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LC651204N/F/L, LC651202N/F/L

4-Bit Single-Chip Microcontroliers for Small-

Scale Control Applications

Preliminary

Overview

The LC651204N/F/L. and LC651202N/F/L are small-scale
application microcontroller products in Sanyo's LC6500
series of 4-bit single-chip CMOS microcontrollers, and as
such they fully support the basic architecture and
instruction set of that series. These microcontrollers are
provided in a 30-pin package and include 2 kilobytes (KB)
and 4 KB of on-chip ROM. These products are
appropriate for use in a wide range of applications, from
applications that use a small number of controls and
circuits that were previously implemented in standard
logic to larger scale applications including audio
equipment such as decks and players, office equipment,
communications equipment, automotive equipment, and
home appliances. Except for the lack of an A/D converter,
these microcontrollers provide the same functionality as
the L.C651104, 02N/F/L.

Features

* Fabricated in a CMOS process for low power (An
instruction-controlled standby function is provided.)
* ROM/RAM
LC651204N/F/L - ROM: 4K x 8 bits, RAM: 256 X 4 bits
LC651202N/F/L - ROM: 2K x 8 bits, RAM: 256 x 4 bits
Instruction set: The 80-instruction set provided by all
members of the LC6500 series.
* Wide operating power-supply voltage range of 2.5 to 5.5
volts (L version)
Instruction cycle time: 0.92 ys (F version)
On-chip serial I/O circuit
Highly flexible /O ports
— Number of ports: 6 ports with a total of 22 pins
— Allports:  Can be used for both input and output
VO voltage: 15 V maximum (Only for C,
D, E, and F ports with open-
drain output specifications)
Output current: 20 mA maximum sink current
(Capable of directly driving
LEDs.)
— Options that allow specifications to be customized to
match those of the application system.
Specification of open-drain output or built-in pull-
up resistor: can be specified for all ports in bit
units.
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Specification of the output level at reset: Can be
specified to be high or low for ports C and D in
port units.

* Interrupt functions

— Timer overflow vector interrupt (The interrupt state
can be tested by the CPU.)

— Vector interrupts initiated by the INT pin or
full/empty states of the serial I/O circuit. (The
interrupt state can be tested by the CPU.)

Stack levels: 8 levels (shared with interrupts)

* Timers: 4-bit prescaler plus 8-bit programmable timers

Clock oscillator options to match application system

specifications.

— Oscillator circuit options: 2-pin ceramic oscillator (N,
F, and L versions)

— Divider circuit option: No divider, built-in divide-by-
three circuit, built-in divide-by-four circuit (N and L
versions)

Supports continuous output of a square wave signal

(with a period 64 times the cycle time)

Watchdog timer

— RC time constant scheme

— A watchdog timer function can be allocated to one of
the external pins as an option.

* EP version: LC65E1104, OTP version: LC65P1104
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LC651204N/F/L, LC651202N/F/L

Package Dimensions
unit : mm unit : mm
3196-DIP30SD 3073A-MFP30S
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SANYO: DIP30SD SANYO: MFP30S

Note: The package drawings shown above are provided without error tolerances and are for reference

drawings.

Function Overview

purposes only. Contact Sanyo for official package

Item LC651204N/1202N LC651204F/1202F LC651204L/1202L
4096 x 8 bits (1204N) 4096 x 8 bits (1204F) 4096 x 8 bits (12041)
Memory ROM 2048 x 8 bits (1202N) 2048 x 8 bits (1202F) 2048 x 8 bits (1202L)
RAM 256 x 4 bits (1204/1202N) 256 x 4 bits (1204/1202F) 256 x 4 bits (1204/1202L.)
. Instruction set 80 80 80
Instruction Table reference Supported Supported Supported
Interrupts 1 external, 1 intemal 1 extemal, 1 intemal 1 external, 1 internal
Timers 4-bit prescaler + 8-bit timer 4-bit prescaler + 8-bit timer 4-bit prescaler + 8-bit timer
Built-in functions | Stack levels 8 8 8
Standby function Supports staqdby mode entered Supports standby mode entered Supports star_ldby mode entered
by the HALT instruction by the HALT instruction by the HALT instruction
Number of ports 22 /0 pins 22 /O pins 22 /O pins
Seriat ports 4-bit or 8-bit /O 4-bit or 8-bit VO 4-bit or 8-bit VO
/O voltage 15V max. 15 V max. 15 V max.
/O ports Output current 10 mA typ. 20 mA max. 10 MA typ. 20 mA max. 10 mA typ. 20 mA max.
14O circuit types Open drain (n-channel) or built-in pull-up resistor output selectable on a per-bit basis.
Output levels at reset High or low can be selected in port units. (ports C and D only)
Square wave output Supported Supported Supported
Minimum cycle time 277pus (Vpp23V) 0.92us (Vpp 23 V) 3.84pus(Vpp225V)
Characteristics Power-supply voltage 3055V 3055V 251055V
Power-supply current 1.5 mA typ. 2 mA typ. 1.5 mA typ.
Osclllator Ceramic (800 kHz, 1 MHz, 4 MH2) Ceramic (4 MHz) Ceramic (800 kHz, 1 MHz, 4 MHz)
Oscillator Divider ircuit option 1,153, 1/4 n 11,113, 114
Other functions | Package DIP30S-D MFP30S DIP30S-D MFP30S DIP30S-D MFP30S

Note: Sanyo will announce details on oscillator elements and oscillator circuit constants as recommended application circuits are developed. Customers
should check with Sanyo for the latest information as the development Process progresses.
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LC651204N/F/L, LC651202N/F/L.

Pin Assignment

Common assignments for the DIP and MFP packages
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Note: NC pins must be connected to Vgg. o Top view
Pin Functions
Pin Function
0SC1, 0SC2 | Connections for a ceramic oscillator element
RES Reset
PAOto 3 VO dual-function port A0 to A3
PCOt0 3 /O dual-function port COto C3
PDOto 3 /O dual-function port DO to D3
PEOto 1 VO dual-function port E0 to E1
PFOto 3 VO dual-function port FO to F3
PGOto 3 /O dual-function port GO to G3
'lEST Test
INT Interrupt request
st Serial input
SO Serial output
SCK Serial clock input and output
NC No connection
WDR Watchdog reset

Note: The SI, SO, SCK, and INT pins are shared function pins that are also used as PFO to PF3.
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LC651204N/F/L, LC651202N/F/L

System Block Diagram
LC651204N/F/L, LC651202N/F/L
s L
3 :_FiWR STACK 1
<:> ;:}' to
) STACK 8
PGO-3 Port G
P ivr
PCO-3C)] Port @ [ System Bus ]
E AC STS
o V cr | zr [extdTme LM
E 0% N Serial Serial CSH ZsF A INT
: PF1/S 48 bits Shift K= mode mode
register register register osct
- ©
% > lower digit i ) 0osc2
£ . Serial O Bus ] <o TRE3
: abits| | shin : ih) i ﬁ‘ <—o TEST
s register ‘ €0 Vg
@  PFO/Sio—— higher digit Port E Port F €0 vg
. 4/8 bits I
i PF2/SCKoe—> PEO-1 WDR PFO0-3
“-- PF3/INT 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 L.LDEC: Instruction decoder
DP: Data pointer CF, CSF: Carry fiag, carry save fiag
E: E register ZF, ZSF: Zero flag, zero save flag
CTL: Control register EXTF: External interrupt request flag
OSC: Oscillator circuit TMF: Intemal interrupt request flag
TM: Timer

STS: Status register
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LC651204N/F/L, LC651202N/F/L

Development Support
Sanyo provides the following items to support application development using the LC651204 and LC651202.

1. User’s manual

The “LC651104/1102 User’s Manual” is used with these microcontrollers.
2. Development tool manual

See the “EVAS800 - LC651104/1102 Development Tool Manual” for details on use of the EVA-800 system.
3. Development tool

* Program development (using the EVA-800 system)
— MS-DOS host computer system *1

— Cross assembler ... MS-DOS-based cross assembler: LC65S.EXE
— Evaluation chip: LC6595
— Emulator: The EVA-800 main unit plus the evaluation chip

* Program development (using the EVA-86000 system): Use the EVA86K-ECB651100.
* Program evaluation
The <L.C65E1104> on-chip EPROM microcontroller

Development Support System

EVA-800 System

* Host control program
* LCE6S cross assembler

0

o

/

\
MS-DOS host compister

Emulator (Note 2)
EVA-800 or EVA-850

Evaluation chip board
EVAB00 - TB6529/01XX/11XX/12XX

Application product PCB

Note: 1. MS-DOS is a registered trademark of Microsoft Corporation

2. Here, “EVA-800” is a generic term for several emulators. Suffixes (A, B, etc.) will be attached to the name as new versions are developed. Note that
the EVA-800 emulator (i.e., the model with no suffix) is an old version and cannot be used.
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LC651204N/F/L, LC651202N/F/L

Pin Functions

Pin Pinno.| 11O Function Options State at reset Handling when unused
Voo 1 — | Power supply — - —
Vss 1 —
* System clock oscillator (1) Extemal ciock - -
0SsC1 1 Input Connect an external ceramic oscillator | (2) Two-pin ceramic oscillator
slement to these pins (3) Divider circuit option
* Leave OSC2 open if an external clock 1. No divider circuit
is supplied. .
0sc2 1 Output 2. Divide-by-three circuit
3. Divide-by-four circuit
* /O port A0 to A3 (1) Output open drain High-level output | Open drain output select
input in 4-bit units using the IP (2) Built-in pull-up resistor (e., '::ﬁ e‘:“tp“‘ the options, connect to
mswction * Options (1) and (2) canbe | yrangistor will be
Output in 4-bit units using the OP specified in bit units. off)
instruction
Port bits can be tested in bit units using
the BP and BNP Instructions.
PAQ to 4 vo Port bits can be set or cleared in bit
PA3 units using the SPB and RPB
instructions.
* PA3 is used for standby control.
* Applications must be designed so that
no chattering (e.g. switch bounce)
occurs on the PA3 pin during a HALT
instruction execution cycle.
e /O port COto C3 (1) Output open drain * High-level The same as PAO to
The PCO to PC3 pin functions are (2) Buit-in pull-up resistor output
identical to those of the PAD to 3 pins.* (3) High-level output at reset . OL::’:?vel
* High or low can be specified as the
% to 4 Vo output at reset as an option. @) Low-llevel output at reset (Depending on
Note: These pins do not have a * Opnon:d(:r)‘ g;tlﬁ)scan be the o_puon
standby control function. I ) specified.)
* Option (3) and (4) are
specified in 4-bit units.
* /O port DOto D3 The same as PCO to PC3. The same as The same as PAQ to
PDO to 4 | vo | T PDO0PD3 pinfunctions and PCO to PC3.
PD3 options are identical to those of the
PCO to PC3 pins.

Continued on next page.
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LC651204N/F/L, LC651202N/F/L

Continued from preceding page.

Pin

Pin no.

o

Function

Options

State at reset

Handling when unused

PEOt0
PE1
MWDR

o

* O port EO to E1
Input in 4-bit units using the IP
instruction
Output in 4-bit units using the OP
instruction
Port bits can be set or cleared in bit
units using the SPB and RPB
instructions.
Port bits can be tested in bit units using
the BP and BNP instructions.

* The PEO pin also has a continuous
pulse (64-Tcyc) output function.

* The PE1 pin can be set to function as
the WDR watchdog timer reset pin as
an option.

(1) Output open drain
(2) Built-in pull-up resistor

* Options (1) and (2) canbe
specified in bit units.

(3) Normal port PE1
(4) Watchdog timer reset WDR
(5) (3) or (4) can be specified.

High-level output
(i.e., the output
n-channel
transistor will be
off.)

The same as PAO to

PFO/SI
PF1/SO
PF2/5Ck
PF3ANT

o

* /O port FOto F3

This port has the same functions and
options as PEO to PE1. *

* The pins PFO to PF3 are also used as
the serial interface and the INT pin.

The function used can be selected
under program control.

S0..---Serial output port
SCK -Serial clock input or output
INT -..Interrupt request input

Serial /0 can be switched between 4-
bit and 8-bit operation under program
control.

Note: This port does not provide a
continuous pulse output function.

The same as PAO to PA3.

The same as
PAO to PA3,

The serial port
function is
disabled.

The interrupt.
source is INT.

The same as PAQ to

Vo

* /0 port GO to G3

This port has the same functions and
options as PEO to PE1. *

Note: This port does not provide a
continuous pulse output function.

The same as PAO to PA3.

The same as
PAO to PA3.

The same as PAQ to

* NC pin. This pin must be connected to
Vgg in the EP and OTP versions.

Connect to Vgg.

« System reset input

* Connect an external capacitor for the
power up reset.

* A low level must be applied for at least
four clock cycles for the reset startup
sequence to operate correctly.

* LSl test pin
Must be connected to Vss-

Must be connected to

I 7997076 0017847 1b4y W
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LC651204N/F/L, LC651202N/F/L

Oscillator Circuit Options

Option Circuit Conditions and notes
The OSC2 pin must be left open.
0sc1

Extemal clock i LD——

1L <>

c1 0sC 1
Ceramic oscillator Ceramic oscillator [ J oscz
element I‘I’V\/‘——D {
77; c2 R :

Divider Options
Option Circuit Conditions and notes

* Supports both oscillator options.

*» The oscillator frequency or the extemal clock
frequency must not exceed 1444 kHz
(LC651204N and LC651202N)

= The oscillator frequency or the extemal clock
frequency must not exceed 4330 kHz
(LC651204F and LC651202F)

* The oscillator frequency or the external clock
frequency must not exceed 1040 kHz
(LCE51204L and LC651202L)

» Supports both oscillator options.

* The oscillator frequency or the extemal clock
frequency must not exceed 4330 kHz

No divider (1/1)

Oscillator circuit
Timing generator

fosc

i
circut }

Built-in divide-by-three circuit

[ oscitator cireuit”

Timing ganerétor

* Supports both oscillator options.

* The oscillator frequency or the external clock
frequency must not exceed 4330 kHz

J

Built-in divide-by-four circuit

T T | L1

-3

8

g

-~
Tirﬁing generator

l Oscillator circuil

Caution: The oscillator and divider options are summarized in the following tables. The information presented in those tablas is crucial when using these
products.
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LC651204N/F/L, LC651202N/F/L

Divider Options for the LC651204N/1202N, LC651204F/1202F, and LC6512041/1202L

LC651204N, LC651202N
Circuit type Frequency Divider option (cycle time) Vpp range Notes
800 kHz 11 (5 us) 31055V
o 1 MHz 111 (4ps) 31055V
Ceramic oscillator ™ 173 (3us) 31055V | This frequency cannot be used with the 171
z 1/4 (4ps) 31055V | divider (i.e., no divider circuit) option.
670 k to 1444 kHz 11 (6102.77 ps) 3to55V
m"‘a’ begg""e';‘:td bya o | 2000 k10 4330 kiHz 1/3 (610 2.7 us) 31055V
aminal R oscllator cireult | 5600 k to 4330 kiz 1/4 (610 3.70 ps) 31055V
Use of an external clock with the | Driving the circuit with an extemal clock is not possible. To use extemal clock drive, specify the two-terminal RC
ceramic oscillator option selected | oscillator option.
LC651204F, LC651202F
Circuit type Frequency Divider option (cycle time) Vpp range Notes
Ceramic oscillator 4 MHz 11 (1 ps) 3to55V
Extemal clock generated by a :
two-terminal RC oscillator circuit 670 k to 4330 kHz 1/1 (6 t0 0.92 ps) 3to55V

Use of an extemal clock with the

Driving the circuit with an extemal clock is not possible.

To use extemal clock drive, specily the two-terminal RC

ceramic oscillator circuit oscillator option.
LC651204L LC651202L
Circuit type Frequency Divider option {cycle time) Vpp range Notes

800 kHz 11 (5 us) 2555V

Cotami 1 MHz 1/1 (4ps) 251055V

eramic oscillator A e (o) 2.5105.5 v | TS freauency cannot be used wih the 1/1, 173
2 (4us 21055V divider (Le., no divider circult) option.

670 k to 1040 kHz 1/1 (6 to 3.84 ps) 25055V

Extomal be:g"::;‘l":g bva i | 2000kt 3120 Kk 113 (6 10 3.84 ps) 251055V

two-terminal MU | 2600 k to 4160 kHz 1/4 (6 10 3.84 pis) 251055V

Use of an external clock with the | Driving the circuit with an extemal clock is not possible. To use extemal clock drive, specify the two-terminal RC

ceramic oscillator option selected | oscillator option.

B 7997076 0017889 T37 M
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LC651204N/F/L., LC651202N/F/L

Port C and D Output State at Reset Options

The output levels at reset of the I/O ports C and D can be selected from the following two options, which are specified in
4-bit units.

Option Conditions and notes
High-level output at reset Ports C and D in 4-bit units
Low-evel output at reset Ports C and D in 4-bit units

Port Output Circuit Type Option

The output circuit types of the I/O ports can be selected from the following two options in bit units.

Option Circuit Conditions and notes

0O ° {>o — Ports A,C, D, E,F,and G
Open drain output L
. % i
/8
—
L J
WE

Y

Pull-up resistor output

Watchdog Timer Reset Option

Whether the PEI/WDR pin functions as the normal port PE1 or as the WDR watchdog timer reset pin can be selected as
an option.

I 799707k, 0017890 759 W& No. 5190-10/35



LC651204N/F/L, LC651202N/F/L

LC651204N, 651202N
Absolute Maximum Ratings at Ta = 25°C, Vgs=0V
Parameter Symbol Conditions Applicabie pins/notes Ratings Unit
Maximum supply voltage | Vpp max Voo ~0.310+7.0 v
Voitages up to any
Output voltage Vo 0SC2 generated voltage areJ v
allowed.
vi(1) 0SC1 +1 ~0.3 to Vpp +0.3 Vv
Input votage v, @) TEST, RES —0.310 Vpp +0.3 v
Vio (1) PCO to 3, PDO to 3, PEO, 1, PFOt0 3 OD specification ports ~03to+15 v
I/O voltage Vio (2) PCO to 3, PDO to 3, PEO, 1, PFOt0 3 PU specification ports -0.3to Vpp +0.3 v
Vio (3) PAO 103, PGOto 3 —0.3 1o Vpp +0.3 v
Peak output current lop /O ports -210 +20 mA
loa Average value per pin over a 100-ms period | /O ports 210 +20 mA
Zig, (1) ;gg'ﬁ':ezm for pins PCO 10 3, PDO to 3, and gg :g Zgg ~1510 +100 mA
Average output current PEO to PE1
Sig, @) -::\tglt gl;rizm for pins PFO to 3, PGO 10 3, and ig%ttz'::?a —1510 +100 mA
PAO to PA3
Allowable power Pd max (1) | Ta = 40 to +85°C (DIP package) 250 mw
dissipation Pd max (2) | Ta = —40 to +85°C (MFP package) 150 mw
Operating temperature | Topr —40 10 +85 °C
Storage temperature Tstg ~56 to +125 °C

Allowable Operating Ranges at Ta = —40 to 85°C, Vss =0V, Vpp = 3.0 to 5.5 V (unless otherwise specified)

Ratings
Parameter Symbol Conditions Applicable pins/notes - g ~
min | typ | max Unit
Operating power-supply
vohtage Voo Vob 3.0 55 v
Standby power-supply . .
vohage Ver RAM and register vaiues retained *3 Voo 1.8 55 Vv
. OD specification ports C, D, E,
Vi (1) Output n-channel transistors off andF 0.7 Vgp 135 v
PU specification ports C, D, E,
iy @ Output n-channel transistors off and F po 0.7 Vpp Voo Y
Vin (3 Output n-channel transistors off Port A, G 0.7 Vpp Voo \
Input high-level voltage ' . The INT, SCK, and SI pins with
Vi@ Output n-channel transistors off 0D specifications 0.8V, 13.5 v
: . The INT, SCK, and SI pins with
Vi (5 Output n-channel transistors off PU specifications 0.8 Vpp Voo \
ViH(6) |Vpp=1B1055V RES 0.8 Vpp Vop v
Vin (D) External clock specifications 0SCt 0.8 Vpp Voo \

Continued on next page.
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LC651204N/F/L, LC651202N/F/L

Continued from preceding page.
- Ratings
Parameter Symbol Conditions Applicable pins/notes - -
min yp max Unit
Vi (1) Output n-channel transistor off | Vpp =4105.5V Port Vss 0.2Vpp A4
Vi (@ Output n-channel transistor off | Vpp =3105.5V Port Vss 0.2Vpp \4
Vi (3) Output n-channel transistor off | Vpp=41055V INT, SCk, St Vss 02Vpp| Vv
Vi (4) Output n-channel transistor off | Vpp =3t05.5V INT, SCk, Sl Vss 02vpp| V
Input low-level voltage | Vy, (5) Extemal clock specifications | Vpp=41055V osci Vss 0.2Vpp '
Vi (6) External clock specifications | Vpp=3t055V 0SC1 Vss 0.2Vpp \4
ViL(m Vpp=41055V TEST Vgs 0.2Vpp v
V(8 Vpp=3t055V TEST Vss 0.2Vpp \
ViL (9} Vop=41055V RES Vss 0.2Vpp v
V"_ (10) VDD =355V RES VSS O.ZVDD \
Frequencies up to 4.33 MHz
Operating frequency fop are supported if the divide-by- Ve 231055V 670 1444 kHz
(cycle time) (Teyce) three or divide-by-four divider pp =310 (6) (2.77) (us)
circuit option is used.
External clock conditions | ., Vpp =31055V 0scCt 670 4330 | kHz
Frequency Figure 1. The divide-by-three
Pulse width textH, text | OF divide-by-four divider ircult | Vpp =3105.5V 0sct 69 ns
option must be used if the
| clock frequency exceeds
Rise and fall times textR, textF| 1.444 MHz. Vop=3t055V 0SC1 50 ns
Guaranteed oscillator See
constants Figure 2 Table 1
Ceramic oscillator able 1,
B 799707k 0017892 521 HN No. 5190-12/35




LC651204N/F/L, LC651202N/F/L

Electrical Characteristics at Ta = —40 to +85°C, Vgg =0 V, Vpp = 3.0 to 5.5 V (unless otherwise specified)

Ratings
Parameter Symbol Conditions Applicable pins/notes - 9 -
min typ max Unit
Output nchannel transistor off PortsC,D, E,and F
hy (1) {Includes the n-channel transistor off leakage current.) | with open-drain 5.0 uA
ViN=135V specifications
Input high-level current Output n-channel transistor off Ports A and G with
liy (2) (Includes the n-channel transistor off leakage current.) | open-drain 1.0 VA
Vin=Vop specifications
ik (3) External clock mode, Viy = Vpp 0SC1 1.0 HA
- Qutput n-channel transistor off Ports with open-drain 1.0
L® vy =Ves specifications -t WA
Output n-channel transistor off Ports with pull-up
Input low-level current | Iy (@) Vin = Vss resistor specifications | —1-3 | —0-38 mA
W@  |Vin=Vss RES —45 | -10 uA
i (4) External clock mode, Vjy = Vgg 0sC1 -1.0 uA
Voo (4 loy =-50 pA Ports with pull-up Ve 12 v
) on ) Vpp=40t055V resistor specifications | '0D ™
Output high-level voltage v lor = ~10 pA Ports with pull-up " o5 y
on®@  |yop-30t55v resistor specifications | Ybo -
Vo (1) loL=10mA,Vpp=4.01055V Port 15 v
Output low-level voltage lor = 1 mA, with the I, for all ports no more than
VoL@ |1 mA Vpp=30t055V Port 05 v
% Hysteresis voltage VHIS . 0.1 VDD v
; High-level threshold RES, INT, SCK,
§ voltage Vin and S OSC1 with |94 Vpp 08Vpp| Vv
E [ Lowdevel threshola | Schmit specifications 02V . v
3| vottage L 4 2 Vpp 6 Vpp
Operating, output n-channel transistors off,
Current drain lppop (1) | Ports =Vpp Voo 1.5 5 mA
Figure 2, 4 MHz, divide-by-three circuit
Ceramic oscillator Ippop (2) | Figure 2, 4 MHz, divide-by-four circuit Vop 1.5 4 mA
lppop (3) | Figure 2, 800 kHz Vop 1.5 4 mA
670 to 1444 kHz, no divider circuit
External clock Ippop (4) | 2000 to 4330 kHz, divide-by-three circuit Vop 1.5 5 mA
2600 to 4330 kHz, divide-by-four circuit
Qutput n-channei transistor off, Vpp = 5.5 V Vop 0.05 10 HA
Standby mode 'bDst Ports = Vpp, Vpp = 3V v Vop 0025 | 5 pA

Continued on next page.
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LC651204N/F/L, LC651202N/F/L

Continued from preceding page.

Ratings
Parameter Symbol Conditions Applicable pins/notes - 9 -
min typ max Unit
Oscillator characteristics
Ceramic oscillator f *5 Figure 2, fo = 800 kHz 0SC1, 0SC2 768 800 832 kHz
Oscillator frequency CFOSC Figure 2, fo = 1 MHz 0SC1, 0sC2 960 | 1000 | 1040 | kHz
Figure 2, fo = 4 MHz, divide-by-three or divide-by-four | OSC1, 0SC2 3840 | 4000 | 4160 kHz
circuit
Oscillator stabilization t Figure 3, fo = 800 kHz, 1 MHz, 4 MHz 5
time CFS Divide-by-three or divide-by-four circuit ms
Pull-up resistors Output n-channel transistor off Ports with pull-up
IfO ports Rep Vin=Vss Vpp =5V resistor specifications | © 4 30 ke
RES Ru Vin=Vgs, Vpp=5V RES i 100 250 400 kQ
External reset
characteristics
. See
Reset time trsT Figure 4.
f=1MHz
Pin capacitance Cp With all pins other than the pin being measured at 10 pF
Vin=Vss
ﬁﬁ'cfﬁkw detime | 1oKCY () | Figure 5 SCK 3.0 : us
Output clock cycle time | tey ey (2) | Figure 5 SCK S us
Input clock low-level " =
puﬁse width toye (1) | Figure 5 SCK 1.0 us
Output clock low-level . I
pulsF; width o (@) | Figure s SCK 32xTeve us
Input clock high-level ===
pup,sei,?;h 9 texn (1) | Figure 5 SCK 1.0 us
Output clock high-level ) N
pulsz width tokw (@) | Figure § SCK 32xTeye us

Continued on next page.
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Continued from preceding page.

Rati
Parameter Symbol Conditions Applicable pins/notes - nes -
Vpp (v} min typ max Unit
Serial input
Data setup time tick Stipulated with respect to the rising edge St 04 us
of SCK.
Data hold time ek Figure 5 Sl 0.4 us
Serial output
Stipulated with respect 1o the falling edge
of SCK.
. For n-channel open-drain outputs only:
Output detay time tcko External resistance: 1 kQ, external S0 0.6 Hs
capacitance: 50 pF
Figure 5
Pulse output
Period ’ teoy Figure 6 PEO 64 xTevy us
N i Teyc = 4 x the system clock period
High-level pulse width | ¢, For n-channel open-drain outputs only: PEO % :;gzc
Low-level pul idth External resistance: 1 kQ, external 3; T
ow-level pulse wi tpL capacitance: 50 pF PEO * 'cYg
=10%
When PE1 has open-drain output
Cw specifications WDR 0.125% uF
Guaranteed When PE1 has open-drain output
constants *7 Rw specifications s WOR 68021% ka
31055
When PE1 has open-drain output
R specifications WDR 100=1% Q
& | Ciear time (discharge)| twer See Figure 7. WDR 100 us
g, Clear period (charge) | twooy See Figure 7. WDR 29 ms
9 -
£ When PE1 has open-drain output
§ Cw specifications WDR 0.047:5% uF
Guaranteed When PE1 has open-drain output
constants *7 Rw specifications WDR 680=1% ka
4105.5
When PE1 has open-drain output
R ifications WDR 100+1%| Q
Clear time (discharge) | twer See Figure 7. WDR 40 us
Ciear period (charge) | tweey See Figure 7. WDR 15 ms

Note: 1.
oscillation are allowed.

When driven internally using the oscillator circuit shown in Fi

2. The average over a 100-ms period

3. The operating power-supply voltage VDD must be maintained from the
has fully entered the standby state. Also, applications must be desi
HALT instruction execution cycle.

igure 3 with guaranteed constants, values up to the amplitude of the generated

point where a HALT instruction is executed until the point where the device

4. When extemal clock is selected as the oscillator option, the OSC1 pin has Schmitt characteristics.

5. The values shown for fCFOSC are the frequencies for which oscillation is
differ by about 1% from the nominal value listed by the manufacturer of th

oscillator element for details.

6. Tcyc = 4 x the system clock period

7. It this device is used in an environment subject to condensation, extra care is re

leakage associated with external capacitors.

B 795707k 0017895 230 mm

igned so that no chattering (e.g. switch bounce) occurs on the PA3 pin during a

possible. The center frequency when a ceramic oscillator is used may
e ceramic oscillator element. See the specifications of the ceramic

quired concerning leakage between PE1 and adjacent pins and
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OSC1 (OSC2)
I
T OPEN
External clock

text

Figure 1 External Clock Input Waveform
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Y

0osc2

._ID g

Ceramic oscillator

§R

Ct

element

c2

Figure 2 Ceramic Oscillator Circuit
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.......................... Operating Vpp, lower fimit

0sc

AN

Oscillator instabllity
period ICFS

> Stable oscillation

Figure 3 Oscillator Stabilization Period

Table 1: Guaranteed Ceramic Oscillator Constants

4 MHz (Murata Mig. Co., Ltd.) C1 | 38pF+10%
CSA4.00MG c2 33pF +10%
C8T4.00MGW (built-in capacitor version)
R oQ
" (03] 33 pF + 10%
4 MHz (Kyocera Corporation)
KBR4.OMSA c2 33 pF +10%
KBR4.0MKS (built-in capacitor version) A 00
C1 100 pF £ 10%
1 MHz (Murata Mfg. Co., Lid.) RES
CSB1000J Cc2 100 pF £ 10%
R 2.2k
ci 100 pF + 10% CRES (=0.1 uF)
1 MHz (Kyocera Comoration)
KBR10GOF c2 100 pF £ 10%
R 0Q
C1 100 pF + 10%
800 kHz (Murata Mig. Co., Ltd.) 2 .
CSB800J G2 | 100pF+10% Figure 4 Reset Circuit
R 22k0
Cc1 220 pF + 10% Note: \élg;g th% ;:ow::" s;:gp;ly rise urrr:e5 i: nz:rsoo 2 reset time with
800 kHz (K C ion =uTp betwee -
KBHBO(z)lg yocera Gorporation) c2 220 pF +10% It the power supply rise time is comparatively long, increase
R 00 the value of CRES so that the reset time is over 5 ms.

B 799707t 0017897 003 WM No. 5190-17/35
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: < 0.8 Vpp
e TEKL ) 1 fOKH 02 Vg

=

tiCK| teKi ’ Vopb
Load circuit 1@
S| input data
» ICKO
j—> SOpF

so >< Output data X ;L

Figure 5 Serial YO Timing

Py >

With load conditions identical to those shown in Figure 5

Figure 6 Port PEO Pulse Output Timing

Rw
R!
; % VAN "] PE1/WDR
Cw

1

tWCCY WCT

twocy: Charge time due to the extemat components Cy, Ry, and RI.
twer: Discharge time due to program processing

Figure 7 Watchdog Timer Waveform
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I 799707k 00178499

LC651204F, 651202F
Absolute Maximum Ratings at Ta = 25°C, Vgg=0V
Parameter Symbol Conditions Applicable pins/notes Ratings Unit
Maximum supply voltage Vpp max Vop —0.310+7.0 A
Voltages up to any
Output voltage Vo 0sc2 generated voltage areL A
allowed.
Vi(1) 0SC1 " —0.3to Vpp +0.3 v
Input voltage ———
Vi () TEST, RES ~0.3t0 Vpp +0.3 v
Vio (1) PCOto 3, PDO to 3, PEO, 1, PFOto 3 0D specification ports 0310+ 15 v
/O voltage Vio (2) PCO to 3, PDO to 3, PEO, 1, PFOto 3 PU specification ports 0.3 10 Vpp +0.3 \'
VIO (3) PAOt0 3, PGOto 3 -0.3to Vpp +0.3 \'
Peak output current lop VO ports ~210 +20 mA
loa Average value per pin over a 100-ms period | VO ports -2 10 +20 mA
. PCOto3
Zloa () ;Etgltgt;nf;t for pins PCO to 3, PDO to 3, and PDO to 3 1510 +100 mA
Average output current PEOto 1
. PFOto 3
Zloa( Total current for pins PFO to- 3, PGO to 3, and PGOto 3 ~1510 +100 mA
PAQ to 3*2
PAOto 3
Allowable power Pd max (1) | Ta = -40 to +85°C (DIP package) 250 mw
dissipation Pd max (2)} Ta = —40 to +85°C (MFP package) 150 mw
Operating temperature | Topr —-40 to +85 °c
Storage temperature Tstg -5510 +125 °C
Allowable Operating Ranges at Ta =-40 to +85°C, Vgg =0V, Vpp, = 3.0 t0 5.5 V (unless otherwise specified)
Ratings
Parameter Symbol Conditions icable pins/notes
Appl o min | typ| max Unit
Operating power-supply
voltage Voo Voo 30 55 v
Standby power-su ]
vomgzy oY v RAM and register values retained *3 Voo 18 55 | v
Vi (1) Output n-channel transistors off aon% Fl tion ports C, D, E, 0.7 Vpp 135 \
V(2 | Output n-channel transistors off PU sbecification ports C, D.E. {0 7y Voo
Vin (3 Output n-channel transistors off Port A, G 0.7 Vpp Voo A
Input high-level voltage The INT, SCK, and SI pins with
Viy (4) Output n-channel transistors off OD specifications 0.8 Vpp 13.5 v
] The INT, SCK, and S pins with
Vi (8) Output n-channel transistors off PU specifications 08 Vpp Voo v
Vi (6) Vpp=18tW55V RES 0.8 Vpp Voo v
Vin (1) Extemal clock specifications 0SC1 0.8 Vpp Vop v
Vi (1) Output n-channe! transistors off Port Vss 0.2Vpp v
Vi@ Qutput n-channel transistors off iNT, SCK, Sl Vsg 02Vpp| V
Input low-level voltage | v, (3) External clock specifications 0SsC1 Vgg 0.2Vpp v
Vi (4) TEST Vs 02Vpp| v
Vi (5) RES Vss 02Vpp| Vv
Continued on next page.
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Continuved from preceding page.
Parameter Symbol Conditions Applicabie pins/notes Ratings

min typ max Unit
Operating frequency fop 670 4330 kHz
(cycle time) (T cyc) (6) (0.97) { (us)
Extermnal clock conditions
Frequency text 0sc1 670 4330 kHz
Puise width textH, textl| Figure 1 0SC1 69 ns
Rise and fall times textR, textF| 08C1 50 ns
Guaranteed oscillator
constants Figure 2 See table 1.
Ceramic oscillator

Electrical Characteristics at Ta = 40 to +85°C, Vg5 =0V, Vp,p, = 3.0 to 5.5 V (unless otherwise specified)

Ratings
Parameter Symbol Conditions licable pins/notes
App p min typ max Unit
Output n-channel transistor off Ports C,D,E, and F
Iy (1) {Includes the n-channel transistor off leakage current.) | with open-drain 5.0 HA
Vin=135V specifications
Input high-level current Output n-channel transistor off Ports A and G with
hy (2) (Includes the n-channel transistor off leakage current.) | open-drain 1.0 HA
le = VDD specifications
s (3) External clock mode, Viyy = Vpp 0SC1 1.0 pA
W (1 Output n-channel transistor off Ports with open-drain 1.0 uA
(1) VIN = VSS specifications -
Output n-channel transistor off Ports with puli-up
Input low-level current he @) Vin =Vsg resistor specifications -13 { ~0.35 mA
I @) Vin= Vss RES 45 | -10 A
|"_ 4) External clock mode, V|N = VSS 0OSC1 -1.0 pA
_ Ports with pull-up
o . Von () | lon=-50pA resistor specifications | 0D ~1-2 v
il Tghievel volage Vor® |lon=-10 Ports with pullkup 1, - v
oH (@) |lon=-10pA resistor specifications | '0D -
VOL {1) loL=10mA Port 1.5
Output low-level voltage VoL @ lor = 1 mA, with the Ig,_for all ports no more than Port 05 v
1mA.
% Hysteresis voltage | Viys —_ 0.1 Vpp v
High-level threshoid RES, INT, SCK,
E votage Vi and SIOSC1 with |04 Vop 08Vpp| V
Low-level threshold fehmntt ¥
voltage Vy 4 025Vpp 06Vppl V
Current drain y
Ceramic oscillator 'DDOP 1) Figure 2, 4 MHz VDD 2 6 mA
670 to 1444 kHz
Extemal clock Iboop (2) | *1 Operating, cutput n-channel transistors off, Voo 2 6 mA
POItS = Vw
Output n-channel transistor off, | Vop = 55 V Voo 0.05 10 pA
Standby mode Ippst Ports = V,
bo Vpp=3V Voo 0025 | 5 pA
Continued on next page.
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LC651204N/F/L, LC651202N/F/L

Continued from preceding page.
Ratings
Parameter Symbol Conditions licable pins/notes
Arp P min typ max Unit
Oscillator characteristics
Ceramic oscillator
Oscillator frequency fcrosc | Figure 2, fo=4 MHz *5 0SC1, 08C2 3840 | 4000 | 4160 | KMz
‘(I)':te:vllator stabilization tcrs Figure 3, fo = 4 MHz 5 ms
Pull-up resistors Output n-channel transistor off
VO ports Rpp Vin=Vss: Vpp=5V Ports with pull-up 8 14 30 kQ
resistor specifications
RES Au Vin=Vgs, Vpp =5V RES 100 | 250 ( 400 | Kk
Extemal reset
characteristics
Reset time trsT See
: Figure 4.

f=1MHz
Pin capacitance Cp With all pins other than the pin being measured at 10 pF

VIN=Vss
ﬁ‘ep’:na' clock ime | toxey () | Figure s SOk 20 ps
Quitput clock cycle time toxey @ | Figure s SCK 64 x‘16' CYC us
Input clock low-level ] oy
pu‘:se ot tox (1) | Figure s SCK 06 us
Su"lse‘p“m' clocklow-level |1« @ | Figues SCK B xToye us
Input clock high-level o
an:e ) tckH (1) | Figure 5 SCK 06 us
Output clock high-level . Py
pulse width igh tokn (@) | Figure 5 SCK R2xTeyl us
g:’:'s:‘l’;‘m tick Stipulated with respect to the fising edge of SCK. sl 0.2 ps
Data hold time tox Figure 5 St 0.2 s
Serial Stipulated with respect 1o the falling edge of SCK.
o utodu::t . toko For n-channel open-drain outputs only. Extemal SO 04 us

utp y time resistance: 1 kQ, extemal capacitance: 50 pF. Figure 5

z:'::dw"’“t thoy Figure 6 PEO 84 xToyo us

Teye = 4 x the system clock period BT
High-leve! pulse width | tey, For n-channel open-drain outputs only: PEO +’1‘ ogzc s

External resistance: 1 kQ, external capacitance: 50 pF -

2x Tcyc
Low-level pulse width tp PEO +10% us
Continued on next page.

BB ?99°707?L 0017901 364 WM No. 5190-21/35



LC651204N/F/L, LC651202N/F/L.

Continued from preceding page.
- ) ) Ratings
Parameter Symbol Conditions Applicable pins/notes - -
Voo ) min typ max Unit
When PE1 has open-drain output
Cw specifications WDR 0.0115% uF
Guaranteed When PE1 has open-drain output
constants *7 Rw specifications 31055 WDR 680+1% kQ
When PE1 has open-drain output )
R specifications WDR 100+1%) Q
& [ Ciear time (discharge) | twor See Figure 7. WDR 10 us
‘é Clear period (charge) | twccy See Figure 7. WDR 3.0 ms
2 When PE1 has open-drain output
§ Cw specifications WOR 0.01:5% uF
Guaranteed When PE1 has open-drain output
constants *7 Aw specifications WOR 6801% ka2
When PE1 has open-drain output 451055
R specifications WDR 100+1% Q
Clear time (discharge) | twet See Figure 7. WDR 10 s
Clear period (charge) | tweey See Figure 7. WDR 33 ms

Note: 1.

N oo s

When driven intemally using the oscillator circuit shown in Figure 2 with guaranteed constants, values up to the amplitude of the generated

oscillation are allowed.

. The average over a 100-ms period
. The operating power-supply voltage Vpp must be maintained from the point where a HALT instruction is executed until the point where the device

has fully entered the standby state. Also, applications must be designed so that no chattering (e.g. switch bounce) occurs on the PA3 pin duringa

HALT instruction execution cycle.

The values shown for foeosc are the frequencies for which oscillation is possible.

. Teye = 4 x the system clock period
- I this device is used in an environment subject to condensation, extra care is required conceming leakage between PE1 and adjacent pins and

leakage associated with extemal capacitors.

. When external clock is selected as the oscillator option, the OSC1 pin has Schmitt characteristics.

I 7997076 0017902 270
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0SsC1 (OSC2)

I
OPEN

External clock

Figure 1 External Clock Input Waveform

-------------------------- Operating Vpp lower limit
0OSC1 0sc2

ga

0SC
Zm@? [ AR

C1 c2 - > - Stable oscillation
Oscillator instability
777— 777— period {CFS
Figure 2 Ceramic Oscillator Circuit Figure 3 Oscillator Stabilization Period

Table 1: Guaranteed Ceramic Oscillator Constants

+

4 MHz (Murata Mig. Co., Ltd) C1 | 3BpFio%
CSA4.00MG c2 33 pF £ 10%
CST4.00MGW (built-in capacitor version)

R 0Q _

C1 33 pF £ 10% ES
4 MHz (Kyocera Corporation) P 2
KBR4.0MSA c2 33 pF £ 10%
KBR4.0MKS (built-in capacitor version) R 0o CRES (=0.1 xF)

Figure 4 Reset Circuit

Note: When the power supply rise time is zero, the reset time with
CRES = 0.1 pF will be between 5 and 50 ms.
If the power supply rise time is comparatively long, increase
the value of CRES so that the reset time is over 5 ms.

B 799707bL 0017903 137 mm No. 5190-23/35
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iCKCY >
0.8 Vpp
tCcKL tCKH
i 0.2 VDD
SCK
- "—_ﬁ -

tIcK tCKi Voo

Load circuit 1kQ
Sl Input data
O

tCKO

50 pF

SO 3{: Output data >< -’”;

Figure 5 Serial I/O Timing

With load conditions identical to those shown in Figure 5

Figure 6 Port PEO Pulse Output Timing
Rw Rl
VA ] PE1/WDR
Cw

WCCY WCT

M

tweey: Charge time due to the extemal components Cyy, Ry, and Al
twer: Discharge time due to program processing

Figure 7 Watchdog Timer Waveform

M 799707k 0017904 073 WM No. 5190-24/35



LC651204N/F/L, LC651202N/F/L

LC651204L, 651202L
Absolute Maximum Ratings at Ta = 25°C, Vgs=0V
Parameter Symbol Conditions Applicable pins/notes Ratings Unit
Maximum supply voltage Vpp max Voo -03t0+7.0 v
Voitages up to any
Output voltage Vo 08sC2 generated voltage are] V
allowed.
| - Vi (1) QOSC1*1 -0.310 Vpp +0.3 v
nput voltage ) TEST, RES 0310 Vpp +0.3 v
Vig (1) PCOto 3, PDO to 3, PEQ, 1, PFO t0 3 OD specification ports -03to+15 v
/YO voltage Vig (2) PCO 10 3, PDO to 3, PEO, 1, PFOto 3 PU specification ports 0.3 10 Vpp +0.3 v
Vig (3) PAOto 3, PGO to 3 -0.3t0 Vpp +0.3 v
Peak output current lop /O ponts -210 +20 mA
loa Average value per pin over a 100-ms period | 1O ports —210 +20 mA
. PCOto3
Zloa(1) ;Etgltct;rrf:t for pins PCO to 3, PDO to 3, and PDOto 3 15 to +100 mA
Average output current o PEOto 1
Total for pins PFO to 3, PGO to 3, and PFOto3
Zloa @) current for pins »Pa0te3,and | oot 3 -1510 +100 mA
PAO to 3 *2
PAGt0 3
Allowable power Pd max (1) | Ta =—40 to +85°C (DIP package) 250 mw
dissipation Pd max (2)] Ta =40 to +85°C (MFP package) 150 mw
Operating temperature | Topr -40 to +85 °C
Storage temperature Tstg -55t0 +125 °C

Allowable Operating Ranges at Ta = —40 to +85°C, Vss =0V, Vpp = 2.5 to 5.5 V (unless otherwise specified)

Ratings
Parameter Symbol Conditions icable pins/notes
Appi P min | typ] max Unit
Operating power-supply
voltage Voo Voo 25 5.5 v
f;‘;,ag"m’e’ Power-supply Vsr RAM and register values retained *3 Vb 1.8 5.5 v
Vi(1) | Output n-channel transistors off gn%s,f”"wm" porsC.D.E 107 vep 15| v
Vi (2) | Output nchannel transistors off :";’ds,f.’ec"mm" PotsC.D.E o 7vpp Vop
Vin(3) Output n-channel transistors off Port A, G 0.7 Vpp Voo v
input high-level volta . The INT, SCK, and Si pins with
% |vis@ | Output n-channel ransistors off oD spectications. | 0.8Vpp 15| Vv
. The INT, SCK, and Si pins with
Vi (5) Output n-channel transistors off PU specifications 0.8 Vpp Vpp \
Vi) |[vpp=18tos5V RES 0.8 Vpp Voo v
Vin (7) External clock specifications 0sC1 0.8 Vpp Voo \4
Vi (1) Output nchannel transistors off Port Vss 0.2Vpp v
V)L (@) Output n-channel transistors off INT, 5CK, S| Vss 015Vpp| V
Input low-level voltage | V), (3) External clock specifications 08C1 Vs 0.15Vpp \
Vi (4) TEST Vag 02Vge| V
Vi (5) RES Vsg 015Vpp| V

M 799707L 0017905 TOT WA
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LCB851204N/F/L, LC651202N/F/L

Continued from preceding page.
Ratings
Parameter Symbol Conditions icable pins/notes
Appl s min typ max Unit
Operating frequency fop Frequencies up to 4.16 MHz are supported if the 670 1040 kHz
(cycle time) (Teye) divide-by-four divider circuit option is used. 6) (3.84) | (us)
Extemnal clock conditions Figure 1. The divide-by- three or divide-by-four
Frequency text divider circuit option must be used if the clock OSC1 670 4160 kHz
Pulse width textH, textL| frequency exceeds 1.040 MHz. 0OSC1 150 ns
Rise and fall times textR, textF| 0SC1 100 ns
Guaranteed oscillator
constants Figure 2 See table 1.
Ceramic oscillator
Electrical Characteristics at Ta = —40 to +85°C, Vgs =0V, Vo, = 2.5 to 5.5 V (unless otherwise specified)
Parameter Symbol Conditions Applicable pins/notes - -
min typ max Unit
Output n-channel transistor off Ports C, D, E, and F
g () (Includes the n-channel transistor off leakage current.) | with open drain 50 HA
VIN =135V specifications
Input high-level curmrent Output n-channel transistor off Ports A and G with
hn (@) (Includes the n-channel transistor off ieakage current.) | open drain 1.0 pA
VIN = VDD specifications
IIH (3) External clock mode, VIN = VDD 0SC1 1.0 HA
I (4 Qutput n-channel transistor off Ports with open drain 10
IL ) le = VSS spectﬁcatlons - }LA
Output n-channel transistor off Ports with puil-up
Input low-level current | I (2) Vin=Vss resistor specifications -13 | -0.35 mA
e (3) Viy=Vss RES -45 [ —10 pA
" 4) External clock mode, Vin= Vss 0SC1 -1.0 pA
Ports with puli-up
Output high-level voltage| Vor (1) | lon=-10pA resistor specifications | Y00 05 v
VOL 1 IOL =3mA Port 15 v
Output low-level voltage VoL @ Iﬂ;‘: 1mA, w:th the Igy_for all ports no more than Port 04 v
% Hysteresis voltage | Viyg o 0.1 Vpp| v
& | High-level threshoid RES, INT, SCK,
- vo'?ﬁge Vix and SIOSCi with |04 Vpp) 08Vpp| V
Low-level threshold Schmitt speciications
votage Vi 4 02Vpp 0.6 Vpp v
Continued on next page.
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LC651204N/F/L, LC651202N/F/L

Continued from preceding page.
Ratings
Parameter Symbol Conditions icable pins/notes
Aok ot min typ max Unit
Current drain Operating, output n-channe! transistors off,
lopop (1) | Ports = Voo Voo 15 4 mA
Ceramic oscillator Figure 2, 4 MHz, divide-by-four circuit
Iopor (2) | Figure 2, 4 MHz, divide-by-four circuit Vpp = 2.5V Voo 05 1 mA
lopop (3) | Figure 2, 800 kHz Voo 15 | a0 mA
670 10 1024 kHz, no divider circuit
Extemnal clock Ippop (4) | 2000 to 3120 kHz, divide-by-three circuit Vbp 15 4 mA
2600 to 4160 kHz, divide-by-four circuit
Output n-channel transistor off, | Vpp = 5.5 V Vop 0.05 10 A
Standby mode Ippst Ports = Vpp Vpp=25V Vop 0020 | 4 pA
Oscillator characteristics
Ceramic oscillator
Osclllator frequency ferose Figure 2, fo = 800 kHz 0OSC1, 08C2. 768 | 800 | 832 kHz
*5 Figure 2, fo =1 MHz 0SC1, 0SC2 960 1000 | 1040 kHz
Figure 2, fo = 4 MHz, divide-by-four circuit 0SC1, 0SC2 3840 | 4000 | 4160 | KkHz -
Osciltator stabllization Figure 3, fo = 800 kHz, 1 MHz, 5
time ters 4 MHz, divide-by-four circuit ms
';g';‘:ts'esm's a Output n-channel transistor off Ports with pull-up e | 14| ol @
PP Vin=Vgg, Vpp=5V resistor specifications
RES Ru Vin=Vgs. Vpp=5V RES 100 | 250 | 400 kQ
Extemal reset
characteristics
Reset time tRsT See Figure 4.
f=1MHz
Pin capacitance Cp With all pins other than the pin being measured at 10 pF
ViN=Vss
Continued on next page.
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LC651204N/F/L, LC651202N/F/L

Continued from preceding page.
Paramete| Symbol Conditions Applicable pins/notes Ratings
r on i
ym P min typ max Unit

Serial clock o e p—

Input clock cycle time | 'CKCY (1) | Figure 5 SCK 6.0 Ks

Output clock cycie time [ texey (2) | Figure 5 SCK o X,LCYq us

Input clock low-level o —

pu‘::e > ok (1) | Figure 5 SCK 20 us

Output clock low-level N -

pulse width tox (@) Figure 5 SCK 2 xTeyo us

Input clock high-levei -_—

oulse width tekn (1) | Figure 5 SCK 20 ns

Output clock high-level . f—

pulse width tokH 2) Figure 5 SCK 32 XTCYC us

Serial input . . —

Data setup time Yk Stipulated with respect to the rising edge of SCK. Si 0.5 ps

Data hold time ok Figure 5 S 05 us

Serial output Stipulated with respect to the falling edge of SCK.

Output delay time teko For n-channel open-drain outputs only: External SO 1.0 ps
resistance: 1 kQ, extemal capacitance: 50 pF. Figure 5

Pulse output period tpcy Figure 6 PEO 64 x Toyod us
Teye = 4 x the system clock period 2xT

High-level puise width | tpy For n-channel open-drain outputs only: PEO +’1( mczc us
External resistance: 1 kQ, extemal capacitance: 50 pF -

. R2xTeyd
Low-level pulse width tpL PEO £10% Ms
Continued on next page.
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Continued from preceding page.
Paramet Symbol Conditio Applicable pins/notes Ratings
er ns
Vpp (V) P min typ max Unit
Cw oherLPE | has oper-drain output WDR 0.115% uF
Guaranteed When PE1 has open-drain output
constants *7 Aw specifications 251055 WDR 680+1% ka
R o= has open-drain output WDR 100£1% a
& | Clear time (discharge)| tye; | See Figure 7. WDR 100 us
2| Clear period (charge) | twecy See Figure 7. WDR 26 ms
When PE1 has open-drain output
g Cw ifications WDR 0.04745%) uF
Guaranteed When PE1 has open-drain output
constants *7 Rw specifications WOR 680+1% ka
A When PE.1 has open-drain output 251055 WDR 100£1% a
Clear time (discharge) twer See Figure 7. WDR 40 us
Clear period (charge) [ twccy See Figure 7. WDR 12 ms
Note: 1. When driven intemally using the oscillator circuit shown in Figure 2 with guaranteed constants, values up to the amplitude of the generated
osciliation are allowed.

2. The average over a 100-ms period

3. The operating power-supply voltage Vpp Must be maintained from the point where a HALT instruction is executed until the point where the device
has fully entered the standby state. Also, applications must be designed so that no chattering (e.g. switch bounce) occurs on the PA3 pin during a
HALT instruction execution cycle.

. When extemal clock is selected as the oscillator option, the OSC1 pin has Schmitt characteristics.
The vaiues shown for fcrosc are the frequencies for which osciltation is possible.
Teye =4 x the system clock period

it this device is used in an environment subject to condensation, extra care is required conceming leakage between PE1 and adjacent pins and
leakage associated with extemal capacitors.

N oo oA
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OSC1 (OSC2)

l
OPEN

External clock

text

-t

Figure 1 External Clock Input Waveform

0F

Ceramic oscillator

Ci1 element C2

T TIT

Figure 2 Ceramic Oscillator Circuit

VDD
"""""""""""""""" Operating Vpp, lower limit
----------------------------- oV
osc .
PONNNNNNN
-3 o > Stable oscillation
Oscillator instability
period ICFS

Figure 3 Oscillator Stabilization Period
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Table 1: Guaranteed Ceramic Oscillator Constants

CRES (=0.1 uF)

Figure 4 Reset Circuit

Note: When the power supply rise time Is zero, the reset time with
CRES = 0.1 pF will be between 5 and 50 ms.

If the power supply rise time is comparatively long, increase
the value of CRES so that the reset time is over 5 ms.

0.8Vpp
0.15Vpp

Voo
] oad circui 1kQ
XI tnput data '}( Load circuit

4 MHz (Murata Mig. Co., Ltd.) Cl | 33pFii10%
CSA4.00MGU c2 33 pF £ 10%
CST4.0MGWU (built-in capacitor version) R oY)
(03] 100 pF + 10%
1C§‘BH|Z Murata Mfg. Co., Ltd.) C2 100 pF + 10%
R 2.2kQ
C1 100 pF +10%
1 MHz (K ra Corporation 3
KBR1000¥:°ce ) c2 100 pF + 10%
R 00
c1 | 100pF+10%
800 kHz (Murata Mfg. Co., Ltd.)
CSB80GJ c2 100 pF % 10%
R 2.2kQ
c1 220 pF £ 10%
800 kHz (K ra Corporation)
KBRBOGF yoce C2 220 pF £ 10%
R 0Q
ckey
<oKL, CKH
SCK
<k
tick! tCKI
Si
KO
_
:{e)

$0 pF
o X 1

Figure 5 Serial VO Timing

With load conditions identical to those shown in Figure 5

Figure 6 Port PEO Pulse Output Timing
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Rw
R
% WA —]
Cw

] PE1/WDR

4

tweey

WCT

twocy: Charge time due to the external components Cy, Ry, and RI
twert: Discharge time due to program processing

Figure 7 Watchdog Timer Waveform
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LC651204/1202 Instruction Set (by function)

Abbreviations
AC:  Accumulator M: Memory ZF : Zeroflag
ACt:  Accumulator bit t M(DP).  Memory addressed by DP ( M }: Indicates the contents of the item enclosed.
CF:  Canyflag P(DPL): VO port specified by DPL « . Transfer and direction
CTL:  Control register PC: Program counter + Addition
DP: Data pointer STACK:  Stack pointer - Subtraction
E: E register ™: Timer A Logical AND
EXTF: Extemal interrupt request flag TMF; Timer (intemal) interrupt request flag v Logical OR
Fn: Flag bitn At, Ha, La: Working registers ~ Logical exclusive OR
3
g Instruction code % § Modified
g Mnemonic B Operation Description status Notes
D,D.DSD,D,DzD,Dogg flags
CLA Clear AC 11 0 0fo 0 0 ofl1]1]acen Clears AC. ZF *
-g cic Clear CF 1.1 1 0]Jo o o 1]1]1]cFeo Clears CF. CF
£ [s1C Set CF 1 11 100 0 0 1[1]1]cFet Sets CF. CF
CMA Complement AC 11 1 011 0 1 1]1]1]AC<@AD Sets AC to the one's ZF
% |INc Increment AC 0 0 0 01 1 1 o0l1l1]aACe(AC)+1 Ir ts AC. ZF_CF
DEC Becrement AC 0 00 01 v 1 1}l1]n Ac « {AC)—1 Decrements AC. ZF _CF
RAL Rotate AC leftthroughCF [0 0 0 0 Jo 0 o 1 |13 “‘CF)A TRy | Shits ACgetmerwih CFIet.  |2F  CF
TAE Transfer AC to E 000 0jo o0 1 1 [1]1 E+-(AC) Moves the contents of AC W E.
XAE Exchange AC with £ g 00 0110 1171 [aem Exchanges the contents of AC and E.
5 [INM Increment M 0 0 1 01 1 1 0]1]1][MDP)«[MOF]+1] Increments M{DP). ZF CF
DEm Decrement M 00 1 0]1 1 1 1 J1]1]|MDPI[MDP)-1]D M(DP). 2F CF
25 Sets he bi i M(OP) speciied
Eg SmB bit Set M data bit 0 0 0 01 0B B |1]|1]|mpr.EBYe1 by B n
E RMB bit Reset M data bit 001 0[1 08 B|1}1|moPBEY0 %’“‘“““”‘D”)W
e
as com,
AD Add M 1o AC 0 1 1 00 0 0 0 [1]1]AC«(AC)+[MDP)] quan pas twol he ot |ZF CF
Adds the contents of AC, CF,
ADC Add M to AC with CF 00 1 0]0 0 0 0J1f1[ACciACHsMoP)| o0 RED )as two's complerient| .
in AC.
DAA Decimal adjust ACinaddition] 1 1 7 0 J0 1 1 0 |1]1|ACe (AC)+3 Adds 6 0 AC. ZF
DAS Decimal adjust ACinsubtracion § 1 1 1 0 |1 0 1 0 | 1|7 JAC« (AC)+ 10 Adds 1010 AC. ZF
Takes the logical exclusive OR |ZF
o |exu Exclusive or M to AC T 1 1 1|0 1 0 1 [1]1]|AC(AC)+MOP)]| of ACand DP) and stores
% the result in
2 Takes the Iogu:al AND of AC
3 |AND And M to AC 1T 1 1 0o 1 1 1{1]1|Acenac)rMpDP)]|and M(DP) and stores the ZF
= result in AC.
c
% OR OrMto AC 111 0o 1 0 1]1]1]aceac)vmony M(DP) w‘m JoAACand [z
Compares the contents of AC
5 and M(DP) and sels or clears
° CF and ty.
E cM Compare AC with M T 1 1 101 0 1 1 |1]1[MOPN+(AC)+1 Magnitude M CF |ZF
g MOPI>{AC) |0 |0 ||ZF CF
£ MOP)=(aC) [1 |4
< MOP)<(AC) T1 (o
Compares the contents of AC
and the immediate data 2 Ll
and sets or clears CF F
accordingly.
Compare AC with 00101 100 —_ Magnitude relationship | CF | ZF
Cl data 2|2 |51 1o+ (AC) +1 ZF CF
immediate data 0100 LI & sl lo + (AC) + I LLI0>(AC) |0 |0 c
Ll 10=(AC) [1 {1
13,1, 10<(AC) [1 |0
Compare DP, with immediate{ 0 0 1 11 0 0 Compares the contents of DPL
Clidata  |goaPere e 0 1 0 1]tz b oy 1y |2]2[OPIvhih and the immedate data. ZF
U cata Load AC with immediatedata| 1 1 0 0 |1y b 1, I [1[1]|AC—1ill L, 'ég;",ssﬁ‘f‘“',:“ the immediate | ;¢ 1
S Store AC to M 0 0 0 0[]0 0 1 0[1]1]|MDP) «(AC) Stores the contents of AC at M(DP).
L Load AC from M 0 0 1 oJo o o 1 [1][71]|AC<MpDP) Loads the contents of M{DP) inlo AC. | ZF
. the contents of AC ZF is set o incicate
Exchange AC with M then AC) & M(DP)] and M(n%esThen replaces the the result of the
g [xMdata  |modiy P, wihimmediate |1 0 1 0 |0 M, M, My |12 B [D Sl of DR wrasEs e | 7 (P Mo, Ve
'~§ M, M, M, operation.
£ ZF'i'f set a:oogi
to the conten
s X Exchange AC with M 101 0fo o0 o0 ol1]2]|nc)emor Exchanges the contents of AC | point the
< and M(DP). instruction  was
= executed,
& Exchanges the contents of AC ZF is set 10 indicate
= [% pxchange ACwihMthen | 4 4 4 111 1 1 0|1]2 (AC) “ ”,‘}3'1)1 and M{DP). Then, increments | ZF the resuk of the DP,
3 L the contents of DP,. +1 operation.
" Excha the contents of AC ZF is set fo indicate
XD ExchangeACwithMthen | 4y 4 4 |4 4 4 ¢ [4]](AS) e MoPY and M(DP). Then, Decrements | ZF the result of the DP,
Decrement DP, DP, « (DP) -1 the contents of DP,. ~1 operation.
Loads into AC and EtheROM
RTB Read table data from 01 10]00 1 1]1]2 AC, E & ROM data stored at the location
program ROM (PCh, E, AC) by gwclowar 8 bits of the E
an .
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Continued from preceding page.
Modifi
§ Instruction code % § ed
% Mnemonic § E Operation Description status Notes
2 D; Ds Ds D, |D; D; D, D 5|5 flags
Load DPy, with Zero and .
» o H " DPy 0 Loads 0 into DP, and the
.§ tozdat ey edaa 1000 b kb T D et immediate data 3121110 into DP,
é LHI data lég‘a: DPH with immediate 001 0 0k b I tgf1]1]|oPuetslyty :;]c;zd[s);he immediate data Iy I, |, 1y
& i
2 [IND Increment DP, 1 1 1 01 1 1 0 [1({1]|DP «(DPY+1 Increments the contents of DP,. | ZF
& [DED Decrement DP, 1. 1 1 0 1 1 1 1]11]1]|DPc(DP)-1 Decrements the contents of DP, ] ZF
£ [TAL Transfer AC 1o DP, 1.1 1 1]o 1 1 1]1]1]oraC) Moves the contents of AC to DP,.
8 [7LA Transfer DPL to AC 1.1 1 0]1 0 0 1 {1]1]aCc<mP) Moves the contents of DPL to AC.| ZF
8 [xan Exchange AG with DPH o010 oo 1 1 |1]|1]areme Excnanges the contents of AG
e
- XAt t1 t0 Exchanges the contents of AC
§ XA0 £ AG with worki 111 0[0 0 0 0]1]1}(AC)e D) and the working register AQ, A1,
g | xal re’g’m wihwoking 14 4 1 g0 1 0 o |1]1]ac)e@n A2, or A3 specified by t110.
s | XA2 1t 1 1 01 0 0 0]1]1}aC)e(A2)
% XA3 11 1 011 1 0 0]1]1}AC)e(A3)
‘g |XHa . . a Exchanges the contents of DPy
€| xHo Exchange DPHwithworking | ¢ 4 4 ¢ [ 4 o 0 o |11 Py e HO) and the working ragister HO or H1
'§> XH1 register Ha 111 1011 0 ol1]1|oPaom specified by a.
2|XLa } . a Exchanges the contents of DP,
B xwo Exchange DPHwithworking | 4 3 4y 1 [4 ¢ o o [1]1]Pyean and the working register LD or L1
Xu register Ha 111 1)1 1 0 0l1]1]oPpean specified by a.
SFBfiag  |Setflag bit 0 1 0 1B B, B, B|1]71[Fren getgn':'::‘ag specified by B; B,
H 1 -
i! Clears the flag specified by B, The flags are divided
i BBy t00 e o, 22,0
25 RFBflag  |Resetflagbit 0 006 1B, B, B B|1]1]|Fneo Fi1, g F12 o Fis,
E 4 ZF ZF is set or cleared
according fo the 4
bits pnduﬂg in the
o 0 1 1 01 Py Py Py PC ¢« Py Pa Py P Pg Jumps to the location specified
JMP addr Jumping in the current bank 2]2 P5 P, P3 P, P, Py] by the immediate data Py, Py
" P; P Py P, [Py P, Py Py Py P7 Pg Ps Py P3 P, Py Py
@ —=—
2 Jumping current page Jumps to the location given by
T |JPEA i 11t 1 111t 0 1 0 |1]1]}PCytose(E AC) replacing the lower 8 bits of the
% rmodified by E and ACG olo7 PG with E and AC.
£ L STACK ¢ (PC) + 1
§ C2ZP addr Call: ubrautine in the zero 1.0 1 1P P, Py Py |1]1|PCyytog, PC,to, e 0] Calls a subroutine on page 0.
3 pPag PGst02 Py Py Py Py
.§ CAL addr Call subroutine 1 0 1 0 f1 PPy Pg|2]2]|STACK (PC)+2 Calls a subroutine.
.é' RT Retum from subroutine 0 1t 1 0]J0 0 1 0 |1}1|PCe(STACK) Returns from a subroutine.
© . . PC « (STACK) Returns from an interrupt
% RTI Retumn from interrupt routine | 0 0 1 O 01t 0]11¢1 CF, ZF «- GSF, ZSF | handiing routine. 2F CF
3 Sp:cfes a Pt;ﬁud: VE port Only valid for the
and chan e bank. i iatel
BANK Change bank 11 1 1|1 1 0 1 [1]1 9es ;orﬂo':igngI;P.elloy.
or branch instruction.
PC; to o « P; Pg Pg P, | Branches to the location on the The mnemonics are
BAtaddr  |Changebank 01 1 140 0 b b, P3Pz P, Py | same page specified by P, to P BAO to BA3,
It P, Pg P P, |P; P, P, Py ifACt=1 if the bit in AC specified by the reflecting the vaive
immediate data t10 is 1. oft.
PG, 10 o + P; Py P P, | Branches to the location on the The mnemonics are
; 0 0t 110 0 t 1t Py P, P, Py | same page specified by P; to P, BNAQ to BNA3,
BNAtaddr | Branch on no AC bit P, Py Ps P, [Py P, p', P, | 2] 2 |itact=0 if the bit in AC specified by the reflecting the value
immediate data t1t0 is 0. oft
PGy to o «— P; Pg P5 P, [ Branches to the location on the The mnemonics are
: 01 1 110 1 4 ¢ 3 P, Py Py | same page specified by P; to P, BMO to BM3,
» |BMtaddr  [Branch on Mbit P, Ps Py P, |Py Py Py Py | 2|2 [#MDP. 4,41~ 1 | ifthe bit in M(DP) specified by reflecting the value
5 the immediate data t, tis 1. oft
g PC; to o & P, Pg P5 P, | Branches to the location on the The mnemonics are
€ |enmtadar | Branch on no Mbit 0.0 1 140 1 4 b, ],1 P3 P2 Py Po | same page specified by Py to Py BNMO to BNM3,
£ P, Pg Ps P, {P; P, P, Py if M(DP, t, 19)] = 0 if the bit in M(DP) specified by reflecting the value
§ the immediate data t, o is 0. oft
g PG; to g « P; P P5 P, | Branches to the location on the The mnemonics are
. 01 1 1 ]1 0 ¢t t P P, Py P, | same page specified by P, to P, BP0 to BP3,
BPtaddr  |Branch on Por bit P, Py Ps P, [Py P, P, P, | 2|2 |ifPIOPLt ) =1 | ifthe bitin port P(DPL) specified reflecting the value
by the immediate data t, 1y is 1. oft.
PC; 10 « P; Ps P P, | Branches to the location on the The mnemonics are
. 0 01 1)1 01t ¢t . P3P, P, Py | same page specified by P; to Py BNPO to BNP3,
BNPtaddr |Branch on no Port bit P, Py Ps P, | P, P, P‘i Py 212 |#[POP, 1,1 =0 | ifthe bitin port P(DPL) specified reflecting the value
by the immediste data t, t is 0. oft.
105 « P; Py Py P, | Branches to the location on the
BTMaddr | Branch on timer oAy 000 O ppbe P | stme pegs spectedy i 10 P T™F
P; Pg Py Py Py P, Py, Py |2]2[ifTMF=0 if TMF is 1. Also clears TMF.
then TMF « 0
Continued on next page.
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Continued from preceding page.
]
Modified
E Instruction code % .§'
g Mnemonic B s Operation Description status Notes
D7D.Dso.oaozo1oo§£ fiags
PC; t0 o P, P, P P, | Branches to the location on the
. 0 0 1 1]1 1 0 0 P; Py Ps P, | same page specified by P, to P,
BNTMaddr | Branch on no timer P, Py Py P, Py P, P, By | 2|2 #TMF=0 * |#TMF is0. Also clears T, | TMF
then TMF « 0
PC; %04 & P; Py P; P, | Branches to the location on the
5 g 1 1t 111 1 0 1 Py P Ps P, same page specified by P, to P,
Bi adar Branch on interrupt P, Ps Py P, | Py P, By By |22 extE=1 ° ° ' | HEXTFIs 1. Also ciears EXTE. | EXTF
then EXTF « 0
PG, 0, « P, P P; P, | Branches to the location on the
. 0 0 1t 11 1 0 1 P, P Pg P, | same page specified by P, to P
BNIaddr  {Branch on no interupt Pr Po Py Py |Py Py Py P |22 |#EXTFe0 ° ° | ¥ EXTF s 0. Also clears EXTE.|EXTF
then EXTF « 0
001 1 1|1 1 1 1 PC;t0 4 ¢ P, PsPs P, Brancheshohe!waﬁonmhe
§|ecadtr  |srnchoncr o], Py P P3P, | same page speciied by P to P,
i 7 s Fs P |Ps Py Py By HEXTF =0 #CFis 1.
E 00 1 101 1 1 1 PCy10 o ¢~ P; PgPg P, Bramhestolhe!oeaﬁmonhe
BNC addr | Branch on no CF P, P, P P, |P, P, P, p. |2]2 P; P; Ps P, | same page specified by P; to P,
5 T8 s ety 2 Pi P #CF=0 il CFig0.
g o1 1 101110 PC; t0 5 «— P; Py P P, | Branches to the location on the
BZ adkr Branch on ZF ® P, P P, |P, P. P, P, |2]2 Pr Ps Ps P, | same page spectiied by P; to P,
v e s T4 lPs P Py Py iHZF=1 if ZF is 1.
001 1[1 110 PC; 104 ¢ P, Pg PP, | Branches to the location on the
BNZaddr  |Branch on no 2F P, P, P, P, |P, P, p. p. l2]2 P; Py Ps P, | same page specified by P, to P,
7 76 Ts T4 |Pa P2 PPy #ZF=0 #ZFisO.
PG, to 4 « P, Py P P, | Branches to the location on the ;r?ommgz?
11 0 1|n n, n P; Py PsP, | same page specified by P, to P, _to BF1S,
BFnaddr  |Branch on fiag bit P, Py Ps P, | Py 3: P, P, 122 |itFn=1 if the bit in the 16 flags specified p the value
by nynyn, nis 1. n
PC; 104« P, Py PP, Bmestomgoeaﬁgyngntm; EF.NO%%B
. 1 00 1]nnn n same page specified by P; to P, o ,
BNFnaddr | Branch on no flag bit P, Py Py P, |Py P2 P, P |2 ]2 #Fne0 PrPe Ps Pa | ifthe bit in the 16 fiags speciied rellecting the vaive
by 0y ng 0, ng s 0. "
P Input port to AC 00001 1 0 0f1]1]acepory PPy Ao s ofpot |5
Outputs the contents of AC to
w]OP Output port to AC 61 100 00 1]1]1 P(OP,, B1 BO)  (ACY oo piop,)
‘E Sewm1me"b‘:i:nmn:g22m Executing  this
specified med| i
S |sPBbi Set port bit 00 0 o0lo 18 8/ 1]2|roP,B18B0)e1 B, B, o L..muue
g Clears to 0 the bit in port Executing  this
P(DP) specified by the instruction destroys
RPS bit Reset port bit 00 1t 0|0 1B B/|1]|2]|POP,B1B0)«1 h(m‘l&)mmg"wgv ZF the contents of the
register.
- Sets the bit {or bits) in the
SCTLbit | control register ot 00 1t o1 1 002z ool mgsterspecited by B,
! B, By
| Clears the bit {or bits) in the
@ . Reset control register bit 0 01 0}t 1 0 o0 CTL & (CTL) v control register ZF
g“”“’“ ® 100 1888822 BaB:B, By | g g o Poched by B,
. T™ « (E), (AC) Loads the contents of E and AC
B lwrtm Write timer IR IR RN B R RN vl into the tiner. Also clears TME. | TVF
§ Stops all aperations. This instruction is
HALT Haft 111t 1 o v 1 0f1]1]|Ha e ot e
0.
i . Consumes one machine cycle
NOP No operation 0 0 0 0o 0 0 o0]t}]1 No operation while performing no operation.

W No products described or contained hersin are intended for use in surgical implants, life
equipment, nuclear power control systems, vehicles, disaster/crima-prevention equipme

-support systems, aerospace
nt and the like, the failure of

which may directly or indirectly cause injury, death or property loss.

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

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

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

B Information (including circuit diagrams and circuit parameters) herein is for example only; it is not guaranteed 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.

This catalog provides information as of September, 1996. Specifications and information herein are subject to
change without notice.
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