Ordering number : EN2967

CMOS LSI

LC86104A

Liquid Crystal Display Controller/

Driver, On-chip 4K bytes ROM and On-chip

168 bytes RAM

8-BIT SINGLE CHIP MICROCOMPUTER LC86104A

The LC86104A microcomputer is an 8-bit single chip microcomputer with the following On-
chip functional blocks:

- CPU: Operable at a minimum cycle time of 1 microsecond,

- On-chip ROM: Capacity = 4K bytes

- On-chip RAM: Capacity = 168 bytes

- Dot matrix Liquid Crystal automatic display controller/driver

- Two 16-bit timers/counters

- Seven-source 5-level vectored interrupt system

All of the above functions are fabricated on a single chip,

General purpose applications:

(1) Data bank control

(2) Remote controlling for VCR, Tuner, and the like.
{3) Controlling for CD, Tuner, and the like.

{(4) Controlling for small-sized measuring instruments

Features:

(1) Read-Only Memory {ROM): 4096 x 8 bits

(2) Random Access Memory (RAM): 168 bytes. 128 x 8 bits for computation {general purpose
RAM) and 40 x 8 bits for data display (display RAM)

(3) Cycle time: Cycle time varies depending on system clock sources. The selectable system
clock sources are shown in the table below.

Cycle time | System clock source ?fgégg;?; vocl)tl?aegl:tll'grg]ge Remarks
Ceramic{CF)oscillation -~
1uS specification 12MHz | 4. 5~6. 0V
Ceramic(CF)oscillation N
4 1S specification 3MHz | 2. 5~6. 0V

1548 RC (Resistor and Capacitor) 800KHz|2. 5~6. 0V

oscillatlon specification

366uS Crystal {X'tal} oscillation 32KHz | 2. 5~6. 0V

specification
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LC86104A

{4) Current dissipation
a. Basic system operation mode

Current System clock Oscillation ‘?cl)’l‘t’;‘;;‘“g Remarks
dissipation source frequency range
9.5mA TYP gg;giﬂgg oscillation 12MHz | 5. 0V |Display segments OFF
L. 4mA Typ |soramietChoselllation 315 | 2. 9V | Display segments OFF
390aA TYP s inesuor and Sepacitor)l 80 0KHz | 2. 9V |Display segments OFF
Usua Ty | Sl estion | gy [ gy |l memens O o iR
b. HALT operation mode
- Dperati
Gipaton | _smree | vy | vt | Remont
3mA TYP S;é‘s;nﬁié:;ggéoscillation 12MHz | 5. 0V | Display segments OFF
440pa Typ |coramietClosclllation  g3py; 12, 9V |Display segments OFF
150pA TYP oo Ressior and Capacitor)l 80 0KHz | 2. 9V | Display segments OFF
s A TYP S et |y gy [, g | memens o7 e cree
{5) Ports

- Input/output ports: 5 ports (37 port pins)
Input/output port software programmable in 8-bit unit: 1 port (8 port pins)
Input/output port software programmable in single-bit unit: 4 ports (29 port pins)

(6) Liquid Crystal Display Drivers
- Common driver pins: 8
- Segment driver pins: 40 (Extendable to 200 segments with LC7930 x 4)
- Display signal duty mode: Static duty cycle to 1/8 duty cycle
- Display biasing mode: Static bias to 1/5 bias

(7) On-chip character generator ROM
- ROM capacity: 5600 bits
- Character font: 5 x 7 dots {Max,)
- Number of characters: 160

(8) Liquid Crystal Display control instruction
- Cursor display ON/OFF/blinking
- Display character blinking
- Display ON/OFF

{9) Timer
- Two 16-bit timers/counters software programmable
Mode 0: 13-bit timers/counters
Mode 1: 16-bit timers/counters
Mode 2: 8-bit automatic reloadable timers/counters
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LC86104A

(10) Interrupt mechanism:
- 7 sources and 5 vectored interrupts:
External interrupt INTO
External interrupt INTI
Timer/counter interrupt TO
Timer/counter interrupt T1, and
Divider/port 1/port 3 interrupt

(11) Stack levels
- 128 levels (Max.): Stack area included in the RAM area

(12) Two oscillation circuits
- One for CF or RC oscillation: Generate the system clocks and Liquid Crystal Display
clocks. Note that the CF oscillation or the RC oscillation can be selected by the
mask option,

- One for X'tal oscillation: Generate time base clock, Liquid Crystal Display clocks
and the system clocks.

(13) Liquid Crystal Display display data transfer rates
- 2/Fcf, 4/Fcf, 8/Fcf --- 256/Fcf
2/Fxt, 4/Fxt, 8/Fxt --- 256/Fxt

One of the display data transfer rates can be selected by the mask option,

Note: The Fcf indicates the oscillation frequency output by the CF oscillation circuit
or the RC oscillation circuit,

Note: The Fxt indicates the oscillation frequency output by the crystal (X'tal)
oscillation circuit,

Note: The frame frequency Ffrm for Liquid Crystal display can be gained in the
following manner:
Ffrm = 1/(display data transfer rate x total display dot number)

(14) Standby function

- HALT mode function
The HALT mode is used to reduce power dissipation. In this operation mode, program
execution is stopped. This operation mode can be released by interrupt request
signals or the initial system reset request signal.

- HOLD mode function
The HOLD mode is used to freeze both of the CF/RC oscillation and crystal (X'tal)
oscillation. It can be released by the system reset request signal or the "L" level
input signal to the external interrupt pin {INTO).
Program execution is started again after the HOLD mode is released by the input
signal to the INTO pin. However, in this release operation, it should be kept in mind
that program execution may enter abnormal state due to unstable oscillation.
In order to prevent it, you can set a desired data in timer/counter 0 to generate a
wait time period. The oscillation will become stable for this wait time period.

(15) Factory shipment
- Chip delivery form
- QIP 100 delivery form

No.2967-3/61



Development Support system

The development support system for the LC86104A applications consists of the following
support tools:
{1} User's Manual
LC86104A user's manual
(2) Development support tool manual
LC86104A development support too! manual
(3) Development support tools
{a) Tools for developing the LC86104A application programs
- - MS-DOS machine
~ Macro assemblers (M86104.EXE and L86104.EXE)
- Mask option selections program (SU86104.EXE)
(b) Tools for evaluating the LC86104A application systems
- Evaluation (EVA) chip: LC86999
- Evaluation (EVA) chip board: TB86104
- Evaluation {EVA) kit: EVA510
Note: MS-DOS is a trademark of Microsoft Corporation.
Note: The EVA510 board has the same function as the EVA410 board except for the monitor
ROM.

Outline of the development support system

MS-DOS machine

L F 2

=) /7
070 J77 =
- - o — 7
yerer board " (EVAS10 TBa3104)
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LC86104A

Pin assignment
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LC86104A

Pad assignment

DO0000 00000000000000000000 0 0 O g O $hip size (X x Y)
868584 82 80 78 76 T4 72 70 68 66 64 62 60 59 58 57 56| & mm
(087 83 8 79 77 75 73 71 69 67 65 63 61 Chip height
480um
[J88(s31) (P07)550]
(89 54| Pad size
90 53] | 120#mx 1204 m
(sl 5200
sz 5107
093 5001
94 497
195 48]
{Tss
97 4701
(D98 \ Y -
D99 (0,0) 4600
D100 —'— X
101 (V8$)45]
O1o2
H1(VDD) 44
2 437
3 42[]
04 410
[5(cs) 4000
397
381
(P16)373
11 13 15 17 19 21 23 25 27 20 31 33 36(7
6 7 8 910 12 14 16 18 20 22 24 26 28 30 32 357
5 O OO O VY
Pad coordinate values
Pad coordinate Pad coordinate
Pin Pad Pin value Pin Pad Pin value
number|number| name number|number| name
Xum Yam Xapm - Yzm
46 1 VDD |—-2676|— 781 56 11 P41|(—-1697|—-2011
47 2 C8 l - 941 57 12 P42 (—-1537]| - |}
48 3 C7 ! -1101 58 13 P43 |—-1377 I}
49 4 C6 ! —-1261 59 14 P44|—-1217 !
50 5 ChH 1 —1421 60 15 P45 —-1057 !
51 6 C4 |—2676|—-2011 61 16 P46 |— 897 }
52 7 C3 —2429 { 62 17 P47 |— 737 I
53 8 C2 |—2249 | 63 18 |P30|— 577 |
54 9 Cl1 —-2068 ! 64 19 P31 |(— 417 !
55 10 P40 | —-1857|—-2011 65 20 P32|— 2571|~-2011

No0.2967-6/61




Yirm

< © 0000 000R 00000000
L MMM~ NN~ <O W
— e~ b —F —F —F —F —F —F — —} —p o b b > ——p b b b = = = D O PO D OO D O — — ) <P
o~ ) : Q1 v v

Pad coordinate

value
Xagm

DWW WLOLUW WOLUW LWL LWLWLWLW LWL LW WM <L o

DO FTTRONLYL OF A~ AW~~~ O~

N )b~ O <P NI OO N NN =R Y P = — — —p — —F —> —
o — o 0 N NN ’

' I T N AN

1425

Pin

O NN PO OO HO NN FNO~NRH O NN IO~V RO
o A o e A NN NNNNNNNNM | Mmoo Mmoo,
0 -

o0 »
SSSSSSSSSSSSSSSSSSSSSS nuuuuununuuwuuuwyaw

S7

Pad

NP OO DO NN PN~ NP OGO —NM PN W~ 0D
CPOU OO DO O~~~ 0NWVRVBVVVLVLAANNTITOHORO NI RN

number|{number| name

Pin

o e S A St S S NN NN NN NN D . MEmMOMMEo o <P ¢ <+ < <t

7
8
9

LC86104A

Yzm

OO NN OO OO MM <P O~~~ 0
M~ OMOLO T OFOMNWOO HOWNOF OW

S S > S O N O™ O NWE M= NFHO OGS AN PO = —
O o e — o O

(I I e e

—~2011

Pad coordinate

value
Xzm

ANANANNNANNNNNNNND oo OO
O N FOO N FOWMNM MW ~00 0O
NSO O MU O O — 23— ——r—— — —p—F—F —F —FP —F —p = = = = —> 3 ) = O
o= e e -l - (] ) & O —

97

Pin

— 0 LK) WO O~
[ I o e Y o Y o e o e 4
oA A A A A

N O AN F OO = N MO

y—
332222222111111113123T o
RTTTX

—
(/Y 7)]

P33
POO
S3
S 4
S5

[« Dy o TR « Wy « IO« WOy o T« I « Wy o WY BN = WY = Y WY+ AR« Y Y«

XT2
VSS
CF1
CF2

Pad

MM~ O~ 0HO~MNMMIFFWH OO TNM IO NDOO T NMIFPLOIO-0NO
NANNNANNMNN@OEOMMHOMOIME M <Pt < P o<t W)U LU LWL LWL LWL O

21

number |number| name

Pin

(=
O~ O =M<k Ll
QPO 234567890123456789012345
—

OO OO~~~ NWRVRDWXVRVDIINNENIIOAIDHION D

621

45 102 V5 | —-2676
N0.2967-7/61

1585 2150

S6
onto the printed circuit board (PCB). Entire package dipplng should be avoided for
this purpose.

ed.
Note: Pin-to-pin soldering connection should be adopted in mounting the QIP 100 package

Note: The chip substrate should be connected with the Vs§ pin or be left unconnect-

Note: Test pins T1 and T2 should be left unconnected.
Note: Test pin T3 should be connected with the VDD pin.




LC86104A

Pin Description

. Pin
Pin name |number I/0 Function Description
VSS 9 0 |[Output| Should be connected with the negative supply voltage pin,
vDD 46 Input | Should be connected with the positive supply voltage pin.
POO 93 Input/ Eight-bit input/output port with internal pull-up transistors.
| | ouptput Data can be input/output from/to the port in 8 bits unit.
PO7 100
Eight-bit input/output port with internal pull-up transistors.
P10 76 Input/ | Data can be input/output from/to the port in a single bit
! } output| unit,
P17 83
Port pins 76 to 79 can be also used as the external signal
P10 76 Input | input pins:
P11 7 7 | Input | TO: External signal input pin to timer/counter O,
P12 78 | Input T1: External signal input pin to timer/counter 1.
P13 79 | Input INTO: External interrupt 0 input pin
P INTI: External interrupt 1 input pin
P20 69 Input/ Seven-bit input/output port with internal pull-up transistors,
} } P Data can be input/output from/to the port in a single bit
P24 | 73 |°"PU| unit.
P26 7 4
P27 75
P30 63 Input/ Six-bit Input/output port with internal pull-up transistors.
I i NPUL/ | Data can be Input/output from/to the port in a single bit
output
P35 68 unit.
P40 55 Eight-bit input/output port with internal pull-up transistors,
Input/ | Data can be input/output from/to the port in a single bit
| ! output| unit.
P47 62
Port plns 55 to 60 can be also used as the special output pins:
P40 55 |Output| CLI: Latch signal output to external Liquid Crystal Display driver circuit
P41 586 Output CL2; Shift slgnal output to external Liquld Crystal Display driver circuit
P42 5 7 |Output| DO0: Data signal output to external Liquid Crystal Display driver clrcuit
P43 58 Output M: Synchronlzation signal cutput to external Liquid Crystal Display driver clrcult
P44 59 | Output| ALM: Alarm signal ocutput to the ALM output pin
P45 6 0 |Qutput] PLS: Pulse signal output to the pulse output pin
Vi1 41
Input/ . .
| | output Voltage supply pins to Liquid Crystal Display drivers.
V5 45
Cl1 54 . . - .
l | Output| Common driver pins to Liquid Crystal Display drivers.
C8 47

Continued on next page.

No.2967-8/61




LC86104A

Continued from preceding page.

Pin

Pin name number I/0 Functional Description
S1 1
l } Output| Segment driver pins to Liquid Crystal Display.
S40 40
RST 8 4 | Input | Reset signal input pin with an internal pull-up transistor.
T1 8 5 |Output| Should be left unconnected.
T2 8 6 |Output| Should be left unconnected.
T3 8 7 |Output| Should be connected with the Vpp pin.
Crystal osclllation input pin. Should be connected with the Crystal
XT1 88 Input (X'tal} resonator with a 32.768kHz frequency.
Crystal oscillatlon output pin, Should be connected with the Crystal
XT2 8 9 |Output |(xital) resonator with a 32.768kHz frequency.
TP;, Internal 20pF capacitor Is provided between the XT2 pin and the Vsg
pin,
Ceramic oscillation input pin. Or RC (Resistor and Capacitor) oscillation
CF1l 91 Input input pin.
CF2 9 2 |Output Ceramic oscillation output pin, Or RC {Resistor and Capacitor) oscillation

output pin,

No.2967-9/61
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Functional block diagram

ACC

PSY
SP
TEL
TRH
PO

Pl
P1DDR
PLINT
P2
P2DDR
P3
P3DDR
P3INT
P4
P4DDR
P4SCR

PODDR

P17 PO T
Pl @ ‘ PO &
P13 128-byte RAM Ace PO P oS
P14
P13 DDR j: ; g :
P12 sp B P ¢ PO 2
P11 v DD R P o1
P1o - PEw POO
P3avg P27
PCON|] IE
: : ; TMOoDITCON P2 P26
Pae R TOH [ToL P2
P31 TI1H [TaiL - P2 s
P30 NT Interrupt control PO R P22
circuit PC P21
P2o
CF 1
4096-
Timing control :l PaT
cCF2 clrcult ! ﬂé' byte Pa Pae
ROM Pas
XTI P4 Paa
ACR DDR P43
Paz
xTe H SPC4R Pai
T BT 3 TR R P40
vider
; : cireuit ] P CR MCR
EZ CPR | ,g é €
RsT 40-byte Display RAM j :z: :; 8 '
YPD T Forwrwami 5% Eca
vl -§§ CGROM (?% s:
_"2:"-’- oD §
v 2 ol '§§ E
— = Q
v a %E% - H1l1sao0
Uw
¥4 E%
Vs 2%?
Vs s
ACCUNMULATOR IE INTERRUPT ENABLE REGISTER
B REGISTER TMOD TIMER/COUNTER MODE CONTROL REGISTER
PROGRAM STATUS WORD TCON TIMER/COUNTER CONTROL REGISTER
STACK POINTER TOH TIMER/COUNTERO HIGH BYTE
TABLE REFERENCE REGISTER LOW BYTE TOL TIMER/COUNTERO LOW BYTE
TABLE REFERENCE REGISTER HIGH BYTE TiH TIMER/COUNTER! HIGH BYTE
PORTO LATCH TIL TIMER/COUNTER1 LO¥ BYTE
PORTO DATA DIRECTION REGISTER PCON POYER CONTROL REGISTER
PORTL LATCH PC PROGRAM COUNTER
PORTL DATA DIRECTION REGISTER IR INSTRUCTION REGISTER
PORT1 INTERRUPT REGISTER MCR ¥ODE CONTROL REGISTER
PORTZ LATCH CPR CHARACTER PITCH REGISTER
PORT2 DATA DIRECTION REGISTER CNR CHARACTER NUMBER REGISTER
PORT3 LATCH TDR TIME DIVISION REGISTER
PORT3 DATA DIRECTION REGISTER CAR CURSOR ADDRESS REGISTER
PORT1 INTERRUPT REGISTER DR DISPLAY RAX
PORT4 LATCH CGROM CHARACTER GENERATOR ROX
PORT4 DATA DIRECTION REGISTER ACR ALARM CONTROL REGISTER
PORT4 SIGNAL CHANGE REGISTER DCR DIVIDER CONTROL REGISTER
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Symbol | Address | Read/Write | Name Initial reset value
- - - Memory space —
1) Program memory (ROM) space
The LC86000¢ series microcomputers have a program memory {(ROM) space of 64K
bytes.
(2) Data memory (RAM) space :
The LCBG000 serles microcomputers have a data memory (RAM) space of 512 bytes.
The 512-byte RAM area can be functionally divided into the two areas: 256-byte
data memory (RAM: 000H to OFFH)) and 256-byte speclal function register (SFR)
area (100H to 1FFH).
The 256-byte RAM area includes the stack area and the SFR area contalns the
accumulator {ACC), the program status word (PSW), timers, ports and the like. The
SFR area allows the LCB6000 serles mlicrocomputers to employ the full memory
mapped 1/O architecture.
The first 4 address areas (00H to 03H) in the data memory (RAM) can be used as
the four B-bit indirect address registers for allowlng the user to make an access
to the RAM In the indirect address mode, Of the above 4 indirect address
registers, the flrst two registers with addresses 00H and 01H are used when the
RAM area between address 00H and FFH is indirectly accessed. The remalning two
Index registers are used when the SFR area between address 100H and address 1FFH
is indirectly accessed,
Bits 3 and 4 of the program status word (PSW) can be used with the indirect
address registers to select 4 RAM banks.
The relationship between the Indirect address registers, bits 3 and 4 of the PSW
and the RAM addresses is shown in the table below.
Indirect
l;iS":W4 ];lStWS address Scf&ﬁss Function
register
RO 0O0H Indirect RAM addressing
R1 01H Indirect RAM addressing
0 0
R2 02H [ndirect SFR addressing
R3 03H Indirect SFR addressing
RO 04H Indirect RAM addressing
R1 05H Indirect RAM addressing
0 1
R2 06H Indirect SFR addressing
R3 07H Indirect SFR addressing
RO 08H Indirect RAM addressing
R 1 09H Indirect RAM addressing
1 0
R2 0AH Indirect SFR addressing
R3 0OBH Indirect SFR addressing
RO 0CH Indirect RAM addressing
R1 0DH Indirect RAM addressing
1 1 ,
R2 0EH Indirect SFR addressing
R3 OFH Indirect SFR addressing

N0.2967-11/61
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Symbol | Address | Read/Write - | Name Initial reset
value
PC — — Program counter 0000H

The program counter (PC) is a 16-bit register. It is used to point to the address in the
program memory (ROM), which stores the next instruction to be executed. Normally, the
content of the program counter {PC) is incremented by 1 each time one instruction is
executed. However, the PC register will be loaded with predefined address data when branch
instruction or subroutine instruction is executed in your application program.

In addition to this, the PC content will change according to interrupt requests and the
initial reset request.

The table below shows the contents of the program counter {PC) when the above mentioned
operations are performed.

Operation type Program counter value
Initial reset 000O0H
External interrupt 0 0003H
Timer/counter 0 interrupt 0C00BH
External interrupt 1 0013H
Timer/counter 1 interrupt 001BH

Divider circuit/port 1/

port 3 interrupt 0023H
JMP al2|PCl15~12=Current page, PC11~00=a1l2
Unconditional | JMPF al6 | PC15~00=a16
branching
operation BR r8 (PC+2) + (—128~+127)
BRF r16| (PC+2) + (0~+65536)
Corion™! e BZ ¢ 8 (PC+2) + (~128~+127)

CALL al2|PC15~12=Current page, PC11~00=2a112

Subroutine all

Operation CALLF alé PC15N00=a16

CALLR r16| (PC+2) + (0~+65536)

Note: The current page indicates the page area storing the instruction to be executed
next.

i Initial reset
Symbol | Address | Read/Write Name value

ROM - Read only Program memory -

The program memory is a 4K-byte ROM (4096 x 8 bits). It stores a user application program
to be executed on the LC86104A microcomputer. The whole content of the program memory
(ROM) can be referenced by using the LDC instruction.

N0.2967-12/61
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. Initial reset
Symbol | Address | Read/Write Name valuo
00H :
RAM l Read/Write Data memory Unpredictable
) 7FH

The data memory Is a 128-byte static RAM (128 x 8 bits), The first four bytes
(O0OH to 03H) of the RAM are used as the indirect address registers for
indirect addressing. The first two indirect address registers (00H and 01H) of
the four are used for indirect RAM addressing and the remaining two registers
(02H and 03H) for indirect special function register (SFR) addressing. In
additlon, these indirect address registers can be used with bits 3 and 4 of

the program status word (PSW) to select 4 banks.

Symbol | Address | Read/Write Name Initial reset
value
ACC 100H | Read/Write Accumulator 00H
MSB LSB
ACC17 ACCSs ACCS ACCH4 ACC3 ACC2 ACCl1 ACCO

. The accumulator (ACC) is a register used for calculation (logical or arithmetic),
~data transfer and data input/output,

Note: If the current content of the accumulator (ACC) is transferred to the ACC
itself, the data in the accumulator (ACC) will be destroyed. For example, this may
happen if you use the LD ACD instruction in your application program.,

No.2967-13/61
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Symbol | Address | Read/Write Name i.r;;t;?l value
PSW 101H | Read/Write Program status word 00X000XxXxXxXB
MSB LSB

cy AC - IRBK1|IRBKO| OV —~ -
CY: Carry flag ‘ -

AC:

The carry flag (CY) is a flag which is set or reset when arithmetic operation is carried out,
The carry flag (CY} will be set when an addition type instruction is executed in your
application program and then a carry from the most significant bit {(MSB) occurs. it will be
reset when an addition type instruction is executed in your application program but a carry
from the most significant bit (MSB) does not occur.

The carry flag (CY) will be set when a subtraction type or comparison type instruction is
executed in your application program and a borrow to the most significant bit (MSB) occurs.!
It will be reset when a subtraction type or comparison type instruction is executed in your
application program and a borrow to the most significant bit (MSB) does not occur,

In additlon, the carry flag (CY) will be affected when a carry-through rotation type
Instruction is executed in your application program. It will be reset when an
multiplication/division type instruction is executed in your application program,

Auxiliary Carry Flag

The auxiliary carry flag (AC) is a flag which is set or reset when arithmetic operation
instruction is executed in your application program,

The auxiliary carry flag (AC) will be set when an-addition type instructiols executed in
your application program and a carry from the third bit occurs. It will be reset when an
addition type instruction is executed in your application program but a carry from the third
bit does not occur,
The auxillary carry flag (AC) will be set when a subtractlon type instructlon is executed in
your application program and a borrow to the third blt occurs. It will be reset when a
subtractlon type Instruction Is executed In your application program but a borrow to the
third bit does not occur.

IRBK1: Indirect address register bank 1
IRBKO: Indirect address register bank 0

ov:

These two bits (IRBKO and IRBK1) of the program status word (PSW) are used to select 4 bank
values for the Indirect address registers,

As previously stated, the first 4 bytes of the RAM are used as the four indirect address
registers for Indirect addressing. Bits IRBKO and IRBK1 can be jointly used with these four
indirect address registers to make an indirect access to an address In a selected RAM bank
area. For detalled information, please refer to Memory Space. :

Overflow flag

The overflow flag (OV) is a flag which 1s set or reset when an addition type or subtraction
type Instruction with signed varlables Is executed In your application program.

The overflow flag {OV) will be set when an additlon type or subtraction type instruction with
signed varlables is executed in your application program and an overflow error then occurs.
Otherwise it will be reset,

The overflow flag (OV) will be set when a multiplication type Instruction is executed in your
applicatlon program and the resulted product exceeds 256. It will be reset if the resulted
product is less than 256,

In additlon, the overflow flag (OV) will be set when a division type Instruction is executed
in your application program and the divisor is "0". Otherwise, it will not affected.

No.2967-14/61
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) Initial
Symbol } Address | Read/Write Name reset value
B 10 2 H| Read/Write B register 00H
MSB LSB
B7 B6 B5 ‘B4 B3 B2 Bl B0

The B register is paired with the accumulator {ACC) and then used when a multiplication
type or division type instruction is executed in your application program. In other
operations, this register can be used as a general purpose register.

Symbol | Address [ Read/Write Name :'I;isté?l value
TRL [104H| Read/Write | 018 feietence register 00H

MSB LSB
TRL7 TRL®6 TRLS TRL 4 TRLS3 TRL2 TRL1 TRLO

The table reference register low-order byte is used to hold the low-order byte of a ROM
address specified by the LDC instruction. This 8-bit register can be used as a general
purpose register when any instruction other than the LDC instruction is executed in your

application program,

Symbol | Address | Read/Write | Name Initial reset
value
. Table reference register
TRH 1 0 5 H | Read/Write high-order byte 00H
MSB LSB
TRH7 TRHS TRHS TRH4 TRH3 TRH2 TRH1 TRHO

The table reference register high-order byte is used to hold the high-order byte of a ROM
address specified by the LDC instruction. This 8-bit register can be used as a general
purpose register when any instruction other than the LDC instruction is executed in your
application program, '
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. ) Initial

Symbol Addressl Read/Write Name reset value
SP 10 6 H | Read/Write | Stack pointer Unpredictable
MSB J LSB
SP7 SP6 SP5 SP4 - SP3 SP2 SP1 SPO

The stack pointer (SP) is incremented by 1 when the PUSH instruction is executed in your
application program. It is decremented by 1 when the POP instruction is executed in your
application program,

The stack pointer (SP) is incremented by 2 when the CALL instruction is used in your
application program. It is decremented by 2 when the RET instruction is executed in your
application program.

The stack pointer (SP) will be incremented by 2 when an interrupt request is accepted by
the system, and will be decremented by 2 when the RETI instruction is executed at the end -
of the interrupt servicing routine, Note that the RETI instruction is used to transfer
program execution back to the main routine from the interrupt service routine.

The stack pointer value will become unpredictable at power on,

Therefore, you should set an appropriate value in the stack pointer within the initial
routine after power is applied.
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: Initial
Symbol | Address | Read/Write Name reset value
PCON/|{ 107H/| Read/Write Power control register XXXXX000B
MSB LSB

- - - - - PCONZ ] PCON1 | PCONO

PCONZ2: Power control register bit 2 L

0: Disable the INTO HOLD mode release request. Note that the INTO request signal
becomes active when the L level voltage is applied to the P12 pin.

1: Enable the INTO HOLD mode release request. Note that the INTO request signal
becomes active when the L level voltage is applied to the P12 pin. In this case,
program execution will start when timer/counter 0 outputs an overflow signal.
As stated in the preceding paragraph, the overflow signal from timer/counter 0
will start the program execution. Therefore, timer/counter 0 can be used to
prevent program execution from entering abnormal state when it is restarted
immediately after the HOLD mode is released. For this purpose, you have to set
an appropriate data in timer/counter 0 in advance. As a result, program
execution will be restarted after the wait time period defined by the data in

timer/counter 0 elapses. Note that the oscillation stabilization time period
requires such wait time period.

PCONI: Power control register bit 1

0: Disable the HOLD mode request.

1: Enable the HOLD mode request. The HOLD mode stops both of the CF/RC oscillation
circuit and the X'tal oscillation circuit. The microcomputer is allowed to
operate in the low current dissipation mode. That is, only the leakage current
operates the LSIL
The HOLD mode can be released by the reset request signal or by applying L level
voltage to the INTO (P12) pin with PCON2 = 1, In this case, the HOLD mode
should be selected after all the interrupt requests are disabled. If you fail to

follow this procedure, program may enter abnormal run state. Please keep it in
mind.

PCONO: Power control register bit 0
0: Disable the HALT mode request.
1: Enable the HALT mode request. The HALT mode stops the program execution. This

mode can be released by the reset request, It can be also released when an
interrupt request is accepted by the system.
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Symbol | Address | Read/Write | Name f_g‘s t;?l value
lE 1 0 8 H | Read/Write Interrupt enable control register 0XX00000B
MSB | LSB
TE7 - - lE4 IE3 lE2 lE1 IEO

IE7: Interrupt enable control register bit 7
0: Disable all the interrupt requests.
1: Enable all the interrupt requests selected by bits IE4 to IEO.
IE4: Interrupt enable control register bit 4
0: Disable an interrupt request from the divider circuit, port 1 or port 3.
1: Enable an interrupt request from the divider circuit, port 1 or port 3, ---
Vectored address 23H
IE3: Interrupt enable control register bit 3
0: Disable the interrupt request from timer/counter 1.
l: Enable the interrupt request from timer/counter 1. --- Vectored address 1BH
IE2: Interrupt enable control register bit 2
0: Disable the external interrupt 1 request.
1: Enable the external interrupt 1 request. -—- Vectored address 13H
IEL: Interrupt enable control register bit 1
0: Disable the interrupt request from timer/counter 0.
1: Enable the interrupt request from timer/counter 0. --- Vectored address OBH
[EO: Interrupt enable control register bit 0
0: Disable the external interrupt 0 request,
I: Enable the external interrupt 1 request, --- Vectored address 03H
Note: Some interrupt request flags are automatically reset or others are not automatically
reset when interrupt requests are accepted by the system. These flags are as
follows:
Interrupt flags to be automatically reset:
Timer/counter control register bit 7 (interrupt request by timer/counter 1)
Timer/counter control register bit 5 (interrupt request by timer/counter 0)

Timer/counter control register bit 3 (external interrupt 1) --- Falling edge
detection mode
Timer/counter control register bit 1 (external! interrupt 0) --- Falling edge

detection mode
Interrupt request flags not to be automatically reset:

Timer/counter control register bit 3 (external interrupt 1) --- L level
detection mode
Timer/counter control register bit 1 (external interrupt 0} --- L level

detection mode

Divider circuit control register bit 1 {interrupt from the divider circuit)
Port 1 interrupt register bit 1 (interrupt from port 1)

Port 3 interrupt register bit I (interrupt from port 3}

Note: Timer/counter interrupt detection mode from the falling edge detection and L level
signal detection modes is selected by software.
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. : Initial
Symbol | Address | Read/Write Name reset value

Timer/counter control

TCON{110H | Read/Write reglster 00H

MSB LSB

TCON7 [TCON6 | TCONS5 | TCON4 | TCON3 | TCONZ2 [ TCON1|TCONGO

TCONT7: Timer/counter control register bit 7
Timer/counter control register bit 7 is set when timer/counter 1 outputs an
overflow signal and then automatically reset when an interrupt servicing routine is
started,

TCONS6: Timer/counter control register bit 6
0: Stop the timer/counter 1 operation.
I: Start the timer/counter 1 operation,

TCONbS: Timer/counter control! register bit 5°
Timer/counter control register bit 5 is set when timer/counter 0 outputs an
overflow signal and then automatically reset when an interrupt servicing routine is
started.

TCON4: Timer/counter control register bit 4
0: Stops the timer/counter Q operation.
1: Start the timer/counter 0 operation.

TCONS3: Timer/counter control register bit 3
Timer/counter control register bit 3 is set when an external interrupt request
signal from the INT1 pin is generated and then automatically reset when the
interrupt servicing routine is started. Please note keep it in mind that this bit
is automatically reset only when the falling edge detection mode has been se-
lected,

TCON2: Timer/counter control register bit 2
Timer/counter control register bit 2 is used to select a desired INTI interrupt

detection mode from the falling edge detection and L level signal detection modes.

0: Select the L level signal detection mode.
1. Select the falling edge detection mode,
The H level signal before the interrupt request and the L level signal for
triggering an interrupt should remain active for more than one machine cycles.
TCONI1: Timer/counter control register bit 1
Timer/counter control register bit 1 is set when an external request signal from
the INTO pin is generated and then automatically reset when the interrupt servicing
routine is started. Please note this bit is automatically reset only if the falling
edge detection mode has been selected.
TCONO: Timer/counter control register bit 0
Timer/counter control register bit 0 is used to select a desired TNTO interrupt

detection mode from the falling edge detection and L level signal detection modes.

0: Select the L level signal detection mode.

I: Select the falling edge detection mode.

The H level signal before the interrupt request and the L level signal for
triggering an interrupt should remain active for more than one machine cycles.
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. Initial
Symbol | Address | Read/Write Name reset value

Timer/counter mode control H
register 00

TMOD| 111H/| Read/Write

MSB ' LSB

TMOD7  TMOD6 | TMODS5 | TMOD4 [ TMOD3 | TMOD2 | TMOD1 | TMODO0

TMOD7?: Timer/counter mode control register bit 7

Timer/counter mode control register bit 7 is used to specify a desired input pulse

to the timer/counter 1 gate.

0: Select the unconditional pulse input to the timer/counter 1 gate.

I: Select the conditional pulse input to the timer/counter 1 gate. In this case,
pulses are input to timer/counter 1 only if the INTI (P13) = H level, Otherwise,
they are not input to the timer/counter 1 gate.

TMODE6: Timer/counter mode control register bit 6

Timer/counter mode control register bit 6 is used to select the operation mode of

timer/counter 1 from the timer operation and counter operation.

0: Select the timer operation mode. In this operation mode, timer/counter 1 will
increment its value by 1 each machine cycle.

1. Select the event counter operation mode. In this operation mode, timer/counter 1
will count up the input clocks from the T1 (P11) pin.

TMOD5: Timer/counter mode control bit 5
TMOD4: Timer counter mode register bit 4

Mode TMODS | TMOD4 | Timer/counter 1 mode

0 0 13-bit timer/counter
1 0 1 16-bit timer/counter
2 1 0 8-bit reload timer/counter

TMOD3: Timer/counter mode control register bit 3 _

Timer/counter mode control register bit 3 is used to specify a desired input pulse

to the timer/counter O gate,

0: Select the unconditional pulse input to the timer/counter 0 gate.

I: Select the conditional pulse input to the timer/counter 0 gate. In this case,
pulses are input to timer/counter 0 only if the INTO (P12) = H level. Otherwise,
they are not input to the timer/counter 0 gate.

TMOD2: Timer/counter mode control register bit 2

Timer/counter mode control register bit 2 is used to select the operation mode of

timer/counter 0 from the timer operation and counter operation. _

0: Select the timer operation mode. In this operation mode, timer/counter 0 will
increment its value by 1 each machine cycle. ,

1: Select the event counter operation mode. In this operation mode, timer/counter 0
will count up the input clocks from the TO (P10) pin.

TMODI: Timer/counter mode control bit 1
TMODOQ: Timer counter mode register bit 0

Mode TMOD1 | TMODO | Timer/counter 0 mode

0 0 0 13-bit timer/counter
1 0 1 16-bit timer/counter
2 1 0 8-bit reload timer/counter
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Initial
Symbol | Address | Read/Write Name reset value
TOL 112H ]| Read/Write | Timer/counter 0 low-order byte 0O0H
MSB LSB
TOL7 TOLSG TOLS TOL 4 TOLS3 TOL2 TOL1 TOLO
Symbol Address | Read/Write Name Initial
reset value
TOH 114H| Read/Write | Timer/counter 0 high-order byte 00H
MSB LSB
TOH? TOHSG TOHS TOH4- TOHS3 TOH2 TOHI1 TOHO
Operation modes (selectable by bits TMODO and TMODI1)
(1) Mode 0 {13-bit timer/counter)
MSB LSB
TOH 12 11 10 09 08 07 06 05
| K
TOL 04 03 02 01 00
(2) Mode 1 (16-bit timer/counter)
MSB LSB
TOH 15 14 13 12 11 10 09 08
| R
TOL 07 06 05 04 0 3 02 01 00
(3) Mode 2 (8-bit reload timer/counter)
MSB LSB
TOH 07 06 05 04 03 02 01 00
! i { | l ! ! {
TOL 07 06 05 04 03 02 01 00
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. Initial
Symbol | Address | Read/Write | Name reset value
T1L 113H| Read/Write | Timer/counter 1 low-order byte 00H
MSB LSB
T1L7 T1L®6 T1L5 T1L4 TI1L3 T1L2 TI1L1 TILO
Symbol | Address | Read/Write | Name Initial
reset value
T1H 11 5H | Read/Write Timer/counter 1 high-order byte DOH
MSB LSB
T1H7? T1HG6 T1H5 T1H4 T1H3 T1H2 T1HI1 TI1HO
Operation modes (selectable by bits TMOD4 and TMODS5)
(1) Mode 0 (13-bit timer/counter)
MSB LSB
T1H 12 11 10 09 08 07 06 05
| L
T1L 04 03 02 01 00
{2) Mode 1 (16-bit timer/counter)
MSB LSB
T1H 15 14 13 12 11 10 09 08
| |
| . T
T1L 07 06 05 04 03 02 01 00
(3) Mode 2 (8-bit reload timer/counter)
MSB LSB
T1H 07 06 05 04 03 02 01 00
! ! | | | | i !
T1L 07 06 05 04 03 02 01 00
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Initial

Symbol Address | Read/Write Name
reset value

PO 1 4 0 H| Read/Write Port 0 latch . FFH
MSB LSB
PO7 P06 P05 P04 P03 P02 POo1 POO

Initial

Symbol | Address | Read/Write Name reset value

PODDR | 141H/| Write only Port 0 data direction register XXXXXXX0B
MSB LSB
- - - - - - - PODDR

The port 0 data direction register is used to select a desired port 0 operation mode from
the input and output modes in a byte unit.

PODDR 0: Input mode 1: Qutput mode

Note: This register cannot be accessed by a bit manipulation instruction.

IBUS
WPODDR
WPO
IRES
RP O

AVDD A
= I
41

L

' | =

‘IPLS

| ©

Ol"J
j=r w

oy wn
o|o._.f

7

IBUS: Internal bus
IRES: Initial reset pulse
PLS: Port latch select _T
RPO: Port 0 Read

WPO: Port 0 Write Port 0 structure
WPODDR: Port 0 DDR Write
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Symbol | Address | Read/Write Name ir;istéial alue
P1 14 4 H| Read/Write Port 1 latch FFH
MSB LSB
P17 P16 P15 P14 P13 P12 P11 P10
The following port 1 pins can be used for special signal input.
Port .
name Special signal input
P13 External interrupt signal input {INTI1)
P12 External interrupt signal input (INTO)
P11 External clock input to Timer/counter 1 (T1)
P10 External clock input to Timer/counter 0 (TO0)
Symbol | Address | Read/Write Name 1,1;;2?] value
. Port 1 data direction
PI1DDR | 145H | Write only register 0O0H
MSB LSB
P17 P16 P15 P14 P13 P12 P11 P10
DDR DDR DDR DDR DDR DDR DDR DDR

The port 1 data direction register is used to select a desired port 1 operation mode from
the input and output modes in a single bit unit.

P1XDDR {X: 0 to 7)

0:; Input mode

1: Qutput mode

Note: This register cannot be accessed by a bit manipulation instruction.

Symbol | Address | Read/Write | Name Initial
reset value
. Port 1 interrupt control
P1INT]| 146H| Read/Write register XXXXXX00B
MSB LSB
- - - - - - P1F P1C

P1F: Port 1 interrupt flag
The port 1 interrupt flag is set when an L level signal is applied to an input port .
pin of port 1. In this case, the input port pin of port 1 should be set to the input

mode in advance.

bit P1C should be also set beforehand,

PI1C: Port 1 interrupt control bit

0: Disable the interrupt from port 1,
1: Enable the interrupt from port 1.

In addition, the port output latch, and port 1 interrupt control
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> Interrupt request signal

IBUS : Internal bus
IRES : Initial reset pulse
PLS : Port latch select
WP1 : Port 1 Write

WPIDDR : Port 1 DDR Write
WPIINT : PI1INT Write
RPI1 : Port 1 Read
RPI1INT : P1INT Read

Port 1 structure
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Symbol | Address | Read/Write | Name 12132?1 value
P2 1 4 8 H | Read/Write Port 2 latch 11Xx11111B
MS B LSB
P27 P26 - P24 P23 P22 P21 P20
Symbol | Address | Read/Write Name :,2152?1 value
P2DDR | 149H| Write only | Port 2 data direction register 00X00000B
MSB LSB
P27 P26 — P24 P23 P22 P21 P20
DDR DDR DDR DDR DDR DDR DDR

The port 2 data direction register is used to select a desired port 2 operation mode from
the input and output modes in a single bit unit,

P2XDDR

(X: 0 to 4,6,7)

0: Input mode

1: Output mode

Note: This register cannot be accessed by a bit manipulation instruction.

n
=
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m A~ Mo o,
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L Q
' C QF
2
S
L Qf
C Q
R
4 |
IBUS : Internal bus
IRES : Initial reset pulse
PLS : Port latch select
RP2 : Port 2 Read
WP2 : Port 2 Write

WP2DDR : Port 2 DDR Write

Port 2 structure
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Symbol | Address | Read/Write | Name Al e
P3 1 4 CH | Read/Write Port 3 latch XX111111B
MSB LSB
- — P35 P34 P33 P32 P31 P30
Symbol | Address | Read/Write | Name f_[;ist;?l value
P3DDR|14DH| Write only Port 3 data direction register XX0000008B
MSB LSB
— - P35 P34 P33 P32 P31 P30
DDR DDR DDR DDR DDR DDR

The port 3 data direction register is used to select a desired port 3 operation mode from
the input and output modes in a single bit unit.

P3XDDR (X: 0 to 5)

0: Input mode

1: Output mode

Note: This register cannot be accessed by a bit manipulation instruction,

Symbol | Address | Read/Write Name }_';182?1 value
P3INT| 14EH| Read/Write Port 3 interrupt control register XXXXXX00B
MSB LSB

- - - - - P3F P3C

P3F: Port 3 interrupt flag

The port 3 interrupt flag is set when an L level signal is applied to an input port
pin of port 1. In this case, the input port pin of port 3 should be set to the input

mode in advance,

bit P3C should be also set beforehand.

P3C: Port 3 interrupt control bit

0: Disable the interrupt from port 3.
1: Enable the interrupt from port 3.

In addition, the port output latch, and port 3 interrupt control
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> Interrupt request signal

: Internal bus

: Initial reset pulse
: Port latch select
: Port 3 Write

Port 3 DDR Write

: P3INT Write
: Port 3 Read
: P3INT Read

Port 3 structure
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Symbol | Address | Read/Write Name nitial
reset value

P4 15 0H | Read/Write Port 4 latch FFH

MSB LSB
P47 P46 P45 P44 P43 P42 P41 P40
The following port 4 pins can be used for special output function.

Port pin

name Special output function

P45 Pulse output pin

P44 Alarm output pin

P43 External Liquid Crystal Display driver output pin {synchronization signal output M)

P42 External Liquid Crystal Display driver output pin (data signal output DO}

P41 External Liquid Crystal Display driver output pin (shift signal output CL2)

P40 External Liquid Crystal Display driver output pin (latch signal output CLI)
Symbol [ Address | Read/Write | Name Initial

reset value

P4DDR| 15 1H| Write only Port 4 data direction register 00H

MSB LSB

P47 P46 P45 P44 P43 P42 P41 P40

DDR DDR DDR DDR DDR DDR DDR DDR

The port 4 data direction register is used to select a desired port 4 operation mode from

the input and output modes in a single bit unit.

P4XDDR (X: 0 to 7)

0: Input mode

1: Qutput mode

Note: This register cannot be accessed b;y a bit manipulation instruction.
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Symbol | Address | Read/Write | Name ?;Lt;?l value
P4SCR|152H| Write only E’é)_;itstiroutput signal selection XX 00XXX0B
MSB LSB
_ _ P45 P44 — _ _ P40
+SCR SCR SCR

P4355CR: P45 output signal selection bit
0: Select the P45 port latch output,
1: Select the pulse signal output,
P44SCR: P44 output signal selection bit
0: Select the P44 port latch output,
I: Select the alarm signal output,
P40SCR: P40 -P43 output signal selection bit

P40~P43 | P40SCR

Output signal

P43

P42

P41

P40

—_o PO O

— O

Select the P43 port latch output.

Select the external Liquid Crystal Display driver output

(synchronization signal output M),
Select the P42 port latch output.

Select the external Liquid Crystal Display driver output

(data signal output DO),
Select the P41 port latch output.

Select the external Liquid Crystal Display driver output

(shift signal output CL2).
Select the P40 port latch output.

Select the external Liquid Crystal Display driver output

(latch signal output CL1).

Note: If you are to select the external Liquid Crystal Display driver output, please reset

bit 0 of the mode control register to activate the character display mode.

Note: This register cannot be accessed by a bit manipulation instruction,
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IBUS : Internal bus
IRES : Initial reset pulse
PLS : Port latch select 1
RP4 : Port 4 Read
WP4 : Port 4 Write Port 4 structure
WP4DDR : Port 4 DDR Write
P4SCR : Port 4 output signal select
Symbol | Address | Read/Write Naine :'zislgi‘lvalue
180H
DR 1 Read/Write | Display RAM Unpredictable
1A7TH

The display RAM is a statlc RAM with a capaclty of 40 bytes (40 x 8 bits). The liquld Crystal Display driver clrcult
receives the display data from the dlsplay RAM and then generates dot matrlx Liquid Crystal Dlsplay driver slgnals.
There are two types of Liguld Crystal Display modes avallable on the LC86104A microcomputer: Graphie display mode and 1
Character display mode. In the graphic dlsplay mode, every single bit of the display RAM can be used to turn on/off a
single Liquld Crystal Display dot. In the character display mode, the [nternal character generator ROM Is used to output
a predefined dot character pattern to the Liquid Crystal Display driver clrcult after recelving a character code already
stored In the display RAM from the Liquid Crystal Dlsplay control clrcult.

: Initial
Symbol | Address | Read/Write Name reset value
CG - - Character generator ROM —
ROM

The character generator ROM (CGROM) 1s a 5600-blt ROM used in the character display mode.

The Liquld Crystal Display control circult recelves a character code already stored In the display RAM and then
transfers it to the character generator ROM. The character generator ROM generates the corresponding dot pattern
according to the character code output by the control circult. Finally, the Liquid Crystal Display driver circult
generates a dot matrix Liquid Crysta! Display driver signals to display a desired character on the panel,

The character generator ROM (CGROM) contents can be defined by the user, That s, you can set up to 160 types of
character patterns in the character generator ROM (CGROM), Please note that each character pattern should have a
character font of 5 x 7 dots {Max.),
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Symbol | Address | Read/Write | Name Initial
reset value
MCR 1EO0H | Write Only Mode control register XXXX0000B
MSB LSB
- - - - MCR3 MCR 2 MCR1 MCRO
MCR3: Mode control register bit 3

0:

MCR2:
MCRI1:

Place the Liquid Crystal Display in the OFF state. In this case, the supply
voltage pins (V1 to V5} for Liquid Crystal Display are electronically connected
with the VDD pin. The common driver pins {C1 to C8) and segment driver pins (S1 to
S40) are also electronically connected with the Vpp pin.

: Place the Liquid Crystal Display in the ON state. In this case, you can output a :

desired signal to the common driver pins {(Cl to C8} and the segment driver pins
(S1 to S40) by electronically connecting the V5 supply voltage pin to the Vss pin.
To control display brightness, add a resistor between the V5 pin and the VSSpin,
Mode control register bit 2
Mode control register bit 1

Mode control register bits 1 and 2 (MCRI1 and MCR2) are used to control cursor
display operation. The cursor display operations are shown in the table below. Note
that these two bits can be effective only in the character display mode (MCRO =

0)-
Cursor , .
MCR2 [MCR1 display Blink Description
_ Place the cursor display operation in the OFF
0 0 OFF state,
Place the cursor display operation in the ON
state, The cursor s displayed under the display
0 1 ON -
character specifled by the cursor address register
(CAR),
The display character specified by the cursor
1 0 OFF Charactern] address register (CAR) will blink, Black-White
blinking mode.
. The cursor is displayed under the display
1 1 ON Cursor |character specified by the cursor address register
{CAR) and then blinks,
MCRO: Mode control register bit 0

0:

Character display mode

The character display mode uses an internal character generator ROM to generate a
desired dot pattern. The dot pattern is generated according to a character code
stored in the display RAM,

: Graphic display mode

Each bit of the display RAM is used to turn on or off a single dot of the Liquid
Crystal Display panel.

Note: This register cannot be accessed by a bit manipulation instruction.
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Symbol | Address | Read/Write | Name Initial .
, reset value
CPR 1E1H| Write Only | Character pitch register X000x000B
MSB ) LSB
- CPR6 CPRS CPR4 - CPR2 CPR1 CPRO

CPR6: Character pltch register bit 6
CPRS5: Character pitch register bit 5
CPR4: Character pltch reglster bit 4
Character display mode: These character pltch register blts are used to specify the number of bits per character
In the vertical direction (Vp).
Graphic display mode: These character pitch reglster bits have no signlficance.
The table below shows the relatlonshlp between the combinations of these blts and the vertical number of bits per

character.

CPRG_ CPR5 | CPR4 Vp
0 0 0 1
0 0 1 2
0 1 0 3
! l ! !
1 0 1 6
1 1 0 7
1 1 1 8

CPR2: Character pltch register bit 2

CPR1: Character pltch register bit 1

CPRO: Character pltch register blt 0
Character display mode: These character pitch register bits are used to speclfy the number of bits per character
in the horlzontal directlon (Hp).
Graphlc display mode: These character pltich register blts are used to speclfy the effectlve number of display
bits of each display RAM address,
The table below shows the relatlonship between the combinatlons of these blts and the number of bits (Hp).

CPR2|CPR1|CPRO Hp
0 0 0 Not assigned,
0 0 1 Not assigned,
0 1 0 Not assigned.
0 1 1 4
! ! | !
1 1 1 8

Note: Hp values 1 through 3 cannot be specified. Please keep it in mind,
Note: This register cannot be accessed by a bit manipulation instruction.
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Symbol | Address | Read/Write | Name : lrélsté?l value
CNR 1E3H|| Write Only Cilaracter number register XX000000B
MSB LSB

- - CNRS CNR 4 CNR3 CNR2 CNR1 CNRO

CNRS5: Character number register bit 5

|

l

CNRO: Character number register bit 0
Character display mode: These character number register bits are used to specify
the number of characters in the horizontal direction, S
Graphic display mode: These character count register bits are used to specify the
number of bytes in the horizontal direction {Hn), The total number of dots in the
horizontal direction can be calculated by (Hp x Hn),
The table below shows the relationship between the combinations of these bits and

Hn,

CNRS |CNR4 |CNR3|CNR2|CNR1|CNRO Hn
0 0 0 0 0 0 1
0 0 0 0 0 1 2
0 0 0 0 1 0 3
l l ! l ! { !
1 0 0 1 0 1 38
1 0 0 1 1 0 39
1 0 0 1 1 1 40

Note: This register cannot be accessed by a bit manipulation instruction,

No0.2967-34/61




LC86104A

Symbo! | Address | Read/Write | Name i‘;istéﬁl value
TDR 1E4H | Write Only Time division registel; XXXXX000B
MSB LSB
- - - - - TDR2 TDRO
TDR2: Time division register bit 2

TDRI1:

Time division register bit 1
TDRO: Time division register bit 0

These time division register bits are used to specify the number of character lines
in the vertical direction (Nx). Note that these vertical character lines are
controlled by time division technique. The reciprocal of Nx indicates a display
duty cycle, The total number of display dots on the Liquid Crystal Display panel
can be calculated by (Hp x Hn x Nx).
The table below shows the relationship between the combinations of these bits and
the number of vertical character lines {Nx).

Note: This register cannot be accessed by a bit manipulation instruction.

TDR2 | TDR1 [ TDRO [jericalcharacter
0 0 0 1
0 0 1 2
0 1 0 3
0 1 1 4
1 0 0 >
1 0 1 6
1 1 0 7
1 1 1 8
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Symbol | Address | Read/Write | Name ir;lstgl value
CAR 1 E5H | Read/Write | Cursor address register - XX000000B
MSB LSB
- - CARS CAR4 CAR3 CAR2 CAR1 CARO

CARS: Cursor address reglster bit 5

! !
CARQO: Cursor address register bit 0
Character dlsplay mode: These cursor address reglster bits are used to specify a display RAM address whose
content will be displayed on the Liquid Crystal Display panel marked by a cursor. Note that the cursor Is
?hl:]ca:l]g{ed under the display character and that the cursor display s controlled by the mode control register
Graphic display mode: These cursor address register bits have no signlficance.
The table below shows the relatlonship between the combinatlons of these bits and the display RAM addresses,

Specifiable display

CARS5 |CAR4 [CAR3|CAR2|CAR1|caRo | phectilante d

0 0 0 0 0 0 |180H
0 0 0 0 0 1 |181H
0 0 0 0 1 0o |182H
| l | | I l |

1 0 0 1 0 1 |1A5H
] 0 0 1 1 0 |1A6H
1 0 0 1 1 1 |1A7H

Common driver pins, segment driver pins and character display
© O M~ 0 ;O
- N g N © b~ ®© G — oI Av B 40 B A B S
wnun un n n n n n n nn\nn nn »n n
ci1 MO0 OMERNL] COMENEC
ce [JMEU0O ROOOM mOoOoom
cs [JUJRUOO LJOOOCM HOOO.
ca JUIMUO OJOImO ml i ] In
cs LJURUO OOmOO _ Iy
ce MO CJMUOIOO mOCOM
ctr UAMEL NENENR i § § N
ce OO LoOoaad
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Graphic display mode

@) O M~ O 0 O
- QN M W 0 >0 ;O — M MMM e
nwnn nn nwnnmunin nwnuwn n unn
— giﬁegzdzgsgislpslg{[ ) Content of display RAM —
L J address 184H
Hp
!\ /‘L SB MS B—\ /l
ci-«UO0000 O00gon HiE|N]E]E
c2 | Ut odofod NN .
cs | JOOooOo Ogaodo HIE NN
ca 00000 00000 0oooo
cs T UEod duaodo OOoogt
ce | (UL OO0 OOt
cr | OO O OOUOn OO
ce—~41JOJIL  JOCNCI OO0
Content of display Content of display RAM
" RAM address 1A3H address 1A7H T
Character display mode
K Hp A
DJHEEL ENRRERC EEENEN
HOOOR RO0J0O0OM DO00M
><QIEID[]IID[][]I HiNN] N
-~ BUOOCOEH HEHEED] JOmOn
HEEEER ROOOUN LROood
HOOON 00D m mOoooo
~EHOO00N EREREO EERENE
54——DDDDIZIIIIIItI/ Jo0oon
| o : J L J
Display character Character display The cursor is Character display
dot pattern gene- dot pattern gene- displayed because dot pattern gene-
rated by the rated by the O0lHandOAHhave rated by the
CGROM according CGROM according been set in the CGROM according
to the content of to the content of cursor address to the content of
display RAM ad- display RAM ad- register and the display RAM ad-
dress 180H. dress 181H. mode control dress 187H.
' register, respec-
tively.
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Hp, Hn, Vp, Nx and Liquid Crystal display

Symbol| Name Meaning Value

Hp Horizontal Character pitch in horizontal

character pitch | direction 4 to 8 bits

Character display mode: Character count per line
Hn [Horizontal {or in horizontal dlrectlon). ‘ 1 to 40 characters

character count |[Graphle display mode: Byte count per line '
{or In horizontal direction).

Yp Xl?;;cciler pitch Character pitch in vertical direction 1 to 8 bits

N x Vertical character

line count Display duty cycle 1 to 8 lines

Bias modes

Note:

Set port pin PXX to the L level when you are to turn on the Liquid Crystal Display
panel, In this case, set bit 3 of the mode contro! register (MCR) first and then set
the PXX pin to the L level. ‘

Set port pin PXX to the H level and then reset bit 3 of the mode control registe
(MCR) when you are to turn off the Liquid Crystal Display panel. :
If you do not follow the above procedures, excessive current at about ImA will be
dissipated by the LSI when the display panel is turned on/off,
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. Initial

Symbol | Address | Read/Write | Name reset value
ACR 1 FCH/| Write Only Alarm control register 00x00000B
MSB LSB

ACR7 ACRS6 — ACR4 ACR3 ACR2 ACR1 ACRO

ACR7: Alarm control reglster bit 7
0: Disable the pulse output to sound an alarm tone.
1: Enable the pulse output to sound an alarm tone.
Note: The pulse output reverses its polarity by an overflow signal from timer/
counter 0 if alarm control register bit 6 (ACR6) has been set to "1".
ACRG: Alarm control register bit 6
0: Fix the pulse output at the "H" level,
1: Allow the pulse output to reverse its polarity by an overflow signal from
timer/counter 0,
ACR4: Alarm control register bit 4
0: Select the fundamental frequency of 4kHz for the alarm tone specified by bits
ACRO to ACR3,
1: Select the fundamental frequency of 2kHz for the alarm tone specified by bits
ACRO to ACRS3.
ACR3: Alarm control register bit 3 o
0: Disable the fundamental frequency selected by ACR4 to generate the alarm tone
signal.
1: Enable the fundamental frequency selected by ACR4 to generate the alarm tone
signal.
ACR2: Alarm control bit 2
0: Disable the combination of the signal frequencies of 32Hz, 4Hz, and 4kHz or 2kHz
(fundamental frequency selected by ACR4) to sound an alarm tone,
i: Enable the combination of the signal frequencies of 32Hz, 4Hz, and 4kHz or 2kHz
(fundamental frequency selected by ACR4) to sound an alarm tone,
ACRI1: Alarm control register bit 1
0: Disable the combination of the signal frequencies of 4Hz, 1Hz and 4kHz or 2kHz
(fundamental frequency selected by ACR4) to sound an alarm tone.
1: Enable the combination of the signal frequencies of 4Hz, 1Hz, and 4kHz or 2kHz
(fundamental frequency selected by ACR4) to sound an alarm tone,
ACRO: Alarm control register bit 0
0 Disable the combination of the signal frequencies of 32Hz, 4Hz, IHz and 4kHz or
2kHz (fundamental frequency selected by ACR4) to sound an alarm tone,
1: Enable the combination of the signal frequencies of 32Hz, 4Hz, 1Hz, and 4kHz or
2kHz (fundamental frequency selected by ACR4) to sound an alarm tone.
Note: To enable an alarm tone signal to be output to port pin P44, you have to set pin
P44 to the output mode. In addition, bit 4 of the port 4 output signal selection
register {P4SCR) should be set to "1".
Note: This register cannot be accessed by a bit manipulation instruction. Please keep
it in mind.
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Initial

Symbol | Address| Read/Write | Name
reset value

- — - CF/RC oscillation circuit -

The CF/RC oscillation circuit is composed of the CF1 and CF2 pins, and ceramic oscillator
or RC oscillator, The ceramic oscillator or the RC osclllator can be selected by the mask

option.
The CF/RC oscillation signal can be as the system clock signal and the Liquid Crystal

Display timing control signals.

The figures below show the example CF and RC
oscillation circuits.
glers
3 —_
}l CF 2 CF 2
B CF oscillation - RC oscillation
circuit circuit
Symbol Address | Read/Write Name Initial
y reset value

- — - XTAL oscillation clrcul‘t -

The XTAL oscillation circuit is composed of the XT1 and XT2 pins, and the Crystal (XTAL)
resonator. The capacitor of 20pF is provided between the XT2 pin and the VSS pin. The XTAL
oscillation signal can be used as the timer base clock signal, system clock signal, and
the Liquid Crystal Display timing control signals.

The Liquid Crystal Display timing control signal source can be selected from the CF/RC
oscillation circuit and the XTAL oscillation circuit by the mask option,

The figure below shows the example XTAL
resonator oscillation circuit.

_F%I X T 1
- —
I XT2

XTAL resonator oscillation circuit
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Initial
Symbol | Address | Read/Write | Name reset value
DIVR - — Divider circuit 0000H

The divider circuit receives the signal frequency output from the 32kHz XTAL resonator
oscillation circuit and then divides its input signal, This divider circuit is a up-

counter with 15 output taps. The outputs from the divider circuit can be used to supply
time base clock and alarm tone signals to the system.

0:
1:

DCR1:

Reset the divider circuit,
Enable the divider circuit to divide the inpyt signal frequency from the 32kHz

. Initial
Symbol | Address | Read/Write | Name reset value
DCR 1 FDH | Read/Write Divider circuit control register XXXXX000R
MSB LSB
— — - - - DCR2 DCR1 DCRO
DCR2: Divider circuit control register bit 2

XTAL resonator oscillation circuit.
Divider circuit control register bit 1

500 milliseconds,

The DCR! is used to generate an interrupt request. This bit is set by an overflow
signal from the divider circuit every 500 milliseconds with the DCRO = [, Please
note that the DCRI1 is not reset when the interrupt request is accepted by the system
and thereby must be reset within the interrupt servicing routine.

DCRO: Divider circuit control register bit 0

0: Disable the DCRI1 to be set by an overflow signal from the divider circuit every

I: Enable the DCRI1 to be set by an overflow signal from the divider circuit every 500
milliseconds.

\ Initial

Symbol | Address | Read/Write | Name reset value

OCR 1FEH| Write Ouly Oscillation control register XXXXXXX0OB

MSB LSB
- - — - - - - OCRO

OCRO: Oscillation control register bit 0

0: Start the CF/RC oscillation circuit.

1: Stop the CF/RC oscillation circuit, ‘

Note: Set bit 0 of the system clock control register (SCR) to "1" when you write a data to
the oscillation control register (OCR). That is, start or stop the CF/RC oscil-

lation circuit after switching the system clock source to the XTAL resonator

oscillation circuit. If you do not follow this advice, the system may enter the
abnormal run state. Please keep it in mind.

Note: This register cannot be accessed by a bit manipulation instruction.
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Initial
Symbol Address | Read/Write Name reset value
SCR 1FFH| Write Only System clock control register XXXXXXX0B
MSB LSB
- - - - - - - SCRDO

SCRO: System clock control register bit 0
0: Select the CF/RC oscillation circuit as the system clock source,
1: Select the XTAL oscillation circuit as the system clock source.

Note: Set bit 0 of the system clock control register (SCR) to "1" when you write a data to
the oscillation control register (OCR). That is, start or stop the CF/RC oscil-
lation circuit after switching the system clock source to the XTAL resonator
oscillation circuit. If you do not follow this advice, the system may enter the
abnormal run state. Please keep it in mind.

Note: This register cannot be accessed by a bit manipulation instruction.
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User mask options
The following user mask options are available on the LC86104A microcomputer.

User mask optlon Optional items Description

CF/RC osclllation - CF oscillation Select the CF osclllation circuit with the CFl and
circult selection circult CF2 pins or the RC osclllation circuit with the
RC oscillation CF1 and CF2 pins
cireult

Liquid Crystal Display
controller clock source
selection

XTAL osclllatlon
circult

CF/RC oscillatlon
circult

Select elther the XTAL osclllation clrcuit or the
CF/RC osclllation clreult as the Liquid Crystal

" Display controller clock source.

Liquid Crystal Display
controller clock divi-
sion rate selection

1/1
172
1/4
1/8
1/16
1/32
1/64
1/128

Select the division rate of the Liquid Crystal
Display controller clock. This user mask optlon
allows the divider to output the clock with a
desired Liquid Crystal Display frame frequency
(Ffrm: 40Hz to 80Hz) to the display control
clreuit,

Port 0 pull-up transistor
(reslstor) selection

Pull-up circuit
selection

Non pull-up circuit
selection

Select the port O input circult type from the
pull-up Input clrcult conflguration and the open
Input clrcult configuration,

Port 1 pull-up transistor
{resistor) selection

Pull-up circuit
selection

Non pull-up circuit
selection

Select the port 1 Input circuit type from the
pull-up Input cireult conflguration and the open
input clrcult conflguration,

Port 2 pull-up transistor
(resistor) selection

Pull-up circuit
selection

Non pull-up circult
selection

Select the port 2 input clrcult type from the
pull-up input clrcuit conflguration and the open
input circuit configuration.

Port 3 pull-up transistor
{resistor) selection

Pull-up circuit
selection

Non pull-up circuit
selection

Select the port 3 input clrcuit type from the
pull-up Input circult configuration and the open
Input clrcuit conflguratlion.

Port 4 pull-up transistor
(resistor} selecticn

Pull-up circuit
selection

Non pull-up circuit
selection

Select the port 4 Input circuit type from the
pull-up input circuit configuratlon and the open
input elrecuit conflguratlon,

Note: The Liquid Crystal Display frame frequency can be calculated by the following

formula:

Ffrm = (Fosc x Ndiv)/(2 x Ndot)

Fosc:
source

Oscillation frequency from a Liquid Crystal Display controller clock

Ndiv: Division rate for Liquid Crystal Display controller clock
Ndot: Total number of Liquid Crystal Display dots (Ndot = Hp x Hn x Nx)

Note: Pull-up transistor (resistor) can be selected in. port unit by the user mask
option, Please note that the pull-up resistor cannot be selected in a port bit unit
by the option.
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LC86104A Electrical characteristics

M Absolute maximum ratings/Vss = 0V and Ta = 25 °C

perature range

Limits
Parameter Symbol Pins and Conditions
: Min Ma x |Unit
Supply _
voltage vDD 0. +7 A4
Input VIN —-0. VDD V'
voltage +0. 3
Peak output Input/output ports, Output
current ror current per pin, —2 +20 m A
Average output Input/output port. Average output
current FTOA current per pin for 100 milliseconds. —2 +20 mA
Output
current 1 EITOA 1 | Port 0, Total output current, -3 +30 mA
Output Ports 1, 2, 3, and 4. Total output
current 2 EITOAZ current. —-23 +110 | mA
Power dissipa- _ or o
tion (MAX.) Pdmax| Ta=-30°C~ +70°C, QIP100 400 |mw
|Operating tem- .
perature range Topr —30 +70 ¢
Storage tem- Tstg —55 +150 |
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B Recommended operating voltage range/Ta range =

-30 °C to +70 °C,

VDD range = 2.5V to 6.0V. Vgg = OV.
Limits
Parameter Symbol Pins and Conditions Unit
Min Typ | Max
Operating supply] VDD1 [ 14#SSTCYC=Z3664uS 4. 5 6. 0 Vv
voltage range
VDD2 [4xS=TCYC=3664¢S 2. 5 6. 0 \'4
RAM and register
HOLD voltage VHD hold voltage 2. 0 6. 0 '
All input port pins 0. 7
. - VIH1 | except for the RST pin VDD VDD v
Input high
voltage 0. 75
VIHZ2 [RST VDD YyDD \'
All input port pins except 0. 3
VIL1 for the RST port pin 0 VDD Vv
Input low
voltage 0. 25
VIL2 |[RST 0 VDD \Y
FOSC1 | CF1, 2(Ceramic oscillation) 11 12 13 MH z
VDD=4. 5~6. 0V
FOSC2 | CF 1. 2(Ceramic oscillation)) 2. 5 | 3. 0| 3.5 |MHz
Oscillation fre- VDD=2. 5~6. 0V
quency range
FOSC3 | CF 1. 2 (RC oscillation) 0.4 |0. 8 1.2 {MHz
VDD=2. 5~6. 0V
R=15KQ, C=100pF
FOSC4 | XT1. 2 (Crystal oscillation)] 30 32 34 KHz

VDD=2. 5~6. 0V
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M Electrical Characteristics/Ta = -30 °C to +70 ‘C, VSS = 0V

\ Limits Unit
Parameter Symbol lég’: die::?gns
Min|Typ |Max
VOH1 All output pins VDD=4. 5V | 0. 9 v
Output high _ [OH=—1. OmA | VDD
voltage
VOH2 All output pins VDbD=2. 5V | 0. 9 . \'
[OH=-=0. 3mA|VDD
VOL1 All output pins VDD=4. 5V 0. 1|V
IOL=+4. 0OmA vDD
Qutput low
1
voltage VOL2 |All output pins VDD=2. 5V 0. 1| v
IOL=+1. 0mA vDD
RP1 All input/output pins {3 38 73 lka
VDD=5V, VOH=0.9VDD
Pull-up RP2 | oh input/output pins 22 | 66 |128|KQ
transistor = -
resistor RP3 RST, VDD=5V, VOH=0V Cjo.17/0. 5] 1.1 {MQ
RP4 | RST, VDD=2,9V, VOH=0V 0.35 1 2.6 | MQ
Hysteresis | VHYS |[RST ‘ 0. 1 v
voltage - VDD
Input leak _ —
current | ILI | [VIN=VDD OR VIN=VSS 1. 0| A
Pln FC=1MH 10
capacitance CP c=1 Z pF
IDDI1 Liquid Crystal Display OFF 9.5 15 {mA
VDD=5V, FXT=32KHz
FCF=12MHz
IDD2 Liquid Crystal Display OFF 0.7|1.1|mA
VDD=5V, FXT=32KHz
FRC=800KHz
Current IDD3 Liquid Crystal Display OFF 35 |165| A
dissipation VDD=5V, FXT=32KHz=z
during basic FCF=FRC=0Hz
operation
1DD4 Liquid Crystal Display OFF .VDD=2.9V 1.4 2.2!mA
FXT=32KHz, FCF=3MH:z
IDD5 Liquid Crystal Display OFF 390{615]| A
VDD=2. 9V, FXT=32KHz
FRC=800KHz
IDD6 Liquid Crystal Display OFF 15 4 2 | pA
VDD=2. 9V, FXT=32KHz
FCF=FRC=0Hz
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Limits
Parameter Symbol Pins and Conditions Unit
: Min|{Typ|Max
IDD7 Liquid Crystal Display OFF, VDD=5V 3. 0/4.6 |mA
 VFXT=32KHz
FCF=12MHz
IDD8 Liquid Crystal Display OFF, VDD=5V 280|435 uA
FXT=32KHz
FRC=8B00KHz
IDD9 Liquid Crystal Display OFF, VDD=5V 15 40 | 2A
Caen
during HALT FCF=FRC=0Hz
operation
IDD1 0 | Liquid Crystal Display OFF, VDD=2.9V 440|705 ¢A
FXT=32KHz, FCF=3MH:z
IDD1 1 | Liquid Crystal Display OFF, VDD=2.9V 1501240 A
FXT=32KHz
FRC=800KHz
I DD1 2 | Liquid Crystal Display OFF, VDD=2.9Y 5 19 | 2A
FXT=32KHz
FCF=FRC=0Hz
Current dissi- [ DD1 3 | Liquid Crystal Display OFF, VDD=5V 10 A
pation during
HOLD operation| [ pD 1 4 | Liquid Crystal Display OFF, VDD=2.9V 7 2 A
I LC1 | Liquid Crystal Display ON, VDD=5V 5 10 20 | #A
Liquid Crystal V5=0V, 1/5 Bias mode
Display current
I LC29 | Liquid Crystal Display ON, VDD=2.9Vv | 2. 9 | 5. 8 12 uA

V5=0V, 1/5 Bias mode

Note: During the Liquid Crystal Display OFF, you have to reset bit 3 (MCR3) of the mode
control register without fail. If you do not follow this procedure, the IDDI12
current value will be increased twice or three times.
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Limits '
Parameter Symbol Pins and Conditions Unit
' Min Typ Ma x

VDD-Ci | VD1 | | -15 micro Ampere per C pin 120 |mV
voltage drop VDD=2,9v :
(i :1~8)
VX-Ci | VD2 | |-15 micro Ampere per C pin] . 120 |mV
voltage drop VDD=2.9V
(i :1~8)
VDD-Si | VD3 | -15 micro Ampere per S pin 120 |myVy
voltage drop VDD=2.9V
(i :1~40)

VDD=2.9V, V5=0V
Liquid Crystal Display clock
frequency = QOHz

V1 output \A'S!

voltage VDD VDD VDD

VDD=2.9V, V5=0V
Liquid Crystal Display clock
frequency = OHz

V2 output VV2Z

voltage VDD VDD VDD

VDD=2.9V, V5=0V
Liquid Crystal Display clock
frequency = OHz

V3 output VV3

voltage VDD vDD VDD

VDD=2.9V, V5=0V

V4 output Vvi4 Liquid Crystal Display clock

voltage frequency = OHz vDD VDD VDD
VDD=4.5 to 6,0V
Tsttl 12-MHz ceramic 30 mS
) oscillation
Oscillation
start time Tstt2 | VDD=25 to 6.0V 30 mS
period 3-MHz ceramic oscillation
Tstt3 VDD=2.5 to 6.0V 10 S

32-KHz crystal (XTAL)
oscillation
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1

CF 2

]

1

CF 1
=
|
C
=

c 2

1

Figure 1. CF oscillation circuit

Table 1, Recommended ceramic oscillation constants

Oscillator type Producer Oscillator Ci1 c2
Murata CSA12.0 MT 33pF 33pF
12-MHz ceramic CST12.0 MT Onchip | Onchip
oscillator Kyocera KBR-12.0M 33pF 33pF
Murata CSA 3.00 MG 33pF 33pF
3-MHz ceramic CST 3.00 MGW On chip On chip
oscillator Kyocera _ _ .
— X T 1 XT2 J
___C3
Figure 2. Crystal oscillation circuit
Table 2. Recommended crystal oscillation constants
Oscillator type Producer Oscillator C3
32.768kHz crystal (XTAL) oscillator | Daiwa Sinku DT-38 22pF
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|\CF‘I CF2J

— N\ —

R 1
4 ' C 4

pas
il

1 53KQ

~C 100pF
I

Figure 3. RC oscillation circuit

. / . Operating voltage
/ low limit
VDD

/ Unstable Staple
oscillation oscillation
period period

Oscillation
signal
Tstt

Figure 4. Oscillation start time period

L

Note: The reset time period will be

10 milliseconds to 100 milliseconds
RST on the assumption that the rise
time at power on is zero and the
Crst is 0.1 micro Farad. The reset
— time period should be longer than
—— Crst the CF/RC oscillation start time
period (Tsst). With this always in
. _— mind, select the Crst constant.

Figure 5, Reset circuit
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Instruction set for the LC86104A microcomputer

Abbreviations

ACC(A) : Accumulator

B : B register

CY(C) : Carry flag

AC : Auxlliary carry flag

ov : Overflow flag

PC ¢ Program counter

ROM : Program memory

RAM : Data memory

SFR i Special function registér

PSW ! Program status word

TRL : Table read register low-order byte

TRH : Table read register high-order byte

SP : Stack pointer

Fl : Port 1

P2 i Port 2

P3 : Porec 3

P4 : Port 4

Ri ! Indirect address register within the current bank (part of
the internal RAM)

Rj : Indirect address register within the current bank (part of
the internal RAM)

d% i Direct addressing data

#i8 . : Immedlate data

b3 : Bit addressing data

r8 : Relative addressing data

rlé ¢ Relative addressing data

al2 : Absolute addressing data

alé "t Absolute addressing data

() : Indicates the contents.

- : Data transfer and its direction

VAN : Logical AND

N : Logical OR

~ ¢ Exclusive OR

+ t Addition

- : Subtraction

Set : Sets a bit to 1.

Reset : Sets a bit to 0. .

Bit : Binary digit contents (0 or 1)

Clear : Sets all bits te O.

Carry : Carry for upper digits

Borrow : Borrow from upper digits

Number of bytes (BYTES}) : One byte has 8 bits. Indicates the number of units of
an instruction.

Rumber of cycles (CYCLES) : Indicates the number of CPU basic instruction cycles
required by the execution of an instruction.
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M Arithmetic operations instruction

MNENONIC INSTRUCTION CODE | BYTES | CYCLES | DESCRIPTION PSR
CY | ac | ov
ADD #i8 10000001 ¢ 1 (A)—(A)+Ei8 Ol 0| O
i7i6i5i413i2i1i0
ADD d9 100000 1d8| 2 1 (A)—(A)#(d9) Ol O | C
d7d6d5d4d3d2d1d0
ADD @Ri 10000 1itio| 1 i (A)Y—(A)+((RI ) Olo | o
i:0.1.2.3
ADDC #i8 10010001 2 1 (AY—(A)H(C)H#i8 Ol OoO! O
iTi6i5i4i3i2i1i0
ADDC d9 100100 1d8) 2 1 (A)—(A)H(C)+(d9) O1 0| 0O
d7d6d5d4d3d2d1d0
ADDC @Ri 1001 0 1i1i0§ 1 1 (A)—(A)+(CIH((RL)) O| O 0O
i:0,1,.2.3
SUB #i8 10100001 2 1 (A)—(A)-#i8 Ol Cti O
i716i5i413i2i1i0
SUB d9 101000 1d8 2 1 (A)—(A)-(d9) O O O
d7d6d5d4d3d2d1do
SUB @Ri 10100 1ili0| 1 1 (A)—(A)-((Ri)) 10| O
i:0,1,.2.3
SUBC #i8 101100012 2 1 (A)—(A)-(C)-#i8 OO | O
iTi6i51413i2i1i0
SUBC d9 101100 1d8| 2 1 (A)—(A)-(C)-(d9) |01t O
d7d6d5d4d3d2d1d0 \
SUBC @Ri 101 101ili0| 1 1 (A)—(A)-(C)-((Ri)) ClO| O
i:0,1,2,3
INC d9 0110001d8; 2 1 (d9)+—(d9)+1
d7d6d5d4d3d2d1d0
INC 8Ri 01100 1i1i0] 1 1 ((R1)Y—((Ri))1 i:0,1.2.8
DEC d§ 0111001d8] 2 1 (d9)—(d9)-1
d7d6d5d4d3d2d1d0 ‘
DEC @Ri 011101ili0| 1 i ((Ri))—((Ri))-1 i:0,1,2.3
MUL 00110000 1 4 (B), (A)—(A)X(B) O O
DIV 01000000 1 4 (B), (AY—(A)/{(B) O O
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B Logical operations instruction

HNEMONIC INSTRUCTION CODE | BYTES | CYCLES | DESCRIPTION PSY
cY | ac | ov
AND #i8 11100001 2 1 (A)—(A)AH#i8
17i6i5i4i3i2i1i0
AND d8 1110001d8| 2 1 (A)—(A)A(d9)
d7d6d5d4d3d2d1d0 ‘
AND @Ri 11100 1i150] 1 1 (AY—(A)AC((RI)) i:0.1,2,3
OR #i8 11010001 2 1 (A)—(ANA#i8
i7i6i5i4i3i2i1i0
OR d9 1101001d8| 2 1 (AY—(ANA(d8)
d7d6d5d4d34241d0
OR @Ri 11010 1ili0] 1 1 (A —(AA(RL)) i:0.1,2,3
XOR #i8 11110001 2 1| (R)=(a)roti8
i7i6i5i413i2i110
XOR d9 111100 1d8| 2 1 (AY—(A)<(d9)
d7dBd5d4d3d2d1d0
XOR @Ri 111101iti0] 1 1 (Ay—(A»<((Ri)) i:0,1.2.3
ROL 11100000/ 1 1 —AT—AB—AS—Ad—
' ! 1
~rAQ—+A] —AZ—AS—
ROLC 11110000/ 1t 1 —Ce—AT—AB—AG—A4— O
! 1
— —A0—Al—AZ—AS—
ROR 11000000 1 1 —AT—AB—A5—Ad—
f |
—AD—Al —A2—AZ—
RORC 11010000 | 1 —C—AT—AB—AS—+A4— O
1 !
— —AD—Al—AZ—AZ—
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Hl Data transfer instruction

INSTRUCTION CODE

XNEMONIC BYTES | CYCLES | DESCRIPTION PS¥
cY AC ov
LD d8 000000 1d8 2 1 (A)—(d9)
d7d6d5d4d3d2d1d0
LD @Ri 00000 1ili0 \ 1 (AY—((Ri)) i:0,1.2,3
ST a9 000100 1d8 2 1 (d9)—(4)
d7d6d5d4d3d2d1do
ST @Ri 0001 01i1i0 1 1 ((Ri))—(A) i:0,1.2,3
¥OV #i8,d9 001000 1d8 3 2 (d9)—+i8
d7d6d5d4d3d2d1d0
i7i6i514i3i2ili0
MOV #i8. BRj 00100 1j1j0 2 | ({Rj))—#i8
i7i6i5i1413i2i1i0 i:0.1.2,3
LDC 11000001 l 2 (A)—{(TRR+A)) [ROK]
PUSH d9 011000 0d8 2 2 (SP)«—(S8P)+1, ((SP))—(d9)
d7d6d5d4d3d2d1d0
POP d9 011100 0d8 2 2 (d9)—((8P)), (SP)—(SP)-1
d7d6d5d4d3d2d1d0
XCH d9 110000 1d8 2 1 (d9)—(A)
d7d6d5d4d3d2d1d0
XCH @Ri 11000 1il1i0 1 1 ((R1))—(A) it0.1.2,3
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M Branch instruction

INSTRUCTION CODE

r7rbrordr3r2rirQ

if (d9)==0.

then (PC)—{PC)+r8

((Ri))=((Ri)}-1 i=0,1,2, 3:

NNENONIC BYTES | CYCLES | DESCRIPTION PSY
CcY AC ov
JEP al2 ¢ 0 1 all 2 2 (PCY—(PC)+2:
! al0 a9 a8 (PC11-00)«al2
aTababadalda2alal
JMPF alb 00100001 3 2 (PCY—alb
alb al4 al3 al2 -
all al0 ad a8
aTababadaldalalal
BR r8 00000 1 2 2 (PCY+—(PC)t2:
r7rbrordrdr2rird (PC)—(PC)tr8
BRF rlb 00010001 3 4 (PCY—(PC)+3:
r7rbror4rdr2rird (PC)—(PC)-14rl6
rl5 rl14 rld rl2
rll r10 r3 r§
BZ r8 10000000 2 2 (PCY)—(PC)12:
r7rbrordr3r2rird if (A)=0.
then (PC)«—{PC)+r8
BNZ r8 100190 0 2 2 (PCH—(PC)+2:
r7rbrordrdrrird if (A)F0,
then (PC)+~—(PC)+r8
BP d9.b3.r8 01 1d8 1b2blb0 3 2 (PC)—(PC)+3:
d7d6d5d4d3d2d1d0 if (d9,b3)=1,
r7r6rordr3r2rird then (PC)—(PC)+r8
BN d9.b3.r8 1 0 0d8 1v2L1b0 3 2 (PC)—(PC}13:
d7d6d5d4d3d2d140 if (d9, b3)+£L,
rirbrordr3reriro then {PC)—(PC)r8
DBNZ d9.r8 010100 1d8 3 2 (PC)—{(PC)+3:
d7d6dbd4d3d2d1d0 (d9)=(d9)-1:
rirbrordrdrerir0 if (d9)0,
then (PC)«—(PC)4r$
DBNZ @Ri. r8 010101ili0 2 P (PCY—(PC)+2:

Conﬁnﬁedonnextpag&
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Continued from preceding page.

MNEMONIC INSTRUCTION CODE | BYTES | CYCLES | DESCRIPTION PS¥
CY AC ov
BE #i8,r8 00110001 3 2 (PC)—(PC)43:
i7i6i51413i2i1i0 if (A)=#i8, O
r7rbror4rdr2rird then (PC)—(PC)+r8:
if (A)<#i8,
then C~1 else C—0:
BE d9,r8 001100 1d8 3 2 (PC)—(PC)3:
d7d6d5d4d3d2d1d0 if (A)=(d). O
rrbr5rdrdr2rir0 then (PC)—(PC)tr8:
if (A)Y<{d),
then C—1 else C~0:
BE @R}, #i8, r8 001101jlj0 3 2 (PCYI—(PC)+3:
' i7i6151413121110 if ((Rj))=#i8, O
r7rbrordrdr2rird then (PC)—(PC)tr§:
if ((Rj))I<#i8,
then C—1 else C—0:
BNE #i8,r8 01000001 3 2 (PC)~—(PC)+3:
i7iBi5i413i2i1i0 if (A)F#i8, O
r7rBr5rdr3r2riro then (PC)—{(PC)+r8§:
if (AY<#is§,
then C+1 else C—0:
BNE d8, r8 010000 1d8 3 2 {(PC)—(PC)+3:
d7d6d5d4d3d2d1d0 if (A)#(d), O
r7rér5rir3r2rird then (PC)—(PC)+r8:
if (A)<(d),
then C+—1 else C—0:
BNE @Rj, 18, r8 010001510 3 2 (PC)—(PC)+3:
i7i6i5i4i3i2i1i0 if ((Rj)IF4i8, O
r7rér5rdrdr2rir0 then (PC)—(PC)+r8:

if ((Rj)¥<#is.

then C—1 else C+«0:
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Il Subroutine instruction

NNEMONIC INSTRUCTION CODE | BYTES | CYCLES DESCRIPTION PSK
CY AC oy
CALL al2 0 0 o0all| 2 2 | (PC)—(PC)H2:
1 al0 a9 a8 (SP)+—(SP)+1:
aTababadalda2alal ((SP))+PCT7~0:
(SP)—(SP)+1:
({SP))«PCl5-8:
(PC1i-0)+—al?
CALLF alb 00100000 3 2 {PCY—(PC)+3:
alb al4 ald al2 (SP)«—(SP)+1:
all al0 a8 a8 ((SP))<PC7-0:
aTababadaldaZalal (SP)+—(5P}+1:
{(SP))~PCl15-8:
{(PC}+—alb
CALLR alf 00010000 3 4 {(PC)—(PC)+3:
afababadaldaZalald (SP)+—(SP)+1:
al5 al4 al3 al2 ((SP})—PCT7-0:
all al0 a9 a8 (SP)—(S8P)+1:
{(SP))<PC15-8: |
(PC)—(PC)-1+r16 |
RET 10100000 1 2 (PC15-8)—((SP)):
{SP)—(SP)-1:
(PC7-0)((SP)):
(SP)+—(5P)-1
RETI 10110000 1 2 (PC15-8)«—((SP)):
(SP)—(SP)-1:
(PCT-0)—((SP)):
(SP)+—(SP)-1
B Bit manipulation instruction
NNEXONIC INSTRUCTION C(jDE BYTES { CYCLES | DESCRIPTION PSK
CY AC ov
CLRL d9, b3 11 0d8 1b2blb0 2 1 {(d9,b3)+0
d7d6d5d4d3d2d1d0
SET! d8. b3 11 1d8 1b2b1b0 | 2 1| (ds, b3)1
d7d6d5d4d3d2d1d0
NOT1 d9. b3 10 1d8 1b2bib0 2 1 (d9, b3 )+(d9. b3)
d7d6d5d4d3d2d1d0
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B Other instructions

NNEXONIC INSTRUCTION CODE | BYTES | CYCLES { DESCRIPTION PS¥

CY AC oy

NOP 600600000 1 1

Note: If ports are addressed by the instructions marked with asterisks in byte units or
bit units, their port latches will be selected. If ports are addressed by other
instructions, externa! input signals to them will be selected.
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Instruction map for the LC86104A microcomputer

LOV BYTE 0 1 2,3 4T 8-F
HIGH BYTE
0 . NOP BR r8 LD d9 LD @Ri
CALL al2
1 CALLR rl6 BEF rl6 ST d9 ST @Ri
2 CALLF alb JUPF 216 ¥OV #i8,d9 MOV #i8, @Ri
JYP al?2
3 NUL BE #i8,r8 BE d9,r8 BE @Ri.#i8.r8
4 DIV BNE #i8,r8 BNE #d9,r8 | BNE @Ri. #i8.r8
5 DBNZ d9.r8 DBNZ @Ri.r8
6 PUSH d9 INC d9 INC @Ri
BP d9, b3, r8
(] POP d9 DEC d9 DEC @Ri '
8 BZ 8 ADD #i8 ADD 49 ADD @Ri
. BN d9, b3, r8
9 BNZ r8 ADDC #i8 ADDC d9 ADDC @Ri
A RET SUB #i8 SUB d9 SUB @Ri
NOT! d9, b3
B RETI SUBC #i8 SUBC d9 SUBC @Ri
C ROR LDC XCH d9 XCH @Ri
CLR]l d9, b3
D RORC OR #i8 OR d9 OR @Ri
E ROL AND #i8 - AND d9 AND @Ri
SET! d9.b3
F ROLC XOR #i8 XOR 49 X0R @Ri

W No products described or contained herein are intended for use in surgical implants, life-support systems,
aerospace equipment, nuclsar power control systems, vehicles, disaster/crime-prevention equipment and

the like, the failure of which may directly or indirectly cause injury, death or property loss.

third parties.

M Anyone purchasing any products described or contained herein for an above-mentioned use shall;

@ Accept full responsibility and indemnify and defend SANYO ELECTRIC GO, LTD,, its affiliates,
subsidiaries and distributors and all their officers and employsees, jointly and severally, against any
and all claims and litigation and all damages, cost and expenses associated with such use:

@ Not impose any responsibility for any fault or negligence which may be cited in any such claim or
litigation on SANYQ ELECTRIC CO, LTD, its affiiates, subsidiaries and distributors or any of
their officers and employees jointly or severally.

B information {including circuit diagrams and circuit parameters) herein is for example only; it is not guarant-
eed for volume production. SANYQ believes information herein is accurate and reliable, but no guarantees
are made or implied regarding its use or any infringements of intellectual property rights or other rights of
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Example application circuit (1)

1 +5V
VoD
lT CF1 Ci LICIUld Crystal Dlsplay
[ i panel with 320-dot
c8 specification
F—=—| cr2 P
“+5v S1
A —t— XT1 I
S 540
VA
g el — ,
XT2 V2 N 1/4 Bias mode
—— —— RsT 32 [ 100k
0-1u Vs Wi
T3 f
P0G
72 POT
P02 —
171 P03
P04 |—
P05 —
P0§ [—
PO7 —
— P30 P10 |—
—{ P31 P11 —
— P32 P12 —
— P33 P13 |-
— P34 P14 —
— P35 P15 —
P16 [—
P17 —
— P40 P20 |-
—| P41 P21 |-
+3v — P2 P22 |—
— P43 P23 |—
P44 P24 —
— P45
—| P4g P26
L] —{ P47 P27 —
T Vss
74;7 Unit (resistance: 0, capacitance: F)
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Example application circuit {2)

1 +5v
Vob
II— CF1 1 Liquid Crystal Display
] | panel with 640-dot
o2 (o]} specification
—+5v - 51 Y1 | Y40 S1| S40
wﬂ/flr— XT1 [
S40
2 —
= —
T xT2 V2 [p————f— 0.11X3
— V3
—{ f—{ ST vil——
0.-1x V5
T | ! r
3 P00 100k
-T2 POl - T ™
P02 |- M
- po3 |-
P04 —
P05 —
P06 — LC7930N
PO7 — v o
Note: You have to set the +5 T T
Liquld Crystal Display| — P30 P10 VoD Vi
operatlon mode to the| — P31 P11 —
character display mode If| __| P32 P12 +— V2 -
you are planning to em-| _ | ..
ploy several LCT930N (as P33 g:i | 53
the slave display panel)| —| P34
to expand dlgit display, | —{ P35 P15 — V5
P16 |- 5V LR v
PI7 L/R2 v
— P20 P40 CLKLa Y40
— P21 P41 CLKsr
— P22 P42 RDATAZ
— P23 P43 M
—| P24 P44 — ‘: LDATA2
P45 — RDATA1
— P26 P46 —
— P27 =
P47 CH2-BP
Vss F Vss VEE
ir il ]

Unit (resistance: 0, capacitance: F)
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