Ordering number: EN 30924

CMOS LSI

o 5002 || LCB86104C,86108C

Liquid Crystal Display Controller/

Driver, On-chip 4K Bytes ROM or 8K Bytes ROM

and On-chip 168 Bytes RAM

8-BIT SINGLE CHIP MICROCOMPUTER LC86104C/LC86108C

The LC86104C and 86108C are 8-bit single chip microcomputer with the following built-in
functional blocks:

- CPU: Operable at a minimum cycle time of 4 microseconds.

- ROM: LC86104C: 4K bytes, LC86108C: 8K bytes

- RAM: 168 bytes .

- Dot matrix Liquid Crystal automatic display controller/driver

- Two 16-bit timers/counters

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): LC86104C: 4096 x 8 bits, LC86108C: 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.

. Oscillator Operating
Cycle time System clock source frequency voltage range Remarks
Ceramic resonator (CR)
4ns specification 3MH:z 2.5 ~ 3.6V
RC (Resistor and Capacitor)
15us oscillator specification 800kHz 2.5 ~ 3.6V
Crystal (X"tal) oscillator
183us Crystal (X'tal) oscillator 65.536kHz 2.5 ~ 3.6V
specification ’ ’ '
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{4) Supply current
a. Basic system operation mode

. Operating
Supply System clock Oscillator :
voltage Remarks
current source frequency range
1.4mA TYP g)ir;‘;}g;tﬁff“ator (CR) 3MHz 2.9V Display segments OFF
‘ RC (Resistor and Capacitor)
390uA TYP oscilltor specification 800kHz 2.9v Display segments OFF
) . Display segments OFF
15uA TYP gggfg}j;t’fo‘f” oscillator 32.768kHz | 2.9v and CR/RC oscillator
30uA TYP 65,536kHz in idle state
b. HALT operation mode
. Operating
Supply System clock Oscillator
current source frequency voltage Remarks
range
440uA TYP | Ceramic resonator (CR) 3MHz 2.9V Display segments OFF
RC (Resistor and Capacitor) .
150uA TYP oscillator specification 800kHz 2.9V Display segments OFF
' . Display segments OFF
5uA TYP ;’gg{gg;&‘n&” oscillator 32.768kHz | 2.9V and CR/RC oscillator
10uA TYP 65.536kHz -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
- Display signal duty mode: Static duty to 1/8 duty
- Display biasing mode: Static bias to 1/5 bias

(7) Built-in character generator ROM
- ROM capacity: 5600 bits
- Character font: 5x7 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 relpadable timers/counters
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(10} Interrupt:
- 7 sources and > vectored interrupts:
External interrupt INTO
External interrupt INT!
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) Buili-in two oscillators
- CR or RC oscillator: Generate the system clocks and Liquid Crystal Display clocks.
Note that the CR oscillator or the RC oscillator can be selected by the mask
option.
- Crystal oscillator: Generate time base clock, Liquid Crystal Display clocks and the
system clocks,

(13) Liquid Crystal 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 ceramic oscillator or
the RC oscillator.

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

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 current consumption. In this operation mode, program
execution is suspended, This operation mode can be exited by the interrupt request
signals or a system reset,

- HOLD mode function
The HOLD mode is used to freeze both of the CR/RC oscillator and crystal (X'tal)
oscillator, It can be exited by a system reset or the "L" level input signal to the
external interrupt pin {INTO).
Program execution is started again after the HOLD mode is exited by the input signal
to the INTO pin. However, in this 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 oscillator will become stable for this wait time period.

(15) Factory shipment
- 102-pad die
- 100-pin QFP
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Development tools

(1) User's Manual
LC86104A/C user's manual
LC86108A/C user's manual
{2) Development support tool manual
LC86104A/C development support tool manual
LC86108A/C development support tool manual
EVA86000-LC86104/108 development support tool manual
(3) Hardware/Software
(a) Software development tools
- MS-DOS machine or EVA86000
Host computer
When using the EVA86000-AT:
MBC-17, MBC-18 series, AX, IBM-PC or the equivalent
When using the EVA86000-98:
PC-9801 series or the equivalent
- Macro assemblers
LC86104C: M86104,EXE, L86104,EXE
LC86108C: M86108.EXE, L86108.EXE
- Mask option selections program
LC86104C: SU86104.EXE
LC86108C: SU86108.EXE
- Character generator ROM specification program (C86104.EXE)
(b} Hardware development tools
- Evaluation chip: LC86999
- Evaluation board: TB86104/86108, ECB86100
- Evaluation kit: EVA510/EVA520
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.,
Note: The EVA520 board has the same function as the EVA420 board except the monitor
ROM

LC86100 series development system

MS-DOS machine

Host computer system ECB86100

Appearance of application development
tools when using the EVA86000

licati
oyaror board EVA chip bosrd EVA510

Appearance of application development tools
when using the EVAS10-TB86104/86108
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LC86104C: Pin assignment of package

LC86104C

P15
P16
P17
RST
T
T2
T3
XT1
xXT2
Vss
CF1
CF2
P00
PO1
P02
P0O3
P04
PO&
P06
P07

Package Dimensions

{ unit: mm)
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LC86104C: Pad layout

Chip size {X x Y)
000 00000 00000
EGEEDED 75D%DEDQD%DDDD 64 62 g 59 58 57 56 5.75mm X 4.70mm
[Oe7 83 8 79 77 75 73 71 B9 &7 65 6 61
Chip thickness
[J 88 (s3n) (Po7) 55 [ 480um
0 ee 54 ]
0 % 530 Pad size
09 5201 1204m x 1204 m
3 92 51 ]
(X 50
[ 94 49 ]
O g a8 [J
[ g5
kL 0
[Joa v ‘
O 9 {0,0) a6 [
[ 160 —‘7
ot {vss) 45 (]
[] 102
N (Voo a3 [
O-=2 a3 [
03 20
O 4 a1
(d 5 (cs 0
33 [
30
(P1s) 37 0
1M 13 15 19 21 23 B 22 2w N 13 B[O
6 7 B 9 12 14 18 18 20 2 24 26 28 3 32 s
0O 0O 0 0 O0O000000000000o00000O0aosca. «d
LC86104C: Pad coordinates
Pad coordinate Pad coordinate
Pin Pad Pin value Pin Pad Pin value
numbernumber| name number|(number| name
Xam Y zm Xam Y um
46 1 VDD|—-2676|— 781 56 11 P41|—-1697}|—-2011
47 2 Cs8 ! - 941 57 12 P421—-1537 !
48 3 C7 ! -1101] 58 13 |P43{~1377 l
49 4 Cé l —-1261 59 14 P44 —-1217 !
50 5 C5 ! —1421 60 15 P45 |—-10587 !
51 6 C4 —2676|[—2011 61 16 P46 |~ 897 i
52 7 C3 —2429 ! 62 17 P47 |~ 737 !
53 8 cC2 —2249 1 63 i8 P30~ 577 l
54 9 Cl1 —2068 ! 6 4 19 P31 |— 417 1
55 10 P40 |—1857|—-2011 65 20 P32|(—- 257]|~2011
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Note: The chip substrate should be connected with the Vgg 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.

ed,
Note: When using a soldering iron for mounting the QIP100 package, contact SANYO for

instructions.
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Pin description

Pin

Pm name | o ver I/0 Functional 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 g3 Input/ Eight-bit input/output port with internal pull-up transistors.
l } ouptput Data can be input/output from/to the port in 8-bit units,
PQO7 100
P10 76 Eight-bit input/output port with internal pull-up transistors,
| | Input/ | Data can be input/output from/to the port in bit
output| units,
P17 83 .
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.
P12 78 Input T1: External signal input pin to timer/counter I,
P13 79 Input INTO: External interrupt O input pin
INTI: External interrupt 1 input pin
P20 69 Input/ Seven-bit input/output port with internal pull-up transistors,
] i oul:;put Data can be input/output from/to the port in bit
P24 73 units,
P26 74
P27 75
P30 63 Inout/ Six-bit input/output port with internal pull-up transistors.
l 1 oupt':put Data can be input/output from/to the port in bit
P35 68 units.
P40 55 Eight-bit input/output port with internal pull-up transistors,
) ! Input/ | Data can be input/output from/to the port in bit
output! units.
P47 62 o
Port pins 55 to 60 can be also used as the special output pins:
P40 55 {Output| CL): Latch signal output to external Liquid Crystal Display driver circuit -
P41 56 |Output| CL2: Shift signal output to external Liquid Crystal Display driver circuit
P42 5 7 [Output| DO: Data signal output to external Liquid Crystal Display driver circuit
P43 5 8 |Output| M: Synchronlzation signal output to external Liquid Crystal Display driver circui:
P44 5 g |OQutput| ALM: Alarm signal cutput to the ALM output pin
P45 60 Qutput | PLS: Pulse signal output to the pulse output pin
Vi 41 Input/ . N , .
! | output | voltage supply pins to Liquid Crystal Display drivers.
V5 45
Cl 54 . : I . .
| | Output| Common driver pins to Liquid Crystal Display drivers.
C8 47

No. 3092-8/67
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. Pin . -
Pin name number I/0 Functional description
S1 1
l } Output| Segment driver pins to Liquid Crystal Display.

S40 40

RST 84 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 VDD pin.
Crystal oscillator input pin, Should be connected with the Crystal

XT1 88 Input (X'tal) oscillator.
Crystal oscillator output pin, Should be connected with the Crystal

XT2 8 9 |Output|(Xial) oscillator.
The internal 20pF capacitor is provided between the XT2 pin and the
Vgg pin.

CF1 91 Input glzze;m;icn.resonator input pin. Or RC (Resistor and Capacitor) oscillator
Ceramic resonator output pin, Or RC (Resistor and Capacitor)

CF2 92 |Output oscillator output pin.

No. 3082-9/67
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LC86108C: Pad layout

Q00000 O0000000000000000000 g0 o O

Chip size (X x Y)

868584 B2 BC 78 76 74 72 70 68 66 64 62 . 6D 59 S8 57 56 6 0 6mmx 4 7 6mm
Oer 83 8 79 77 75 73 7 69 67 65 63 6
0 e s31) won sspy| CNIP thickness
O ss sap)| 4804m
O % 531
E}m 52 Pad size
92 51 ]
0 53 s 120mx120xm
0 |
(395 4 O
(198
O 97 47 ]
] o8 y
O (0,0} a5 [
3 w0 +x
mRkL (vss) a5 O
0 102
W (Voo ]
2 a3
03 a2 Qd
O 4 a1 3
O s (cs) w0
39
33 [J
r11 37 O3
1 15 17 19 21 23 B 27 23 3 un w0
B 78 910 12 14 16 18 20 2 29 2% 28 30 32 35 D
O 00 0O00O0000O0DO0O0000000000ooOonDg. « O
LC86108C: Pad coordinates
Pad coordinate Pad coordinate
Pin Pad Pin value Pin Pad Pin value
number|number| name number|number| name
Xam Yam Xam Yum
46 1 vDD|—-2827|— 7758 56 11 P41{—-1819|—-2035
47 2 C8 | - 935 57 12 P42 —-1659 !
48 3 RoNri | —1095 58 13 P43 —-1499 !
49 4 Cé { —-1255 59 14 P44 | -1339 |
50 5 C5H | —-1415 60 15 P45 | —-1179 |
51 6 C4 -2827|—-2035 61 16 P46 —1019 |
52 7 C3 —2581 | 62 17 P47|~ 859 |
53 8 C2 —2400 1 63 18 P30 |-~ 699 !
54 9. Cl —-2190 ! 6 4 19 P31|— 539 {
55 10 P40 |(—-1979|—-2035 65 20 P32|— 379]1—-2035
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ed.
Note: When using a soldering iron for mounting the QIP100 package, contact SANYO for

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

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

instructions.
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Pin description

. Pin
Pin name number I/0 Function description
VSS 9 0 |Output! Should be connected with the negative supply voltage pin,
vDD 4 6 | Input | Should be connected with the positive supply voltage pin.
POO g3 Input/ Eight-bit input/output port with internal pull-up transistors.
| ! npu Data can be input/output from/to the port in 8-bit units,
P07 |100 |OUPU .
P10 76 Eight-bit input/output port with internal pull-up transistors.
1 Input/ | Data can be input/output from/to the port in bit
p i . 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 O.
P12 78 | Input T1: External signal input pin to timer/counter 1.
P13 79 | Input INTO: External interrupt O input pin
PUL | INTT: External interrupt 1 input pin
P20 69 Input/ Seven-bit input/output port with internal pull-up transistors.
{ l MPUL/ [ Data can be input/output from/to the port in bit
output
P24 73 units.
P26 74
P27 75
P30 63 Input/ Six-bit input/output port with internal pull-up transistors.
1 l npu ¢ Data can be input/output from/to the port in bit
P35 68 outpu units,
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 l output| units.
P47 62
Port pins 55 to 60 can be also used as the speclal output plns:
P40 5 5 |Output| CLI: Latch signal output to external Liquld Crystal Display driver circuit
P41 5 6 |Output| CL2: Shift signal output to external Liquld Crystal Display driver clrcult
P42 5 7 [|Output| DO0: Data signal output to external Llquid Crystal Display driver circult
P43 5 8 |Output| M: Synchronlzation signal output to external Liquid Crystal Display driver circuit
P44 59 |Output| ALM: Alarm signal output to the ALM output pin
P45 6 0 [Qutput| PLS: Pulse signal output to the pulse output pin
Vi 41 Input/
VlS 415 ou;;put Voltage supply pins to Liquid Crystal Display drivers.
Cl1 54 o
l l Output| Common driver pins to Liquid Crystal Display drivers,
C8 47
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Pin

Pin name number I/O 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 oscillator input pin. Should be connected with the Crystal
XT1 88 Input (X'tal) oscillator,
Crystal oscillator output pin. Should be connected with the Crystal
XT2 89 {Output|(xital) oscillator,
$hg ir}tl:Iernal 20pF capacitor is provided between the XT2 pin and the
SS pin.
CF1 91 Input i(tllit;le::m;;:n.resonator input pin. Or RC {Resistor and Capacitor) oscillator
CF2 92 |Output Ceramic resonator output pin. Or RC (Resistor and Capacitor)

oscillator output pin.
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Block diagram

ACC

PSH
SP
TRL
TRH
PO
PODDR
Pl
P1DDR
PIINT
P2
P2DDR
P3
P3DDR
P3INT
P4
P4DDR
P4SCR

P17 8: P PO
Pt B POSB
P1E o) 128-byte RAM ' Ace PO P o s
1 E * o
P12 s B Fo PO 2
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’; 2 ; LD HI’ T O H T 0L P2 s
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YDpD T o 5= :ﬁj c 8
v R CGROMN E%ﬁ 51
3 .
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ACCUMULATOR IE INTERRUPT ENABLE REGISTER
B REGISTER THOD TIMER/COUNTER XODE CONTROL REGISTER _
PROGRAY STATUS ¥WORD. TCON TI¥ER/COUNTER CONTROL REGISTER
STACE POINTER TOH TI¥ER/COUNTERO HIGH BYTE
TABLE REFERENCE REGISTER LOF¥ BYTE TOL TIMER/COUNTERO LO¥ BYTE
TABLE REFERENCE REGISTER HIGH BYTE T1H TIMER/COUNTER1 HIGH BYTE
PORTO LATCH TIiL TIXER/COUNTER] LO¥ BYTE
PORTO DATA DIRECTION REGISTER PCON PO¥ER CONTROL REGISTER
PORT1 LATCH PC PROGRAM COUNTER
PORT1 DATA DIRECTION REGISTER IR INSTRUCTION REGISTER
PORT! INTERRUPT REGISTER NCR ¥ODE CONTROL REGISTER
PORT2 LATCH CPR CHARACTER PITCH REGISTER
PORT2 DATA DIRECTION REGISTER CihR CHARACTER NUXBEE REGISTER
PORT3 LATCH TDR TIEE DIVISION REGISTER
PORT3 DATA DIRECTION REGISTER CAR CURSOR ADDRESS REGISTER
PORT3 IKTERRUPT REGISTER DR DISPLAY RAM
PORT4 LATCH CGROM CHARACTER GENERATOR ROM
PORT4 DATA DIRECTION REGISTER ACR ALARM CONTROL REGISTER
PORT4 SIGNAL CHANGE REGISTER DCR DIVIDER CONTROL REGISTER

No. 3092-15/67



LC86104C,86108C

Symbol Address Read/write Name Initial reset value

0D0H _

RAM ! Read/write Data memory Unpredic table
7FH

ACC 100H Read/write Accumulator 00H

PSW 1T01H Read/write Program status word 00X000XXB

=) 102H Read/write B register 0O0H

TRL 104H Read/write Table reference register low-order byte| 0 0 H

TRH 105H Read/write Table reference register high-order byte; (0 0 H

SP 106H Read/write Stack pointer Unpredic table

PCON 1074 Read/write Power control register XXxXxXx{000B

IE 108H Read/write Interrupt enable control register O0xx000008

TCON 110H Read/write Timer/counter control register DOH

TMOD 111H Read/write Timer/counter mode control reglster | 0 0 H

TOL 112H Read/write Timer/counter 0 low-order byte 0O0H

TOH 114H Read/write Timer/counter 0 high-order byte 0DO0H

T1L 113H Read/write Timer/counter 1 low-order byte 00H

T1H 115H Read/write Timer/counter 1 high-order byte 0O0H

PO 140H Read/wrlte Port 0 latch FFH

PODDR 141H Write only Port O data direction register XXXXXXX(0B

P1 144H Read/write Port 1 latch FFH

P 100DR 145H Write only Port 1 data direction register 0O0H

P1INT 146H Read/write Port | interrupt control register HXXXXX008

F? 148H Read/write Port 2 latch 11xit11118

P2 0DR 149H Write only Port 2 data direction register 00X00000R

P3 14CH Read/write Port 3 latch XX1111118

P 30DR 1 4DH Write only Port 3 data direction reglster xx0000008

P3INT 14EH Read/write Port 3 Interrupt control register XXXXXX[D0B

P4 150H Read/write Port 4 latch FFH

P 4 DDR t51H Write only Port 4 data direction register 00H

P4 SCR 152H Write only Port 4 output signal selection register | XX () 0 XXX (0B
180H

DR { Read/write Display RAM Unpredic table
TATH

MCR 1EOQ0H Write only Mode control register XXXX0000B

CPR 1TEtH Write only Character pitch register x000x0008B

CNR 1E3H Write only Character number register XxX0000008

TOR 1TE4H Write only Time division register XXXXxX0008B

CAR 1TESH Read/write Cursor address register XXx0000008

ACR 1FCH Write only Alarm control register 00x000008B

DCR 1FDH Read/write Divider circuit control register XXXXX000B

OCR 1FEH Write only Osclllation control register XXXXXXX0B

SCR 1FFH Write only System clock control register XXXXXXX(]B
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Symbol | Address | Read/write | Name Initial reset value
- - - Memory space _
I) Program memory (ROM) space
The LCB6000 serles microcomputers have a program memory (ROM) space of 64K
bytes.
{2) Data memory (RAM) space ‘
The LC86000 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 IFFH). :
The 256-byte RAM area Includes the stack area and the SFR area contains the
accumulator (ACC), the program status word (PSW), timers, ports and the llke. The
SFR area allows the LCB6000 serles microcomputers to employ the full memory
mapped [/O archltecture. .
The first 4 address areas (00H to 03H) in the data memory {RAM) can be used as
the four 8-blt Indirect address reglsters for allowing the user to make an access
to the RAM In the Indirect address mode, Of the above 4 Indirect address
registers, the flrst two reglsters with addresses 0OH and 01H are used when the
RAM area between address 00H and FFH Is Indirectly accessed. The remalning two
Index reglsters 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 Indlrect address reglsters, bits 3 and 4 of the PSW
and the RAM addresses [s shown In the table below.
Indirect
PSW PSW RAM
h address Function
bit 4 bit 3 register address
RO OO0H Indirect RAM addressing
R1 01H Indirect RAM addressing
0
R2 02H Indirect SFR addressing
R3 03H Indirect SFR addressing
RO 04H Indirect RAM addressing
R1 05H Indirect RAM addressing
0
R2 06H Indirect SFR addressing
R3 07H Indirect SFR addressing
RO 08H Indirect: RAM addressing
R1 0SH Indirect RAM addressing
1
R 2 0AH- Indirect SFR addressing
R 3 0BH Indirect SFR addressing
RO 0CH Indirect RAM addressing
R1 0DH Indirect RAM addressing
1
R2 0EH Indirect SFR addressing
R3 OFH Indirect SFR addressing
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Symbol | Address | Read/write Name Initial reset
value
PC - - Program counter 000O0H

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 000BH
External interrupt 1 0013H
Timer/counter 1 interrupt 001BH

Divider circuit/port 1/

port 3 interrupt 0023H .
JMP al2|{PCl5~12=Current page, PC1l1~00=2a12
Unconditional | JMPF al6 | PCl15~00=al6
branching
operation BR r 8 (PC+2) + (—128~+127)
BRF rl1é (PC+2) + (0~+6553686)
o iopen branchingl g7 g (PC+2) + (—128~+127)

CALL al2 | PCl5~12=Current page, PC11~00=2a12

Subroutine all

operation CALLF al6!PC15~00=a16

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

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

Initial reset

Symbol | Address | Read/wirte Name
value

ROM - Read only Program memory —

The program memory is an 4K-byte ROM (4096 x 8 bits) at LC86104C, an 8K-byte ROM (8192 x 8
bits) at LC86108C, It stores a user application program to be executed on the LC86104C
microcomputer. The whole content of the program memory {ROM) can be referenced by using
the LDC instruction,
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i Initial reset
Symbol | Address | Read/write Name value
00H |
RAM l Read/write Data memory Unpredictable
7TFH

The data memory is a 128-byte static RAM (128 x 8 bits). The first four bytes
{00H 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 O03H) 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 Initial reset
‘ value
ACC 100H | Read/write Accumulator 00H
MSB LSB
ACC7 ACCES6 ACCS ACCH4 ACCS3 ACC2 ACC1 ACCUO

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,
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Initial

Symbol | Address | Read/write Name reset value

PSW 10 1H|[ Read/write Program status word 00X000XXB
MSB LSB
CY AC — {RBK1 | IRBKO oV - -

CY: Carry flag ‘
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 comparlson type Instruction is executed Iin your
application program and a borrow to the most significant bit (MSB) does not occur.
In addition, 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.

AC: 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 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 Instructlon is executed in
your applicatlon program and a borrow to the third bit occurs. It wlll be reset when a
subtractlon type instructlon 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
These two bits (IRBKO and IRBK1) of the program status word (PSW) are used to select 4 bank
values for the indirect address reglsters.
As previously stated, the first 4 bytes of the RAM are used as the four indirect address
registers for indirect addressing. Blts IRBKO and IRBK1 can be jointly used with these four
indirect address reglsters to make an Indirect access to an address In a selected RAM bank
area. For detailed information, please refer to Memory Space.

ov: Overflow flag
The overfiow flag {(OV) is a flag which is set or reset when an additlon type or subtraction
type instruction with signed variables is executed in your application program.
The overflow flag {OV) will be set when an addition 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 s executed In your
application 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 be affected,
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- Initial
Symbol | Address | Read/write Name reset value
B 10 2 H| Read/write B register 00H
MSB LSB
B7 B 6 B5S B4 B3 B2 B1 BO

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 2:;?1 value
TRL | 104H| Read/write 1?&;@?3&3”@“” 00H

MSB LSB
TRL7 TRLE6 TRLS TRL4 TRL3 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.

Initial reset

Symbo! | Address | Read/write Name
value
. Table reference register
TRH 1 0 5H | Read/write high-order byte OOH
MSB LSB
TRH7 TRHES TRHS TRH4 TRH3 TRHZ2 TRH1 TRHO

The table reference register high-order byte is used to hoid 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

Symbo! |{ Address | Read/write Name reset value

SP 10 6H | Read/write Stack pointer Unpredictable
MSB | LSB
SP7 SP6 SP5H 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 | 10 7H/| Read/write Power control register XXXXX000B
MSB LSB

- - - - - PCON2Z2 | PCON1|PCONO

PCON2: 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 TNTO 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 oscillator stabilization time period
requires such wait time period.

PCONI: Power control register bit |

0: Disable the HOLD mode request.

1: Enable the HOLD mode request. The HOLD mode stops both of the CR/RC oscillator
and the X'tal oscillator. The microcomputer is allowed to operate in the low
current dissipation mode. That is, only the leakage current operates the LSL
The HOLD mode can be exited by a system reset 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 suspends the program execution.
This mode can be exited by a system reset. It can be also exited when an
interrupt request is accepted by the system.
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Symbol | Address | Read/write Name Initial
reset value
|l E 10 8H | Read/write Interrupt enable control register 0XX00000B
MSB LSB
1E7 — - 1 E4 1E3 'E2 lE1 lEO
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.
{E4: 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 contro! 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 I

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 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 i) --- 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 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 i‘l::is.z?lvalue
TCON| 110H | Read/write | mer/counter control 00K

MSB LSB
TCON7 | TCONG6 | TCONS | TCON4 | TCON3 | TCON2 ! TcoN1 | TcoNo

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.

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

TCON3: 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.

TCON2: Timer/counter control register bit 2
Timer/counter control register bit 2 is used to select a desired TNTI 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.

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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Symbol | Address | Read/write Name f'[;istei?lvalue
TMOD | 111H | Read/write | jimer/counter mode control o on

MSB LSB
T™OD7 | TMOD6 | TMODS5 | TMOD4 | TMOD3 | TMOD2 | TMOD1 | TMODO

TMOD?7: 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 ! gate,

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

TMODG: Timer/counter mode control register bit 6

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

time