CMOS LSI

No. 5485 LC665304A, 665306A, 665308A, 665312A, 665316A

SA////WYO Four-Bit Single-Chip Microcontrollers

with 4, 6, 8, 12, and 16 KB of On-Chip ROM

Preliminary

Overview

The LC665304A, LC665306A, LC665308A, LC665312A,
and LC665316A are 4-bit CMOS microcontrollers that
integrate on a single chip al the functions required in a
system controller, including ROM, RAM, 1/0 ports, a
serial interface, 16-value comparator inputs, timers, ;
interrupt functions, and an optional sub-oscillator circuit. ~ 3149-DIP48S
These microcontrollers are available in a 48-pin package.

Package Diméﬁsiop“
unit: mm

Features and Eunctions [LG665304A6 08A/655312A/665316A] .
« On-chip ROM capacitiy of 4, 6, 8, 12, and 16 kilobytes, S
and an on-chip RAM capacity of 512 x 4 bits. < A
* Fully supports the LC66000 Series common instruction O ; é
set (128 instructions). &
« 1/O ports. 42 pins FoomoomoTe, »
« A sub-oscillator circuit can be used (option) 0 §
This circuit allows power dissipation to be reduc < 0
operating at lower speeds. - W\
* 8-bit serial interface: two circuits (can be c il -
cascade to form a 16-bit interface) o535 @
. Instruction cycleti me: 0.95t0 10 us (at 310 5. | 3
. SANYO: DIP48S

timer.
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LC665304A, 665306A, 665308A, 665312A, 665316A

Series Organization

Type N No. of ROM it RAM Pack Feat
ype No. pins capacity capacity ackage eatures
LC66304A/306A/308A 42 4 K/6 K/8 KB 512W | DIP42S QFP48E
LC66404A/406A/408A 42 4 K/6 K/8 KB 512W | DIP42S QFP48E Normal versions
LC66506B/508B/512B/516B 64 6 KI8K/12K/16 KB [512W | DIP64S QFP64A
LC66354A/356A/358A 42 4 K/6 K/8 KB 512W | DIP42S QFP48E
LC663545/3565/358S 42 4 K/6 K/8 KB 512 W QFP44M
LC66556A/558A/562A/566A 64 6 KI8K/12K/16 KB [512W | DIP64S QFP64E
LC66354B/356B/358B 42 4 K/6 K/8 KB 512W | DIP42S QFP48E
LC66556B/558B/562B/566B 64 6 KI8K/12K/16 KB [512W | DIP64S QFP64E
LC66354C/356C/358C 42 4 K/6 K/8 KB 512W | DIP42S QFP48E
LC662104A/06A/08A 30 4 K/6 K/8 KB 384W | DIP30SD 4
LC662304A/06A/08A/12A/16A 42 4KI6KIBKI12K/6 KB |512 W | DIP42S
LC662508A/12A/16A 64 8 K/12 K/16 KB 512W | DIP64S
LC665304A/06A/08A/12A/16A 48 4KI6KIBK/I12K/6 KB |512 W | DIP48S
LC66E308 42 EPROM 8 KB siow | DIC42S
with windgw,
LC66P308 42 OTPROM 8 KB 512 W
DIC43S ) _ _
LC66E408 42 EPROM 8 KB 512w Witﬁ“mﬁﬁdow W@dqw and OTP evaluation versions
e 4516 5.5 V/0.92 ps
LC66P408 42 OTPROM 8 KB 512 W
LC66E516 64 EPROM 16 KB
LC66P516 64 OTPROM 16 KB
LC66E2108* 30 EPROM 8 KB
LC66E2316 42 EPROM 16 KB Q.F%‘t
with window ) . )
. Window evaluation versions
LC66E2516 64 JQRC64 4510 5.5 V/0.92 is
with window
QFC48
LC66E5316 52/48 with window
LC66P2108* MFP30S
LC66P2316* QFP48E oTP
LC66P2516 QFP64E 4.0t0 5.5 V/0.95 ps
LC66P5316 QFP48E

Note: * Under development
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LC665304A, 665306A, 665308A, 665312A, 665316A

Pin Assignments

DIP48S

P20/si0 [1 |
P21/SO0 [2 |
P22/SCK0 [37]
P23/INTO [4 |
P30/INT1 [5&|

P31/POUTO [6 |
P32/POUT1 [7 |
Vss [8]

0SC1 [9]
0SC2 [10]
Vpp [11]

RES [12]

PEO/XT1 [13]

PE1/XT2 [14]

TEST [15]
P33/HOLD [16]
P40/INVOI [17]
P41/INVOO [18]
P42/INV1I [19]
P43/INV10 [20]
P50 [21 ]

P51 [22]

P52 [23]
P53/INT2 [24]

o

LC665304A
5306A
5308A
5312A
5316A

SRR E R SRS EEEEERE

QFP48E

[ |PD2/AN3/INV4I
& L. IPD1/AN2/INV3O

w

[PDO/ANL/INV3I

PEO/XT1 [ ]~
PE1/XT2 [ ]oo

1

o
=

P33/HOLD [ ]

P13
P12
P11
P10
P03
P02
PO1
P00
PD3/AN4/INV4O
PD2/AN3/INVA4I
PD1/AN2/INV3O
PDO/ANL/INV3I
PC3/INV20
PC2/INV2I
PC1

PCO

P83

P82
P81/DS1
P80/DSO
P63/PINL
P62/SCK1
P61/SO1
P60/SI1

" 20[ ]P61/SO1
19[ |P60/SI1
18[ |P53/INT2

14 |P43/INV1O
3L [P42/INV1I
1 121 N

P41/INVOO [_]

P40/INVOI [ ]

Top view

We recommend the use of reflow soldering techniques to solder-mount QFP packages.
Please consult with your Sanyo representative for details on process conditions if the package itself is to be directly
immersed in a dip-soldering bath (dip-soldering techniques).
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LC665304A, 665306A, 665308A, 665312A, 665316A

System Block Diagram

K> RAM STACK ] ROM
RES —& (512w) 4KIBK/BK/12K/16KB
c z|
TEST —~ sysTEM FLAG |:
0SC1 —»| CONTROL ﬁ ﬁ
0SC2 -] E(DD|DD
— SP|M|PP|PP E A
HOLD —] R|HL|XY
XT1 )
XT2
| PRESCALER MPX |—>| TIMERO
AN1to4 ——> ADC K>
— MPX l}
INTERRUPT
_’H"’ CONTROL E| MPX |-~ TIMER1
_ <>

Item

LC6653XX Series

System differences
» Hardware wait time (number of
cycles) when hold mode is cleared

* Value of timer O after a reset

16384 cycles
About 16 ms at 4 MHz (Tcyc = 1 us)

« Port voltage handling

(Including the value after hold mode Set to FFC.
is cleared)
* Inverter array Yes

Shared with INT2

Shared with INT2
(The logic is inverted.)

A.070 6.0 V/0.92t 10 ps
1.E66E308/P308

« P2 to P6 and PC: 15-V handling
* PO, P1, PD, PE: Normal voltage
handling

«3.0t0 5.5V/0.92 to 10 ps

* LC6635XA
2.2t05.5V/3.92 t0 10 ps
3.0t05.5V/1.96 to 10 ps

* P2 to P6 and PC: 15-V handling
* PO, P1, PD, PE: Normal voltage

handling

*3.0t05.5V/0.95 to 10 s
(When the main oscillator is
operating)

*3.0t05.5V/25t0 127 ps
(When the sub-oscillator is
operating)

All ports: normal voltage handling
(7-V handling provided)

For other differences and details, see the data sheets for the individual products.
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Pin Function Overview

Pin

lfe}

Overview

Output driver type

Options

State after a

Standby mode

reset operation
Hold mode:
1/0 ports POO to PO3
Poo « Input or output in 4-bit or 1-bit units  Pch: Pull-up MOS type Pull-up MOS or 2 Output off
PO1 ) . f Nch OD output High or low
P02 1/0 | « POO to P03 support the halt mode * Nch: Intermediate sink current | Output level on @ s N
PO3 control function (This function can be type rese?t A QPR Halt mode:
specified in bit units.) Output
‘gtained
P10 ) « Pull-up™MOS or
P11 110 VO ports P10 to P13 . EEE lljrﬁgr;?emgti gr?lf current Nch-Op"
P12 Input or output in 4-bit or 1-bit units ¢ e' e O
P13 yp
1/0 ports P20 to P23
« Input or output in 4-bit or 1-bit units
- P20 is also used as the serial input SI0 Hold mode:
pin. Pch: CMOS t Output off
P20/SI0 * P21 is also used as the serial output . Nf:h.' Intermec)J/i,?;e Sif
P21/S00 | | | SO0 pin. oo weunent i emoser Nehon £ |
P22/SCKO « P22 is also used as the serial clock . h)llgh +7-V hand) g
P23/INTO SCKO pin. o tic;n selected )
* P23 is also used as the INTO interrupt P > Halt mode:
request pin, and also as the timer 0 Output
event counting and pulse width retained
measurement input.
1/0 ports P30 to P32
« Input or output in 3-bit or 1-bit units Hold mode:
« P30 is also used as the INT1 interrupt Output off
— request. .
P30/INT1 X
P31/POUTO o |° P31 is also u;ed for the square wav CMOS or Nch OD U
output from timer 0. output
P32/POUT1 X
* P32 is also used for the square )
and PWM output from timer 1. ; Halt mode:
. : Output
retained
« Hold mode is set’up’by the
— E
instruction whgn HOLD ise
P33/HOLD
Hold mode:
Port output
or 1-bit units off, inverter
P40/|K VI { 8#bit units when used Peh: Pull-up MOS type Pull-up MOS or ) output off
N * CMOS type when the inverter Nch OD output High or low
P41{[{\IVOQ P50 to P53. L L -
-' . circuit option is selected « Output level on orinverter [---------
/ i output of 8-bit ROM ) . ) - Halt mode:
2 . . . ) * Nch: Intermediate sink current reset 1/0 (option)
P43/INV1C, d in conjunction with . Port output
type « Inverter circuit 5
retained,
inverter
output
continues

Continued on next page.
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LC665304A, 665306A, 665308A, 665312A, 665316A

Pin 110 Overview Output driver type Options State after a | Standby mode
reset operation
1/0 ports P50 to P53
« Input or output in 4-bit or 1-bit units Hold mode:

P50 . !nput qr oquut ip 8-bit units when used . « Pull-up MOS or Output off

P51 in conjunction with P40 to P4$. « Pch: Pull-up MOS t)_/pe Nch OD output

P52 1/0 | « Can be used for 'outputl of 8.—b|t RQM * Nch: Intermediate sink current « Output level 0
P53/INT2 data when used in conjunction with type reset

P40 to P43.
* P53 is also used as the INT2 interrupt
request.
1/0 ports P60 to P63
« Input or output in 4-bit or 1-bit units
« P60 is also used as the serial input SI1 | « Pch: MOS type
P60/SI1 pin. « Nch: Intermediate sink current
P61/SO1 vo | ° P61 is also used as the serial output type
P62/SCK1 SO1 pin. * Nch: +7-V handling when ODy
P63/PIN1 P62 is also used as the serial clock option selected (P61 and P§" Halt mode:
SCK1 pin. only) Output
« P63 is also used for the event count retained
input to timer 1.
Hold mode:
Port output
off, buffer
Dedicated output ports P80 to P83 output off
PSO/DSO « Output in 4-bit or 1-bit units .
P81/DS1 . The con.tent.s of the outpyt latch are : [0 type wy High or low
P82 (0] |nput_ using |npgt instructions. fhtermediate S|nk%£nt Buffered I/O [-—----- .
Pa3 « P80 is a buffer input or a zero-cross - ® (option) Halt mode:
buffer input and P81 is a buffer input ] Port output
(options). etector buffer retained,
circuit buffer output
continues
with the
buffer
resistor off.
Hold mode:
Port output
off, inverter

PCO output off

PC1 “ipch: CI\_@O%Type _ * CMOS or Nch OD
PC2/INV2I /10 pterrnediate sink current ) ?ntcgr:;r areuit H _I:Ie_llt_r;c_)d_e_: -

PC3/INV20 Port output
retained,
inverter
output
continues.

PDO/AN1/

INV3I « Inverter circuits can be Inverter:
PD1/AN2/ selected as options. Normal * Hold mode:
PD2ANS » Pof CMOS type. vertercicut | 080 | Rt mode:

« Nch: Intermediate sink current .

INV4I (option) Output
PD3/AN4/ type continues

INVAO &

Sub-
oscillator:
Hold mode:
Oscillator
PEO/XT1 Sub-oscillator/port Selected as | StoPped |
PE1/XT2 PE selection an option
Halt mode:
Oscillator
operates

Continued on next page.
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LC665304A, 665306A, 665308A, 665312A, 665316A

Continued from preceding page.

State after a |Standby mode
Pin 110 Overview Output driver type Options Y .
reset operation
Hold mode:
0osc1 I System clock oscillator connections ) ) Oscillator
] Ceramic oscillator |, stopped
When an external clock is used, leave or external clock ﬁefd?d as | o ]
0sc2 O | OSC2 open and connect the clock signal selection &an option Halt mode:
to OSCL. Oscillator
Qperates
System reset input
RES | When the P33/HOLD pin is at the high
level, a low level input to the RES pin will
initialize the CPU.
CPU test pin
TEST | This pin must be connected to Vgg
during normal operation.
Vop )
Power supply pins
Vss PpPly p

Note: Pull-up MOS type: The output circuit includes a MOS transistor that pulls the pin up \fbD.

CMOS output: Complementary output.
OD output: Open-drain output.

User Options

1. Port0,1,4,5, and 8 output level at reset option
The output levels at reset for 1/0 ports 0, 1, 4, 5, an
following two options.

Option

1. Output high at reset

2. Output low at reset

2. Oscillator circuit options
* Main clock

Option

Conditions and notes

1. External clock

The input has Schmitt characteristics

2. Ceramic oscillato|

Circuit Conditions and notes
DSB
Input data
C1l XT1
| rm
[ |
2 i‘:;?;cglse;ﬂ;mr) Crystal oscillator B9
c2 XT2

No. 5485-7/26



LC665304A, 665306A, 665308A, 665312A, 665316A

Watchdog timer option

A runaway detection function (watchdog timer) can be selected as an option.

Port output type options

« The output type of each bit (pin) in ports PO, P1, P2, P3 (except for the P33/HOLD pin), P4, P5, P6, and PC can be
selected individually from the following two options.

Option Circuit "%and notes
[ Output data
1. Open-drain output | ¢ dat
nput data
SB
Output data
2. Output with built-in pull-up
resistor '_DO—Input .d‘é}é
DSB

« One of the following two options can be selected for P8, i

Option Circuit Conditions and notes

1. Open-drain output

2. Output with built-in pull-
down resistor
(CMOS output)

No. 5485-8/26



LC665304A, 665306A, 665308A, 665312A, 665316A

5. Inverter array circuit option
One of the following options can be selected for each of the following port sets: PA0/P41, PA2/PA3, PC2/PCS3,
PDO/PD1, and PD2/PD3. (PDs do not use option 1 because they are dedicated to inputs)

Option Circuit Conditions and notes

D_? Output data
| Input data

DSB
1. Normal port I/O circuit
::% Output data
[ Do-Input data
DSB

s selected, The I/O circuit is
disabled by the DSB signal.

Also,.ﬁoﬁ that the open-drain port output type
ogﬁii[;ffénd the high level at reset option must be
séletted.

2. Inverter 1/O circuit

No. 5485-9/26



LC665304A, 665306A, 665308A, 665312A, 665316A

Buffer array circuit option
In addition to normal port output, one of the following two options may also be selected for P80 and P81.

Option

Circuit

Conditions and notes

1. Normal port output

|_o( I_—i Output data
DSB

When the open-dr : output type is selected

; }}:@ Output data
DSB

Whenythe built-in pul-dow
selettetl (CMQSotitput),

2. Buffer input (P80) and
buffer output (P81) circuits

Sreg——

Pso 1

Output data
low’

3. Buffer input (P80) and
buffer output (P81) circuits
with built-in zero-cross
detection circuits

Output data
low

If this option is selected, the I/O circuit is disabled
by the DSB signal.

Also note that the open-drain port output type
option and the high level at reset option must be
selected.
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LC665316 Series Option Data Area and Definitions

ROM area Bit Option specified Option/data relationship
P5 .
pa Output level at reset 0 = high level, 1 = low level
Sub-oscillator option 0 = port PE, 1 = crystal oscillator
Oscillator option 0 = external clock, 1 = cerami "si’:’mﬁtgor
3FFOH 2
P8
P1 Output level at reset 0 =low level, 1 = high Ieyé

PO

Watchdog

timer option

0 = none, 1 = yes (pfegént)

3FF1H

P13

P12

P11

Output type

P10

& F

PO3

P02

PO1

Output type

P00

3FF2H

Unused

P32

P31

Output type

P30

P23

P22

P21

Output type

P20

3FF3H

P53

P52

P51

Output type

P50

P43

P42

P41

P40

0=0D,1=PU

3FF4H

Unused

This bit must be set to 0.

0=0D,1=PU

3FF5H

N |O(Rr|N|wWw|dM O[O |N|[O|R|IN|W|MO|O(N|O|(R|IN|WIMOO|[O|N|O|R|INW|MflO|lO|(N|O|R[N|W|idMl O|lO|N

This bit must be set to 0.

0=0D,1=PD

3FF6H

This bit must be set to 0.

7
6

B,

4

3

2

1

0

Unused

This bit must be set to 0.

Continued on next page.




LC665304A, 665306A, 665308A, 665312A, 665316A

Continued from preceding page.

ROM area

@
=

Option specified

Option/data relationship

3FF7H

Unused

This bit must be set to 0.

PC3

PC2

Output type
PC1 putyp

PCO

0=0D,1=PU

3FF8H

Unused

Buffer output

Buffer output with zero-cross bias input

PD3

PD1

PC3 Inverter output

P43

P41

3FF9H

Unused

Unused

3FFAH

Unused

Unused

This bit must be set to 0.

Unused

This bit must be set to 0.

This bit must be set to 0.

This bit must be set to 0.

This bit must be set to 0.

3FFDH

s
‘Réserved. Must be set to predefined data values.

This data is generated by the assembler.
If the assembler is not used, set this data to ‘00".

Continued on next page.
No. 5485-12/26
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Continued from preceding page.

ROM area Bit Option specified Option/data relationship

7
6
5

3FFEH g Reserved. Must be set to predefined data values. ;TLsed:st:efngTenﬁ;a;i? :;/ethe aé hhler.
2
1
0
7
6
5

3FFFH g Reserved. Must be set to predefined data values.
2
1
0

Specifications
Absolute Maximum Ratings at Ta=25°C,Vgg=0V

Parameter Symbol Ratings Unit Note
Maximum supply voltage Vpp max -0.3t0 +7.0 \%
VN -0.3t0 +7.0 \% 1
Input voltage IN P61 and 63
Vin2 All gthgt inputs -0.3t0 Vpp +0.3 \ 2
Voutl -0.3t0 +7.0 \Y 1
Output voltage out
Vout2# -0.3t0 Vpp +0.3 \% 2
20 mA 3
. 2 mA 4
Output current per pin
4 mA 4
10 mA
75 mA 3
75 mA 3
Total pin current
25 mA 4
25 mA 4
Allowable power dissipatigh 600 (430) mwW 5
Operating temperature —-30to +70 °C
Storage temperature’ -55to +125 °C

Note: 1. Applies tg pi '

pin ap
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LC665304A, 665306A, 665308A, 665312A, 665316A

Allowable Operating Ranges at Ta=-30t0 +70°C, Vgg=0V, Vpp =3.0t05.5V, unless otherwise specified.

Parameter Symbol Conditions min typ max Unit Note
Operating supply voltage Vbp Vbp 3.0 5.5 \%
Memory retention supply voltage VppH Vpp: During hold mode 1.8 5.5 \

P2, P3 (except for the P33/HOLD pin),

Vil P61, and P63: N-channel output transistor off
Inout high-level volt V2 P33/HOLD, P60, P62, RES, OSC1:
nput high-level voltage H N-channel output transistor off
v.a | P0.P1 P4 P5 PC, PD, PE:
H N-channel output transistor off
Vi1 P2, P3 (except for the P33/HOLD pin), P6,
I

RES, and OSC1: N-channel output transistor off

Input low-level voltage Vi 2 PO, P1, P4, P5, PC, PD, PE, TEST:
IL N-channel output transistor off

Vi3 | P33/HOLD: Vpp=181t055V

When the main oscillator is operating

Operating frequency fop
(instruction cycle time) (Teyc) ) ) ] kHz
When the sub-oscillator is operating (us)
[External clock input conditions] g
0OSC1: Defined by Figure 1. Input the glogk
signal to OSC1 and leave OSC2 opgn
Frequency fext (External clock input must be selegted as th 420 | MHz
oscillator circuit option.)
OSCL: Defined by Figure 1. Jsif }-}t\the cl
) signal to OSC1 and leave GSE2 openi
Pulse width textHr textL 9 &< op ns
Rise and fall times textR: textF 30 ns

When ports P2, P3, and P6 have CMOS output sgéqtfcatlons Ih
2. PC port pins with CMOS output spemflcatlons ca‘nl;vét be used“@s ur%

buffer array is used.
3. Applies to pins with open-drain specificatigns:
P2, P3, and P6 port pins with CMOS og{pgt ‘specifiggati
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LC665304A, 665306A, 665308A, 665312A, 665316A

Electrical Characteristics at Ta=-30t0 +70°C, Vgg=0V, Vpp = 3.0t0 5.5V unless otherwise specified.

Parameter Symbol Conditions min typ max Unit Note
P2, P3 (except for the P33/HOLD pin),
inl P61, and P63: V,\ = +7 V, with the output 5.0 HA 1
Nch transistor off

PO, P1, P4, P5, P6, PC, OSC1, RES, and
Input high-level current 2 P33/HOLD (Does not apply to PD, PE, PC2,
IH PC3, P61, and P63.): V|\ = Vpp,

with the output Nch transistor off

PD, PE, PC2, PC3: V|y = Vpp,

with the output Nch transistor off

Input ports other than PD, PE, PC2, and PC3:
VN = Vss, with the output Nch transistor off
PC2, PC3, PD, PEO: V|y = Vsgs,

with the output Nch transistor off

I3

[T

Input low-level current .2

PE1 (When used as a port; does not apply
I 4 when the sub-oscillator option is selected.):
VIN = Vss

P2, P3 (except for the P33/HOLD pin),
P6, P8, and PC: Igy = -1 mA

P2, P3 (except for the P33/HOLD pin),
P6, P8, and PC: Ig; =-0.1 mA

\Value of the output pull-up resistor Rpo PO, P1, P4, P5

Output high-level voltage Voul

v |POP1 P2 P3 P4, PS5 PG, PS, agil PC 04 v :
oL (except for the P33/HOLD pin): 5= 1.6 m: ’
Output low-level voltage n
Vi 2 PO, P1, P2, P3, P4, P5, P6, E@,ﬁgand pC 15 v
oL (except for the P33/HOLD pin 1o, = 83 :
lorel | P2, P3, P61, P63: V)y & 5.0 PA 6
Does not apply to P.
Output off leakage current lorr2 Vi = V. PRy 1.0 HA 6
IN = VDD
lope3 | P8:Viy =Vsg PA 7
[Schmitt characteristics] i
Hysteresis voltage Vhys \
High-level threshold voltage Vty 0.8 Vpp \
Low-level threshold voltage Vit 0.2 Vpp 0.5 Vpp \
[Ceramic oscillator]
Oscillator frequency 4.0 MHz
Oscillator stabilization time 10.0 ms
[Crystal oscillator]
Oscillator frequency 32.768 kHz
Oscillator stabilization time 1.0 5.0 s
[Serial clock]
. 0.9 us
Cycle time 20 T
. cyc
Low-level and high-lev 04 s
pulse widths d 1.0 Teyc
Rise an fall times 0.1 us
[Serial input]
Data setup t 310, SI1: With the timing of Figure 4. 0.3 us
Stipulated with respect to the rising edge (1) of
SCKO or SCK1. 0.3 s
. SO0, SO1: With the timing of Figure 5 and
Output delay tim the test load of Figure 5. Stipulated with respect 0.3 us
to the falling edge (1) of SCKO or SCK1.

Continued on next page.
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Continued from preceding page.
Parameter Symbol Conditions min typ max | Unit | Note
[Pulse conditions]
INTO: Figure 6, conditions under which the INTO
. interrupt can be accepted, conditions under
INTO high and low-level YioH: oL | which the timer 0 event counter or pulse width
measurement input can be accepted
High and low-level pulse widths N INT1: Figure 6, conditions under which
for interrupt inputs other than INTO IIHHIL | the corresponding interrupt can be accepted
PIN1 high and low-level ¢ ¢ PIN1: Figure 6, conditions under which the
pulse widths PINH "PINL | timer 1 event counter input can be accepted
RES high and low-level ¢ ¢ RES: Figure 6, conditions under which reset
pulse widths RSH' "RSL | can be applied.
Vpp: 4-MHz ceramic oscillator
Operating current drain Ibp op Vpp: 4-MHz ceramic oscillator, Vpp =3.0t0 4.0 V
Vpp: 4-MHz external clock
Vpp: 4-MHz ceramic oscillator
Vpp: 4-MHz ceramic oscillator, Vpp = 3.0 to
Vpp: 4-MHz external clock
Halt mode current drain IDDHALT [ vp: 32 kHz (main oscillator stopped)
sub-oscillator: crystal .
Vpp: 32 kHz (main oscillator stopgeg,
sub-oscillator: crystal, Vpp = 3.0°tg:4
Hold mode current drain IobHop | Vop: Vpp =1.8t05.5V

Note: 1. With the output Nch transistor off in shared 1/O ports with the op:
CMOS output specifications are selected When the port option ig

N
=
5
=
=0
@
o
c
=3

B
c
s
P4
(o]
0
=
o
o
5
[
w0
e
5]
=2
o
=

5
w0
>
]
=
@
aQ
=
(e}

°
1]
=3
@

£
=
5
=
= 0
@
8
5, D
3,
o
=
.
]
o
B
c
s
%)
o
@
o,
§
o
=1
[
_'

. With the output Nch transistor off for CMOS output speufloatuan plns

. With the output Nch tranS|stor off for pull-up output specm > f

Parameter min typ max Unit Note
Absolute precision +1/2 +1 LSB 1
Threshold voltage Vbp \
Input voltage Vbp \
o 20 ms
Conversion time
Hs

textR
1/fext

textF

Figure 1 External Clock Input Waveform
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VDD Operating VDp
minimum value
| 0OSC1 QSC2 | | XT1 XT2 | ov
= Rd = Rd
03 03 lat
c1— Ceramic—L C2 €l Crystal 1 c2 Stable oscillation

;_oscillatorl Oscillator '
unstable period

;;_oscillator;;_
tCFs

Figure 2 Ceramic Oscillator Circuit Figure 3 Oscillator Stat

Table 1 Guaranteed Ceramic Oscillator Constants External capacitor typg,

External capacitor type Built-in capacitor type

4 MHz C1 =33 pF + 10% 4 MHz
(Murata Mfg. Co., Ltd.) C2 =33 pF + 10% (Murata Mfg Co., Ltd)
CSA4.00MG Rd =220 +5% CST4.00MG
4 MHz C1 =33 pF + 10% 4 MHz

yocera Corporation =33 pF + 10% yocera Corporation
K C i C2 =33 pF = 10% K C i
KBR4.0MS Rd=0 KBR4.OMES

Table 2 Guaranteed Crystal Oscillator Constants

32 kHz C1=18 pF  10%
(Seiko Epson) C2 =18 pF + 10%
C-002RX Rd =470k 5%
tckey
t
tCKL (.:KR tCKH
SCKO

SCK1 \\
0.2VDD (input)

0.4VDD (output)

slo
si1
R=1kQ
TEST
SO0 point C=50pF

Figure 5 Timing Load

tPINL
IRSL

Figure 6 Input Timing for the INTO, INT1, INT2, PIN1, and RES pins
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LC66XXXX Series Instruction Table (by function)

Abbreviations:
AC: Accumulator
E: E register
CF: Carry flag
ZF: Zeroflag
HL: Data pointer DPH, DPL
XY: Data pointer DPX, DPY
M: Data memory
M (HL): Datamemory pointed to by the DPH, DPL data pointer
M (XY): Datamemory pointed to by the DPX, DPY auxiliary data pointer ]
M2 (HL): Two words of data memory (starting on an even address) pointed to by-the DPI
SP: Stack pointer
M2 (SP): Two words of data memory pointed to by the stack pointer
M4 (SP): Four words of data memory pointed to by the stack pointer
in: n bits of immediate data
t2: Bit specification
t2 11 10 01 00
Bit 23 22 21 20
PCh: Bits8to 11 inthe PC
PCm: Bits4to 7inthe PC
PCI: Bits0to 3inthe PC
Fn: User flag, n=0to 15
TIMERO: Timer O
TIMERL: Timer 1
SIO: Serial register
P Port 3
P(i4):  Portindicated by 4 bits of immiesiiate dat;
INT: Interrupt enable flag g
( ),[ 1: Indicatesthe contents of &lécation
- Transfer direction, resuft:
¥ Exclusive or
A Logica and
v Logica or
+: Addition

Subtractio
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Instruction code ; g
Mnemonic -g @ g 4 Operation Description Note
D, DgDsD,4 |D3 D, Dy D 9
7DeDs D4 |D3D2D1D0| 3512 5
[Accumulator manipulation instructions]
AC - 0 Has a vertical
CLA Clear AC 1000100 (Equivalent to LAI 0.) Clear AC 10 0. skip function.
Decimal adjust AC 1 00|11 AC « (AC)+6 )
BAA in addition 001001 (Equivalent to ADI 6.)| Add SiX 10 AC.
i ) AC « (AC) + 10
pas |DecmaladustAC 1840 911 4 (Equivalent to Add 10 to AC.
in subtraction ADI 0AH.)
CLC Clear CF 0 1|11 CF -0 Clear CF to 0.
STC Set CF 0 111 CF -1 Set CFto 1.
— Take the of
CMA Complement AC 0 01|10 AC — (AC) of AC ;ne#
IA Increment AC 0 0 1 AC - (AC) +1 Incren]:_e"ﬁ;;AC.
DA Decrement AC 0010 1 AC — (AC)—1 Decyd
. AC3 « (CP),
RAR | Rotate ACight 0001|000 ACn — (ACn +1),
through CF CF < (ACy)
- 0
ACq ~ (CF),
RaL | Rotate AC left 0000|000 ACn +1 o (ACH
through CF CF < (ACy)
- 3)
TAE Transfer AC to E 0 1 E - (AC) & ents of AGHo E.
TEA Transfer E to AC 0 Econtents:dfE to AC.
XAE Exchange AC with E | O

[Memory manipulation instructions

IM Increment M 0
DM Decrement M 0
. ) 1 i £ )

IMDR i8 | Increment M direct L ¢rement M (i8).

7 '6 el

1
DMDR i8| Decrement M direct o Decrement M (i8).

7 6

. Set the bit in M (HL) specified

SMBt2 |SetM data bit 00 bythndtltol( )sp
RMBt2 |ResetMdatabit |0 Clear the bit in M (HL)

[Arithmetic, logic and comparison instruc

specified by t0 and t1 to 0.

AD Add M to AC

ADDR i8

Add the contents of AC and
M (HL) as two’s complement
values and store the result
in AC.

AC « (AC) + M (i8)]

Add the contents of AC and
M (i8) as two’s complement
values and store the result
in AC.

ADC

ADI i4

AC « (AC) +
[M (HL)] + (CF)

Add the contents of AC,
M (HL) and C as two’s
complement values and
store the result in AC.

AC — (AC) +
I3, 12, 11, 1o

Add the contents of AC and
the immediate data as two’s
complement values and store
the result in AC.

SUBC

AC — [M (HL)] -
(AC) - (CF)

Subtract the contents of AC
and CF from M (HL) as two's
complement values and store
the result in AC.

CF will be zero if
there was a
borrow and one
otherwise.

Take the logical and of AC

ANDA At”d MA‘(’:"““ Actiensl o o o o0 1 A’\jl: ;L(AC) A and M (HL) and store the
store (M (HL)] result in AC.
) Take the logical or of AC and
OrRA |OrMwithACthen |4 o o 5|0 1 0 AC — (AC)V M (HL) and store the result
store AC [M (HL)]

in AC.

Continued on next page.
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Continued from preceding page.
Instruction code g ; Affected
Mnemonic g o -g g Operation Description status Note
° )
D7D D5 D4 [D3D2D1Dp| 5552 bits
[Arithmetic, logic and comparison instructions]
. . Take the logical exclusive or #
EXL Exclusive orMwith 15 5 g 1|9 1 g 1|1 |1 |[AC-(RO¥ of AC and M (HL) and stor
AC then store AC [M (HL)] . g
the result in AC.
. Take the logical and ofA
ANDM At“d MMW'th ACthen |6 5 0 0loo 11|11 ":A(T_'LL) ~ (AC)A 1 and M (HL) and storg’
store M (HL)] resultin M (HL).
. Take the Iogica‘l‘or:m? AC
ORM Otr M ",\;'th ACthen 15 590 0lo100]|1 |1 “:A(F'LLL) = (AQ)V | M (HL) and sterethe res
store [ ( )] inM (HL). E
Comparesthe’content&p
and M ALY and
CM Compare ACwithM |0 0 0 1|0 1 1 0| 1 |1 |[[M(HL)]+(AC)+1
) Compare AC with 11001111 '
Cli4 limmediate data 1010l ?]2 tlo* (AC) +1 ZF, CF
1)1
1]0
;ﬁ_gr“ﬁpare the contents of DP_
CLlia Compare DP_ with 1100 with the immediate data. 7F
: immediate data 1011 1 Set ZF if identical and clear
ZF if not.
Compare the corresponding
Compare AC bit with bits specified by t0 and t1 in
CMB 2 |\t data bit AC and M (HL). Set ZF if ZF
identical and clear ZF if not.
[Load and store instructions]
LAE Load AC and E from A Load the contents of M2 (HL)
M2 (HL) 'E « M(HL +1) into AC, E.

. Load AC with Load the immediate data Has a vertical
LAli4 immediate data AC —l3l2lilo into AC. ZF skip function
LADR i8 Load AC from AC M (i8 Load the contents of M (i8) 7E

' | direct ~ M @8] into AC.
Store the contents of AC into
S M (HL) « (AC) M (HL).
M (HL) « (AC) Store the contents of AC, E
M (HL +1) « (E) into M2 (HL).
Load the contents of M (reg)
into AC.
The reg is either HL or XY
depending on ty.
AC —~ [M (reg)] ZF
reg To
HL 0
XY 1

Continued on next page.
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Continued from preceding page.

Instruction code ; g Affected
Mnemonic -E @ -g e Operation Description status Note
2 :
D7DgDsD4 [D3D2D1Dp| 3558 bits
[Load and store instructions]
Load the contents of M (reg)
into AC. (The reg is either B ZF is set
AC « [M (reg)] or XY.) Then increment thé
LAreg, | i‘h"ad_AC from i"' 9o 1 00[101t 1| 1|2 |DP —@P)+1 |contents of either DP, gF [ résylt
en increment reg or DPy « (DPy) + 1 | The relationship betwsen 'ty iferenieqting
DP| bt DP.
AC « [M (reg)]
LA reg, D fh"ad:C from ":' 9o 10110t 1|12 |DP - (@P)-1
en decrement reg or DPy - (DPy) -1
Exchange AC with
XA rel 01001 1tO0] 1 1 AC) o
9 |yt rom) 0 (AC) - [
ZF is set
. “ijther HL .) Then )
A | '\Eﬂxchangt;ﬁ AC with ihbreme[}ftpé contents of - accolidl?g to the
reg. 1! (req) ten eitherpf r DPy. The resulto i
increment reg relatjénghip between tg and g;remeg;ng
regfis the same as that for LOrBPPy
tHe XA reg instruction.
'I;fchange the contents of
“M (reg) and AC. (The reg is .
) “| either HL or XY.) Then ZFis S.Et
Exchange AC with according to the
XA bl m t decrement the contents of 7E It of
reg, (reg) then either DP_or DPy. The resutt o )
decrement reg . - decrementing
relationship between ty and DP DP
reg is the same as that for LOrDPy.
the XA reg instruction.
.. | Exchange AC with Exchange the contents of AC
XADRI8 | \1 divect and M (i8).
LEA| i8 Load E & AC with EE 715y Load the immediate data i8
' |immediate data FAC < 131511 1g into E, AC.
: Load into E, AC the ROM data
RTBL Read table data frgpﬁ E,AC — at the location determined by
program ROM [ROM (PCh, E, AC)] | replacing the lower 8 bits of
the PC with E, AC.
‘ Output from ports 4 and 5 the
Read table‘data from Port4. 5 ROM data at the location
RTBLP | programR@M then F\?Cr)M’ P(;h E AC determined by replacing the
output.fo P4, 5 [ ( B AC) lower 8 bits of the PC with
4 E, AC.
111 DPy -~ 0 Load zero into DPy and the
DPL « I3l 11 1g immediate data i4 into DP, .
LHIia Lgétd.u_ljﬁpﬁyyith e I P P YT Load the immediate data i4
: immediate data. 0 0 l31p 1y g H-l3l2l1lo into DPy,.
LLlia Load DP \ﬁlﬂ&m 00f1111 > |2 lop o 1o | Load the immediate data i4
! immediate data s, 0 1 I3 1y 15 Ig L7321 into DP..
LHLIi8 Load DPy, DP  with {1 1 0 0 ({0 0 0 O 2 | 2 DPy « I71gl5 1y Load the immediate data into
'® | immediate data 7 1g 15 g |13 1o 13 1o DP| < I3l5 1119 DLy, DP,.
LXYI i8 Load DPy, DPywith |1 1 0 0O (0 O 0 O 5| 2 DPy « l71gl514 Load the immediate data into
: immediate data I7 lg 15 I4 |13 1o 11 lg DPy < I35 11 1g DLy, DPy.
Continued on next page.
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Continued from preceding page.

Instruction code g ; Affected
Mnemonic g 2 g 2 Operation Description status Note
D; Dg D5 D4 |D3 D, Dy Dg 2_‘%5% bits
[Data pointer manipulation instructions]
Increment the contents
IL Increment DP 00O01(00O0T1I|1|1 (DP_~(DP)+1
of DP|.
Decrement the contents
DL Decrement DP 0010|0001| 1|1 |DP.(DP)-1 of DP,.
Increment the contesit
Y Increment DPy 00O01(0011| 1|1 |DPy« (DPy)+1
of DPy.
Decrement the £ojitents
DY Decrement DPy 0010[(0011f1 |1 |DPy«(DPy)-1 ’
1100|1111
TAH Transfer AC to DPy 11110000 2 | 2 |DPy ~ (AC)
THA TfDPtACllOOllllzzAC DP,
ransfer DPH to 1110l0000 ~ (DPy)
Exchange AC
XAH with DPy, 0100(00O0O0O|1]|1 [(AC)«~ (DPR)
TAL Transfer AC to DP, 1100111122DP AC
ransfer to DP 1111l000 1 L < (AC)
1100|1111
TLA Transfer DP_to AC 1110/l0001 2|2
Exchange AC
XAL with DP, 0100|00O0T1|1]|1
11
TAX Transfer AC to DPy 11
TXA T fer DPy to AC 1
ransfer DPy to 11
XAX Exchange AC 01
with DPy
11 Transfer the contents of AC
TAY Transfer AC to DPy 11 © P'bv-
TYA T for DPu 10 AC 11 Fransfer the contents of DPy 7F
ransfer DPy to 11 Fio AC.
Exchange AC Exchange the contents of AC
XAY with DPy 01 and DPy.
[Flag manipulation instructions]
. Set the flag specified
SFB n4 | Set flag bit 01 by n4 to 1.
Reset the fl ified
RFBn4 |Reset flag bit eset e fiag specilie ZF

by n4 to 0.

[Jump and subroutine instruction

JMP
addr

Jump to the address
JPEA  |stored ayE gind AC

in the glirgént pa

PC13, 12 ~
PC13, 12
PC11t0 0
P11 to Pg

Jump to the location in the
same bank specified by the

immediate data P12.

This becomes
PC12 + (PC12)
immediately
following a BANK
instruction.

PC13108
PC13 108,

PC7t04 « (E),
PC3100 — (AC)

Jump to the location

determined by replacing the

lower 8 bits of the PC
by E, AC.

PC13to 11 ~ O,

PC10to 0 «
CAL P10 to Po, .
addr 212 (va (SP) - Call a subroutine.

(CF, ZF, PC13 0 0),

SP . (SP)-4

PC13to 6,

PC10 -~ 0,
czp PC5to 2 — P3to Py, | Call a subroutine on page 0

1 2 .

addr M4 (SP) « in bank 0.

(CF, ZF, PC12 t0 0),

SP . SP-4

h h k

BANK | Change bank 0ooo01|1011|1]1 Change the memory ban

and register bank.

Continued on next page.
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Continued from preceding page.

if M (HL) 2]
0

by the immediate data t; ty
is zero.

Instruction code ; g Affected
Mnemonic g n .g 2 Operation Description status Note
Dy Dg D5 D4 | Dg D, Dy Dg 2%’, 39 bits
[Jump and subroutine instructions]
Store the contents of reg in
M2 (SP). Subtract 2 from SJ?
after the store.
PUSH 1001111 M2 (SP) — (reg) reg
reg PushregonM2(SP) 1y 1 1 1|14 ip 0| 2 |2 |sP-(sP)-2 HL
POP 1100|1111 SP — (SP) +2
P ff M2 (SP 2 2
reg opreg offM2(SP) 11 1 1 014y iy 0 reg  [M2 (SP)]
Return from SP - (SP)+4
RT 0001|1100]|1 2
subroutine PC ~ [M4 (SP)].
Return f int t SP — (SP) +,
RTI eurniromintertupt | 9 5 9 111 1 0 1| 1 | 2 8 ZF, CF
routine
[Branch instructions]
BAt2 ) 1101(00¢tt
addr Branch on AC bit P, Pg Ps Py |P3 Py Py Py 2|2
ghiat data ty tgis one.
Branclg*‘tqihe location in the
BNAt2 11001 samg= ge specified by P;to
addr Branch on no AC bit P; Pg P5 Py Poﬂ‘ tpe bit in AC specified by
e ] jmmediate data t tg is zero.
Br’anch to the location in the
fsame page specified by P; to
BMt2 Branch on M bit 1101 Al p if the bitin M (HL) specified
dd 0
adar by the immediate data t; ty
is one.
Branch to the location in the
BNMI2 same page specified by P; to
addr Branch on no M bit Py if the bit in M (HL) specified

BPt2
addr

BNPt2
addr

PC7t00

Branch to the location in the

Internal control
registers can also
be tested by
executing this
instruction

if [P (DP)), t2]
=0

specified by the immediate
data t; tg is zero.

P, Pg P5 Py same page _specmed by P to immediately after

P3 P, Py Py Pg if the bit in port (DP)) a BANK

E‘[lP (DP), t2] ZpatacTetd l_)y the immediate instruction.

B ataty fo IS one. However, this is
limited to
registers that can
be read out.
Internal control
registers can also
be tested by

- executing this
PC7t00 Branch to the location in the instructic?n

:37 EG :35 E“ Zarqiifagi §peC|ft|egsy P7to immediately after

3P2P1Pg o if the bit in port (DP|) 2 BANK

instruction.
However, this is
limited to
registers that can
be read out.

Continued on next page.
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Continued from preceding page.
Instruction code g ; Affected
Mnemonic g @ g 2 Operation Description status Note
D7DgDs D4 [D3D2D1Dp| 5552 bits
[Branch instructions]
PC7t00 ~ L
11011100 P P Ps P Branch to the location in th
BC addr | Branch on CF 212 776754 same page specified by P
P; Pg P5 P4 | P3Py Py Py P3P, P Py b it CF is one
if (CF) =1 0 :
PC7t00 « ey
BNC 5 A o 1001]/1 100 , 1 P, Pg Ps Py Branch to the locatign ih the
addr ranch on no P, PgPs P, | P3Py Py Py P3P, Py P
if (CF)=0
PC7t00 ~
11011101 P7Pg Ps5 Py
BZ addr |Branch on ZF P, Pg Ps Py | P3 Py Py Pg 212 P3P, P, Py
if (ZF)=1
PC7t00
BNZ 1001[(1100 P; PgPs5 Py
addr  |BranchonmozF g o b b lpap, PPyl 2 | 2 P3P, Py Po
if ZF)=0
PC7t00 ~
BFn4 Branch on flag bit 111 10ngnningl 5 |5
addr P7 P6 P5 P4 P3 P2 Pl PO
BNFN4 | 5ranch on no flag bit 101 1ingnningl 5 |5
addr P7 P6 P5 P4 P3 P2 Pl PO
[I/O instructions]
Inpugth® contents of port
IPO Input port 0 to AC 0010 0 ?S?A'g P ZF
An “':t the contents of port
P Input port to AC 0010 EJ?;P Vi AC P ZF
L .
| Input the contents of port
IPM Input port to M 0001 P (DP) to M (HL).
.| Input port to Input the contents of
IPDRi4 | AC direct P (i4) to AC. zF
Inout port 4. 5 Input the contents of ports
IP45 nput port 2, 5 1o P (4) and P (5) to E and AC
E, AC respectively respectively.
Output the contents of AC to
oP Output AC to port 1 [FePy - (A0 p

port P (DP)).

Output the contents of M (HL)

POPY) — MHLT |, port P (DP).

OPM QOutput M to port

.| Output AC to ) Output the contents of AC
OPDRi4 port direct P (4) ~ (AS) to P (i4).
Output the contents of E and
Output E, A P@4) - (B
OP45 & AC t ts P (4 dP (5
4, 5 respegtively P (5) - (AC) 0 ports P (4) and P (5)

respectively.

Set to one the bit in port
1 [[P(DP),t2] - 1 P (DP\) specified by the
immediate data t; to.

Clear to zero the bit in port
1 [[P(DP),t2] -0 P (DP,) specified by the ZF
immediate data t; to.

Take the logical AND of P (P3
to Pg) and the immediate data
I3 15 11 g and output the result

P (P3toPg)
2 |[P(P3toPg)v

l3tolo to P (P3 to Py).

. Take the logical OR of P (P3
orRPDR |9" pocrit.vzlthdt th‘*‘::.:‘ 1100(02100) |, lTD(PPB t? ';9) - to Pg) and the immediate data | ZF
i4,pa |'mmediate datatien 1, 5y iy 1Py P, Py Py [P (P5 to Po)l v I3 1 I I and output the result

output |3 to |0

to P (P53 o Pg).

Continued on next page.
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Continued from preceding page.

Instruction code ; g Affected
Mnemonic .g @ .g 2 Operation Description status Note
D7DgDsD4 [D3D2D1 Do 3558 bits
[Timer control instructions]
TIMERO - M2 (L Write the contents of M2 (HL)
WTTMO | Write timer O 1100|121 010(f1]|2 = M2 (HL), AC into the timer O reload

(AC) register.

Write the contents of E@*’ /
WTTM1 | Write timer 1 2 | 2 |TIMERL — (E), (AC) [into the timer 1 reloa
register A.

Read out the corit

RTIMO | Read timer 0 1100[1011]|1]2 ";"(2: (fL(#IMERO) timer 0 counte
AC. 3

RTIM1 Read timer 1 1 1 2 2 é 1 é 1 2 2 |E,AC ~ (TIMER1)

STARTO | Start timer O i 1 (1) g é i i 3 2 | 2 |Starttimer O counter

START1 | Start timer 1 1 1 2 g (1) 1 1 1 2 | 2 |Starttimer 1 counter

STOPO | Stop timer 0 i 1 (1) (1) é i i 3 2 | 2 |Stop timer O couy

STOP1 | Stop timer 1 1 1 2 2 (1) 1 1 1 2

[Interrupt control instructions]

flag to zero.

Transfer the contents of E,

WTSP Write SP AC to SP.

Transfer the contents of SP
to E, AC.

Setinterruptmaster {1 1 0 O
MSET enable flag 0101
MRESET Reset interrupt 1100
master enable flag 1001
. . . 1100
EIH i4 Enable interrupt high 0101
. ) 1100 Sef'the interrupt enable flag
EIL i4 Enable interrupt low 0100 _l;_.C’J":Qn;e-
) ) . 1100 Glear the interrupt enable
DIH i4 Disable interrupt high 100 1 %‘ﬁagto zero. ZF
. . ) 1100 Clear the interrupt enable
DIL i4 Disable interrupt low ZF
1000
1100
1101
110
11

RSP Read SP

[Standby control instructions]

HALT HALT Enter halt mode.

HOLD HOLD Enter hold mode.

[Serial /O control instructiogis];

STARTS | Start serial | & START SI O Start SIO operation.

Write the contents of E,

WTSIO 2 | 2 |SIO « (E), (AC) AC 10 SIO.
RSIO 2 | 2 |E AC < (SI0) ::r&]ftsjtéo:ghe contents of SIO
[Other insfj

Consume one machine cycle
1 | 1 |No operation without performing any
operation.

NOP

SBi2 2 | 2 |PC13,PC12 ~ Iy lp | Specify the memory bank.
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CO., LTD,, its affiliates, subsidiaries and distributors or any of their officers and employees

Jomtly or, seve;all
m Information (|f‘rt;l,ud|ng circuit diagrams and circuit parameters) herein is for example only; it is not guaranteed for
volume productlon. 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 February, 1997. Specifications and information herein are subject to
change without notice.
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