QOrdering number: EN1802C ]

) CMOS LS|
No.1802C / LCO6514B
SINGLE-CHIP 4-BIT MICROCOMPUTER

{LOW-THRESHOLD INPUT,
ON-CHIP FLT DRIVER)

The LCG514B is a microcomputer with FLT drivers. It is identical with the LC6510C in the interna! architecture
and instruction set. Since the normal/low-threshold level of input port A can be selected by option and the on-chip
pull-down resistor can be bitwise connected to the FLT driver by option, the number of external parts used in the user
equipmént can be minimized, reducing the cost considerably.

{Note) The LCB514B heretofore in use has been improved by changing the value of the pull-down resistor to be
contained in FLT drivers as shown below. When using the LC6514B, fully check that the new resistor
value meets your application specifications.

New resistor value Old resistor value
min typ max min typ max
'L*"-level output current loL 0.190 0.362 0.760 | 0.108 0.304 0.543 mA

{Output pull-down resistance) {Rpp) {200} (1056) {60} | (350) {125} (70) k&Y

Features
* Low power dissipation
* ROM capacity: 4096 x 8B bits
« RAM capacity: 256 x 4 bits
+ Subroutine stack: B levels (common with interrupt}
+ On-chip OSC circuit
CR 0SC: 800kHz typ.
Ceramic OSC: 400kHz, 800kHz, 1000kHz
External input: 1290kHz max.
+ Power-down by 2 standby modes
HALT mode: Power dissipation saving by program standby during normal operation
HOLD mode: Power supply backup during power failure
*  Input/output ports
Input: 4 bits x 1 port
3 bits x 1 port
Input/output: 4 bits x 2 ports
Output: 4 bits x 4 ports
2 bits x 1 port
* Interrupt
External interrupt: 1
Internal timer interrupt: 1
*  On-chip 4-bit prescaler and 8-bit program timer
Instruction cycle time: 3.1us  (at 1290kHz)
« Supply voltage
Normal operation: 4.0 to 6.0V
Memory hold: 1.81t0 6.0V
Instruction set commeon to the LC6502, LC6505 (BANK instruction added)

SANYO Electric Co.,Ltd. Semiconductor Business Headquarters
TOKYO OFFICE Tokyo Bldg.,1-10,1 Chome, Ueno, Taito-ku, TOKYO, 110 JAPAN
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LCB514B

Package: DIP42S (shrink)
QIP48

Package Dimensions 3052A-Q48AIC

{ unit: mm)
Package Dimensions 3025B-D42SIC
{unit: mm) ol
&2 2 '
oo ----—-
mEalufalshny - _|:
of |- == I
o b [e—— =
1— [12] == :-
|spugegs perer T hJ_L r}{-:‘:,: =
7.9 Qo @ =g )
' * 8::‘1 ] i
r ..7! - =
: ; o=
PR = =
— ~
1.2 0. . “ il l'
SRBLLURERLLE |
e
SANYO: QIP48A 215
Pin Assignment
[CIP425)
raz —{1] FA1 Pin Name
PA3 :% — PAD 0SC1, 0SC2: C, R or ceramic resonator for
T —13 vDD system OSC
pao —{4] — HOLD INT: Interrupt
pB1 —{5] vp — errup
PB? —E P11 RES: Reset
peo —{7] P10 HOLD Hold
pe1 —{g] g:: PAD t0 3 Input port Ag 1o 3
po2 "% oh: PBOto2:  Inputport Boto 2
P0G —[lI Less148 [ o PCoto 3 Input/output commen port Cg 1o 3
POl {13 AT— PGa PDD to 3 Input/output common port Dg 1o 3
Po2 —13 PG2 PEOto 3 Output port Ep 1o 3
Egg —[9 22 ggé PFOt03 Output port Fg t0 3 | With
PEe —l% %}— Pr3 PGO to 3 Output port G 1o 3 | High-voltage
PE2 __—% 26— PF2 PHO t0 3 Output port Hp to 3 | driver
PE3 —{7g] 25— PF1 Plg, 1: Output port Ip, 1
RES 3| 24— PFO TEST: Test
TEST —{20] [23}— 0sc2 Vp: Power supply for high-voltage
vss —21 22}— 0501 port pull-down resistor
[aIPag]
o o N (=] 3
- s o
PPlEifegssiRe
I I I O O O I |
48 47 46 45 44 4342 41 40 3938 37
PB2 — 1 36 Pi
PCO — 2 35 PIO
PC1 - 3 34 |- PH3 . _
PGz — 4 33}~ PH2 When mounting the QIP package version
PC3 4 5 32— PhI on the board, do not dip it in solder.
NC - 6 31 |- PHO S
PDO H 7 LC65148 W0 NG
PD1 — 8 291 PG3
PD2 — 9 28— PG2
PD3 —10 27( P&t
PEO <11 26— PGO
PE1 =12 25— PF3
1314151617 1819 20 21 22 23 24
ITTTTTTTTTTTI
NN D00 ~D =N
AT Y
- [=N)

NC pin: No connection
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LC65148

Pin Description

Input/

Pin Name Function
Output
INT Input | [Interrupt request input pin.
HOLD Input HOLD mode request input pin (Diffars from the LC6502/05 in function.)
Capabte of being used as a general-purpose single-bit input port unless the standby mode
is used.
RES Input Reset input pin.

PADto3 | Input Input port Ag to A3 (Normal voltage).

Capable of 4-bit input and single-bit decision for branch.
Used also for HALT mode release request input.

Low threshold input for 4 bits selectable by option,

PBpto 2 | Input Input port By tp B2 {Normal voltage)
Capable of 3-bit input and single-bit decision for branch.

PCopto 3 | Input/ Input/output commeon port Cg to C3 {Normal voltage).
output | Capable of 4-bit input and single-bit decision for branch during input.
Capable of 4-bit output and single-bit set/reset during output.

PDpto 3 | Input/ | Input/output common port Dg to D3 (Normal voltage).
output | Capable of 4-bit input and single-bit decision for branch during input.
Capable of 4-bit output and single-bit set/reset during output.

PEp to 3 |Output| Output port Eg to E3 {with high-voltage segment driver),

Capable of 4-bit output and single-bit set/reset.

Capable of 4-bit input of output latch contents and single-bit decision of output latch
for branch.

Use/nonuse of pull-down resistor bitwise selectable by option.

PFQ 103 |Output | Output port Fg to F3 (with high-voltage segment driver}.

Capable of 4-bit output and single-bit set/reset.

Capable of 4-bit input of output latch contents and single-bit decision of output latch for
branch.

Use/nonuse of pull-down resistor bitwise selectable by option.

PGQ 1o 3 |Output | Output port Gg to G3 (with high-voltage digit driver).

Capable of 4-bit output and single-bit set/reset.

Capable of 4-bit input of output latch contents and single-bit decision of output latch for
branch.

Use/nonuse of pull-down resistor bitwise selectable by option.

PHp to 3 |Output | Output port Hp to H3 {with high-voltage digit driver).

Capable of 4-bit output and single-bit set/reset.

Capable of 4-bit input of output latch contents and single-bit decision of output latch for
branch. : :

Use/nonuse of pull-down resistor bitwise selectable by option.

Plg, 1 Qutput| Output port Ig, 11 {with high-voltage digit driver}.
‘ Capable of 2-bit output and single-bit set/reset.
Capable of 2-bit input of output latch contents and single-bit decision of output latch for
branch.
Use/nonuse of pull-down resistor bitwise selectable by option.

0sC1 Input Pin for supplying external clock.
If the internal clock mode is used, C, R or a ceramic resonator is connected to this pin and
pin OSC2. ‘

0sCc2 Output| Pin for externally connecting a resonance circuit for the internal clock mode.

VDD Input Power supply pin.
Normally connected to +5V.

Vgs - Connected to OV power supply.

Vp Input Power supply for high-voltage port pull-down resistor.

TEST Input LS| test pin.

Normally connected to Vgg (0V).

No. 1802-3116



LC6514B

System Block Diagram

RAM:

WR:
AC:

ALU:

DP:

CTL:
0SsC:
T™:

STS:

PAQ~3

PBO~2

PCO~3

PDO~3

PEO~-3

PFO~3

PGO~3

PHO~3

Pl 0~1

=

i

=

AT

Data memory
Flag
Working register
Accumulator
Arithmetic and logic unit
Data pointer
E register
Control register
Oscillator
Timer

Status register

HOLD INT

ROM:
PC:

INT:

IR:
I.DEC:
CF, CSF:

ZF, Z5F:

EXTF:
TMF:

port
A
(25534) r—,f) > (40958} ROM
| R
3
3
: : 2
0
STACK
= 2y
system bus
I I EXTF
] — //
Ky E AC 578
KZ:) . CSF 257
HALT system clock
i i
I_sland by I o SYSTEm thSC'I
0 conteol asc 0562

Program memory
Program counter -
Interrupt control
Instruction register
Instruction decoder
Carry flag

Carry save flag
Zero flag

Zero save flag

External interrupt request flag
Internal interrupt request flag
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LCB514B

Absolute Maximum Ratings at Ta=25"C, Vgg=0V {VDD=5V+20% unless otherwise specified)

Maximum Supply Voltage
Input Voltage

Output Vohage

Peak Output Current

Allowable Power
Dissipation

Operating Temperature
Storage Temperature

Recommended Operating Conditions at Ta=—30 to +70°C, Vgg=0V (Vpp=4.0 to 6.0V unless otherwise specified)

Operating Supply Voltage
Power-down Supply Voltage
'H”-Level input Voltage

“L"-Level Input Voltage

Operating Clock Frequency
“H"-Level Clock Pulse
Width

*L"-Level Clock Puise
Width

Clock Input Rise

Time

Clock Input Fall

Time

External Capacitance for CR

VDD max
VIN (1)
VIN (2)
VouT (1
VouT (2;
o1
o2y

o (3
o4y

Pd max /15
Pd max 72
Topr
Tstg

VDD
VDD{MR)
Vi 1

ViH 2»

VIH 32
Vie 1

ViL 2)
Vi 3
ViIL 4
fexrosc
twpH
twél
toscR

. toscF

OSCCext

External Resistance for CR OSC Rext

External Circuit Constants
for Ceramic OSC
Standby Timing

Allowable Detay in
Key Scan Circuit

R1, R2
C1, C?
TvODR
tyoDF
toL
 toe

Inputs other than Vp

Vp

QOutputs other than ports E, F, G, H, |
Ports E, F, G, H, |

Each pin of ports C, D

Each pin of ports E, F

Each pin of ports G, H, |

All pins of ports Cto |

DIP package, Ta=—30 to +70°C

Flat package, Ta=—30 to +70°C

HOLD=V{_(4), HOLD mode

Ports A to D, port A: “normal threshold
input”

Vpp=4.5 10 5.5V, port A: "low threshold
input””

INT, RES, HOLD, OSC1 pins

Ports A to D, port A: “normal threshold
input”

Vpp=4.5 to 5.5V, port A: “low threshold
input”

INT, RES, OSC1 pins

Vpp=1.8 to 6.0V, HOLD, TEST pins

At external clock input, See Fig. 1.

o

A

&>

>

See Fig. B

See Fig. 3

See Fig. 6, Vpp=1.8 to 6.0V

z o

See Figs. 9, 10.

P

—0.3~+7.0
—0.3~Voo+0.3
VDD—45~VoD+0.3
—0.3~Voo+0.3
VoD—45~Vob-+0.3

—2

0~+2.0
~10~10
—15~10

—90~+18

660
400

—30~+70
—55~+125

Note 1: For pin OSC1, up to oscillation amplitude generated when internally oscillated under the recommended
oscillation conditions in Fig. 3 is allowable.

min

4.0
1.8
0.7vVoD

1.9

0.8voD
VsS

Vss
Vss
Vss
222
0.3

0.3

typ  max
5.0 6.0
6.0
VDD

VDD

VDD
0.3VoD

0.5

0.2vVoo

0.2VoD
1290

0.2

0.2

220+ 5%
6.8+ 1%

{N-3)-Tc
{N-3)-Tc

unit
vV
v (Note 1)
v
vV
Y
mA
mA
mA
mA
mi
mw
T
T

unit
vV
vV
vV

KHz

HS

1S

S

us

©nS
F2353
M5
uS

Ne, 1802-5/16



LCB514B

""""""""""" Vs
_______ - H {3
R B W 0SG1 0562
/ Rext
A = B 8 L—‘*—J
twar twWeH ; Coxt
Fig. 2 Recommended Oscillator for CR OSC
loscF toscR ,
Fig. 1 OSCt Pin Input Waveform g?g;grency CE cicory | cacpFy | RICKS ) szknj
400k CSB400P (Murata) a4 470 1000 1.5
osci 0sC2 KBR40OB (Kyocera) 470 470 1000 1.5
R2 CF: Ceramic resonator | - - - CSB800K (Murata) 220 220 1000 1.0
R
800kHz 220 22 1 10
‘ CSB400P {Murata) KBREOOH(Kyocera) 0 0-00 -
E_._m KBR400OB (Kyocera) ’ 150 180 1000 1.5
ST OF 02T Lansoon (Kyesew | 10006z |CSB1000K Murata) | 100 0| 1000 | 15
CSB1000K {Murata) C1,C2: Tolerance 10%

Fig. 3 Recommended Oscillator for Ceramic OSC R1, R2: Tolerance +b%

Electrical Characteristics/Ta=—30 to +70°C, Vpp=5V +20%, Vgg=0V min  typ max  unit
*H"-Levet Input Current liH All input pins except Vp, VIN=VDD 1 1A
“L"-Level Input Current I All input pins except Vp, VIN=Vss -1 A
“H"-Level Output Voltage .  Vowin Ports C, D: Igp=—1mA Voo—2.0 v

VOH(?) Parts C, D: toH=—100uA Voo—0.5 v

VOH(3) Ports E, F: |oH=—2mA Voo—1.0 %

VOH{4) Ports E, F: lopH=—1mA, VDoo—0.5 \;
all ports IgH=—1mA )

VOH(5) Ports G, H, I: Ipg=—10mA Voo—1.8 i

VOH!6) Ports G, H, I: IgH=—2mA Voo—1.0 v

VOH(T) Ports G, H, I: lgH=—1mA, Voo—0.5 ' V
alt ports IgH=—1mA

“L"-Level Qutput Voltage VoL Ports C, D: g =1mA 0.4 v

VoL(2) Ports E, F, G, H, I: Vp=—35V, output Tr OFF, -33 v
output open, with pull-down resistor

“L"-Level Qutput Current loL Ports E, F, G, H, I: Vp=—35V, 0.190 0.362 0.760 mA
(Output Pull-down resistor) (Rpp! } VoL=3V, Vpp=5V, {200) (105) (50) (k)

with pull-down resistor )
Output OFF Leak Current loFFa Ports-C.; D: Vldur-i-;VrDD 1.0 uA
loFF(2) Ports C, D: VouT=Vss —1.0 A
lOFF(3) Port E to I: VoyuT=VDD, OD output 30 i
loFF4) Port E to 1: VouT=VpDD—40V, OD output —3C uA
Clock OSC Frequency fcrosco Recommended conditions for ceramic OSC, 384 400 416 KkHz
for Ceramic OSC at OSC circuit in Fig. 3 (Note 1)
fCFOSC(2) o 768 800 832 khe
fCcFOsC(D) " 860 1000 1040 &Mz
Clock OSC Frequency fcrose Cext=220pF, Rext=6.8kS, 500 80D 1220 ke
for CR OSC at O8C circuit in Fig. 2
Current Dissipation IDo(1) At CR OSC, Cext=220pF, Rext=6.8k(2, 1.0 2.0 mA
output pin open, input pin, V|N=VDD
IDDC?) At ceramic OSC (800kHz), output pin open, 1.0 2.0 mA
input pin, VIN=VDD
IDD(3) HALT mode, Vpp=4.0 to 6.0V, 0 «A
at test circuit in Fig. 4
IDD(4) HOLD mode, Vpp=1.8 to 6.0 V, 10 wA
~ attestcircuitin Fig. 5
(Note 1) fcFosc: Oscillatable frequency Continued on next page.

No, 1802-6/16



LC6514B

Continued from preceding page.
'_'I'ﬁ_;;ht_Capéciténce . o
‘Output Capacitance Cour
Input/Output Capacitance olls)

Rext

:

0sC2  0s¢i

PAn PEs

P A PE:

PA; PEz

Pay PEs
PFo
PF

PBo PF2

PB1 FFa

PB2 Péo

PCo PG

PC1 PG2

PC2 PGa

PC3y

PDo

POy

FDz

FDa

INT

PHa
PH:
PHz
PHj
Plo
Pl:

TTTTTTTITETTTITT

p—m— HOLD Vo

I

Fig. 4 Ipp(3) Test Circuit

f=1MHz
f=1MHz, output: high impedance

"

Rext

mi

Cexl
[ [ H
0sCz  0SC1
} ¢ — Pac PEs |—
-— PA PEI —
—{ Paz PE; |—
— PA3 PEy —
P f—
P
—{ PBo PF; |—
o . Open — P PFy—
9 n 4 — PR PGo —
pe — PCo PG: —
— FC, PGz —
— PC2 PGy [
—1 Pt PHoT—
—1 PDo PHI[—
—FD: PH2 [—
— FD: PHy [—
\ P Plo—
T Py -
— RES Vo —
rJ; HOLD
TEST
Input/output common port Vor  Vss
C, D: Output inhibit ' 1
The HALT instruction oo nr
is executed to cause the
Voo

HALT mode to be entered.

HALT WODF Standb
instruction tandby
~\‘ power-down
-:X_A__ mode

tvGDA

Fig. 6 Standby Mode Timing

{Note)

n. 'typ max unit

5 pF
10 pF
10 pF
Gext
+ Open

Fig.5 IDD(4) Test Circuit

During the HALT instruction

execution cycle, no chattering
must be applied to the HOLD
pin and PAQ 1o 3 pins.

No. 1802-7/186



LC6514B

H 5Y

ViH(3) 1 {0.8VDD=4.0V at Vop=5.0V)

T Vi) ¢ (0.2V00=0.8Y at Yop=4.0)

—=t=— tosc
— VDD
VDD ZR
RES [ TVoo : Power supply rise time constant
LC6514B ‘;‘ c TRES : RES pin rise time constant
Ves Fix C, R so that rVpp= TRES, tosc =z 10msec is
yielded. {togc: OSC stabitized time)

Fig. 7 Initial Reset Timing

CR OSC characteristic of LC6514B
Fig. 8 shows the CR OSC characteristic of the LC6614B. For the variation range of CR OSC frequency of the

LC6514B, the following is guaranteed at external constants of Cext=220pF, Rext=6.8kohm only. The outgoing
inspection is performed under this condition only,

Ta=—30CT~+70C

B00kHz = fcrOSC = 1220kHz ( ° e )
Vop=4 ~8 VvV 7

If any other constants than specified above are used,the range of Rext=bk to 60kohm, Cext=100p to 300pF must be

observed. (See Fig. 8.)

Fig. 8 fcndsc_— Rext

s 1
2 \\ Voo=5V _|
N Ta=25¢C o
o .
n \\\ \\ Note 1. The OSC frequency at Vpp=5V, Ta=25°C
2 1000 =i S must be 800kHz or less.
& 7 N Note 2. The OSC frequency at Vpp=4 to 6V, Ta=
> 5 \\ N cg,h —30 to +70°C must be within the operation
§ ‘\ *00 clock frequency range {222kHz to 1290
g ] kHz).
'"_'3 This characteristic curve AN
7] is given for reference
- O only without guarantee.
100 N

2 3 5 7 10 2 3 5 7 100
External Resistance, Rext—kQ

No, 1802-8/16



LC6514B

Proper cares in using the IC

[Digit drive signal-used key scan]

When key-scanning with the FLT digit drive signal in Fig. 9 and inputting the return signal to port A, the following

must be observed.

{a) Estimate voltage drop {(VQN} in the output transistor using the current flowing in an FLT used and the V-l
characteristic of the output port of the LC6514B.

{b) Estimate voltage drop {Vsw) in the switch circuit.

{c) Check to see that (VQN + VSw) meets the ViH/V|L requirement of the input port.

VDD

\
Current
P VoN| putput port
s b —
s FLT or other

? display device

Vp Input  Vsw-
port A 4
4 T el Switch clrcuit

b YT
~ VY

\\ DL, tDH (delay in external circuit) occur on this path.

Fig. 9 Sample Key Scan Application

For the key scan application in Fig. 9, make the program considering the delay in the external circuit and the input
delay shown below.

N Te N |
InstructiondD\LDZ o X (NoPy Y (NoPy X 1P -xl SCSD’L.DZ OX(NOP)X(NOP))L e
1 N
| . . ‘r Any other instruction may be used. Any other instruction may be used,
npu I
w:.'ef::'rr\ This instruction This instruction must be used.
must be used, VIH(I) or VIH(2)
ViLQy or VIL(2) ]
ovy —- ._1¥ - i o
., o
\\ 7
\ I
~ 4
~ 7
. Output waveform N
VDp—40V - .- e -
oL tOH
@ ® © @

N: Number of instruction cycles existing between instruction (OP, SPB, RPB) used to output
data to output port and instruction (IP, BP, BNP} used to input data from input port.
{Number of instruction cycles to be programmed according to the length of tp|, tpH)

iDL, tpH: Delay in external circuit from output port to input port .

When the IP instruction is used to input the return signal as shown in Fig. 10, the input delay must be considered and
three instructions are placed between the IP instruction and the crossing of input port waveform and ViL{1) or VIL(2).
VIH{1) or VIH(2) respectively.

Some instructions must be placed. additicnally according to the length of delay (tpp, tpH) in the external circuit
after the digit drive signal is delivered with the execution of the OP instruction (@ and ©)).

No, 1802-9/16
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<Notes for Standby Function Application>

[Proper cares in using standby function]

The LCB514B provides the standby function called HALT, HOLD mode to minimize the current dissipation when
the program is in the wait state. The standby function is controlled by the HALT instruction, the HOLD pin, RES pin.
A peripheral circuit and program must be so designed as to provide precise control of the standby function. In most
applications where the standby function is performed, voltage requlation, instantaneous break of power, and external
noise are not negligible. When designing an application circuit and program, whether or not to take some measures
must be considered according to the extent to which these factors are allowed.

This section mainly describes power failure backup for which the standby function is mostly used. A sample
application circuit where the standby function is performed precisety is shown below and notes for circuit design
and program design are also given below, When using the standby function, the application circuit shown below must
be used and the notes must be also fully observed. I any other method than shown in this section is applied, it is
necessary to fully check the environmental conditions such as power failure and the actual operation of an application
equipment.

[Sample application and notes]

When using the HOLD mode, an application circuit and program must be designed with the following in mind.
{1} The supply voltage at the standby state must not be less than specified.

{2) Input timing of each control signal {HOLD, RES, port A, INT, etc.} at the standby initiate/release state.
{3} Release operation must not be overlapped at the time of execution of the HALT instruction.

A sample application where the standby function is used for power failure backup is shown below as a concrete method
to observe these notes. A sample application circuit, its operation, and notes for program design are given below.

1. Sample application where the standby function is used for power failure backup
Power failure backup is an application where power failure of the main power source is detected by the HOLD pin,
etc. to cause the HOLD mode to be entered so that the current dissipation is minimized and a backup capacitor
is used to retain the contents of the internal registers even during power failure.

1-1. Sample application circuit (CF OSC)
Fig. 11 shows a CF OSC-applied circit where the standby function is used for power failure backup.

Unit (resistance: (), capacitance: F)

REG | —Pt
100V I D1 RI 80
AC
Power Voo
supply I
RES
~ LC65 1 4B
0SC2
R2
220K
D2 05C1
AOLD
Vss

Fig. 11 Sample Application Circuit

No. 1802-10/16



LC6514B

1-2. Operating waveform

The operating waveform in the sample application circuit in Fig. 11 is shown below. The mode is roughly divided

as follows:

(D Initial application of power
@ Instantaneous break

@ Return from backup mode

Vi
mrrs-cs=srm==mn o - ss=—ti=zi: HOLD
oyt 1 —
e ‘\. ,"_f \
3V
\ Voo
X

HALT instruction :
Normal mode ¥/p~{_Reset { Normsl mode

{ Reset YILNormal mode X Reset

-l

@ Initial application @ Imstantaneous Instantaneous
of power break-(2] break-{3)
v+
==y T —— - mem---e—ffe=c=== =2 HOLD
Voo
RES

_’-T,"

\‘\_ 8 g
1 H |
| !
! Reset Nermal mode

(3@ Return from backup voltage

ok
¥

HALT instruction

HOLD mode

1-3. Operation of sample application circuit
(D At the time of initial application of power
A reset occurs and the execution of the program starts at address 000H of the program counter {PC).
(@ At the time of instantaneous break
{1) At the time of very short instantaneous break
The execution of the program continues.
{2} At the time of instantaneous break being a little longer than {1)
(When the RES input voltage meats VL and HOLD input voltage does not meet V)

A reset occurs during the execution of the program and the execution of the program starts at address 000H

of the program counter (PC).

Since the HOLD request signal is not applied to the HOLD pin, the HOLD mode is not entered.
{3} At the time of long instantaneous break {When both of the RES input voltage and HOLD input

ViL)

The HOLD request signal is applied to the HOLD pin and the HOLD mode is entered.

voltage meet

When V+ rises after instantaneous break, a reset occurs to release the HOLD mode and the execution of the

program starts at address 000H of the program counter {PC).
@ At the time of return from backup voltage
A reset occurs and the execution of the program starts at address 000H of the program counter {PC).

No. 1802-11/16
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. Notes for circuit design

How to fix C3, R6, C2, R2

Fix closed loop (B) discharge time constants C3, R6 and HOLD pin charge time constants C2, R2 so that closed
loop @ fully discharges before the HOLD input voltage gets lower than V|| at the time of instantaneous break
and the RES input voltage is sure to get lower than V|| (a reset occurs) when V+ rises after instantaneous break
where the HOLD input voltage gets lower than VL.

How to fix C3, R7

Fix RES pin charge time constants C3, R7 so that when power is applied initially or the HOLD mode is released
the CF OSC oscillates normally and the RES input voltage exceeds V| and the program starts running.

How to fix R4, RB

Fix Tr bias constants R4, R5 so that when V+ rises after instantaneous break the RES input voltage gets lower
than VL {brought to “'L" level} before the HOLD input voltage exceeds V|H (brought to "“H” level).

How to fix C2, R3

Fix HOLD pin charge time constants C2, R3 so that when the HOLD mode is released from the backup mode
the HOLD input voltage does not exceed V4 {not brought to “’H" level) until the RES input voltage gets lower
than VL (brought to “L'" level).

Fix C3, R7 and C2, R3 so0 that the time interval from the moment the HOLD input voltage exceeds Vi until the
RES input voltage exceeds V| is longer than the CF OSC stabilizing time.

When the load is heavy or the polling interval is long

Since C1 discharges largely, increase the capacity of C1 or separate detection from V+ and use a power supply
or signal that rises faster than V+.

. Notes for software design

When the HOLD request signal is detected, the HALT instruction is executed immediately. A concrete example
is shown below.

(@ An interrupt is inhibited before polling the HOLD request pin (HOLD pin).

@ Polling of the HOLD pin and the HALT instruction are programmed consecutively.

[Concrete example]

RdTL 3 :EXTEN, TMEN =0 (External, timer interrupt inhibit}

BPO AAA ; Polling of the HOLD pin {If *H" level, a branch occurs to AAA.)

HALT ; The HOLD mode is entered.
AAA; i
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Application development tools
Evaluation chip (LCB597}, simulation chip {LCB85PG97) and the dedicated equipment called “application development
tools” are available to facilitate application development of the LC6514B.

SDS-410 systemn

This is a combination of floppy disk-provided CPU, CRT, and printer. This system enables application development
programs of microcomputers to be prepared (edited, assembled) very speedily and efficiently in assembly language.
By connecting the EVA-410 to the CPU, programs can be debugged and assembled data can be written into the
EPROM (using EPROM WRITER function contained in the EVA-410}.

EVA-410

This is an evaluation kit having EPROM WRITER function, function of parallel/serial data communication with
external equipment (SDS-410, etc.). This kit enables application development programs to be corrected or debugged
on the machine language level.

EVA-TB3B

This is a board which is connected with the EVA-410 to develop programs dedicated to the LC6514B.

EVA-97-14B

Simulation chip {(LCG5PG97) is identical with the LC6510C in the I/O port breakdown voltage and pin assignment.
Since the LC65148 has high-voltage output ports and differs partially in the pin assignment, conversion board
“EVA-97-14B’" with high-voltage drivers is used to evaluate the LC6514B.

{(Note) The threshold level of input port A of the LC6514B can be selected to be normal/low level by option.

However, since port A of the EVA-TB3B, EVA-97-14B is of normal threshold input type, they cannot be used
to evaluate the low threshold input version of the LC6514B,

LT .

\ B 1]
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APPENDIX

LC6510 Series Instruction Set (by Function)

Symbols Meaning M: Memory ()1 1: Contents
AC: Aceumulator MIDP}:  Memory addressed by DP ik Transfer and direction
ACt: Accumulator bit t P(DPL): Input/output port addressed by DPL +: Addmon'
CF: Carry flag PC: Program counter = Subtraction
CTL: Control register STACK: Stack register A AND
DP: Data pointer ™: Timer Vi oR
E: E register TMF; Timer (intermal) interrupt request flag ¥ Exclusive OR
EXTF: External interrupt request flag  At, Ha, La: Working register
Fn: Flag bit n ZF: Zerp flag
c .
] Instruction code Status
E Mnemonic g_ g Function Description flag Remarks
£ D:DgDsD4 (D300 00| 2 |0 aftecred
P CLA Ciear AC 1100000011 |1|AaC~0 The AC contents are cleared. ZF * |
£leLe Clear CF 11100001 |1|1|creo The CF is reset, CF
>
B|STC Set CF T1 110001 (1|1 |CF e The CF is set. CF
s[cMa [compemen AC 1 11 01 0 1 1 1 [ |AC AT T B s e e o | 7
g INC increment AC COO0O0O[1 110 {%|1|AC —(AC)+ The AC ¢ontants are incremented +1. ZF CF
HED Decrement AC 00001 1111 ]|ac=ac— The AC contents are decremented ~1. 2F CF
-] Rotate AC lett ACo={CF) . AChw1> The AGC contents are shifted lett through
s RAL through CF CO00O0l0O0O0O 1|11 (ACH, CF (4G o) the CF. IF CF
E
§ TAE Transfer AC 10 E ODO0OQO|0 QY 1 [Y]1]|E~(AC) The AC contents are transferred 10 the E.
oG XAE Exchange AC with E |0 O O O (1 1 0 1 [t J1 |[{ACISIES ;I'g;‘:n(;ea?mams and the E contents are
5 ITNM Increment M 001 Q01 1 1 0|t |1 |[MDP—(MDPI)+1 | TheMIDPI contents are incremented +1. IF (F
g DEM Decrement M 00 1T O ([1 1 1 1|1 |1 |MDP~{MDP))—1 | Tha MICPI contents are decremented —1. 2F CF
5. & single bit of the M(DP| specified b
ES|SMEIL |Sel M data bit 000 0|1 08,Bg|t |1 [MDP BiBgr =1 A &ingle. bit of the specified by
=
85 - - .
55 AMB b1 [Reset M data bit [0 0 1 0|1 0B Bo|t |1 [MIDP BiBgI—0 | 54 50 ot the MIOP) specities by |,
The AC contents and the M{OP) contents
AD Add M 1o AC 011000001 |1 [AC—IACIH [MDP)) prerl\:irxéy-addad and the result is placed | 2F CF
in the '
AC AL +{MDP1] | rpe ac, cF M(I';)Pl contents are binary-
ADC Add M 1o ACwinCF (0 C 1 G000 0 |11 +(CF nddeed and the result Is placed in the AC.V ZF CF
{CF)
Daa P:C'af;‘:““:‘:‘l ust AC 1171001 101 |1 [AC—=AL+6 6 is added 1o the AC contents. ZF
I
DAS ‘C:‘Ec:;run;maccﬂ:? AC T 11 efr ot o AC —ati+10 10 is 33dad 10 the AC contants. F
H
The AC t d the M{DP}
‘§ EXL Exclusive or M 10 AC(Y 1 1 1 |0 1 0 1 |1 |1 |AC—(ACIY (MIDP)) greaﬁx?‘in‘écs?vr;-ed‘ésai?gnél;eresu\ifsogl:aec?; ZF
2 in the AC.
¥ | The AC contents and the M{DP) contents
e | AND And M 10 AC T 1100 1 11 1|1 [AC Al A (M(DP}) nArE ANDed and the result is placed in the | ZF
£ .
& The AC cantents and the M{DP} contents
E|CR Cr M 1o AC T 110 (C 1 01 (1] [AC—(aC)IY [MDP)) %rg ORed and the result is placed in the | 2F
B N
E The AC contents and 1ha M{DP) content
£ [o1.%] Compare AC with M1 1 1 1 |1 0 1 1 |1 [1 ] (MDP I+ iaC+1 o com;afre‘de:n‘da;‘haCF MIDE) contents | ZF CF
reser.
g Comparison result CF ZF
MiOPY) >>tac) | O 0
(MO ] =taC) | 1 1
(M(OP) ) <tACH 1 0
Cl dala |Compare AC with COY 01 1 002230311+ 1AC+1 The AC contents snd immediate data | ZF CF
immediate data C 100 glallg 3121110 are compared and the 2F and CF
t1a0
Comparison result CF ZF
Iql 0 lg>ACH] O 0
150311 1o =(ACI | 1 1
130z 11 g (ACI| 1 0
Compare OPL with [0 O 1 O |1 1 0 0 |22 HDPIWIyial ] The DPL contents and immediate cata
CLI data) o rediate data D101 [igtzlalg Lyt icle 13120110 276 compared. zF
L1 data :-ra?-:egi(a:n;”:ahxa 1100 |tstataip|r |1 [ac=13151110 Ln('l:r.maiate data 13021110 is loaded in the 2F *1
S Store AC 10 M ooooflootef| M{DP} +~{AC) The AC contants are stored in the M(DP),
L Load AC trom M OC1O0[00O0Q 1 |1 |1 [AC[MoDP) The MIDP| contents are loaded in the AC. ZF
S o I R e B O e e g oh el
§ then modiy DPw DPy +—{DPut ¥ are modified with the contents of (DPRH) ZF fo [hH!l’:feCs!uMHZD
B with immediate data OM ;M Mg WOM2M 1M, X
2 -
HE Exchange AC wih M |1 © 1 0|0 0 0 0 |1 |2 |(ACI % (M(DP) ) The AC santents and the MIDP) contents ;Tgs"lﬁ,:;‘;.%'ﬁ‘,{:&a‘ig
o ZF contens a1 the
5 time of instruc.
8 1ion gxecution.
3 [ xi Exchange AC with MJ1 1 1 1 [1 171 o [t |2 |1AC) = (mDP)] The AC contents and the MIDP! contanis Tonetaead
8 then ingrement DP DPL —(DP ) +1 P ojren the DPy contente * 18:51‘_‘!’1’1‘"5
The AC he M{DP ;
xo Exchangs AC with M.[1 1 1 111 1 1 1 |1 (2 [(AC) S (M(DP) ) ara exch:?\;::lr.“s.ggnf leh! (D[')F'L) 53::5:3 ZF Jar;:l%io‘;r?#\,
then decrement DPL DPL —=(DP_) =1 are decremented —1. igfl?_u—wﬂm oﬂ
ATBL Read table data from{Q 1 1 0 [0 0 1 1 |1 |2 [AC.E—ROM L?‘zsgo?;w_ggéﬂghgaddressedlbyu‘l’hnPE
program ROM {PCh.E. AC) the E and AC Tontents ara loaded in U
an .
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.5 Instruction code ¢ X Starus
H Mnamanic E v Function Description flag Remerks
E D;Da D5 Dy |020; 01 Do 2w atlected
2| LDZ data|Load DPH with Zerpand|1 0 O O [tat2hhvig |1 |1 |DPhr =0 The DPH ang DPL are lcaded with 0 angd
2 DPL with immediate DPL==13l2111g immediate data 13121 110 respectively,
3 data respectively
E LHI data|Lead DPH with G100 hstzlrle |1 |1 |DPu=1lalziilg The DPH is ioaded with immediate cata
2 immediale data ialahio.
3
_a IND Increment DFL 11101 1 10 |1 |1 |DP.+(DPY+1 The DPL contents are incremanted +1, ZF
&
g | DED Decrement DPy T 11 o1 v 1 || DPL={DPy—1 The DP contents are decremanted —1. ZF
E TAL Transter AC 1o DP, T i1 1oy {orL—Aal E'ﬁ_.Ac contents are translerred 10 the
§ TLA Transfer DPLto AC |7 1 1 G |1 O O 1 |3 [1 |AC—(DPL) er DPL contents are trensferred to the | zp
8| xam Exchange ACwirDP4 |0 0 1 0 [0 0 1 1 |1 |1 }{AC)=(DPu) e Sontants and the DPy cantents
HELY Exchange AC wih thoto The AC contents and the contents of
2 ooy T ki ter AD, A1, A2, or A3
g| XAO working register Al 111 0fC 0:0 0 |11 |(AC) S(AD) specitisd br\?t‘?tgaroexchangad
<5l XAl 11 10[01:00 1|1 [(ACI=(AY)
I;-E xXA2 111 0810500 (1]t [(AQ) Z1AZ)
3 XA 111 0R! WJ!O O [1 |1 [{AC =i A3)
5 |xHa Exchange DPH with a The DPH_contents and the contents of
y | XHO  |working regsrer 2 [1 0 1 1 (1I6%0 0 |1 [t |(OPH =(HO) areenehangager HO or H1 spacitied by &
% XH1 111 13150 0 |1 [+ | (DPH SiHY)
'é XLa Exchange DPL with The DPL contents and the contents of
= XLO working regisier La 1111 11 [{DPLHEILO) mr:;c ,}Z‘L’E‘,‘*’ LO or L1 specitied oy 4
2| xu 1111 1|1 [(DPv) &L
= SFB tlag| Set liag bt 01 0 1 |83B2Bi1Bal1 |1 | Fa=1 A flag specified by B3IB2B1BQ is set.
=]
T
é AFB tlag|Reset flag bt 000 1 |81B28180]1 |1 [Fn =0 A flag specitied by B3B281B0 isreser. ZF l.'l‘.’d'éé".’n??a
£ groups ot FO
€ 1] Fé' Fdto
g2 F?,FBtoF11
K] F1210F15,
Z The ZF is set/
£ tortne d bits
including s
g fudi
g 'wggle bil specw-
i
w med»ale dala
B3B2B81B0.
M 1 - BEn A ad itied by thi H me ANYK
JMP addr [ Jump i the curent (001 10 |1 PuPgPg|2 |2 | PC—PCy( OF FEni) | A iump (.20 2odiess soecitiod by g WV
bank P:PsP5P4|P3P2P Po PigPe Pa P2 P&P3| 10 Pp oceurs. g'x'é‘c"‘j'tgg”"a
PaP3P2P1Po secutively,
11 —PC11,
JPEA Jump n the currenm |1 1 1 1 |1 01 0|V |1 ]|PCr~0 +i({E AC} A jump t0 an address specified by the
centents of the PC whose low-order‘ bits
. page moditied by E are replaced with the E and AC contents
5 and AC oecurs,
3 CZ2P addr | Cali subrouttne nthe [1 O 1 1 |P3P2P1Pp|t |1 | STACK «—({PC)+1 A subroutine in page O of bank O is called.
H zer0 page PC 11~ . PC1 ~p 0
2 PC5~2+P3P2PI Po
E Cal addr | Call subroutine inthe |1 0 1 O |1 PioPgPe |2 |2 | STACK=={PCI+2 A subrouting in bank O is called,
's zero bank PrPsPsPa|PaP2P1Po PCii- == QPi1gPgPaP7
E P8PsPaPaP2P1Po
3 RT Return trom subfoutre [O 1 1 O |0 O 1 © |1 |1 |PC+~(STACK) A return from a subrouting occurs,
RTI Return [rom interrupl COoO1O|(0O0 1T O |y} |PE—{STACK) A return from an interrupt servicing | ZF CF
routine CF ZF —CSF.ISF rautag aeeurs.
BANK [ Change bank Tt [t o1 1]|rea=iFC The bank is changed. B oaiintery bators e
JMP instruction,
BAt addr | Branch on AC bit 0111100 trtg|2|2]|PCr~oe P7PgPsaPa| If asingle bit of the .O:C spemhecl by im- féﬂgaﬂ;\grgzg
P1PgPsPa|P3IP2P1 PO P3paPiPg | i e i e e 0 aceording to
W ACI=1 to PO within the Surrent page occurs. the value of t,
BNAt addr Branch on no AC bt |O 0 1 1 |0 Ot tg|2 |2 |PCr~o~=PrPePsPa | (f adsmg\gamz of tha Aé: specitied by im. M;‘li'go‘;ic is
ta t branch
P?PgPsPa|P3P2P1Po PaPzPiIPg :}réedr’:;sesneclahedll ‘gy 'nsrnme?:imr:%;u rpo7 13 BNAZ uhccorc‘l-
" ACI=0 PQ within the current page occurs. g‘fﬁtlo the value
BM1 addr [ Branch on M bit 01 1 1[0 Y1 tg|2(|2]PCr~0+—PrPgPsPa ;l aes:,ngle 3: of the M:DPl;pecled by msn:gna‘-hi%
. mmediate data 11t
P:PsPsPa|PaP2P1 P PaP2P1Po addres.f:aspecuhzd bycmlrzmeda\ateaé‘:la ;'c'.,v 22 according 10
W (MDP. 11t )= PO within the Current page 0oCurs. the value of t.
g
,g BNML addr| Braneh on no M by G011 10 114162 |2 |PCr~0~—P2PsP5Pa :l ] séqule IUJil ol the_M([]DPl;pecirf‘ied by ggfﬂrgu‘rgc is
\ mmediate data 111 . n
z P1PsPsPai PPy P Po PIPIP1PO | doress speciien by rrmediame dass 7 BNMJ accord-
£ F [(MIDP.E 3t o' J=0 | to PO within the current page oceurs. gu'g‘to the value
= :
2
g BPt addr | Branch on Porr bit D11t 1Y Otitg|2 |2 |PCr~0—P1PsPsPa It a single bit o port P{DPL) specitied by Mnemonic s
P?Ps Ps Ps|PaPap1P P3P2P1P immadiata data 1110 is 1, a branch to an BPQ to BRI
F1PeFs FalPabF2ak1Fo AP2F1F0 | address specified by immediate data P7 according 1o
W (P{DP titg) )=t | toPOwithinthe current page occurs. the valug of 1.
1 f PIDPLI ified b Mi ic i
BNPY a0 Sianch on a0 Part B |0 0 1 1 |1 O t1102 2| PC1no=PIPoPsPs | Y asog e s HRTL LIRSS o BT s
P Ps P5 Pa| Pa P2 P4 Pp P3P2P3 Po | address_ specified by immediata catn P7 according 1o
H(PIDPC 1t a)=0 to PO within the current page occurs, the value of 1.
BTM addr] Branch on Lirme ("I R T S | 2 12| PCr~0+—F7PsPsP If the TMF is 1, a branch to an address | YMF
fan o ! ' P1P6PsPa P3P g 0 0 P pspqu specified by immedate data P7 to PO
4|P3PzP1Po AF2F VPO | within the current page occurs. The TMF
it TMF=1 is reset,
then TMF =0
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eycle is consumed,

_5 Instruction code Status
b . g8 -
3 Mnemonic T2 Functlan Diescription flag Remarks
§ D7 Dg D5 Da |D3 D3 Dy Dg oo attected
BNTM aodr| Branch on no timer 00Y 111100 ]2(2([PCr~o—~PPsP5Pa | 1f tr_n'e_QIM: is 0, ledn_rancrchhl‘g uPn_’a?dr;st TMF
spaciti Yy immediate o
P1PsP5Pa |P3P2P1 Py r gJP? P1Po | Within the current page ocours. The TME
it TMF= s reset.
then TMF «~0
B addr Branch on interupt O1 1 v [y 1 01 |2|2|PCr~p~—PiPsPsPa | tr!?.ixEF i;m‘rr;w:dgzr‘aenc&:: ?,v;nfgrf’sé EXTF
1 1 i
PrPaP5Pa|P3P2zP1 PO P3P2P1Po \‘évaTEan the ‘c!urrenl page occurs. The
il EXTF =1 ATF isreser,
then EXTF =0
BNI agddr | Branch on no imterrupt [0 0 1 1 |1 v 01|22 |PCi-0~—PIPsPs5Pa If the EXTF is 0. a branch to an address | EXTF
fied b rmediate data P7 t
PyPgPsPa (PaP2P1Po PiP2P1Po éﬁ?ﬁjethe "L‘u:'r:nl r:saagae oacciurs UT?%
il EXTF=0 XTF is reser.
then EXTF <0
2 | BC addr | Branch an CF O1 v 1 (v 11122 |PCr~o—P7PsPsPa | 1t [h'eegF is 1, aedmanchdalo an addr%sa
b mmediate ta P7 to
'g P:PePsPalPaP2Pi Py - :‘JPZP'PO vichin 1he n‘:;rr'en(pageuccurs .
= L =
E BNC addr | Branch on no CF 00111111 |2(|2]|PCrp~—PrPgP5Pa 1t rh’e CF is O, a branch to an adurgs
ed b ediate data P7 to
§ FrPsPsPa|PIP2P1 Po o OPJ P2PiPo | JESH the g;rr'mpro;‘;aegccurs 0
- ' =
B2 addr | Branch on ZF 0Ot 1 1|11 10|22 |PCr~o~FrPsPsPa | y [h'e.dZFbis 1. angranchd;o an eddress
specili immediate ta 7 10
PrPePsPa PaP2 Py o " zF 1P3P2P1 Po wﬂth;nlme c{rrlenl page oceurs. °
i -
BNZ addr| Branch on ne ZF Q61 1)1 1 10 |2]12]|PCr~p—P7rPsPsPs |1t ""fe'edZFbis 0, aeg;anchu;o n’;u aadrssg
P1PePsPs|P3P2PI Py PIP2P1Po | Sithinthe cvur:;?‘Tm;“Eccu::. T
it 2F =0
g — It a flag bit of the 16 flags specified b Mnemonic is
BFn addr | Branch on flag bu 1101 Ingraning|2 12 |PCr~0=PrPsPsPs imrned‘nngleld.u\a n3n2n1nogis 1p III:«'.anr:K BFD 10 BF15
P1PsPsP4|PIP2P1 Py PaP2PyPo | 1o an address specified by immediate data secording 10
. WoOFn=1 P7 10 PO within the current page occurs, the value of n,
| 1 1 |nangnn e If 8 fiag bit ol the 16 flags specified Mnamanic is
BNFn adde| Branch on no flag o0 ananing(2 |2 |PCr~0=—P2PsP5Pa 'mmdlgte il nanzmnogu ¢ ;nnb; Bpmanic
bl |PrPsPyPaP3aP2zP1 P P3P2P1P0 | 15 an pddress specified by immediate data 15 according
it FA=0 P7 to PQ within the current page occurs. to the value of
NG Input port 10 AC 00001 10011 [aC—(PDPL) ‘T.,"?h?&':”“ of port PIDPLY areinputted | 7¢
(=
% oP Outout AC 1o port o1 10000 1|11 |,iDP—(aC g(hs AIC contents are outputted 10 Port
2
c — Mnamonic is
% [SPB b1 |Set port bl 00O0O0|C ! B1Bo|1 |2 |PIDPL B1Bo}=—1 ";',’I‘%‘?B.E* F?;:e?1aospec-r-ed one bit in ENFDIO'Q;\‘F
4 p L
z 15 according
] 10 the value of
= n,
>
H N e o When this in-
= [RPB bt [ Resel porl bil C 01 0|0 1BiBo|!]2]|P{DPL.B+BoI «—O Immeiate data B1@0-specitied one bit in | ZF
é port P IDPL is reset :‘:::‘_‘I;gg lehe
£ E register
contents are
destroyed.
SCTL bit| Sel control register OO0 1 C |1 100 |2]2[CTL=—CTL}V (mmediale dats B3B2B1BQ-specified bils
bllES} 1 0 0 0 BaB?BlBU 333751 Bo in the control register are set,
. | RCTL but| Reser control register |0 0 1 0 (1 1 0 O [2 (2 |CTL=—{CTL) A !mr;:ediale dlata B3D2B1B0-specified bits | ZF
g bit(S) 1001 |8B3BzB1BO BaBzBiBp | ' INeconurol registerare reset.
S
2
2| WTTM Wnte Limer T 11 1 (100 |11 |TM=—(E}. (AC) The E and AC contents are loaded in the | TMF
= timer, The TMF is reset.
o TMF +~0
SlHaLT Hal 1 Tt for o] PHan
The standby mode is entered,
NOP No operation 00 CO |0 00 0|1 ]| ]|No opegtion No operation is performed, but 1 machine

7 1f the LI instruction or CLA instruction is used consecutively In such a manner as LI,

L, LI,

.or CLA, CLA, CLA,

, the first LI instruction or CLA instruction only is

effective and the following L.| instructions or CLA instructions are changed to the NOP
instructions.

the like, the failure of which may directly or indirectly cause injury, death or property loss,

B No products described or contained herein are intended for use in surgical implants, life~support systems,
aerospace equipment, nuclear power control systems, vehicles, disaster/crime-prevention equipment and

B Anyone purchasing any products described or contained herein for an above-mentioned use shall:
@ Accept full responsibility and indemnify and defend SANYQ ELECTRIC CQ. LTD., its affiliates,
subsidiaries and distributors and all their officers and employses, 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 severaly,

third parties.

B Information (including circuit diagrams and circuit parameters) herain is for example only; it is not guarant-
eed for volume production. SANYQ 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 rlghts of
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