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ABSTRACT

This project is applied microcontroller for Thai culture conservation. The name is Krathong
Hitech for join in Loikrathong festival day. Project consist a part of external structure make from
zinc. The design look like general krathong that can carry the weights and float in water. Internal
structure has two microcontrollers in differencc controlling. The first used to control stepping motor
, show running letters from LED display. The second used to control motors driving the body,
exploding fireworks, motor build picture of lasers light and receive input signal from Infrared
sensors. And also it has manual mode for save krathong comeback to again by transmitter and
receiver wireless. Result of the experiment shows that the real performance in Loikrathong day. It
can be able to control from command programs. However, in this experiment occur some problem

but will be able to edit.
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PROGRAM CONTROL FOR CPU 1

L ok ok ok ok ok ok ok ok 3 ok sk ok sk ok ok ok ok ok ok sk ok ok ok ok ok ok ok ok ok ok ok ok sk ok ok ok ok ok ok ok ok ok ok sk K ok sk ok sk ok ok ok ok k sk ok ok skok sk ok ok Kok sk ok ok

MCS-51 INTERNAL REGISTERS

ook ook ok ok sk ok ok oK ok 3k 3k sk sk ok ok sk ok sk sk ok sk ok ok ok ok ok ok ok ok sk ok 3k ok ok ok ok ok sk ok ok sk ok sk sk ok sk ok ok ok ok sk ok ok sk Kok ok kokok ok k ok ok

B
ACC
PSW
SP.
[PC
PO

P1

P2
PLUSE
P3
SBUF
SCON
T™MOD
TCON
PCON
DPH
DPL
TLO
THO
T
THI

EQU 0F0H
EQU 0EOH
EQU 0DOH
EQU 81H
EQU 0B8H
EQU 80H
EQU 90H
EQU 0AOH
EQU 0A7H
EQU 0BOH
EQU 99H
EQU 98H
EQU 89H
EQU 88H
EQU 87H
EQU 83H
EQU 82H
EQU 8AH
EQU 8CH
EQU 8BH

EQU 8DH

; BREGISTER

; ACCUMULATOR

; PROGRAM STATUS WORD
; STACK POINTER

7 INTERRUPT PRIORITY

; PORT O

;PORT 1

RORT 2

; CLOCK MUSSIC

; PORT 3
; SEND BUFFER
; SERIAL CONTROL
; TIMER MODE
; TIMER CONTROL
; POWER CONTROL REGISTER
; DATA POINTER HIGH

; DATA POINTER LOW

; TIME LOWO

; TIME HIGHO

; TIME HIGH1

; TIME LOW1

<ok ok ok ok ok k3 ok ko ok % ok ok ok ok ok ok o ok 3k ok 3 ok ok sk ok ok sk kok ok 3k ok ok ok ok o oKk sk ok ok sk ok ok oK ok ok kK sk sk Kok sk Kok ko sk skok kR K

MCS-51 INTERNAL BIT ADDRESSES

Lk ok ok Kk ok % ok sk ok ok ok ok ok 3k ok ok ok ok 3k ok ok sk ok ok ok ok sk Kk ok 3 ok ok ok ok ok ok 3 ok ok ok ok ok 3k oK % 3k 3k ok ok 3k 3k 3k ok 3K ok K oK kKK sk Kk ok

CY
AC
FO

RSI

EQU 0D7H
EQU OD6H

EQU 0DSH

EQU 0D4H

; CARRY FLAG
; AUXILIARY-CARRY FLAG
; USER FLAG 0

; REGISTER SELECT MSB
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RSO EQU 0D3H - REGISTER SELECT LSB

SMO EQU 9FH - SERIAL MODE 0

SMI1 EQU 9EH - SERIAL MODE 1

SM2 EQU 9DH - SERIAL MODE 2

REN EQU 9CH . SERIAL RECEPTION ENABLE
TBS EQU 9BH - TRANSMITT BIT 8

RBS EQU 9AH - RECEIVE BIT 8

TI EQU 99H . TRANSMIT INTERRUPT FLAG
RI EQU 98H . RECEIVE INTERRUPT FLAG
TR1 EQU 8EH . TIMER 1 RUN CONTROL BIT
TFO EQU 8DH ' - TIMER 0 OVERFLOW FLAG
TRO EQU 8CH - TIMER 0 RUN CONTROL BIT
ITO EQU 88H

IT1 EQU 8AH

PTO EQU 0B9H

IE EQU 0A8H - INTERRUPT ENABLE

EXO0 EQU0ASH

ETO EQU 0A9H

EX1 EQU 0AAH

ETI EQU 0ABH - DISABLE TIMER1 INTERRPT
ES EQU 0ACH - ENABLE INTERRUPT OF SERIAL PORT
EA EQU 0AFH - ENABLE CPU INTRRUPT

ET2 EQU 0ADH

IP EQU 0B8H

3k ok 5k ok sk sk sk ok ok ok ok ok ok ok sk ok sk ok 3k ok ok ok ok ok 3 sk K ok ok ok ok o ok ok 3 ok 3k ok ok 3k ok ok sk ok ok ok ok ok ok ok sk ik sk ko ok Kok ok kKoK kR okok Rk
k]

: ADDRESS MEMORY USER

Lk ok ok ok K ok K ok ok sk ok ok sk sk ko sk ok ok ok ok ok sk kK ok ok ok ok ok 3 ok ok 3 ok 3k ok 3k 3k ok 3k ok sk ok ok sk ok skok sk ok ok Ok sk ok ok ok ok sk ok K0k

MEM DPL EQU 40H
MEM_DPH EQU 41H
TIME RUN EQU 42H

STEP: IRSPIAN VIEON 45H
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SCL

SDA
INT_EX0
INT_EX1
INCOIN1
INCOINS
INCOIN10

PAPER

DATA_A
DATA B
DATA C
DATA_D
DATA_E
DATA_F
DATA_G

DATA_H

LED ROON
LDR
TEST_ERR
SET_LAMP
LED R
SETUP
SOUND

LED L

SEG_COU0
SEG_COU!I
SEG_WEI3
SEG_WEI2

SEG WEII

EQU 0BOH
EQU 0BIH
EQU 0B2H
EQU 0B3H
EQU 0B4H
EQU 0BSH
EQU 0B6H

EQU 0B7H

EQU 0AOH
EQU 0ATH
EQU 0A2H
EQU 0A3H
EQU 0A4H
EQU 0ASH
EQU 0AGH
EQU 0A7H

EQU 90H
EQU 91H
EQU 92H
EQU 93H
EQU 94H

EQU 95H
EQU 96H

EQU 97H

EQU 80H
EQU 81H
EQU 82H
EQU 83H
EQU 84H

= P3.0
3 P3:l
“P3.2
p33
;P34
P35
; P3.6

P37

. \P2/0
241
s PL.2
P33
;P24
PELS
; P2.6

Pk

gl
Pt
Yo
;P13
;P14

3

P15

=P

: P0.0
; PO.1
+RO2
;P03

- P0.4
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SEG_WEIO EQU 85H ; PO.5
LEDS EQU 86H ; P0.6
LEDS EQU 87H ;P07

« 3k 3k 3k ok 3k 2k 3k ok 3k 3k ok ok 3k ok sk sk 3k ok ok sk 3k ok 3k ke ok ok ok ok ok ok ok sk ok sk ok ok oK ok ok 3K ok 3k ok ok ok oK k ok ok 3k ok 3k K ok ok ok ok ok ok ok kK k Kk k
s

; START PROGRAM
KRR E AR SRR SRR R E KRR
ORG  0000H
LIMP MAIN_PROGRAM
ORG 0003H
RETI
ORG 000BH
RETI
ORG 0013H
RETI
ORG 001BH
RETI
SRR A KR KKK SRR RS R E KK E KSR R KRR A K R
: START PROGRAM CHUNCHUY
AR KR SRR KRR R KR KRR KRR R R KR KK R K
ORG 0020H
MAIN_PROGRAMI: MOV P0,#0FFH
MOV P1#0FFH
MOV P2,#0FFH
MOV P3#0FFH
LCALL DELAY_PULSE
MOV STOP_DISPLAY,#00H
MOV MEM_DPL #00H
MOV MEM_DPH #0AH
MOV DPTR#0003H
MOV A #80H
MOVX @DPTR,A



START:
SHOW1:

FORWARD:

SHOW?2:

REVERSE:

MOV R3#04H

LCALL DISPLAY

MOV A,STOP_DISPLAY
CINE A #0FFH,SHOW1
MOV STOP_DISPLAY #00H

MOV A,#33H

MOV R2 #0CH

MOV P2.A

LCALL DELAYSTEP
RL A

DINZ P2 ,FORWARD

DINZ R3,SHOW1

MOV R3#04H

LCALL DISPLAY

MOV A,STOP DISPLAY
CINE A#0FFH,SHOW2
MOV STOP_ DISPLAY,#00H

MOV A#33H
MOV R2,#0CH

MOV P2,A

LCALL DELAY STEP
RR A

DINZ R2,REVERSE
DINZ R3,SHOW?2

LIMP START

98

; SHOW DISPLAY

; ON 2 PHASE

; COUNTER STEP

; SHOW DISPLAY

ON 2 PHASE

; COUNTER STEP

sk ok ok o ok ok 3k ok ok ok ok ok ok o sk ok sk ok ok skok K 3% ok % Sk ok ok ok ok 3k 3K ok 3 ok 3k ok ok oK ok 3 ok 3k 3 ok 3k ok 3k ok ok ok ok sk 3k 3k 3k K 3K 3K 5K 5k oK 3k 3K 3 oK 5K % % % ok ok %k
b

DISPLAY:

PUSH DPL
PUSH DPH

MOV TIME_RUN,#10H

; TIME SCAN DISPLAY



SCAN_AGAIN:

DISPLAY PORTA:

DISPLAY PORTB:

MOV DPL,MEM_DPL
MOV DPH,MEM_DPH
MOV R2#08H

MOV A #0FEH

PUSH DPL

PUSH DPH

PUSH ACC

MOV A #00H

MOVC A,@A+DPTR
MOV P1A

MOV DPTR #0000H
POP ACC

MOVX @DPTR,A
RL A

POP DPH

POP DPL

LCALL DELAY DISPLAY

INC DPTR

DINZ R2,DISPLAY_ PORTA

PUSH DPL
PUSH DPH

MOV A#OFFH
MOV DPTR,#0000H
MOVX @DPTR,A
POP DPH

POP DPL

MOV R2#08H
MOV A#0FEH
PUSH DPL

PUSH DPH
PUSH ACC

MOV A #00H

99

; DISPLAY PORT A

; DISPLAY PORT B



DISPLAY PORTC:

MOVC A,@A+DPTR
MOV PLA

MOV DPTR#0001H
POP ACC

MOVX @DPTR,A

RL A

POP DPH

POP DPL

LCALL DELAY DISPLAY
INC DPTR

DINZ R2,DISPLAY PORTB
PUSH DPL

PUSH DPH

MOV A #0FFH

MOV DPTR #0001H
MOVX @DPTR,A
POP DPH

POP. DPL

MOV R2,#08H
MOV A#OFEH
PUSH DPL

PUSH DPH

PUSH ACC

MOV A #00H
MOVC A,@A+DPTR
MOV PLA

MOV DPTR #0002H
POP ACC

MOVX @DPTR,A
RL A

POP DPH

POP DPL

; DISPLAY PORT C
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LSCAN_AGAIN:

INC_MEM DPTR:
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LCALL DELAY DISPLAY
INC DPTR
DINZ R2,DISPLAY PORTC
PUSH DPL
PUSH DPH
MOV A #0FFH
MOV DPTR #0002H
MOVX @DPTR,A
POP DPH
POP. DPL
DINZ TIME RUN,LSCAN AGAIN
MOV A,MEM DPH : CHECK END DATA DISPLAY
ANL A #0FH
CINE A#0CHINC MEM DPTR
MOV A,MEM _DPL
CINE A #40H,JNC_ MEM_DPTR
MOV STOP_DISPLAY #0FFH
MOV MEM_DPL #00H
MOV MEM._DPH #0AH
POP DPH
POP DPL
RET
LIMP SCAN_AGAIN
MOV A,MEM DPL ; CHANG COLUMN
ADD A#01H
MOV MEM_DPL,A
MOV A,MEM DPH
ADDC A #00H
MOV MEM_DPH,A
POP DPH
POP DPL

RET
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: ]

DELAY_ PULSE:
DEC_PUL2:

DEC_PULI:

DELAY DISPLAY:

DEC_DIS:

DELAY STEP:
DEC_STEP2:

DEC_STEPI:

MOV 71H,#0FFH
MOV 72H#0FFH
NOP

DINZ 72H,DEC PUL1
DINZ 71H,DEC PUL2

RET:

MOV 73H#99H
NOP
DINZ 73H,DEC _DIS

RET

MOV 74H,#20H

MOV 75H#0FFH

NOP

DINZ 75H,DEC_STEPI1
DINZ 74H,DEC_STEP2

RET

3k 5k 3k sk kK ok 3 K ok 3 ok ok ok sk 3k ok sk Kk sk ok 3k ok ok ok Sk ok ok ok ok ok 3k ok ok ok ok 3k 3k ok ok 3k ok 3k ok 3k 3 sk ok 3k ok ok 3K ok 3k 3k oK ok 3k ok ok 3k ok ok sk koK K
b

ORG 0AO00H

DATA DISPLAY:

DB OFFH,0FFH,0FFH,0FFH :.DATA FOR SHOW
DB OFFH,0FFH,0FFH,0FFH

DB OFFH,0FFH.,0FFH,0FFH

DB OFFH,0FFH,0FFH,0FFH

DB OFFH,0FFH,0FFH,0FFH

DB OFFH,0FFH,0FFH,0FFH

DB OFFH,0FFH,0FFH,0FFH

DB 0BDH,00H,0BFH !

DB OFFH,0FFH

DB 0BDH,00H,0BFH 1
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DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB

DB

103

OFFH,0FFH,0FFH
OFCH,00H,6FH,73H . ;N
6FH,00H

OFFH

1FH,1FH i
OFFH

4CH,34H,3BH,3FH ;U
40H

OFFH

1FH,1FH i
OFFH,0FFH,0FFH
67H,6BH,6DH,00H ;4
6FH,6FH

OFFH

SEH,36H,32H,34H 23
4EH

OFFH,0FFH,0FFH,0FFH
ODH,16H,76H,6EH ;0
01H

OFFH

45H,26H,3EH,3EH 20

41H

DB OFFH

DB

4CH,34H,3BH,3FH

DB 40H

DB OFFH

DB 05H,7AH,7EH,7EH 547

DB O1H

DB OFFH

DB 7BH,79H,1AH,05H 53

DB 7EH

DB OFFH



DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB

DB

49H 49H 5BH,6DH
OFFH
7CH,00H,7BH,7DH
7EH,01H

OFFH
77H,6FH,5CH,00H
OFFH,0FFH,0FFH,0FFH
OFFH,0FFH,0FFH,0FFH
OFFH,0FFH,0FFH,0FFH
OFFLLOFFH,0FFH,0FFH
OFFH,0FFH,0FFH,0FFH
OFFH,0FFH,0FFH,0FFH
OFFH
00H,77H,6BH,5DH
3EH,0FFH
00H,76H,76H,76H
09H,0FFH
03H,75H,76H,75H
03H,0FFH
7EH,7EH,00H,7EH
7EH,0FFH
00H,77H,77H,77H
00H,0FFH
41H,3EH.3EH 3EH
41H,0FFH
00H,7BH,77H,6FH
00H,0FFH
41H3EH.36H36H
05H,0FFH
OFFH,0FFH,0FFH,0FFH
OFFH,0FFH,0FFH,0FFH

00H,77H,77TH.77TH
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DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB

DB

00H,0FFH
3EH,00H,3EH,0FFH
7EH,7EH,00H,7EH
7EH,0FFH
00H,36H,36H,36H
36H,0FFH
41H,3EH,3EH,3EH
SDH,0FFH
00H,77H,77H,77TH

00H,0FFH

OFFH,0FFH,0FFH,0FFH

OFFH,0FFH,0FFH,0FFH

00H,6FH,73H,6FH
00H,0FFH
3EH,00H,3EH,0FFH

7EH,7EH,00H,7EH

DB 7EH,0FFH

DB
DB
DB
DB
DB

DB

00H,77H,77TH,77TH

00H,0FFH

OFFH,0FFH,0FFH,0FFH

OFFH,0FFH,0FFH,0FFH

03H,75H,76H,75H

03H,0FFH

DB 00H,76H,76H,76H

DB

DB

DB

DB

DB

DB

DB

DB

79H,0FFH
00H,76H,76H,76H
79H,0FFH
00H,3FH,3FH,3FH
3FH,0FFH
3EH,00H,3EH,0FFH
00H,36H,36H,36H

36H,0FFH
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DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB

DB

00H,3EH,3EH,3EH
41H,0FFH
OFFH,0FFH,0FFH,0FFH
OFFH,0FFH,0FFH,0FFH
OH,7DH,7BH,7DH
00H,0FFH
3EH,00H,3EH,0FFH
41H,3EH,3EH,3EH
SDH,0FFH
00H,76H,76H,76H
09H,0FFH
41H,3EH,3EH,3EH
41H,0FFH
41H,3EH3EH,3EH
5DH,0FFH
41H,3EH,3EH,3EH
41H,0FFH
00H,7BH,77H,6FH
00H,0FFH
7EH,7EH,00H,7EH
7EH,0FFH
00H,76H,76H,76H
09H,0FFH
41H,3EH3EH,3EH
41H,0FFH
00H,3FH,3FH,3FH
3FH,0FFH
00H,3FH,3FH,3FH

3FH,0FFH

DB 00H,36H,36H,36H

DB

DB

36H,0FFH

00H,76H,76H,76H
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DB 09H,0FFH

DB 0FFH,0FFH,0FFH,0FFH
DB OFFH,0FFH,0FFH,0FFH
DB 00H,76H,76H,76H

DB 7EH,0FFH

DB 41H,3EH,3EH,3EH

DB 41H,0FFH

DB 00H,76H,76H,76H

DB 09H,0FFH

DB OFFH,0FFH,0FFH,0FFH
DB OFFH,0FFH,0FFH,0FFH
DB 03H,75H,76H,75H

DB 03H,0FFH

DB 00H,7DH,7BH,7DH

DB 00H,0FFH

DB 03H,75H,76H,75H

DB 03H,0FFH

DB 1EH,2EH,36H,3AH

DB 3CH,0FFH

DB 3EH,00H,3EH;0FFH
DB 00H,7BH,77H,6FH

DB 00H,0FFH

DB 41H,3EH,36H,36H

DB 05H,0FFH

DB OFFH,0FFH,0FFH,0FFH
DB OFFH,0FFH,0FFH,0FFH
DB 7EH,7EH,00H,7EH

DB 7EH,OFFH

DB 00H,77H,77H,77H

DB 00H,0FFH

DB 03H,75H,76H,75H

DB 03H,0FFH
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DB 3EH,00H,3EH,0FFH

DB 00H,3FH,3FH,3FH

DB 3FH,0FFH

DB 03H,75H,76H,75H

DB 03H,0FFH

DB 00H,7BH,77H,6FH

DB 00H,0FFH

DB 00H,3EH,3EH,3EH

DB 41H,0FFH

DB OFFH,0FFH,0FFH,0FFH
DB OFFH,0FFH,0FFH,0FFH
DB 1DH,2EH 36H,3AH

DB 3DH,0FFH

DB 41H,3EH,3EH,3EH

DB 41H,0FFH

DB 41H,3EH 3EH,3EH

DB 41H,0FFH

DB 41H,3EH 3EH,3EH

DB 41H,0FFH

DB OFFH,0FFH,0FFH,0FFH
DB OFFH,0FFH,0FFH,0FFH
DB OFFH,0FFH,0FFH,0FFH
DB OFFH,0FFH,0FFH,0FFH
DB OFFH,0FFH,0FFH,0FFH
DB OFFH,0FFH,0FFH,0FFH
DB OFFH,0FFH,0FFH,0FFH
DB OFFH,0FFH,0FFH,0FFH
DB OFFH,0FFH,0FFH,0FFH

DB OFFH,0FFH,0FFH,0FFH

END
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PROGRAM CONTROL FOR CPU 2

*********************************************************************

FIRE_P EQU
FIRE ADD  EQU
LASER I EQU
LASER 2 EQU
LASER 3 EQU
DRIVE L EQU
DRIVE R EQU
SEN L EQU
SEN_MID EQU
SEN_R EQU
REMT R EQU
REMT L EQU.

TIMERO 1 EQU
TIMERO 2 EQU
TIMERI 1 EQU
TIMER1_2 EQU
SEN_BUF EQU
LASER SW1  EQU
LASER SW2  EQU
LASER SW3  EQU

L BUF EQU
MID BUF EQU
R_BUF EQU

REMT LBUF EQU

REMT RBUF  EQU

P0.0
29H
P25
P2.6
P27
P2.0
22t
P1.0
P12l
DI
P1.6
P17
2EH
2DH
2CH
2BH
2AH
78H
19H
TAH
STH
S6H
S5H
54H

53H

:Use Timer 0
;Use Timer 1
;Use Timer 2
;Left Motor

;Right Motor

;DATA TO TLO
;DATA TO THO
;DATA TO TL1

;DATA TO TH1

.*****************************************************************************
)

ORG 0000H

AJMP MAIN_PRO
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ORG 000BH
LIMP TIMER 0
ORG 001BH
LIMP TIMER_1
ORG 002BH

LIMP TIMER2

sk sk ok sk ok sk 3k 3k ok sk ok s % 3% ok 3k ok sk ok ok ok 3k sk ok ok ok ok ok 3K sk ok 3k sk ok ok ok ok ok 3k ok sk ok sk sk sk skskokokok ok ko ok ks skosk ok kokoskok skokokok R sk sk ok R ok kR ok
h
ORG 0100H :Timer O INT Address pulse for Laserl TIMER O:

INB LASER_1,H Pl
SETB LASER 1
CLR LASER_SWI
AIMP LSER1_END

H Pl SETB LASER 1
SETB LASER SWI

LSER1 END: MOV TLO,TIMERO 1
MOV THO,TIMERO 2
RETI

RS bbbl bbbttt
ORG  0200H ;Timer 1 INT Address pulse for Laser2
TIMER 1: JNB LASER 2H P2 '
SETB LASER 2
CLR LASER SW2
AJMP LSER2 END
H P2: SETB LASER 2
SETB LASER SW2
LSER2_END: MOV TL1,TIMERI 1
MOV THI,TIMERI 2

RETI

sk s ok ok o ok ok K ok ok ok ok sk ok ok Kok Kk ok 3 ok ok 3k sk ok 3 ok o ok ok sk ok ok ok ok ok ok ok K 3k 3k ok K ok 3 ok 3k ok 3k ok 3 ok ok ok sk ok sk ok sk ok o Kk R KoKk ok ok
> 4
ORG 0300H ;Timer 2 INT Address pulse for Laser3

TIMER2: = JNB LASER 3,H_P3



H _P3:

SETB LASER 3
CLR LASER SW3
AJMP LSER3_END
SETB LASER 3

SETB LASER_SW3

LSER3 END: CLR T2CON.6

3k 5k 3k 3k 3 ok ok 3k ok % 3k 3k ok ok %k %k sk okok sk ok k ok ok ok ok ok
)

MAIN_PRO:

MAIN:

START:

RETI

ORG 0500H

CLR PL3

CLR PL4

MOV PCON #70H
MOV TIMERO_1#00H
MOV TIMERQ 2,#0FH
MOV TIMER1 1,#05H
MOV TIMERI1 2 #03H
MOV TL2,#0A0H
MOV TH2,#00H
MOV FIRE ADD#0FEH
ACALL DELAY 3s
ACALL SET TIMER
ACALL LASER_ON
ACALL DRV _START

SIMP  START

-DISABLE POWER CONTROL REG

111
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.*****************************************************************************
- |

:Set timer input = TIMERO_1 TIMERO_2 TIMERI 1 TIMER1 2 TL2 TH2

SET_TIMER:

SETB EA
CLR ES
MOV TLO,TIMERO_1
MOV THO,TIMERO_2

MOV TL1,TIMERI 1

;Enable interupt

:Disable Serail Port INT
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MOV THI1,TIMERI 2

SETB ETO ;Enable interrupt timer O
SETB ETI :Enable interrupt timer 1
SETB ET2 ;Enable interrupt timer 1
CLR T2CON.3 ;:Disable T2EX Control and Not use Timer2

;Assign Baudrate of serail and auto reload
MOV T2CON,#00H ;Select Timer 2 to Counter

MOV TMOD,#00010001B stimer 0 and Timer 1 mode 1 16Bit

SETB TRO ;Run Timer 0
SETB TRI1 :Run Timer 1
SETB T2CON.2 ;Run Timer 2
RET

« 3k ok 3k ok 3k ok 5k ok 3k 3% 3k 3k 3% % 3k 3k ok ok 3k sk 3k ok 3k sk ok ok ok 3k sk ok ok 3k ok ok 3k ok sk ok ok 3k 2k % 3k 3k 3k 3 Sk ok 3k ok 3k 3k ok 3 ok ok % ok ook 3k ok sk sk ok ok sk kok Rk ok ok ok
)

LASER ON: CLR TRO :RUN MOTER LASERS
CLR TRI
CLR T2CON2
MOV A, TIMER( 1
ADD A #08H
MOV TIMERO_1,A
MOV A, TIMERO 2
ADD A #60H
MOV TIMERO 2,A
MOV A, TIMERI 1
ADD A #70H
MOV TIMER1 1,A
MOV A TIMERI 2
ADD A #09H
MOV TIMERI1 2,A
MOV A,TL2
ADD A #0CH

MOV TL2,A



MOV A, TH2
ADD A#04H
MOV TH2,A
SETB~TRO
SETB TRI
SETB T2CON.2

RET
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.******************************************************************************

SEN_CHK:

LEFT OK:

MID_OK:

CHK_REML:

CHK_REMR:

END_CHK:

CLR L BUF

JNB SEN_L,LEFT OK
SETB L BUF

CLR MID, BUF

JNB SEN_MID,MID_OK
SETB MID_BUF

CLR R BUF

JNB SEN_R,CHK REML
SETB R_BUF

CLR * REMT LBUF

JNB REMT L,CHK_REMR
SETB REMT LBUF
CLR REMT RBUF

JNB REMT REND_CHK
SETB REMT RBUF

RET

R—————— e PSP PR PR L L ELELEEE EEEEE LA LR bbbt

’

DRV START: MOV APl

J1:

ANL A70C7H
CJNE A,#00H,J1
LIMP GO_AHEAD
CJNE A#01H,]2

LJMP TRN_R

;CHECK INPUT SENSORS



J2:

I3

J4:

J5:

J6:

I

J8:

J9:

J10:

J1:

112:

113:

J14-:

CINE A #02H,J3
LIMP TRN R
CINE A #03H,J4
LIMP TRN L
CINE A #04H,J5
LIMP TRN L
CINE A #05H,J6
LIMP GO_AHEAD
CINE A #06H,17
LIMP TRN L
CINE A #07H,J8
LIMP TRN R
CINE A #40H,19
ACALL STOP
LIMP SPARK
CINE A#41H,J10
ACALL STOP
LIMP SPARK
CINE A#42H,J11
ACALL STOP
LIMP SPARK
CINE A #43H,J12
ACALL STOP
LIMP SPARK
CINE A #44H,713
ACALL STOP
LIMP SPARK
CINE A #45H,714
ACALL STOP
LIMP SPARK

CINE A #46H,J15
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J15:

J16:

J17:

J18:

J19:

J20:

J21:

122:

J23;

J24.

J25:

J26:

J27:

J28:

ACALL STOP
LIMP SPARK
CINE A #47H,J16
ACALL STOP
LIMP SPARK
CINE A#80H,J17
LJMP SHUT _DOWN
CINE A#81H,J18
LIMP SHUT DOWN
CINE A #82H,J19.
LJMP SHUT DOWN
CINE A,#83H,J20
LIMP SHUT DOWN
CINE A #84H,J21
LIMP SHUT_DOWN
CINE A #85H,J22
LJMP SHUT_DOWN
CINE A #86H,J23
LJMP SHUT DOWN
CINE A #87H,J24
LIMP SHUT DOWN
CINE A #0COH,J25
LJMP SHUT DOWN
CINE A #0CIH,J26
LJMP SHUT DOWN
CINE A £0C2H,J27
LJMP SHUT DOWN
CJNE A £0C3H,J28
LIMP SHUT DOWN
CINE A #0C4H,J29

LIMP SHUT_DOWN
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429:

J30:

J31:

J32:
TRN R:

TRN_L:

SPARK:

GO_AHEAD:

END DRV:

CINE A, #0C5H,J30

LIMP SHUT DOWN
CINE A #0C6H,131
LIMP SHUT DOWN
CINE A #0CTH,132
LIMP SHUT DOWN
CLR = P13

SETB P14

RET

oy P4

SETB P13

RET

CLR P13

CLR Pl1.4

PUSH ACC

MOV A,FIRE ADD
MOV FIRE_P,A
ACALL DELAY._3s

MOV  FIRE P#0FFH

RL A

MOV FIRE ADD,A

116

;TURN MOTER RIGHT

;TURN MOTER LEFT

;FIREWORKS EXPLODE

;29H

3k ok sk ok 3K oK 3K K oK K K K 3K K oK 3K oK 3K oK K oK K R R R K oK K K Kok oK oK 3 oK ok K ok oK ok o ok ok 3 sk ok 3k K oK ok K oK oK 3k ok Kok
b

STOP:

POP ACC
RET

SETB P13
SETB Pl.4
RET

CLR P13

CLR P14 Y

ACALL DELAY 5s
RET
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.*******************************************************************************
¥

: Delay time at system clock 12 MHz
DELAY 10ms: MOV R7#10
DELAY 10ms_1: MOV R6,#0E6H
DELAY_10ms_2: NOP

NOP

DINZ R6,DELAY_10ms_2

DINZ R7,DELAY_10ms_1

RET
;******************************************************************************
DELAY ls: MOV RS5,#10
DELAY Is_I: ACALL DELAY 10ms

DINZ RS5,DELAY 1s_1

RET
;******************************;***;*******************************************
DELAY Ss: MOV  R4#2
DELAY 5s_1: ACALL DELAY s

DINZ R4,DELAY_ 5s_1

RET

.******************************************************************************
)

DELAY 3s: MOV  R4#3
DELAY 3s I: ACALL DELAY_ls
DJNZ R4,DELAY_ 3s_l
RET
AR AR $3 85 EEEREEEEEEEE R R EE LS
SHUT_DOWN: MOV P2,#00H
CLR EA
CLR TRO
CLR TRI :
CLR T2CON.2

END
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L2938

DUAL FULL-BRIDGE DRIVER

. = OPERATING SUPPLY VOLTAGEUP TO46 V
a« TOTAL DC CURRENT UPTO4 A
= LOW SATURATION VOLTAGE
s« OVERTEMPERATURE PROTECTION
s LOGICAL "0" INPUT VOLTAGE UP TO 1.5 V
(HIGH NOISE IMMUNITY)

DESCRIPTION

The L298 is an integrated monolithic circuitin a 15-
lead Multiwatt and PowerSO20 packages. It is a
high voltage, high current dual full-bridge driver de-
signedto acceptstandard TTL logic levels and drive
inductive loads such as relays, sclenoids, DC and
steppingmotors. Two enableinputs are provided to
enableor disable the deviceindependentlyofthein-
put signals. The emitters of the lower transistors of
each bridge are connected togetherand the corre-
sponding external terminal can be used for the con-

BLOCK DIAGRAM

&

a2
\§-

PowerS020

Multiwatt15

DRDERING NUMBERS : L298N (Multiwatt Vert.)
L298HN (Multiwatt Horiz.)
L298P (PowerS020)

nectionof an externalsensing resistor. Anadditional
supply input is provided so that the logic works at a
lower voltage. ]

ERSA

+
ouTH our2 ¥s  Aag|S e ouré.
2 3 & 3 I3
o2 I 1 B
it . :
s ¢
1 2 3 ‘ &
4
fn2 in3
o b 10 "0
Ena |g " €nB
O
\ ) 1S =
SENSE AO—2% : I smoe s-588112
Rss

October 1998
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L298

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vs Power Supply 50 Vv
Vss Logic Supply Voltage T \'
Vi,Ven Input and Enable Voltage —0.3to 7 Vv
lo Peak Output Current (each Channel)
— Non Repetitive (t = 100ps) 3 A
—Repetitive (80% on —20% off; ton = 10ms) 25 A
—DC Operation : 2 A
Vsens Sensing Voltage -1t02.3 Vv
Prot Total Power Dissipation (Tcase = 75°C) 25 W
Top Junction Operating Temperature —25t0 130 °c
Tstg, Tj Storage and Junction Temperature —40 to 150 °C
PIN CONNECTIONS (top view)
/ | ~" 15[~  CURRENT SENSINGB
1@ T JOUTRUTA
Vo 2D OUTPUT 3
a2l 7 10\ DN (NPIR4
1y LT o ENABLE B
10 T _AFUA VIR INPIPS
: 5 [ anan LOGIC SUPPLY VOLTAGE Vss
Mattiwatt (g F—=88—) Tho
Y -} INPUT 1
g [ ENABLEA
5{RINVATD INPUT 1
4 "2 SUPPLY VOLTAGE Vg
_@, e OUTPUT 2 i
S DZeWIPuUT 1
\ J P [ CURRENT SENSING A
Z TAB CONNECTED TO PIN8 D85IN240
—
GND lﬁ 1 20 1 GND
SenseA [ 2 19 ] SenseB
NCw[ =] 3 18 To @1 N.C,
out1 14 17 {1 Out4
ouw2 [—]5 PowerSO20 16 ] Out3
v C 6 15 1 Input4
Inputt T 7 14 1 EnableB
EnableA [_1 8 13 [ Input3
Input2 1 9 12 1 vss
GND [ 10 11 1 GND
D95IN239
THERMAL DATA
Symbol Parameter PowerS020 Multiwatt15 Unit
Rihjcase | Thermal Resistance Junction-case Max. - 3 °CIW
Rihjamb | Thermal Resistance Junction-ambient Max. 13 (%) 35 °CIW

(*) Mourted on aluminum substrate
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PIN FUNCTIONS (referto the block diagram)

MW.15 PowerSO Name Function
1,15 2,19 SenseA; Sense B  |Between this pin and ground is connected the sense resistor to
control the current of the load.
2;3 4,5 Out1; Out 2 Outputs of the Bridge A; the current that flows through the load
connected between these two pins is monitored at pin 1.
4 6 Vs Supply Voltage for the Power Output Stages.
A non-inductive 100nF capacitor must be connected between this
pin and ground. :
5,7 7;9 Input 1; Input 2 TTL Compatible Inputs of the Bridge A.
6;11 8;14 EnableA; EnableB |TTL Compatible Enable Input: the L state disables the bridge A
(enable A) ard/or the bridge B (enable B).
8 1,10,11,20 GND Ground.
9 12 VSS Supply Voltage for the Logic Blocks. A100nf capacitor must be
connected between this pin and ground.
10; 12 13;15 Input3; Input4 TTL Compatible Inputs of the Bridge B.
13; 14 16;17 Out 3; Out 4 Outputs of the Bridge B. The cumrent that flows through the load
connected between these two pins is monitored at pin 15.
- 3;18 N.C. Not Connected

ELECTRICAL CHARACTERISTICS (Vs = 42V; Vss = 5V, Tj = 25°C; unless otherwise specified)

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
Vs Supply Voltage (pin 4) Operative Condition Vin +2.5 46 \
Vss |Logic Supply Voltage (pin 9) 4.5 5 7 Vv
Is Quiescent Supply Current (pin4)  |Ven=H: IL=0 Vi=L 13 22 mA
Vi=H 50 70 mA
P Ven = L Vi=X 4 mA
Iss Quiescent Current from Vss (pin 9) |Ven=H; 1L=0 Vi=L 24 36 mA
Vi=H 7 12 mA
Ven = L Vi=X 6 mA
Vi Input Low Voltage -0.3 1.5 \%
(pins 5,7, 10, 12)
Vin Input High Voltage 23 VSS \%
(pins 5,7, 10, 12)
liL Low Voltage Input Current Vi=L -10 pA
(pins 5,7, 10, 12)
lin High Voltage Input Current Vi= H < Vgs 0.6V 30 100 HA
(pins 5,7, 10, 12)
Ven=L |Enable Low Voltage (pins 6, 11) -0.3 15 V.
Ven=H |Enable High Voltage (pins 6, 11) 2.3 Vss \
len = Low Voltage Enable Current Ven=L -10 pA
(pins 6, 11)
len =H |High Voltage Enable Current Ven = H < Vss 0.6V 30 100 HA
(pins 6, 11)
VeesatH) |Source Saturation Voltage IL=1A 0.95 1.35 1.7 \
I =2A 2 2.7 \
Vcesay |Sink Saturation Voltage IL=1A (5) 0.85 1.2 1.6 vV
IL=2A (5) 1.7 2.3 vV
Vcesat | TotalDrop L=1A (5) 1.80 3.2 \YJ
IL=2A (5 4.9 V
Vsens | Sensing Voltage (pins 1, 15) -1 (1) 2 \
1S7] 3113
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ELECTRICAL CHARACTERISTICS (continued)

Symbol Parameter Test Conditions Min. | Typ. | Max. Unit
T1 (V) |Source Current Tum-off Delay 05Vito 0.91L  (2):(4) 1.5 us
T2 (V) |Source Current Fall Time 091 to0.11.  (2):(4) 0.2 us
T3 (Vi) |Source Cumrent Turn-on Delay 05Vito 0.11L  (2):(4) 2 us
T4 (V) |Source Cument Rise Time 0.11. to 091  (2):(4) 0.7 us
Ts (V) |Sink Current Tun-off Delay 05Vito 0.91.  (3):(4) 0.7 us
Te (V) |Sink Current Fall Time 091 to0.11.  (3):(4) 0.25 us
T7 (Vi) |Sink Current Turn-on Delay 05Vito 091 (3):(4) 1.6 us
Ts (V) |Sink Current Rise Time 0.11. o091 (3):(4) 0.2 us
fc (Vi) |Commutation Frequency IL=2A 25 40 KHz

T1 (Ven) |Source Current Tum-off Delay 0.5Vento 091 (2);(4) 3 us
T2 (Ven) |Source Current Fall Time 09I to0.11L  (2);(4) : 1 us
T3 (Ven) |Source Current Turn-on Delay 05Vento 0.11L  (2); (4) 0.3 us
T4 (Ven) |Source Current Rise Time 0.1l 0091 (2);(4) 04 us
Ts (Ven) |Sink Current Turn-off Delay 05Vento 091  (3):(4) 22 us
Te (Ven) |Sink Current Fall Time 091 to0.11L  (3);(4) 0.35 us
T7 (Ven) |Sink Current Turn-on Delay 05Vent0 091  (3);(4) 0.25 us
Tg (Ven) |Sink Current Rise Time 011, 0091  (3):(4) 0.1 us

‘1) 1)Sensng voltage can be -1V fort < 50 psec; in steady state Vseas min>-0.5 V.

2) Seefig. 2.
3) Seefig. 4.

4) The load must be a pureresistor.

Figure 1 : Typical SaturationVoltage vs. Output Figure 2 : Switching Times Test Circuits.
Current.
6~ 6418
Vsar
(42
V=42V
= Vgg =5V DR
O—
20
15 //’ e ENABLE
1.2 .
08
: s-58520
0.4
0 04 0B 12 16 20 24 Io(A). Note : For INPUT Switching, set EN =H
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Figure 3 : Source Current Delay Times vs. Input or Enable Switching.

IL 4

Imax(2A)
90% —

10% 1
Ven; (4V)
50% S — = m et T t
5-5853/2

Figure 4 : Switching Times Test Circuits.

INPUT
o2

ENABLE

Note : For INPUT Switching, set EN=H
For ENABLE Switching, setIN= L

%
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Figure 5 :

Sink Current Delay Times vs. Input 0 V Enable Switching.

Ly

imax(2A)
90% -

¥ (&V)
0%

1max(2A)
S0% -

0% -

&

(4V)
S0 fEitado - Ayl
‘A
510667 -t
Figure 6 : Bidirectional DC Motor Control.
s
o
-L”o"F ud ANAm
AL W
i 02 ][04 1 Z
o_n_ 1 "]_r" Inputs Function
Ven=H C=H;D=L Turn Right
?.f . & .2 C=H;D=H |TumnlLeft
2 0o C=D Fast Motor Stop
I Ven=L C=X:D=C Free Running
Ls | 3 4 I‘”" E Mctor Stcp
112 L298N L =Low H =High X = Don'tcare
L_Oven
O CONTROL d s !
0 S . "L ——[_— °
SL_FS DI TO DA:1A FAST RECOVERY DIODE (1 €200ns)
$-5857712
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Figure 7 : For higher currents, outputs can be paralleled. Take care to parallel channel 1 with channel4

and channel 2 with channel 3.

Vs Vas
100nF 100 nF
:_“ i& ii |}_:-
ENABLE 8
[\}\ o ouTt
cINI [ 1 2
N2 7 |Q 3 fout2
e
n |
0 H\ "
” i ‘L 14
8| 15 1
s-sem02
Rg

APPLICATION INFORMATION (Refer to the block diagram)

1.1.POWER OUTPUT STAGE

TheL298integratestwo poweroutputstages(A; B).
The power output stage is a bridge configuration
and its outputs can drive an inductive load in com-
mon or differenzialmode, dependingon thestate of
the inputs. The current that flows throughthe load
comes out from the bridge at the sense output: an
external resistor (Rsa ; Rsg.) allows to detect the in-
tensity of this current.

1.2.iNPUT STAGE

Eachbridge is driven by means of fourgatesthe in-
putof which are In1; In2; EnAand Iin3; Ind ; EnB.
The Ininputs set the bridge state when The En input
is high; a lowstate of the Eninputinhibitsthe bridge.
All the inputs are TTL compatible.

2. SUGGESTIONS

A non inductive capacitor, usually of 100 nF, must
be foreseen between both Vs and Vss, to ground,
as near as possible to GND pin. Whenthe large ca-
pacitor of the power supply is too farfromthe IC, a
second smaller one must be foreseen near the
L298.

The sense resistor, not of a wire wound type, must
be grounded near the negative pole of Vsthat must
be nearthe GND pin of the |.C.

7

Each input must be connected to the source of the
driving signals by means of a very short path.

Tumn-On and Tum-Off : Before to Tum-ONthe Sup-
ply Voltageand beforeto TurnitOFF,the Enablein-
put must be driven to the Low state.

3. APPLICATIONS

Fig 6 showsa bidirectional DC motorcontrol Sche-
matic Diagram for which only one bridge is needed.
The extemal bridge of diodes D1 to D4 is made by
four fast recovery elements (tr < 200 nsec) that
must be chosen of a VF as low as possible at the
worst case of the load current.

The sense outputvoltage can be used to controithe
current amplitude by chopping the inputs, or to pro-
vide overcurment protection by switching low the en-
able input.

The brake function (Fast motor stop) requires that
the Absolute Maximum Rating of 2 Amps must
neverbe overcome.

When the repetitive peak current needed from the
load is higher than 2 Amps, a paralleled configura-
tion can be chosen (See Fig.7).

An extemnal bridge of diodes are required when in-
ductive loads are driven and when the inputs of the
IC are chopped; Shottkydiodeswould be preferred.
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This solution candrive until 3 Amps In DC operation Fig 10 shows a second two phase bipolar stepper
and until 3.5 Amps of a repetitive peak current. motor control circuit where the currentis controlled

OnFig 8itis shownthe driving ofa twophasebipolar by the 1.C. L6506.
stepper motor ; the needed signals to drive the in-

puts of the L298 are generated, in this example,

from the IC L297.

Fig 9 shows an example of P.C.B. designedforthe
application of Fig 8.

Figure 8 : Two Phase Bipolar Stepper Motor Circuit.

This circuit drives bipolar stepper motors with winding currents up to 2 A. The diodes are fast 2 A types.

Ys
S¥ ?JGV
R1 100nF

ct c4
&3] 11 |:]c:
260 100 470
var L o HF

GN?'L—l T o] o2f o3f o

cwuw 2 ® a ! 9 8 4lot

—_— & 2
-C-———u_\ 6 8 7
HALFIFULL c 2
'—_‘T s % © I STEPPER
Fros 1207 b L288N MOTOR
———l20 ] 12 3] WINDINGS
EnaeLE | P T

v T

ret s Py LLL] = wloe

N3 Qi 1 1S

os| os| o1 o9

SENSE! {
= !
S-584614

Rs1 =Rs2= 05Q

1 VE<12V@I=2A
D1 to D8 =2 A Fast diodes tr < 200 ns
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Figure 9 : Suggested Printed Circuit Board Layout for the Circuit of fig. 8 (1:1 scale).

N

GHo Ve Q1 Qy

|

{1 04 Vg5 GND

Figure 10 : Two Phase Bipolar Stepper Motor Control Circuit by Using the Cumrent ControllerL6506.

v 1000 ¢ 36V 180nF
Hha 2 [~
| 1
o ] XXX
mEsET — 4 m 3 N
1" s 2
(1 “MI]7. L298N |* 3
PHRSC o
INUTE \ ] 32 2 ]
1t 12 13
s N — 8 L6586 -
: [
=[=] Y an
17 Iy W WY
10
- 16
1 p feid |9 e
'L RSENSE
3.90F ™ ~4.
IDoL290N-81

Rg and Reense depend from the load current
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g MIN Tn;r: MAX. | MIN ‘Irr::: MAX OUTLINE AND
= ; ; 5' : g 0_197’ MECHANICAL DATA
B 2.65 0.104
G 1.6 0.063
D 1 0.039
E | 049 0.55 |0.019 0.022
F | 066 0.75 | 0.026 0.030
G | 1.02 | 127 | 1.52 | 0.040 | 0.050 | 0.060
G1 | 1753 17.78 | 18.03 | 0.690 | 0.700 | 0.710
H1 | 19.6 0.772
H2 20.2 0.795
L | 219 | 222 | 225 | 0.862 | 0.874 | 0.886
11 | 217 [ 22.1 | 225 | 0.854 | 0.870 | 0.886
2 |17.65 18.1 | 0.695 0.713
13 |17.25| 175 | 17.75] 0.679 | 0.689 | 0.699
14 | 103 | 10.7 | 10.9 | 0.406 | 0.421 | 0.429 \
L7 | 265 29 |0.104 0114
M | 425 | 455 | 485 | 0.167]0.179 { 0.191
M1 | 463 | 5.08 | 553 |0.182]0.200 {0.218
g9 26 |0.075 0.102
s1 | 19 26 |0075 0.102 Multiwatt15 VvV
Dial | 3.65 3.85 | 0.144 0.152 |
H
A -
< o S
3 5 *— 4
: - Va rm
: ‘ a1 ¥/
etee T |9
=i N o
. a2 g 3
H2
et
B ¢ —-
E | =
F G
oM M Gi
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b MIN :Yr; MAX. | MIN 'Irr:rc: MAX OUTLINE AND
- - - - - - MECHANICAL DATA

A 5 0.197

B 2.65 0.104

G 1.6 0.063

E | 049 0.55 |0.019 0.022

F | 066 0.75 | 0.026 0.030

G | 114 | 127 | 1.4 |0.045]0.050 | 0.055

G1 | 1757 | 17.78 | 17.91 | 0.692 | 0.700 | 0.705

H1 | 196 0.772

H2 20.2 0.795

L 20.57 0.810

L1 18.03 0.710

L2 2.54 0.100

L3 |17.25| 17.5 | 17.75] 0.679 | 0.689 | 0.699

L4 10.3 | 10.7 | 10.9 | 0.406 | 0.421 | 0.429

L5 5.28 0.208
L6 238 0.094
17 | 265 29 |0.104 0114
s | 19 26 |0075 0.102
st | 19 26 | 0075 0.102 Multiwatt15 H
Diat | 3.65 3.85 | 0.144 0.152 ’
. H1
~ (3 I
3
) ] \—ir
\ [y
o Dia. 1 o/
e |
S
| B
L \
w
? —=F
N
Le
LS

4
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DIM. mm inch
MIN. | TYP. | MAX. | MIN. | TYP. | MAX.
A 3.6 0.142
at 0.1 0.3 | 0.004 0.012
a2 3.3 0.130
a3 0 0.1 | 0.000 0.004
b 0.4 0.53 | 0.016 0.021
c 0.23 0.32 | 0.009 0.013
D(1) | 15.8 16 | 0.622 0.630
D1 9.4 9.8 |0.370 0.386
E 13.9 14.5 | 0.547 0.570
e 1.27 0.050
el 11.43 0.450
E1(1)] 10.9 11.1 | 0.429 0.437
E2 2.9 0.114
E3 5.8 6.2 | 0.228 0.244
G 0 0.1 | 0.000 0.004
H 15.5 15.9 | 0.610 0.626
h 1.1 0.043
L 0.8 1.1 |0.031 0.043
N 10°(max.)
S 8° (max.)
T | 1of ] | [ 0.394 |

(1) "D and F" do not include mold flash or protrusians.
- Moldflash or protrusions shall not exceed 0.15 mm (0.005").
- Criticaldimensions "E", "G" and "a3"

OUTLINE AND
MECHANICAL DATA

JEDEC MO-166

PowerS020

N, N R—
a2l A
i macis
t ! ]r DETAIL A -‘l—-'f' Y2 E :
e3
H wag [T DETALA
N
D h—"l \ l‘s
;3 \—slug
nnnno DETAIL B
m 5
Gﬂ““‘__'__ &
S L ZSEAT'ING PLANE
[2]c]]
el = BOTTOM VIEW e
i nnoomoonnn
G - |Ee3
N j = TIITOTOn
N\ooUoUnoooo i
hx45 ' PSC2OMEC
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2sal0L5gr (2550x350u4x2 tiff)

2SA1015
PNP

SILICON
TRANSISTOR
TO-928
25A1015 is PNP silicon planar transistor designed for
audio frequency general purpose amplifier applications .
and driver stage amplifier applications.
ABSOLUTE MAXIMUM RATINGS ECB
Collector-Base Voltage VCBO 50V
Collector-Emitter Voltage VCEO 50V.
Emitter-Base Voltage VEBO 5v
Collector Current IC 150mA
Total Power Dissipation Ptot 400aW
Operating Junction & Storage Temperature Tj,Tstg -55 to +125°C
ELECTRICAL CHARACTERISTICS (Te=25°C)
PARAMETER SYMBOL MIN MAX | UNIT | TEST CONDITIéNS
|Collector Cutoff Current ICBO 100 | nA | VCB=50V IE=0
Emitter Cutoff Current 1EBO 100 | nA | VEB=5V IC=0
D.C. Current Gain HFE 70 400 IC=20A  VCE=6V
25 IC=150mA VCE=6V*
Collector-Emitter Saturation Voltage VCE(sat) 0.3| Vv IC=100mA IB=10mA®
Base-Emitter Saturation Voltage VBE(sat) =1 |V IC=100mA IB=10mA*
Current Gain-Bandwidth Product 1 80 MHz | IC=1wmA  VCE=10V
Output Capacitance Cob 7| pF | vcB=10V f=1MHz
Noise Figure NF 10| dB | IC=100pA VCB=6V
Rg:]OKQ f:]KHZ

# pylse Test : Pulse Width = 300us, Duty Cycle = 2%,

HFE Grouping @ IC=2wA VCE=6V

0 : 70-140 Y = 120-240 GR : 200-400

MICRO ELECTRONICS LTD. E#HR
38 Hung To Roed, Kwun Tong, Kowloon, Hong Kong. Cable: Microtron,
\ P.0. Box9477, Kwun Tong. Tel: 3430181&9-093363,—5\692‘2%

\

4| FAX: 3-81032y

Hong Kong. Telex: 43510 Micro Hx.
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Dwg. No. A-9594

Note that the ULN20xxA series (dual in-line
package) and ULN20xxL series (small-outline
IC package) are electrically identical and share
a common terminal number assignment.

ABSOLUTE MAXIMUM RATINGS
Output Voltage, V

(ULN200xA and ULN200xL) ........ 50V

(ULN202xA and ULN202xL) ........ 95V
Input Voltage, V| oo, 30V
Continuous Gutput Cuirent,

2o T Rl o e 500 mA
Continuous Input Current, I cocecceeee 25 mA
Power Dissipation, P

(one Darlington pair).......ccccceeue.e 1.0W

(lotal:package) .l See Graph
Operating Temperature Range,

sl s -20°C to +85°C
Storage Temperature Range,

Pelsanereae et -55°C to +150°C

HIGH-VOLTAGE, HIGH-CURRENT
DARLINGTON ARRAYS

Ideally suited for interfacing between low-level logic circuitry and
multiple peripheral power loads, the Series ULN20xxA/L high-voltage,
high-current Darlington arrays feature continuous load current ratings
to 500 mA for each of the seven drivers. At an appropriate duty cycle
depending on ambient temperature and number of drivers turned ON
simultaneously, typical power loads totaling over 230 W (350 mA x 7,
95 V) can be controlled. Typical loads include relays, solenoids,
stepping motors, magnetic print hammers, multiplexed LED and
incandescent displays, and heaters. All devices feature open-collector
outputs with integral clamp diodes.

The ULN2003A/L and ULN2023A/L have series input resistors
selected for operation directly with 5 V. TTL or CMOS. These devices
will handle numerous interface needs — particularly those beyond the
capabilities of standard logic buffers.

The ULN2004A/L and ULN2024A/L have series input resistors for
operation directly from 6 to 15 V. CMOS or PMOS logic outputs.

The ULN2003A/L and ULN2004A/L are the standard Darlington
arrays. The outputs are capable of sinking 500 mA and will withstand
at least 50 V in the OFF state. Outputs may be paralleled for higher
load current capability. The ULN2023A/L and ULN2024A/L will
withstand 95 V in the OFF state.

These Darlington arrays are furnished in 16-pin dual in-line plastic
packages (suffix “A”) and 16-lead surface-mountable SOICs (suffix
“L”). All devices are pinned with outputs opposite inputs to facilitate
ease of circuit board layout. All devices are rated for operation over the
temperature range of -20°C to +85°C. Most (see matrix, next page) are
also available for operation to -40°C; to order, change the prefix from
“ULN” to “ULQ™.

FEATURES

B TTL, DTL, PMOS, or CMOS-Compatible Inputs

B Output Current to 500 mA

B Output Voltage to 95 V

H Transient-Protected Outputs

B Dual In-Line Plastic Package or Small-Outline IC Package

x = digit to identify specific device. Characteristic shown applies to family of
devices with remaining digits as shown. See matrix on next page.

193ygs ejeg

,aBBn
aum s
ABE B

gAllegro”

ums L] &
":ll [ ] " MicroS: I
1 L icroSystems, Inc.
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HIGH-VOLTAGE,
HIGH-CURRENT
DARLINGTON ARRAYS
DEVICE PART NUMBER DESIGNATION
Veik 50 V 95V
h 500 mA 500 mA
Logic Part Number
5V ULN2003A* ULN2023A*
TTL, CMOS ULN2003L* ULN2023L
6-15V ULN2004A* ULN2024A
CMOS, PMOS ULN2004L* ULN2024L
* Also available for operation between -40°C and +85°C. To order, change
PARTIAL SCHEMATICS

ULN20x3A/L (Each Driver)

—>+—o COM

2.7K [i——?—”
O———WA—9 .
! 3K :]

Dwg. No. A-9651

ULN20x4A/L (Each Driver)

10.5K

Dwg. No. A-9898A

prefix from “ULN” to “ULQ”.

25

2.0
\ SUFFIX ‘A, R g, = 60°CW
1.5
N
1.0 \ \
- =~ N
B

0.5 B N
SUFFIX L', R g = S0°CIW \

25 50 75 100 125 150
AMBIENT TEMPERATURE IN °C

ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS

Dwg. GP-0CEA

X = Digit to identify specific device. Specification shown applies io family of
devices with remaining digits as shown. See matrix above.

= llegto"

MicroSystems, Inc.

115 Northeast Cutoff, Box 15036
Worcester, Massachusetts 01615-0036 (508) 853-5000
Copyright © 1974, 1998 Allegro MicroSystems, Inc.



2003 tHRU 2024
HIGH-VOLTAGE,
HIGH-CURRENT
DARLINGTON ARRAYS

Types ULN2003A, ULN2003L, ULN2004A, and ULN2004L
ELECTRICAL CHARACTERISTICS at +25°C (unless otherwise noted).

Test Applicable Limits
Characteristic Symbol | Fig. Devices Test Conditions Min. Typ. Max. | Units
Output Leakage Current |  lcgx 1A All Ve =50V, Ty =25°C — <1 50 HA
Vce =50V, Ta=70°C — <1 100 A
1B ULN2004A/L | V=50V, To=70°C,V|y=1.0V — <5 500 pA
Collector-Emitter VCE(sAT) All Ic =100 mA, Ig = 250 pA — 0.9 11 \Y
Saturation Voltage lc = 200 mA, Ig =350 pA e 1.1 1.3 Vv
’ Ic =350 mA, Ig = 500 pA — 137 16 \Y
Input Current linion) 3 ULN2003A/L | Viy=3.85V — 093 135 mA
ULN2004A/L | Vin=5.CV — 035 0.5 mA
Vin=12V — 1.0 145 mA
liN(OFF) All Ic =500 pA, T =70°C 50 65 — HA
Input Voltage ViN(ON) ULN2003A/L | Veg=2.0V,Ic=200 mA - — 2.4 v
Ve =2.0V, Ic =250 mA — — 27 \Y
Vce=2.0V, Ic =300 mA — — 3.0 \Y%
ULN2004A/L | Vcg=2.0V,Ic=125mA — — 50| ..V
Vce=2.0V,Ic=200 mA — — 6.0 \Y%
Ve =20V, lg=275mA — — 7.0 \Y
Vge=2.0V, lg =350 mA — — 8.0 \Y%
Input Capacitance Cin o All e 15 25 pF
Tum-On Delay tpLH 8 All 0.5E;t0 0.5 Egut — 025 1.0 us
Turn-Off Delay tpHL 8 All 0.5 Ejn to 0.5 Egut — 025 1.0 us
Clamp Diode IR 6 All VR=50V, Ty =25°C -— — 50 HA
Leakage Current VR =50V, Tp=70°C = o 100 pA
Clamp Diode Vg 7 All I =350 mA — 1020 Vv
Forward Voltage

Compiete part number includes suffix to identify package style: A = DIP, L = SOIC.
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2003 THRU 2024

HIGH-VOLTAGE,
HIGH-CURRENT
DARLINGTON ARRAYS

Types ULN2023A, ULN2023L, ULN2024A, and ULN2024L

ELECTRICAL CHARACTERISTICS at +25°C (unless otherwise noted).

Test Applicable Limits

Characteristic Symbol | Fig. Devices Test Conditions Min. Typ. Max. Units
Output Leakage Current | lcex 1A All Ve =95V, Tp =25°C — <1 50 HA
Ve =95V, Tao=70°C — <145 100 HA

1B ULN2024A/L | Veg=95V, To=70°C, Vi =10V — <i52:::500 HA

Collector-Emitter VCE(SAT) 2 All Ic =100 mA, lg = 250 pA — 0.9 1 \%
Saturation Voltage I = 200 mA, I = 350 pA B
Ic =350 mA, Ig = 500 pA - 1.3 1.6 \
Input Current lin(ON) 3 ULN2023A/L | Viy=3.85V —, %093 135 mA
ULN2024A/L | Vin=5.0V — 035 05 mA
Vin=12V — 1.0 145 mA

liN(OFF) All Ic =500 pA, T =70°C 50 65 — HA

Input Voltage VIN(ON) 5 ULN2023A/L | Vgg=2.0V,Ic =200 mA — — 24 v
Veg =20V, Igc=250mA - — 27 v

Veg =2.0V, Ic =300 mA - — 3.0 v

ULN2024A/L | Vee=2.0V,Ic=125mA — — 5.0 \%

Vce=2.0V, lc =200 mA — — 6.0 v

Vee=2.0V,Ic=275mA - — 7.0 \Y

Ve =2.0V,Ic =350 mA — — 8.0 \Y

Input Capacitance Cin — All — 15 25 pF
Turn-On Delay teLH 8 All 0.5EN10 0.5 Eout — 025 10 us
Turn-Off Delay tPHL 8 All 0.5 Ejn t0.0.5 Egut — 025 10 us
Clamp Diode IR 6 All VR=95V,Tp=25°C — — 50 pA
Leakage Current Vg =95V, T = 70°C o = 100 pA
Clamp Diode Vg i All I =350 mA — 4.7 .20 \Y

Forward Voltage

Complete part number includes suffix to identify package style: A = DIP, L = SOIC.
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2003 tHRU 2024
HIGH-VOLTAGE,
HIGH-CURRENT
DARLINGTON ARRAYS

TEST FIGURES
FIGURE 1A FIGURE 1B FIGURE 2
opeN VCE opeN Ve . OPEN

Dwg. No. A-9729A Dwg. No. A-9730A Dwg. No. A-9731A

FIGURE 3 FIGURE 4 FIGURE 5

OPEN

O OPEN

Dwg. No. A-9732A Dwg. No. A-9733A Dwg. No. A-9734A

FIGURE 6 FIGURE 7 FIGURE 8

OPEN
+S0V
V-»
S INPUT
Dwg. No. A-8735A Dwg. No. A-9736A ULN20X3* 3.5V PuisE 8311 100 2
= GENERATOR ou
ULN20X4 12V PRR = 10KHz
e 0% 300 T 50 pF

* Complete part number includes a final letter to indicate package.

X = Digit to identify specific device. Specification shown applies to family of devices with remaining digits as shown.
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2003 TarRU 2024
HIGH-VOLTAGE,
HIGH-CURRENT
DARLINGTON ARRAYS

ALLOWABLE COLLECTOR CURRENT

AS A FUNCTION OF DUTY CYCLE
(Dual In-line-Packaged Devices, Suffix ‘A’)
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2003 taRU 2024
HIGH-VOLTAGE,
HIGH-CURRENT
DARLINGTON ARRAYS

TYPICAL APPLICATIONS INPUT CURRENT
AS A FUNCTION OF INPUT VOLTAGE

Types ULN2003A, ULN2003L, ULN2023A, and
ULN2023L
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2003 THRU 2024
HIGH-VOLTAGE,
HIGH-CURRENT
DARLINGTON ARRAYS

PACKAGE DESIGNATOR “A”

Dimensions in Inches
(controlling dimensions)

16 9

0.280 |—
0.240

1 8
0.070 J._.l 0.100 L._o.oos ’
0.045 0.775 e i

0.150
0.115

Dwg. MA-001-16A in

Dimension in Millimeters
(for reference only)

16 9
7.11
6.10 4\
1 8
177 _L__l _.l 2.54 L l.._ 0.13
1.15 19.68 BSS MIN
18.67
\
5.33
MAX ] N
o o
0.39 3.81
MIN 2.93
A e
_J]. 0558
0.356 Dwg. MA-001-16A mm
NOTES: 1. Leads 1, 8,9, and 16 may be half leads at vendor’s option.
2. Lead thickness is measured at seating plane or below.
3. Lead spacing tolerance is non-cumulative.
4. Exact body and lead configuration at vendor’s option within limits shown.
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] u
folo ;ﬂj le m‘% 115 Northeast Cutoff, Box 15036
axmm/ ¥ 4 . Worcester, Massachusetts 01615-0036 (508) 853-5000
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2003 tHRU 2024
HIGH-VOLTAGE,
HIGH-CURRENT
DARLINGTON ARRAYS

PACKAGE DESIGNATOR “L”

Dimensions in Inches
(for reference only)
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NOTES: 1. Lead spacing tolerance is non-cumulative.
2. Exact body and lead configuration at vendor’s option within limits shown.

www allegromicro.com



ADC0808/ADC0809

Multiplexer

General Description

The ADC0808, ADC0809 data acquisition component is a
monolithic CMOS device with an 8-bit analog-to-digital con-
verter, 8-channel multiplexer and microprocessor compatible
control logic. The 8-bit A/D converter uses successive ap-
proximation as the conversion technique. The converter fea-
tures a high impedance chopper stabilized comparator, a
256R voltage divider with analog switch tree and a succes-
sive approximation register. The 8-channel multiplexer can
directly access any of 8-single-ended analog signals.

The device eliminates the need for external zero and
full-scale adjustments. Easy interfacing to microprocessors
is provided by the latched and decoded multiplexer address
inputs and latched TTL TRI-STATE® outputs.

The design of the ADC0808, ADC0809 has been optimized
by incorporating the most desirable aspects of several A/lD
conversion techniques. The ADC0808, ADC0809 offers high
speed, high accuracy, minimal temperature dependence, ex-
cellent long-term accuracy and repeatability, and consumes
minimal power. These features make this device ideally
suited to applications from process and machine control to
consumer and automotive applications. For 16-channel mul-
tiplexer with common output (sample/hold port) see
ADC0816 data sheet. (See AN-247 for more information.)

October 1999

National Semiconductor

8-Bit uP Compatible A/D Converters with 8-Channel

Features

m Easy interface to all microprocessors

a Operates ratiometrically or with 5 Vpc or analog span
adjusted voltage reference

& No zero or full-scale adjust required

m B-channel multiplexer with address logic

= OV to 5V input range with single 5V power supply

m Outputs meet TTL voltage level specifications

m Standard hemmetic or molded 28-pin DIP package

u 28-pin molded chip carrier package

m ADCO0808 equivalent to MM74C949

® ADC0809 equivalent to MM74C949-1

Key Specifications

@ Resolution 8 Bits
® Total Unadjusted Error +% LSB and 11 LSB
= Single Supply 5 Vpe
u Low Power 15 mW
u Conversion Time 100 ps

Block Diagram

s anacoc e o cEiae

FHITCHES.

CoMPARATOR

o—
o—
o—]
o—{ s cHamneLs
o—
o—
o—
o—

3

START  C10CK

NTERRUPT)

|- —
———— o o o o] e d

o—
Jutasoncss { 0—f
o~

avoRest o
LATCH ERARLE

AooaEst 1

AnQ |
oeCo0ER

Voo MO REF

TRI-STATE® 16 & registerec tacemark of Natona! Semiconductor Cop.

—o
—o
. —o
R d) KR
LATeH
| surfen 0
o
1 —o
—— :
e
i
|
MR RESISTOR (ADDER
________ REF(-) OUTPUT

EnnLE
0S005672-1

See Ordering
Information

© 1999 National Semiconductor Corporation DS005672
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ADCO0808/ADC0809

Connection Diagrams

Dual-In-Line Package

w1t 28|-IN2
e —{2 27}t
wns—{3 26}-wo
N6—{4 25}-ADD A
wi—{s 24f-a00 8
START—{6 23|-400 ¢
foc—7 22|-ALE
2758 21}-2""use
OUTPUT ENABLE—{9 20f-272
cocx—{10 19273
Vet 18274
Ve ()12 17}-2"%s8
oND—{13 16}~ Vper (-)
2774 15f-2"¢
DS005672-11

Order Number ADC0808CCN or ADC0803CCN
See NS Package J28A or N28A

Ordering Information

Molded Chip Carrier Package

o
8y
< =

ADD A
ADD B

e~ .
D
'~

2!

23 22 21 20 19

IN?

cLock
Vee

[ ignd
|- 27858
— Voer (<)
| 2-¢
R
)

F“m(’)

DS005672-12

Order Number ADC0808CCV or ADC080SCCV

See NS Package V28A

TEMPERATURE RANGE

—-40°C to +85°C

-55°C to +125°C

Eror

114 LSB Unadjusted

ADCO0808CCN

ADC0808CCV

ADC0808CCJ

ADC0808CJ

+1 LSB Unadjusted

ADCO0809CCN

ADC0809CCV

Package Outiine

N28A Molded DIP

V28A Molded Chip Carrier

J28A Ceramic DIP

J28A Ceramic DIP

www.national.com




Absolute Maximum Ratings (Notes 2, 1) Dual-In-Line Package (ceramic) 300°C
If Military/Aerospace specified devices are required, Molded Chip Carrier Package
please contact the National Semiconductor Sales Office/ Vapor Phase (60 seconds) 215°C
Distributors for availability and specifications. Infrared (15 seconds) 220°C
Supply Voltage (V) (Note 3) 6.5V ESD Susceptibility (Note 8) 400V
Voltage at Any Pin -0.3V to (Vcc+0.3V) - eqs

i Caria lvuls Operating Conditions (Notes 1. 2)
Voltage at Control Inputs -0.3V to +15V Temperature Range (Note 1) TanST asTiax

(START, OE, CLOCK, ALE, ADD A, ADD B, ADD C) ADC0808CCN,ADC0809CCN -40°C<T,<+85°C
Storage Temperature Range -65'Cto +150°C ADC0808CCV, ADC0809CCV -40'C < T, <+85C
Package Dissipation at T,=25'C 875 mW Range of V¢ (Note 1) 4.5 Vpe t0 6.0 Vpc
Lead Temp. (Soldering, 10 seconds)

Dual-In-Line Package (plastic) 260°C

Electrical Characteristics
Converter Specifications: Vee=5 Voc=Vaer-. Vaer-~OND, TunSTasTuax and fc =640 kHz unless otherwise stated.

Symbol Parameter Conditions Min Typ Max Units
ADCO0808
Total Unadjusted Emror 25°C 1% LsB
(Note 5) Tuin 10 Taaax % LSB
ADC0809
Total Unadjusted Emor 0'Cto 70°C 11 LSB
(Note 5) Toin 10 Traax 1% LsB
Input Resistance From Ref(+) to Ref(-) 1.0 25 kQ
Analog Input Voltage Range | (Note 4) V(+) or V(-) GND-0.10 Veet0.10 Voe
VReer(+) Voltage, Top of Ladder Measured at Ref(+) Vee Vect0.1 \%
VREF(+)+ VREF(- Voltage, Center of Ladder Vecl2-0.1 Veel2 | Vecl240.1 Vv
2
Veer(-) Voltage, Bottom of Ladder Measured at Ref(-) -0.1 G 11 ¢ v
I Comparator Input Current {.=640 kHz, (Note 6) "2 $0.5 2 . HA

Electrical Characteristics

Digital Levels and DC Specifications: ADCOB0BCCN, ADCOB08CCV, ADCO809CCN and ADC0809CCV, 4.755Vc<5.25V,
-40°C<T<+85°C unless otherwise noted

Symbol l Parameter Conditions } Min Typ l Max ] Units
ANALOG MULTIPLEXER
lorr(s) OFF Channel Leakage Curent Vee=5ViW, =5V,
TA=25C 10 200 nA
T 10 Timax 1.0 HA
lorr(-) OFF Channel Leakage Curment Vee=5V. Vin=0,
Ta=25°C -200 -10 nA
T 10 Trmax =0 HA
CONTROL INPUTS
Vineny Logical “1” Input Voltage Vee-1.5 \Y
Vineo) Logical “0" Input Voltage 145 \%
ligny Logical “17 Input Current V=15V 1.0 pA
(The Control Inputs)
lingoy Logical “0” Input Current Vin=0 -1.0 pA
(The Control Inputs)
lee Supply Current fouk =640 kHz 0.3 30 mA

3 www.national.com
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ADC0808/ADC0809

Electrical Characteristics (Continued)

Digital Levels and DC Specifications: ADC0808CCN, ADC0808CCV, ADC0809CCN and ADC0B09CCV, 4.755Vc<5.25V,
-40°C<T,<+85°C unless otherwise noted

Symbol I Parameter ‘ Conditions ] Min Typ Max | Units
DATA OUTPUTS AND EOC (INTERRUPT)
Vour1 Logical “1" Output Voltage Vee = 4.75V
lour = —360pA 2.4 V(min)
lour = —10pA 4.5 V(min)
Vour() Logical “0" Output Voltage 16=1.6 mA 0.45 \
Vouro) Logical “0" Output Voltage EOC 1o=1.2 mA 0.45 \%
lour TRI-STATE Output Current Vo=5V 3 pA
Vo=0 -3 HA

Electrical Characteristics
Timing Specifications Vec=Vaere)=5V. Vrer-=CND, £,=4,=20 ns and T,=25°C unless otherwise noted.

Symbol Parameter Conditions Min Typ Max Units
tws Minimum Start Pulse Width (Figure 5) 100 200 ns
twaLe Minimum ALE Pulse Width (Figure 5) 100 200 ns
ty Minimum Address Set-Up Time | (Figure 5) 25 50 ns
ty Minimum Address Hold Time (Figure 5) 25 50 ns
to Analog MUX Delay Time Rg=0Q (Figure 5) 1 25 us

From ALE
tur. o OE Control to Q Logic State C =50 pF, R =10k (Figure 8) 125 250 ns
tame tom OE Controt to Hi-Z C =10 pF, R =10k (Figure 8) 125 250 ns
to Conversion Time {.=640 kHz, (Figure 5) (Note 7) 90 100. 1§ s
i Clock Frequency 10 640 1280 kHz
teoc EOC Delay Time (Figure 5) 0 8+2 puS Clock
Periods
Cin Input Capacitance At Control Inputs 10 15 pF
Cour TRI-STATE Output At TRI-STATE Outputs 10 15 pF
Capacitance

Note 1: Absolute Maximum Ratings indicate limits beyond which damage (o the device may occur. DC and AC electrical specifications do not apply when operating
the device beyond its specified operating conditions.

Note 2: All voltages are measured with respect to GND, unless othewise specified.

Note 3: A zener diode exists, intemally, from Vc to GND and has a typical breakdown voltage of 7 Vpc.

Note 4: Two on-chip diodes are tied to each analog input which will forward conduct for analog input voitages one diode drop below ground or one diode drop greater
than the Vccn supply. The spec allows 100 mV forward bas of either diod<. This means that as long as the analog Vi does not exceed the supply voltage by more
than 100 mV., the output code will be correct. To achieve an absolute 0Vpc to 5Vpc input voltage range will therefore require a minimum supply voltage of 4.900 Voc
over nitia! and loading

Note S: Total unadjusted error includes offset, full-scale. ineanty, and multiplexer errors. See Figure 3. None of these A/Ds requires a zero or full-scale adjust. How-
ever, if an all zero code is desired for an analog input other than 0.0V, or if a narrow full-scale span exists (for example: 0.5V to 4.5V full-scale) the reference voltages
can be adjusted to achieve this. See Figure 13.

Note 6: Comparator input current is a bias current into or out of the chopper stabilized comparator. The bias current varies directly with clock frequency and has little
temperature dependence (Figure 6). See paragraph 4.0

Note 7: The outputs of the data register are updated one clock cycle before the nsing edge of EOC.

Note 8: Human body model, 100 pF discharged through a 1.5 kQQ resistor.

www.national.com 4




Functional Description

Multiplexer. The device contains an 8-channel single-ended
analog signal multiplexer. A particular input channel is se-
lected by using the address decoder. Table 1 shows the input
states for the address lines to select any channel. The ad-
dress is latched into the decoder on the low-to-high transition
of the address latch enable signal.

TABLE 1.

TSELECTED ADDRESS LINE

ANALOG c B A

CHANNEL
INO
IN1
IN2
IN3
IN4
INS
ING
IN7

X TS
T - IS T
ERcgnd = I — T

CONVERTER CHARACTERISTICS

The Converter

The heart of this single chip data acquisition system is its
8-bit analog-to-digital converter. The converter is designed to
give fast, accurate, and repeatable conversions over a wide
range of temperatures. The converter is partitioned into 3
major sections: the 256R ladder network, the successive ap-
proximation register, and the comparator. The converter's
digital outputs are positive true.

The 256R ladder network approach (Figure 1) was chosen
over the conventional R/2R ladder because of its inherent
monotonicity, which guarantees no missing digital codes.
Monotonicity is particularly importantin closed loop feedback
control systems. A non-monotonic relationship can cause 0s-
cillations that will be catastrophic for the system. Additionally,
the 256R network does not cause load variations on the ref-
erence voltage.

The bottom resistor and the top resistor of the ladder net-
work in Figure 1 are not the same value as the remainder of
the network. The difference in these resistors causes the
output characteristic to be symmetrical with the zero and
full-scale points of the transfer curve. The first output transi-
tion occurs when the analog signal has reached +%2 LSB
and succeeding output transitions occur every 1 LSB laterup
to full-scale.

The successive approximation register (SAR) performs 8 it-
erations to approximate the input voltage. For any SAR type
converter, n-iterations are required for an n-bit converter.
Figure 2 shows a typical example of a 3-bit converter. In the
ADC0808, ADC0809, the approximation technique is ex-
tended to 8 bits using the 256R network.

The A/D converter's successive approximation register
(SAR) is reset on the positive edge of the start conversion
(SC) pulse. The conversion is begun on the falling edge of
the start conversion pulse. A conversion in process will be in-
terrupted by receipt of a new start conversion pulse. Con-
tinuous conversion may be accomplished by tying the
end-of-conversion (EOC) output to the SC input. If used in
this mode, an external start conversion pulse sholld be ap-
plied after power up. End-of-conversion will go low between
0 and 8 clock pulses after the rising edge of start conversion.

The most important section of the A/D converter is the com-
parator. It is this section which is responsible for the ultimate
accuracy of the entire converter. It is also the comparator
drift which has the greatest influence on the repeatability of
the device. A chopper-stabilized comparator provides the
most effective method of satisfying all the converter require-
ments.

The chopper-stabilized comparator converts the DC input
signal into an AC signal. This signal is then fed through a
high gain AC amplifier and has the DC level restored. This
technique limits the drift component of the amplifier since the
drift is a DC component which is not passed by the AC am-
plifier. This makes the entire A/D converter extremely insen-
sitive to temperature, long term drift and input offset errors.
Figure 4 shows a typical error curve for the ADC0808 as
measured using the procedures outlined in AN-179.

www.national.com
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ADCO0808/ADC0809

Functional Description (continued)
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FIGURE 2. 3-Bit A/D Transfer Curve
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FIGURE 3. 3-Bit A/D Absolute Accuracy Curve
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FIGURE 4. Typical Error Curve

www.national.com 6




Timing Diagram
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ADC0808/ADC0809
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Applications Information
OPERATION

1.0 RATIOMETRIC CONVERSION

The ADC0808, ADC0809 is designed as a complete Data
Acquisition System (DAS) for ratiometric conversion sys-
tems. In ratiometric systems, the physical variable being
nieasured is expressed as a perceiitage of full-scaie which i
not necessarily related to an absolute standard. The voltage
input to the ADCO0808 is expressed by the equation

aViNe e Oy

Vis—Vz Dmax—Dmin A
V,n=Input voltage into the ADCO808
V. =Full-scale voltage
Vz=Zero voltage

Typical Performance Characteristics

4, € = 10 pF

(1 Hr tﬂl
Voo
Q 7
cc
ouTPUT N
ENABLE
GND
ouTeuT
ENABLE
VoH
ouTPUT

tows C = 10 pF

v ! |
cc
ouTPUT gox S0%
ENABLE sox 50%
GND 10% 10%
[=—ton

—_—

2 x
Tp=85°C
g rkjy \
z
ol N
o
i e
H
=
=
Tp=—40°C
0
o 135 25 - 415 5
Vin (V)

DS005672-17
FIGURE 7. Multiplexer Roy VS Vi
(Vec=Vrer=5V)

TRI-STATE Test Circuits and Timing Diagrams

tyq, CL = 50 pF

Y

90%
50%
10%
UH 10H
90%
§0%
DS005672-20

DS005672-19

tuor CL = 50 pF

/A

50%
0S005672-23

A\

DS005672-22

FIGURE 8.

Dy=Data point being measured

Dmax=Maximum data limit

Dy =Minimum data limit
A good example of a ratiometric transducer is a potentiom-
eter used as a position sensor. The position of the wiper is di-
rectly proportional to the output voltage which is a ratio of the
full-scale voltage across it. Since the data is represented as
a proportion of full-scale, reference requirements are greatly
reduced, elirninating a large source of emor and ccst for
many applications. A major advantage of the ADC0808,
ADCO0809 is that the input voltage range is equal to the sup-
ply range so the transducers can be connected directly
across the supply and their outputs connected directly into
the multiplexer inputs, (Figure 9).
Ratiometric transducers such as potentiometers, strain
gauges, thermistor bridges, pressure transducers, etc., are
suitable for measuring proportional relationships; however,
many types of measurements must be referred to an abso-
lute standard such as voltage or current. This means a sys-
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Applications Information (continued)

tem reference must be used which relates the full-scale volt-
age to the standard volt. For example, if Vcc=Vrer=5.12V,
then the full-scale range is divided into 256 standard steps.
The smallest standard step is 1 LSB which is then 20 mV.

2.0 RESISTOR LADDER LIMITATIONS

The voltages from the resistor ladder are compared to the
selected into 8 times in a conversion. These voltages are
coupled to the comparator via an analog switch tree which is
referenced to the supply. The voltages at the top, center and
bottom of the ladder must be controlled to maintain proper
operation.

The top of the ladder, Ref(+), should not be more positive
than the supply, and the bottom of the ladder, Ref(-), should
not be more negative than ground. The center of the ladder
voltage must also be near the center of the supply because
the analog switch tree changes from N-channel switches to
P-channel switches. These limitations are automatically sat-
isfied in ratiometric systems and can be easily met in ground
referenced systems.

Figure 10 shows a ground referenced system with a sepa-
rate supply and reference. In this system, the supply must be
trimmed to match the reference voltage. For instance, if a
5.12V is used, the supply should be adjusted to the same
voltage within 0.1V.

Vee
l I— REF(+)

la7

A

o
°
.
°
°
.
[

MsB

DIGITAL
oUTPUT

Qour PROPORTIONAL
T0 ANALOG
INPUT

ViN | VIN

VRer Vec
4.75V <Vcoo =VREF 525V

Lse Qout=

1 r' REF(-)
; GND

ADC0808

* Ratlometric transducers

DS005672-7

FIGURE 9. Ratiometric Conversion System

The ADC0808 needs less than a milliamp of supply current
so developing the supply from the reference is readily ac-
complished. In Figure 11 a ground referenced system is
shown which generates the supply from the reference. The
buffer shown can be an op amp of sufficient drive to supply
the milliamp of supply current and the desired bus drive, or if
a capacitive bus is driven by the outputs a large capacitor will
supply the transient supply current as seen in Figure 12. The
LM301 is overcompensated to insure stability when loaded
by the 10 pF output capacitor.

Tha top and bottom ladder voltages cannot exceed V¢ and
ground, respectively, but they can be symmetrically less than
Ve and greater than ground. The center of the ladder volt-
age should always be near the center of the supply. The sen-
sitivity of the converter can be increased, (i.e., size of the
LSB steps decreased) by using a symmetrical reference sys-
tem. In Figure 13, a 2.5V reference is symmetrically cen-
tered about Vcc/2 since the same current flows in identical
resistors. This system with a 2.5V reference allows the LSB
bit to be half the size of a 5V reference system.
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ADCO0808/ADC0809

Applications Information (continued)

Vin
Qout = o—-
Vaer

B

vee
SUPPLY

475V < Vg = Vper € 5.25V

Vin
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Vee
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out
O—{ la7
Vin{O—
.
o la0
I—-—- REF(-) Lse
< GND
ADC0808

FIGURE 10. Ground Referenced
Conversion System Using Trimmed Supply

Vee
MsB

VREF(+}

Qour

I— REF(-) Ls8

475V < Vg = VRer S 525V

FIGURE 11. Ground Referenced Conversion System

ADCO0808
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DIGITAL
ouTPUT
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Applications Information (continved)

10-15Vp¢
O

1k

1000 pF

REF(+)

+ 10uF
T soLto
TANTALUM

< @ ¥ GND

s REF(-)
0500567226

FIGURE 12. Typical Reference and Supply Circuit

sv
r—'\R/‘“/v—i—
Ve
75V ]
° 25V ] Rercs) s
L‘ (e
.
. " DIGITAL OUTPUT
2 A ?ROPORTIONAL TO
% i ANALOG INPUT
- 1.25V < VN < 375V
ha Ino
125V
< REF(-)
25V
REFERENCE Rg Lse

0S005672-27
RA=Rg
*Ratiometric transducers
FIGURE 13. Symmetrically Centered Reference
3.0 CONVERTER EQUATIONS The output code N for an arbitrary input are the integers
The transition between adjacent codes N and N+1 is given within the range:
by:

Vin = VReF(~
= — N TREF(D) 2654 Absciuia Accurecy

N Vaer(+) ~ VREF(-) (4)
Vin= {(Vnsru)‘Vnsﬂ-)‘[g‘“h—z}"’?*}“’“EF(-’ i
() Where: V=Voltage at comparator input
The center of an output code N is given by: Vrer(+)=Voltage at Ref(+)

Vrer(-=Voltage at Ref(-)
Vrue=Total unadjusted error voltage (typically
N +
V|N{ (VRer(- .*ng;(,))[g] +Vrue } +VRgF(-) o VREFU) 512)
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ADCO0808/ADC0809

Applications Information (continued)

4.0 ANALOG COMPARATOR INPUTS

The dynamic comparator input current is caused by the pe-
riodic switching of on-chip stray capacitances. These are
connected alterately to the output of the resistor ladder/
switch tree network and to the comparator input as part of
the operation of the chopper stabilized comparator.

The average value of the comparator input current varies di-
rectly with clock frequency and with V,y as shown in
Figure 6.

Typical Application

If no filter capacitors are used at the analog inputs and the
signal source impedances are low, the comparator input cur-
rent should not introduce converter errors, as the transient
created by the capacitance discharge will die out before the
comparator output is strobed.

If input filter capacitors are desired for noise reduction and
signal conditioning they will tend to average out the dynamic
comparator input current. It will then take on the characteris-
tics of a DC bias current whose effect can be predicted con-
ventionally.

READ %
_J INTERRUPT
500 kHz =] CLK (]
ADDRESS 5.000V—{ Vv €0C INTERRUPT
DECODE Nl
(AD4-AD1S)* 0.000V —VQef(-)
2-'—> 087 MSB
START 2-2——p D86
e ALE 23— DBS
74— 084
ADO—] A 2-5 ——> 083
AD1—{8 :33:33 26— o082
ADZ—{C 2-1p——P 081
2-8——> 080 Ls8
5V sumvT
Vee la1[— VINE
GND 1
0-5V
GROUND = e ANALOG
INPUT RANGE
.
o Vint
DS005672-10
*Address latches needed for 8085 and SC/MP interfacing the ADC0808 to a microprocessor
TABLE 2. Microprocessor Interface Table
PROCESSOR READ WRITE INTERRUPT (COMMENT)
8080 MEMR MEMW INTR (Thru RST Circuit)
8085 RD WR INTR (Thru RST Circuit)
Z-80 RD WR INT (Thru RST Circuit, Mode 0)
SCIMP NRDS NWDS SA (Thru Sense A)
6800 VMA-$2.RW | VMA-6-RW IRQA or IRQB (Thru PIA)
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Physical Dimensions inches (millimeters) unless otherwise noted

5l
E

2l

0.600-0.620
(15.24-15.75)

ga—

./‘95'15'

A [ L L L L

©

s ™
0.51010.005
(12.8510.127)

p
U e

PIN KO. 1 1DENT:
1.383-1.420
(35.38-36.07)
0.145-0.210 0.050
(68533 {1.270)

(3.175-4.181) g g9

s
AT

8.009-0.015

0.580
N
"

+0.025
35 —0.015 ———»

+0.635
(‘5'“ ~0.381

0.450

40.15
[11.43].2 700

PIN #1 IDENT

@229-0.381)

0.05010.015
(1.270£0.381) l‘_

0.100+0.810 0.0180.003
(z.wtn.zu)—’{ !'_ —’”‘_(us)zams)

Molded Dual-in-Line Package (N)
Order Number ADC0808CCN or ADC0809CCN
NS Package Number N28B

+0.006
-0.000 &

0.045
[1.14]

0.01720.004 v
[0.4320.10]

450X
o.ozs:o.ooswp\
(0.7420.08] l

BFS
0 T

0.41020.020 1yp
[10.41£0.51]

"2, 0.050 1y ulk |~ SEATING PLANE
& = 2020 i 1yp
0.300 ;o {0.51)
fag2l | 0.105£0.015 1yp
[2.67£0.38]

0.49040.005
{12.45£0.13]

0.165-0.180 1yp
[4.18-4.57]

£ [0.004 [0.10]

e
Vite ey
Molded Chip Carrier (V)
Order Number ADC0808CCV or ADC0809CCV
NS Package Number V28A

0.125-0.145
(3.175-3.683)

(0.508)

ne eV
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OMRON.

Low Signal Relay

m Suitable for handling low signals in
computer peripherals, telecommunica-
tions and security equipment

m Capable of switching loads up to 2 A

m Conforms to FCC part 68 1500 V surge
withstand

m Reliable bifurcated crossbar contacts

m Fully-sealed construction

Ordering Information

To Order: Select the part number and add the desired coil voltage rating (e.g., G5V-2-DC12).

Type Contact form

Construction

Part number

Standard DPDT
High-sensitivity

Ultra-sensitive

Fully-sealed

G5V-2

G5V-2-H

G5V-2-H1

Specifications

H CONTACT DATA

Load Resistive load (p.f. = 1)
Rated load 0.50 A at 125 VAC
2A at30VDC
Contact material Ag (Au clad)
Carry current 2A
Max. operating voltage 125 VAC
125VDC
Max. operating current 2A
Max. switching capacity 62.50 VA
60W
Min. permissible load 10 pA, 10 mVDC
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G5V-2 G5V-2
B COIL DATA
Standard type
Rated Rated Coil Coil inductance Pick-up Dropout Maximum | Power
voltage current resistance (Ref. value) (H) voltage voltage voltage consumption
(VDC) (mA) (€) Armature OFF | Armature ON | % of rated voltage ()
3 166.70 18 0.04 0.05 75% max. | 5% min. 120% max.| Approx. 500
5 100 50 0.09 0.11 at 65°C
6 83.30 72 0.16 0.19 (J49:F)
9 55.60 162 0.31 0.49
12 41.70 288 0.47 0.74
24 20.80 1,152 1.98 2.68
48 12 4,000 - — 110% max.| Approx. 580
at 60°C
(140°F)
High-sensitivity type
Rated Rated Coil Coil inductance Pick-up Dropout Maximum | Power
voltage current resistance (Ref. value) (H) voltage voltage voltage consumption
(VDC) (mA) Q) Armature OFF | Armature ON | % of rated voltage (mW)
3 120 5 0.04 0.07 75% max. |' 5% min. 120% max.| Approx. 360
5 72 70 0.12 0.19 at70°C
6 60 100 0.18 0.29 (158°g)
9 40 225 0.40 0.62
12 30 400 0.75 1.18
24 15 1,600 3.16 4.81
48 7.5 6,400 — — 110% max.
at 70°C
(158°F)
Ultra-sensitive type
Rated Rated Coil Coil inductance Pick-up ‘Dropout Maximum | Power
voltage current resistance (Ref. value) (H) voltage voltage voltage consumption
ae) () (€) Armature OFF | Armature ON | % of rated voltage imW)
3 50 60 0.18 0.26 75% max. | 5% min. 150% max.| Approx. 150
5 30 166.70 0.46 0.71 at70°C
6 25 240 0.70 0.97 K155°F)
9 16.70 540 1.67 2.33
12 12.50 960 2.90 3.99
24 8.30 2,880 6.72 9.27 Approx. 200
48 6.25 7,680 20.10 26.70 Approx. 300
Note: 1. The rated current and coil resistance are measured at a coil temperature of 23°C (73°F) with a tolerance of +10%.

2. The operating characteristics are measured at a coil temperature of 23°C (73°F).
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G5V-2 G5V-2

BH CHARACTERISTICS

Contact resistance

50 mQ max. G5V-2, G5V-2-H, 100 mQ max. G5V-2-H1

Operate time

7 ms max. (mean value: approx. 3.5 ms)

Release time

3 ms max. (mean value: approx. 0.8 ms)

Bounce time Operate Mean value: approx. 0.5 ms
Release Mean value: approx. 3.5 ms
Operating frequency Mechanical 36,000 operations/hour
Electrical 1,800 operations/hour (under rated load)

Insulation resistance

1,000 MQ min (at 500 VDC)

Dielectric strength

1,000 VAC, 50/60 Hz for 1 minute between coil and contacts

1,000 VAC, 50/60 Hz for 1 minute between contacts of different poles
750 VAC, 50/60 Hz for 1 minute between contacts of same poles
(500 VAC, 50/60 Hz for 1 minute between contacts of same poles for
ultra-sensitive type)

Surge withstand voltage

1,500V 10 X 160 ps (conforms to part 68 of FCC rules)

Vibration

Mechanical durability

Malfunction durability

10 to 55 Hz, 1.50 mm (0.59 in) double amplitude

Shock

Mechanical durability

1,000 m/s? (approx. 100 G)

Malfunction durability

200 m/s? (approx. 20 G)

Ambient temperature | Operating/storage -25° to 70°C (-13° to 158°F)
Humidity 35% to 85% RH
Service life Mechanical 15 miilion operations min. (at operating frequency of 36,000 operations/hour)
Electrical See “Characteristic Data"
Weight 69 (0.21 0z)
Note: Data shown are of initial value.

B CHARACTERISTIC DATA

Maximum switching capacity Electrical service life Ambient temperature vs.

maximum voltage

1000 v
T
500 1
20 \ =
% 30 VOC resistive load
= \ | f AC rosintivetoas - \ \\ \
c
= K o N —~ 100 =
=10 = N £
o E -
: ; g g
= o 80
o ive O,
o OC resistive load € {1125 VAC resistive load £
E =) T H
E x ESA, e L%
E )y I g
S = 7 \ E
hel 8 S ¥
Q ‘;J =
3 z =
& 3 2
o1 =
L S e 20 “« « s
= - 0
0 50 100 200 o 05 10 15 20 285 0 (-40) (-4 @2) (68) (104) (143} (178)

Rated operating voltage (V) Rated operating current (A) Ambient temperature [°C (°F)]

- 48 VDC coil voltage (standard type)
— All other types and voltages
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G5V-2

Dimensions
Unit: mm (inch)
H RELAYS
Fully-sealed Terminal arrangement/Internal
(bottom view)
20.5 (.807) 10.1(.398)
—— max, —— p— max. =+ e ___1
1m 4 8
(yégl [} ‘_(FD‘T !
0.5 Il L jmu‘ 1 ..1_—3@?_9‘
(020) L) Mark
(gisz) 762
63 (:300)

Mounting holes
(bottom view)

254
tioo) dia. hol
Mark 8-1.0 (039) dia. holes
/ L 12(04N
] 3 t
=] b dor e uF T
254 [ 1
(.100) : ‘
S EEEEa 2
1.2(.047)
—elle 13(051) ~+H«1.3(051)

Note: 1. EZZ and {__] indicate mounting orientation marks.
2. A tolerance of £0.10 (0.004) applies to the above dimensions.

E APPROVALS
UL (File No. E41515)/CSA (File No. LR24825)

Type Contact form Coil rating Contact ratings
G5V-2 DPDT 3t048VDC 0.6 A, 125 VAC
G5V-2-H 3t024VDC 0.6 A,110VDC
2.0A,30VDC
G5V-2-H1 3t048VDC 0.6 A, 125 VAC
0.6 A, 110 VDC
10A,24VDC

Note: 1. The rated values approved by each of the safety standards may be different from the performance characteristics individually

defined in this catalog.

w N

spacings).

. In the interest of product improvement, specifications are subject to change.
. Complies with UL1950 Basic Insulation at 125 V (pollution degree 1 for internal spacings, pollution degree 2 for external

[ NOTE: DIMENSIONS ARE SHOWN IN MILLIMETERS. To convert millimeters to inches divide by 25.4.J

OMRON

QMRON ELECTRONICS, INC.
One East Commerce Drive
Schaumburg, IL 60173

1-800-55-OMRON

[

Cat. No. GC RLY7 01/00 Specifications subject to change without notice.

OMRON CANADA, INC.
885 Milner Avenue
Scarhorough, Ontario M1B 5V8
416-286-6465

Printed in the U.S.A.
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Application

e Low frequency amplifier

e Medium speed switching

Outline
TO-92 (1)
1. Emitter
2. Collector
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2SC458 (K)

Absolute Maximum Ratings (Ta = 25°C)

Item Symbol Ratings Unit

Collector to base voltage Veso 30 \Y

Collector to emitter voltage Veeo 30 Vv

Emitter to base voltage Veso 5 V

Collector current lc 100 mA

Emitter current le -100 mA

Coliector power dissipation R 200 mwW

Junction temperature Tj 150 2G

Storage temperature Tstg -55 to +150 26

Electrical Characteristics (Ta = 25°C)

Item Symbol Min Typ Max Unit Test conditions

Collector to base breakdown ~ Vggryeao 30 — — \Y c=10pAI.=0

voltage

Collector to emitter breakdown Vggiceo 30 — = Vv lc =1mMA, Rgg =

voltage

Emitter to base breakdown Vigrgso 2 — — \Y le=10 pA 1. =2

voltage

Collector cutoff current [ — — 0.5 pA V=18V, =0

Emitter cutoff current i — — 1.0 LA V=4V, =0

DC current transfer ratio fig*! 100 — 500 Vee=1V, I =10 mA

Collector to emitter saturation Vg — I~ 0.4 Vv [c=10mA, lg=1mA

voltage Al

Base to emitter voltage Vot — — 1.0 Vv lc=10mA, [;=1mA

Gain bandwidth product fr 100 - 1 MHz V=10V, l.=10 mA

Collector output capacitance  Cob — — 4 pF V=10V, [ =0,f=1MHz

Turn on time 1 — 80 — ns lc =10 lg, =-10lg, =10 mA,
Ve, =10V

Turn off time tor — 300 = ns

Storage time L — 260 — ns lc = lg; =—lg; =20 MA

Note: 1. The 2SC458 (K) is grouped by h; as follows.
B (o D

100 to 200 160 to 320 250 to 500

HITACHI



25C458 (K)

Small Signal h Parameters

Item Symbol Typ Unit Test conditions
Input impedance h, 16.5 kQ Vee=5V,1c=0.1mA,
f=270 Hz
Voltage feedback ratio I 70 %1107
Current transfer ratio 5 130
Output admittance = 11 uS
Switching Time Test Circuit Switching Time Test Circuit
ton: tog Test Circuit totg Test Circuit
D.U.T; —oCRT
w—(J# =1 g e, "\ < i

P.G. 6 ksﬂ?”_lﬂos i P.G. 90 o2 w | 0002y

tr, f S20ns(f) =50 |y, — tr E Q0PN =208 ]

PWZ2us s -56‘+ —H+ 40V PWZ1yus —h¥ TR

T pi S50p 7V= 50 50
i T Unit R:Q o 23 Unit RO
C.F CF
Response Waveform Response Waveform
13¥¢ 00— 10%
Input Input \
0 9V
g0 Output
Output Y
10% = 10%
ton tot‘f <_tStg
Ic g+ g2 | Vec | Ves | Vin lc lg1 ez | Vec | Ves | Vin
10mA| 1mA |-1mA| 10V | -6V | 13V 20mA |20 mA |-20 mA| 5V 7V -9V
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2SC458 (K)

Collector Cutoff Current vs.
Collector to Base Voltage

Maximum Collector Dissipation Curve 100 125 =:

< 250 = == o]
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1= ‘; 100 /—

0? 200 _8 10 e =

S |5 = 75—

g 150 ™ E - 3

7] \ o //

2 £ 10
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5 50 ks . Ta = 25°C |-

5 N 5. 0 ——

2 o

S 0.03 Z

0 50 100 150 D5 10 1520 25 30
Ambient Tmperature Ta (°C) Collector to Base Voltage Vg (V)
Typical Output Characteristics (1) Typical Output Characteristics (2)
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25C458 (K)
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Typical Output Characteristics (1)
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25C458 (K)

Collector Cutoff Current vs.
Collector to Base Voltage

Maximum Collector Dissipation Curve 100 125 =3
< 250 = ==
z € 30fpF =]
o = /100 —
L 200 8 10k
s Bt 75—
g 150 > S e e
D \ o p.
2 5L
B N S 50
o \ s} =]
g 5 03fE] :
. B S Ta = 25°C | ———
Soe) = 0.1 ==
3} Q .
2 (&)
e Pal
3 0.03
0 50 100 150 By NG 10715020125 30
Ambient Tmperature Ta (°C) Collector to Base Voltage Vcg (V)
Typical Output Characteristics (1) Typical Output Characteristics (2)
100 i\ ] == 2.0 [
v 2 KB ettty JLL Y P ‘I\'l/ / ]
K 1 | /
T 80 s z 18 R0 V]
3 S e B e
0.8 —| =
= o T =12 %// /
= - 0% =sir— < 1 L] ] 4
) l// = = ) L — /
£ 4 4 I = o,
i —T | =
SN AT © o8 Zicel : //
= / 0.2 L] 3 A /
e Yocams il
S 20 01 mMA——H—— S 04 B B
— N\ i !
IB =0 =¥ B
0 0.4 0.8 4 1.6 2.0 0 20 40 60 80 100
Collector to Emitter Voltage Vg (V) Collector to Emitter Voltage Ve (V)

HITACHI




28C458 (K)

Collector to Emitter Saturation Voltage

Veggsay (V)

Collector to Emitter Saturation
Voltage vs. Base Current

DC Current Transfer Ratio vs.
Collector Current

1.0 240 O B
! | Vee=1V |
fre _'100°C_|
200 oo
0.8 HH< = — ]
£ Lo \ & o 2 = /// 7556/ = x\\
1 H st [} ’,/ | 1
il iR € 160 T 2T T N
0.6 -2 \ k3] L1 ,‘.0/”’ )
(2] ‘_// L
\ £ 120 e
[ 1T e . mm i NN
0.4 £ 1 sl [} N
9 80 HTH—= ] SN
\ \ 5 T
0.2 \\ N N\\ hat O N\
. \\\ \\ \\\ \\"‘~-...._.. 8 40
TR == T
0 0
0.02 0.050.1 02 05 1.0 2 01241 0-x2Q @510 2 5 10220 50 100

Base to Emitter Saturation Voltage Vgg (sat) (V)

1.2

1.0

0.8

0.6

0.4

0.2

Base Current Ig (mA)

Base to Emitter Saturation Voltage vs.
Collector Current

171 .
|C =10 lB | §
o= e gy .
=25 ——'/ﬁ/ '///’/’ e
| ——1"] L 1 T i
.——-—-—‘_\_a i 7500"‘_‘/ 8
e 10:“3
E
w
3]
S
)
pe
o)
)
1 2 5 10 20 50 100

Collector Current I (mA)

Veggsay (V)

Collector Current |5 (mA)

Collector to Emitter Saturation
Voltage vs. Collector Current
0.28

0.24

Rérsnlr

0.20

e
e /=Y
oo

NN

A
7)
ve

1 2 9 10 20 50 100
Collector Current Ic (mA)

HITACHI




2SC458 (K)

Input and Output Capacitance vs.

Gain Bandwidth Product vs. Voltage
Collector Current el 8 “ , l
500 — S I8
B Vee =10V S q f=1MHz
N S SN
= LT O c)e \\
£ 400 a >
= // S o 6 N 7
3 : 38 2
2 300 £ 8% >
(5)
° A Se 3
= e 540 N B
3 200 = W%
: S8 o
= » e
© A o o e
o L °E 3 ~
= 100 § g \\\
(O] O 2 B
0 0.3 1.0 3 10 30
0.5 1.0 2 S 10 20 Collector to Base Voltage Vg (V)
Collector Current Iz (mA) Emitter to Base Voltage Vgg (V)
Switching Time vs. Collector Current h Parameter vs. Collector Current
10 . 100 .
Ve = 10.3 VI T 50 FVee =6V
05 Ic=101g;=-10 Ig, - - f =270 Hz
: N 5\ 820
i N - Lo =
%) N n 10
2 1 \ o
- 02 N, t . [l = 5 N
N s ~J T s —h, 3t
g N >~ o 2 ie AN,
N = | R
= o S : g 10 e ol e b,
E \\ \L \\ \ g E 05 fho 3 N
5 0.05 NS s Qs i
2 by > N R
2 \\ ol 0.1 €
0.02 |- 2 4 § 0.05
Py —
N o 0.02
0.01 o 0.01
e 2 5 10824 50 100 0.010.020.050.102 05102 5 10
Collector Current I¢ (mA) Collector Current (mA)

HITACHI



2SC458 (K)

Percentage of Relative to Ve =5V

h Parameter vs. Collector to T
Emitter Voltage
1.8 T 1117 T
lc=0.1mA |
\ f=270 Hz
1.6
\ e
14 \
hoe
\
12 \\
\\ \\ Poel4hye
1.0 o LN L ==t
ik
_hie hre.__
0.8 L
0% 1.0 2 5 10 20

Collector to Emitter Voltage Vee (V)

HITACHI



2SC458 (K)

Package Dimensions

As of January, 2001
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Cautions

1. Hitachi neither warrants nor grants licenses of any rights of Hitachi’s or any third party’s patent,
copyright, trademark, or other intellectual property rights for information contained in this document.
Hitachi bears no responsibility for problems that may arise with third party’s rights, including
intellectual property rights, in connection with use of the information contained in this document.

2. Products and product specifications may be subject to change without notice. Confirm that you have
received the latest product standards or specifications before final design, purchase or use.

3. Hitachi makes every attempt to ensure that its products are of high quality and reliability. However,
contact Hitachi’s sales office before using the product in an application that demands especially high
quality and reliability or where its failure or malfunction may directly thicaten human life or cause risk
of bodily injury, such as aerospace, aeronautics, nuclear power, combustion control, transportation,
traffic, safety equipment or medical equipment for life support.

4. Design your application so that the product is used within the ranges guaranteed by Hitachi paiicularly
for maximum rating, operating supply voltage range, heat radiation characteristics, installation
conditions and other characteristics. Hitachi bears no responsibility for failure or damage when used
beyond the guaranteed ranges. Even within the guaranteed ranges, consider normally foreseeable
failure rates or failure modes in semiconductor devices and employ systemic measures such as fail-
safes, so that the equipment incorporating Hitachi product does not cause bodily injury, fire or other
consequential damage due to operation of the Hitachi product.

5. This product is not designed to be radiation resistant.

6. No one is permitted to reproduce or duplicate, in any form, the whole or part of this document without
written approval from Hitachi.

7. Contact Hitachi’s sales office for any questions regarding this document or Hitachi semiconductor
products.
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