
Ordering number: EN 4 9 5 8 

CMOS LSI 

No.4958 

Single-Chip 4-Bit Microcomputer For 
Small-Scale Control-Oriented Applications 

L C 6 5 1 1 0 4 N / F / L , 6 5 1 1 0 2 N / F / L 

The LC651104N/F/L, LC651102N/F/L belong to our single-chip 4-bit microcomputer LC6500 series fabicated using 
CMOS process technology and are suited for use in small-scale control-oriented applications. Their basic architecture 
and instruction set are the same. The LC651104 and LC651102 comprise an eight-channel, 8-bit A/D converter. Appli-
cation areas include audio equipment (tape deck, player, etc.), office equipment, communications equipment, car 
equipment, home appliances as well as circuits so far formed with the standard logic circuits and applications where 
the number of controls is small. 

1) CMOS technology for a low-power operation (with instruction-controlled standby function) 
2) ROM/RAM 

LC651104N/F/L ROM : 4K x 8bits, RAM : 256x 4bits 
LC651102N/F/L ROM : 2K x 8bits, RAM : 256x 4bits 

3) Instruction set: 80 instructions common to the LC6500 series 
4) Wide operationg voltage range form 2.5V to 6.0V (L version) 
5) Instruction cycle time of0.92p.s (F version) 
6) On-chip serial I/O port 
7) Flexible I/O port 

• Number of ports : 6 ports/22 pins 
• All ports : Input/output common 

Input/output voltage 15V max. (C,D,E,Fat open drain) 
Output current 20mA max. (sink current) (LED direct drivable) 

• Option selectable for your intended system 
A. Open drain output, pull-up resistor: Single-bit select for all ports 

Vectored interrupt by timer overflow (instruction-testable) 
Vectored interrupt by INT pin or completion of transmit/receive at serial I/O port (instruction-
testable) 

9) Stack level: 8 levels (common with interrupt) 
10) Timer : 4-bit prescaler + 8-bit programmable timer 
11) Clock oscillation option selectable for your intended system 

• Oscillator option : 2-pin RC oscillaion (N, L version) 
2-pin ceramic resonator oscillation (N,F,L version) 

• Predivider option : No predivider, 1/3 predivider, 1/4 predivider (N, L version) 
12) Burst pulse (64 x cycle time) output function 

Features 

B. Output level at the reset mode : 4-bit select of H/L level for port C/D 
8) Interrupt function 
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LC651104N/F/L, 651102 N/F/L 

13) A/D converter (sequential comparison type) 
• 8-bit Accuracy x 8 channels 

14) Watchdog timer 
• External RC type 
• The external pin can be assigned the watchdog reset function by option. 

Function Table 
Item LC651104N /1102N LC651104F/1102F LC651104L/1102L 

M
em

or
y ROM 4096 x 8 bits (1104N) 

2048 x 8 bits (1102N) 
4096 x 8 bits (1104F) 

2048 x 8 bits (1102F) 

4096 x 8 bits (1104L) 
2048 x 8 bits (1102L) 

M
em

or
y 

RAM 256 x 4bits (1104N) 
2 5 6 x 4 bits (1102N) 

2 5 6 x 4 bits (1104F) 
256 x 4 bits (1102F) 

2 5 6 x 4 bits (1104L) 
2 5 6 x 4 bits (1102L) 

i i Instruction set 80 80 80 
s Table read With With With 

Interrupt External 1, Internal 1 External 1, Internal 1 External 1, Internal 1 
o Timer 4bit-prescaler + 8-bit timer 4bit-prescaler + 8-bit timer 4bit-prescaler + 8-bit timer 

O
n-

ch
ip

 
tu

nc
 

Stack level 8 8 8 

O
n-

ch
ip

 
tu

nc
 

Standby function Standby available 
by HALT instruction 

Standby available 
by HALT instruction 

Standby available 
by HALT instruction 

Number of ports I/O 22 I/O 22 1/0 22 
tL 

8. 
D 

Serial port 4/8-bit I/O 4/8-bit I/O 4/8-bit I/O tL 

8. 
D I/O voltage 15V max. 15V max. 15V max. 
Q. 
"5 Output current 10mA typ. 20mA max. 10mA typ. 20mA max. 10mA typ. 20mA max. 
£ 3 I/O circuit configuration Open drain (N channel) or pull-up resistor-provided output selectable bit by bit. 
Q-C Output level at reset mode "H" or "L" level selectable port by port (port C, D only) 

Burst pulse output Available Avilable Avilable 

J s 

Minimum cycle time 2.77ns (VDD23V) 0.92ns (VDD>4V) 3.84^s (VDD>2.5V) 

J s Supply voltage 3 to 6V 4 to 6V 2.5 to 6V 
o 

Current dissipation 1.5mA typ. 2mA typ. 1.5mA typ. 
c o 

•a n 

'S 

Resonator RC (900kHz typ.) 
ceramic (400k,800k,lMHz, 

4MHz) 

ceramic 4MIIz 
RC (400kHz typ.) 

ceramic (400k, 800k, 1MHz, 
4MHz) 

o predivider option 1/1,1/3,1/4 . 1/1 1/1,1/3, 1/4 
Othei" Package DIP30S-D, MFP305 DIP30S-D, MFP30S DIP30S-D, MFP30S 

(Note) Information on the resonator and oscillation circuit constants will be presented as soon as the recommended circuit 

is determined. 
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Pin Assignment 
Common to DIP • MFP 

s a 5 8 e .>-< < < 5 5 ? — O O C S I — Q C - I C M - O ' ? 1 ) < J < < < U J L U D O O O O O O O U . 

LC651104N/F/L 
LC651102N/F/L 

5 5 8 s >f > S 5 S g |2 M 8 15 
6 - Si ft o O 1— ^ CZI r=Ci O O O O t £ 
Q_ Q_ Q_ Q. 

Case Outline 3073A (unit : mm) 3061 (unit : mm) 

R R R R R R R R R R R R R R 3 

T 
Of 

\tfHHHHHHBHHHHBHH « ^ 
IOT 

30 16 

n n n n n n n n n n n n n n n ; 

U U U L j u u u u u u u u u u 1 is 

S A N Y O : M F P 3 0 S S A N Y O : D I P 3 0 S - D 

(Note) The package is the reference figure without the description of the rank. Please inquire us 
for the formal package. 
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LC651104N/F/L, 651102 N/F/L 

Pin Name 
OSC1, OSC2 C, R or ceramic resonator for OSC TEST Test 

RES Reset INT Interrupt request pin 

PA 0-3 Input/output common port A 0-3 SI Serial input pin 

PC 0-3 Input/output common port C 0-3 SO Serial output pin 

PD 0-3 Input/output common port D 0-3 SCK Serial clock input/output pin 

PE 0-1 Input/output common port E 0-1 AD 0-7 AD converter input pin 

PF 0-3 Input/output common port F0-3 AV+,AV- AD converter reference voltage input 

PC 0-3 Input/output common port G 0-3 WDR Watchdog reset pin 

(Note) • The SI, SO, SCK, and INT pins are common to the PFO to PF3 pins respectively. 

System Block Diagram 
LC651104N/F/L.LC651102N/F/L 

Lt_ 
t: 
£ 
o 
c 
o 
E 
E 8 

\ PF2/SCK > PE 0-1 WDR PF 0-3 

I— PF3/1NT o — 

RAM Data memory ROM : Program memory 

F Flag PC : Program counter 

WR Working register INT : Interrupt control 

AC Accumulator IR : Instruction register 

ALU Arithmetic and logic unit I.DEC : Instruciton decoder 

DP Data pointer CF,CSF: Carry flag, carry save flag 

E E register ZF, 2 S F : Zero flag, zero save flag 

CTL Control register EXTF : External interrupt request flag 

OSC Oscillator TMF Internal interrupt request flag 

TM Timer 
STS Status register 

PA0-3 
AD0-3 « Port A 

AV+ o — 
AV- o — > 

3E 
8-BfT 
ADC 

3 1 
o 

PG0-3 
AD4 

g O | P o f > G ^ > 

PC0-3 O l p o r l c 

o P D 0 - 3 < ^ Porl D 

PFI /SOo-
4/8 bit 

Serial 
Shift 

register 

4 bit 

PFO/SI o 

c = > 

lower digit 

4/8 bit 

Serial 
Shift 

register 

^ higher digit 

C 

Serial Serial 
mode mode 

register register 

I/O Bus 

^ 1 1 
PortE Port F 

OSC1 
o OSC2 

- o 
- O TEST 
- o VDD 

VSS 

T t I T 
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Development Support Tools 
The following are available to support the program development for the LC651104, LC651102. 

(1) User's Manual 
"LC651104/1102 User's Manual" 

(2) Development Tool Manual 
For the EVA-800 system, refer to "EVA-800. LC651104/1102 Development Tool Manual". 

(3) Development Tools 

a. For program development (EVA-800 system) 
1. MS-DOS for host system (Note 1) 
2. Cross assembler MS-DOS base cross assembler: <LC65S. EXE> 
3. Evaluation chip : LC6595 

4. Emulator : EVA-800 emulator and evaluation boards 
b. For program development (EVA-86000 system) under development 

c. For program evaluation During development EPROM built-in microcomputer (LC65E1104) 

Appearance of Development Support System 
EVA-800 System 

• Ho»t pfocoRSor oontroJ p 
• LC65S.EXE cross ussen 

(Note 1) MS-DOS : Tradmark of Microsoft Corporation 
(Note 2) The EVA-800 is a general term for emulator. A suffix (A, B,...) is added at the end of EVA-800 as the 

EVA-800 is improved to be a newer version. Do not use the EVA-800 with no suffix added. 

o 
0 

EVA-800 or EVA-850 
emulator (nolo 2) 
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Pin Description 
Pin Name Pins I/O Function Option Reset Mode Unused Pin 

Handling 

VDD 1 — Power supply 

VSS 1 — 

0 S C 1 1 Input » Pin for externally connecting RC, 
ceramic resonator for system 

1) 2-pin RC OSC 
2) 2-pin ceramic resonator 

— 
— 

OSC2 1 Output clock generation. 
If external clock input is used, 

leave the OSC2 pin open. 

OSC 
3) Predivider option 

1. No predivider 
2.1 /3 predivider 
3 .1 /4 predivider 

PA 0 to PA 3 4 Input/ • I/O port AO to 3 1) Open drain type output • "H" output Should be set to 

/ADO to AD3 output 4-bit input (IP instruction) 2) With pull-up resistor (Out-put the open drain 
4-bit output (OP instruction) 1), 2) Specified bit by bit Nch transis- output type and 
Single-bit decision (BP, BNP tor : OFF) then connected to 

instruction) the VSS pin. 
Single-bit set/reset (SPB, RPB 
instruction) 
Standby is controlled by PA3 

• The PA3 pin must be free from 
chattering during the HALT 

instruction execution cycle. 
• All these four port pins can be 

used for two purposes 
P AO/ADO : AD converter input pin ADO 

PA1 /AD1: AD converter input pin AD1 
PA2/AD2 : AD converter input pin AD2 
PA3/AD3 : AD converter input pin AD3 

PC 0 to PC 3 4 Input/ • I/O port CO to 3 1) Open drain type output • "H" output Same as for PAO 
output Same as for PAO to 3 (Note) • "L" output to 3 

• Option permits output at the 2) With pull-up resistor (Option -
reset mode to be "H" or "L". 3) Output at reset mode:"H" selectable) 

(Note) No standby control 4) Output at reset mode:"L" 

function is provided. • 1), 2): Specified bit by bit 
• 3), 4): Specified in a 
group of 4 bits 

P D O t o P D 3 4 Input/ • I/O port DO to 3 Same as for PCO to 3 Same as for Same as for PAO 

output Same as for PCO to 3 PCO to 3 to 3 

P E O t o 2 Input/ • I/O port EO to 1 1) Open drain type output • "H" output Same as for PAO 

PE 1/WDR output 4-bit input (IP instruction) 2) With pull-up resistor (Out- put to 3 

4-bit output (OP instruction) 1), 2) Specified bit by bit Nch transis-
Single-bit set/reset (SPB, RPB 3) Normal port PE1 tor : OFF) 

instruction) 4) Watchdog reset :WDR 
Single-bit decision (BP, BNP 3), 4) can be specified 

instruction) 
• PEO : With burst pulse (64Tcyc) 

output function 

• PE1 pin can be switched WDR. 
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Pin Name Pins I/O Function Option Reset Mode Unused Pin 
Handling 

P F O / S I 
PF 1 / S O 
P F 2 / S C K 
P F 3 / INT 

4 Input/ 
output 

•I/O port FO to 3 
Same as for PEO to 1 (Note) 

• PFO to 3 : Common with serial 
interface, INT input. 

Progaram-selectable 
SI • » • • Serial input port 
SO • • • Serial output port 
SCK • • Serial clock input/output 
INT • • •Interrupt request input 
4-bit/8-bit serial input/output is 
program-selectable. 
(Note) No burst pulse output 

function is provided. 

Same as for PAO to 3 Same as for PAO 
to 3 
Serial port : 

Disable 
Interrupt source: 

INT 

Same as for PAO 

to 3 

PG 0 to PG 3 

/AD4 to AD7 

4 Input/ 
output 

• I/O port GO to 3 
Same as for PEO to 1 (Note) 

(Note) No burst pulse output 
function is provided. 

• All these four pins can be used 
for two purposes 
PG0/AD4 : AD converter input pi 
PG1/AD5 : AD converter input pi 
PG2/AD6 : AD converter input pi 
PG3/AD7: AD converter input pi 

Same 

n AD4 
n AD5 
n AD6 
n AD7 

as for PAO to 3 Same as for PAO 
to 3 

Same as for PAO 
to 3 

AV+ 1 — • Reference voltage input pin for 

A/D conversion. 
— — 

Always 

connected to the 
VSS pin. 

AV- 1 — 

• Reference voltage input pin for 

A/D conversion. 
— — 

Always 

connected to the 
VSS pin. 

RES 1 Input • Systen reset input 

• For power-up reset, C is con-
nected externally. 

• For reset restart, "L" level is 
applied for 4 clock cycles or 
more. 

TEST 1 Input • LSI test pin 
Normally connected to VSS 

Always 
connected to the 
VSS pin. 

Oscillator circuit option 
Option Name Circuit Conditions, etc. 

1. External clock OSC1 Ll—s 
_ n _ n — 0 — — 

Leave the OSC2 pin open. 

2. 2-pin RC OSC 

- r ~ 0SC2 
?/r U _ f - | < ] • — 

Rext I 1 ^ 

3. Ceramic 
resonator OSC 

C1 OSC 1 

^ H h r — • — : — p y ^ 
Ceramic • o S C 2 S \ J 

osc ^ H - I — W — • • * D ^ -
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Predivider Option 
Option Name Circuit Conditions, etc. 
1. No predivider 

(1/1) 

o - 3 
'o O W 
O 

lose 

Tim
ing

 
ge

ne
ra

tor
 

• Applicable to all of 3 OSC options. 
• The OSC frequency, external clock do not 

exceed 1444kHz. (LC651104N, 651102N) 
• The OSC frequency, external clock do not 

exceed 4330kHz. (LC651104F, 651102F) 
• The OSC frequency, external clock do not 

exceed 1040kHz. (LC651104L, 651102L) 

2 .1/3 predivider 
• — 
• - i 

lose ^ u >-l 
3 0 3 

tosc 
1/3 1 ~~T~ _ predividor | ™ 

e g 
1 S 

• Applicatable to only 2 OSC options of 
external clock, ceramic resonator OSC. 

• The OSC frequency, external clock do not 
exceed 4330kHz. 

3 .1/4 predivider 
i , D 'OSC ^ 

lose 
1/4 » ^ - I £ S 

M £ Si 

• Applicatable to only 2 OSC options of 
external clock, ceramic resonator OSC. 

• The OSC frequency, external clock do not 
exceed 4330kHz. 

3 .1/4 predivider 

J 
D 

- I £ S 
M £ Si 

• Applicatable to only 2 OSC options of 
external clock, ceramic resonator OSC. 

• The OSC frequency, external clock do not 
exceed 4330kHz. 

Note : The OSC option and predivider option are summarized below. Full care must be exercised. 

Table of OSC, predivider Option of LC651104N/1102N, 1104F/1102F and 1104L/1102L 
LC651104N, LC651102N 

Circuit Configuration Frequency Predivider Option 
(Cycle Time) 

VDD Range Remarks 

Ceramic resonator OSC 400kHz 1/1 (10 |is) 3 to 6V Unusable with 1/3, 1/4 
predivider 

Ceramic resonator OSC 

800kHz 1/1 (5 \ i s ) 

1/3 (15 ns) 
1/4(20 \ls) 

3 to 6V 
3 to 6V 
3 to 6V 

Ceramic resonator OSC 

1MHz 1/1 (4 
1/3 (12 JJ.S) 
1/4 (16 

3 to 6V 
3 to 6V 
3 to 6V 

Ceramic resonator OSC 

4MHz 1/3 (3 [is) 
1/4 (4 |ts) 

3 to 6V 
3 to 6V 

Unusable with 1/1 predivider 

External clock by 2-pin 
RC OSC circuit 

200k to 1444kHz 
600k to 4330kHz 
800k to 4330kHz 

1/1 (20 to 2,77ns) 
1/3 (20 to 2.77ns) 
1/4 (20 to 3.70ns) 

3 to 6V 
3 to 6V 
3 to 6V 

2-pin RC Used with 1/lpredivider,recommended 3 to 6V 2-pin RC 
constants. If used with other than 
recommended constants, the frequency, VDD range 
must be the same as for external clock. 

External clock input to the 
ceramic oscillation circuit 

The ceramic oscillation circuit cannot be driven by external clock. 
To drive the circuit with external clock, select the 2-pin RC option. 

LC651104F, LC651102F 
Circuit Configuration Frequency Predivider Option 

(Cycle Time) 
VDD Range Remarks 

Ceramic resonator OSC 4MHz 1/1 (Ins) 4 to 6V 

External clock by 2-pin 
RC OSC circuit 

200k to 4330kHz 1/1 (20 to 0.92p.s) 4 to 6V 

External clock input to the 
ceramic oscillation circuit 

The ceramic oscillation circuit cannot be driven by external clock. 
To drive the circuit with external clock, select the 2-pin RC option. 
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LC651104L, LC651102L 
Circuit Configuration Frequency Predivider Option 

(Cycle Time) 
VDD Range Remarks 

Ceramic resonator OSC 400kHz 1/1 (10 us) 2.5 to 6V Unusable with 1/3, 1/4 
predivider 

Ceramic resonator OSC 

800kHz 1/1 (5 [is) 
1/3 (15 us) 
1/4 (20 jj.s) 

2.5 to 6V 
2.5 to 6V 
2.5 to 6V 

Ceramic resonator OSC 

1MHz 1/1 (4 ps) 
1/3 (12 ps) 
1/4 (16 ps) 

2.5 to 6V 
2.5 to 6V 
2.5 to 6V 

Ceramic resonator OSC 

4MHz 1/4 (4 us) 2.5 to 6V Unusable with 1/1,1/3 
predivider 

External clock by 2-pin 
RC OSC circuit 

200k to 1040kHz 
600k to 3120kHz 
800k to 4160kHz 

1/1 (20 to 3.84M-S) 

1/3 (20 to 3.84ns) 
1/4 (20 to 3.84ns) 

2.5 to 6V 
2.5 to 6V 
2.5 to 6V 

2-pin RC Used with 1/1 predivider,recommended 2.5 to 6V 2-pin RC 
constants. If used with other than recommended 
constants, the frequency, VDD range must be the 
same as for external clock. 

External clock input to the 
ceramic oscillation circuit 

The ceramic oscillation circuit cannot be driven by external clock. 
To drive the circuit with external clock, select the 2-pin RC option. 

Option of ports C, D Output Level at the Reset Mode 
For input/output common ports C, D either of the following two output levels may be selected in a group of 4 bits 
during reset by option. 

Option Name Conditions, etc. 
1. Output at the reset mode : "H" level All of 4 bits of ports C, D 

2. Output at the reset mode : "L" level All of 4 bits of ports C, D 

Option of Port Output Configuration 
For each input/output common port, either of the following two output configurations may be selected by option . 

Option Name Circuit Applied ports 

1. Open drain output • ' O ^ -

" J 1 

• Ports A, C, D, E, F and G 

2. Output with pull-up 
resistor 

• — i : O ^ 

" 

• Ports A, C, D, E, F and G 

Watchdog reset option 
This option can select the uses of PE1/WDR terminal. One is the normal port PEl, the other is the watchdog 
reset terminal WDR. 
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|LC651104N,651102N| 

1. Absolute Maximum Ratings at Ta=25°C, VSS=0V 
Parameter Symbol Conditions Pins Limits unit 

Maximum VDD max VDD -0.3 to +7.0 V 

supply voltage 
Output voltage VO OSC2 Allowable up to V 

voltage generated 
Input voltage VI(1) o s c i r i ) -0.3 to VDD+0.3 V 

VI(2) TEST, RES, -0.3 to VDD+0.3 V 
AV+, AV-

Input/output VIO(l) Port of OD type PCO - 3, PDO -3 -0.3 to +15 V 

voltage VIO(2) Port of PU type P E O , I , PFO-3 -0.3 to VDD+0.3 V 

VICK3) PAO - 3, PGO -3 -0.3 to VDD+0.3 V 

Peak output 10P I/O port - 2 to +20 mA 
current 
Average output lOA Per pin over the period of I/O Port -2 to +20 mA 

current 100 ms 

ZIOA(l) Total current of PCO to 3, PCO to 3 
PDO to 3, PEO to 1 C2) PDO to 3 -15 to+100 mA 

PEO to 1 
ZIOA(2) Total current of PFO to 3, PFO to 3 

PGO to 3, PAO to 3 (*2) PCO to 3 -15 to +100 mA 
PAO to 3 

Allowable Pd max(l) Ta=-40 to +85°C 250 mW 

power (DIP package) 
dissipation Pd max(2) Ta=-40 to +85°C 150 mW 

(MFP package) 
Operating Topg -40 to +85 °C 

temperature 
Storage Tstg -55 to+125 

temperature 

2. Allowable Operating Conditions at Ta=-40 to +85°C, VSS=0V, VDD=3.0 to 6.0V 
Parameter Symbol Conditions Pins Limits 

VDD [VI min. typ. max. unit 

Operating VDD VDD 3.0 6.0 V 

supply voltage 
Standby VST RAM, register hold VDD 1.8 6.0 V 

supply voltage C3) 
"H"-level input VIH(l) Output Nch Tr.OFF Port C, D, E, F 0.7VDD +13.5 V 

voltage of OD type 
VIH(2) Output Nch Tr.OFF Port C, D, E, F 0.7VDD VDD V 

of PU type 
V1H(3) Output Nch Tr.OFF Port A, C 0.7VDD VDD V 

VIH(4) Output Nch Tr.OFF INT, SCK, SI 0.8VDD +13.5 V 
of OD type 

VIH(5) Output Nch Tr.OFF INT, SCK, SI 0.8VDD VDD V 
of PU type 

VIH(6) VDD=1,8 to 6 RES 0.8VDD VDD V 

V1H(7) External clock mode OSCI 0.8VDD VDD V 

"L"-level input VIL(l) Output Nch Tr.OFF VDD=4 to 6 Port VSS 0.3VDD V 

voltage 
VIL(2) Output Nch Tr.OFF 3 to 6 Port VSS 0.25 VDD V 
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Parameter Symbol Conditions Pins Limits 
VDD [V] min. typ. max. unit 

"L"-level input VIL(3) Output Nch Tr.OFF VDD=4 to 6 INT, SCK, SI VSS 0.25VDD V 
voltage VIL(4) Output Nch Tr.OFF 3 to 6 INT, SCK, SI VSS 0.2VDD V 

VIL(S) External clock OSC1 VSS 0.25VDD V 
mode VDD=4 to 6 

VIL(6) External clock 3 to 6 OSC1 VSS 0.2VDD V 
mode 

VIL(7) VDD=4 to 6 TEST VSS 0.3VDD V 
VIL(8) 3 to 6 TEST VSS 0.25VDD V 
VIU9) VDD=4 to 6 RES VSS 0.25VDD V 
V1L(10) 3 to 6 RES VSS 0.2VDD V 

Operating fre- fop When the 1/3 VDD=3 to 6 200 1444 kHz 
quency (Tcyc) or 1/4 predivider (20) (2.77) (\is) 
(cycle time) option is selected, 

clock must not 
exceed 4.33MHz. 

External clock 
conditions Fig.l. 
Frequency text When clock VDD=3 to 6 OSC1 200 4330 kHz 

exceeds 1.444 
Pulse width textH, textL MHz, the 1/3 or VDD=3 to 6 OSC1 69 ns 

1/4 predivider 
Rise/Fall time textR, textF option is selected. VDD=3 to 6 OSC1 50 ns 

Oscillation guar-
anty constants 
2-pin RC Cext Fig.2 VDD=3 to 6 OSC1, OSC2 2 7 0 ± 5 % pF 
oscillation Cext Fig.2 VDD=4 to 6 OSC1, OSC2 270 ± 5 % pF 

Rext Fig.2 VDD=3 to 6 OSC1, OSC2 1 2 + 1 % k n 
Rext Fig.2 VDD=4 to 6 OSC1, OSC2 4 . 7 + 1 % vn 

Ceramic Fig.3 Table 1 

3. Electrical Characteristics at Ta=-40 to +85°C, VSS=0V, VDD=3.0V to 6.0V 
Parameter Symbol Conditions Pins Limits 

min. typ. max. unit 

"H"-level input IIH(l) Output Nch Tr. OFF Port C, D, E, F +5.0 M-A 

current (including OFF leak of OD type 

current of Nch Tr.) 
VIN=+13.5V 

IIH(2) Output Nch Tr.OFF Port A, C of +1.0 H-A 

(including OFF leak OD type 
current of Nch Tr.) 

VIN=VDD 
IIH(3) External clock mode, OSC1 +1.0 M-A 

VIN=VDD 
"L"-level input IIL(l) Output Nch Tr .OFF Port of OD type -1.0 H.A 

current VIN=VSS 
IIL(2) Output Nch Tr. OFF Port of PU type -1.3 -0.35 mA 

VIN=VSS 
IIL(3) VIN=VSS RES -45 -10 ^A 

IIL(4) External clock mode, OSC1 -1.0 

VIN=VSS 
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Parameter Symbol Conditions Pins Limits 
min. typ. max. unit 

"H"-level output 
voltage 

VOH(l) IOH=-50(iA 
VDD=4.0 to 6.0V 

Port of PU type VDD-1.2 V 

VOH(2) IOH=-lO|iA 
VDD=3.0 to 6.0V 

Port of PU type VDD-0.5 V 

"L"-level output VOL(l) IOL=10mA,VDD=4.0 to 6.0V Port 1.5 V 
voltage VOL(2) IOL=lmA, IOL of each port: 

1mA or less VDD=3.0 to 6.0V 
Port 0.5 V 

t/1 
in 

Hysteresis 
voltage 

VHIS RES, INT, SCK, 
SI, OSCl of 

0.1VDD V 

•c 
•e 
2 & 
o 

'H' level 
threshold 
voltage 

VtH schmitt type(*4) 0.4VDD 0.8VDD V 

a 

6 

t 

'L' level 
threshold 
voltage 

VtL 0.2VDD 0.6VDD V 

Current 
dissipation 
2-pin RC 
oscillation IDDOP(l) 

Output Nch Tr. OFF at 
operating, Port=VDD 

Fig.2 fosc=900kHz (TYP) VDD 1.5 4 mA 

Ceramic 
resonator 

IDDOP(2) Fig.3 4MHz, 1/3 predivider VDD 1.5 5 mA 

oscillation IDDOP(3) Fig.3 4MHz, 1/4 predivider VDD 1.5 4 mA 

IDDOP(4) Fig.3 400kHz VDD 1.0 2.5 mA 
IDDOP(5) Fig.3 800kHz VDD 1.5 4 mA 

External clock IDDOP(6) 200kHz to 1444kHz, 
1/1 predivider 
600kHz to 4330kHz, 
1/3 predivider 
800kHz to 4330kHz, 
1/4 predivider 

VDD 1.5 5 mA 

Standby 
mode 

IDDst Output Nch Tr.OFF VDD=6V 
Port=VDD VDD=3V 

VDD 
VDD 

0.05 
0.025 

10 
5 

HA 

KA 
Oscillation 
characteristics 
Ceramic OSC 
Frequency fCFOSC 

(*5) 
Fig.3 fo=400kHz 
Fig.3 fo=800kHz 
Fig.3 fo=lMHz 
Fig.3 fo=4MHz,l/3 predivider 
1/4 predivider 

OSCl, OSC2 
OSCl, OSC2 
OSCl, OSC2 
OSCl, OSC2 

384 
768 
960 

3840 

400 
800 

1000 
4000 

416 
832 

1040 
4160 

kHz 
kHz 
kHz 
kHz 

Stable time tCFS Fig.4 fo=400kHz 
Fig.4 fo=800kHz,lMHz,4MHz, 
1/3 predivider,!/4 predivider 

10 
10 

ms 
ms 
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Parameter Symbol Conditions Pins Limits 
min. typ. max. unit 

Oscillation 
characteristics 

2-pin RC fMOSC Fig.2 Cext=270PF±5% OSC1, OSC2 634 900 1278 kHz 

oscillation Fig.2 R e x t = 4 . 7 k Q ± l % 
Frequency VDD=4 to 6V 

Fig.2 Cext=270PF±5% OSC1, OSC 2 276 400 742 kHz 

Fig.2 Rext=12kC3 ± 1 % 
VDD=3 to 6V 

Pull-up Output N-ch Tr. OFF 

resistance 
I/O port RPP VIN=VSS VDD=5V Port of PU 8 

type 
14 30 kQ 

RES RU VIN=VSS VDD=5V RES 300 500 700 kQ 

External reset 
characteristics 
Reset time tRST See Fig.5. 

Pin capacitance Cp f=lMHz Other than pins 
to be tested, VIN=VSS 10 P F 

Serial Clock 
Input clock tCKCY(l) Fig.6 SCK 3.0 ps 

cycle time 
Output clock tCKCY(2) Fig.6 SCK 64 x tCYC ps 

cycle time (*6) 
Input clock "L" tCKL(l) Fig.6 SCK 1.0 ps 

level pulse width 
Onput clock "L" tCKL(2) Fig.6 SCK 32 x tCYC ps 

level pulse width 
Input clock "H" tCKH(l) Fig.6 SCK 1.0 ps 

level pulse width 
Onput clock "H" tCKH(2) Fig.6 SCK 32 x tCYC ps 

level pulse width 
Serial input 
Data setup time tICK Specified for ? of SCK SI 0.4 ps 

Data hold time tCKI Fig.6 SI 0.4 ps 

Serial output 
Output delay tCKO Specified for J of SCK Nch SO 0,6 ps 

time OD only,External lkQ, 
External 50pF, Fig.6 

Pulse output 
Period tPCY Fig.7 PEO 64 x tCYC ps 

"H"-level pulse tPH tCYC=4 x System clock PEO 32 x tCYC ps 

width Period, Nch OD only, ±10% 

"L"-level pulse tPL External lkf i , External 50pF PEO 32 x tCYC (IS 

width ±10 
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Parameter Symbol Conditions Pins Limits 
min. typ. max. unit 

AD conversion 
characteristics 

Resolution VDD=4 to 6 8 Bit 

Absolute AV+=VDD ± 1 ± 2 LSB 
accuracy AV-=VSS VDD=4 to 6 

Conversion time TCAD AD speed 1/1 72 312 ps 

At 26 x tCYC (tCYC= (tCYC= 

VDD=4 to 6 2.77ps) 12ps) 
AD speed 1/2 141 612 
At 51 x tCYC (tCYC= (tCYC= 

VDD=4 to 6 2.77ps) 12 ps) 

Reference input AV+ VDD=4 to 6 AV+ AV- VDD V 
voltage AV- AV- VSS AV+ 

Reference input IR1F AV+=VDD VDD=4 to 6 AV+, AV- 75 150 300 pA 

current range AV-=VSS 

Analog input VAIN VDD=4 to 6 ADO to AD7 AV- AV+ V 

voltage range 
Analog port IAIN Including output OFF Port pins ADO 1 pA 
input current leakage current. to AD7 (with the 

VAIN=VDD VDD=4 to 6 output circuit of the 
VAIN=VSS VDD=4 to 6 input/output 

multi-functional 
port pins set to OD 
type) 

-1 

Guarnteed Cw PHI at open drain WDR 0.1 ± 5 % nF 

constant (*1) output VDD=3 to 6V 
Rw PE1 at open drain 

output VDD=3 to 6V 
WDR 680 ± 1 % k n 

R1 PE1 at open drain 
output VDD=3 to 6V 

WDR 1 0 0 ± 1 % o . 

Clear time tWCT Fig. 8 WDR 100 ps 

a 
& 

(discharge) VDD=3 to 6V 
a 
& Clear time tWCCY Fig. 8 WDR 36 ms 

H 
bo (charge) VDD=3 to 6V 

XI x: Guarnteed Cw PE1 at open drain WDR 0.047 ± 5 % pF 
u * constant (*7) output VDD=4 to 6V 

Rw PEl at open drain 
output VDD=4 to 6V 

WDR 6 8 0 ± 1 % kn 

R1 PEl at open drain 
output VDD=4 to 6V 

WDR 100 ± 1 % Q. 

Clear time tWCT Fig. 8 WDR 40 ps 
(discharge) VDD=4 to 6V 

Clear time tWCCY Fig. 8 WDR 18 ms 

(charge) VDD=4 to 6V 
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(*1) When oscillated internally under the oscillating conditions in Fig.4, up to the oscillation amplitude generated is 
allowable. 

(*2) Average over the period of 100ms. 
(*3) Operating supply voltage VDD must be held until the standby mode is entered after the execution of the HALT 

instruction. The PA3 pin must be free from chattering during the HALT instruction execution cycle. 

(*4) The OSC1 pin can be schmitt-triggered when the 2-pin RC oscillation option or external clock oscillation option 
has been selected. 

(*5) fCFOSC: oscillation frequency. There is a tolerance of approximately 1% between the center frequency at the 
ceramic resonator mode and the nominal value presented by the ceramic resonator supplier. For details, refer 
to the specification for the ceramic resonator. 

(*6) TCYC=4 x system clock period 
(*7) I f using under the wet environment, give care to the leak of the pin adjoined PHI, and the leak of the external 

RC constant. 

OSC1 (OSC2) 
1 k 1 

OPEN 
External clock 

VDD 

Fig. 1 External Clock Input Waveform 

Cext 

OSC1 OSC2 

f - A A A -
Rext 

OSC1 OSC2 

C 1 
Ceramic 
resonator" 

777 
Fig. 2 2-pin RC Oscillation Circuit 

77 

C2 

r T 7 T 
Fig. 3 Ceramic Resonator Oscillation Circuit 
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VDD 
/ 

/ 
OSC 

Unstabilized 
OSC period 

tCFS 

Lower limit of 
operating VDD 

ov 

Stabilized OSC 

Fig. 4 Oscillation Stabilizing Period 

Table 1 Constants Guaranteed for 
Ceramic Resonator OSC 

4MHz (Murata) 
CSA4.00MG 
CST4.00MGW (built-in C) 

CI 33pF±lO% 4MHz (Murata) 
CSA4.00MG 
CST4.00MGW (built-in C) 

C2 33pF±10% 
4MHz (Murata) 
CSA4.00MG 
CST4.00MGW (built-in C) R on 
4MHz (Kyocera) 
KBR4.0MSA 
KBR4.0MKS (built-in C) 

CI 33pF±10% 4MHz (Kyocera) 
KBR4.0MSA 
KBR4.0MKS (built-in C) 

C2 33pF+l0% 
4MHz (Kyocera) 
KBR4.0MSA 
KBR4.0MKS (built-in C) R on 
1MHz (Murata) 
CSB1000J 

CI 100pF±10% 1MHz (Murata) 
CSB1000J C2 100pF±10% 
1MHz (Murata) 
CSB1000J 

R 2.2kn 
1MHz (Kyocera) 
KBR1000F 

CI 100pF±10% 1MHz (Kyocera) 
KBR1000F C2 100pF±10% 
1MHz (Kyocera) 
KBR1000F 

R on 
800kHz (Murata) 
CSB800J 

CI 100pF±10% 800kHz (Murata) 
CSB800J C2 100pF±10% 
800kHz (Murata) 
CSB800J 

R 2.2kn 
800kHz (Kyocera) 
KBR800F 

CI 220pF±10% 800kHz (Kyocera) 
KBR800F C2 220pF±10% 
800kHz (Kyocera) 
KBR800F 

R on 
400kHz (Murata) 
CSB400P 

CI 220pF±l0% 400kHz (Murata) 
CSB400P C2 220pF±l0% 
400kHz (Murata) 
CSB400P 

R 2.2kn 
400kHz (Kyocera) 
KBR400BK 

CI 330pF±l0% 400kHz (Kyocera) 
KBR400BK C2 330pF±l0% 
400kHz (Kyocera) 
KBR400BK 

R on 

RES 

CRES (=0.1jiF) 

Fig. 5 Reset Circuit 

(Note) When the rise time of the power supply is 0, 
the reset time becomes 10ms to 100ms at 
CRES=0.1 M-F. If the rise time of the power 
supply is long, the value of CRES must be 
increased so that the reset time becomes 
10ms or more. 
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SCK 

SO 

|< teKL>| 

tCKCY 

tlCK 

tCKH. 

tCKI 
( — > • 

. Inpuldala 

tCKO 

x: Output data 

o.evoD 
0.2VDD 

Load circuit 1W1 

O-

T 

I 

50 pF 

Fig. 6 Serial Input/Output Timing 

tPCY ^ 

. tPH 

r 0.7VDD H 

< tPL > 
0.25VDD 

The load conditions are 
the same as in Fig. 6. 

Fig. 7 Pulse Output Timing at Port PEO 

PE1/WDR 

tWCCY tWCT 

tWCCY : The charge time by the time constant of the external Cw, Rw, R1 
tWCT : The discharge time by program operation 

Fig. 8 Wave form of the watchdog timer 
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RC Oscillation Characteristics of the LC651104N, LC651102N 
To be determined. 
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LC651104F, LC65X102F 

1. Absolute Maximum Ratings atTa=25°C, VSS=0V 
Parameter Symbol Conditions Pin Limits unit 

Maximum VDD max VDD -0.3 to +7.0 V 

supply voltage 
Output voltage VO OSC2 Allowable up to V 

voltage generated 

Input voltage VI(1) OSCl (*1) -0.3 to VDD+0.3 V 
VI (2) TEST, RES, -0.3 to VDD+0.3 V 

AV+, AV-

Input/output VICKl) Port of OD type PC0-3, PD0-3, -0.3 to +15 V 

voltage VICK2) Port of PU type PEO, l ,PF0-3 -0.3 to VDD+0.3 V 

VIO(3) PA0-3, PCO-3 -0.3 to VDD+0.3 V 
Peak output IOP I / O Port -2 to +20 mA 
current 
Average output IOA Per pin over the period of I/O Port -2 to +20 mA 
current 100ms 

SIOA(l ) Total current of PCO to 3, PCO to 3 
PDO to 3, PEO to 1 C2) PDO to 3 -15 to +100 mA 

PEO to 1 

XI OA (2) Total current of PFO to 3, PFO to 3 

PGO to 3, PAO to 3 (*2) PGO to 3 -15 to+100 mA 
PAO to 3 

Allowable Pd max(l) Ta=-40 to +85°C 250 mW 

power (DIP package) 
dissipation Pd max(2) Ta=-40 to +85°C 150 mW 

(MFP package) 
Operating Topg -40 to +85 °C 
temperature 
Storage Tstg -55 to+125 °C 

temperature 

2. Allowable Operating Conditions at Ta=-40 to +85°C , VSS=0V, VDD=4.0 to 6.0V 
Parameter Symbol Conditions Pin Limits 

min. typ max. unit 

Operating VDD VDD 4.0 6.0 V 

supply voltage 
Standby supply VST RAM, register hold C3) VDD 1.8 6.0 V 

voltage 
"H"-level input VIH(l) Output Nch Tr. OFF Port C, D, E, F 0.7VDD +13.5 V 

voltage of OD type 

VIH(2) Output Nch Tr. OFF Port C, D, E, F 0.7VDD VDD V 
of PU type 

VIH(3) Output Nch Tr. OFF Port A, G 0.7VDD VDD V 

VIH (4) Output Nch Tr. OFF INT, SCK, SI 0.8VDD +13.5 V 
of OD type 

VIH(5) Output Nch Tr. OFF INT, SCK, SI 0.8VDD VDD V 
of PU type 

VIH(6) VDD=1.8 to 6.0V RES 0.8VDD VDD V 

VIH(7) External clock mode OSCl 0.8VDD VDD V 
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Parameter Symbol Conditions Pin Limits 
min. typ. max. unit 

"L"-level input VIL(l) Output Nch Tr. OFF Port VSS 0.3VDD V 
voltage VIL(2) Output Nch Tr. OFF INT, SCK, SI VSS 0.25VDD V 

VIL(3) External clock mode OSC1 VSS 0.25VDD V 

V1L(4) TEST VSS 0.3VDD V 

VIL(5) RES VSS 0.25VDD V 

Operating fOP 200 4330 kHz 

frequency (Tcyc) (20) (0.92) (Us) 
(Cycle time) 
External clock 
conditions 
Frequency text \ OSC1 200 4330 kHz 

Pulse width textH, textL > Fig. 1 OSC1 69 ns 
Rise/fall time textR,textF J OSC1 50 ns 

Oscillation guar-
anteed constants 
ceramic Fig.2 See Table 1. 

resonator OSC 

3. Electrical Characteristics at Ta=-4Q to +85°C, VSS=0V, VPD=4.0 to 6.0V 

Parameter Symbol Conditions Pin Limits Parameter Symbol Conditions Pin 
min. typ. max. unit 

"H"-level input 
current 

IIH(l) Output Nch Tr. OFF 
(including OFF leak 
current of Nch Tr.) 

VIN=+13,5V 

Port C, D, E, F 
of OD type 

+5.0 pA "H"-level input 
current 

IIH(2) Output Nch Tr. OFF 
(including OFF leak 
currcnt of Nch Tr.) 

VIN=VDD 

Port A, G, of 
OD type 

+1.0 pA 

"H"-level input 
current 

IIH(3) External clock mode, 
VIN=VDD 

OSC1 +1.0 pA 

"L"-level input 
current 

IIL(l) Output Nch Tr. OFF 
VIN=VSS 

Port of OD type -1.0 pA "L"-level input 
current 

IIL(2) Output Nch Tr. OFF 
VIN=VSS 

Port of PU type -1.3 -0.35 mA 

"L"-level input 
current 

IIL(3) VIN=VSS RES -45 -10 M-A 

"L"-level input 
current 

IIL(4) External clock mode, 
VIN=VSS 

OSC1 -1.0 pA 

"H"-level output 
voltage 

VOH(l) I OH=-50 jj. A Port of PU type VDD-1.2 V "H"-level output 
voltage VOH(2) IOH=-10pA Port of PU type VDD-0.5 V 

"L"-level output 
voltage 

VOL(l) !OL=lOmA Port 1.5 V "L"-level output 
voltage VOL(2) IOL=lmA, IOL of each 

port : 1mA or less 

Port 0.5 V 

Sc
hm

it
t 

ch
ar

ac
te

ri
st

ic
s Hysteresis 

voltage 
VHIS RES, INT, SCK, 

SI, OSC1 of 
schmitt type(*4) 

0.1VDD V 

Sc
hm

it
t 

ch
ar

ac
te

ri
st

ic
s 

•H" level 
threshold 
voltage 

VtH 

RES, INT, SCK, 

SI, OSC1 of 
schmitt type(*4) 0.4VDD 0.8VDD V 

Sc
hm

it
t 

ch
ar

ac
te

ri
st

ic
s 

'L' level 
threshold 
voltage 

VtL 

RES, INT, SCK, 

SI, OSC1 of 
schmitt type(*4) 

0.25VDD 0.6VDD V 
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Parameter Symbol Conditions Pin Limits Parameter Symbol Conditions Pin 
min. typ. max. unit 

Current 
dissipation 
Ceramic 
resonator OSC 
External clock 

Standby mode 

IDDOP(l) Fig. 2 4MHz 

200kHz to 4330kHz J 
*\ Output Nch Tr .OFF at 

Operating mode 
Port=VDD 

VDD 
• 

2 6 mA 

Current 
dissipation 
Ceramic 
resonator OSC 
External clock 

Standby mode 

IDDOP(2) 

Fig. 2 4MHz 

200kHz to 4330kHz J 
*\ Output Nch Tr .OFF at 

Operating mode 
Port=VDD 

VDD 2 6 mA 

Current 
dissipation 
Ceramic 
resonator OSC 
External clock 

Standby mode IDDst Output Nch Tr. OFF 
VDD=6V 

Port=VDD VDD=3V 

VDD 
VDD 

0.05 
0.025 

10 
5 

^A 
pA 

Oscillation 
characteristics 
Ceramic 
resonator OSC 
Frequency 
Stable time 

fCFOSC Fig.2 fo=4MHz (*5) OSC1, OSC2 3840 4000 4160 kHz 

Oscillation 
characteristics 
Ceramic 
resonator OSC 
Frequency 
Stable time tCFS Fig.3 fo=4MHz 10 ms 

Pull-up 
resistance 
I/O port 

RES 

RPP 

Output Nch Tr. OFF 

V1N=VSS VDD=5V Port of PU 
type 

8 14 30 kn 

Pull-up 
resistance 
I/O port 

RES RU VIN=VSS VDD=5V RES 300 500 700 kD 

External reset 
characteristics 
Reset time tRST See Fig. 4 

Pin capacitance c P f=lMHz, other than pins 
to be tested, VIN=VSS 

10 P F 

Serial clock 
Input clock 
Cycle time 
Output clock 
Cycle time 
Input clock 
"LM-level pulse 
width 

Output clock 
"L"-level pulse 
width 
Input clock 
"H"-level pulse 
width 
Output clock 
"H"-level pulse 
width 

tCKCY(l) Fig. 5 SCK 2.0 
Serial clock 
Input clock 
Cycle time 
Output clock 
Cycle time 
Input clock 
"LM-level pulse 
width 

Output clock 
"L"-level pulse 
width 
Input clock 
"H"-level pulse 
width 
Output clock 
"H"-level pulse 
width 

tCKCY(2) Fig. 5 SCK 64 x tCYC 

C6) 

^s 

Serial clock 
Input clock 
Cycle time 
Output clock 
Cycle time 
Input clock 
"LM-level pulse 
width 

Output clock 
"L"-level pulse 
width 
Input clock 
"H"-level pulse 
width 
Output clock 
"H"-level pulse 
width 

tCKL(l) Fig. 5 SCK 0.6 ps 

Serial clock 
Input clock 
Cycle time 
Output clock 
Cycle time 
Input clock 
"LM-level pulse 
width 

Output clock 
"L"-level pulse 
width 
Input clock 
"H"-level pulse 
width 
Output clock 
"H"-level pulse 
width 

tCKL(2) Fig. 5 SCK 32 x tCYC ps 

Serial clock 
Input clock 
Cycle time 
Output clock 
Cycle time 
Input clock 
"LM-level pulse 
width 

Output clock 
"L"-level pulse 
width 
Input clock 
"H"-level pulse 
width 
Output clock 
"H"-level pulse 
width 

tCKH(l) Fig. 5 SCK 0.6 Us 

Serial clock 
Input clock 
Cycle time 
Output clock 
Cycle time 
Input clock 
"LM-level pulse 
width 

Output clock 
"L"-level pulse 
width 
Input clock 
"H"-level pulse 
width 
Output clock 
"H"-level pulse 
width 

tCKH(2) Fig. 5 SCK 32 x tCYC ps 

Serial input 
Data setup time 
Data hold time 

tICK Specified for t of SCK 

Fig. 5 

SI 0.2 ps 
Serial input 
Data setup time 
Data hold time tCKl 

Specified for t of SCK 

Fig. 5 SI 0.2 JiS 
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Parameter Symbol Conditions Pin Limits 
min. typ. max. unit 

Serial output 
Output delay tCKO Specified for i of SCK SO 0.4 ^s 

time Nch OD only, External 
lkQ External 50pF, Fig.5 

Pulse output 
Period tPCY Fig. 6 PEO 64 x tCYC US 

"H"-level tPH TCYC=4 x System clock PEO 32 x tCYC M-S 

Pulse width Period ±10% 

J'-level tPL Nch OD only, External PEO 32 x tCYC [ IS 

Pulse width lkfiExternai 50pF ±10% 

AD conversion 
characteristics 
Resolution VDD=4 to 6 8 Bit 

Absolute AV+=VDD VDD=4.5 to 6 ± 1 ± 2 LSB 

accuracy AV-=VSS AD speed 1/1 

VDD=4 to 6 ± 1 ± 2 LSB 

AD speed 1 /2 

Conversion time TCAD AD speed 1/1 24 312 US 

At 26 x tCYC (tCYC= (tCYC= 
VDD=4.5 to 6 0.92ns) 12p.s) 

AD speed 1/2 47 612 

At 51 x tCYC (tCYC= (tCYC= 

VDD=4 to 6 0.92jis) 12p.s) 

Reference input AV+ VDD=4 to 6 AV+ AV- VDD V 

voltage AV- AV- VSS AV+ 

Reference input IRIF AV+=VDD VDD=4 to 6 AV+, AV- 75 150 300 M-A 

current range AV-=VSS 
Analog input VAIN VDD=4 to 6 ADO to AD7 AV- AV+ V 

voltage range 
Analog port IAIN Including output OFF Port pins ADO 1 RA 

input current leakage current. to AD7 (with the 
VAIN=VDDVDD=4 to 6 output circuit of the 
VA1N=VSS VDD=4 to 6 input/output 

multi-functional 
port pins set to OD 
type) 

-1 

Guarnteed Cw PEl at open drain WDR 0.01 ± 5 % ^F 

constant (*7) output 

jn
er

 Rw PEl at open drain WDR 6 8 0 ± 1 % k n 

jn
er

 

output 
H 
bO R1 PEl at open drain WDR 1 0 0 ± 1 % n 

0 
T3 output 
u 
ra Clear time tWCT Fig. 7 WDR 10 yis 

£ (discharge) 
Clear time tWCCY Fig. 7 WDR 4.2 ms 

(charge) 
(*1) When oscillated internally under the oscillating conditions in Fig.2, up to the oscillation amplitude generated 

is allowable. 
(*2) Average over the period of 100ms. 
(*3) Operating supply voltage VDD must be held until the standby mode is entered after the execution of the HALT 

instruction. The PA3 pin must be free from chattering during the HALT instruction execution cycle. 
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(*4) The OSC1 pin can be schmitt-triggered when the external clock oscillation option has been selected. 
(*5) fCFOSC : Oscillatable frequency. 
(*6) TCYC=4 x System clock period 
(*7) If using under the wet environment, give care to the leak of the pin adjoined PE1, and the leak of the external 

RC constant. 

OSC1 

External clock 

(OSC2) 

I 
OPEN 

lexlF 
lexiL .texiP, lextH 

text 

VDD 

0,8 VDD 

0.25VDD 

VSS 

Fig. 1 External Clock Input Waveform 

VDD 

OSC1 OSC2 

C 1 

R 

• 
Ceramic _ 
resonator C2 

777 

Fig. 2 Ceramic resonator OSC circuit 

1/ 

/ 
OSC 

Unstabilized 

Lower limit of 
operating VDD 

0V 

Stabilized OSC 

OSC period 
tCFS 

Fig. 3 OSC Stabilizing Period 

Table 1. Constants Guaranteed for 
Ceramic Resonator OSC 

4MHz (Murata) 
CSA4.00MG 
CST4.00MGW (built-in C) 

CI 33 pF ± 10% 4MHz (Murata) 
CSA4.00MG 
CST4.00MGW (built-in C) 

C2 33pF± 10% 
4MHz (Murata) 
CSA4.00MG 
CST4.00MGW (built-in C) R on 

4MHz (Kyocera) 
KBR4.0MSA 
KBR4.0MKS (built-in C) 

CI 33pF± 10% 4MHz (Kyocera) 
KBR4.0MSA 
KBR4.0MKS (built-in C) 

C2 33pF± 10% 
4MHz (Kyocera) 
KBR4.0MSA 
KBR4.0MKS (built-in C) R on 

RES 

CRES (=0.1 pF) 

Fig. 4 Reset Circuit 
(Note) When the rise time of the power supply is 0, 

the reset time becomes 10ms to 100ms at 
CRES=0.1pF. If the rise time of the power 
supply is long, the value of CRES must be 
increased so that the reset time becomes 
1 0 m s or more . 
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SCK 

SO 

K ^ > 1 

tCKCY 

tICK 

tCKH, 
0.8 VDD 

0.25VDD 

/ V 
tCKI 

Inpul d a t a ^ ^ ^ 
Load circuit 1 kO 

o-
tCKO 

K-H 

X: Output data 

T 
XI J 

50 pF 

Fig. 5 Serial Input/Output Timing 

tPCY 

< tPH > 
I.7VDD 

f 
7r 0.3VDD 

< tPL > 

The load conditions are 
the same as in Fig. 5. 

Fig. 6 Pulse Output Timing at Port PEO 

PE1/WDR 

tWCCV tWCT 

tWCCY : The charge time by the time constant of the external Cw, Rw, R1 
tWCT : The discharge time by program operation 

Fig. 7 Wave form of the watchdog timer 
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LC651104L, LC651102L 

1. Absolute Maximum Ratings at Ta=25°C/ VSS=0V 
Parameter Symbol Conditions Pin Limits unit 

Maximum 
supply voltage 

VDD max VDD -0.3 to 7.0 V 

Output voltage VO OSC2 Allowable up to 
voltage generated 

V 

Input voltage VI(1) OSC1 H ) -0.3 to VDD+0.3 V Input voltage 
VI(2) TEST, RES, 

AV+, AV-
-0.3 to VDD+0.3 V 

Input/output 

voltage 
VIO(l) Port of OD type PCO-3, PD0-3 

PEO, l ,PF0-3 
-0.3 to+15 V Input/output 

voltage VIO(2) Port of PUtype 

PCO-3, PD0-3 
PEO, l ,PF0-3 -0.3 to VDD+0.3 V 

Input/output 

voltage 
VIO(3) PAO-3, PGO-3 4 . 3 to VDD+0.3 V 

Peak output 
current 

IOP I/O Port -2 to +20 mA 

Average output 
current 

IOA Per pin over the period of 

100ms 

I/O Port -2 to +20 mA Average output 
current 

LlOA(l) Total curren of PCO to 3, 
PDO to 3,PE0 to 1 (*2) 

PCO to 3 
PDO to 3 
PEO to 1 

-15 to+100 mA 

Average output 
current 

I IOA(2) Total curren of PFO to 3, 
PGO to 3 ,PA0 to 3 (*2) 

PFO to 3 
PGO to 3 
PAO to 3 

-15 to+100 mA 

Allowable 
power 
dissipation 

Pd max(l) Ta=-40 to +85°C 
(DIP package) 

250 mW Allowable 
power 
dissipation Pd max(2) Ta=-40 to +85°C 

(MFP package) 

150 mW 

Operating 
temperature 

Topg -40 to +85 °C 

Storage 
temperature 

Tstg -55 to+125 °C 

2. Allowable Operating Conditions at Ta=-40°C to 85°C, VSS=0V, VDD=2.5 to 6.0V 
Parameter Symbol Conditions Pin Limits Parameter Symbol Conditions Pin 

min. typ. max. unit 

Operating 
supply voltage 

VDD VDD 2.5 6.0 V 

Standby 
supply voltage 

VST RAM, register hold C3) VDD 1.8 6.0 V 

"H"-level input 
voltage 

VIH(l) Output Nch Tr. OFF Port C, D, E, F 
of OD type 

0.7VDD +13.5 V "H"-level input 
voltage 

VIH(2) Output Nch Tr. OFF Port C, D, E, F 
of PU type 

0.7VDD VDD V 

"H"-level input 
voltage 

VIH(3) Output Nch Tr. OFF Port A, G 0.7V DD VDD V 

"H"-level input 
voltage 

VIH(4) Output Nch Tr. OFF INT, SCK, SI 
of OD type 

0.8VDD +13.5 V 

"H"-level input 
voltage 

VIH(5) Output Nch Tr. OFF INT, SCK, SI 

of PU type 

0.8V DD VDD V 

"H"-level input 
voltage 

VIH(6) VDD=1.8 to 6.0V RES 0.8VDD VDD V 

"H"-level input 
voltage 

VIH(7) External clock OSC1 0.8VDD VDD V 
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Parameter Symbol Conditions Pin Limits 
min. typ. max. unit 

"LMevel input V1L(1) Output Nch Tr. OFF Port VSS 0.2VDD V 
voltage VIL(2) Output Nch Tr. OFF I N T , S C K , SI VSS 0.15VDD V 

VIL(3) External clock OSCl VSS 0.15VDD V 
VIL(4) TEST VSS 0.2VDD V 
VIL(5) RES VSS 0.15VDD V 

Operating fOP When the 1/4 predivider 200 1040kHz 
frequency (Tcyc) option is selected, clock must (20) (3.84) (M-s) 
(cycle time) not exceed 4.16MHz. 

External Clock 
conditions 
Frequency text jFig.l When clock exceeds OSCl 200 4160 kHz 
Pulse width textH, textL [•1.040MHz, the 1/3 or 1/4 OSCl 100 ns 
Rise/fall time textR, textF Jpredivider option is selected. OSCl 100 ns 

Oscillation 
guaranteed 
constants 
2-pin RC Cext Fig.2 OSCl, OSC2 2 7 0 ± 5 % pF 

oscillation Rext 1 2 ± 1 % k Q 

Ceramic Fig.3 See Table 1. 
oscillation 

3. Electrical Characteristics at Ta=-40 to +85°C, VSS=0V, VDD=2.5 to 6.QV 
Parameter Symbol Conditions Pin Limits Parameter Symbol Conditions Pin 

min. typ. max. unit 

"H"-level input 
current 

IIH(l) Output Nch Tr. OFF 
(including OFF leak current 
of Nch Tr.) 
VIN=+13.5V 

Port C, D, E, F 

of OD type 

+5.0 jiA "H"-level input 
current 

IIH(2) Output Nch Tr. OFF 
(including OFF leak current 
of Nch Tr.) 
VIN=VDD 

Port A, G 
of OD type 

+1.0 HA 

"H"-level input 
current 

IIH(3) External clock mode, 
VIN=VDD 

OSCl +1.0 H-A 

"L'-level input 
current 

IIL(l) Output Nch Tr. OFF 
VIN=VSS 

Port of OD type -1.0 HA "L'-level input 
current 

IIL(2) Output Nch Tr. OFF 

VIN=VSS 

Port of PU type -1.3 -0.35 mA 

"L'-level input 
current 

IIL(3) VIN=VSS RES -45 -10 |iA 

"L'-level input 
current 

IIL(4) External clock mode, 
VIN=VSS 

OSCl -1.0 HA 

"H"-level output 
voltage 

VOH IOH=-lOjiA Port of PU type VDD-0.5 V 

"L"-level output 
voltage 

VOL(l) IOL=3mA Port 1.5 V "L"-level output 
voltage VOL(2) IOL=lmA, IOL of each port: 

1mA or less 

Port 0.4 V 
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Parameter Symbol Conditions Pin Limits 
min. typ. max. unit 

(A O 

Hysteresis 
voltage 

VHIS RES, INT, SCK, 
SI, OSCl of 

0.1VDD V 

(A 
•c at 
t; « 
»H 
5 

'H' level 
threshold 
voltage 

VtH schmitt type(*4) 0.4VDD 0.8VDD V 

u 
a 
& 

A 
& 

'L' level 
threshold 

VtL 

voltage 

0.2VDD 0.6VDD V 

Current 
dissipation 
2-pin RC OSC IDDOP(l) 

Output Nch Tr.OFF at 
operating, Port=VDD 
Fig.2 f()SC=400kHz (TYP) VDD 1.0 4 mA 

Ceramic OSC IDDOP(2) Fig.3 4MHz, l/4predivider VDD 1.5 4 mA 
IDDOP(3) Fig.3 4MHz, l/4predivider 

VDD=2.5V 
VDD 0.5 1 mA 

IDDOP(4) Fig.3 400kHz VDD 1.0 2.5 mA 
IDDOP(5) Fig.3 800kHz VDD 1.5 4.0 mA 

External clock IDDOP(6) 200kHz to 1024kHz, 
1/1 predivider 
600kHz to 3120kHz, 
1/3 predivider 
800kHz to 4160kHz, 
1/4 predivider 

VDD 1.5 4 mA 

Standby mode IDDst Output Nch Tr. OFF 
VDD=6V VDD 0.05 10 HA 

Port=VDD VDD=25V VDD 0.020 4 M-A 
Oscillation 
characteristics 
Ceramic OSC 
Frequency fCFOSC 

(*5) 

Fig.3 fo=400kHz 
Fig.3 fo=800kHz 
Fig.3 fo=l MHz 
Fig.3 fo=4MHz, 
1/4 predivider 

OSCl, OSC2 
OSCl, OSC2 
OSCl, OSC2 
OSCl, OSC2 

384 
768 
960 

3840 

400 
800 

1000 
4000 

416 
832 
1040 
4160 

kHz 
kHz 
kHz 
kHz 

Stable time 

2-pin RC OSC 

tCFS Fig.4 fo=400kHz 
Fig.4 fo=800kHz, 1MHz, 
4MHz, 1/4 predivider 

10 
10 

ms 
ms 

Frequency fMOSC Fig.2 Cext=270PF±5% 
Fig.2 R e x t = 1 2 k 0 ± l % 

OSCl, OSC2 276 400 742 kHz 

Pull-up 
resistance 
I/O port RPP 

Output Nch Tr. OFF 

VIN=VSS VDD=5V Port of PU type 8 14 30 k n 
RES Ru VIN=VSS VDD=5V RES 300 500 700 kH 

External reset 
characteristics 
Reset time tRST See Fig,5 

Pin capacitance c P f=lMHz, Other than pins 
to be tested, VIN=VSS 

10 P F 
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Parameter Symbol Conditions Pin Limits 
min. typ. max. unit 

Serial clock 
Input clock tCKCY(l) Fig.6 SCK 6.0 ps 
Cycle time 
Output clock tCKCY(2) Fig.6 SCK 64 x tCYC ps 
Cycle time (*6) 
Input clock tCKL(l) Fig.6 SCK 2.0 ps 

"L"-level 
pulse width 
Output clock tCKL(2) Fig.6 SCK 32 x tCYC ps 

"L"-level 
pulse width 
Input clock tCKH(l) Fig.6 SCK 2.0 ps 

"H"-level 
pulse width 
Output clock tCKH(2) Fig.6 SCK 32 x tCYC ps 

"H"-level 
pulse width 

Serial Input 
Data setup tICK Specified for t of SCK SI 0.5 ps 

time 
Data hold time tCKI Fig.6 SI 0.5 ps 

Serial Output 
Output delay tCKO Specified for i of SCK SO 1.0 ps 

time Nch OD only, External lkQ 
Fig.6 External 50pF 

Pulse output 
Period tPCY Fig.7 PEO 64 x i CYC ps 

"H"-level tPH TCYC=4 x System clock PEO 32 x tCYC ps 

pulse width Period ±10% 

"L"-level tPL Nch OD only, External l k n PEO 32 x tCYC ps 

pulse width External 50pF ±10% 

AD conversion 
characteristics 
Resolution VDD=4 to 6 8 Bit 

Absolute AV+=VDD ± 1 ± 2 LSB 

accuracy AV-=VSS VDD=4 to 6 

Conversion time TCAD AD speed 1/1 
At 26 x tCYC 

VDD=4 to 6 

99 
(tCYC= 

3.84ps) 

312 
(tCYC= 

12ps) 

ps 

AD speed 1/2 195 612 ps 
At 51 x tCYC (tCYC= (tCYC= 

VDD=4 to 6 3.84ps) 12ps) 

Reference input AV+ VDD=4 to 6 AV+ AV- VDD V 

voltage AV- AV- VSS AV+ 

Reference input IRIF AV+=VDD VDD=4 to 6 AV+, AV- 75 150 300 pA 

current range AV-=VSS 

Analog input VAIN VDD=4 to 6 ADO to AD7 AV- AV+ V 

voltage range 
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Parameter Symbol Conditions Pin Limits Parameter Symbol Conditions Pin 
min. typ. max. unit 

AD conversion 
characteristics 
Analog port 
input current 

AD conversion 
characteristics 
Analog port 
input current 

IAIN Including output OFF 
leakage current. 
VAIN=VDD VDD=4 to 6 

Port pins ADO 
to AD7 (with the 
output circuit of the 
input/output 
multi-functional 
port pins set to OD 
type) 

1 pA 

AD conversion 
characteristics 
Analog port 
input current 

IAIN 

VAIN=VSS VDD=4 to 6 

Port pins ADO 
to AD7 (with the 
output circuit of the 
input/output 
multi-functional 
port pins set to OD 
type) 

-1 

pA 

W
at

ch
do

g 
T

im
er

 

Guarnteed 
constant (*7) 

Cw PEl at open drain 
output VDD=2.5V to 6V 

WDR 0.1 ± 5 % HF 

W
at

ch
do

g 
T

im
er

 

Guarnteed 
constant (*7) 

Rw PEl at open drain 
output VDD=2.5V to 6V 

WDR 680 ± 1 % kO 

W
at

ch
do

g 
T

im
er

 

Guarnteed 
constant (*7) 

R1 PEl at open drain 
output VDD=2.5V to 6V 

WDR 100 + 1% a 

W
at

ch
do

g 
T

im
er

 

Clear time 
(discharge) 

tWCT Fig. 8 
VDD=2.5V to 6V 

WDR 100 ps 

W
at

ch
do

g 
T

im
er

 

Clear time 
(charge) 

tWCCY Fig. 8 
VDD=2.5V to 6V 

WDR 31 ms 

W
at

ch
do

g 
T

im
er

 

Guarnteed 
constant (V) 

Cw PEl at open drain 
output VDD=2.5V to 6V 

WDR 0.047 ± 5 % ^ 

W
at

ch
do

g 
T

im
er

 

Guarnteed 
constant (V) 

Rw PEl at open drain 
output VDD=2.SV to 6V 

WDR 680 ± 1 % k n 

W
at

ch
do

g 
T

im
er

 

Guarnteed 
constant (V) 

R1 PEl at open drain 
output VDD=2.5V to 6V 

WDR 1 0 0 ± 1 % o 

W
at

ch
do

g 
T

im
er

 

Clear time 
(discharge) 

tWCT Fig. 8 
VDD=2.5V to 6V 

WDR 40 ps 

W
at

ch
do

g 
T

im
er

 

Clear time 
(charge) 

tWCCY Fig. 8 
VDD=2.5V to 6V 

WDR 14 ms 

(*1) When oscillated internally under the oscillating conditions in Fig.3, up to the oscillation amplitude generated 
is allowable. 

(*2) Average over the period of 100ms. 
(*3) Operating supply voltage VDD must be held until the standby mode is entered after the execution of the HALT 

instruction. 
The PA3 pin must be free from chattering during the HALT instruction execution cycle. 

(*4) The OSC1 pin can be schmitt-triggered when the 2-pin RC oscillation option, or external clock oscillation 
option has been selected. 

(*5) fCFOSC : Oscillatable frequency. 
(*6) TCYC=4 x System clock period 
(*7) If using under the wet environment, give care to the leak of the pin adjoined PEl, and the leak of the external 

RC constant. 
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OSC1 (OSC2) 

External clock 
OPEN 

VDD 

0.8 VDD 

0.15VDD 

VSS 

Fig. 1 External Clock Input Waveform 

OSC1 OSC2 

Cext Rext 

777 

Fig. 2 2-pin RC Oscillation Circuit 

OSC1 OSC2 

. Cararnic 
Q \ ' resonator £ 2 

T T T 

Fig. 3 Ceramic Resonator Oscillation Circuit 

VDD 
l/ 

OSC 

Unstabilized 

Lower limit of 
operating VDD 

Stabilized OSC 

OSC period 
tCFS 

Fig. 4 Oscillation Stabilizing Period 
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Table 1 Constants Guaranteed for 
Ceramic Resonator OSC 

4MHz (Murata) 
CSA4.00MGU 
CST4.00MGWU (built-in C) 

CI 33pF±l0% 4MHz (Murata) 
CSA4.00MGU 
CST4.00MGWU (built-in C) 

C2 33pF±lO% 
4MHz (Murata) 
CSA4.00MGU 
CST4.00MGWU (built-in C) R on 
1MHz (Murata) 
CSB1000J 

CI 100pF±10% 1MHz (Murata) 
CSB1000J C2 100pF±l0% 
1MHz (Murata) 
CSB1000J 

R 2.2kn 

1MHz (Kyocera) 
KBR1000F 

CI 100pF±l0% 1MHz (Kyocera) 
KBR1000F C2 l00pF±l0% 
1MHz (Kyocera) 
KBR1000F 

R on 
800kHz (Murata) 

CSB800J 

CI 100pF±l0% 800kHz (Murata) 

CSB800J C2 l00pF±10% 
800kHz (Murata) 

CSB800J 
R 2.2kH 

800kHz (Kyocera) 
KBR800F 

CI 220pF±l0% 800kHz (Kyocera) 
KBR800F C2 220pF±10% 
800kHz (Kyocera) 
KBR800F 

R on 
400kHz (Murata) 
CSB400P 

CI 220pF±l0% 400kHz (Murata) 
CSB400P C2 220pF±10% 
400kHz (Murata) 
CSB400P 

R 2.2kn 
400kHz (Kyocera) 
KBR400BK 

CI 330PF±10% 400kHz (Kyocera) 
KBR400BK C2 330pF±l0% 
400kHz (Kyocera) 
KBR400BK 

R on 

RES 

Fig. 5 Reset Circuit 

(Note) When the rise time of the power supply is 0, 
the reset time becomes 10ms to 100ms at 
CRES=0.1pF. If the rise time of the power 
supply is long, the value of CRES must be 
increased so that the reset time becomes 
10ms or more. 

SCK 

SO 

•< > 

tCKCY 

tCKL 

tlCK 

tCKH, 

tCKl 
K > 

^ X ^ " Input d a t a " X ^ 

toKO 
o 

X Output data 

T 
X = I 

0.8VDD 

Q.15VOO 

Load circuit I k O . 

o-

VDD 

SO pF 

Fig. 6 Serial Input/Output Timing 

tPCY 

tPH w 

r 0.7VOD * 

!< *L > 
0.2 VDD 

The load conditions are the 
same as in Fig. 6. 

Fig.7 Pulse Output Timing at Port PEO 
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PE1/WDR 

tWCCY tWCT 

tWCCY : The charge time by the time constant of the external Cw, Rw, R1 
tWCT : The discharge time by program operation 

Fig. 8 Wave form of the watchdog timer 

RC Oscillation Characteristic of the LC651104L, 651102L 
To be determined. 
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LC651104, LC651102 SERIES INSTRUCTION SET (BY FUNCTIONS) 
Symbol Description 
AC : Accumulator M(DP) : Memory addressed by DP ( I . I I : Contents 
ACt : Accumulator bit t PIDPJ : Input/output port addressed by DP|_ - : Transfer and direction 
CF : Carry flag PC : Program counter • : Addition 
CTL : Control register STACK : Stack register - : Subtraction 
DP ; Data pointer TM : Timer A : AND 
E : E register TMF :Timer (internal) Interrupt request flag V : on 
EXTF : External interrupt request flag At, Ha. La : Working register V : Exclusive OR 
Fn : F lag bit n ZF : Zero flag 
M : Memory 

n 

Instruction code 

0 ? D6 D^Dj DjD?DiDo 
Function Description 

Statui flag 

affected 

CLA Clear AC I I O O 0 0 0 0 AC — 0 The AC contents are c lea rod. ZF 
Clear CF 1 1 1 0 0 0 0 1 CF — 0 The CF contents ere cleired. CF 

ST C Set CF 0 0 0 1 CF - 1 The CF is set. CF 
Complement AC 1 1 1 0 1 0 1 1 AC -(*AC) The AC contents are complemented. ZF 
Increment AC 0 0 0 0 1 1 1 0 AC —(AC) + ' The AC contents ere incremented +1. ZF CP 

DEC Decremeni AC 0 0 0 0 AC —(AC) — 1 The AC content! are decremented —1. ZF CF 

RAL 
Rotate AC le l t 
through CF 0 0 0 0 0 0 0 ) ACo— (CFl.ACnt i — 

IACrt), CF—lACsl 
The AC contents »re shitted left through 
the CF. 

ZF CF 

TAE Transler AC to E 0 0 0 0 0 0 1 1 E —(ACt The AC contents are transferred to the E. 
The AC contents end the E contents are 
exchanged. XAE Exchange AC wiih E 0 0 0 0 1 1 0 1 (AC)S(El 

Increment M 0 0 1 0 1 1 1 0 M[DP| ~(M(DP| ] +1 The M(0P) contents are incremented +1. ZF CF 
OEM Decremeni M 0 0 1 0 M( DPI —(M( DPI) — 1 The M(DP) content! ire decremented - 1 . ZF CF 

: E 
£ c B K 

I S A 

SMB bi i Set M data bit 0 0 0 0 1 0 B i 8 o M| DP. B i So) —1 A tingle bit of the MIDPJ specified with 
B|Bq i i tel. 

RMB b i i Reset M data bii 0 0 1 0 I 0 BiB( M|DP. B i Bo) —0 A tingle bit of the V(DP) specified with 
B , B 0 it reset, ZF 

AD Adcf M IO AC 0 1 1 0 0 0 0 0 AC — |ACI + (M|DP|) 
Binary addition of the AC contents and 
the MlOP) contents ii performed and 
the result is stored In the AC. 
Binary addition of the AC, CF contend 
and the M(DP) contents it performed and 
the result is stored in the AC. 

ZF CF 

ADC Add M io AC with CF 0 0 1 0 0 0 0 0 AC -(AC) + [M(DP)] 
+(CF) ZF CF 

Decimal adiust AC 
m addition 0 1 1 0 AC -(AC) +6 6 is added to the AC contents. 

DAS Decimal adjust AC 
in subtraction 1 0 1 0 1 0 AC — ( AC)+ 10 10 is added to the AC contents. ZF 

EXL Exclusive or M io AC 0 1 0 1 AC —(AC) V [M( DPI) 
The AC contents and the M(0P) contents 
are exclutive-ORed and the result is stored 
in the AC, 

ZF 

And M io AC 0 1 1 1 AC —(ACI A [M| DPI) The AC contents and the MiOP) contents 
are ANDed and the result ii stored in the 
AC. 

ZF 

OR Or M io AC 1 0 0 1 0 1 AC — I AC| V (M(0P)) 
The AC contents and the M(DP) contents 
are ORed and the result it stored in the 
AC 

ZF 

CM Compare AC with M 1 0 1 1 [M(0P|)+(AC| + 1 The AC contents and the M(DP) content! 
are compared and the CF arid ZF are 
set/reset, 

ZF CF 

Comparison result CF ZF 
( M ( 0 P | ) > ( A C ) 0 0 
(M(0P | ) = ( A C ) I 1 

( M ( D P ) X ( A C ) 1 0 

CI data Compare AC with 
immediate data 

0 0 1 0 
0 1 0 0 

1 1 0 0 
' 3 ' I ' I ' 0 

I 3 I 2 I , l0 +| AC) + 1 The AC content! and the Immediate 
dau 1312' 1'0 * r e c o m ( " r e ( i 4 n d , t l < ^F 
and CF are set/reset. 

ZF CF 

Comparison result CF ZF 
>3 1 2 1 1 l0>(ACl 0 0 
1 3 1 ? 1 1 Io =IAC) 1 1 
I3 1 2 1 , l 0 < (AC) 1 0 

CLI data Compare DPl with 
immediate data 

0 0 1 0 
0 1 0 1 

1 1 0 0 
I 3 I ?l i I o 

<0PL> V I 3 12 II Io The D P l content! end the immediate 
data '31211'0 * r c compared. ZF 

LI daia Load AC with 
immediate data 1 1 0 0 3 I? I i lo AC — I j I j I i l0 

The immediate data '3*2' 1 'o '°®ded ' n 

the AC. ZF 

Store AC to M 0 0 0 0 0 0 1 0 M( DPI —| ACl The AC contents are stored in the MIDPJ. 

Load AC Irom M 0 0 1 0 0 0 0 1 1 AC — (Ml DP)) The M|DP) contents ire loaded in the AC 
The AC contents and the M(DP| 
contents are exchanged and then the 
DP^ contents are modified with the 
contents of (DPH) vOMjMjMq, 

ZF 
XM data Exchange AC w.ih M 

then modi I y DPh 
wiih immediate data 

1 0 1 0 0 M;M 1 Mq 

E xchange AC with M 1 0 1 0 0 0 0 0 

AC|i;(MiDP|) 
DPH -(OPHI V 

0M7M 1 M0 
ZF 

(ACI — (M|DPI) The AC contents and the M(DP| contents 
are exchanged. ZF 

The AC content! and the MIDPl 
contents are exchanged and then the 
OPL contents are incremented + 1. 
The AC contents and the MIDPl 
content! are exchanged and then the 
DP. contents are decremented - I. 

Exchange AC with M 
then increment QPi 

1 1 1 0 (AC) ^(MiOPl) 
DP(. —(DP 1) + 1 ZF 

XD Exchange AC with M 
then decremeni DPl 

1 1 1 1 (ACI ~ (MI DPl ) 
DP 1 -(DP 11 - 1 ZF 

RT8L Read table data trom 
program ROM 

0 1 1 0 0 0 1 1 AC. E—ROM 
(PCh.E. ACI 

The contents of ROM addressed by the 
PC whose low-order B bits are replaced 
with the E and AC contents are loaded in 
the AC and E. 
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c 
t Mnemonic 

Instruct ion code 
V S 

Function Siatui 
• t in I * ' 

Remark* p O-

l l 

Mnemonic 
0 > D 6 0 b 0 4 0 3 0 2 D) Do 

5. 
a> £ 

u 
Function Deicripiion 

Siatui 
• t in I * ' 

Remark* 

BNTMaddi Branch on no timer 0 0 1 1 
P? PePb P« 

1 1 0 0 
Pa P i Pi PO 

2 2 PC?~0— P7P6P5P4 
P3 P i Pi Po 

i l TMF = 0 
then T M F — 0 

It the TMF Ii o, » branch to th'J 
•ddrea specified with | f f l m v | i t i < 
date P7P6PbP4P3P2P1P0 within lha uii ie 
pageoccuri. The TMF It rewt. 

IMI 

BI addr Branch on interrupt 0 1 1 1 
P?P6P*P4 

1 1 0 1 
P j P i Pi Po 

2 2 PC>-0 — P7 P 6 P i P « 
P j P i Pi PO 

.1 EXTf = 1 
ihen EXTF - 0 

If the EXTF it 1, a brmeh to 
the addren madded with the 
immediate data P j P e P g P ^ f ^ l V Q 
within the tame page occurt. The EXTF 
it reiet. 

1 XII 

BNI addr Branch on no interrupt 0 0 t t 
P7 Pfi P i P« 

1 1 0 1 
Pa P? P i P o 

2 2 PC 7 -o — P7 P6PS P4 
P a P i PiPO 

i l EXTF = 0 
then EXTF — 0 

If the EXTF It 0, a branch to 
the addren ipecified with the 
immediate data p7F ,6P5p4p3p2p l '>0 
within the tame page occurt, The EXTF 
it reiet. 

I X l l 

s 

.B 

K 

BC addr Branch on CF 0 1 1 1 
P? P6 Ps p« 

1 1 1 1 
PD PI P I PO 

2 2 PC7 - o — P7 PsP5 P4 
P j P 2 PiPO 

il CF = 1 

If the CF It 1, a branch to 
the addren tpecifiod with the 
immediate data p7'>6F ,5p4p3p2 f ,lP0 
within the tame page occurt. 

| 
n 

BNC addr Branch on no CF 0 0 1 1 
p7 P6 P5 Pi 

1 1 1 1 
P j P z P I P o 

2 2 PC 7 - 0 — P7 Pa P& P4 
P a P i P i P o 

il CF = 0 

If the CF It 0. a branch to 
the addren ipecified with the 
immediate data p7p(}P6' ,4P3P2P 1P0 
within the tame page occurt. 

02 addr Branch on ZF 0 1 1 1 
P? P6 Pb P* 

1 1 1 0 
Pa P i P i P o 

2 2 PC? - Q ~ P 7 P 6 P s P 4 
P a P i P i P o 

il 2F = 1 

tf the ZF ti 1, a branch to 
the addren tpecified with the 
immediate data P7P6P5P4P3P2P1P0 
within the u m i paga occurt, 

BNZ addr Branch on no ZF 0 0 t 1 
P? PfiPs Pa 

1 1 1 0 
PD PJ P I PO 

2 2 PC7-0 — P7 Pfi Psp* 
Pa P i Pi Po 

.1 ZF - 0 

If the ZF it 0 a branch to 
the addren tpocitied with the 
Immeditta data P7

P6P6P4P3P2P1P0 
within the tame page ooeurv 

BFn addr Branch on Hag bit 1 1 0 1 
P7 Ps Ps,P4 

n j n j n i n o 
PaPi Pi PO 

2 2 PC > - o — P J PePsP* 
Pa P? Pi Po 

if Fn = 1 

If the flag bit of the 16 flags ipecified 
with the Immediate data n3n2njnQ it 1, 
a branch to the addren ipecified with the 
Immediate data f >7p6p6 f ,4p3p2p1p0 
within the tame page occurt. 

M.̂ nonk 1) Sf 0 10 
tr It «CCCMT|ing M 
„ „ ..faaol n. 

BNFn addr Branch on no Nag 
bn 

1 0 0 1 
P 7 P6 P5 P 4 

n ] n j n I n 0 

P l P j P i P o 
2 2 PC 7 -o —Pi PePi P4 

P j P; P I P o 
il F n = 0 

If the flag bit of the 16 (lagt tpecifiod 
with the immediate data n^r^n jOg liO, 
a branch to the tddreu specified with the 
immediate data PyPgPsP^P jP jPo 
within the nme page occurt. 

M.*"*!"* 11 " 
IO Mfif It •cooking 
w ,li> olui «l n 

IP Input porl IO AC 0 0 0 0 1 1 0 0 1 •I AC - (Pi DPn) Port P(DP|J content! are loaded In the AC. zr 
.£ 
C OP Output AC l o port 0 1 1 0 0 0 0 1 1 1 P(DPL) — f AC) The AC contents are outputted to port P(D P L I . 
2 
| 

I 

SPB b«t Set port bit 0 0 0 0 0 1 Bi Bo 1 2 P( DP L Bi Bo) — 1 A tingle bit in port PIDP^I tpecified with 
the immediate data B 1 8q 11 tet. 

Wlanlhit 

§ 
A 

RPB bn Reset por l bit 0 0 1 0 0 1 B i B o 1 2 Pi OPL. Bi Bo) — 0 A tingle bit in port P(DPj_) ipecified with 
the immediate deta B^BQ it relet. 

ZF VVIMfi In•!ruction 
•I «*40Jl«<J. IIH t 
UirHinil >'« 

SCTL bit Set control register 
bn ( 5) 

0 0 1 0 
1 0 0 0 

1 1 0 0 
Ba B i B i B o 

2 2 CTL —( CT L ) V 
Ba B i Bi Bo 

The bitt of the control reflirter ipecified 
with the immediate data B^B^B ,BQ are 
let. 

RCTL b.t Reset control register 0 0 1 0 1 1 0 0 2 2 CTL - ( C T L ) A The b i t i o l the control rejirter ipecified 
with the immediate data BJBJBJBQ are 
retet. 

IF 

O
th

er
 in

st
ru

ct
 io

n b i l l S) 1 0 0 1 BD B? Bi Bo Ba B i Bi Bo 

The b i t i o l the control rejirter ipecified 
with the immediate data BJBJBJBQ are 
retet. 

O
th

er
 in

st
ru

ct
 io

n 

WTTM Wr i te t inter 1 1 1 1 1 0 0 1 1 1 T M - ( E ) . I A C ) 
TMF - 0 

The E and AC content* are loaded in the 
timer. The TMF it retet. 

TMF 

O
th

er
 in

st
ru

ct
 io

n 

HALT Mat i t i l l 0 t 1 0 1 t Halt All operation) nop. {JnlV P"H«r 
|>afl tA L. 
flop 

NOP No operat >on 0 0 0 0 0 0 0 0 1 1 No operation No operation It performed, but 1 machine 
cycle it consumed. 

* l If the CLA i rift ruction It uwd continuoutly in tuch • manner •« CLA, CLA, - •-, 
the f in t CLA Induction only It effective and the following CLA inrtmciioni are changed 
to the NOP Inttructiont, Thlt It alto true of the LI inttructlon. 

• No products described or contained herein are intended for use in surgical implants, l ife-support systems, 
aerospace equipment, nuclear power control systems, vehicles, d isaster /cr ime-prevent ion equipment and 
the like, the failure of which may directly or indirectly cause injury, death or property loss. 

• Anyone purchasing any products described or contained herein for an above-mentioned use shall: 
© Accep t full responsibility and indemnify and defend SANYO E L E C T R I C CO., LTD. , i t s aff i l iates, 

subsidiaries and distributors and all their off icers 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 
litigation on SANYO ELECTRIC CO., LTD., its affil iates, subsidiaries and distributors or any of 
their off icers and employees jointly or severally. 

• 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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