Ordering number : EN3054

CMOS LSI

LC86108A

Liquid Crystal Display Controller/

Driver, On-chip 8K Bytes ROM and On-chip

168 Bytes RAM

8-BIT SINGLE CHIP MICROCOMPUTER LC86108A

The LC86108A 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 = 8K bytes

On-chip RAM: Capacity = 168 bytes

Dot matrix Liquid Crystal automatic display controller/driver

Two 16-bit timers/counters

Seven-source 3-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): 8192 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 gse(glllfégn voﬁgeg;atrigfge Remarks
s | ecilation specifroation 12MHz | 45 ~ 6.0V
4us g:c:i?lr::(ilorgcs?egief?ggiitgr: SMHz 2.5 ~ 6.0V
| (Reseor end Copseio | ooty | 25~ v
366us ;rg‘:sltfezégi{;tr?l) oscillation 39kHz 2.5 ~ 6.0V
183us Scprg stallXcal) oscillatlon 65kHz 2.5 ~ 6.0V
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LC86108A

(4) Current dissipation
a. Basic system operation mode

Current System clock Oscillation Op]-.:rating R K
dissipation source frequency voltage emarks
range
Ceramic(CF) resonator .
9.5mA TYP oscillation specification 12MHz 5.0V Display segments OFF
Ceramic(CF) resonator ‘ .
l.4mA TYP oscillation specification 3MHz 2.9V Display segments OFF
RC (Resistor and Capacitor) .
390uA TYP oscillation specification 800KHz 2,9V Display segments OFF
' et Display segments OFF
15uA TYP ggcsi‘gi:;t’fotna” oscillation 32KHz 2.9V and CF/RC oscillation
in idle state
b. HALT operation mode
. Operating
Current System clock Oscillation
dissipation source frequency voltage Remarks
range
Ceramic(CF) resonator .
3mA TYP osclilation specification 12MHz 5.0V Display segments OFF
Ceramic(CF) resonator .
440uA TYP oscillation specification 3MHz 2.9V Display segments OFF
RC (Resistor and Capacitor)
150uA TYP oscillation specification 800KHz 2.9V Display segments OFF
' R Display segments OFF
sua TYp | Stystal (Xtal) oscillation 32KHz 2.9V and CF/RC oscillation
P in_idle state
(5) Ports

- Input/output ports; 5 ports (37 port pins)
Input/output port software programmable In 8-bit units: 1 port {8 port pins)
Input/output port software programmable in bit units: 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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(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 resonator 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 clock,

{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 resonator
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 Llquid 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
- QIP100 delivery form
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Development support system

The development support system for the LC86108A applications consists of the following
support tools:

(1) User's Manual
LC86108A/C user's manual
(2) Development support tool manual
LC86108A/C development support tool manual
(3) Development support tools
(a) Tools for developing the LCB6108A application programs
- MS-DOS machine
- Macro assemblers {M86108,EXE and L86108.EXE)
- Mask option selections program (SUB6108.EXE})
{b) Tools for evaluating the LC86108A application systems
- Evaluation (EVA) chip: LC86999
- Evaluation (EVA) chip board: TB86104/86108
- 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 the monitor
ROM.

Outline of the development support system

MS-DOS machine

L’ a 7 / [~ [~ [
7L
g/[70 [ 7 -
€ — = —
User application EVA chip board

system board (EVA510-TB86104/86108) ~ LVAS10 board

No. 3054-4/62 e



LC86108A

Pin assignment
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Pad assignment

L0O0O000 OOO0O0OOOO0O0O000O0000 0O O O O O/ Chip size (X x Y)
868584 82 80 78 76 74 72 T0 B8 66 64 62 6059585756 6. 06mmxX4. 7 6mm
(J87 83 81 79 77 75 73 71 69 67 65 63 6l
Chip height
(P07)55(] | 4 80 #m
[188(s31) 547
[J89 53] | Pad size
g0 5201120 2mx120um
) 517
192 500]
[(J93 490
(194 4807
(195
(J9s 477
97 Y
(98 (0,0) 467
Oe9 + X
O1oo ' (V$$)45[]
101
(102 447
M1(VDD) 4307
P 42[]
(3 410
! 400J
[J5(C%) 3900
a8}
(P16)370J
11 13 15 17 19 21 23 25 27 29 31 33 360
6 7 8 910 12 14 16 18 20 22 24 26 28 30 32 3501
O 000 D0OO000O000000Ooaooooooooooa . s4d
Pad coordinate values
Pad coordinate Pad coordinate
Pin Pad Pin value Pin Pad Pin ‘value
number|number| name X am Y um number |number| name X g m Y rm
46 1 vDD|-—-2827 |- 775 56 11 P41 ;—-1819|—-2035
47 2 C8 | — 935 57 12 P42 |—1659 l
48 3 C7 l ~-1095]| 58 13 |P43|—-1499 |
49 4 C6 1 —-12565 59 14 P44[—-1339 !
50 5 C5 l —1415{ 60 15 |P45(|—-1179 |
51 6 C4 {—2827|-2035]| 61 16 |P46|—1019 l
52 7 C3 |—-2581 l 62 17 (P47 |— 859 l
53 8 C2 |—2400 | 63 18 P30[— 699 l
54 9 Cl |—-2190 | 6 4 19 |P31|— 539 !
55 10 P40[—-1979|—-—2035 65 20 P32|— 379|—-2035
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onto the printed circult board (PCB). Entire package dipping should be avoided for
No. 3054-7/62

this purpose.

ed. .
Note: Pin-to-pin soldering connectlon should be adopted in mounting the QIP100 package

Note: The chip substrate should be connected with the VS pln or be left unconnect-

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

Pin

Pin name number 1I/0 Function description
VSS 9 0 |Output| Should be connected with the negative supply voltage pin.
vYDD 46 Input | Should be connected with the positive supply voltage pin,
POO g3 I / Eight-bit input/output port with internal pull-up transistors.
| } orlxlil:)t.lt Data can be input/output from/to the port in 8-bit units.
P07 100
Eight-bit input/output port with internal pull-up transistors,
P10 76 Input/ | Data can be input/output from/to the port in bit
p i 7 813 output| units.
Port pins 76 to 79 can be also used as the external signal
P10 76 Input | input pins:
P11 77 Input | TO: External signal input pin to timer/counter 0,
T1: External signal input pin to timer/counter 1,
P12 78 Input
P13 79 | Input INTO: External interrupt O input pin
P INTI: External interrupt 1 input pin
P20 69 Input/ Seven-bit input/output port with internal pull-up transistors.
] l onuptu ‘ Data can be input/output from/to the port in bit
P24 73 PUL) units.
P26 74
P27 75
P30 63 Input/ Six-bit input/output port with internal pull-up transistors.
| | MPUY/ | Data can be input/output from/to the port in bit
P35 68 Output | ynits.
P40 55 Eight-bit input/output port with internal pull-up transistors.
Input/ | Data can be Input/output from/to the port in bit
{ l
output | units,
P47 6 2 ‘
Port pins 55 to 60 can be also used as the speclal output pins:
P40 55 Output CL1: Latch slgnal output to external Liquld Crystal Display driver circult
P41 56 |Output| CL2: Shift signal output to external Liquid Crysta! Display driver circult
P42 57 QOutput| DO: Data signal output to external Liquld Crystal Display driver circuit
P43 58 Output M: Synchronizatlon signal output to external Liquid Crystal Display drlver circult
P44 56 Output| ALM: Alarm signal output to the ALM output pin
P45 6 0 |Output| PLS: Pulse signal output to the pulse output pln
Vi 41 Input/
| | ouptput Voltage supply pins to Liquid Crystal Display drivers.
V5 45
Cl 54 )
l | Output| Common driver pins to Liquid Crystal Display drivers.
C8 47

Continued on next i)age.
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Continued from preceding page.

Pin N
Pin name . /0 Function description
S1 1
l 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 oscillation input pin, Should be connected with the Crystal
XT1 88 Input (X'tal) resonator. i
Crystal osclilation output pin. Should be connected with the Crystal
XT2 8 9 |Output|(x'al) resonator.
ane internal 20pF capacitor is provided between the XT2 pin and the Vsg
Ceramlc resonator oscillation input pin. Or RC (Resistor and Capacitor)
CF1 91 Input oscillation input pin.
Ceramic resonator oscillation output pin. Or RC (Resistor and Capacitor)
CF2 92 |Output oscillation output pin,

No. 3054-9/62
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Functional block diagram

PI1T P POT7
P18 PO B
P1s o 128-byte RAM . Acc PO P oo
P14 5D R PoOg
P13 P o POS3
P12 B PO 2
Pl IPN’T bbpR Pol
Plo — Psw P OO
P33t P 3 P27
PCON] I B
P33 P a3 T X OD|T €0 P2 pze
: : : DDA TOH |TolL P2a
Pal P 3 T 1 Jrit P2 P23
P3O INT Interrupt control b DR P22
circult P C P21
P2o
CP 1 ., 4
Timing control 2192" ;] P4 PaT
CFP2 circult R%ggl P4 s
P4
P4 Paa
T ACKR R Pas
XT2 i P4 P42
scn Pai
T BT Y TR A Pa o0
vider
; i ) clrcult | P cA f‘ :; MCR ¢ 1
i CPR _E 5
RS T 40-byte Display RAM -_: :::: : & .
vepr L - cAR Y T3 :Ei d
v g CGROM Eg s
T §% °
Ve 8% ER-
2 53
v 3 E‘E H 540
J
v o %
=
Vs a8
vESs
ACC .ACCUHULATOR IE INTERRUPT ENABLE REGISTER
B B REGISTER TMOD TIMER/COUNTER XODE CONTROL REGISTER
PSY PROGRAN STATUS ¥WORD TCON TIMER/COUNTER CONTROL REGISTER
SP STACK POINTER TOH TIMER/COUNTERO HIGH BYTE
TRL TABLE REFERENCE REGISTER LO¥ BYTE TOL TIMER/COUNTERO LO¥ BYTE
TRH TABLE REFERENCE REGISTER HIGH BYTE TiH TIMER/COUNTER1 HIGH BYTE
PO PORTO LATCH TiL TIMER/COUNTER]1 LO¥ BYTE
PODDR PORTC DATA DIRECTION REGISTER PCON POYER CONTROL REGISTER
Pl PORT1 LATCH PC PROGRAY COUNTER
P1DDR PORT1 DATA DIRECTION REGISTER IR INSTRUCTION REGISTER
PLINT PORT1 INTERRUPT REGISTER MCR YODE CONTROL REGISTER
P2 PORT2 LATCH CPR CHARACTER PITCH REGISTER
P2DDR PORT2 DATA DIRECTION REGISTER CNR CHARACTER NUMBER REGISTER
P3 PORT3 LATCH TDR TIME DIVISION REGISTER
P3DDR PORT3 DATA DIRECTION REGISTER CAR CURSOR ADDRESS REGISTER
P3INT PORT3 INTERRUPT REGISTER DR DISPLAY RAM
P4 PORT4 LATCH CGROX CHARACTER GENEEATOR ROM
P4DDR PORT4 DATA DIRECTION REGISTER ACR ALARK CONTROL REGISTER
P4SCR 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 serles microcomputers have a program memory (ROM) space of 64K
bytes.
{2) Data memory (RAM) space
The LCB6000 serles microcomputers have a data memory (RAM) space of 512 bytes.
The 512-byte RAM area can be functlonelly divided Into the two areas: 256-byte
data memory (RAM: 000H to OFFH)) and 256-byte special function reglster {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 LC86000 serles microcomputers to employ the full memory
mapped [/O architecture,
The first 4 address areas (00H to 03H) In the data memory (RAM) can be used as
the four 8-blt indirect address registers for allowing the user to make an access
to the RAM In the Indirect address mode, Of the above 4 indirect address
registers, the first two registers with addresses 00H and 0IH are used when the
RAM srea between address 00H and FFH Is Indirectly accessed, The remalning two
Index reglsters are used when the SFR area between address 100H and address IFFH
Is Indirectly accessed,
Bits 3 and 4 of the program status word (PSW) can be used with the Indirect
address reglsters to select 4 RAM banks,
The relatlonshlp between the indirect address registers, bits 3 and 4 of the PSW
and the RAM addresses Is shown In the table below.
Indirect
};lstwil Eﬁ“; address gc‘l?ir:'iss Function
register
RO 00H Indirect RAM addressing
R1 01H indirect RAM addressing
0 0
R 2 02H Indirect SFR addressing
R 3 03H Indirect SFR addressing
RO 04H Indirect RAM addressing
Ri 05H Indirect RAM addressing
0 1
R2 06H Indirect SFR addressing
R3 07H Indirect SFR addressing
RO 08H Indirect RAM addressing
R1 09H Indirect RAM addressing
1 0 _
R2 O0AH Indirect SFR addressing
R3 0BH Indirect SFR addressing
RO 0CH Indirect RAM addressing
R1 0DH Indirect RAM addressing
1 1
R2 O0EH Indirect SFR addressing
R3 0FH Indirect SFR addressing
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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 | 0000H

External interrupt 0 0003H

Timer/counter 0 interrupt 000BH

External interrupt 1 0013H

Timer/counter ! interrupt 001BH

DIee espore T
JMP al2|PC15~12=Current page, PC11~00=212

Unconditional | JMPF alé|PC15~00=alé

branchjng

operation BR r8 (PC+2) + (-128~+127)
BRF r16| (PC+2) + (0~+65536)

oz branching) g7 r g (PC+2) + (~128~+127)

CALL al2|PCl15~12=Current page, PC11~00=a12

Subroutine all

operation CALLF alé6|PCl5~00=a16

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

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

Symbol | Address | Read/write | Name Initial reset
value

ROM - Read only Program memory -

The program memory is an 8K-byte ROM (8192 x 8 bits). It stores a user application program
to be executed on the LC86108A microcomputer, The whole content of the program memory
(ROM) can be referenced by using the LDC instruction.
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: . Initial reset
Symbol | Address | Read/write | Name valuo
00H
RAM ! Read/write Data memory Unpredictable
7FH

The data memory is a 128
(00OH to 03H) of the

-byte static RAM (128 x 8 bits). The first four bytes

RAM are used as the indirect address registers for

Indirect addressing. The first two Indirect address registers (OOH and O1H) of
the four are used for indirect RAM addressing and the remalning two registers
(02H and 03H) for indirect special function register (SFR) addressing. In
addition, 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 {glﬁ::l reset
ACC 100H | Read/write Accumulator 00H

MSB LSB
ACC7 ACCSH6 ACCS ACC4 ACC3 ACC2 ACC1 ACCO

The accumulator (ACC) is a register used for calculation

data transfer and data input/output.

(logical or arithmetic),

Note: If the current content of the accumulator (ACC) is transferred to the ACC
ftself, 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.
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Symbol | Address | Read/write Name f_gg:?l value
PSW 101H| Read/write Program status word 00X000XXB
MSB LSB
CY AC - IRBK1 | IRBKDO 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 comparlson type nstruction is
executed in your application program and a borrow to the most significant bit (MSB) occurs.
It will be reset when a subtractlon type or comparlson type Instruction Is executed in your
application program and a borrow to the most significant blt (MSB) does not occur.

In additlon, the carry flag (CY) will be affected when a carry-through rotation type
Instruction ls executed in your application program. It will be reset when an
multiplication/division type instructlon 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 auxillary carry flag (AC) will be set when an addition type Instruction is 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 auxiliary carry flag (AC) will be set when a subtraction type Instruction is executed in
your appllication program and a borrow to the third bit occurs. It will be reset when a
subtraction type Instruction is executed in your applicatlon program but a borrow to the
third blt does not occur.

IRBKI1: 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 detailed Information, please refer to Memory Space.

Overflow flag

The overflow flag (OV) is a flag which s set or reset when an addition type or subtraction
type instruction with signed variables Is executed in your application program,

The overflow flag (OV) will be set when an additlon type or subtractlon type Instruction with
slgned 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
appllcation program and the resulted product exceeds 256, It will be reset if the resulted
product Is less than 256.

In additton, the overflow flag {OV) will be set when a division type Instruction Is executed
in your appllcation program and the dlvisor is "0". Otherwise, It will not be affected.
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Symbol | Address | Read/write Name Initial
reset value
B 10 2H | Read/write B register 0O0H
MSB LSB
B7 B6 Bb5 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 Initial
reset value
. Table reference register
TRL | 104H| Read/write | o "0 byte 00H
MSB LSB
TRL7 TRLS6 TRLS TRL4 TRL3 TRL2 TRL1 TRLGO

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 i’:ﬂ:l reset
. Table reference register
TRH 1 05H | Read/write high-order byte 0OOH
MSB LSB
TRH7 TRHG6 TRHS TRH4 TRH3 TRHZ 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 | Address | Read/write Name reset value
SP 106H | Read/write Stack pointer Unpredictable
MSB : 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 o

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 | PCOND

PCON2: Power control register bit 2
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.

I: 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
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,

PCONI1: Power control register bit 1
0: Disable the HOLD mode request.

I:

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 LS

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.

I:

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

Initial
reset value

1 E 1 0 8 H | Read/write Interrupt enable control register 0XX00000B
MSB LSB
1E7 — - 1E4 1E3 l1E2 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 IEQ,
IE4: Interrupt enable control register bit 4
0: Disable an interrupt request from the divider circuit, port 1 or port 3.
I: 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.
1: 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
 IE1: 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
IEQ: Interrupt enable control register bit 0

0: Disable the external interrupt 0 request.
1: Enable the external interrupt | request. --- Vectored address 034

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 ! interrupt register bit 1 (interrupt from port 1)

Port 3 interrupt register bit 1 (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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Symbol | Address | Read/write Name :'gistt:talvalue
TCON | 110H [ Read/write ;r;'g“i:;'éf“"ter control 00H

MSB | LSB
TCON7 I TCONG6 | TCONS | TCON4 [ TCON3 |TCONZ2 |{TCON1|TCONO

TCONT7: Timer/counter control register bit 7 '

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

TCONG6: Timer/counter control register bit 6
0: Stop the timer/counter 1 operation.

1: Start the timer/counter 1 operation.

TCONS: 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 0 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 INTI pin is generated and then automatically reset when the
interrupt servicing routine is started. Please note that this bit is automatically
reset only when the falling edge detection mode has been selected.

TCONZ2: Timer/counter control register bit 2
Timer/counter control register bit 2 is used to select a desired INTI interrupt
detectlon 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,

TCONI: 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.

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.
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] Initial
Symbol | Address | Read/write Name reset value

Timer/counter mode control

TMOD | 111H/| Read/write register OO0H

MSB LSB

TMOD7 | TMOD6 | TMODS5 | TMOD4 | TMOD3 | TMODZ2 | TMOD1 | TMODO

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,

1: 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,

TMODG6: 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 for each machine cycle.

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

TMODS5: Timer/counter mode control bit 5

TMOD4: Timer counter mode register bit 4

Mode TMODS5 | TMOD4 | Timer/counter 1 mode

0 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 0 gate,

0: Select the unconditlonal pulse input to the timer/counter 0 gate,

1: Select the conditlonal 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 ! for 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.

TMOD1: Timer/counter mode contro! bit 1
TMODO: Timer counter mode register bit 0

Mode TMOD1 | TMODO0 | Timer/counter ¢ 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 00H
MSB LSB
TOL7 TOLS®G TOLS TOL4 TOL3 TOL2 TOoL1 TOLO
Symbol | Address | Read/write Name Initial
reset value
TOH 114H/| Read/write | Timer/counter 0 high-order byte 00H
MSB LSB
TOH7 TOH®6 TOHS TOH4 TOH3 TOH2 TOHI TOHO
Operation modes (selectabie by bits TMODO and TMOD1)
(1) Mode 0 (13-bit timer/counter)
MSB LSB
TOH 12 11 10 09 08 07 [ 06 05
| R
TOL 04 03 02 01 00
(2) Mode 1 (16-bit timer/counter)
MSB . LSB
TOH 15 14 13 12 11 10 09 08
| k
TOL 07 06 05 04 03 02 01 00
(3) Mode 2 (8-bit reload timer/counter)
MSB LSB
TOH 07 06 05 04 03 02 01 00
! ! { ! l | ! !
TOL 07 06 05 04 03 02 01 00
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Symbol Address | Read/write | Name {'r;lst;?l value
TI1L 113H | Read/write | Timer/counter 1 low-order byte 00H
MSB LSB
TiL7 T1L6 TILS TI1L4 T1L3 T1L2 TIiL1 TILO
Symbol Address | Read/write Name :_r;ist;i‘l value
T1H 115H | Read/write | Timer/counter 1 high-order byte 00H
MSB LSB
T1H7 T1HS6 T1HS T1H4 T1H3 T1H2 T1HI1 T1HO
Operation modes (selectable by bits TMOD4 and TMODS)
(1) Mode 0 (13-bit timer/counter)
MSB LSB
T1H 12 11 10 09 08 07 06 05
| &
T1iL 04 03 02 01 00
(2) Mode 1 (16-bit timer/counter)
MSB LSB
T1H 15 14 13 12 11 10 09 08
| &
TI1L 07 06 05 04 03 02 01 00
(3) Mode 2 (8-bit reload timer/counter)
MSB LSB
T1i1H 07 06 05 04 03 02 01 00
! | ! ! | l l !
TI1L 07 06 05 04 03 02 01 00
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Symbol | Address | Read/write Name Inittal
reset value
PO 14 0H | Read/write Port 0 latch FFH
MSB LSB
PO7 P06 P05 P04 P03 P02 PO1 POO
i 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 byte units.

PODDR 0: Input mode 1: Qutput mode

Note: This register cannot be accessed by a bit manipulation instruction.
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[BUS: Internal bus '
IRES: Initial reset pulse
PLS: Port latch select

RPQO: Port 0 Read ‘
WP0: Port 0 Write Port 0 structure
WPODDR: Port 0 DDR Write
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' Initial
Symbol | Address | Read/write Name reset value
P1 14 4H | 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 {INT1)
P12 External interrupt signal input {INTO}
P11 External clock input to Timer/counter 1 (T1)
P10 External clock input to Timer/counter 0 (TO)
" Initial
Symbo! | Address | Read/write Name reset value
. Port 1 data direction
P1DDR | 145H| Write only register 00H
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 bit units.

P1XDDR {X: 0 to 7) 0: Input mode I: Output 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

PIF: 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. In addition, the port output latch, and port 1 interrupt control
bit P1C should be also set beforehand.

P1C: Port | interrupt control bit
0: Disable the interrupt from port 1,
1. Enable the interrupt from port 1.
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> Interrupt request signal

: Internal bus

: Initial reset pulse
: Port’ latch select
: Port 1 Write

Port 1 DDR Write

: P1INT Write
: Port 1 Read
: PIINT Read

Port 1 structure
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Symbol | Address | Read/write Name :,Zist;? : value
P2 14 8H| Read/write Port 2 latch 11X111118B
MSB LSB
P27 P26 - P24 P23 P22 P21 P20

Symbol | Address | Read/write Name f_';is'g?l value

P2DDR|149H ]| Write only Port 2 data direction register 00x000008B
MSB LSB
P27 P26 — P24 P23 P22 P21 P20
DDR DDR DDR DDR DDR DDR DDR

The port 2 data directioh register is used to select a desired port 2 operation mode from
the input and output modes in bit units.

P2XDDR (X: 0 to 4,6,7) 0: Input mode I: Qutput mode

Note: This register cannot be accessed by a bit manipulation instruction,
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IBUS : Internal bus ’
IRES : Inittal reset pulse
PLS : Port latch select _T
RP2 : Port 2 Read
WP2 : Port 2 Write Port 2 structure
WP2DDR : Port 2 DDR Write
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Initial
Symbol | Address | Read/write | Name reset value
P3 14 CH} Read/write | Port 3 latch XX1111118B
MSB LSB
- - P35 P34 P33 P32 P31 P30
Initial
Symbol | Address | Read/write Name reset value
P3DDR | 14DH| Write only Port 3 data direction register XX000000B
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 bit units.

0: Input mode

P3XDDR (X: 0 to 5)

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

Initial

Symbol | Address | Read/write | Name reset 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.

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
bit P3C should be also set beforehand.

P3C: Port 3 interrupt control bit
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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 1 5 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 CLI1)
Symbol | Address | Read/write Name Initial

reset value

P4DDR}151H| 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 bit units,
0: Input mode

P4XDDR (X: 0 to 7)

1: Output mode
Note: This register cannot be accessed by a bit manipulation instruction.
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Symbol | Address | Read/write | Name f-r;lst;?l value
. Port 4 output signal selection
P4SCR|152H| Write only register XX00XXX0B
MSB LSB
— _ P45 P44 — — _ P40
SCR SCR SCR

P45SCR: P45 output signal selection bit
0: Select the P45 port latch output,
l: Select the pulse signal output.
P44SCR: P44 output signal selection bit
0: Select the P44 port latch output,
1: Select the alarm signal output,
P40SCR: P40 -P43 output signal selection bit

P40~P43| P40SCR | Output signal

P43 0 Select the P43 port latch output,

Select the external Liquid Crystal Display driver output
(synchronization signal output M),

P42 0 Select the P42 port latch output,
1 Select the external Liquid Crystal Display driver output
(data signal output DO).
P41 0 Select the P41 port latch output.
1 Select the external Liquid Crystal Display driver output
(shift signa! output CL2).
P40 0 Select the P40 port latch output.
1 Select the external Liquid Crystal Display driver output

{latch signal output CLI).

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
RP4 : Port 4 Read
WP4 : Port 4 Write Port 4 structure
WP4DDR : Port 4 DDR Write
P4SCR  : Port 4 output signal select

Initial

Symbol | Address | Read/write Name reset value

180H
DR 1 Read/write Display RAM Unpredictable
1A7TH '

The display RAM Is a static RAM with a capaclty of 40 bytes {40 x 8 bits). The Liquid Crystal Display driver circuit
recelves the display data from the display RAM and then generates dot matrix Liquid Crystal Display driver signals,
There are two types of Liquid Crystal Display modes avallable on the LC86108A microcomputer: Graphic display mode and
Character display mode. In the graphic display mode, every single blt of the display RAM can be used to turn on/off a
single Llquid Crystal Display dot. In the character display mode, the Internal character generator ROM 1s used to output
a predefined dot character pattern to the Liquid Crystal Display driver circult after recelving a character code already
stored in the display RAM from the Lliquid Crystal Display control circuit.

Initial

Symbol | Address | Read/write Name reset value

CG - - Character generator ROM -
ROM

The character generator ROM (CGROM) is a 5600-bit ROM used in the character display mode.

The Llquid Crystal Display control circuit receives 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 circuit. Finally, the Liquid Crystal Display driver circuit
generates a dot matrix Liquid Crystal Display driver signals to display a desired character on the panel.

The character generator ROM (CGROM) contents can be defined by the user. That is, 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.).

No. 3054-31/62



LCB6108A

Symbol | Address { Read/write Name Initlal
reset value
MCR | 1EOH | Write only | Mode control register XXXX0000B
MSB LSB
- - - - MCR 3 MCR 2 MCR 1 MCRO
MCR3: Mode control register bit 3 ) _

0: 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 (Sl to
S40) are also electronically connected with the Vpp pin.

1: Place the Liquid Crystal Display in the ON state. In this case, you can output a
desired signal to the common driver pins (Cl1 to C8) and the segment driver pins
(S1 to 5S40} by electronically connecting the V5 supply voltage pin to the Vsg pin.

- To control display brightness, add a resistor between the V5 pin and the VSSpin.

MCR2: Mode control register bit 2
MCRI1: Mode control register bit 1

Mode control register bits 1 and 2 (MCR1 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)-
MCR2 |MCR1 | Sursor Blink Descripti
display n escription

0 0 OFF _ Place the cursor display operatlon In the OFF
state.
Place the cursor display operation in the ON

0 1 ON _ state, The cursor Is displayed under the display
character specified by the cursor address register
The display character specified by the cursor

1 0 OFF Character| 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,

: Graphlc 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 manlpulation 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 CPR 4 - "CPR2 CPR1 CPRO

CPRE: Character pltch register bit 6
CPRS5: Character pitch reglster bit 5
CPR4: Character .pltch register blt 4
Character display mode: These character pltch register bits are used to speclfy the number of bits per character
In the vertical directlon (Vp).
Graphlc display mode: These character pltch register bits have no significance,
The table below shows the relationshlp between the comblnations of these bits and the vertical number of bits per

character.
CPR6 | CPRS5S|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 pitch register blt 2

CPRI: Character pltch register bit 1

CPRO: Character pltch register bit ¢
Character display mode: These character pltch register bits are used to speclily the number of blts per character
In the horlzontal directlon (Hp).
Graphic display mode: These character pitch reglster bits are used to specify the effectlve number of dlsplay
bits of each display RAM address.
The table below shows the relationship between the comblnations of these blits and the number of bits {Hp).

CPR2|CPR1{CPRO Hp
0 0 0 Not assigned,
0 0 1 Not assigne;d.
0 1 0 Not assigned.
0 1 1 4
| l l {
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,

No. 3054-33/62




LC86108A

Symbol! | Address | Read/write | Name Initial
reset value
CNR 1E3H| Write only Character number register XX000000B
MSB LSB
- - CNRS CNR 4 CNR 3 CNR 2 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 directlon.
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|[CNRI1|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 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 manlpulation instruction.
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Symbol | Address| Read/write { Name Initlal
reset value
TDR 1E4H| Write only Time division register XXXXX000B
MSB LSB
— - - - - TDR2 TDR1 TDRO

TDR2: Time division register bit 2
Time division register bit 1
TDRO: Time divislon register bit 0

TDRI1:

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 reclprocal of Nx indicates a display
duty cycle. The total number of display dots on the Llquid 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).

rorz [rors [Toro FEGReRT
0 0 0 1
0 0 1 2
0 1 0 3
0 1 1 4
| 0 0 5
1 0 1 6
1 1 0 7
1 1 1 8

Note: This register cannot be accessed by a bit manipulation instruction.
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Symbol | Address | Read/write Name f_';l;é?l value
CAR 1E5H | Read/write Cursor address register XX000000B
MSB LSB

- - CARS CAR4 CAR3 CAR2 CAR1 CARO

CARS: Cursor address register blt 5

l

l

CARO: Cursor address register bit 0
Character display mode: These cursor address register 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

fllspla{ed under the display character and that the cursor display s controlled by the mode control reglster
MCR). i

Graphic display mode: These cursor address register bits have no signlficance,
The table below shows the relatlonship between the combinations of these blts and the display RAM addresses,

CARS5[CAR4 | CAR3|CAR2|CARI|CARQ | pecfiable display

0 0 0 0 0 0 180H
0 0 0 0 0 1 181H
0 0 0 0 1 0 182H
! ! ! ! ! [

1 0 0 1 0 1 1ASH
1 0 0 1 1 0 1A6H
1 0 0 1 1 1 1ATH

Common driver pins, segment driver pins and character display
—'NVOQ'LO(.OL‘-COO'JS g:‘)?’;g:
mMun nunvnwn nnnnaen nn wnnuwn

ci OJONOOD UONMENMO H § §Iu

ce [JNEUD mUUOUOM _JEIEIE]
cs JUmMUUO Ubuom NN |
ca JUOROO OOOMO ONENEC
cs JUOMDOO O0OmUdd mOOO.
ce UUJMUOOC UMOOO ROOOME
c7 JNNEEL NEEEN UONNERD
cse OJOOOO OOODOO OOo0oon
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Graphic display mode

&) 0w~ 0 ;0 0
—-_ 0N g D O b~ 0O O 37BN s B o~ B A IR
nhunnunuwn nnunn nn N n n in n
— g%’&ez;dﬁ;gsglsﬁgﬂ | Content of display RAM -——
L N address 184H
Hp
l\/-L SB MS B-\ /’
ci—«JOO0O0 O0000 OO0
cz2 | OO0OOO LOOOO Ooaad
cs | oot oaoad 00000
ca xIQOO0O DOOBD0 COOobOd
cs5 T OOOOO OCO0OO0 oot
ce | JOOOO DOOOOO OO00O00
c7 | O0OOO0O 0OO0O0O0O0O Ooana
ce—~LIO OO0 OO0 DoO00n
| Content of display Content of display RAM
RAM address 1A3H address 1A7H T
Character display mode
K Hp—
7 OEMED EEEN{] HEEEREERN
‘IDDDIIDDDI OO000m
xQIDDDIIDDDI OOoOmO
-~ HROOON ME NN oomdo
HEENEENRE NOOON DOROug
HOOOR RCOO0ON mOCO0D0D
BOODODON ERENR{] EEEEN
¥—0O00o0oo lllll—\l/ mjulnlnin
| ] 1 ] 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 OlHandOAHhave rated by the
CGROM according CGROM according been set in the CGROMaccording
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
Horizontal Character pitch In horizontal |
Hp character pitch | direction 4 to 8 bits

Character display mode: Character count per line
Hn [Horizontal {or in horizontal direction). I to 40 characters
character count {Graphic display mode: Byte count per line
for in horlzontal directlon).

Vertlcal

VP |character pitch |Character pitch in vertical direction - | I to 8 bits
Vertical character
Nx 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 control 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 register
(MCR) when you are to turn off the Liquid Crystal Display panel,

If you do not follow the above procedures, excessive current at about 1mA will be
dissipated by the LSI when the display panel is turned on/off,
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X Initial
Symbol | Address | Read/write | Name reset value
ACR 1FCH | Write only Alarm control register 00xX00000B
MSB LSB
ACR7 ACREG - ACR ¢4 ACR3 ACR2 ACRI1 ACRO

ACRT: Alarm control register 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 "IM,
ACRS6: Alarm control register bit 6 _
' 0: Fix the pulse output at the "H" level.
1: Allow the pulse output to reverse its polarlty 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 blts
ACRO to ACR3.
I: Select the fundamental frequency of 2kHz for the alarm tone specified by bits
ACRO to ACRA3.
ACR3: Alarm control register bit 3
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,
ACRZ2: Alarm control bit 2
0: Disable the combinatlon of the signal frequencies of 32Hz, 4Hz, 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, 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 frequencles of 4Hz, 1Hz and 4kHz or 2kHz
(fundamental frequency selected by ACR4) to sound an alarm tone,
I: Enable the combination of the signal frequencles 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 comblnation of the signal frequencles of 32Hz, 4Hz, 1Hz and 4kHz or
' 2kHz (fundemental frequency selected by ACR4) to sound an alarm tone.
I: 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 selectlon
register (P4SCR} should be set to "1™
Note: This reglister cannot be accessed by a bit manipulation instruction. Please keep
it in mind.
Note: For the crystal 65kHz specification, the fundamental frequency, etc. is doubl-
ed.
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Initial

Symbol | Address | Read/write Name
- reset value

- - - CF/RC oscillation circuit -

The CF/RC oscillatlon circuit is composed of the CF1 and CF2 pins, and ceramlc resonator
oscillator or RC osclllator. The ceramlc resonator oscillator or the RC oscillator 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 circults.

41— CF 1 CF 1
3
B s

CF oscillation RC oscillation
circuit circuit

[ 1
|

Initial

Symbol { Address | Read/write Name reset value

— — - XTAL oscillation circuit -

The XTAL oscillation clrcult s 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 Liquld 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 oscillatlon circuit by the mask option.

The figure below shows the example XTAL
resonator oscillation circuit.

_WT X‘Tl
- (]
_I_— XT2

XTAL resonator oscillation circult
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Symbol | Address | Read/write | Name Inttial
reset value

DIVR —_ - Divider circult '0 0O00H

The divider circuit receives the signal frequency output from the 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.

Initial
Symbol | Address | Read/write Name reset value
DCR 1 FDH | Read/write | Divider circuit control register XXXXX000B
MSB LSB

- DCR2 DCR1 DCRO

DCR2: Divider circuilt control register bit 2
0: Reset the divider circuit,
1: Enable the divider circuit to divide the input signal frequency from the XTAL
resonator oscillation circuit,
DCRI1: Divider circult control register bit 1
The DCRI1 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 = 1, Please
note that the DCR1 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 DCR1 to be set by an overflow signal from the divider circuit every
500 milliseconds,

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

Note: For the crystal 65kHz specification, an overflow occurs every 250 milliseconds.

; Initial
Symbol | Address { Read/write | Name reset value
OCR 1FEH ]| Write only Oscillation control register XXXXXXX0B
MSB LSB
- - - - - - - OCRO

OCRO: Oscillation control register bit 0
0: Start the CF/RC oscillation clrcuit,
i: 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 s, start or stop the CF/RC oscil-
lation circult after switching the system clock source to the XTAL resonator

oscillatlon circult. If you do not follow this advice, the systemm 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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Symbol | Address | Read/write | Name Initial
reset value
SCR 1FFH| Write only System clock control register XXXXXXX0B
MSB LSB
- - - - - - - SCRO

SCRO: System clock control register bit 0

0: Select the CF/RC oscillatlon circuit as the system clock source.
1: Select the XTAL osclllation circuit as the system clock source.

Note: Set bit 0 of the system clock control register {SCR) to "1" when you write 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, thesystem 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 LC86108 microcomputer.

User mask option

Opticnal items

Description

Operatlon voltage -5V (A) Select the LC86108A or the LC86108C.,
selectlon -3V I(C)
XTAL osclllation type - 32.768 kHz Select a resonator to be connected to the XTI,
selection - 65,536 kHz XT2 pins,
CF/RC osclllation - CF osclllation Select the CF osclllatlon circuit with the CF1 and
circult selection clrcult CF2 pins or the RC osclllation clrcuit with the
- RC osclillation CF1 and CF2 plns.
circuit

Liquid Crystal Display
controller clock source
selection

- XTAL oscillatlon
clrcuit

- CF/RC oscillation
circuit

Select elther the XTAL oscillation clrcuit or the
CF/RC oscillation clrcuit as the Llquid Crystal
Display controller clock source.

Liquld Crystal Display
controller clock divi-
sion rate selectlon

- 1/1

- 1/2
1/4
1/8
1/16
1/32
1/64
1/128

Select the division rate of the Liquid Crystal
Display controller clock. Thls 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
clrcult.

Port 0 pull-up translstor
(reslstor) selection

- Pull-up circuit
selectlon

- Non pull-up circult
selectlon

Select the port 0 input clrcuit type from the
pull-up Input clrcult conflguration and the open
Input clrcult configuratlon,

Port 1 pull-up translstor
(resistor) selectlon

~ Pull-up clrcult
selectlon

- Non pull-up clrcuit
selection

Select the port 1 Input circuit type from the
pull-up input circult configuration and the open
input clrcult configuration.

Port 2 pull-up transistor
{resistor} selection

- Pull-up circult

selectlon

- Non pull-up clrcuit

selection

Select the port 2 Input circult type from the
pull-up Input clrcult conflguration and the open
input clrcult configuratlon.

Port 3 pull-up tranststor
{reslstor) selection

~ Pull-up circult
selectlon

- Non pull-up clrcuit
selection

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

Port 4 pull-up translstor
(resistor) selectlon

- Pull-up circuit
selection

- Non pull-up circuit
selection

Select the port 4 input circult type from the
pull-up Input circuit configuration and the open
Input circult configuration,

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

formula;

Ffrm = (Fosc x Ndiv)/(2 x Ndot)
Fosc: Oscillation frequency from a Liquid Crystal Display controller clock

source

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 units by the user mask
option. Please note that the pull-up resistor cannot be selected in port bit units

by the option.
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LC8610BA Electrical characteristics

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

perature range

) Limits
Parameter Symbol Pins and conditions
Min Ma x |Unit
Suppl
vo{}t]:lge vDD -0. +7 \'
Input VIN ~0. VDD \'
voltage +0. 3
Peak output | Input/output ports. Output
current ioP current per pin. —2 +20 [mA
Average output Input/output port. Average output
current FOA | current per pin for 100 milliseconds. —2 +20 [mA
(?lejrtg:ltt 1 ETOA1 | Port 0. Total output current, -3 +30 [mA
Output Ports 1, 2, 3, and 4. Total output
current 2 ETOAZ2 | cyrrent. —-23 +110 | mA
E%:G{Miis.i)pa- Pdmax|Ta=-30°C~+70°C,QIP100 400 |{mW
Operating tem- _ R
perature range| 1 °PT 30 +70 C
Storage tem- Tstg ~55 +150|
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M Recommended operating voltage range/Ta range = -30 °C to +70 °C.

VDD range = 2,5V to 6.0V, Vsg = 0V.

Limits
Parameter Symbol Pins and conditlons Unit
Min Typ|Max
Operating supply] YVDD1 luSETCYC=3664xuS 4. 5 6. 0 v
voltage range
VDD2 | 448S<TCYC=Z366u4S 2. 5 6. 0 A
‘ RAM and register '
HOLD voltage VHD hold voltage 2. 0 6. 0 V'
All Input port pins 0. 7
t the RST pi
Input high VIH1 | except the pin VDD VDD \
voltage 0. 75
VIH2 |RST VDD YDD \'
All input port pins except 0. 3
VILI1 the RST port pin 0 VDD \Y
Input low :
voltage 0. 25
VIL2 [RST 0 VDD A
FOSC1 | CF1, 2'coamic resonator |y [ 1y | 13 Mg
VDD=4. 5~6. 0V
i t
FOSC2|CF1. 2 S,Egﬁ?;“ugn{e”“a 1 2.5 13 0] 35 |MHz
Oscillation fre- vDD=2. 5~6. 0V
range
qUeney TaRE® 1 FOSC3|CF1. 2 (RC oscillation) | 0.4 |0. 8| 1.2 |MHz
YDD=2. 5~6. 0V
R=15KQ, C=100pF
FOSC4 | XT1. 2 {Crystal oscillation))] 30 32 34 kHz
YDD=2. 5~6. 0V
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M Electrical characteristics/Ta = -30 'C to +70 °C. VSS = 0V

‘ Limits Unit
Parameter Symbol Pins and conditions
Min|Typ|Max
YOH1 All output pins VDD=4. 5V | 0. 9 \
Output high l10OH=-1. 0mA{VDD
voltage
VOH2 All output pins YVDD=2. 5V | 0. 9 \'%
IOH=-0. 3mA| VDD
YOLI1 All output pins VvDD=4. 5V 0. 1 \Y
IOL=+4. 0mA VDD
Qutput low _
1
voltage YOL2 All output pins YDD=2. 5V 0. 1|V
iOL=+1. 0OmA VDD
All input/output pins
RP1 VDD=5Y, VOH=0.9VDD 13138 | 73 [K@
Pull-up RP2  |fppoputiouput plns 22 | 66 [128]KR
transistor - .
resistor RP3 RST, VDD=5Y, VOH=0V 0.17[0.5[1.1|MRQ
RP4 RST, VDD=2.9V, VOH=0V 0.35 1 2.6 | MQ
Hysteresis |VHYS |RST 0. 1 v
voltage VDD
Input leak — —
current | TLI| |YIN=YVDD OR VIN=VSS 1. 0 #A
Pin p FC=1MH 10 | pF
capacitance C - z P
IDD1 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=z
FRC=800KHz
Current IDD3 Liquid Crystal Display OFF 35 165 xA
dissipation VDD=5V, FXT=32KHz
during baslc FCF=FRC=0Hz
operation
I1DD4 Liquid Crystal Display OFF .V DD=2.9V 1.4:2.2{mA
FXT=32KHz, FCF=3MHz
IDD5 Liquid Crystal Display OFF 390615 xA
YVDD=2. 9V, FXT=32KHz
FRC=800KHz
IDD6 Liquid Crystal Display OFF 15 4 2 | pA

VDD=2. 9V, FXT=32KH:z
FCF=FRC=0Hz
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Limits
Parameter Symbol Pins and conditions Unit
Min|Typ|Max
IDD7 Liquld Crystal Display OFF, VYDD=5V 3. 0[4.6|mA
FXT=32KHz
FCF=12MHz
{DDS8 Liquid Crystal Display OFF, VDD=5V 280435 uA
FXT=32KHz
FRC=800KHz
1DD9 Liguld Crystal Display OFF, VDD=5V 15 40 | 1A
Goupatin
during HALT FCF=FRC=0Hz
operation
1 DD 10 | Liquid Crystal Display OFF, VDD=2.9V 4401705 uA
FXT=32KHz, FCF=3MHz
I DD 11 | Liquid Crystal Display OFF, VDD=2.9V 150|240 A
FXT=32KHz
FRC=800KHz
I DD1 2 | Liquid Crystal Display OFF, VDD=2.9V 5 19 | zA
FXT=32KHz
FCF=FRC=0Hz
Current dissi- 1 DD1 3 | Liquid Crystal Display OFF, VDD=5V 10 nA
pation during
HOLD operation| | pD 1 4 | Liquid Crystal Display OFF, YDD=2.9V 7 u A
I1LC1 Liquid Crystal Display ON, VDD=5V 3 10 20 [ ¢A
Liquid Crystal V5=0V, 1/5 Blas mode
Display current
I LC2 9 | Liquid Crystal Display ON, VDD=2.9v | 2. 9 | 5. 8 12 yA

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 M ax
VDD-Ci | VD1 | {-15 microamperes per C pin 120 |mV
voltage drop VDD=2.9V
(i ¢+ 1~8)
VX-Ci | VD2 | | -15 microamperes per C pin 120 |mV
voltage drop VDD=2.9V
(X:1., 4)
(i :1~8)
VDD-Si | VD3 | | -15 micro Ampere per S pin 120 |mV
voltage drop VDD=2,9V
(i 11~40)
‘ VDD=2.9V, V5=0V
Xlltoutput AR Liquid Crystal Display clock 0‘} D7D5 0\} D8DO 0\} D8D5 v
oftage frequency = OHz
' YDD=2.9V, V5=0V
V2 output vz Liquid Crystal Display clock 0\;, DSDS 0\} DGDO 0\} DGDS M
voltage frequency = OHz
VDD=2.9V, V5=0V :
V3] output vvs3 Liquid Crystal Display clock 0\} 35 0\;’ 40 O\} D4 S|V
voitage frequency = OHz DD DD %
vDD=2,9V, V5=0V
V4 output YVd4 ) 0. 15|0. 20|0. 25| V
Liquid Crystal Display clock
voltage frequency = OHz vDD VDD VDD
YDD=4,5 to 6.0V
Tsttl 12-MHz ceramic 30 ms
Oscillatl oscillation
n
stsa(i't ?:in?e Tstt2|YPD=2.5 to 6.0V 30 |ms
eriod 3-MHz ceramic resonator
P osclllation

32-KHz crystal (XTAL)
osclllation
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iU

___c1
L

c2

CF2
l
Bl

-

Figure 1. CF resonator oscillation circuit

Table 1. Recommended ceramic resonator oscillation constants

Oscillator type Producer Oscillator Ci C2
CSA12,0MT 33pF* 33pF*
12-MHz ceramic Murata ~ @ |-—————|— = — — — |~ ~ — — —
CST12.0MT On chip On chip
resonator oscillator
Kyocera KBR-12,0M 33pF+* 3J3pF*
3-MHz ceramic CSA3.00MG 33pF* 33pF*
Murata ~ @ |——— ———f—— - — — = — -
resonator oscillator CST3.00MGW On chip On chip

*: Cl, C2 tolerance: *10%

I-XTI XT2J

T

Figure 2. Crystal osclllation circuit
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Table 2. Recommended crystal oscillation constants

Oscillator type Producer Oscillator C3
DT-38
Daiwa Sinku 22pF
32.768kHz crystal (CLs12,5pF)
(XTAL) oscillator KF-38G
Kyocera 22pF
(CL=12pF)
65.536kHz crystal KF-38Y
Kyocera 18pF
(XTAL} oscillator (CL£13pF)

C3 tolerance: *5%

(Note) Since the circuit pattern affects the oscillation frequency, place the oscillation-

related parts as close to the oscillation pins as possible with the shortest

possible pattern length,
(Note) If oscillators other than shown above are used, the characteristics cannot be

guaranteed,
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|-‘CF‘I CF‘.?—J

R 1 -1 5K Q

4 c4a

Il

100pF

C
+

Figure 3. RC oscillation circuit

Operating voltage

/ low limit
VDD

/ Unstable Stable
oscillation oscillation
Oscillation
signal
Tstt
Figure 4. Oscillation start time period

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 microfarad. The reset
—l t time period should be longer than
—— Crs the CF/RC oscillation start time
period (Tstt), With this always in

1 mind, select the Crst constant,

Figure 5. Reset clrcuit
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Instruction set for the LC86108A microcomputer

Abbreviations
ACC(A)

B

cY(C)

AC

ov

PC

ROM

S5FR
PSwW
TRL
TRH
SP
Pl
P2
P3
P4
R1i

Rj

d9
#18

Clear
Carry

Borrow

- Number of bytes (BYTES)

Number of cycles (CYCLES)

Accumulator

B register

Carry flag

Auxiliary carry flag

Overflow flag

Program counter

Program memory

Data memory

Special function register

Program status word

Table read register low-order byte
Table read register high-order byte
Stack pointer

Port 1

Port 2

: Port 3

Port 4

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

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

Direct addressing data
Immediate data

: Bit addressing data

Relative addressing data
Relative addressing data
Absclute addressing data
Absolute addressing data

: Indicates the contents.

Data transfer and its direction
Logical AND

Logical OR

Exclusive OR

Addition

: Subtraction

Sets a bit to 1.
Sets a bit to 0.

: Binary digit contents (0 or 1)

Sets all bits to 0.
Carry for upper digits

Borrow from upper digits

One byte has B bits. Indicates the number of units of
an instruction.

Indicates the number of CPU basic instruction cycles
required by the execution of an instruction.
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W Arithmetic operations instructions

ENEXONIC INSTRUCTION CODE | BYTES | CYCLES | DESCRIPTION PSY
' Y | AC | oV
ADD #i8 10000001 2 1 (A)—(A)H#18 Olo| o
i7i6i5i4i3i2i1i0
ADD d9 1000001d8[ 2 ! (A)—(A)+(d9) olo | o
d7d6d5d4d3d2d1d0
ADD @Ri 10000 1ili0| 1 1 (A)—(A)+((Ri)) OO | O
i:0,1,2.3
ADDC #i8 10010001 2 1 (AY—(AXH(C)+#iB olol|l o
i7Ti6i5141312i1i0
ADDC d9 1001001d8] 2 1 (AY—(A)H(C)+(d9) Ol O | O
d7dBd5d4d3d2d1d0
ADDC @Ri 1001 ¢ 1i1i0| 1 1 (A)—(AM(C)+((RI)) Ol 0| O
i:0,1,2.3
SUB #i8 10100001 2 1 (A)—(A)-#i8 Ol 01| 0O
i7i6i5i413i2i1i0
SUB d9 ‘101000 1d8| 2 1 (A)—(A)-(d9) Olol o
d7d6d5d4d3d2d1d0
SUB @Ri 10100 1iti0]| 1 1 (A)—(A)-((Ri)) Q|0 |0
i:0,1.2,8
SUBC #i8 10110001 2 1 (A)—(A)-(C)-#i8 O ONING)
iTi6i5i4i3i2ili0
SUBC d9 101100148 2 1 (A)—(A)-(C)-(dD Ol O | O
d7d6d5d4d3d2d1d0
SUBC @Ri 1011 01ilio| 1 1 (AYe=(A)~(C)-((Ri)) oo R
i:0.1,.2.8
INC d9 0110001ad8| 2 1 (d9)+—(d9)+}
d7d6d5d4d3d2d1d0
INC @Ri 01100 1ili0| 1 1 ((Ri))—((Ri))+1 i:0.1.2.3
DEC d9 0111001d8| 2 1 (d9)+—(d9)-1
d7d6d5d4d3d2d1d0
DEC @Ri 0111601iti0| 1 1 ((Ri))—((Ri))-1 i:0,1.2,3
KUL 00110000( 1 4 (B). (A)—(AXX(B) O O
DIV 01000000 1 4 (B), (A)—(A)/(B) O O
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B Logical operations instructions

MNENMONIC INSTRUCTION CODE | BYTES | CYCLES | DESCRIPTION PS¥
cY AC ov
AND #i8 11100001 2 1 (R)—(AIAEiB
i7i615i4i3i2ili0
AND d9 111000 1d8 2 1 (Ay—(AIA(d9)
d7d6d5d4d3d2d1d0
AND @Ri 11100 1ili0 1 1 (AY—{(AIA((Ri)) i:0.1,2.3
OR #i8 11010001 2 1 (Ay—{AN#i8
i7i6i514i3i2il1i0
Ok d9 110100 1d8 2 1 (A)—(A)(d9)
d7dbd5d4d3d2d1d0
OR @Ri 110101ili0 1 1 (AY—(ANA(R1)) i:0,1.2.3
XO0R #i8 11110001 2 1 (A)—(A>o#i8
' 17i61514i1312i1i0
XOR d9 111100 1d8 2 1 {(A)—(A)<(d9)
d7d6d5d4d3d2d1do
XOR @Ri 111101ili0 1 1 (A)>—(Ar=+((R1)) i:0,1,2,3
ROL 11100000 1 i —AT—AG—AS—Ad
l 1
—A0—Al—AZ—AI—
ROLC 11110000 1 1 —C—AT—AG—AS+—Ad—~ O
l 1
— —A0—Al—A2—A3—
ROR 11000000 1 l —AT—Ab—AD—Ad—
! |
C—AD—Al A2 A e
RORC 11010000 1 1 —C—AT—AG—AS—AL— O
1 !
+— —AQ0—Al+—AZ—A3—
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Il Data transfer instructions

MNEMONIC | INSTRUCTION CODE [ BYTES | CYCLES | DESCRIPTION PS¥
' CY | AC | ov

LD d8 000000 1d8| 2 i (A)—(d8)
d7d6d5d4d3d2d1do

LD @Ri 00000 [ilil 1 1 (AY—((RiD) i:0,1,2,3

ST d8 000100 1d8| 2 1 (d9)«(A)
d7d6d5d4d3d2d1do

ST @Ri 000101ili0 1 1 ((Ri))—(A) i:0,1.2.3

MOV #i8. d9 001000 1d8| 23 2 (d9)—#i8
d7d6d5d4d3d2d1do
i7i6i5i4i3i2i1i0

MOV #i8. @Rj 0010015150 2 1 ((Rj))—#i8
i7i615i4i3i2i1i0 j:0.1,2.3

LDC 11000001 1 2 (A)—((TRR+A)) (ROY]

PUSH d9 0110000d8| 2 2 (SPY—(SP)+1. ((SP))—(d§)
d7d6d5d4d3d2d1do

POP d9 0111000d8] 2 2 (d9)—((SP)). (SP)—(SP)-1
d7d6d5d4d3d2d1do

XCH d$ 110000 1d8; 2 1 (d9)—(A)
d7d6d5d4d3d2d1d0

XCH 8Ri 11000 1ili0 1 1 ((Ri))y—(A) i:0,1,2.3
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M Branch instructions

MNEMONIC INSTRUCTION CODE BYTES | CYCLES | DESCRIPTION PSY
CcY AC oy
JHP al? 0 0 1| all A 2 {PCY—(PC)42:
1 al0 a9 a8 {(PC1i-00)—al2
aTababadalaZalal
JYPF alb 00100001 3 2 {PC)+~alb
alb ald al3 al?2
all al0 =a% a8
aTabadbadadalalald
BR r8 Co000 2 2 (PC)—(PC)12:
r7ebrordrdr2rird (PCY—(PC)4r8
BRF ri6 00010001 3 4 (PC)—(PC)+3:
rTrbrordrir2rird (PC)Y—(PC)-14rl6
rl5 ri4d rl3 ri2
ril r10 r9 r8
BZ r8 10000000 2 2 {PC)—(PC}t2:
r7r6rordrdr2rir0 if (A)=0.
then (PC)—(PC)+r8
BNZ r8 10010 0 2 2 (PC)—(PC)42:
r7r6rSrdr3rlrir0 if (A)5:0,
then (PC)+—(PC)ir8
BP.d9, b3, r8 01 1d8 1b2bib0 3 2 {PC)—{PC)43:
d7d6d5d4d3d2d1d0 if (d8,b3)=1,
r7rbr5rdrdr2rird then (PC)—{PC}ir8
BN d8.b3.r8 1 0 0d8 1b2b1b0 3 2 (PC)—(PC)+3:
d7d6d5hd4d3d2d1d0 if (dg. b3)=+~1.
rirbr5rdrdr2rir0 then (PC)}—(PC)+r8
DBNZ d9.r8§ 010100 1d8 K] 2 {(PC)—(PC)+3:
d7d6d5d4d3d2d1d0 (d9)=(d9)-1:
r7r6rordrdrlrir0 if (d9)0,
then (PC)—{(PC)+r8
DBKZ @Ri.r8 010101ili0 2 2 (PCY—(PC)+2:
r7rbrordrdr2riro ((Ri))=((Ri))-1 i=0.1.2, 3:
if (d9)+=0.
then (PC)—{PC)+r8

Continued on next page.
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Continued from preceding page.

KNEXONIC INSTRUCTION CODE | BYTES | CYCLES | DESCR{PTION PSY
cY AC oy
BE #i8.r8 00110001 3 2 (PC)—(PC)+3:
i7i6i514i3i2i1i0 if (A)=#i8, O
r7r6rbrirdrlrir0d then (PC)—(PC)+r8:
if (A)<#i8,
then C+] elsp C+0:
BE d9.r8 001100 1d8 3 2 (PCY+—(PC)+3:
| d7d6d5d4d3d2d1d0 if (A)=(d). O
r7rbr5r{r3rarirl then (PC)«(PC)+r8:
if (A)<(d).
then C—} else C—0:
BE 8Rj.#i8. r8 001101j1j0 3 2 (PC)+-(PC)13:
i7i6i5i14i3i211i0 if ((Rj))=#i8. O
r7rbr5rdr3r2rird then (PC)«—{(PC)4r8:
if ((Rj))<#iB.
then C—1 else C—0:
BNE #i8.r8 01000001} 3 2 (PCY—(PC)+3:
i7i6i%ididi2itio if (AYF#i8, O
r7r6ror4r3r2ric0 then (PC)—(PC)+r8:
it (AY<#i8.
then C—1 else C+—0:
BNE d9.r8 010000 1d8 3 2 (PCY—(PC)+3:
d7d6d5d4d3d2d1d0 if (A)#(d). O
r7rbrordrdr2rird then (PC)—(PC)+r8:
if (A<,
then C+1 else C+0:
BNE @Rj.i8.r8 010001j1;0 3 2 (PC)—{(PC)43:
iTi6i5i4i3i2i1i0 if ((Rj))F#i8, @)
rir6rordr3r2rird then (PC)—(PC)+r8:

if ({(Rj))<Hi8.

then C+—1 else C—0:
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I Subroutine instructions

HNEMONIC INSTRUCTION CODE | BYTES | CYCLES | DESCRIPTION PS¥
CcY AC oy
CALL al2 0 0 0 all 2 2 (PC)—(PC)#2:
1 al0 a9 a8 (SP)—(SP)4]:
aTababadaldaZalal ((SP))—PCT-0:
(SP)—(SP)1:
({SP))—PC15-8:
(PC11-0)+—al2
CALLF alb 00100000 3 2 (PCY—(PCH3:
al5 al4 ald al2 (SP)—(SP)t1:
all at0 a9 a8 ((SP))~PC7-0:
a7a535a4a3a2a1a0_ (SP)—(SP)+1:
((SP))—PC15-8:
(PC)—alb
CALLR alb 00010000 3 4 (PCY—(PC)43:
aTababada3alalal (SP)+—(SP)41:
al5 al4 al3d al? ((SP)}—PCT7-0:
al] al0 a9 a8 (SP)+—(SP)+]:
((SP))~—PC15-8:
{PCY—(PC)-14rl6
RET 10100000 1 2 {PC15-8)+—((SP)):
(SP)+—(8P)-1:
(PCT-0)+((SP)):
(SP)—(SP)-1
RETI 1 0110000 1 2 (PC15-8)—({SP)):
{SP)«~(SP)-1:
{PCT7-0)—((SP)):
(SP)—(SP)-1
M Bit manipulation instructions
YNEKONIC INSTRUCTION CODE | BYTES | CYCLES | DESCRIPTION PS¥
’ CY | AC oy
CLR1 d8.b3 11 0d8 1b2blb0 2 1 (d9, b3 )0
d7d6d5d4d3d2d41d0
SET1 d9, b3 11 1d8 1b2blb0 2 1 (d9. b3)~—1
d7d6d5d4d3d2d1d0
NOT! d9. b3 1 0 1d8 1b2blb0 A 1 (d9, b3)—(d9, b3)
d7d6d5d4d3d2d1d0
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B Other instructions

HNENONIC INSTRUCTION CODE | BYTES | CYCLES | DESCRIPTION PS¥

CcY AC ov

NOP 00000000 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, external input signals to them will be selected.
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Instruction map for the LC86108A microcomputer

LO¥ BYTE 0 1 2,3 4-7 8-F
HIGH BYTE
0 NOP BR r8 LD d9 LD @Ri
CALL al2
1 CALLR rl16 BRF rl6 ST d¢ ST @Ri
2 CALLF alb JKPF alb MOV #i8.d9 NOY #i8.8Rj
JHP al2
3 ¥UL BE #i8.r8 BE d8.r8 BE@R;j . #i8. 18
| DIV BNE #i8.r8 BNE d9.r8 BNE 8Rj . #i8, r8
5 DBNZ d9,r8 DBNZ @Ri.r8
b PUSH d$ INC d9 INC @Ri
BP d9.b3.r8
1 POP d8 DEC d9 DEC @Ri
8 BZ r8 ADD #i8 ADD d9 ADD 8Ri
BN d9.b3.r8
9 BNZ r8 ADDC #i8 ADDC d9 ADDC @Ri
A RET SUB #i8 SUB d9 SUB @Ri
NOT1 d8. b3
B RETI SUBC #i8 SUBC d9 SUBC @Ri
C ROR LDC XCH d9 XCH @Ri
CLR1 d%, 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 d9 X0R @Ri
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Example application circuit (1)

VDo
~ b——cF1 C1 Liquid Crystal Display
] | panel with 320-dot
C8 specification
_’%—HL CF2 P
+5v S1
pAF = XTI !
[:l' 540
Vi
I [
xT2 V2 ] 1/4 Bias mode
+———RsST 33 L 100k
0.7u -
T3 vo [ }‘
P00
—172 POl [—
PO2 |—
- n P03 |
PO4 |-
P05 [—
POs —
P07 —
— P30 P10 —
— P31 P11
— P32 P12 —
— P33 P13
—{ P34 P14 =
— P35 P15 -
Pi16 [—
P17 —
— P40 P20 |~
—{ P41 P21 (—
+5Y — P42 P22 |-
— P43 P23 —
P44 P24 |—
— P45
—| P46 P26 —
(] — P47 P27 [~
T Vss
P
2 Unit (resistance: £, capacitance: F)

W No products described or contained herein are intended for use in surgical implants, life-support systems,
aerospace equipment, nuclear 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.

B Anyone purchasing any products described or contained herein for an above-mentioned use shall:

@ Accept full responsibility and indemnify and defend SANYO ELECTRIC CO., LTD,, its affiliates,
subsidiaries and distributors and all their officers and employees, 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
iitigation on SANYQ ELECTRIC CO, LTD, its affiiates, subsidiaries and distributors or any of
their officers and employees jointly or severally.

M Information (including circuit diagrams and circuit parameters) herein is for example only; it is not guarant-
eed for volume production. SANYO 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
third parties.
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Example application circuit (2)

T +5v
Vop
F—e— CF1 Cl Liquid Crystal Display
] | panel with 640-dot
== cro cs speclification
+5v 51 Y1 | Y40 St 540
A —e—] xT1 J
S40
Vi f—
== —
. XT2 V2 g b4 0.14X3
— V3 |-
+— —— AST va —— ]
0.1
i Vo Y &
o POO 100 J1/4 Bias mode
] PO1 |-
Po2 |- — 0.
A PO3 [
PO4 —
P05 —
P06 [— LC7930N
P07 —
Note: You have to set the +5Y T T
Liquld Crystal Display| — P30 P10 |— Voo V1
operation mode to the] —| P3] P11 —
character display mode if| __| P32 P12 — V2
you are planning to em-| _ |
ploy several LC7930N{as P33 m?& V3
the slave display panel)| ] ggg P15 I gg
to expand diglt display, P16 +5y Ve
P17 |— L/R1 Y1
L/R2 |
—{ P20 P40 CLKLa
—{ P21 P41 CLKsn Y40
—d p23 P42 RDATAZ2
— P23 P43 M
— P24 P44 |— N LDATAZ
P45 RDATA1
— P26 P46 [—
— P27 P47 [—
47 CH2-BP
Vss r Vss VEE
i’ . . ]

Unit (resistance: €, capacitance: F}
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