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3 PHASE PWM INVERTER CONTROLLED BY MICROCONTROLLER

PAYON JINDARAWONG
SUWATCHAI = KLAGERDPOL

ABSTRACT

This thesis is objected to present, 3 phase PWM inverter which used for 3 phase
induction motor drives. All of the process is based on the constant airgap flug method which
done by keep the ratio of motor applied voltages and operating frequency at constant.The main
part of this project is at the use of 80C32 microcontroller which used for generates 3 phase
PWM pulse and then this pulses will applied to IGBTs for swicthes the DC link voltage and
the swiching voltage that out put from IGBTs circuit will applied to drives the motor. The

motor speed which controlled by this inverter is in the range of 10 - 100 % of rated speed.
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51 42 uEAe Spectrum V8E1S IuHANATYYIU PWM 50Hz ATa T INg 3KHz

98/09/10 11329
OYERLAP=99%

YOKOGAWA SAZ40u
WINDOW=HANNIN

" AVERAGE=OFF

| A:SPECTRUM 1 | THD = 2. 2009 7% S
:DIIST«| X_VALUE 4z i Y VALUBY A DISTORTION % i 30dBVr
L&l { 46,875 || 23.69nm | tAC_CPL
L2 9%/ 0% | 255. Tu | 1.0792 i SNGL#
| 8 | 15625 1% 69. 56u | 0.2936 5
4 | 2031257 [18. 0u | 0.4980 | 30dBVr
5 | 250.0 8398w ¢ 0.3545 ;AC_CPL
6 | 72963785,V 5107807 | 0.2186  |SNGL+
7 343.75 | 59.20u | 0. 2499
g 406, 25 i6:85u ! 0. 1977
03105 . | 42, 2u 0. 1783
. 500.0° ; AT 0. 2646
T 540NN 57, 20 0.2414 B
I , 593, 7o 43.94u | 0.1855 | iEnteEsy
13 656.25 10. 0lu | 0.0423 | CHI
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ié ! ﬁgg.;5 f 43.87u ‘ G. 1390
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%g g 953}1%5 | 82.78u 0. 3621
20 | Ok | 36. 73u 0. 2395
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T P2 R D U 2 P R § YR 2= S | TRE/T05

517 4.3 1LAA9T18N159B3 Total Harmonic Distortion , % Distortion ¥94LI4AU 50Hz AN IUMS
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=Filter= =Offset= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0.00v Main : 10K Mode : AUTO
BW © FULL CH2 : 0.00v Zoom : 10K Type : EDGE CH1 &
Delay : 0.0ns

Hold Off : MINIMUM

517 4.4 ueasdygrannesnlumd u uag o 1 Tim/Div : 2ms/Div ANNBYATIY 50 Hz

zd' a 4
AN lumsadIny 3KHz
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YYAVE_ | SETUP.
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Delay : 0.0ns

Hold Off : MINIMUM
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=Filter= =Offset= =Record Length= =Trigger=
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BW : FULL CH2 : 0.00v Zoom @ 10K Type : EDGE CH1
Delay : 0.0ns
Hold Off :  MINIMUM

= o [ IR 4
51N 4.6 uaasdyapannweinlumd uw uaz v Teedelylawm Aames aaw
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n- | NORMZZI0KS/s
N\ - e T -
|y : H
i ¥ | i i 4
: j | ' T R
! Tl : LY { i b
| v i1 1 L Lie
; | ? ; ; i
i
S S NS S N R (=
CH Position To : Pos,"sfm
[3dv_[ -idiv | 0Odv ] +idv ]| +3dv | ~220div
=Filter= =Offset= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0.00v Main : 10K Mode : AUTO
BW © FULL CH2 : 0.00v Zoom @ 10K Type : EDGE CH1 £
Delay : 0.0ns
Hold Off : MINIMUM

v
=)

DYagIU 50 Hz

~ o 1 a d 1 o
51U 4.7 uamsdygnaninweinlumed u uaz v Teoaes Namessznarauaznsng

=)

A1UDYasIU 50 Hz
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Stopped 3 1999/02/01 06:12:48
CH1=5V B © 2ms/div
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Smoothing : OFF CH1 : 0.00v Main 10K Mode : AUTO
BW : FULL CHZ2 : 0.00v Zoom : 10K  Type : EDGE CH1 &
Delay : 0.0ns

TeEt MINIMUM

= o J v A 1 (v =
gll‘ﬂ 4.8 Llﬁﬂ\uﬁ\iﬂui]']ﬂWﬂiﬂIﬂﬂﬂﬂL‘V’lﬂUizﬂ?NLﬂﬁ u N v ANNDYATIU 50Hz
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- . - - 1v
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Smoothing : ON  CH1 : 0.00V Main : 10K Mode : AUTO
BW @ FULL CH2 : 0.00v

Zoom : 10K Type : EDGE CH1 £
Delay : 0.0ns
Hold Off :  MINIMUM

= Y [ = ' [ T J =
11U 4.9 nanaussdunnnes lasiaiouseniama u fu v TasiuTames anudy Yag1u 50Hz
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WAVE_ | SETUP..
=Filter= =Offset= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0.00v Main : 10K  Mode : AUTO
BW : FULL CH2 : 0.00v Zoom : 10K  Type : EDGE CH1 £
Delay : 0.0ns
Hold Off :  MINIMUM
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4. ANUDYAFINVBISIAUBINNN 1 10 Hz 25 Hz 1Az 50Hz

[ 4 { 2 a 4 a
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f f f
BIUFMDIN 6 - 0.6 | 155 - 0.62 | 30.5 - 0.6
1ne7 KYORITSU
DIUAIIN 105 | 712 | 1.05 | 244 | 110 | 097 | 37 108 | 07
poada laa Inl DL1520
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YOKUGAWA SAZaUU 9704720 18:36 )
WINDOW=HANNING OVERLAP=23% AVERAGE=QFF

A:SPECTRUM | THD = 102.6557 % CHi
DLISTA]  X_VALUE liz Y_VALUE V | DISTORTION ¥ 30dBYr
Bl [5.625 105. 8m AC_CPL 58
2 15. 625 [08. 8m 100.0000 | SNGL#
3 31.25 24.84n | 20.8272  |MiH
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8 | 78. 125 307. 20 | 0.2823
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A:SPECTRUM [ TID = 1. 1937 % CH1
DLIST# X_VALUE iz Y_VALUE V DISTORTION % 30dBYr
! 46. 375 432. 9m AC_CPL
2 93.75 4.689n [.0832  |SNGL4
3 156.25 249. 9u 0.0577 |MiA
4 203. 125 445. Tu 0. 1030 30dBVr
5 250. 0 726. 2u 0.1678  |AC_CPL
6 296. 875 64. 13u 0.0148 | SNGL+
7 343.15 225. Tu 0. 0521
8 406. 25 577. 8u 0. 1335
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19 935. 1925 | 859. 8u 0. 1986
A I k| 206. 9 i 0.0478
_ lundamental Ireq = 50. 0z B e e S
[wdle Wz T Tk T T EST O WRIZ00 NEXT TS PREV LIS TRETURN
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« 3k 3k 2k 3k 3% 3k O 3% % K ok 3 3k K 3k 3% 3% 3k 2k dk Xk 3k 3k 3k Ok 3k %k ok ok oK %k 3k ok ok ok ok Kk k k%
)

;MAIN PROGRAM
;WITH 15000 BYTES LOOK UP TABLE MAKING

« 3 3k 3k 3k 3% 3k ok 2k 5 3k ok 3k 3k 2k 3k % K 3K ok ok S sk 3k ok Sk Ok K 3k Sk K 3 ok K ok ok koK kK
»

ORG C900H
MOV SP,#60H
CLR A
MOV 10H,A
MOV I1H,A
MOV 16H,A
MOV 17H,A
MOV 2FH,A
MOV 12H#A0H
MOV 13H,#0FH
MOV 14H#D0H
MOV 15H,#07H
MOV P2 #EO0H
MOV RO#E3H
MOV A#90H
MOVX @R0O,A
MOV P2 #EO0H
MOV RO#EOH
MOV RLA
STRAT:MOV DPL,10H
MOV DPH,11H
MOV A,DPH
ADD A#8TH
MOV DPH,A
CLR A
MOVC A,@A+DPTR
MOV B.A
INC DPTR
CLR A



MOVC A,@A+DPTR
LCALL GENIE
PUSH 08H

PUSH 09H

PUSH 0AH

PUSH OBH

MOV DPL,12H
MOV DPH,13H
MOV A,DPH

MOV ADD #87H
MOV DPH,A

CLR A

MOVC A,@A+DPTR
MOV BA

INC DPTR

CLR A

MOVC A,@A+DPTR
LCALL GENIE
PUSH 08H

PUSH 09H

PUSH 0AH

PUSH 0BH

MOV DPL,14H
MOV DPH,15H
MOV A,DPH

MOV ADD #87H
MOV DPH,A

CLR A

MOVC A,@A+DPTR
MOV B,A

INC DPTR

CLR A

MOVC A,@A+DPTR
LCALL GENIE
PUSH 08H

PUSH 09H



PUSH 0AH
PUSH 0BH
POP 7BH

POP 7AH

POP 79H

POP 78H

POP 77H

POP 76H

POP 75H

POP 74H

POP 73H
POP.72H

POP 71H

POP 70H

MOV DPL,16H
MOV DPH,17H
ANL 2FH,#CO0H

CINE R1,#1EH,SX

SX:MOYV 7FH,C
MOV A#01H
CINE A,11H,X1
MOV A#F4H
CINE A,10H,X2

X2:JC X3

X4:LJMP BL_30

X1:JNC X4

X3:MOV A #05H
CINE A,11H,X5
MOV A#DCH
CINE A,10H,X6

X6:JC X7

X8:LJMP PBL_90

X5:JNC X8

X7:MOV A #09H
CINE A,11H,X9
MOV A #C4H



CINE A,10H,X10
X10:JC X11
X12:LJMP PBL_90
X9:JNC X12
X11:MOV A #0DH
CINE A,11H,X13
MOV A#ACH
CINE A,10H,X14
X14:JC X15
X16:LJMP PBL_210
X13:JNC X16
X15:MOV A#11H
CINE A,11H,X17
MOV A #94H
CINE A,10H,X18
X18:JC X19
X20:LJMP PBL_270
X17:JNC X20
X19:MOV A#15
CINE A,11H,X21
MOV A#7CH
CINE A,#10H,X22
X22:JC X23
X24:.LJMP PBL_330
X21:JNC X24
X23:MOV A#17TH
CINE A,11H,X25
MOV A#70H
CINE A,10H,X26
X26:JC X217
X28:SETB 7EH
LJMP BL_30
X25:JNC X28
X27:SIMP §
PBL_90:MOV A #03H

CINE A,11H,XP1



MOV A #E8H
CINE A,10H.XP2
XP2:JC XP3
XP4:LIMP BL_90
XPI1:JNC XP4
XP3:SETB 7EH
LJMP BL_90

PBL_150:MOV A #07H

CINE A,11H,XPS
MOV A#DO0H
CINE A,10H,XP6
XP6:JNC XP7
XP8:LJMP BL_150
XP5:JC XP8
XP7:SETB 7EH
LJMP BL_150

PBL_210:MOV A #0BH

CINE A,11H.XP9

MOV A#B8H

CINE A,10H ,XP10
XP10:JC XP11
XP12:LJMP BL_210
XP9:JNC XP12
XP11:SETB 7EH

LJMP BL_210

PBL_270:MOV A #0FH

CINE A,11H,XP13

MOV A #AOH

CINE A,10H,XP14
XP14:JNC XP15
XP16:LJMP BL_270
XP13:JC XP16
XP15:SETB 7EH

LJMP BL_270

PBL_330:MOV A#13H

CINE A,11H,XP17



MOV A #88H
CINE A,10H,XP18
XP18:JC XP19
XP20:LTMP BL_330
XP17:INC XP20
XP19:SETB 7EH
LIJMP BL_330
BL_30:MOV 2AH #AAH
LCALL WOFF
LCALL UW
MOV C,79H
MOV 52H,C
LCALL VU
MOV C,7AH
MOV 54H,C
LCALL VON
MOV A,2AH
MOVX @DPTR,A
INC DPTR
MOV A,7FH
MOVX @DPTR,A
INC DPTR
MOV A23H
MOVX @DPTR,A
INC DPTR
MOV A24H
MOVX @DPTR,A
INC DPTR
MOV A29H
MOVX @DPTR,A
LIMP FIN
BL_90:MOV 2AH #AAH
LCALL UOFF
LCALL WU
MOV C,7CH
MOV 52H,C



LCALL VW
MOV C,7BH
MOV 54H,C
LCALL VON
MOV A2AH
MOVX @DPTR,A
INC DPTR
MOV A, 7DH
MOVX @DPTR,A
INC DPTR
MOV A,26H
MOVX @DPTR,A
INC DPTR
MOV A,25H
MOVX @DPTR,A
INC DPTR
MOV A29H
MOVX @DPTR,A
LIJMP FIN
BL_150:MOV 2AH#AAH
LCALL UOFF
LCALL VU
MOV C,7AH
MOV 52H,C
LCALL WV
MOV C,7DH
MOV 54H,C
LCALL WON
MOV A2AH
MOVX @DPTR,A
INC DPTR
MOV A,7DH
MOVX @DPTR,A
INC DPTR
MOV A24H
MOVX @DPTR,A



INC DPTR
MOV A,27TH
MOVX @DPTR,A
INC DPTR
MOV A,7CH
MOVX @DPTR,A
LIMP FIN
BL_210:MOV 2AH #AAH
LCALL VOFF
LCALL UV
MOV C,78H
MOV 52H,C
LCALL WU
MOV C,7CH
MOV 54H,C
LCALL WON
MOV A2AH
MOVX @DPTR,A
INC DPTR
MOV A,7EH
MOVX @DPTR,A
INC DPTR
MOV A22H
MOVX @DPIR,A
INC DPTR
MOV A26H
MOVX @DPTR,A
INC DPTR
MOV A,7CH
MOVX @DPTR,A
LIMP FIN
BL_270:MOV 2AH#AAH
LCALL VOFF
LCALL WV
MOV C.7DH
MOV 52H.C



LCALL UW
MOV C,79H
MOV 54H,C
LCALL UON
MOV A2AH
MOVX @DPTR,A
INC DPTR
MOV A,7EH
MOVX @DPTR,A
INC DPTR
MOV A,27H
MOVX @DPTR,A
INC DPTR
MOV A,23H
MOVX @DPTR,A
INC DPTR
MOV A,28H
MOVX @DPTR,A
LIJMP FIN
BL_330:MOV 2AH #AAH
LCALL WOFF
LCALL VW
MOV C,7BH
MOV 52H,A
LCALL UV
MOV C,78H
MOV 54H,A
LCALL UON
MOV A2AH
MOVX @DPTR,A
INC DPTR
MOV A,7FH
MOVX @DPTR,A
INC DPTR
MOV A.25H
MOVX @DPTR,A



INC DPTR
MOV A22H
MOVX @DPTR,A
INC DPTR
MOV A,28H
MOVX @DPTR,A
LIMP FIN
UOFF:MOV A,71H
CLR C
RRC A
INZ S
MOV A,70H
RRC A
ADDC A#00H
MOV 7DH,A
JB 7FH,T2
JB 7EH,X29
T2:MOV A #08H
CLR C
SUBB A,7DH
JC X30
SETB 50H
MOV A,7DH
MOV B,#19H
MUL AB
STMP X31
X30:MOV A,7DH
CPL A
INC A
X31:MOV 7DH,A
X29:RET
VOFF:MOV A,75H
CLR C
RRC A
JNZ S
MOV A,74H

10



RRC,A
ADDC A #00H
MOV 7EH,A
JB 7FH,T3
JB 7EH,X32
T3:MOV A,#08H
CLR C
SUBB A,7EH
JC X33
SETB 50H
MOV A,7EH
MOV B,#19H
MUL AB
SIMP X34
X33:MOV A,7EH
CPLA
INC A
X34:MOV 7EH,A
X32:RET
WOFF:MOV A,79H
CLR C
RRC A
JNZ §
MOV A,78H
RRC A
ADDC A,#00H
MOV 7FH,A
JB 7FH,T4
JB 7EH,X35
T4:MOV A #08H
CLR C
SUBB A,7FH
JC X35
SETB 50H
MOV A,7FH
MOV B,#19H



MUL AB
SIMP X37
X36:MOV A,7FH
CPL A
INC A
X37:MOV 7FH,A
RET
UON:MOV A,73H
JZ X38H
MOV A/72H
JZ X39H
CLR 57H
SIMP X39H
X38:MOV A #08H
CLR C
SUBB A,72H
JC X39
SETB 56H
MOV A72H
MOV B,#19H
MUL AB
SIMP X40
X39:MOV A,72H
CPL A
INC A
X40:MOV 28H,A
RET

VON: MOV A,77H
JZ X41
MOV A,76H
JZ X42
CLR 57H
SIMP X42

X41:MOV A #08H
CLR'C

12



SUBB A,76H
JC X42
SETB 56H
MOV A,76H
MOV B, #19H
MUL AB
SIMP X43
X42:MOV A,76H
CPL A
INC A
X43:MOV 29H,A
RET
WON:MOV A,7BH
JZ X44
MOV A,7AH
JZ X45H
CLR 57H
SIMP X45
X44:MOV A #08H
CLR C
SUBB A,7AH
JC X45H
SETB 56H
MOV A,7AH
MOV B,#19H
MUL AB
SIMP X46
X45:MOV A, 7AH
CPL A
INC A
X46:MOV 7CH,A
RET
UV:MOV A,70H
CLR C
SUBB A,74H
MOV 22H,A



MOV A,71H
SUBB A,75H
CLR C
RRC A
JNZ §
MOV A22H
RRC A
ADDC A,#00H
MOV 22H,A
MOV A #08H
CLR C
SUBB A,22H
JC X47
SETB 78H
MOV A22H
MOV B.#19H
MUL AB
SIMP X48
X47:MOV A22H
CPL A
INC A
X48:MOV 22H,A
RET
UW:MOV A,70H
CILR C
SUBB A,78H
MOV 23H,A
MOV A71H
SUBB A,79H
CLR C
RRC A
INZ $
MOV A23H
RRC A
ADDC A, #00H
MOV 23HA



MOV A #08H
CLR C
SUBB A,23H
JC X49
SETB 79H
MOV A,23H
MOV B,#19H
MUL AB
SIMP X50
X49:MOV A,23H
CPL A
INC A
X50:MOV 23H,A
RET
VUMOV A,74H
CLR C
SUBB A,70H
MOV 24H,A
MOV A,75H
SUBB A,70H
MOV 24H,A
MOV A,75H
SUBB A,71H
CLR C
RRC A
JNZ'S
MOV A,24H
RRC A
ADDC A #00H
MOV 24H,A
MOV A, #08H
CLR C
SUBB A,24H
JC X51
SETB 7AH
MOV A24H



MOV B,#19H
MUL AB
SIMP X52
X51:MOV A24H
CPL A
INC A
X52:MOV 24H,A
RET
VW:MOV A,74H
CLR C
SUBB A,78H
MOV 25HA
MOV A,75H
SUBB A,79H
CLR C
RRC A
INZ $
MOV A25H
RRC A
ADDC A,#00H
MOV 25H,A
MOV A #08H
CIRE©
SUBB A,25H
JC X53
SETB 7BH
MOV A25H
MOV B,#19H
MUL AB
SIMP X54
X53:MOV A25H
CPL A
INC A
X54:MOV 25H,A
RET

WU:MOV A,78H
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CLR.C
SUBB A,70H
MOV 26H,A
MOV A,79H
SUBB A,71H
CLR C
RRC A
INZ $
MOV A,26H
RRC A
ADDC A #00H
MOV 26H,A
MOV A#08H
CLR C
SUBB A,26H
JC X55
SETB 7CH
MOV A,26H
MOV B #19H
MUL AB
SIMP X56
X55:MOV A,26H
CPL A
INC A
X56:MOV 26H,A
RET
VW:MOV A,78H
CLR C
SUBB A,74H
MOV 27H,A
MOV A,79H
SUBB A,75H
CLR C
RRC A
INZ §
MOV A27H



RRC A
ADDC A #00H
MOV 27HA
MOV A #08H
CLR C
SUBB A,27H
JC X57
SETB 7DH
MOV A27H
CPL A
INC A
X58:MOV 27H,A
RET
FIN:MOV A,10H
ADD A #02H
MOV 10H,A
MOV A,l11H
ADDC A #00H
MOV 11H,A
CLR 7EH
MOV A,17TH
CINE A,11H,X59
MOV A#70H
CINE A,10H,X59
CLR A
MOV 10H,A
MOV 11H,A
SETB 7EH
X59:JC §
MOV A,12H
ADD A #02H
MOV 12H,A
MOV A,13H
ADDC A,#00H
MOV 13H,A
MOV A#17H



CINE A,13H,X60
MOV A #70H
CINE A,12H,X60
CLR A
MOV 12H,A
MOV 13HA
X60:JC §
MOV A,14H
ADD A#02H
MOV 14H,A
MOV A,15H
ADDC A,#00H
MOV I5HA
MOV A#17TH
CINE A,15H,X61
MOV A#70H
CINE A,14H,X61
CLR A
MOV 14HA
MOV 15H,A
X61:JC S
MOV A,16H
ADD A#05H
MOV 16H,A
MOV A,17H
ADDC A #00H
MOV 17H,A
MOV A#3CH
CINE A,17H,X62
MOV A#8CH
CINE A,16H,X63
X63:JC X64
X65:LJMP START
X62:JNC X65
X64:MOV A#0O5H
MOV B,R1



MUL AB
MOV R6,A

MOV R7,B

CINE R1,#1EH,DTC

DTC:JNC HF
LIMP CYC

HF:LJMP REVOLUTION

GENIE:MOV C,E7TH
MOV 7FH,C k
CLR E7H
MOV 22H,B
MOV BRI
MUL AB
MOV 23HA
MOV A22H
MOV BRI
MUL AB
MOV 22H.A
MOV A,23H
ADD AB
MOV 23H,A
MOV A,22H
ADD A,#4DH
MOV 22H,A
MOV 2AHA
MOV A23H

ADDC A,#00H

MOV 23H,A
MOV 2BH,A

LCALL ETHAN

MOV A#15H

ADD A24H

JB 7TFH.REV _1

MOV 0AH,A
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SIMP NEXT_1
REV_1:MOV 08H,A
NEXT-1:MOV A#01H
ADDC A,25H
JB 7FH,REV_2
MOV 0BH,A
SIMP NEXT_2
REV_2:MOV 09H,A
NEXT_2:MOV A #16H
ADD A2AH
MOV 22H,A
CLR A
ADDC A,2BH
MOV 23H,A
LCALL ETHAN
MOV A #16H
SUBB A,24H
JB 7FH,REV_3
MOV 08H,A
SIMP NEXT_3
REV_3:MOV 0AH,A
NEXT_3:MOV A#01H
SUBB A,25H
JNC NX
CLR A
JB 7FH,DX
MOV 08H,A
MOV 09H,A
SIMP NEXT_4
DX:MOV OAH,A
MOV 0BH,A
SIMP NEXT_4
NX:JB 7FH,REV_4
MOV 09H,A
SIMP NEXT_4
REV_4:MOV 0BH,A
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NEXT_4:RET
ETHAN:MOV 24H,#00H

MOV 25H,#00H

LP:MOV A23H
RL A
ADD A24H
MOV 24H,A
CLR A
ADDC A,25H
MOV 25H,A
MOV B,#38H
MOV A,23H
MUL AB
ADD A22H
MOV 22H,A
MAV AB
ADDC A #00H
MOV 23H,A
INZ LP
MOV A,22H
MOV B, #64H
DIV AB
MOV 2CH,A
MOV AB
CINE A#32H,X84

X84:JC X83
MOV A2CH
ADD A#01H
MOV 2CH,A

X85:MOV A,2CH
ADD A,24H
MOV 24H,A
MOV A,25H
ADDC A,#00H
MOV 25H,A
RET



;**********************************************

; REVOLUTION PROGRAM
SRR KRR R R R R e o KR R
ORG B600H
REVOLUTION:MOV IE #35H
MOV TCON,#00H
MOV TMOD.#11H
MOV T2CON,#01H
MOV SP,#60H
MOV R4,#00H
MOV RS,#00H
MOV DPTR,#0000H
MOV 7AH,#38H
MOV 7BH #18H
MOV 7CH #28H
MOV 7DH,.#8CH
MOV 7EH,#0CH
MOV 7FH #88H
MOV 10H,#08H
MOV 28H,#A0H
MOV 27H#A8H
MOV 12H#E2H
MOV 13H,#04H
MOV 14H#C4H
MOV 15H,#09H
MOV 25H,#38H
MOV 24H,#18H
MOV 26H,#28H
MOVX A,@DPTR
MOV 22H,A
INC DPTR
MOVX A,@DPTR
ADD A #05H
MOV 08H,A
INC DPTR
MOVX A,@DPTR



MOV 0AH,A

INC DPTR
MOVX A,@DPTR
ADD A #17H
MOV 0CH,A

INC DPTR
MOVX A,@DPTR
MOV 0EH,A
MOV TL0,08H
MOV TL2,0CH
MOV A #FFH
MOV THO,A
MOV TH2,A
MOV P1#1CH
SETB TRO

RETURN:LCALL LOOP_1

JNB TFO $

MOV P1,#0CH
SETB TR2
MOVC A, @A+PC
MOV P1#8CH
MOV 7AH#A8H
MOV 7BH,#88H
MOV 7CH,#AOH
MOV 7D #C4H
MOV 7EH #84H
MOV 7FH #C0H
MOV 11H,#80H
MOV 24H#0CH
MOV 25H #8CH
MOV 12H,#A6H
MOV 13H#0EH
MOV 14H,88H
MOV 15H,#13H
LCALL TSIT_2

LCALL LOOP_2
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CLR TRI

CLR TF1

MOV TL1,0AH
MOV TH1,#FFH
JNB TFO S

MOV P1,#0CH
SETB TRI
MOVC A,@A+PC
MOV P1,#8CH
JNB TF1 §
MOV Pl #84H
SETB TR2
MOVC A,@A+PC
MOV P1#C4H
MOV 7AH#8CH
MOV 7BH#0CH
MOV 7CH,#84H
MOV 7DH,#54H
MOV 7EH,#14H
MOV 7FH #44H
MOV 10H,#04H
MOV 28H #C0H
MOV 27H#C4H
MOV 12H#6AH
MOV 13H,#18H
MOV 14H,#4CH
MOV 15H,#1DH
LCALL TSIT_1
LCALL LOOP_1
JNB TFO $
MOV P1#14H
SETB TR2
MOVC A, @A+PC
MOV P1,#54H
MOV 7AH #C4H
MOV 7BH #44H
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MOV 7CH,#CO0H
MOV 7DH,#70H
MOV 7EH,#50H
MOV 7FH,#60H
MOV 11H,#40H
MOV 24H#14H
MOV 25H,#54H
MOV 12H#2EH
MOV 13H,#22H
MOV 14H#10H
MOV 15H#27H
LCALL TSIT_2
LCALL LOOP_2
CLR TR1

CLR TF1

MOV TL1#0AH
MOV THI1#FFH
JNB TFO $
MOV P1,#14H
SETB TR1
MOVC A,@A+PC
MOV P1,#54H
JNB TF1 §
MOV P1,#50H
SETB TR2

MOVC A,@A+PC

MOV P1,#70H

MOV 7AH #54H
'~ MOV 7BH#14H
MOV 7CH,#50H
MOV 7DH,#38H
MOV 7EH,#18H
MOV 7FH #30H
MOV 10H,#10H
MOV 28H,#60H
MOV 27H,#70H
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MOV 12H#F2H
MOV 13H,#2BH
MOV 14H#D4H
MOV 15H,#30H
ACALL TSIT_1
ACALL LOOP_1
JNB TFO §
MOV Pl #18H
SETB TR2
MOVC A,@A+PC
MOV P1,#38H
MOV 7AH,#70H
MOV 7BH,#30H
MOV 7CH,#60H
MOV 7DH #A8H
MOV 7EH,#28H
MOV 7FH #AOH
MOV 11H,#20H
MOV 24H,#18H
MOV 25H.#38H
MOV 12H,#B6H
MOV 13H,#35H
MOV 14H,#98H
MOV 15H#3AH
LCALL TSIT_2
LCALL LOOP_2
CLR TRI

CLR TF1

MOV TL1,0AH
MOV THI1 #FFH
JNB TFO $
MOV P1#18H
SETB TRI
MOVC A @A+PC
MOV P1,#38H
JNB TF1 §
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MOV Pl #28H
SETB TR2
MOVC A, @A+PC
MOV P1,#A8H
CLR C

MOV AR4
SUBB A,#98H
MOV R4,A
MOV ARS
SUBB A#3AH
MOV R5,A
MOV 7AH,#38H
MOV 7BH,#18H
MOV 7CH,#28H
MOV 7DH,#8CH
MOV 7EH,#0CH
MOV 7FH,#88H
MOV 10H #08H
MOV 28H #A0H
MOV 27H #A8H
MOV 12H#E2H
MOV 13H,#04H
MOV 14H #C4H
MOV 15H #09H
LCALL TSIT_1
LJMP RETURN

TSIT_1:MOV A,R6

ADD AR4

MOV DPL,A
MOV R4,A

MOV AR7
ADDC ARS
MOV DPH,A
MOV RS,A

ANL TCON #0FH
MOV TL1,#0EH
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MOV A #FFH
MOV THILA

JNB TF2 §

MOV P1,28H
SETB TR1

CLR TR2

CLR TF2

MOV P1,#0EH
MOV TL2,0CH
MOV TH2,A

JNB TF1 $

MOV P1,28H
SETB TR2

ANL TCON,#0FH
MOV P1,27H
MOV 25H,7AH
MOV 24H,7BH
MOV 26H,7CH
MOVX A,@DPTR
MOV 22H,A

INC DPTR

MOV TL1,08H
MOVX A,@DPTR
ADD A#05H
MOV 08H,A

INC DPTR

MOV TL0,0AH
MOVX A,@DPTR
MOV 0AH,A

INC DPTR
MOVX A,@DPTR
ADD A#17TH
MOV 0CH,A

INC DPTR
MOVX A,@DPTR
MOV 0EH,A
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MOV A #FFH
MOV THO,A
MOV THI1,A
JNBTF2 S
MOV P1,26H
SETB TRO
CLR TR2

CLR TF2
MOV P1,25H
JNB TFO $
MOV P1,24H
SETB TRI
MOVC A,@A+PC
MOV P1#1CH
CLR TRO

CLR TFO
MOV TLO0,08H
MOV TL2,0CH
MOV A #FFH
MOV THO,A
MOV TH2,A
JNB TF1 $
CLR TR1

CLR TF1
SETB TRO
RET

TSIT_2:ANL TCON,#0FH

MOV TL1,0CH
MOV TLO,0EH
MOV A #FFH
MOV THO,A
MOV TH1,A
MOV 27H,7AH
MOV 26H,7BH
MOV 28H,7CH
JNB TF2 $
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MOV P1,26H
SETB TR1
MOVC A, @A+PC
MOV P1,27H
JNB TF1 §

MOV P1,28H
SETB TRO
MOVC A,@A+PC
MOV P1#0EH
CLR TR1

CLR TF1

MOV TL1,0CH
MOV THI1#FFH
JNB TFO $

MOV P1,28H
SETB TR1
MOVC A @A+PC
MOV P1,27H
CLR TR2

CLR TF2

MOV A,0AH
ADD A #19H
MOV TL2,A
MOV TH2,#FFH
JNB TF1 §

MOV P1,26H
SETB TR2
MOVC A,@A+PC
MOV P1,25H
MOV AR6

ADD A R4

MOV DPL,A
MOV R4,A

MOV AR7
ADDC ARS
MOV DPH,A
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MOV R5,A
MOVX A,@DPTR
MOV 22H,A
INC DPTR
MOVX A,@DPTR
MOV 2AH,A
ADD A,09H
CPL A
INC A
MOV 08H,A
CLR 7EH
MOV 09H,2AH
INC DPTR
MOVX A,@DPTR
ADD A#1AH
MOV 0AH,A
INC DPTR
MOVX A,@DPTR
MOV 0CH,A
INC DPTR
MOVX A,@DPTR
ADD A #0AH
MOV 0EH,A
JNB TF2 §
CLR TR2
CLR TF2
MOV TL2,0AH
MOV TH2,#FFH
CLR TRO
CLR TFO
RET
B b e T T T T T L L L L ——
;LOOP_1 PROGRAM
;#BASE_1,2,3 equals ZER_1,2,3 address respectively

+ ok ke ok ok ke o sk ok ke ok sk ke sk ok Sk ok ok ok ok ok sk ok 3k k3K s ok 3k 3k ok ok ok sk ok ok ok o ok s ok 6 ok sk ok sk 3k ok K 3k K Kok ok ok ok ok
s

LOOP_1:JB 12H,SM_1



MOV A,0AH
ADD A #04H
MOV TL1,A
MOV THI1 #FFH
JNB TFO §
MOV P1,24H
SETB TR1
MOV A26H
NOP
MOV P1,25H
JNB TF1 §
MOV P1,A
MOVC A @A+PC  :state 3 started
NOP
MOV P1,27H
SETB TR2 ;set timer lates 6 MCS
LJMP LINE_1
SM_1:MOV A,0AH
MOV DPTR#BASE_1
JMP @A+DPTR
ZER_1:JNB TFO $
MOV P1,10H
MOVC A @A+PC  ;state 3 started
NOP
MOV P1,27H
SETB TR2 ;set timer lates 6 MC
LIMP LINE_1
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP



ONE_1:MOV A,10H
JNB TFO §
MOV P1,24H
MOV P1,A
NOP ;state 3 started
MOV A27H
MOV P1,26H
MOV PLA
SETB TR2 ;set timer lates 6 MCS
LIMP LINE_1
NOP
NOP
TWO_1:JNB TFO
MOV P1,24H
MOV P1,10H
NOP ;state 3 started
MOV P1,26H
MOV P1,27H
SETB TR2
LIMP LINE_1
NOP
NOP
NOP
NOP
THR_1:JNB TFO $
MOV P1,24H
NOP
MOV P1,10H
MOV P1,26H ;state 3 started
NOP
MOV P1,27H
SETB TR2
LJMP LINE_1
NOP
NOP
NOP



FOU_1:JNB TFO $
MOV P1,24H
NOP
MOV A,26H
MOV P1,10H
MOV P1,A ;state 3 started
MOVC A, @A+PC
MOV P1,27H
SETB TR2
LIMP LINE_1
NOP
NOP

FIV_1:JNB TFO $
MOV P1,24H
MOVC A,@A+PC
NOP
MOV P1,26H
MOVC A,@A+PC
NOP
MOV P1,27H
SETB TR2
LIMP LINE_1
NOP
NOP
NOP
NOP

SIX_1:JNB TFO $
MOV P1,24H
MOVC A,@A+PC
MOV A,26H
MOV P1,25H
MOV P1,A
MOVC A,@A+PC
NOP
MOV P1,27H
SETB TR2



LIMP LINE_1
NOP
SEV_I1:JNB TFO $
MOV P1,24H
MOVC A,@A+PC
NOP
MOV P1,25H
MOV P1,26H
MOVC A,@A+PC
NOP
MOV P1,27H
SETB TR2
LIMP LINE_1
NOP
EIG_1:JNB TFO $§
MOV P1,24H
MOVC A @A+PC
NOP
MOV P1,25H
NOP
MOV P1,26H
MOVC A @A+PC
NOP
MOV P1,27H
SETB TR2
LIMP LINE_1
LINE_1:ANL TCON,#0FH
MOV AR6
MOV AR4
MOV DPL,A
MOV R4,A
MOV AR7
ADDC A,RS
MOV DPH,A
MOV R5,A
MOV A,12H



SUBB A,R4
MOV A,13H
SUBB AR5
JCISM_1
PUSH 7AH
PUSH 7BH
PUSH 7CH
SIMP OSM_1
ISM_1:PUSH 7DH
PUSH 7EH
PUSH 7FH
OSM_I:CLR C
MOV A,14H
SUBB A,R4
MOV A,15H
SUBB A,RS
MOV 7FH,C
MOV A #FFH
MOV THLA
JNB TF2 $
CLR TR2
CLR TF2
MOV TH2,A
MOV TL2,0CH
JB 16H,SM_2
MOV A,0EH
ADD A #04H
MOV TL1,A
MOVC A,@A+PC
NOP
MOV P1,28H
SETB TR1 ;set timer lates 1 MCS
NOP
MOV A,28H
MOV P1#0EH
JNB TF1 $



MOV P1,A

SETB TR2

MOVC A, @A+PC

MOV P1,27H

LIMP LINE_2
SM_2:MOV A,0EH

MOV DPTR#BASE_2

JMP @A+DPTR
ZER_2:NOP

MOV P1,27H

SETB TR2

LIMP LINE_2

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP
ONE_2:MOV A27H

MOV P1,28H

MOV PLA

SETB TR2

LIMP LINE_2

NOP

NOP

NOP



NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP
TWO_2:NOP

MOV P1,28H

MOV P1,27H

SETB TR2

LIMP LINE_2

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP
THR_2:NOP

MOV P1,28H

NOP

MOV P1,27TH

SETB TR2

LIMP LINE_2

NOP

NOP
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NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP
FOU_2:NOP

MOV P1,28H

MOVC A,@A+PC

MOV P1,27H

SETB TR2

LIMP LINE_2

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP
FIV_2:NOP

MOV P1,28H

MOVC A @A+PC

NOP

MOV P1,27H

SETB TR2

LIMP LINE_2

NOP



NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
SIX_2:NOP
MOV P1,28H
MOVC A,@A+PC
MOV A,28H
MOV P1,#0EH
MOV P1,A
SETB TR2
MOVC A,@A+PC
MOV P1,27H
LIMP LINE_2
NOP
NOP
NOP
NOP
SEV_2:NOP
MOV P1,28H
NOP
MOVC A,@A+PC
MOV P1#0EH
MOV P1,28H
SETB TR2
MOVC A @A+PC
MOV P1,27H
LJMP LINE_2
NOP
NOP



NOP
NOP
EIG_2:NOP
MOV P1,28H
NOP
MOVC A,@A+PC
. MOV P1,#0EH
NOP
MOV P1,28H
SETB TR2
MOVC A,@A+PC
MOV P1,27H
LINE_2:MOV DPL,R4
MOV DPH,R5
JNB 7FH,CROSS_1
LIMP TERM_1
CROSS_1:ANL TCON,#0FH
MOVX A@DPTR
MOV 2BH,A
INC DPTR
MOV A,08H
ADD A #03H
MOV TL1,A
MOVX A,@DPTR
ADD A #05H
MOV 08H,A
INC DPTR
MOV A,0AH
MOV 0BH,A
ADD A#04H
MOV TLO,A
MOVX A,@DPT
MOV 0AH,A
INC DPTR
MOVX A,@DPTR
ADD A#17TH



MOV 0CH,A
INC DPTR
MOVX A,@DPTR
MOV 0EH,A
JNB TF2 §
MOV A#FFH
MOV THO0,A
MOV THI,A
CLR TR2

CLR TF2

MOV TH2 #FFH
MOV TL2,0CH
JB 12H,SM_3
MOVC A,@A+PC
MUL AB

NOP

MOV P1,26H
SETB TRO
MOV A24H
NOP

MOV P1,25H
IJNB TFO $
MOV PL,A

CLR TRO

CLR TFO

NOP

MOV P1,#1CH
SETB TR1
MOV 22H,2BH
MOV TL0,08H
MOV THO,#FFH
POP 26H

POP 24H

IJNB TF1 $
SETB TRO

POP 25H
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CLR TR1
CLR TF1
LIMP LOOP_1
SM_3:MOV A,0BH
MOV DPTR#BASE_3
JMP @A+DPTR
ZER_3:MOVC A,@A+PC
MOV P1,10H
MOVC A @A+PC  ;state 7 started
NOP
MOV P1,#1CH
SETB TR1 ;set timer lates 6 MCS
LIMP LINE_3
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
ONE_3:NOP
MOV A,10H
MOV P1,26H
MOV PLA
NOP ;state 7 started
MOV A #1CH
MOV P1,24H
MOV PL A
SETB TR1 ;set timer lates 6 MCS
LIMP LINE_3
NOP
NOP



NOP

NOP

NOP
TWO_3:MOVC A,@A+PC

MOV P1,26H

MOV P1,10H

NOP ;state 7 started

MOV P1,24H

MOV P1#1CH

SETB TR1

LIMP LINE_3

NOP

NOP

NOP

NOP

NOP

NOP
THR_3:MOVC A@A+PC

MOV P1,26H

NOP

MOV P1,10H

MOV P1,24H ;state 7 started

NOP

MOV P1#1CH

SETB TRI

LIJMP LINE_3

NOP

NOP

NOP

NOP

NOP
FOU_3:MOVC A,@A+PC

MOV P1,26H

NOP

MOV A24H

MOV P1,10H
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MOV P1,A ;state 7 started

MOVC A,@A+PC

MOV P1#I1CH

SETB TRI

LIMP LINE_3

NOP

NOP

NOP

NOP
FIV_3:MOVC A@A+PC

MOV P1,26H

MOVC A,@A+PC

NOP

MOV P1,24H

MOVC A @A+PC ;state 7 started

NOP

MOV P1#ICH

SETB TRI

LIMP LINE_3

NOP

NOP

NOP

NOP

NOP

NOP
SIX_3:MOVC A, @A+PC

MOV P1,26H

MOVC A,@A+PC

MOV A,24H

MOV P1,25H

MOV P1,A

MOVC A, @A+PC

NOP

MOV P1,#1CH

SETB TRI

LIMP LINE_3



NOP

NOP

NOP
SEV_3:MOVC A,@A+PC

MOV P1,26H

MOVC A,@A+PC

NOP

MOV P1,.25H

MOV P1,24H

MOVC A,@A+PC

NOP

MOV P1,#1CH

SETB TR

LIMP LINE_3

NOP

NOP

NOP
EIG_3:MOVC A.@A+PC

MOV P1,26H

MOVC A,@A+PC

NOP

MOV P1,25H

NOP

MOV P1,24H

MOVC A,@A+PC

NOP

MOV P1#I1CH

SETB TR1
LINE_3:MOV 22H,2BH

MOV TLO0,08H

POP 26H

POP 24H

INB TF1 $

SETB TRO

POP 25H

CLR TRI



CLR TF1
LIMP LOOP_1

TERM_1:ANL TCON,#0FH

INC DPTR

MOV A,08H
ADD A#03H
MOV TLLA
MOVX A,@DPTR
MOV 09H,A

CPL A

INC A

ADD A #05H
MOV 08H,A

INC DPTR

MOV A,0AH
ADD A,#04H
MOV TLO,A
MOVX A,@DPTR
ADD A #05H
MOV 0AH,A

INC DPTR
MOVX A,@DPTR
ADD A #05H
MOV 0CH,A

INC DPTR
MOVX A,@DPTR
ADD A#05H
MOV 0OEH,A

JNB TF2 $

MOV A #FFH
MOV THO,A
MOV THLA
CLR TR2

CLR TF2

MOV TH2,A
MOV TL2,0AH
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MOVC A,@A+PC
MUL AB

MUL AB
MOV P1,26H
SETB TRO
MOV A24H
NOP

MOV P1,25H
JNB TFO $
MOV P1,A
CLR TRO

CLR TFO

NOP

MOV P1 #1CH
SETB TR1
MOV 22H,2BH
MOV TL0,08H
MOV THO,#FFH
POP 26H

POP 24H

JNB TF1 §
SETB TRO
POP 25H

RET

LOOP_2:JB 7EH,SM_4

MOV A,08H
ADD A #04H
MOV TLO,A
MOV THO,#FFH
NOP

MOV P1,24H
SETB TRO
NOP

MOV A24H
MOV P1,#1CH
JNB TFO $
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MOV PL,A

SETB TR2

MOVC A,@A+PC

MOV P1,25H

LIMP LINE_4
SM_4:MOV A,08H

MOV DPTR,#BASE_4

JMP @ A+DPTR
ZER_4:NOP

MOV P1,25H

SETB TR2

LJMP LINE_4

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP
ONE_4:MOV A25H

MOV P1,24H

MOV P1 A

SETB TR2

LIJMP LINE_4

NOP

NOP

NOP
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NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP
TWO_4:NOP

MOV P1,24H

MOV P1,25H

SETB TR2

LIMP LINE_4

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP
THR_4:NOP

MOV P1,24H

NOP

MOV P1,25H

SETB TR2

LIMP LINE_4

NOP

NOP
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NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP
FOU_4:NOP

MOV P1,24H

MOVC A,.@A+PC

MOV P1,25H

SETB TR2

LIMP LINE_4

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP
FIV_4:NOP

MOV P1,24H

MOVC A,@A+PC

NOP

MOV P1,25H

SETB TR2

LIMP LINE_4

NOP



NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP
SIX_4:NOP

MOV P1,24H

MOVC A,@A+PC

MOV A24H

MOV P1,#1CH

MOV PLA

SETB TR2

MOVC A,@A+PC

MOV P1,25H

LIMP LINE_4

NOP

NOP

NOP

NOP
SEV_4:NOP

MOV P1,24H

MOVC A,@A+PC

NOP

MOV P1,#1CH

MOV P1,24H

SETB TR2

MOV A,@A+PC

MOV P1,25H

LJMP LINE_4

NOP

NOP



NOP
NOP
EIG_4:NOP
MOV P1,24H
MOVC A@A+PC
NOP
MOV P1 #1CH
NOP
MOV P1,24H
SETB TR2
MOVC A,@A+PC
MOV P1,25H
LIMP LINE_4
LINE_4:ANL TCON,#0FH
MOV TLO0,0EH
MOV A,12H
SUBB A,R4
MOV A,13H
SUBB A,RS
JCISM_2
MOV 27H,7AH
MOV 26H,7BH
MOV 28H,7CH
SIMP OSM_2
ISM_2:MOV 27H,7DH
MOV 26H,7EH
MOV 28H,7FH
OSM_2:CIR C
MOV ARG
ADD A R4
MOV DPL,A
MOV R4,A
MOV AR7
ADDC ARS
MOV DPH,A
MOV RS5,A



MOV A #FFH
MOV THO,A
JNB TH2 §
CLR TR2
CLR TF2
MOV THL,A
MOV TH2,A
MOV TL2,0AH
MOV A,14H
SUBB A R4
MOV A,15H
SUBB ARS
MOV 7FH,C
SETB 7EH
JB 14H,SM_5
MOV A,0CH
ADD A#04H
MOV TL1,A

MOVC A,@A+PC

NOP

MOV P1,26H
SETB TRI1
NOP

MOV A,28H
MOV P1,27H
JNB TF1 §
MOV PLA
CLR TR1

CLR TF1

NOP

MOV P1 #EOH
SETB TRO
MOV A,0CH
ADD A #04H
MOV TL1,A
MOV TH1 #FFH
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LIMP LINE_S
SM_5:MOV A,0CH
MOV DPTR,#BASE_5

JMP @A+DPTR
ZER_5:NOP
MOV P1,11H

MOVC A@A+PC

NOP

MOV P1 #EOH

SETB TRO

LIMP ZER_6

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP
ONE_5:MOV A,11H

MOV P1,26H

MOV P1,A

NOP

MOV A #EOH

MOV P1,28H

MOV P1,A

SETB TRO

LIMP ONE_6

NOP

NOP

NOP

NOP

NOP
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TWO_5:NOP
MOV P1,26H
MOV PI1,11H
NOP
MOV P1,28H
MOV P1 #EOH
SETB TRO
LIMP TWO_6
NOP
NOP
NOP
NOP
NOP
NOP
THR_5:NOP
MOV P1,26H
NOP
MOV P1,11H
MOV P1,28H
NOP
MOV P1,#E0H
SETB TRO
LIMP THR_6
NOP
NOP
NOP
NOP
NOP
FOU_5:NOP
MOV P1,26H
NOP
MOV A,28H
MOV P1,11H
MOV P1,A
MOVC A,@A+PC
MOV P1,#EOH



SETB TRO
LIMP FOU_6
NOP
NOP
NOP
NOP

FIV_5:NOP
MOV P1,26H
MOVC A @A+PC
NOP
MOV P1,28H
MOVC A, @A+PC
NOP
MOV P1,#EOH
SETB TRO
LIMP FIV_6
NOP
NOP
NOP
NOP
NOP
NOP

SIX_5:NOP
MOV P1,26H
MOVC A,@A+PC
MOV A,28H
MOV P1,27H
MOV P1,A
MOVC A,@A+PC
NOP
MOV P1,#EOH
SETB TRO
LIMP SIX_6
NOP
NOP
NOP



SEV_5:NOP
MOV P1,26H
MOVC A, @A+PC
NOP
MOV P1,27H
MOV P1,28H
MOVC A, @A+PC
NOP
MOV P1 #EOH
SETB TRO
LIMP SEV_6
NOP
NOP
NOP
EIG_5:NOP
MOV P1,26H
MOVC A, @A+PC
NOP
MOV P1,27H
NOP
MOV P1,28H
MOVC A, @A+PC
NOP
MOV P1#EOH
SETB TRO
LIMP EIG_6
LINE_5:JNB TFO $
MOV P1,28H
SETB TRI
NOP
MOV A,26H
MOV P1,27H
JNB TF1 §
MOV P1,A
MOVC A@A+PC
NOP



MOV P1,25H
SETB TR2
LIMP LINE_6
ZER_6:JNB TFO $
MOV P1,11H
MOVC A,@A+PC
NOP
MOV P1,25H
SETB TR2
LIMP LINE_6
ONE_6:MOV A,11H
JNB TFO $
MOV P1,28H
MOV P1LA
NOP
MOV A25H
MOV P1,26H
MOV PI1,A
SETB TR2
LIMP LINE_6
TWO_6:JNB TFO $
MOV P1,28H
MOV P1,11H
NOP
MOV P1,26H
MOV P1,25H
SETB TR2
LIMP LINE_6
THR_6:JNB TFO $
MOV P1,28H
NOP
MOV P1,11H
MOV P1,26H
MOV P1,25H
SETB TR2
LIMP LINE_6



FOU_6:JNB TFO $
MOV P1,28H
NOP
MOV A26H
MOV P1,11H
MOV PLA
MOVC A@A+PC
MOV P1,25H
SETB TR2
LIMP LINE_6
FIV_6:JNB TFO §
MOV P1,28H
MOVC A,@A+PC
NOP
MOV P1,26H
MOVC A, @A+PC
NOP
MOV P1,25H
SETB TR2
LIMP LINE_6
SIX_6:JNB TFO $
MOV P1,28H
MOVC A,@A+PC
MOV A26H
MOV P1,27H
MOV PLA
MOVC A,@A+PC
NOP
MOV P1,25H
SETB TR2
LIMP LINE_6
SEV_6:JNB TFO $
MOV P1,28H
MOVC A,@A+PC
NOP
MOV P1,27H



MOV P1,26H

MOVC A,@A+PC

NOP

MOV P1,25H

SETB TR2

LIMP LINE_6
EIG_6:JNB TFO S

MOV P1,28H

MOVC A,@A+PC

NOP

MOV P127H

NOP

MOV P1,26H

MOVC A @A+PC

NOP

MOV P1,25H

SETB TR2

LIMP LINE_6
LINE_6:MOV DPL,R4

MOV DPH,R5

ANL TCON #OFH

JNB 7EH,CROSS_2

LIMP TERM_2

CROSS_2:MOVX A,@DPTR

MOV 22H,A

INC DPTR

MOVX A,@DPTR

MOV 2AH,A

ADD A,09H

CINE A#09H, XA

XA:JNC XB

MOV B,#19H

MUL AB

MOV 08H,A

SIMP XC

XB:CPL A



INC A

MOV 08H,A

CLR 7FH

XC:MOV 09H,2AH

INC DPTR

MOVX A,@DPTR

ADD A#l1AH

MOV 0AH,A

INC DPTR

MOVX A,@DPTR

MOV 0CH,A

INC DPTR

MOVX A,@DPTR

ADD A#0AH

MOV OEH,A

JNB TF2 $

CLR TR2

CLR TF2

MOV TL2,0AH

MOV TH2 #FFH

LIMP LOOP_2
TERM_2:INC DPTR

MOVX A,@DPTR

ADD A#05H

MOV 08H,A

MOV TLO,A

INC DPTR

MOVX A,@DPTR

ADD A #05H

MOV 0AH,A

INC DPTR

MOVX A,@DPTR

ADD A #05H

MOV 0CH,A

INC DPTR

MOVX A,@DPTR



ADD A #05H
MOV 0EH,A
JNBTF2S
CLR TR2

CLR TF2
MOV TL2,0CH
MOV A #FFH
MOV THO,A
MOV THIL,A
MOV TH2,A
MOV A,09H
CPL A

INC A

ADD A #04H
MOV TL1,A
MOVC A,@A+PC
NOP

MOV P1,24H
SETB TR1
MOVC A,@A+PC
MOV P1,#1CH
JNB TF1 $
NOP

SETB TRO
RET
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ORG D500H
LOOP3:ANL TCON ,#0FH
JNB TF2 §
ANL T2CON, #7BH
MOV TL2,0EH
MOV TH2,0FH
JB 12H,SMA
MOV A,0CH
ADD A#05H
MOV TLLA
MOV THI1.#FFH
MOV A,0AH
ADD A#04H
MOV TLO,A
MOV THO,#FFH
NOP
MOV P1,24H
SETB TRO
MOV A26H
NOP
MOV P1,25H
JNB TFO §
MOV PLA
SETB TR1
MOVC A,@A+PC
MOV P1,27H
LJMP KEEPI
SMA:MOV A,0CH
ADD A#0AH
MOV TL1,A
MOV TH1,#FFH
MOV A, 0AH
MOV DPTR#AZER
JMP @A+DPTR
KEEP1:JNB TF1 $
MOV P1,28H



MOVC A,@A+PC
NOP
MOV P1,#EO0H
SETB TR2
MOV AR6
ADD AR4
MOV DPL,A
MOV R4,A
MOV AR7
ADDC ARS
MOV DPH,A
MOV R5,A
MOV A,12H
SUBB A,R4
MOV A,13H
SUBB AR5
JC ISMA
PUSH 7AH
PUSH 7BH
PUSH 7CH
SJMP OSMA
ISMA:PUSH 7DH
PUSH 7EH
PUSH 7FH
OSMA:CLR C
MOV A,14H
SUBB A,R4
MOV A,15H
SUBB AR5
MOV 7FH,C
MOVX A,@DPTR
MOV 2AHA
INC DPTR
MOVX A,@DPTR
ADD A#18H
MOV 09H,A



INC DPTR
MOVX A,@DPTR
MOV 0BHA

INC DPTR
MOVX A,@DPTR
MOV ODH,A

INC DPTR
MOVX A,@DPTR
ADD A #1CH
MOV OEH,A
MOV A#FEH
ADDC A, #00H
MOV C,57H
ADDC A #00H
MOV OFH,A
ANL TCON,#0FH
JNB TF2 §

ANL T2CON,#7BH
MOV TL2,08H
MOV TH2 #FFH
MOV A,0CH
ADD A #05H
MOV TLL,A
MOV THI1,#FFH
JB 12H,SMD
MOV A,0AH
ADD A#05H
MOV TLO,A
MOV THO,#FFH
MOV P1,28H
SETB TR1
MOVC A,@A+PC
MOV P1,27H
IJNB TF1 §

MOV P1,26H
SETB TRO
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MOVC A,@A+PC
MOV P1,25H
JNB TFO $
MOV P1,25H
JNB TFO §
MOV P1,24H
MOVC A, @A+PC
NOP
MOV P1,#1CH
SETB TR2
LJMP DEPI
SMB:MOV A,0AH
MOV DPTR#BZER
NOP
NOP
MOV P1,28H
SETB TR1
NOP
NOP
MOV P1,27H
JMP @A+DPTR
DEP1:MOV 22H,2AH
MOV 08H,09H
MOV 0AH,0BH
MOV 0CH,0DH
POP 26H
POP 24H
POP 25H
JNB 7FH,MRC
RET
MRC:JNB TF2 $
CLR TR2
CLR TF2
MOV TL2,08H
MOV TH2#FFH

MUL AB



MUL AB
NOP

NOP

SETB TR2
LIMP LOOP3

ORG DS00H

LOOP4:ANL TCON,#0FH

JNB TF2 §

ANL T2CON,#7BH
MOV TL2,0EH
MOV TH2,0FH
MOV A,0AH
ADD A #05H
MOV TLO,A
MOV THO,#FFH
JB 14H,SMC
MOV A,0CH
ADD A #04H
MOV TL1,A
MOV THI1,#FFH
NOP

MOV P1,24H
SETB TRO
MOVC A, @A+PC
MOV P1,25H
JNB TFO §

MOV P1,26H
SETB TR1

MOV A,28H
NOP

MOV P1,27TH
JNB TF1 $

MOV P1,A
MOVC A,@A+PC
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NOP
MOV P1,#EOH
SETB TR2
LIMP KEEP2
SMC:MOV A,0CH
MOV DPTR,#CZER
NOP
NOP
NOP
MOV P1,24H
SETB TR2
NOP
NOP
MOV P1,25H
MOV A,12H
SUBB A,R4
MOV A,13H
SUBB ARS
JC ISMB
MOV 27H,7AH
MOV 26H,7BH
MOV 28H,7CH
SIMP OSMB
ISMB:MOV 26H,7DH
MOV 27H,7EH
MOV 28H,7FH
CLR C
MOV AR6
ADD AR4
MOV DPL,A
MOV R4,A
MOV AR7
MOVC ARS
MOV DPH,A
MOV R5,A

CLR C



MOV A,14H
SUBB A,R4
SUBB ARS

MOV 7FH,C
MOVX A,@DPTR
MOV 2AH.A

INC DPTR
MOVX A,@DPTR
MOV 0BH,A

INC DPTR
MOVX A,@DPTR
MOV 0DH,A

INC DPTR
MOVX A,@DPTR
ADD A#1CH
MOV 0EH,A
MOV A #FEH
ADDC A,#00H
MOV C,57TH
ADDC A,#00H
MOV 0FH,A
ANL TCON,#0FH
JNB TF2 §

ANL T2CON,#7BH
MOV TL2,08H
MOV TH2 #FFH
JB 14H,SMD
MOV A,0AH
ADD A#05H
MOV TLO,A
MOV THO,#FFH
MOV A,0CH
ADDC A#04H
MOV TL1,A
MOV TH1 #FFH
MOV P1,28H
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SETB TR1

MOV A26H

NOP

MOV P1,27TH

JNB TF1 $§

MOV PLA

SETB TRO

MOVC A, @A+PC

MOV P1,25H

JNB TFO $

MOV P1,24H

MOVC A,@A+PC

NOP

MOV P1#1CH

SETB TR2

LJMP DEP2
SMD:MOV A,0AH

ADD A #0AH

MOV TLO,A

MOV THO,#FFH

MOV A,0CH

MOV DPTR,#DZER

JMP @A+DPTR
PDEP:JNB TFO $

MOV P1,24H

MOVC A, @A+PC

NOP

MOV P1,1CH

SETB TR2
DEP2:MOV 22H,2AH

MOV 08H,09H

MOV 0AH,0BH

MOV 0CH,0DH

JB 7FH,CIR

RET

CIR:JNB TF2 §



CLR TR2

CLR TF2

MOV TL2,08H
MOV TH2 #FFH
MUL AB

MUL AB

NOP

NOP

SETB TR2
LIMP LOOP4
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CYC PROGRAM
Rk e ok ek e ek ok ok o R ko ok e ook ok ko
ORG DCO0H
CYC:MOV IE #85H
MOV TCON,#00H
MOV TMOD,#11H
MOV T2CON,#01H
MOV SP,#60H
MOV R4,#00H
MOV R5,#00H
MOV DPTR,#0000H
MOV 7AH,#38H
MOV 7BH,#18H
MOV 7CH,#28H
MOV 7DH,#8CH
MOV 7EH,#0CH
MOV 7FH,#88H
MOV 10H,#08H
MOV 28H,#AO0H
MOV 27H,#A8H



MOV 12H#E2H
MOV 13H,#04H
MOV 14H,#C4H
MOV 15H,#09H
MOV 25H,#38H
MOV 24H,#18H
MOV 26H,#28H
MOVX A,@DPTR
MOV 22H,A

INC DPTR
MOVX A,@DPTR
ADD A,18H
MOV 08H,A

INC DPTR
MOVX A,@DPTR
MOV 0AH,A

INC DPTR
MOVX A,@DPTR
MOV 0CH,A

INC DPTR
MOVX A,@DPTR
ADD A #1CH
MOV OEH,A
MOV A #FEH
MOV C,17H
ADDC A,#00H
MOV OFH,A
MOV TL2,08H
MOV TH2 #FFH
MOV P1,1CH

BEG:LCALL LOOP3

MOV 7AH#A8H
MOV 7BH,#88H
MOV 7CH,#A0H
MOV 7DH #C4H

MOV 7EH,#84H
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MOV 7FH #COH
MOV 11H,#80H
MOV 24H,#0CH
MOV 25H,#8CH
JNB TF2 $§

CLR TR2

CLR TF2

MOV TL2,08H
MOV TH2,#FFH
MOV 12H,#A6H
MOV 13H,#0EH
MOV 14H #88H
MOV 15H#13H
SETB TR2
LIMP LOOP4
MOV 7AH#8CH
MOV 7BH,#0CH
MOV 7CH,#84H
MOV 7DH,#54H
MOV 7EH #14H
MOV 7FH,#44H
MOV 10H,#04H
MOV 28H,#COH
MOV 27H #C4H
INB TF2 $

CLR TR2

CLR TF2

MOV TL2,08H
MOV TH2,#FFH
MOV 12H,0AH
MOV 13H,#18H
MOV 14H #4CH
MOV 15H,#1DH
SETB TR2
LIMP LOOP3
MOV 7AH,#C4H
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MOV 7BH,#44H
MOV 7CH#CO0H
MOV 7DH,#70H
MOV 7EH,#50H
MOV 7FH,#60H
MOV 11H,#40H
MOV 24H,#14H
MOV 25H,#54H
JNB TF2 §

CLR TR2

CLR TF2

MOV TL2,08H
MOV TH2,#FFH
MOV 12H#2EH
MOV 13H#22H
MOV 14H,#10H
MOV 15H#27H
SETB TR2
LCALL LOOP4
MOV 7AH #54H
MOV 7BH,#14H
MOV 7CH,#50H
MOV 7DH #38H
MOV 7EH,#18H
MOV 7FH #30H
MOV 10H,#10H
MOV 28H,#60H
MOV 27H,#70H
JNB TF2 $

CLR TR2

CLR TF2

MOV TL2,08H
MOV TH2,#FFH
MOV 12H#F2H
MOV 13H,#2BH
MOV 14H#D4H
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MOV 15H,#30H
SETB TR2
LCALL LOOP3
MOV 7AH,#70H
MOV 7BH,#30H
MOV 7CH,#60H
MOV 7DH,#A8H
MOV 7EH,#28H
MOV 7FH,#AO0H
MOV 11H,#20H
MOV 24H,#18H
MOV 25H,#38H
JNB TF2 §

CLR TR2

CLR TE2

MOV TL2,08H
MOV TH2,#FFH
MOV 12H#B6H
MOV 13H,#35H
MOV 14H,#98H
MOV 15H,#3AH
SETB TR2
LCALL LOOP4
MOV 7AH,#38H
MOV 7BH,#18H
MOV 7CH,#28H
MOV 7DH,#8CH
MOV 7EH,#0CH
MOV 7FH,#88H
MOV 10H,#08H
MOV 28H,#AO0H
MOV 27H,#A8H
JNB TF2 §

CLR TR2

CLR TF2

MOV TL2,08H

~1

~1



MOV TH2,#FFH
MOV 12H,#E2H
MOV 13H,#04H
MOV 14H,#C4H
MOV 15H,#09H
SETB TR2

CLR C

MOV A R4
SUBB A,#98H
MOV R4,A
MOV AR5
SUBB A#3AH
MOV R5,A
AJMP BEG
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ORG D000H
AZER:NOP
MOV P1,10H
MOVC A,@A+PC
NOP
MOV P1,27H
SETB TR1
LIJMP KEEP1
ORG DO019H
AONE:MOV A,10H
MOV P1,24H
MOV PLA
NOP
MOV A27TH
MOV P1,26H
MOV P1,A
SETB TR1



79

LIMP KEEP1
ORG D032H
ATWO:NOP
MOV P1,24H
MOV P1,10H
NOP
MOV P1,27H
SETB TR1
LIMP KEEP1
ORG D04BH
ATHR:NOP
MOV P1,24H
NOP
MOV P1,10H
MOV P1,26H
NOP
MOV P1,27H
SETB TR1
LIMP KEEPI
ORG D064H
AFOU:NOP
MOV P1,24H
NOP
MOV A,26H
MOV P1,10H
MOV PLA
MOVC A,@A+PC
MOV P1,27H
SETB TR1
LIMP KEEP1
ORG DO07DH
AFIV:NOP
MOV P1,24H
MOVC A,@A+PC
NOP
MOV P1,26H



MOVC A,@A+PC

NOP

MOV P1,27H

SETB TRI

LIMP KEEP1

ORG D096H
ASIX:NOP

MOV P1,24H

MOVC A,@A+PC

MOV A26H

MOV P1,25H

MOV P1A

MOVC A@A+PC

NOP

MOV P1,27H

SETB TR1

LIMP KEEP1

ORG DOAFH
ASEV:NOP

MOV P1,24H

MOVC A,@A+PC

NOP

MOV P1,25H

MOV P1,26H

MOVC A,@A+PC

NOP

MOV P1,27H

SETB TR1

LIMP KEEPI

ORG DOC8H
AEIG:NOP

MOV P1,24H

MOVC A,@A+PC

NOP

MOV P1,25H

NOP
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MOV P126H
MOVC A@A+PC
NOP
MOV P127H
SETB TR!
LIMP KEEPI

PRSP ———
ORG D100H

BZER:JNB TF1 $
MOV P1,10H
MOVC A,@A+PC
NOP
MOV P1,#1CH
SETB TR2
LIMP DEPI
ORG D119H

BONE:MOV A,10H
INB TF1 §
MOV A, 10H
MOV P1.26H
MOV P1.A
NOP
MOV A#1CH
MOV P1.24H
MOV P1,A
SETB TR2
LIMP DEP!
ORG D132H

BTWO:JNB TE1 $
MOV P1.26H
MOV P1,10H
NOP
MOV P1.24H
MOV P1#1CH
SETB TR2
LIMP DEPI



ORG D14BH
BTHR:JNB TF1S
MOV P1,26H
NOP
MOV P1,10H
MOV P1,24H
NOP
MOV P1,#1CH
SETB TR2
LIMP DEP1
ORG D164H
BFOU:JNB TF1 §
MOV P1,26H
NOP
MOV A24H
MOV P1,10H
MOV P1,A
MOVC A,@A+PC
MOV P1#1CH
SETB TR2
LIMP DEP1
ORG D17DH

BFIV:INB TF1 $
MOV P1,26H
MOVC A @A+PC
NOP
MOV P1,24H
MOVC A,@A+PC
NOP
MOV P1#1CH
SETB TR2
LIJMP DEP1
ORG D196H

BSIX:JNB TF1 §
MOV P1,26H
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MOVC A,@A+PC

MOV A24H

MOV P1,25H

MOV PLA

MOVC A,@A+PC

NOP

MOV P1#1CH

SETB TR2

LIMP DEP1

ORG DI1AFH
BSEV:INB TF1 §

MOV P1,26H

MOVC A@A+PC

NOP

MOV P1,25H

MOV P1,24H

MOVC A @A+PC

NOP

MOV P1,#1CH

SETB TR2

LIMP DEP1

ORG D1C8H
BEIG:JNB TF1 $

MOV P1,26H

MOVC A,@A+PC

NOP

MOV P1,25H

NOP

MOV P1,24H

MOVC A,@A+PC

NOP

MOV P1#I1CH

SETB TR2

LIMP DEP1
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ORG D700H



CZER:JNB TFO $
MOV PI1,11H
MOVC A,@A+PC
NOP
MOV P1,#EOH
SETB TR2
LIMP KEEP2
ORG D719H

CONE:MOV A,11H
JNB TFO §
MOV P1,26H
MOV P1L,A
NOP
MOV A#EOH
MOV P1,28H
MOV PLA
SETB TR2
LIMP KEEP2
ORG D732H

CTWO:JNB TFO §
MOV P1,26H
MOV PL,11H
NOP
MOV P1,28H
MOV P1,#EO0H
SETB TR2
LIMP KEEP2
ORG D74BH

CTHR:JNB TFO §
MOV P1,26H
NOP
MOV PI1,11H
MOV P1,28H
NOP
MOV Pl #EOH

SETB TR2
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LIMP KEEP2
ORG D764H
CFOU:JNB TFO §
MOV P1,26H
NOP
MOV A28H
MOV P1,11H
MOV P1,A
MOVC A,@A+PC
MOV P1,#EOH
SETB TR2
LIMP KEEP2
ORG D77DH
CFIV:INB TFO $
MOYV P1,26H
MOVC A,@A+PC
NOP
MOV P1,28H
MOVC A,@A+PC
NOP
MOV P1 #EO0H
SETB TR2
LIMP KEEP2
ORG D796H
CSIX:JNB TFO §
MOV P1,26H
MOVC A, @A+PC
MOV A,28H
MOV P1,27H
MOV PLA
MOVC A, @A+PC
NOP
MOV P1 #EOH
SETB TR2
LIMP KEEP2
ORG D7AFH



CSEV:JNB TFO $
MOV P1,26H
MOVC A,@A+PC
NOP
MOV P1,27H
MOV P1,28H
MOVC A,@A+PC
NOP
MOV P1,#EOH
SETB TR2
LIMP KEEP2
ORG D7C8H

CEIG:IJNB TFO $
MOV P1,26H
MOVC A,@A+PC
NOP
MOV P1,27H
NOP
MOV P1,28H
MOVC A,@A+PC
NOP
MOV P1 #EOH
SETB TR2
LIMP KEEP2

sk R R R Rk
ORG D800H

DZER:NOP
MOV P1,11H
MOVC A, @A+PC
NOP
MOV P1,25H
SETB TRO
LJMP PDEP
ORG D819H

DONE:MOV A,11H
MOV P1,28H



MOV PLA
NOP
MOV A25H
MOV P1,26H
MOV P1,A
SETB TRO
LIMP PDEP
ORG D832H
DTWO:NOP
MOV P1,28H
MOV P1,11H
NOP
MOV P1,26H
MOV P1,25H
SETB TRO
LIMP PDEP
ORG D84BH
DTHR:NOP
MOV P1,28H
NOP
MOV P1,11H
MOV P1,26H
MOV P1.25H
SETB TRO
LIMP PDEP
ORG D864H
DFOU:NOP
MOV P1,28H
NOP
MOV A26H
MOV P1,11H
MOV P1,A
MOVC A,@A+PC
MOV P1,25H
SETB TRO
LIMP PDEP



ORG D87DH
DFIV:NOP

MOV P1,28H

MOVC A,@A+PC

NOP

MOV P1,26H

MOVC A,@A+PC

NOP

MOV P1,25H

SETB TRO

LIMP PDEP

ORG D896H
DSIX:NOP

MOV P1,28H

MOVC A,@A+PC

MOV A26H

MOV P1,27H

MOV P1,A

MOVC A,@A+PC

NOP

MOV P1,25H

SETB TRO

LJMP PDEP

ORG DSAFH
DSEV:NOP

MOV P1,28H

MOVC A,@A+PC

NOP

MOV P1,27H

MOV P1,26H

MOVC A,@A+PC

NOP

MOV P1,25H

SETB TRO

LJMP PDEP

ORG D8C8H
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DEIG:NOP
MOV P1,28H
MOVC A,@A+PC
NOP
MOV P1,27H
NOP
MOV P1,26H
MOVC A,@A+PC
NOP
MOV P1,25H
SETB TRO
LIMP PDEP

« e sfe ek ke e ke o ok e ok ok ok ok ok 3k ok ok ok 3k ok Sk 3k ok sk sk ok ok ok ok ok sk ok

555.55*SIN@ LOOK UP TABLE

L3k sk sk ok s ok ok ok ok sk ok ok sk ok ok sk o sk skokokokokok ok ok ok skok ok
’

ORG 8700H

DWL 0,1,2,3,5,6,7,8,9,10,12,13,14,15,16,17,19,20,21,22,23,24,26
DWL 27,28,29,30,31,33,34,35,36,37,38,40,41,42,43,44,45,46,48,49
DWL 50,51,52,53,55,56,57,58,59,60,62,63,64,65,66,67,68,70,71,72
DWL 73,74,75,77,78,79,80,81,82,83,85,86,87,88,89,90,92,93,94,95
DWL 96,97,98,100,101,102,103,104,105,106,108,109,110,111,112,113
DWL 114,116,117,118,119,120,121,122,123,125,126,127,128,129,130
DWL 131,133.134,135,136,137,138,139,140,142,143,144,145,146,147
DWL 148,149,151,152,153,154,155,156,157,158,159,161,162,163,164
DWL 165,166.167,168,169,171,172,173,174,175,176,177,178,179,181
DWL 182,183,184,185,186,187,188,189,190,191,193,194,195,196,197



DWL 198,199,200,201,202,203,205,206,207,208,209,210,211,212,213
DWL 214,215,216,217,219,220,221,222,223,224,225,226,227,228,229
DWL 230,231,232,233,234,235,237,238,239,240,241,242,243,244,245
DWL 246,247,248,249,250,251,252,253,254,255,256,257,258,259,260
DWL 262,263,264,265,266,267,268,269,270,271,272,273,274,275,276
DWL 277,278,279,280,281,282,283,284,285,286,287,288,289,290,291
DWL 292,293,294,295,296,297,298,299,300,301,302,303,304,305,305
DWL 306,307,308,309,310,311,312,313,314,315,316,317,318,319,320
DWL 321,322,323,324,325,326,327,327,328,329,330,331,332,333,334
DWL 335,336,337,338,339,340,341,341,342,343,344,345,346,347,348
DWL 349,350,351,351,352,353,354,355,356,357,358,359,359,360,361
DWL 362,363,364,365,366,367,367,368,369,370,371,372,373,373,374
DWL 375,376,377,378,379,379,380,381,382,383,384,385,385,386,387
DWL 388,389,390,390,391,392,393,394,394,395,396,397,398,399,399
DWL 400,401,402,403,403,404,405,406,407,407,408,409,410,411,411
DWL 412,413,414,415,416,417,417,418,419,420,421,421,422,423,424
DWL 424,424,425,426,427,427,428,429,430,430,431,432,432,433,434
DWL 435,436,437,438,438,439,440,440,441,442,443,444,445,445,446
DWL 447,447,447,448,449,449,450,451,451,452,452,453,454,455,456
DWL 456,457,458,458,459,459,460,461,461,462,463,463,464,465,465
DWL 466,467,467,468,468,469,470,470,471,472,472,473,473,474,475
DWL 476,476,477,478,478,479,479,480,481,481,482,482,483,483,484
DWL 485,485,486,486,487,487,488,489,489,490,490,491,491,492,492
DWL 493,493,494,494,495,496,496,497,497,498,498,,499,499,500,500
DWL 501,501,502,502,503,503,504,504,505,505,506,506,507,507,508
DWL 508,508,509,509,510,510,511,511,512,512,513,513,514,514,515
DWL 515,516,516,517,517,517,518,518,519,519,519,520,520,521,521
DWL 522,522,522,523,523,523,524,524,525,525,525,526,526,527,527
DWL 527,528,528,528,529,529,529,530,530,530,531,531,532,532,533
DWL 533,533,533,534,534,534,535,535,535,536,536,536,537,537,537
DWL 537,538,538,538,538,539,539,539,540,540,540,540,541,541,541
DWL 541,542,542,542,542,543,543,543,543,544,544,544,544,545,545
DWL 545,545.545,546,546,546,546,547,547,547,547,547,548,548,548
DWL 548,548,548,549,549,549,549,549,549,550,550,550,550,550,550
DWL 551,551.551,551,551,551,551,552,552,552,552,552,552,552,553
DWL 553,553.553,553,553,553,553,553,554,554,554,554,554,554,554
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DWL 554,554,554,554,554,555,555,555,555,555,555,555,555,555,555
DWL 555,555,555,555,555,555,555,555,555,555,555,555,555,555,556
DWL 556,556,556,556,556,556,556,556,556,556,556,556,555,555,
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INTERNATIONAL RECTIFIER |JCAR

HIGH VOLTAGE THREE-PHASE

MOS GATE DRIVER

IR2130

General Description

The IR2130 is a high voltage driver for MOS-gated power
devices. It has three high side and three low side
referenced gate drive channels. The device can be used
to drive six N-channel MOSFETS or IGBTs in a three-phase
bridge configuration operating from DC bus voltages up
to 600 volts.

The logic inputs are compatible with 5V CMOS OR
LSTTL. The output driver features a high pulse current
buffer stage designed for minimum driver cross-
conduction. A ground referenced operational amplifier
provides an analog feedback of bridge current via an
external current sense resistor. A current trip function which
terminates all six outputs is also derived from this resistor.
An open drain FAULT signal is provided to indicate that
an over- current or undervoltage shutdown has occurred.
A built-in 2us deadtime prevents overlap current
conduction in the power switches.

.

Applications

B PWM AC motor drives
Six-step AC motor drives
Brushless DC motor drives
UPS

High Power Ballast

Features

B High voltage (600V) operation
B Output driver designed to drive MOS-gated power

devices

— Output drive of 250mA/500mA typical source/sink

— Switching time of 75/35ns typical t;/tf into
1000pF load

Independent half bridge drivers

— Three floating high voltage drivers

— Three ground referenced drivers

Floating supply designed for bootstrap operation

— Operating offset range from -5 to +600V

— dV/dt immunity rated at +/-50V/ns

— Quiescent power dissipation of 30mW at 15V

Over-current shut down turns off all six drive outputs

— Trip point at 485mV with 100mV hysteresis

— Leading edge blanking time of 400ns typ

Current amplifier provides linear voltage proportional

to bridge current.

Input logic provides 2us deadtime between high

sidg,and low side

— 250ns min input filter for noise immunity

Fault pin indicates over-current shut down and

undervoltage lockout

Propagation delay time of 630ns/400ns typical ton/toff

Wide gate drive supply range from 10 to 20V

Under-voltage lockout (8.65V typ) with hysteresis for

all channels

Typical Connection

Ve O—
%e +
g = A
{7] 7
o] =
FE =] 7
H — 7] i
5 %) o i) 0
£ 1 2] = o0
Fl 13 E Fil
I 2 = X
\ o 5
7 B ]
- 7 ]
5 = & _,_@ B
o

Pinout Assignment
vee (7] (28] vg
Nt [2] 27 JHO1
Nz (3] [26] Vs
HING (4| 25 ]NC
i[5 ] [25]ve
nz[6 | o 23] 102
[ e R
FaOLT 8| E 2T]NC
mRip (9| - [20] va3
a0 (10 19 JHO3
ca- (o7 ] (78 Jvsa
VssE 17 |NC
vso (3] 6 10
103 14 15 |Lo?
S
For mechanical specifications see back page

— |
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Static Electrical Characteristics

(Vee. VBS1,23=15V and Vg5 =V =0V unless otherwise specified)

(VIN. VTH. lIN. VO, and IQ parameters are applicable to all six channels

The Vo and Ig parameters are referenced to Vs0,1,2.3)

(All the Static Electrical Parameters are 100% tested in production at TA=25C)

(HS1,23 & LS1,23))

T’ = 25°C Tl = -55 to
150°C
Symbol Parameter Min Typ Max Min Max | Units Test Conditions
LK Offset Supply Leakage Currents — — 50 — 500 Vg =Vg< =600V
(chan 1,2,&3) T
laBso Quiescegt) VBs1,2,3 Supply Currents - 1 16 — 30 A | (VINT,23-
(OUT=L
laBst Quiescent Vgs1,2,3 Supply Currents — 20 - — - (HS-V|N1,2,3-)=ITRIP=0V
(OUT=HI)
= =[TRIP=5V
lacco Quiesc&r)n Vce Supply Current — 26 — - i, (ViIN1,23-)
(OUT=LO)
=ITRIP=0V
lacct Quiescent Vo Supply Current o 28 35 — 6 (ViN1,23-)
(OUT=HI) —
N+ Logic “1" Input Bias Current — 360 500 — 900 VIN=
(OUT=HI) .
liN= Logic “0" Input Bias Current — 160 — — — VN =5'
(OUT=L0) —
IITRIP+ “High" ITRIP Bias Current — 60 - — — Fl'Rlpnov
TRIP- “Low"” ITRIP Bias Current R — 20 — [ 1000 | nA [ mRIP=
VIN,IH Logic “0" Input Voltage (OUT=LO) — — — 22 — v
VIN,IL Logic “1" Input Voltage (OUT=HI) - — g =, oY)
VITTH+ ITRIP Input Positive Going Threshold | 435 | 485 | 535 | 400 | 550 | mv
Vccuv+ | Ve Supply Undervoltage Positive 85 9 9.45 8 96
Going Threshold
Vecuv- Ve Supply Undervoltage Negative 82 865 9.1 77 9‘.3
Going Threshold . v
Supply Undervottage — 865 | @ — — .
Vi v+ VBsi1,23 Su
= o Positive'aGoing Thresholds
VBSuV- VBS1,2,3 Supply Undervoltage — 825 — — -
oy Nega(iv’g Going Thresholds . -
igh Short Circui — - — - VouT=VIN- =0V,
! Output High Short Circuit Pulsed 250 2
o Current mA :\N< 1?;.: . -
ircui - - - - OUT =15V, VIN-=5V,
lo- Output Low Short Circuit Pulsed 500 2 i
Current
Vcc-VoH | High Level Output Voltage — 45 — 100 mv | VIN-=0V, Ig=0A
Vou Low Level Output Voltage — 10 — 100 VIN-=5V, g =0A
Ron, FLT FAULT- Low On Resistance — 65 - 150
Vos Amplifier Input Offset Voltage — — 10 — — mV | Vgo=CA-=0.2v
Ica- CA-~ Input Bias Current — 05 4 — 10 nA CA-=25V .
CMRR Amplifier Common Mode Rejection — 80 — — — Vg0 =CA-=0.1V & &
= @ CA-=0.2V,
= = — — — Vsg=CA 02V,
PSRR Q:;pmhﬂer Power Supply Rejection — 75 v(s;% e
VOH,Amp | Amplifier High Level Output Voltage 509 52 527 5 55 \ CA-=QV, Vgg =1V
VOL,Amp Amplifier Low Level Output Voltage — 25 20 — 50 mvV CA-=1V, Vgo =0V
'SRC,Amp Amplifier Output Source Current 315 4 — 2 — CA-=0V, Vgg =1V, CAO=4V
ISNK, Amp | Amplifier Output Sink Current 1 16 — 05 — CA-=1V, Vg0 =0V, CAO=2V
10+ ,Amp Amplifier Output High Short Circuit — 43 65 —_ 10 mA | CA-=0V, Vgg=5V, CAO=0V
' Current
lo- Amp Amplifier Output Low Short Circuit — 3 44 — 10 CA-=5V, Vgo =0V, CAO=5V
. Current
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Absolute Maximum Ratings

Absolute Maximum Ratings indicate sustained limits beyond which damage to the device may occur.

All voltage parameters are absolute voltages referenced to VsSs unless specified otherwise.

The Thermal Resistance and Power Dissipation ratings are measured under board mounted and still
air conditions.

Symbol Parameter * Min Max Units
VB1,23 Floating Supply Absolute Voltages Vs1,2,3-05 Vs1,23+20

Vs1,23 Floating Supply Offset Voltages Vso-5 Vgo +600

VHO1,23 High Side Output Voltages Vs1,23-05 VB1,23+05

Vee Fixed Supply Voltage -05 20

Vso Low Side Driver Return -5 Vce +05 v
VL0123 Low Side Output Voltages Vso-05 Vcc +05

VIN Logic Input Voltages (HIN-, LIN-, ITRIP) -05 Vce +05

Vea- Amplifier Inverting Input Voltage -05 Vec+05

Vcao Amplifier Output Voltage -05 Vce+05

VELT- Fault Output Voltage -05 Vcc +05

dVg/dt Allowable Offset Suppy Voltage Transient — 50 Vins
Pp Package Power Dissipation @ TA <= 25°C — 15 w
RthJA Thermal Resistance, Junction to Ambient — 70 cw
Tj Junction Temperature -55 150

Te Storhgg"ér;\;eralure -55 150 G
TL Lead Temperature (soldering, 10 seconds) — 300

Recommended Operating Conditions

Refer to the Input/Output Logic Timing diagram. For proper operation the device should be used within the

recommended conditions.

The Vsp,1,2,3 offset ratings are tested with all supplies biased at 15V differential.

Loe

Symbol Parameter Min Max Units
VB1,23 Floating Supply Voltages Vs1,23+10 Vsi1,2,3+20

Vs1.23 Floating Supply Offset Voltages Vgo-5 Vgo +600

VHO1,2.3 High Side Output Voltages Vs1,23 VB1,23

Vce Fixed Supply Voltage 10 20

Vso Low Side Drive Return -5 5 v
VLO1,23 Low Side Output Voltages Vso Vee

VIN Logic Input Voltages (HIN-, LIN-, ITRIP) Vss 5

Vca- Amplifier Inverting Input Voltage Vss 5

Vcao Amplifier Output Voltage Vss S

VELT- Fault Output Voltage Vss Vee

mn<iov

Typical Performance Characteristics

Fig. 1 — Input/Output Function Diagram Fig: 2 — Diagnostic Feedback Operational

Amplifier Circuit

M

{7 vee ver [28] 0F g
HIN > 2 | HINT Hot [ 27 { | —v—— HO1
1 3 | ANz V1 [ 26— "'LmF i Y3m
4| HING Ne [25] _T BV —
= N 5 | Nt Vg |24 T 0w ” —
- Tox - e Ho2 [ 23 } - {‘[ —w— » HO2
7| N3 vso [22 —me ' . 4 W
FAULT —————{8 | FAULT ne [21] T
1R >——"9_| ITRIP ve3 |20 0.14F 50 —
[0 cao HO3 [ 19 } T {F—— » HO3
—
T

et

. 'lill+

1
{12 | vss NC| T = L
+—{13 | vso Lo1 [ 16 0 OR =

LO1 600y
103 —{14 | L03 2[5 1
L02 +15V
nf nF

—
»_Ia
-

I

Fig. 3a — Switching Time Test Circuit



Typical Performance Characteristics

HIN
50% 50%
N
fon
HO
1) p—
HIN
:XT X”i
uN
w
HO

Fig. 3b. — Input/Output Switching Time
Waveform Definition

15V
~Jveo
- (CA) 10(CAD)
st L,

_r, - | Y
m |
av
VeAD / )
% o
R an an
. av v
S = Se= o O
Fig. 4 — Operational Amplifier Slew Rate
Measurement
15V
1(vee)
1ca) |~
A 10(CAD)
13(Vs0) 12(Vss)
MEASURE VcaQ1 AT Vsg = 0.1V
VCAQ2 AT Vg = SV
CMRR = -20-106 | a0t - o020

49V

Fig. 6 — Operational Amplifier Common Mode
Rejection Ratio Measurements

—
e i 50%
ITRIP _m |
U —— 1\ l I
50%
LU | \l 508
it titce
t1‘ln’|.)

Fig. 3c — Overcurrent Shutdown Switching Time
Waveform Definition

voe = Vo0
=—— o
& =

Fig. 5 — Operational Amplifier Input Offset Voltage

Measurement
Vee
13(Vs0) 1(vee)
s 10(CAD)
1(CA-) 7>
/ 12(Vss)
= —AN
e 20K
o

MEASURE VCAO1 AT Ve = 10V
MEASURE VCAQ2 AT VGG = 20V

PSRR = -20 *L0G

VCAO1 - Veao2
(10v) (21)

Fig. 7 — Operational Amplifier Power Supply

Rejection Ratio Measurement
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Functional Description

The IR2130 is a monolithic high voltage, high speed
six channel power MOSFET and IGBT driver. Refer to
the section on Functional Block Diagram for the internal
partitioning of the various circuit blocks. The driver
translates logic input signals into corresponding out-of-
phase low impedance outputs. Low side channel
outputs (LO1, 2, 3) are referenced to a fixed supply
(Ve Vso) and high side channel outputs (HO1, 2, 3)
are referenced to individual floating rails (Vgsy, 2, 3).
with offset capability up to 600V.

Input/Output Logic

The logic circuit provides the control pulses for the
output channel corresponding to the logic inputs as
indicated by the Input/Output Function Diagram
(Fig. 1). The HO and LO outputs are in anti-phase with
the corresponding HIN- and LIN- logic inputs. A bridge
circuit overcurrent or Vg undervoltage condition sets
the internal fault logic high, which in turn shuts all six
drive outputs off. The logic input uses a comparator with
hysteresis and a 300ns front end filter to provide high
noise immunity and can accept inputs with slow rise
times. The input thresholds are compatible with 5V
CMOS or LSTTL and V| /V|y are 0.8V/2.2V.

A minimum deadtime of 2,s is provided between HO
and LO outputs of each channel to prevent cross
conduction between high side and low side power
devices. A longer deadtime can be obtained by
providing a gap or an overlap between HIN-and LIN-
inputs of desired duration.

In a typical three-phase bridge operation, fast

. switching of the power devices, parasitic inductances
-¥'in the wiring and the current sensing resistor can cause

voltage spikes of several volts between the Vg and
Vgs pins. Thus, isolation circuits were added to
guarantee that the logic functions correctly even when
Vg swings by up to +/-5V with respect to Vgg.

Protection and Diagnostics

In the case when Vg is below the under-voltage trip
point, the UV detect'block will send a signal to enable
the fault logic, which in turn disables all six output
channels. The fault logic, and therefore the outputs,
change state as soon as Vg crosses the under-voltage
lockout threshold voltages.

The over-current shutdown protection is provided to
protect the driven power device when abnormal over-
stress conditions occur. Over-stress conditions are
detected by sensing the bridge circuit current through
a sensing resistor, as shown in the section on Typical
Connection. When the voltage at the ITRIP pin exceeds
its threshold (485mV), the fault logic is latched on and
all six output channels are disabled. The fault logic, in
this case, can be reset by either cycling Vg below its
undervoltage threshold or by holding all three LIN- pins
high for more than 10us.

In both shutdown cases, the fault logic causes the
FAULT output pin to send an open-drain diagnostic
output signal.

Separate UV detect blocks are also used to disable
each floating channel individually when Vggy, 2. or 3
are below the trip point limit. The UV condition can be
reset cycle-by-cycle at the next input signal into the
channel. The UV detect for Vgg, however, has no effect
on the fault logic.

IHZ 19V
In addition to these protection features, the IR2130
also provides an operational amplifier which can be
used for diagnostic feedback of the bridge circuit
current level. By configuring the op amp as a
noninverting amplifier, as shown in Fig. 2, the op amp
will provide an analog (OV to 5V) signal reflecting the
current in the bridge circuit.

Level Shifting

Narrow “On" and “Off" pulses triggered respectively
by the rising and the falling edge of HINs, are generated
by the pulse generator block. The respective pulse is
used to drive separate high voltage N-channel DMOS
level translators that set or reset RS latches operating
off the floating rail. Level shifting of the ground
referenced HIN signals is thus accomplished by
transposing the references of the signal to the floating
rail. Because each high voltage N-channel DMOS level
translator is turned on for only the duration of the short
“On" or “Off" pulses, for each set or reset event, power
dissipation is minimized. False triggering of the RS latch
from fast dv/dt transients on the Vg1, o, 3 nodes are
effectively differentiated from normal pull-down pulses
through a pulse discriminator circuit such that, the
floating channel is essentially immune to any level of
dvidt. Also, the high voltage level shifting circuit is
designed to function normally even when the Vg1, 2. 3
nodes swing more than 5V below the Vgq pin. This
condition can often occur during the recirculation period
of the output free-wheeling diodes.

Output Driver

All six channels use identical low impedance CMOS
buffer stages with peak current capability of 0.25A for
tt pull-up and 05A for pull-down. To avoid cross-
conduction noise spikes, the buffer stages are designed
such that the pull-up device is turned off before the pull-
down device turns on and vice versa. For a typical
1000pF load the rise and fall times are 75ns and 35ns,
respectively.

Application Guidelines

The IR2130 is typically used to drive six high voltage
N-channel power MOSFETs or IGBTs configured in
three phase bridge or other topologies. Fixed low side
referenced outputs are used to drive the three low side
connected power devices. Floating output channels are
used to drive power devices in the high side
configuration that require an over-rail gate drive. Refer
to the section on Typical Applications for various circuit
topologies where the IR2130 is applicable.

Typically, the floating supply is derived from the fixed
supply using a bootstrap technique as shown in the
section on Typical Connection. The charging diode must
have a voltage withstand capability higher than the peak
HV bus voltage. To prevent discharging of the bootstrap
capacitors, a fast recovery diode is recommended. The
value of the bootstrap capacitor depends on the
switching frequency, duty cycle and gate charge
requirement of the power MOSFET. The voltage across
the capacitor should not be allowed to drop below the
under-voltage lockout threshold. A 0.1uF capacitor is
usually suitable for applications switching above 5kHz.

A supply bypass capacitor between Vo and Vgg
is required to supply the transient current needed for
refreshing the bootstrap supply, as well as for switching
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Dynamic Electrical Characteristics

VCCv VB =
eristics are measured using the test ciréuit as shown in F
own in Fig. 3 and 4.

T, = 25%
] = 25°C T =
= =55 to
‘OSymboI Parameter ~ T : 150°C
n ] Turn-On Propagat — 1n Typ | Max | Min | M
£ i Ulnlish e § e o ® RN e Ll
s " | . Turn-On’ Rise Time (all si - .
T S| - .
tpﬂ_ Turn-Off Propag&iof\ De:: ) — o 1o puss 150 W
tt .| (all six channels) = ° 4 200 400 500 — .| 600 " V81,23 =0V 1o 600V
i ;urn-qﬂ- Fall-Time (all six channels) T 50‘ VIN=0& 5V
) &e:ghm_e (LS Turn-off to HS Turn-on- — — s 4
— Turn-off to LS Turn-on). - .2 - - - S - e
itrip .. ITRIP to Output Shutdown 1" CL:?OOOPF‘ VIN=0 &5V
T e Propagation Delay ) 435 | 680 | 770 - 1000 ns . . .
" i : - : LA .
e ITRIP to FAUL-:Propagation Time - | 335 | 600 .| C=1000pF
oncir LIN1,23 to FAULT Cléar Time 70| = [ 1000 s 7] Vin: ViTRIp=0"
UiLin input Fi - — [0 | — : . VITRIP =0 & SV
T : dnput Filter Time (all six inputs) . < | — | - - = — | ows 1 y .
ol ITRIP Blanking Time -~~~ 0| — | = [ — ] s [Vineovasv
SR- :mpﬁ(ief Siow Rato (positive) W "g R I P N
: mpiifier Slew Rate (negative) 2 ar | = 27 | — | Vs | -
T v T e : — 15 [ — [V :
: s
_ Functional Block Diagrain’ - ;
[ e e S
1 —_— e — e T
HINT d}— ‘ i I——
] INPUT PULSE:
HINZ IGNAL ¥] GeNE
O— GENERATOR | 11 @ e
1 : SHIFTER
HIN3 O—
l -
LNt ﬁ) i '
LN2 O—— wur P
20= al = PULSE
T SIGNAL [ (5 GENERATOR
Uk O GENERATOR L
]
'FAuu(}g =
| CLEAR CLFAU -] )
| wGIC -| | - IDG%(T: > SII':EPI?ATL ) ki Gsigksngo
- i< R "
. _ ¢ -5 > ceneraon |2 LeVEL  |ReseT. [F == ]
| T N SHIFTER.-* ]
. s DETECTOR
veo O—— :
ITRIP- : :
. 3
CURRENT DETECTOR

COMPARATOR

DRIVER

A M

Application Guidelines (cont.)

the capacitive loads. Typically, @ value of at least ten
times the bootstrap capacitor is recommended. This
capacitor together with bootstrap capacitors must be
connected close to the device. A 0.1uF ceramic disk
capacitor in parallel with a 1uF tantalum capacitor is
recommended for the Voo-Vss bypass. while 0.1pF
capacitors are recommended for bootstrap capacitors.
To minimize inductance in the gate drive loop, each

power device should have its own dedicated connection

Typical Applications

going to Vg1, 2, 3: OF Vg pin of the 1R2130 for the
return of the gate drive signal. For a smaller power
device, a series gate resistor between the output of the
|R2130 and the gate of the driven power device is

recommended to limit switching speed. The value of

the gate resistor depends on EMI requirements,
switching losses and the maximum allowable dv/dt in

the power switch.
m]

3-Phase 60 Hz Six-Step Motor Drive
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PACKAGE DIMENSIONS

[@] @ 0.25(0.010) ®]T] B ®]

(2B .= T NOTES,
1. DIMENSIONING AND TOLERANCING PER ANSI
| Y14.5M, 1982,
| Y 2. CONTROLLING DIMENSION: MILLIMETER.
X u
N o (_{fé{:_ : MILLIMETERS | INCHES
e N | om| MIN | MAX | MIN | MAX
| ] ‘ A 28 29| 1102 | 1142
i (I A 8 | 193 | 203 ] 0750 | 080
1——'9‘ < - c 47 53| 0.185 | 0209
D | 053 | 1480037 | 0058
R 1 g 3 # L E | 191 21 0075 | 0os3
l (1 J\ F 22 2.4 | 0087 | 0102
-Y- K | G | __545BSC 0215 BSC
L P H 26 30 [ 0102 | 0118
K J | 043 | 078 | 0017 | 0.031
N K | 176 | 188 | 0693 | 0740
& L | 10| 11.4] 0433 | 0449
J Nl 395 | 475 ] 015 | 0.187
L w P 22 | 26| 0087 | 0102
F 2pl—» N Q 31 35 0122 | 0137
Gl ‘J R| 215 | 235 | 0085 | cos3
J Ll U 61| 65 0240 | 025%
D3pL LAl W] 28] 321 0110] 0125
STYLES:
[®] 025 0010 ®[ Y] 0 ©)] s
2. COLLECTOR
3. EMITTER

CASE 340G—-02
TO-264
ISSEER

Jlorola reserves the right to make changes without further notice to any preducts herein. Motorola makes no warranty, representation or guarantee regarding
s suitability of its products for any particular purpose, nor does Motorola assume any liability arising out of the application or use of any product or circuit, and
ecifically disclaims any and all liability, including without limitation consequential or incidental damages. “Typical” parameters which may be provided in Motorola
ia sheets and/or specifications can and do vary in different applications and actual performance may vary over time. Alloperating parameters, including “Typicals”
‘st be validated for each custemer application by customer’s technical experts. Motorola does not convey any license under its patent rignts nor the rights of
‘ers. Motorola products are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other
dlicationsintended to supportor sustain life, or for any other application in which the failure of the Motorola product could create a situation where personal injury
leathmayoccur. Should Buyer purchase or use Motorola products for any such unintended or unauthorized application, Buyer shallindemnify and hold Motorola
dits officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable attomey fees
sing out of, directly or-indirectly, any ciaim of personal injury or death associated with such unintended or unauthorized use, even if such cfaim alleges that
lorola was negligent regarding the design or manufacture of the part. Motorola and. «« are registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal
‘portunity/Affirmative Action Employer.

3w toreach us:
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I I [ T ;
Veg =360V — | Vec=360v v
— Vge=15V £ Vge=15V
Rg =20 Q @ 1.5—?(3:20% L
9 ) =125°
2 § rd
. / 2
Ic=30 A 7/ £
' 2
w
— /“‘EWM/ z 0.5 ]
Z 0.
7
b_—’_—-—-/—’__-(
0 0
0 25 50 75 100 125 150 0 S 10 15 20 25 30
Ty, JUNCTION TEMPERATURE (°C) Ic, COLLECTOR-TO-EMITTER CURRENT (AMPS)
Figure 11. Turn—Off Losses versus Figure 12. Turn—Off Losses versus
Junction Temperature Collector—to—Emitter Current
00 . 100 T
= :
—
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w
= /’ %
= 3
10 —x — = 10
T3 125°% /1L =
A Ty= 050 &
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1 y |4 rs
ll' 71’ }9 —
> 7 o E Vae=15v
// ]/ o) — AGE=20Q
] | > \NIP) SiegeE
1 / [ At YAl
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VFp, FORWARD VOLTAGE DROP (VOLTS) Ve, COLLECTOR-TO-EMITTER VOLTAGE (VOLTS)
Figure 13. Typical Diode Forward Drop versus Figure 14. Reverse Biased Safe
Instantaneous Forward Current Operating Area
Storola TMOS Power MOSFET Transistor Device Data 5
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000

Vce=0V Ty=25°C
:000 x\
- c
\\IES
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2000
: Coes
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O 1
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GATE-TO-EMITTER OR COLLECTOR-TO-EMITTER VOLTAGE (VOLTS)
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2.4
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Figure 5. Capacitance Variation
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Ve =360V
Vge=15V

Ty=125C
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R, GATE RESISTANCE (OHMS)

Figure 7. Total Switching Losses versus
Gate Resistance
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| I
L Vo =360V

Vge=15V

" Rg=200Q
L Ty =125°C

=
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Ic, COLLECTOR-TO-EMITTER CURRENT (AMPS)

Figure 9. Total Switching Losses versus
Collector—to—Emitter Current
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TOTAL SWITCHING ENERGY LOSSES (mJ)

0.5

TURN-OFF ENERGY LOSSES (mJ)

Qr
/
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/ Ty=25C |
// Ic=30A
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Qgq, TOTAL GATE CHARGE (nC)

Figure 6. Gate-to—Emitter Voltage versus

Total Charge

|
Veo=360V
L--VGe=15V /
RG=20Q //
Ic :V’
//
/'/ 20A -/
/ /
| ] 10A _
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Figure 8. Total Switching Losses versus
Junction Temperature
I
Voo =360 V
L Vae=15V
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10A
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R@, GATE RESISTANCE (OHMS)

Figure 10. Turn—Off Losses versus

Gate Resistance

Motorola TMOS Power MOSFET Transistor Device Data



TRICAL CHARACTERISTICS — continued (T = 25°C unless otherwise noted)

MGY3CORE&0D

Characteristic Symbol I Min I Typ I Max l Unit J
: CHARACTERISTICS — continued
rse Recovery Time trr — 153 — ns
(IF = 30 Adc, VR = 360 Vdc, ta - 82 —
dip/dt = 200 A/us) th — 71 —
:rse Recovery Stored Charge QRR — 23 = uC
arse Recovery Time trr — 208 s ns
(IF = 30 Adc, VR = 360 Vdc, ta — 117 —
dlg/dt = 200 Alus, T = 125°C) th _ 91 —
arse Recovery Stored Charge QRR — 3.8 — uC
INAL PACKAGE INDUCTANCE
mal Emitter Inductance ‘ Lg nH
leasured from the emitter lead 0.25” from package to emitter bond pad) — 13 B

TYPICAL ELECTRICAL CHARACTERISTICS

T T T ¥ T
Ty=25°C Vge=20V 125V
I
17.50f—+ 10V
[
15V
0 1 2 3 4 5

V¢, COLLECTOR-TO-EMITTER VOLTAGE (VOLTS)

Figure 1. Output Characteristics, Ty = 25°C

/

Vecg =100V
5us PULSE WIDTH

Ty =125°C
&) |

/ |
25°C
) / /|
/ /
1

) —
5 6 i 8 9 10 11

Vae, GATE-TO-EMITTER VQLTAGE (VOLTS)

Figure 3. Transfer Characteristics

I, COLLECTOR CURRENT (AMPS)

Vce, COLLECTOR-TO-EMITTER VOLTAGE (VOLTS)

60

40

20

2.6

22

1.8

Tj= 125°C

125V

10V

st

LA

1

2

3

4

Vo, COLLECTOR-TO-EMITTER VOLTAGE (VOLTS)

Figure 2. Output Characteristics, Ty = 125°C

Vee=15V l
80 115 PULSE WIDTH c=30A
T T ] T
— 225 A
b —
-
/ / 15A
/ g W cescatil L
50 0 50 100 150

T, JUNCTION TEMPERATURE (°C)

Figure 4. Collector—to—Emiitter Saturation
Voltage versus Junction Temperature

torola TMOS Power MOSFET Transistor Device Data
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CTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted)

Characteristic Symbol ‘ Min 1 Typ I Max l Unit T
CHARACTERISTICS
‘ector—to-Emitter Breakdown Voltage BVcEs Vdc
/GE = 0Vdc, Ic = 250 pAdc) 600 — —
'emperature Coefficient (Positive) — 870 — mV/°C
‘0 Gate Voltage Collector Current ICES uAdc
/cE = 600 Vdc, VG = 0 Vdc) — — 100
J/Ccg =600 Vdc, Vgg =0 Vdc, Ty = 125°C) — — 2500
'e—Body Leakage Current (Vgg =+ 20 Vdc, Vg = 0 Vdc) IGES == = 250 nAdc
SHARACTERISTICS (1)
tector—to—Emitter On—State Voltage VCE(on) Vde
VGE = 15 Vdc, Ig = 15 Adc) — 2.20 2.90
VGE = 15 Vdc, Ig = 15 Adc, T = 125°C) — 2.10 —
VGE = 15 Vdc, Ig = 30 Adc) = 2.60 3.45
se Threshold Voltage VGE(th) Vde
Vce = VGE. Ic =1 mAdc) 4.0 6.0 8.0
Threshold Temperature Coefficient (Negative) — 10 — mV/°C
~ward Transconductance (Vcg = 10 Vdc, Ig = 30 Adc) gfe — 15 — Mhos
AMIC CHARACTERISTICS
:ut Capacitance Cies — 4280 — pF
- VcE =25 Vde, Vg =0 Vde
‘put Capacitance UcE ' VGE ' e —
e f= 1.0 MHz) Coes o
wnsfer Capacitance Cres = 19 =
TCHING CHARACTERISTICS (1)
m—On Delay Time td(on) Y 76 — ns
e Time tr = 80 =
n=0ff Delay Time (Ve =360-Vdc, Ig = 30 Adc, td(off) — 348 =
E=o VGE = 15 Vdc, L = 300 pH " P 188 —
e, T+ 295€Y
n—0ff Switching Loss Energy losses include “tail” Eoff — 0.98 1.28 mJ
1—0n Switching Loss Eon — 2.00 —
‘al-Switching Loss Ets — 2.98 —
m—0On Delay Time td(on) —— 73 — ns
se Time tr % 95 =
n—0ff Delay Time (Vce =360 Vdc, Ig =30 Adc, td(off) — 394 —
g VGE =15Vde, L=300pH - +
i Time GE ' “ t S 418 -
RG=20Q, T, = 125°C) £
n—0ff Switching Loss Energy losses include “tail” Eoff — 1.80 — mJ
‘m—0On Switching Loss Eon . 3.10 —
fal Switching Loss Ets e 5.00 —
‘e Charge Qrt — 150 — nC
(Ve =360 Vdc, I = 30 Adc, —
VGE = 15 Vdc) 9 a0
Qo — 45 —_
DE CHARACTERISTICS
ode Forward Voltage Drop VFEC Vdc
{lECc = 15 Adc) — 1.30 1.80
lEc= 15Adc, Ty = 125°C) - 1.10 —
flec = 30Adc) m— 1.45 2.05
Pulse Test: Pulse Width < 300 us, Duty Cycle < 2%. (continued)

Motorola TMOS Power MOSFET Transistor Device Data
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JICONDUCTOR TECHNICAL DATA by MGY30N60D/D
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:signers™ Data Sheet | MGY30NGOD
sulated Gate Bipolar Transistor |
ith Anti-Paraliel Biode

Motorola Preferred Device

Channel Enhancement—Mode Silicon Gate |GBT & DIODE IN TO-264
30 A @ 90°C

is Insulated Gate Bipolar Transistor (IGBT) is co—packaged 50 A @ 25°C

a soft recovery ultra—fast rectifier and uses an advanced . 600 VOLTS

ination scheme to provide an enhanced and reliable high SHORT CIRCUIT RATED

.ge-blocking capability. Short circuit rated IGBT's are specifi-

suited for applications requiring a guaranteed short circuit
stand time such as Motor Control Drives. Fast switching
-acteristics result in efficient operations at high frequencies.
nackaged IGBT's save space, reduce assembly time and cost.

1dustry Standard High Power TO-264 Package (TO-3PBL)
:igh Speed Eqff: 60 ud per Amp typical at 125°C

ligh Short Circuit Capability — 10 us minimum

.oft Recovery Free Wheeling Diode is included in the package
:obust High Voltage Termination

‘obust RBSOA

CASE 340G-02, Style 5

TO-264
XIMUM RATINGS (T = 25°C unless otherwise noted)

Rating Symbol Value Unit
silector-Emitter Voltage VCES 600 Vdc
Jllector—Gate Voltage (Rgg = 1.0 MQ) VCcGRr 600 Vdc
ate-Emitter Voitage — Continuous VGE 20 Vdc
sllector Current — Continuous @ Tg = 25°C Ic2s 50 Adc

— Continuous @ T =90°C Ica0 30
— Repetitive Pulsed Current (1) lcm ; 100 Apk
4al Power Dissipation @ Tg =25°C PD 202 Watts
Derate above 25°C 1.61 W/eC
perating and Storage Junction Temperature Range T Tstg -551t0 150 °C
ot Circuit Withstand Time tsc 10 us
(Voo =360 Vdc, Vg = 15 Vde, Ty = 25°C, Rg =20 Q)
“ermal Resistance — Junction to Case — IGBT ReJc 0.62 °Cw
— Junction to Case — Diode ReJc 1.41
— Junction to Ambient RaJa 35
‘aximum Lead Temperature for Soldering Purposes, 1/8” from case for 5 seconds T 260 °C
‘ounting Torque, 632 or M3 screw 10 Ibfein (1.13 Nem)

Pulse width is limited by maximum junction temperature.

igner's Data for “Worst Case” Conditions — The Designer's Data Sheet permits the design of most circuits entirely from the information presented. SOA Limit
s — representing boundaries on device characteristics — are given to facilitate “worst case” design.

‘erred devices are Motorola recommended choices for future use and best overall value.

@ MOTOROLA

“torola, Inc. 1995
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Features

« Vary High Common Mode
Transient Jmmunity: 15000
Vips at Veyy = 1500V
Guaranteed (HCPL-4503)
High Speed: 1 Mb/s

“I'L Compatible

Guarantced ac and de
Performance Over
Teraperature: 0°C to 70°C
Open Collector OQutput
Recognized under the
Componert Program of
U.L. (File No. £55361) fox
Dielectric Withstand Proof
Test Voltages of 2500 Vac,
1 Minute and 5000 Vac, 1
hMinute (Option 020).

CSA Approved under
Componcnt Acceptance
Notice No. 5 (File No.

LR 88324)

.

°

Description

These diode-transistor opto-
couplers use an insulating layer
belween the light emitting
diode and an integrated photon
detector to provide electrical
insulation between input and
output. Separate connecticns for
the photodiode bias and output

transistor collector increase the
speed up to 2 hundred times
over that of a conventional
photo-transistor coupler by
reducing the base-collector
capacitance.

The §N135 is for use in TTL/
CMOS, TTL/LSTTL or wide
bandwidth analeg applications.
Current transfer ratio (CTR) for

TYPC KUMBER
- LODATE COOC

uL

i

1 £70 0 1E8S)MAX
1

1%
l <0351 (0205

AUN

}*—I h L_2g2¢nsiamn
L 5651025 ma
076031 1 ‘ 065 1025) M2aX.
00055 | 2,280 2501

2200101

EN135
6N136
JICPL-250%
HCPL-45062

L CPL-4503

the 619135 1s 7% minimum at
Iy = 16 mA.

The 6N 136 is designed fer high
speed TTL/TLL applications. A
standard 16 mA YL sink
current threugh the input LED
will provide enough output
current for 1 TTL load and a2 5.6
kQ pull-up resistor. CTR of the
6N 136 is 15% minimum at

I. = 16 mA

T
¥

N
anooe (21— 4] I——Z]vl,
c;manE~I ,L o1

NCF

DItAENSIONS [H MILLUIMETRES GNO (18CHESI

*Sec notes, foliowing page.

CAUTION: The small junction sizes inherent to the

design of this bipclar component increcses the component’s susc
cduised that normel static precautions be teken in hoadling cnd essemoly

otibility

of this componert to prevent damage and /or degradetion which may be induced by ESD.

T
i to damcge from electiostatic discharge (ESD). Itis
L




02 is suitahie for Applicaticns
e I

18]

vse in applicaticnz where
matched or known CTR i

desired such as in the feedback

path of switch-mede power

supplies. CTR is 15 to 22% at

Ip = 16mA

The 11CPL-2
f - Video Signal Jsolation
- Linc Rteceivers — High
common mocie transient
iminunity (>1600 Vi) and
low input-output capacitance
(0.6 p¥).
High Speed Logic Ground
Isolation — TTL/ITL, TTL/
LTTL, TTL/CMOS, TIL/
ST L.
Replace Slow Phototransis-
tor Isolators — Pins 2-7 of the
6N135/6 series conform to pins
1-6 of 6 pin phototransistor
couplers. Pin 8 can be tied to
any available bias voltage of
1.5 V to 30 V for high speed
operation.
Replace Pulse Transform-
Module) interfacing. The HCPL- ers — Save board space and
4504 is similar to the HCPL- weight
4502, but with increased speed e Analog Signal Ground
and CTR (See HP sales Isolation — Integrated photon
representatives for details). detector provides improved
linearity over phototransistor
tyoe. ;

The 1ICPL-4502 provides the
electrical and switching per—
formance of the 6N136 with
increased ESD protection.

The HCPL-4503 is an HCPL-
4502 with increased common
mode transient immunity of
15000 V/pts minimum at Vey =
1500 guarantesd.

The IICPL-4504 is recommended
for IPM (Intelligent Power

Absclute Maximum Ratings

Storage\TepgperaturefaAn .. bu...... Stlial ... S L -55°C to +125°C
Operating Temperature® ... -55°C to 100°C
Lead Solder Temperature® ..ol o hose e ieseenecencdein 260°C for 10s
(1.6 mm below seating plane)

Average Input Current — Tl Wl . om0, 04 25 mAl
Peak Input¥Cligrertt OLF ........ R0 on ¥ .fa) Ao 4 50 mAl
(50% duty cycle, 1 ms pulse width)

. Peak Transient Input Current — Ig™ ..o 1.0A
(<1 ps pulse width, 300 pps)

Reverse Input Voltage = V* (Pin 3-2) oo 5V
Input Power Dissipation*. ’ 45 mWe©

Average Output Current — Io* (Pm 6)
Peak Output Current*

Emitter-Base Reverse Voltager. ..o 5V
(Pin 5-7, except HCPL-4502/3)

Output Voltage* — Vo (Pin 6-5) coeorieeiineecceecanenecnneaninns 05Vt 15V
Supply Voltage* — Vi (Pin 8-5) ....cccueueeee -05Vto 15V
Output Voltage — Vg (Pin 6-5) «c.occoeeciivennne -05Vto20V

" Supply Voltage — Ve (Pin 8-5) oieeeceeecciccnnns -0.5Vto30V
Base Current — Ig* (Pin 7, except HCPL-4502/3) «.covuvecvcuunruenas 5 mA
Output Power Dissipation® ........ccccooieeieoieeseeeseecceeencemesannnes 100 mW!

*JEDEC Registered Data (The HCPL-2502 and HCPL-4502/3 are not registered.)

=~ ({
2
Vi g’] s
= — 6
CATHOTI O— Ly .
3 / | r_} -
- [ j <
ML 4553 . = .
SHICLD -
ita
70 --
Va

“*NOTE: FOR HCPLASN2-], PIN 71S NOT COMNECTT =



Elecirical Spacific

s

Ower recemmended tamperature (Ty = 0°C to 70°C) unless otherwise specified. Sea nota 13,

iﬁxitﬁ

Parameter |Symbol i Device Mhr | Typ.*” | Dlax. Test Conditicons Fig.| Noia
Current CTR" 6IN135 1 13 50 S |Ta=25°C|Vp=04V Ip=16mA, | 1,2 | 5,11
Treasiar v cc=43V
Fatin 5 19 Vo =05V Vee =45V 4

6N136 19 24 50 Go L =25°C |V =04V
HCPLA4502
HCPLA4503 | 15 | 23 Vy=0.5V
HCPL2302 | 15 | 18 22 | % |T,=25°C|Vy=04V
Logic Low Vou E6N135 0.1 0.4 V' |Tx=25°C|I5=1.1mA Ip =16 mA
3:1‘{2“9 0.5 Io=08 mA Vec=4.5V
¢ 6N136 0.1 0.4 V[T, =25°C|Ip=3.0 mA
HCPL-2502
HCPL-4502 0.5 Io=24 mA
HCPL4503
Legic High Tou™ 0.003 | C.5 pA  [Ta=25C|Vo=Vec=55V
put 0.01 1 T, =95°C | Vo = Veg = 15.0 V[ Tp = 0 mA 6
Current
50
Legic Lew TecL 50 200 A |Tp=16 mA, Vg = Open, 13
Supply Current Vec=15V
icgic High . . 1 Ty = 25°C |Iy = 0 mA, Vo = Open, 13
Supply Current | Iecy 0.02 5 A e, 1 5 W
Irgut Forward 1.7 e 2515 i 3
Ycliage Vp* 1.5 18 v 1p=16 A
[zzut Reverse BVz® 5 v s o 28
akdewn
“cltage
Temperature AVp
Ceeficient of -16 mV/ {Ip=16 mA
Forward 4T, °C
[z put Cix 60 pF | f=1MHz, Vp=0V
Capacitance
Io 1 A |45% RH, t =55, Vig=3kVde, 5,
A& i6
2500 Vaws |RH < 50%, t = 1 min., 5,
Viso Ty = 25°C 14,
OPT. 020 |5000 Vits 15
Pesistance Rio 1012 Q | Vo =500 Vdc 6
(Iaput-Output)
Capacitance Cro 0.6 pF |[=1MHz &
(Taput-Output)
Transistor DC heg 150 Vo=5V,Ip=3mA
Current Gain 120 Vo=04V,Ib=20pA

‘Tar JEDEC registered parts.

*+All typicals at T, = 25°C.




S.witchiny Speeiilcations

O-rer recome .cnded temperature (T, = o°C te 70°C), Voe = 5 V, Iy = 18 mA unless otherwise epecified.

S - ! - S—
Parsmeter Sy Device l Min. Typ.t” [ M U\'Llﬂ . Teat Conditions iy T No:a
Propagalion ot | BN133 0. | 1.3 ws | Ta=257C | 5,9 1 8.9
Dolay Time - K, =4.1%0Q 11
1o Logic
Low &t Output
6N136
HCPL-2502 R, =15%Q
HCPL-4502
HCPL-4303
Propagatioa tpus® | TON13S 5 59, | 89
Delay Time
to Logic
High at Output
6N136
HCPL-2502
HCPL4502
| HCPL-503
T 4 |
Common Mode 1CM; i Ip=0mA, Ty = 25°C, 10 17, 8.
Transient Veu =10V, S
Immunity g 6135 Cp=15pF
at Logic High HCPL-2502
Lavel Output HCPL4502
HCPL-4503 I = 0 mA, Ty = 25°C,
oy = 1300 V
CM .
Cos15pF |
N N EE—n VL !
Common Mode ICM | 6N135 I = 16 ma, Ty = 25°C, 10 1,8,
Transicot Vew =10V, 9
Immunity 6N138 Cp=15F
at Logic Low HCPL-2502
Level Output HCPL4502
HCPL-4303 i
Baodwidth BW | 6N135/6 See Test Cirauit 7,8 ] 10
HCPL-2502

«JEDEC registered specification for 6N135/6. +=A]| typicals at T, = 25°C.

Notes:
1. Derate linearly ebove 70°C frec-air tempereture at a rate of 0.8 mArC.
9. Derate lincarly above 70°C frec-air temperature at a rate of 1.6 mArC.
3. Derate linearly above 70°C frec-air temperzture at a rate 6f£0.9 mW/C.
4. Derate linearly above 70°C {rce-air temperature at a rate of 2.0 mWrC.
5. CURRENT TRANSFER RATIO in perceat is defined as the ratio of output collector curreat, I, tothe forward LED input
current, I, times 100.
6. Device considered a two-terminal device: Pins 1,2, 3, and 4 shorted together and Fins 5, 6,7, and 8 shorted together.
7. Comumon mode transient immuanity in a Logic High level is the maximum tolerable (positive) dv,,/dt ca the leading edge of
the common mode pulse, Vi, Lo assure that the output will remainin & Logic High state (ie., Vo> 2.0V). Common mode
transient immunity in a Logic Low level is the maximum tolerable (negative) dV Jdt on the trailing edge of the commet
mode pulse signal, V,, to assure that the output will rerain in & Logic Low state (i.e., V,<0.8V).
. The 1.9 kQ load represents L TTL unit load of 1.6 mA and the 5.6 % pull-up resistor.
" The 4.1 XQ load represeats 1 LSTTL unit load of 0.36 mA and 6.1 kQ pull-up resistor.
10. The frequency at which the ac output voltage is 3 dB below its mid-frequency velue. -
11. The JEDEC registration for the 6N 136 specifies a minimum CTR of 15%. HP guarantees & minimum CTR of 19%.
12. See Opticn 020 data sheet for more information
3. Use of a 0.1 pf bypass capacitor ccanected between pins 5 and 8 is recommended.
14. In accordance with UL 1377, each optocoupler is proof tested by applying an insulation test voltage 2 3600 V__ for 1 second
(leakege detection current limit, T S5 uA.
15. In accordance with UL 1577, each cptocoupler is prool tested by appiying =n insuiation test voliage 2 5000 V_ for 1 sacond
(leakage detection current limit, L S5pA
16. This rating is equally velidated by an equivalent ac proof test.
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Tnsuiation Related Speciii

r

I
Yarzmeter ‘ Symn ‘
Min. External Air Gap L(i01)
(Clearance)

D-ﬁn. External Tracking |  L(192)

Path (Creepage)

Min. Internal Plastic
Gap (Clearance)

Tracking Resistance

ol

> T

ns
Jalue | Units

~ RT R
COontlll0Ts

mm

Measured from input terminals to cutput
terininals

___\
\ ST
l

T

Measured from input terminals to output
“terminals '

Insulation thickness between emitter and
detector

Isolation Group
(Per DIN VDE 0109)

1o =~ OUTAUT CURRENT = mA

Vo - QUTPUT VOLTAGE = ¥

Figure 1. DC and Pulsed Transfer Characteristics.

|

| f- FORWAND CURRENT - mA

0.001,

1T, =25°C

1.10

120 130 120 153

V g~ FORWARD VOLTAGE - VOLTS

Figure 3. Input Current vs. Forward Voltage.

NONMALIZED CURNENT TRANSFER RATIO

DIN IEC 112/VDE 0303 Part 1

Material Group DIN VDE 0109

— — — 135

————— 1135, HCPL45C2/3

NORMALIZED
lg= 16mA

1p-INPUT CURRENT - mA

Figure 2. Current Transfer Ratio vs. Inptit Current.

NONMALIZED CUNNENT TIANST En_f\/\'TlO

NORMALIZED
_lgt1EmA
Vo = 0.4V

20@5050100\20\#0

Ta~ TEMPERATURE -*c

Figure 4. Current Transfer Ratio vs. Temperature.
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Figure 9. Switching Test Circuit.*

Vo &— Y

SNITCH AT A: Ip~ 2mAa

Vo

SWITCH AT B: I = 16mA

tp= PROPAGATION DELAY - s

R -LOAD RESISTANCE - K

Figure 1i. Propagation Delay Time vs. Load Pesistance.

“JEDEC Registered Dsata
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