then execute the
TAB3 instruction.
D,o/BEEP pin
To start the buzzer drive output, set the frequency (bits
0 and 1 of the register W3) and then start output.
When changing the buzzer drive output frequency or
using this pin as port Dy, first stop the buzzer drive
output, wait for 1 cycie of the buzzer drive output, and
then set the frequency or start using as port Dy,.
Multi-carrier generating circuit
Precaution when starting carrier wave (CARR) genera-
tion
The shift operation of the muiti-carrier generating cir-
cuit starts in synchronization with the fall ("H"—“L") of
ORCLK. However, the shift operation start timing after
executing the carrier wave generation start instruction
(STCR) is not constant because the instruction cycle
does not match the ORCLK period.
In addition, if the fall of ORCLK occurs during the
STCR instruction execution cycle, whether register PA
starts shift operation or not is undefined. if the shift op-
eration is not started, it is started at the fall 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, if the fall of the carrier wave occurs during
the SPCR instruction execution cycle, whether the car-
rier wave is stopped or not i3 undefined. If the carrier
wave is not stopped, it is stopped at the fail of the next
carrier wave.
If the prescaler is to be stopped after stopping the car-
rier wave, wait one ORCLK period after the carrier
wave has stopped and then stop the prescaler.
* Precaution when restarting carrier wave (CARR) gen-

eration

it carrier wave generation is restarted after stopping,

timer PT retains the previous value without initializing,
Therefore, be sure to set again timer PT (with the
TPTA instruction) before restarting carrier wave gen-
eration (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 overflow 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) if carrier wave generation is to be returned
(with the STCR instruction) after stopping it with a tim-
er 1 overflow signal.

Built-in PROM version precautions

The operating power voltage of the built-in EPROM
version (M34550E8FS) and the one-time programm-
able version (M34550E8-XXXFP) is 2.5 to 3.6V.

S
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CONTROL REGISTERS

Intarrupt control register V1 at reset . 0000, at power down . 0000, /R/wW
0
Vi, Unused . This bit has no function
i Timer 3 0 | Occurrence disabled (SNZT3 instruction is valid)
? interrupt enable bit 1 ; Occurrence enabled (SNZT3 instruction is invalid)
vi Timer 1 0 Qccurrence disabled (SNZT1 instruction is valid)
! interrupt enable bit 1 Qccurrence enabled (SNZT1 instruction 1s invalid)
Vi Externat 0 QOccurrence disabled { SNZ0 instruction is valid)
0 interrupt enable bit 1 Qccurrence enabtad (SNZ0 instructlon is invalid)
Interrupt control register 11 at reset . 0000, at power down : retain state R/W
" P3q/INT pin 0 I Dynamic pull-up disabled
3 dynamic pull-up control bit 1 Dynamic puli-up enabled
1 P3q/INT pin o] Returning {rom power down state by inputting “L" level
! raturn input levet selection bit 1 Returning from power down state by inputting “H" evel
" P3, pin Q OFF
! pull-up transistor control bit 1 ON
» P3¢/INT pin o} OFF
¢ pull-up transistor control bit 1 ON
Clock control register MR at reset . 0000, at power down ' retain state R/W
Q
MR; Unused ; This bit has no tunction
o . Q QOscillating enabled
MR, 1(Xin) oscillating circuit controt bit —
1 Oscillating disabled
o 0 LHxw)
MRq System clock salection bit
1 H{(Xem)
Timer controf register W1 at reset . 0000, at power down : 0000, R/W
w1 Timer 1 0 Prescaler output (ORCLK)
: count source selection bit 1 Multi-carrier output (CARR)
Wi Timer 1 0 Stop (retain state)
? control bit 1 Operating
; . . . Wi, Wi, Frequency dividing ratlo
w1 : Prescaler frequency dividing ratio sefection bit
' 00 Prescaler stop (reset state)
01 H{Xim) or f(Xcw) divided by 2 (Note 2)
Wi, 10 #{(Xim) or t{Xcw) divided by 4 (Note 2)
[ 1(Xm) of 1{Xein) divided by 8 (Note 2)
Notes 1. “R” indicates read bled and “W" indi write bled

2. The signal in 1(Xy) or f(Xcw) selectsd as system clock is used.
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Timer control register W2 at reset : 0000, at power down : retain state R/W
Timer 3 0| Stop (retain state)
W23 . [
control bit 1 | Operating
w2 Timer 3 4] (Tlmer 2 overtlow signal
? count source selection bit 1 : Prescaler output (ORCLK)
w2 Timer 2 0 Stop (reset state)
! contral bit 1 Oparating
w2 Timer 2 0 (Xem)
° count source selection bit 1 Prescaler output (frequency divided by 8 output)
Timer control register W3 at reset : 0000, at power down : retain state R/W
BEEP [} Qutput stop
W3, .
output control bit 1 Output
) 0 Not used
W3, Watchdog timer control bit
1 Used
X o . W3, W3 Frequency dividing ratic
w3 BEEP, LCD ciock frequency dividing circuit control bit
" 00 Stop
0t Timer 2 immediate overfiow {frequency divided by 16 cutput)
W3, 10 Timer 2 i overfiow (freqy y divided by 16 output) divided by 2
11 Timer 2 immediate overfiow {frequency divided by 16 output) divided by 4
Carrier wave data control register C1 at raset . 0000, at power down . G000, w
i 0 —1 compensation
Cls Carrier wave data compensation control bit -
1 +1 compensation
C1;C1, C1g Number of connection bits
C1, Carrier wave data register connection control bit
000 2 bits connection
e 001 3 bits connection
! 0to0 4 bits connection
011 § bits connection
Cly 100 6 bits connection
Other This is not available
Carrier wave compensation contral register C2 at reset . 00; at power down : 00, w
, . 0 Automatic stop function not used
Cc2, Carrier wave automatic stop function control bit
1 Automatle stop function used
4] Not compensated
C2, Carrier wave compensation control bit
] Compensated
Carrier wave output control ftag C3 at reset : 0, at power down : 0z w
_ : 0 Carriar wave output disabied (RC3 instruction execution)
c3 (Carrier wave output control) - - -
Carrier wave output { SC3 instruction execution)

Note “A" indicates read enabled and “W~ indicatea write enabled.
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LCD control register Lt at reset . 0000, at power down . (retain state) A/W
] Connacting internal dividing resistance to LCD ircui
Lis LCD power supply dividing resistance controt bit g- - 9 CO power circuit
1 Disconnecting internal dividing resistance from LCD power circuit
(1] OFF
Lty LCD ON/OFF bit
1 ON
L1, LUt Bi.
g LCD duty and bias selection bit v Duty i as
' [JB1] This is not available
01 1/2 1/2
L1 t 0 113 173
11 1/4 1/3
LCD control register L2 at resat - 0000, at power down : (retain state) w
. . Q SEG»
L2 SEGa9/P44 pin tunction switch bit
1 P4,
, 0 SEG
L2, SEG3y/P4, pin tunction switch bit
1 P4,
[ SEGy,
L2, SEGyy/P4, pin tunction switch bit . ”
1
Q SEGw
L2 SEGqs/P4g pin tunction switch bit p ™
LCD control register L3 . at reset : 0, at power down : (retain state) w
. N ° DII- Dll
L3 D12, Dni/Vga, Vict pin function switch bit
1 Vica Vicr

Note “R” indicates read enabled and “W" indicates write enabled.

.2 Amswsu
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SYMBOL
The symbols shown are used in the foliowing instruction function table and instruction list.
Symbol Contents Symboi Contents

A Register A (4 bits) T1F Timer 1 interrupt request flag
B Register B (4 bits) T2F Timer 2 overflow llag
[v] 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 C2 (2 bits) P Power down flag
C3 Carner wave output control flag C3 WOF Watchdog timer flag WOF
PA Praset register PA (4 bits)
Lt LCD control register L1 (4 bits) D Port D (13 bits)
L2 LCD control register L2 (4 bits) PO Port PO (4 bits)
L3 LCD control register L3 (1 bit) P1 Port Pt (4 bits)
MR Clock control register MR {3 bits) P2 Port P2 (4 bits)
V1 Interrupt control register V1 (4 bits) P3 Port P3 (2 bits)
11 interrupt control register 11 (4 bits) P4 Port P4 (4 bits)
w1 Timer control register W1 (4 bits)
w2 Timer control register W2 (4 bits) X Hexadecimal variable
w3 Timer control register W3 (4 bits) y Hexadecimal variable

z Hexadecimal variable
b Register X (4 bits) P Hexadecimal variable
Y Register Y (4 bits) n Hexadecimal constant
Z Ragister Z {2 bits) i Hexadecimal constant
DP Data pointer (10 bits) i Hexadecimatl constant

(consisted of register X, Y and Z) AsArA,Aq Binary notanion of hexadecimal variable A

PC Program counter (14 bits) (same for athers)
PCh High-order 7 bits of program counter
PC, Low-order 7 bits of program counter -— Direction of data movement
SK Stack register (14 bitsX8) () Contents of registers and memories
Sp Stack pointer (3 bits) - Negate, Flag unchanged after executing instruction
Cy Carry fag M(DP) RAM address pointed by the data pointer
T1 Timer 1 a Label indicating address as as a4 a3 a; a, a9
T2 Timer 2 p.a Label indicating address as as a4 a3 a; a; ay in page ps ps
T3 Timer 3 PaP2P1 Po
R1 Timer 1 reload register
R2 Timer 2 reload register ] Hex. C + Hex. number X (also same for othars)
R3 Timer 3 reload register +

D

Note I The M34550Mx-XXXFP performs a skip by invalidating the next instruction. The program counter is not increased by 2. Therefore, the number of

cycles does not change even if skip is not performed. However, the cycle count becomes “1” if the TABP p, RT, or RTS instruction is skipped.
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LIST OF INSTRUCTION FUNCTION

Mnemonic Function Graupng| Memonic Function Graprg| Mnemonic Function
TAB (A)—(8B) XAMI j | (A)e——(M(DP)) « | 528 | (Mi(DP))—02,
(X)—{X)EXOR] § However, j=0~3
TBA (B)—(A) g j=0~15 3
f: (¥)—=(¥)+1 g
TAY | (A)—(Y) g =
3 {TAM | | (M(DP))«(A) @
TYA | (¥)=(A) = (X)—(X)EXOR;j
2 j=0~15 § o | SEAM | (A)=(M(DP))?
TEAB | (E,~E.)—(B) s 28
3 (Ea~Eq)—(A) z 88| sean | (a)=n7,
Z’ E g However, n=0~15
L [ rase | (B)—(E,~E) Q
3 (A)—(E3~Eg)
'3, LA n (A)e=n, Ba (PC, ) —as~ao
E TOA (Da~Dg)—{As~Ag) However, n=0~15
b § BLp, a| (PCu)—p
§ [ TAD | (Ay~Aq)—(Dy~Do) TABP p| (SP)—(SP)+1 2 (PC.)—as~20
g (Ay)+0 (SK(SP))—(PC) 8
= (PCL)—p S leLap | (PCL)—p
TAZ (Ay, Ao)—(Z,, Do) (PCL)—(Dy~Dq. Ag~Ag) 2 (PCL)—(Do~Dg, Ax~Ag)
(Aq, A2)>0 (8)~(ROM(PC)),—. &
(A)=(ROM(PC)})3—¢
TAX (A)—(X) (PC)—(SK(SP))
(sP)—(sP)—1
TASP | (Ap~Ag)—(SP,~SP,) BMa | (SP)—(SP)+1
{A3)—0 AM (A)—=(A)+(M(DP)) (SK(sP))—(PC)
@ (PCy)—2
% AMC | (A)—(A)+(M(DP))+(CY) (PC)—8e~20
- (Cy)—Carry
LXY (X)—x, x=0~15 g § |BML | (sP)—(sP)+1
X, y (Y)—y, y=0~15 % An (A)—(A)+n, 3 (P2 (SK(SP))—{(PC)
- E However, n=0~15 2 (PCh)—p
@ Z . (PC)—ag~ao
§lzz |(@)=z 2m=0~3 < AND | (A)—(A)AND(M(DP)) £
3 g BMLA | (SP)—(SP)+1
s | INY (Y)—(¥)+1 OR (A)—(A)OR(M(DP)) ale (SK(SP))—(PC)
é (PCu)—p
DEY | (Y)—(¥Y)—1 sC (CY)—1 (PCL)—(D;~Dq, Az~Ag)
RC (cy)—o0
TAM | | (A)—=(M(DP)) szC (CY)=07?
(X)) —(X)EXOR] ATl (PC)—(SK(SP))
g j=0~15 CMA | (A)—(A) (SP)—(SP)—1
n
g | xaMm| | (A)——(M(DP)) RAR | ~(CY~A1AA,Aq— 5 |mT (PC)—(SK(SP))
3 (X) —{X)EXOR;j ' s (sP)+—(SP)—1
k4 j=0~15 L]
g o (SBI | (MI(DP))—1, g RTS | (PC)—(SK(SP))
2 | XAMD i| (A)——(M(DP)) g However, j=0~3 3 (SP)—(SP)—1
2 (X)—(X)EXOR] 5 _ e
< j=0~15 g |RB) (Mj(DP))—0,
5 However, j(=0~3

KRy
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amuong! Mnemonic Function 9| M Function s Mnemonic Function
ol (INTE)~—0 58 | SNZT3 | (T3F)=17, g |sca (Ca—
£5 182
: i '22| STCR | Camer wave generating starts
El (INTE)~1 155
IAPO | (A)—(PO) 2e
SNZO (EXFO)=1? _g o | SPCR Carrier wave generating stops
After skipping, (EXFQ)—0 1AP1 | (A)—(P1) 33
=5 | TC2A | (C2)+— (A4, Ao)
>
g [Tvia | (vi)—(a) 1AP2 | (A)—(P2) p-
%
g. THA (1)—(A) NOP (PC)—(PC)+1
; IAP3 | (A, Ag)—(P3,. P3o)
2 | Tavt | (A)«(V1) (Ag, A2) =0 POF Power down 1
z 2
[=
= lran | -1 2 [ 1aP4 | (A)—(P4) g | POF2 | Powerdown 2
g E P
® NZP | (P)=1?
S lco | (D)—1 3 S
a Q
3 RO (D(Y)) =0 2 [ TMRA | (MP;~MRg)—{(Az~Ao)
S However, Y=0~12 ©
& TAMR | (Ag~Ag)—(MRz~MRy)
Sb (D(Y)) =1 (Aq)—0
TW1A | (W1)—(A) However, Y=0~12
WRST | (WDF)—0
TW2A | (w2)—(A) SzD (O(Y)) =07,
However, Y=8~10
TW3A | (W3)—(A)
OPQOA | (PO)=—(A)
TAW1 | (A)+—(W1)
OP1A | (P1)—(A)
TAW2 | (A)=—(W2)
TL1A | (LD)=(A)
TAWS | (A)—(W3)
g TAL1 (A)—(L1)
T3AB | (R3,~R3,)—(B) 2
a (T3,~T3,)—(B) @ | TL2a | (L2)—(A)
$ (R35~R3o) —(A) &
2 (T35~T3g)—(A) 2 ITLaa | (L3)—(A)
; :
g TIR1 | (T1)=—(R1) a | TLCA | (LC)—(A)
H S
TR1AB | (R1,~R1,)—(8)
(R13~R1y)—(A)
TA1A | (R1g)—(Ao) TPTA | (PT)—(A,, Ap) ‘I
o]
<
TAB3 | (B)—(T3,~T3,) % a| TC1A | (C1)=(A) !
i -
; | (A)—(T33~T30) 33 ;
&S TPAA | (PA)—(A)
SNZT1 | (T1IF) =17, 88
After skipping, (T1F)—0 £35|RC3 (C3)—-0
0 0
£3
| SNZT2  (T2F)=17, 3 |sc3 (C3)=—1
| After skipping, (T2F)+—0
| RC4 (C4a)—0

o
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INSTRUCTION CODE TABLE

! | 1 i £010000 ; 011000
000010000011 {00010 000101 {0001 10]0001 11 | 001000 001001 ommo;omon 001100{001101 [011t0]00t 111 ] §

Dg~D. |000000]000001 . §
io1o10i01111

i
Haxa- i
Dy~ deci-

i

mi | 0O | 01 | 02|03 |04 0506|0708 |09 0A 0B ! 0C|o0D|O0E | 0F [10~1718~1F
Do nota- i | |
1 I i ) !
szB A LA TABP!TABP|TABP'TABP | i !
0000 0 |NOP|BLA BMLA| — |TASP BML {BML | BL | BL : 8M 8
[} 0 0 0 16 32 48" !
szB A LA |TABP TABP!TABPITABP
0001 1 — | cLD - -~ | TAD BML {BML| BL | BL | BM B
1 1 1 1 17 33 | 49" '
szB A LA [TABP|TABP|TABP|TABP
0010 2 |PQOF| — - - | TAX BML |BML| BL | BL | BM 8
2 2 2 2 18 34 50"
s$zB A LA !TABP|TABP|TABP!TABP
0011 | 3 [SNZP| INY - — | TAZ BML |{BML | BL | BL | BM 8
3 3 3 3 19 35 51
A LA |TABP|TABP |TABP|TABP

0100 4 Di RO | SZD | — RT |TAV1 BML | BML | BL BL | BM B

6 6 22 38 | 54*

LA TABP|TABP|TABP|TABP
om 7 SC | DEY | = - - - BML | BML | BL 8L | BM 8

4 4 4 20 3% | 52"
A LA [TABP|TABP|TABP|TABP

0101} 5 El | SD |SEAn| — |RTS| — . BML|BML | BL | BL [BM | B
5 5 5 21 37 | 53*
A LA [TABP{TABP|TABP|TABP

ol | 6 RC | — |SEAM| — | RTI | — BML [BML| BL | BL | BM B
6
A

7 7 7 23 33 | 55°
Lz A LA |TABP|TABP |TABP|TABP

1000 | 8 {POF2|AND| — [SNZO - BML [BML| BL | BL | BM 8
0 8 8 8 24 40 | 56*
Lz A LA |TABP|TABP|TABP|TABP

1001 ] 9 — | OorR |TDA | — - BML [BML| BL | BL | BM 8
1 9 9 9 25 4 | 57*
Lz A LA (TABP|TABP|TABP|TABP

1010 | A AM TEABITABE| — - BML | BML | BL BL | BM 8

2 10 10 10 26 42 58*
Lz A LA |TABP|TABP|TABP|TABP

on B8 |AMC| — - - - BML | BML | BL BL | BM B
3 N 11 1 27 43 59*
RB | SB A LA (TABP|TABP|TABP|TABP

1100 C TYA |CMA| — - BML | BML | BL BL | BM B
0 0 12 12 12 28 44 | 60"
RB se A LA (TABP|TABP|TABP|TABP

101 D — |RAR| — - BML | BML | BL 8L | BM B8

1 1 13 13 13 29 45 | 61° |
RB | SB A LA |TABP|TABP|TABP|TABP

Mmoo € TBA | TAB | — - BML | BML | BL BL | BM B
2 2 14 14 14 30 46 | 62
RB | SB A LA | TABP|TABP |TABP|TABP

1mn F -~ | TAY | SZC |TV1A BML | BML | BL BL | BM B8
3 3 15 15 15 31 47 | 63*

The above table shows the relationship between machine language codes and machine language instructions. D3~0D, shows the low-order 4 bits of the
machine language code and Dy~ D, shows the high-order 6 bits of the machine language codse. 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 beiow.

] The second word
BL |10 pPaaa aaaa *  cannot be used at M34550M6-XXXFP.
BML "10 paaa aaaa
BLA 10 Pa00 pPPPP
BMLA |10 PaQ00 PPRPP
SEA 00 0111 nnnn
SZD 00 0010 1011
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i 110000
Dy~D, | 100000100001 | 100010 | 100011 | 100100/ 100101 100110, 100111 {101000{ 101001 101010{101011;101100[101101 [ 101110101141 | §
i [RIARY
v;ou
—~ ec)-
g; "r:‘..ll_ 20 |2t |22 23| 24|25 |26 |27 (28| 29 | 2A 2B | 2C | 2D 6 2E | 2F 130~3F
Iton
SNZT TMA | TAM | XAM ;| XAMI IXAMD|
0000 | O — |TW3AlOoPOA| — - — |IAPQ| — — |WRST LXY
1 0 0 0 0 0
SNZT TMA | TAM | XAM | XAM! XAMD
0001 1 - - |OP1A] — - - |[aP1] - - — LXyY
2 1 1 1 1 1
SNZT TMA | TAM | XAM | XAMI [ XAMD
0010 | 2 - - — |T3AB| — |TAMR|IAP2 [TAB3 - - LXY
3 2 2 2 2 2
TMA | TAM | XAM | XAMI IXAMD)
gotr 3 - - - - — | TAI1 | IAP3 | — - - - LXy
3 3 3 3 3
TMA | TAM | XAM | XAMI [XAMD
0100 4 - - - - - — |1AP4| — - - - LXY
4 4 4 4 4
TMA | TAM | XAM | XAMI [XAMD
0101 | 5 - - - - - - - - - - |TPTA LXY
5 5 5 5 5
TMA | TAM | XAM | XAMI XAMD
oo} 6 — |TMRA| — - - - - - - — |TR1A (.44
6 -] 6 ] 6
TMA | TAM | XAM | XAMI [XAMD|
omy 7 - | TMA| — - - - - - - - - LXY
7 7 7 7 7
TMA | TAM | XAM | XAMI |[XAMD
1000 8 - - - - - - - - - |STCR{TC1A LXy
8 8 8 8 8
TMA | TAM | XAM | XAMI [XAMD
10011 9 - - - - - - - - — |SPCR|TC2A Lxy
9 9 9 9 9
TMA | TAM | XAM | XAMI [ XAMD
1010 | A |TLIA| — - — |TALY! = - - - — |TPAA . LXy
10 10 10 10 10
TMA | TAM | XAM | XAMI I XAMD
on B |TL2A| — - — |TAW1 — - - - — |TiIR1 LXY
1 11 11 i1 11
TMA | TAM | XAM | XAMI |XAMOD
1100 C |TL3A} — - - |TAW2] — - - - - | RC3 LXY
12 12 12 12 12
TMA | TAM | XAM | XAMI [XAMD)
101 | D |TLCA| — - - |Taw3; — - - - — | SC3 LXy
13 13 13 13 13
TMA | TAM | XAM | XAMI [ XAMD|
1110} E |TwWiA| — - - - - - - - — | RC4 LXy
14 14 14 14 14
TMA | TAM | XAM | XAMI [ XAMD|
M| F [Tw2A| — — |TR1AB| — - - - - - | sCa Lxy
15 15 15 15 15

The above table shows the relationship between machine language codes and machine ianguage instructions. D3~ Dy shows the low-order 4
bits of the machine language code and Dy~ D, shows the high-order 6 bits of the machine language code. The hexadecimal representation of
the code i3 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 tor the second word of a two-word instruction are described below.

The second word
BL 10 pPaaa aaaa
BML 10 paaa aaaa
BLA 10 pPag0 PPPP
BMLA 10 PPOO PPPP
SEA 00 0111 nnnn
SzZD 00 0010 1011
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MACHINE INSTRUCTIONS
Parameted) , i ;
Instruction code k] v"‘a " |
Mnemonic _é-' g g ;; Functions i
H i 2z
Toedl Ds Os D Dg Dy Df O3 Dz Dy Dy °::f:°'"‘a' 3 5 °
instruction: ation T
TAB 0 0 0 0 0 1 1 1 1 0:0 1 E/|1]|1|(A—(B)
o |TBA 0 0 0 0 0 0 1 1 1 0]0 0 E!1!71i(B)—(A)
2 iray 0 0 0 0 0 1 1 v 1 1v]le 1 Fl1l1 (A=Y
2]
§ | TYa 000 0 0 0 0 1 1 0 0]0 0 C|1]|1I(V—=(a)
S TEAB 0 0 0 0 0 ¥ 1 0 1 00 1 A|1]|1]|(E~E)—(B), (Es~Eg)—(A)
3 | TABE 0 0 0 0 t 0 1 0 1 0[0 2 A1 |1 |(B)—(E~EL), (A)—(Es~Ep)
? | TDA 0 0 0 0 1 0 1 0 0 1|0 2 9{ 1|1 ! (Dy~Dg)(Ag~Ag)
o | TaD 0 0 0 1 0 1 0 0 0 1|0 5 1{1]1 ! (A;~Ag—(Ds~Dy), (A3)—0
5 | TAz 0 0 0 1 0 1 0 0 1 1[0 5 3|11 A A)—(2Z 2Zo)
E (Ag. Az)‘—o
3§ | TAX 0 0 0 1 0 1 0 0 1 0]0 5 2({1/|1 | (A)—=(X)
T | rtasp 0 0 0 1 0 1 0 0 0 0!/0 5 0|11 |(A~Ag)—(SP;~SP)
(Aa)'—O
LXY x, ¥y | 1 1 X3 X %X Xo ¥Ya Y2 Y1 VYo| 3 x ¥ |1 1 | (X)=x, x=Q~15
» (Y)=y, y=0~15
1]
2
[
5 |Lzz 0 0 0 1 0 0 1 0 2z, 2,0 4 8| 1|1 |(2)z 2m0~3
g +
s ¥4
g | INY 0 0 0 0 0 1 0 0 1 1[0 1 31|71 ](¥)—(v)+1
DEY 6 0 0 0 0 1 0 1 1 1{0 1 72/1i1]|M=(¥)=1
TAM j 1T 0 1 1 0 0 i 4 j jif2c i|tit|A)—(MmDOP)
(X)=—(X)EXOR], j= 0 ~15
4
3 | XAM j Pooov 1 0 1 0 g b2 Do il a)—(m(DP)
e (X)—(X)EXOR;j, j= 0 ~15
[
= XAMD j |17 0 v v 1 1§ g {2 F b1l (A)—(M(DP))
2 (X)+(X)EXOR], jm= 0 ~15
@ (N)=(¥)=1
S
o | XAMI | Voo 1 1t o 0 00 b2 E |1 (A= (MDP))
= (X)+—(X)EXORj, j= 0 ~15
3 (Y)—=(¥v)+1
<
TMA j T 0o v 0 v v ) 00 o jlz2 e i1 (MDP))=(A)
(X)—=(X)EXOR|, j= 0 ~15
LA n o o0 o0 1t 1 1 n n n a0 7 ni{i 1 | (A)=n, However, n= 0 ~15
TABPp {0 0 1 0 ps pPsa P3 P2 Py Po| O 8 P | 1|3 |(SP)—(SP)+1
- + ({SK(SP))~(PC)
8 P (PCH)“D
= (PCL)‘-(Dz"'Do. A3~Ao)
8 (8)—(ROM(PC))7~4
@ (A)~(ROM(PC))3-q
g (PC)—(SK(SP))
g (SP)—(SP)— 1
@ Note
€
£
£ | AM 0 0 0 0 0 0 1 0 1t 0[]0 O A1 ! 1(A)—(A+(MDP)
oo
[
[
P
Note ! p is 0-63 tor M34550M8.
p is 0-47 tor M34550M86.
" Amswsu
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5
=]
Skip conditlon 2 Detaiied description 3
- —_ Transfers the contents of register B to register A.
- — | Transters the cc of ragi A to register 8.
—_ — | Transters the contents of register Y to register A,
- — | Transters the c« of register A to register Y,
- — | Transters the contents of register A and register B to register E.
— — Transfers the contents of register E to register A and register B.
_ — | Transiers the contents of register A to register D.
- — | Transters the contents of register D to register A.
— - Transfers the contents of register Z to register A.
- — | Transfers the contents of register X to register A.
— — | Transters the contants of stack pointer {SP) to register A.
Continuous description - Loads the value x in the immediate fleld in register X and the value y in the immediate tield In register Y.
it the LXY instruction is continuously coded and executed, only the first LXY instruction is executed and other LXY Instruction
coded continuously are skipped.
ot - Loads the value z in the immadiate fleid in register 2.
(y) =0 — | Adds 1 to register Y. As a result, if the contents of register Y are 0, next instruction is skipped.
(Y) =15 — | Subtracts 1 to register Y. As a result, if the contents of register Y are 15, next Instruction is skipped.

- — | After transferring the contents of M{DP) to register A, an exclusive logic OR is performed between register X and the immediate
fleld vatue |, and stores the result to register X.

- — | Atter exchanging the contents of M(DP) with register A, an exclusive logic OR is performed between register X and the immedi-
ate field value j, and stores the resuit to register X.

() =15 — | Alter exchanging the cantents of M(DP) with register A, an exclusive togic OR is performed between register X and the immedi-
ate field value |, and stores the result to register X. Subtracts 1 to register Y. As a result, if the contents of register Y are 15, next
instruction is skipped.

(y) =0 — | Atter exchanging the contents of M{DP) with register A, an exclusive logic OR is performed between register X and the immedi-
ate fleid value j, and stores the result to register X. Adds 1 to register Y. As a result, if the contents of register Y are 0, next in-
struction is skipped.

— — | After transferring the contents of register A to M(DP), an exclusive logic OR Is performed between register X and the immadiate
field vaiue §, and stores the result 1o register X.

Continuous description — | Loads the vaiue n in the immediate field in the ragister A.

It a continuous description of LA instructions are written and are being executed, only the first LA instruction is executed, the fol-
lowing LA instructions are all skipped.

—_ — | Transters bits 7~4 to register 8 and bits 3~0 to register A. These bits 7~0 are the ROM pattern in address (D, Dy D A3 A; A,
Ao) specified by register A and register D in page p.

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

— — | Adds the contents of M(DP) to register A. Stores the resuit to register A. The contents of carry flag CY are not changed.
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Parameter|
Instruction code k-] » k-1 ”
Mnemonic n Eg 2 %)," Functions
e d O Dy O Dy D5 D Oy Dy O Dg| onaicome5353T
instructions\|
AMC 0 0 0 0 0 0 1 0 1 1|0 0 B8|1 |1 ]|(A=(A)+(MDP)+(CY)
(Cy)+Carry
An 0 0 0 1 1 0 n n n n|0 6 nl|1i1|(A)—(A)+n However, n=0~15
n
3
®
g AND 0O 0 0 0 0 Vv 1 0 0 00 1 8|1]|1](A)—(A)AND (M(DP))
° |oR 0 0 0 0 0 1 1 0 0 110 1 9]1/|1](a)—(a)OR(MDP))
2 |sc 000 0 0 0o 0 o 1 1 1lo o 72|11 ]y~
E AC 0 0 0 ¢ 0 0 0 1 1 o]0 o0 s6|1{1]|(cn)—o0
T |szc 00 0 0 1 0 1 1 1 1{0 2 F|1]1l(cv)=02
< lcma 0 0 0 0 0 T 1 1 0 00 1 cl1]1|Aa—(A)
RAR 6 0 0 0 0 1 1 1 0 1]0 1 Di1]1 [AzAZAAg |
SB j 0o 0o o 1 0 v 1 1 j 110 5 ¢Cl1]|1](MKDP))—1,However,j=0~3
7] +
8 I
€ |RBj 000 0 1 0 0 1 t § J1]0 4 cl1!]1 |[(M(DP))—0,However, j=0~3
@ +
Y ]
& |szej 0 0 0 0 1 0 0 0 i 1|0 2 J[1V}1]|(M{(DP))=0 ?.However, j=0~3
)
2§ | SEAM 0 0 0 0 1 0 0 1 1V 0[0 2 6|1 [1](A=(MDP))?
3% [SEA n 0 0 0 0 1 0 0 1V 6 1|0 2 §5|2{2]|(A)=n?,However,nm0~15
E2 © 0 0 1 t 1 n n n nlg 7 n
Q° .
Ba 0 1 1 as as 8, 83 @, a a1 B8 a| 1|1 |(PC)as~ay
-+
a
§ |BLpa |0 0 1 1 1 poops P2 Py Paj0 E PI2|2]|(PCy—p
= + (PC)=—ag~ag
g P Note
g 1 0 ps 8 a5 a a a3 a a|2 P a
= +
g a
2 |BLAp 0 0 0 0 0 1 0 0 0 00 1 022/ (PCuep
Q (PCL)“(Dz“"Do. A:““Ao)
. Note
1 0 ps pa 0 0O p3s p2 Py Poj2 P P
BM a 0 1 0 ag as a, a; a; a, a|! a a1l {1 |(SP)—(SP)+41
(SK(SP))~(PC)
(P0n)“ 2, (PCL)hﬂ.’Vao
BMLp,a [0 O 1 1t O ps p3 P2 Pt Po| 0 ©C P[22 |(SP)=(SP)+1
» + (SK(sSP))—(PC)
g P (PCn)—p, (PCL)—ag~ao
2 Note
S 1 O ps as a a, @ a, a a |2 P a
& +
o a
£ leMwap|o 0 0 0 1 1 0 o0 0 o]0 3 02]|2]/(sPr—(sP)t+1
3 (SK(SP))—(PC)
e 1 0 ps pa 0 0 p3 Pz Pr Po|2 P P (PCu)—p
(2] (PCL)—( D2~Dy, Az“'Ao)
Note

Note : p is 0-683 for M34550M8.

p is 0-47 for M34550M86.
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Skip condition

Carry flag CY

Detailed dascription

Overtlow==(

)
=

Adds the contents of M(DP) and carry tiag CY to register A. Stores the resuit to register A and carry flag CY.

Adds the value n in the immediate field ta register A.

The contents of carry flag CY are not changed.

Skips the next instruction if there is no overfiow as the result of operation.
Takes the AND of register A and M(DP) and stores the result in register A,
Takes the OR of register A and M{DP) and stores the result In register A.
Carry flag CY is setto 1.

Carry flag CY i3 reset to 0.

Skips the next instruction when the contents of carry flag CY is 0.

Stores the one's complement for register A's contents are stored into register A,
Rotates 1 bit of register A including the carry flag CY to the right.

(M}(DP))=0,
However, j= 0~ 3

Sets {1) the j bit (bit specified by the value  in tha immediate fleid of M(DP).

Resats (0) the j bit {bit specified by the value j in the immediate field of M(OP).

Resets (0) the next instruction when the | bit (bit spalified by the value | in the Immediate field) of M(DP) Is *0".

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

Skips the next Instruction If the contents of register A are equal to the contents of M({DP).
Skips the next instruction It the contents of register A are equal to the vaiue n In the immediate field.

Branch inside page : Branches to address a in identical page.

Branch outside page . Branches to address a in page p.

B - ide page : B

hes to address (udd_reu D, D, Dg A3 Az Ay Ag) specified by registers D and A in page p.

Call the subroutine in page 2 . Calls the subroutine at address a in page 2.

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

Cail the subroutine : Cails the subroutine at address (D, Dy Dy Ay Az Ay Ag) specified by register A and register D in page p.
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Pacametsr :
Instruction code k- TR -] -
Mnemonic - E § E’i Functions
Type o\ D Oa D7 Ds Dy Ds D3 DBz D1 Do He:::::::!mai 5 ’ 5 )
1
@ | RT 0 0 0 1 0 0 0 1 1 0]0 4 6111 |(PC)—(SK(SP))
8 (SP)—(SP)— 1
©
]
& |RAT 00 0 1 0 0 0 1 0 0|0 4 4|1 2]|(PC)—(SK(SP))
€ (SP)+—(SP)—1
$ |ATs 0 0 0 1 0 0 0 t 0 1|0 4 5|1 2]|(PC)—(SK(SP))
« (sP)—(sP}—1
ol 6 0 0 0 0 6 0 1 0 0|0 0 4{1,1]|UNTE)=0O
g & 0 0 0 0 0 0 0 1 0 1[0 0 5|11 |UNTE)—1
}3 SNZ0 o 0 o 0 v 1 1 ©0 0 O 3 8|11 |(EXFO)=1 ?, After skipping (EXF0)~ 0
g
S |tvia 000 0 0 1 1 1 t 1 tlo 3 Fl1]1 vy
S |ma 10 0 0 0 1 0 1 o1 t|20 71100
3 | TAvt 0 0 0 t 0 1 0 1t 0 0|0 5 4|11 {(A)—(vD)
£ |ran 1t 0 0 1 0 1 0 0 1 1025 3|11 {0
TWIA 1T 0 0 0 0 0 1 1 1 ol2z o0 el1t{1]mwn—a
TW2A 1 0 0 0 0 0 1 1 1 112 0 F|1]1]|(w2a=(a)
TW3A 1. 0 60 0 0 1 0 0 0 0/2 1 of1{1|(way—(a)
TAW1 1 0 0 1 0 0 1 0 1 1|2 4 B|1]|1|tA)=(w)
o | TAW2 1 0 0 1 0 0 1 1 0 0]2 4 clil|1|ay—(w2
§ (tawa |1 0 o 1 0 0 1 1 0 1]2 4 o|1|1]a)r—wa
3 | T3sB 1T 0 0 0 1 1 0 0 1 02 3 2|11 |(R3~R3,)—(B), (T3,~T3,)~—(B)
§_ (R33~R3g)—(A), (T33~T3g)—(A)
s | TR T 0 1 0 1 0 v 0 1 112 A8B|1]1]tTy=(RD)
E |TRIAB [1 0 0 0 1 1 1 1 1 1[2 3 F|1|1]|(R1,~R1)=(B), (R13~R15)—(A)
F | TR1A 10 1 0 1 06 0 1 1 0(2 A 6! 1|1 |(Rle)~(Ag)
TAB3 10 0 1 1 1 0 0 1 02 7 2|1 |1 |(B)=(T3,~T3.), (A)—(T34~T3)
SNZT1 1 0 17 0 0 0 0 0 0 02 8 O} |1 | (TIF)=1 ?, After skipping (T1IF)—0
SNZT2 |1 0 1 0 0 0 0 0 0 1/2 8 1)1 |1 |(T2F)=1 7, Ater skipping (T2F)— 0
SNZT3 ¢ 1 0 0 0 0 0 1 0]2 8 2|1 |1 |(TaF)=1 ?, Atter skipping (TIF)+0
1APO 1 0 0 1 1 0 0 0 0 0(2 6 0|11 |A)—(Po)
1AP1 1 0 0 1 1 0 6 0 0 1/2 8 1011 cAy=(P1)
1AP2 1 0 0 1 1 0 0 0 1 0|2 6 211 |(a)=(P2)
1AP3 1.0 0 1 1 0 0 0 1 1]2 86 3|11 (A, A)—(P3, P3)
(A3 A2)—0
1AP4 1 0 0 1 1 0 0 1 0 0/2 6 4/1{1|a)=(Pa)
§ |cw © 0 0 0 0 1 0 0 0 10 v 1]v|1]|@e1
£ |rmO 0 0 0 0 0 1 0 1 0 00 1 41|71 {O(Y¥)—0,However, Y=0~12
3 |sp 0 0 0 0 0 1 0 1 0 1[0 Vv 51|11 {(0(Y)=1,However, Ym0 ~12
? szD 0 0 0 0 1 0 0 ¥ 0 0/0 2 4122 |(D(Y))=0 7, However, Y=8 ~10
3 6 0 0 06 1 0 1 0 1 110 2 8
3 |oPoa 1 0 0 0 1 0 0 0 0 02 2 0{1]1]|(PO)—(A)
3 |oPia T 0 0 0 1 0 0 0 0 172 2 1)1 (1 {{(P)—(A)
Q
c
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Skip condition

Carry llag CY

Detailed description

Skip at uncondition

Returns from interrupt service routine to main routine.

Returna the value of data pointer (X, ¥, Z), carry flag, skip status, NOP mode status by LA/LXY continuous description, ragister A
and register B to the states before interrupt.

Returna from subroutine to the routine calied this subroutine.

Returns from subroutine to the routine cailed this subroutine and skips the next instruction at uncondition.

(EXFO)==1

Resets (0) to the interrupt enable flag INTE, and disables the interrupt.
Sets (1) to the interrupt enable flag INTE, and enabies the interrupt.
Skips the next instruction when EXFQ flag s “1°.

After skipping, resets the EXFQ flag.

Transfers the contents of register A to interrupt control register V1.
Transfers the contents of register A to interrupt control register i1.
Transfers the contents of interrupt control ragister V1 to ragister A.
Transfera the contents of interrupt control register 11 to register A,

(T1IF)=1
(T2F)== }
(T3F)= |

Transters the contents of register A to timer control register W1.
Transfers the contents of register A to timer control register W2.
Transfors the of register A to timer controi register W3.
Transfers the contents of timer control register W1 to ragister A,
Transfers the contents of timer control register W2 to register A.
Transters the contents of imer control register W3 to register A,
Translers the contents of register A and register B to timer 3 and the reload register of timer 3.

Transfers the relocad register value of timer 1 to timer 1.

Transters the contents of register A and register B to reload register Rt of timer 1.
Transters the contents of register A to reload register Rt of timer 1.

Transiers the contents of timer 3 o register A and register B.

Skips the next instruction when the T1F flag is “17. Resets the T1F llag after skipping.
Skips the next instruction when the T2F fag is “1°. Resets the T2F flag after skipping.
Skips the next instruction when the T3F flag is “1". Resets the T3F flag after skipping.

(o(y))=o0,
However, Y= § ~10

Transfers input to Port PO to register A.
Transters input to Port P1 (o register A.
Transters input to Port P2 to register A.
Transters input to Port P3 to register A.

Transters input to Port P4 to register A.

Sets (1) port 0.

Resets {0) a bit of port D spacified by register Y.

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

When the contents of a bit of port D spacified by register Y is “0°, skips the next Instruction.

Outputs the cor of regi A to pont PO.
Outputs the contents of register A o port P1.
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Parameter
Instruction code -
o A
Mnemonic - }ég é‘i Functions
s R el
nstruction:
5w | TLIA 1.0 0 0 0 0 1 0 1 0f{2 0 A|1!1 ! (Ly=a)
£8 [ TAL 1T 00 1 0 0 1 0 1 0]2 4 A1 |1 ](A—wLD
§§ TL2A 10 0 0 0 0 1 0 1 1[2 0 B|1]|1]|(L2)=(a)
8§ TL3A 1.0 0 0 0 0 1 1 0 02 0 Cl1]|1]|(La)—(ay
2 TLCA 10 0 0 0 0 1 1 0 1]2 0 o0!1]|1]|we)—(a)
TPTA 1.0 1 0 1 0 0 1 0 1]2 A 5|11 |(PD=(A A
2 ITcia 1. 01 0 1 0 1 0 0 02 A 8[1/]1](c=A)
gg TPAA T 0 1 0 1 0 1t 0 1 0flz2 A A|1]1](PA)Y—(a)
€% |RC3 1 0 1 0 1 0 1 1 0 0|2 Ac|i1]1](ca—o
®g |sca 1 01 0 1 0 1 1 0 1|2 AD|1]1](c3)e—
29 | Rca T 0 1 0 1 0 1 1 1 0|2 A €E|1]|1]|(ca)—o
83 |sca 10 1 0 1 0 1 1 1 1|2 A F|1]1]|(ca)
=3 | STCR 1 0 1 0 0 1 1T 0 0 0,2 9 8| 1] 1 |carrierwave generating start
§ SPCR 1 0 1t 0 o0 1 1 0 0 1]2 9 911 1 | Carrier wave generating stop
TC2A 1.0 1 0 1 0 1 0 0 12 A 9|11 ]|(C2)(A A0
NOP 0 o0 o 0 0 0 o]0 o 1] 1 [ (PC)—(PC)+1
POF 6 0 o0 0 0 1 0|0 0 2|11 |Powerdown
v
-.g POF2 0 0 o 0 0 0 0|0 © 8|11 |Powerdown2
Q
g |snzp 0 o o 0 0 1 1106 0 3|1 (1]|(P=1?
2
O | TMRA 0 0 0 0 1 0 1 1 0[2 1 611 (MR~MRg)—(Ay~A,)
TAMR T 0 0 1t 0 1 0 0 1 012 5 2|11 |(Ar~A))—(MR;~MRg), (A;)—0
WRST 1 0 1 0 1 0 0 0 0 0{2 A 0|11 {(wpF)e—o
54 "\El.scmc"" i
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Skip condition

Carry flag CY

Detailed description

Transfers tha contents of register A to LCD control register L1.
Transfers the contents of LCD control register L1 to register A.
Transters the contents of register A to LCD controf register L2.
Transfers the contents of register A to LCD control register L3.
Transfers the contents of register A to LC counter and reload register.

Transfers tha contents of register A ta comp jon control timer PT.
Transfers the contents of register A to data control register C1.
Transfers the contents of register A to preset register PA.

Resets (G) the output control flag C3 and disables carrier wave output.
Sets (1) the output control tiag C3 and enables carrier wave output.
Resets (0) to C4 fag.

Sets (1) to C4 flag.

Starts generating of carrier wave.

Stops generating of carrier wave.

Transfers the contents of regi: A to comp ion control registar C2.

(P)==1

No operation

Puts the system in power down 1 state (clock operation mode)
H Xciv) 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.

Skips the next Instruction when p flag is “1™.

After skippling, p flag is not changed.

Transfers the contents of register A to clock control register MR.
Transters the contents of clock controt register MR to register A.
Resets watchdog flag WOF.
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Voo Supply voltage —0.3~7 v
V, Input voltage PO. P1, P2, Dy~Dyq, P3, P4, RESET, Xy —0.3~Vpp+0.3 v
V, Input voitage Vicy, Vica, Vica —0.3~Vpp+0.3 v
Vg Output voltage PO, P1, D, RESET Qutput transistors cut-off —0.3~Vpp+0.3 \
Vo Qutput voltage Xoyr. CARR —0. 3~Vpp+0.3 \'
Vo Output voltage SEG, COM ~0. 3~V c3+0.3 \'
Pg Power dissipation 300 mw
Topr Operating temperature range —20~70 T
Tstg Storage temperature —40~125 c

RECOMMENDED OPERATING CONDITIONS (Ta=—20~70, Vop=2.2~3.6V. unless otherwise noted)

Symboi Parameter Conditions Limits Unit
Min. Typ. Max,
Voo Supply voltage 1 Xin) =1 MHZ 2.2 3.6 v
Vaam RAM ratain voltage (at RAM back-up mode) 2.0 3.6 v
Vss Supply voltage 0 v
Vica Supply voltage tor LCD (Note 1) 2.2 3.6 \4
Vin “H" jevel input voitage PO, P1, PR, P3, P4, Dg~Dyyg 0.8Vpp Voo '
Vin “H" leval input voltage X 0. 7Voo Voo v
Vin "H" lavel input voitage RESET 0. 85Vpo Voo v
Vin “H" level input voltage INT Voo=1.0v 0.8Vpo Voo v
Vie “L" lavet input voitage PO, P1, P2, P3, P4, Dg~Dq 0 0.3Vpp v
ViL “L" level input voitage X 0 0. 3Vpo v
Vie “L" level input voltage RESET 0 0.3Vpo \%
Vi “L” ievel input voltage INT 0 0.2Voo v
“L” level peak output current PO, P1, Dg~Dy,
loupeak) 019~Dy2, CARR, 4 mA
RESET
loLcpeal) “L" level peak output current Dy, Dy 24 mA
“L" level average output current PO, P1, Dg~Dy,
lOL(an) Dyg~D12, CARR, 2 mA
RESET

loL(avg) “L" level average output current Dy, Dy 12 mA
lom(peak) “H" level peak output current CARR ~-30 mA
lon(avg) “H" level average cutput current CARR —15 mA
1 Xine) H(Xin) clock Irequency at ceramic oscillation 1 kHz
(X)) {Xw) clock frequency (Note 2) at axternal clock 500 kHz
1( Xcin) (X)) clock frequency Crystal oscillation 32 50 KHz

Note 1. at 1/2 bias : Vicy =V c,™1/2 * V ¢y
at 1/3 bias : Vic1=1/3 - Vica. Vch’2/3 * Viea
2. External clock duty is 30~709.
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ELECTRICAL CHARACTERISTICS (Ta=—20~70T, V55=3V. uniess otherwise noted)

Limits
Symbot Parameter Test conditlons Unit
Min. Typ. Max
“L" level output voitage PO, P1, Dg~07, Dyo~D;,,
— {o ==
Vou CARR, RESET ou=2mA 0.9 v
Vou “L" level output voltage Os. Do lou=12mA 1.5 \
Vou “H" level output voltage CARR lon=—=7mA 1.0 \"
) “H" level input current PO, P1, P2, P3, P4, Da~Diq, Vi, (Note 1) 1 A
" RESET =Veo “
L “L" lavel input current P2, P3, P4, Dg~Dyg, RESET Vi=Qv {(Note 1) -1 uA
loz OFF-state output current Dp~D7 Vo=Vpp 1 uA
1(Xin) =1
w)=1MHz 1 2 ma
) f(Xcin) =32kHz
at CPU high-speed operation %) =500KHz
™ 0.5 1.0 mA
f(Xcin) =32kHz
{ Xin) == Stop
at CPU low-spsed operation 20 50 A
peed op H{Xcin) =32kHz “
#{Xn) = Stop
H{Xciv) =32kHz 4 10 HA
loo Supply current Clock operating mode Tam25T
at LCO operation a
I(X.N)-Slop 15 A
{ Xcun) =32kHz “
H{Xn) = Stop
H{Xen) == Stop 0.1 1.0 uA
at RAM back-up mode Ta=25C
(X ) =St
™ op 10 A
1(Xcm) =Stop
VQD-3V
Ren Pull-up resistance value 40 100 250 kQ
V=0V
V4 Vo Hysteresia INT 0.4 A\
V4 Vo Hysteresis RESET 0.7 v
Recom COM output impedance (Note 2) 2 10 Kk
Rsea SEG output impedance (Note 2) 3 15 k{1
Ruce Internal resistance vaiue for LCD power Ta=25C 300 600 1200 kQ
(Impedance batween V,cs and Vss)
Note . in this case, port P4 is selected as input port by software.
External power is used for LCD power and measurement is pertormed with all pins freed except the measurement pin.
AMT&BISH .
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BASIC TIMING DIAGRAM

Machine cycle Mi Mi+ 1
Parameter Pin name State Ty T T2 Ts
Clock Xun j 1 1
Port D output Do~Di2
Port D input Ds~0io A i
£0,~PO.
Ports PO and P1 output P1z~P1:
POy~PO,
P1,~P1 r———— 77 e ———
::;'7, 4Pg§th' P2.P3 P20~P2: I s /7//%%0,'//41'
P3,, P3,
P4o~P4,
Interrupt input INT {//////7// 4/_2///////////;’;//’/
PACKAGE OUTLINE
80P6N—A Plastic 80pin 14 x20mm body QFP
ElAJ Package Code JEDEC Cods Weight (g)
* QF P080-P-1420 — 1.58
Scale : 2/1 @ U[]'"I:IZ]] )
N HO X | =
D - [——]
S 5 R
BARABRRRSRRARRRH T L " 2
(-~ -] ¥e) H o
20 OF i
o= = —-- - —q—t
== = I2 []_.. .._u
o =1
[=-~ =-=]
= = Recommended Mount Pad
= =
= =] w
= B W Symbol Dimension :n Millimeters
g :s:-g ymbo Min Nom Max
=5 = A - = 3.05
= = Al 0 0.1 0.2
== = A2 - 28 =
= O = b 03 0.35 | 0.45
@) o b= @) c 0.13 0.15 0.2
FECEEREELELE L] I—" ) 138 14.0 14.2
S @ E 198 20.0 202
L1 & — 08 —
Ho | 165 168 171
— He | 225 228 231
/ ) L 0.4 0.6 Of
Favinsci gy < AR e L4
- L Yy - - 0.1
F ==f g T = 0
B b - L
< ) - o] - 0.5 -
A v ] Detail F I - 13 —
Mo — 14.6 —
Mg — 20.6 —

All values shown in this catalogus are subject to change for product improvement.

The information, diagrams and all other data included herein are believed to be correct and reliable. However, no responsibility
18 assumed by Mitsubishi Electric Corporation for their use, nor for any infringements of patents or other rights belonging to third
parties which may resuit from their use.
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