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ABSTRACT

The purpose of this thesis is to make the starter of the induction motor by
u}ing of solid state switch,ie. soft starter. The solid state switch use 6 thyristors,
two thyristors for each phases. The thyristors in each phase connect in opposite
direction and use out of phase of gating signal. Gating signal is controlled in order
to controlling the voltage in the terminal of induction motor. The principle used in
. this thesis is to apply the voltage of under rating value to the terminal of induction
motor. When the motor is speed up, increasing the terminal voltage due to speed
increase. Until terminal voltage is it rating when the motor reaches it normal speed.
This method make the motor to reduce starting current but starting torque is

decreased. Increasing terminal voltage is controlled by using microcontroller MCS-

51
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i** SOFT START MOTOR PROGRAM **

0000 CPU  "8051.TBL"

0000 HOF  "INT8"

0000 ORG 0OOCH

EQ60 = USERLED: EQU OEO60H
E020 = PORTA: EQU  OEO020H
E021 = PORTB: EQU  O0EO21H
E022 = PORTC: EQU  OEQ022H
E023 = CTRL: EQU OQOEO023H
0060 = USER_STACK: EQU  60H
oooa = TIME: EQU  OAH
000B = ANGLE: EQU OBH
000C = ENTER: EQU OCH
000F = STARTKEY: EQU  OFH
0097 = DECBUF: EQU 97H
0094 = RESULT: EQU  94H
0092 = ND: EQU  92H
0090 = ST: EQU  90H
O08F = VALUE: EQU  8FH
0089 = ANGLEHEX: EQU 89H
0087 = TIMEHEX: EQU  87H
0085 = ANGLEADD: EQU  85H
0083 = TIMEADD: EQU  83H
0081 = DISPBUF: EQU  81H
0080 = KEYCODE: EQU  80H
00F0 = B: EQU  OFOH
O0EO = ACC: EQU  OEOH
00D0 = PSW: EQU  ODOH
00D4 = RS1: EQU  0OD4H
00D3 = RSO: EQU  OD3H
ooa8 = IE: EQU  0AS8H
0090 = Pl: EQU  90H
008c = THO: ~ EQU  8CH
008a = TLO: EQU  8AH
0088 = TCON: EQU 88H
008c = TRO: EQU  8CH
0089 = TMOD: EQU  89H
0081 = SP: EQU  81H
002F = LIGHT: EQU 2FH
007F = PONL: EQU 7FH
007D = ENDL: EQU  7DH
007C = ERROR: EQU 7CH
007B = OL: - EQU  7BH
007a = RL: EQU  7AH
0079 = AL: EQU  79H
0078 = TL: EQU  78H
DO2E = STATUS: EQU 2EH
0077 = SaveCarry: EQU 77H
0075 = LAST: EQU  75H
0074 = SHOWENABLE: EQU  74H
0073 = RS: EQU  73H
0072 = AS: EQU  72H
0071 = TS: EQU 71H
0070 = _2ERO: EQU  70H
002D = DEVSTATUS: EQU  2DH
006a = CARRYSUBT: EQU  6AH



0069 = CANSUBT: EQU  69H
0068 = CARRYDEV3: EQU 68H
002C = DEVIDEBUF: EQU 2CH
0060 = CARRYDEVZ2: EQU 60H
002B = DEVIDEND2: EQU  2BH
0058 = CARRYDEV1: EQU 58H
002a = DEVIDEND1: EQU  2AH
0050 = CARRYDEVO: EQU 50H
0029 = DEVIDENDO: EQU  29H
0040 = CARRYQUOT2: EQU  40H
0028 = QUOTIENT2: EQU  28H
0038 = CARRYQUOT1: EQU  38H
0027 = QUOTIENT1: EQU 27H
0030 = CARRYQUOTO: EQU  30H
0026 = QUOTIENTO : EQU  26H
0000 020033 LJIMP 0033H
0033 ORG 0033H

;** CONTROL 8255 #*x
0033 90E023 MOV  DPTR, #CTRL
0036 7488 MOV A, #88H
0038 FO MOVX @DPTR,A
0039 7590FF SETINI: MOV Pl,#OFFH
003C 758160 MOV SP,#USER STACK
O03F 782E MOV RO, #STATUS
0041 7600 MOV @RO, #00H
0043 782F MOV RO, #LIGHT
0045 7600 MOV @RO, #00H
0047 7883 MOV RO, #TIMEADD
0049 7600 MOV @RO, #00H
004B 7884 MOV RO, #TIMEADD+1
004D 7600 MOV @RO, #00H
004F 7885 MOV RO, #ANGLEADD
0051 7600 MOV @RO, #00H
0053 7886 MOV RO, #ANGLEADD+1
0055 7600 MOV @RO, #00H
0057 7881 MOV RO, #DISPBUF
0059 7600 MOV @RO, #00H
005B 7882 MOV RO, #DISPBUF+1
005D 7600 MOV @RO, #00H
005F D27F SETB PONL
0061 12033C LCALL ONOFF
0064 120286 START: LCALL SCANKEY
0067 7880 MOV RO, #KEYCODE
0069 E6 MOV A, @RO
QO6A B40A19 CHECKTIME: CJNE A, #TIME,CHECKANGLE
006D 120200 LCALL INPUTTIME
0070 €274 CLR SHOWENABLE
0072 €278 CLR TL
0074 12033cC LCALL ONOFF
0077 D271 SETB TS
0079 7884 TIMEZERO: MOV RO,#TIMEADD+1
007B E6 MOV A, @RO
007C B40OOSE CJINE A, #00H,READY
007F 18 ) DEC RO
0080 E6 MOV A, @RO
0081 B40059 CJINE .A, #00H, READY

0084 8041 SJMP MISTAKE



0086
0089
008c
008E
0090
0093
0095
0097
0098
0099
009B
009C
009D
009F
00A1

00A3
00AS
00A6
00A9
00AA
OOAB

OOAE
00BO
00B3
00B6
o6Bs
0OB9
00BC
OOBE
oocl
0ooc4

00c7
00Cc9
oocc
OOCF
0o0D1
00D2
00DS
00D7
00DA

00DD
QODF
OOE1
OOE3
OOES
QOE7
OOEA
0OEC

OOEF
00F1

OOF4

OO0F7
00F9

00FA

B4OBDB CHECKANGLE: CJNE A, #ANGLE,START

120243 LCALL INPUTANGLE

Cc274 CLR SHOWENABLE

c279 CLR AL

12033cC LCALL ONOFF

D272 SETB AS

7885 ANGLEBOUND: MOV RO, #ANGLEARDD

E6 MOV A,@RO

c3 CLR C

9481 SUBB A, #81H

08 INC RO

E6 MOV A,@RO

9401 SUBB A,#01H

4002 JC ANGLEZERO

8024 SJMP MISTAKE

7886 ANGLEZERO: MOV RO, #ANGLEADD+1

E6 MOV A, @RO

B40034 CINE A,#O0O0H,READY

18 DEC RO

E6 MOV A, @RO

B4002F CJINE A, #00H, READY
7ANGLE = 0

D27A SETB RL

12033C LCALL ONOFF

120286 YYY: LCALL SCANKEY

7880 MOV RO, #KEYCODE

E6 MOV A,@RO

B4OFF7 CJINE A, #OFH,YYY

c27Aa CLR RL

12033cC LCALL ONOFF

759000 MOV P1,#00H

0201E7 LJIMP GOAL

D27¢C MISTAKE: SETB ERROR

12033cC LCALL ONOFF

120286 Z7Z2Z: LCALL SCANKEY

7880 MOV RO, #KEYCODE

E6 MOV A, QRO

B40OEF7 CJINE A,#OEH, 222

c27c CLR ERROR

12033cC LCALL ONOFF

020039 LJMP SETINI

9277 READY: MOV SaveCarry,C

A271 MOV -C,TS

8272 ANL C,AS

9273 MOV RS,C

A277 MOV C,SaveCarry

307302 JNB RS,TEMP

8003 SIJMP CHECKSTART

020064 TEMP: LJMP START

D27A CHECKSTART: SETB RL

12033C LCALL ONOFF

120286 LCALL SCANKEY

7880 MOV RO,#KEYCODE

E6 MOV A,@RO

B40F09 CHECKST: CJNE A,#STARTKEY, CHECKT



OOFD
OOFF
01Q1
0104
0106
0109
010B
010E
0110
0113
0116
0118
011B
011D

0120
0122
0124
0127
0l2a
oi2c
012E

0131
0133
0135
0138
013B
013D
013F
0140

0141
0143
0145
0148
014a
014cC
014D
014E
0150
0151

0154
0157
0159
015
015B
015D

015E
0160
0162
0165
0166
0167
0168
0169
0168
016D

C27A
D27B
12033¢C
801aAa
B40AOA
C27A
12033¢C
c271
02006A
B40BD9
C27A
12033¢C
c272
020086

7883
7997
120347
12034E
7890
7987
120347

7885
7997
120347
12034E
7890
7989
E6 -
F7

900468
7889
E6

93
788F
F6

7894
7929
120347
08

09

E6

F7
788F
86F0
1203D7

CHECKT:

CHECKANG:

CLR RL

SETB OL

LCALL ONOFF

SJMP TIMEDECTOHEX
CJINE A,#TIME,CHECKANG
CLR RL

LCALL ONOFF

CLR TS

LIMP CHECKTIME

CJINE A, #ANGLE, CHECKSTART
CLR RL

LCALL ONOFF

CLR AS

LJMP CHECKANGLE

;** CHANGE DEC TO HEX (TIME) **

TIMEDECTOHEX:MOV RO,#TIMEADD

MOV R1, #DECBUF
LCALL CHANGE
LCALL DECTOHEX
MOV RO, #ST

MOV R1,#TIMEHEX
LCALL CHANGE

;** CHANGE DEC TO HEX (ANGLE) **

MOV RO, #ANGLEADD
MOV R1, #DECBUF
LCALL CHANGE
LCALL DECTOHEX
MOV RO, #ST

MOV R1, #ANGLEHEX
MOV A,@RO

MOV @R1,A

;** TIME*1000 SAVE IN RESULT **

MOV RO, #TIMEHEX
MOV R1, #ST
LCALL CHANGE
MOV RO, #ND+1
MOV A, #03H

MOV @RO,A

DEC RO

MOV A,#OES8H

MOV @RO,A

LCALL MULTIPLY

;** OPEN LOOKUP TABLE (DEVIDER) **

MOV DPTR, #TABLE4
MOV RO, #ANGLEHEX
MOV A, @RO

MOVC A, @A+DPTR
MOV RO, #VALUE
MOV @RO,A

i ** TIME*1000/DEVIDER **

MOV RO, #RESULT
MOV R1,#DEVIDENDO
LCALL CHANGE

INC RO

INC R1

MOV A, @RO

MOV @R1,A

MOV RO, #VALUE
MOV B,@RO

LCALL DEVIDE



0170
0172
0174
0176
0178
017a
017B
017D
017E
017F
0180
0182
0183
0184
0185
0187
0188
0189
018A
o1sc

018D
018F
0191
0193
0195
0197
0199
019A
0198

019D

019F
01a1
01a3
01A5
Q1a7
01a9
01AB
01AD
01AF
01B1

Q1B3
01B6
01B9

14
01BB
01BD
01BF
oici
01c2
oic3
dica
01cs
01c6
o1c7
oics
01co

ES5A8
4482
F5A8
E589
54F0
4401
F589
E588
54cCa
F588

758CFC
758467
D28C

C2D4
C2D3
7881
ED
C4
2C
F6
08
EF
c4
2E
F6

;** MAINPROGRAM(TIMERO) *¥*

SETMOVINGTIME:CLR
CLR
MOV
MOV
MOV
MoV
ANL
MOV
MoV

RS1
RSO
R3,#03H
R2,#0E8H
RO, #TIMEADD
A,@RO
A,#OFH

R4,A

A,@RO

7 (SELECT BANK #0)

;LOAD IN BANK #0

SWAP A

ANL
MoV
INC
MoV
ANL
MOV
MoV

A, #0FH
RS,A
RO
A,@RO
A, #0FH
R6,A
A,@RO

SWAP A

ANL
MOV

MOVINI:
CLR
MoV
Mov
MOV
MoV
MoV
MoV
MOV

MOV

SETTIMER: MOV
ORL
MOV
MoV
ANL
ORL
MoV
MoV
ANL
MOV
STARTTIMER: MOV
MOV

SETB RS1

A, #0FH
R7,2

; (SELECT BANK #2)
RSO

R7,QUOTIENT2

R6,QUOTIENT1

RS, QUOTIENTO

RO, #VALUE

A,@RO

R4,A

P1,R4

R2, #09H

a,IE
A,#10000010B
1E,A

A, TMOD

A, #0FOH
A,#01H
TMOD, A

A, TCON
2,#11001010B
TCON, A

THO, #0FCH
TLO, #67H

SETB TRO

MAIN: CLR
CLR
Mov

MOV

RS1
RSO
RO, #DISPBUF
A,RS

; (SELECT BANK #0)

SWAP A

ADD
MOV
INC
Mov

A,R4
@RO,A
RO
A,R7

SWAP A

ADD
MOV

A,R6
@RO,A



oita
oicc
01CE
01b1
01b3
01D5
01p8
01DA
o1ipc
01DF
01EO
01E1
01E4

Ol1lES

01E7
01E9
01EB
01EE
01F1
D1F3
01F4
01F6
o1Fs
01F9
01FB
O1FE

0200
0202
0204

0207
0209
020B

0208

0211
0213

0214
0217
0219
021B
021c
021E
0220
0223
0225
0228
022A
022D
022F
0232
0234
0237
0239
023B
023D
0240
0242

D2D4
c2D3
BCO004
cas8c
8012
1202DD
D2D4
C2D3
900458
EA

93
90E060
FO

80D4

c27B
D27D
12033C
90E060
7476
FO
7881
7600
08
7600
1202DD
80E7

D274
D278
12033c

7883
7981
120347

120286

7880
E6

B40DO9
7883
7600
08
7600
80EO
B4CEO2
80DB
B40F02
80D6
B40A02
80D1
B40B02
80cc
B40C02
8009
7883
7984
1202CE
80BE
22

LOOP:

LOOP1:

GOAL:

INPUTTIME:

CHECKE :
CHECKF':
CHECKA:
CHECKB:
CHECKC:

SAVETIME:

FINISHTIME:

SETB RsS1

CLR RSO

CJINE R4,#00H,LOOP1
CLR TRO

SJMP GOAL

LCALL STATDISP
SETB RS1 ;SELECT BANK #2
CLR RSO

MOV DPTR, #TABLE3
MoV A,R2

MOVC A,@A+DPTR
MOV DPTR, #USERLED
MOVX @DPTR,A

SJMP MAIN

CLR OL

SETB ENDL

LCALL ONOFF

MOV DPTR,#USERLED
MOV A,#01110110B
MOVX @DPTR,A
MOV RO, #DISPBUF
MOV @RO, #00H

INC RO

MOV @RO,#00H
LCALL STATDISP
SJMP GOAL

SETB SHOWENABLE
SETB TL
LCALL ONOFF

MOV RO, #TIMEADD
MOV R1, #DISPBUF
LCALL CHANGE

LCALL SCANKEY

MOV RO, #KEYCODE
MOV A, G@RO

CJINE A,#ODH,CHECKE
MOV RO, #TIMEADD

MOV @RO, #00H

INC RO

MOV @RO, #00H

SJMP INPUTTIME

CJINE A,#O0EH,CHECKF
SJMP INPUTTIME

CJINE A, #0FH,CHECKA
SJMP INPUTTIME

CJINE A, #TIME,CHECKB
SJMP INPUTTIME

CJINE A, #ANGLE, CHECKC
SJMP INPUTTIME

CJINE A,#ENTER, SAVETIME
SJMP FINISHTIME

MOV RO, #TIMEADD

MOV R1,#TIMEADD+1
LCALL SHIFTDIGIT
SJIJMP INPUTTIME

RET



0243
0245
0247

024A
024cC
024E

0251

0254
0256

0257
025a
025¢
025E
025F
0261
0263
0266
0268
026B
026D
0270
0272
0275
0277
0272
027¢
027E
0280
0283
0285

0286
0289
028B
028D
0290
0293
0295
0296
0298

029A

029D
029E
02a1
02a2
02A4
02AS5
02A7

02A9
02AB
02AC
02AD
02AE
02BO
02B1
02B2
02B3

D274
D279
12033c¢C

7885
7981
120347

120286

7880
E6

B40DO09
7885
7600
08
7600
80EQ
B40OEO2
80DB
B40F02
80D6
B40B02
80D1
B40A02
8occ
B40cC02
80C6
7885
7986
1202CE
80BE
22

120327
T7F04
7E00
90E022
i202c4
7008
OE
DFF8
80EC

120327

FD
1202¢c4
6D
6005
OE
DFE9
80DD

7CFF
ED
oc
13
50FC
EC
23
23
2E

INPUTANGLE:

CHECKEE:
CHECKFF':
CHECKBB:
CHECKAA:
CHECKCC:

SAVEANGLE:

FINISHANGLE:

SCANKEY:

SCANO:

CHECK:

DECODE:

DECODE1:

SETB SHOWENABLE
SETB AL
LCALL ONOFF

MOV RO, #ANGLEADD
MOV R1,#DISPBUF
LCALL CHANGE

LCALL SCANKEY

MOV RO, #KEYCODE
MOV A,@RO

CJINE A,#0DH, CHECKEE
MOV RO, #ANGLEADD

MOV @RO,#00H

INC RO

MOV @RO,#00H

SJMP INPUTANGLE

CINE A,#OEH,CHECKFF
SIMP INPUTANGLE

CINE A, #0FH, CHECKBB
SJMP INPUTANGLE

CINE A,#BNGLE, CHECKARA
SJIMP INPUTANGLE

CINE A,#TIME,CHECKCC
SIMP INPUTANGLE

CINE A,#ENTER, SAVEANGLE
SIMP FINISHTIME

MOV RO, #ANGLEADD

MOV R1,#ANGLEADD+1
LCALL SHIFTDIGIT
SIMP INPUTANGLE

RET

LCALL SHOWWHAT

MOV R7,#04H

MOV R6,#00H

MOV DPTR, #PORTC

LCALL SCAN1

JNZ CHECK ; JUMP IF PRESS(A<>0)
INC R6

DJNZ R7,SCANO

SJMP SCANKEY

LCALL SHOWWHAT

MOV R5,A ;SAVE KEY
LCALL SCAN1

XRL A,RS5

J% DECODE; SAME

INC R6

DJNZ R7,SCANO
SIMP SCANKEY

MOV R4,#OFFH
MOV A,R5

INC R4

RRC A

JNC DECODE1
MOV A,R4

RL A

RL A

ADD A,R6



02B4
02B7
02B8
02BA
02BB
02BE
oz2¢c1
02c3

02¢4
02cs
02c7
02c8
02c9
02cA
02¢C
02CD

02CE
02CF
02D0
02b1
02D2
02D3
02D4
02bs
02D7
02D8
02D9
02DB
02pc

02DD
02DF
02E1
02E3
02ES
02E7
02E9
02EB
02EC
02ED
02EF
02F2
02F3
02F4
02F6
02F9
02FA
02FB
02FD
0300
0302
0304
0306
0309
030B
030E
030F
0312
0314
0317
0318
031B
031c

900438

UNPRESS:

SCAN1:

E7
c4
F7
E6
c4
F6
D7
7980
D7
F6
540F
F7
22

SHIFTDIGIT:

c2D4

D2D3

7882

7F02

7E04

c270

c275

E6

c4

540F

1202FD

CE

E6

540F -
1202FD
OE

18
DFEE
BE0704
D275
8005
7003
30701Dp
D270
900448
93
307502
4401
90E020
FO
90E022
EE

FO

STATDISP:

DISPLAY:

SHOW:

CHECKZERO:

SHOW1:

ABC:

MOV DPTR, #TABLE1l
MOVC A,@A+DPTR
MOV RO, #KEYCODE
MOV @RO,A

LCALL SHOWWHAT
LCALL SCAN1

JNZ UNPRESS

RET

MOV A,R6
ORL A,#O0OFOH
MOVX @DPTR,A
MOVX A,@DPTR
SWAP A

ORL A,#O0FOH
CPL A ;
RET

MOV A, @Rl

SWAP A

MOV @R1,A

MOV A,@RO

SWAP A

MOV @RO,A

XCHD A,@R1

MOV R1, #KEYCODE
XCHD A,@R1

MOV @RO,A;SAVE OLD KEYCODE

ANL A, #0FH
MOV @R1,A
RET

CLR RS1
SETB RSO
MOV RO, #DISPBUF+1
MOV R7,#02H

MOV R6,#04H

CLR ZERO

CLR LAST

MOV A, QRO

SWAP A

ANL A,#OFH

LCALL SHOW

INC R6

MOV A, @RO

ANL A,#OFH

LCALL SHOW

INC R6

DEC RO

DJNZ R7,DISPLAY

CJINE R6,#7H,CHECKZERO
SETB LAST

SJIMP SHOW1

JNZ SHOW1

JNB ZERO,FINISH

SETB ZERO

MOV DPTR, #TABLE2
MOVC A,@A+DPTR

JNB LAST,ABC

ORL A, #00000001B

MOV DPTR, #PORTA

MOVX @DPTR,A ;SEND SEGMENT

MOV DPTR, #PORTC
MOV A,R6

MOVX @DPTR,A ;SEND COMMON

PRESS <> 0,

;SELECT BANK #1



031D 120337 LCALL DELAY

0320 90E022 MOV DPTR, #PORTC
0323 7408 MOV A, #08H
0325 FO MOVX @DPTR,A ; OFF COMMON
0326 22 FINISH: RET
0327 D2D3 SHOWWHAT: SETB OD3H ; (SELECT BANK #1)
0329 307405 JNB SHOWENABLE, TOA
032C 1202DD LCALL STATDISP
032F 8003 SIMP TOB
0331 120337 TOA: LCALL DELAY
0334 c2Db3 TOB: CLR OD3H ; (RETURN TO BANK #0)
0336 22 RET
0337 7B7F DELAY: MOV R3,#7FH
0339 DBFE DELAY1l: DJNZ R3,DELAY1
033B 22 RET
033Cc COEO ONOFF: PUSH OEOH
033E S0EO021 MOV DPTR, #PORTB
0341 E52F MOV A,LIGHT
0343 FO MOVX @DPTR,A
0344 DOEO POP OEQH
0346 22 RET

; MOVE FROM RO TO R1
0347 E6 CHANGE: MOV A,@RO
0348 F7 MOV @R1,A
0349 08 INC RO
034A 09 INC R1
034B E6 MOV A, @RO
034C F7 MOV @R1,A
034D 22 RET
034E 7890 DECTOHEX: MOV RO, #ST
0350 7600 MOV @RO, #00H
0352 08 INC RO
0353 7600 MOV @RO,#00H
0355 7892 MOV RO, #ND
0357 760A MOV @RO, #0AH
0359 08 INC RO
035a 7600 ) MOV @RO, #00H
035C 7898 MOV RO, #DECBUF+1
035E E6 MOV A, @RO
035F c4 SWAP A
0360 12037E LCALL FOURTIME
0363 7898 MOV RO, #DECBUF+1
0365 E6 MOV A, @RO
0366 12037E LCALL FOURTIME
0369 7897 . MOV RO, #DECBUF
036B E6 MOV A, @RO
036C Cc4 SWAP A
036D 12037E LCALL FOURTIME
0370 7897 MOV RO, #DECBUF
0372 E6 MOV A, @RO
0373 S540F ANL A, #OFH
03%5 7990 MOV R1, #ST
0377 27 ADD A,@R1
0378 F7 MOV @R1,A
0379 09 INC R1
037A E4 CLR A

037B 37 ADDC A,€R1



037¢C F7 MOV @R1,A

037D 22 RET
037E S540F FOURTIME: ANL A,#OFH
0380 7990 MOV R1,#ST
0382 27 ADD A,@R1
0383 F7 MOV @R1,A
0384 09 INC R1
0385 E4 CLR A
0386 37 ADDC A, @R1
0387 F7 MOV @R1,A
0388 120396 LCALL MULTIPLY
038B 7894 MOV RO, #RESULT
038D 7990 MOV R1,#ST
038F E6 MOV A, @RO
0390 F7 MOV @R1,A
0391 08 INC RO
0392 09 - , INC R1
0393 E6 MOV A,@RO
0394 F7 MOV @R1,A
0395 22 RET
0396 7400 MULTIPLY: MOV A,#OOH
0398 7894 MOV RO, #RESULT
039A F6 MOV @RO,A
039B 08 INC RO
039C F6 MOV @RO,A
039D 08 INC RO
039E F6 MOV @RO,A
039F 7890 MOV RO, #ST
03a1 7992 MOV R1,#ND
03A3 E6 MOV A, @RO
0324 87F0 MOV B,@R1
03A6 A4 MUL AB
03A7 7894 MOV RO, #RESULT
03A9 F6 MOV @RO,A
03AA 08 INC RO
03AB A6F0 MOV @QRO,B

. 03AD 7891 MOV RO, #ST+1
.03AF E6 MOV A,@RO
03BO 87F0 MOV B, @R1
03B2 A4 MUL AB
03B3 7895 MOV RO, #RESULT+1
03B5 26 ADD A, QRO
03B6 F6 MOV @RO,A
03B7 08 INC RO
03B8 ESFO MOV A,B
03BA 36 ADDC A, @RO
03BB F6 MOV @RO,A
03BC 09 INC R1
03BD 7890 MOV RO, #ST
03BF E6 MOV A, @RO
03CO 87F0 MOV B,@R1
03c2 a4 MUL AB
03Cc3 7895 MOV RO, #RESULT+1
03C5 26 ADD A, QRO
03C6 F6 MOV @RO,A
03c7 08 INC RO
03c8 ESFO MOV A,B
03CA 36 ADDC A, @RO

03CB Fé6 MOV @RO,A



Q3ce
03CE
03CF
03p1
03D2
03D4
03D5
03D6

03D7

7F18 DEVIDE:

COUNTER)

03D%
03DC
03DF
03E2
03E5
O3ES8
03EA
O3ED
O3EF
03F1
03F2
03F4
O3F6
‘03r8
O3F9
03FB
O3FD
O3FF
0400
0402
0404
0406
0407
0408
o40a
040c¢c
040E
040F
0411

0413
0416
0418
041a
041cC
041E
041F
0421
0423
0424
0426
0428
042a
042B
042D
042F
0431
0433
0435
0437

0438
043C

752D00
752C00
752800
752700
752600
ESFO
B40002
8048
E52C ROTATEl:
33
9268
F52C
E52B
33
9260
F52B
E52A
33
9258
FS52A
ES529

E52C SUBTRACT:

206802 CHECKCARRY:
8004

F52C SETUP:
D269

E528 ROTATE2:
33

F528

ES27

33

9240

F527

E526

33

9238

F526

A269

9230

c269

DFB8

22 ERROR1:

0708090A TABLE1l:
0405060B

MOV RO, #8T+1
MOV A, @RO

MOV B, @R1

MUL AB

MOV RO, #RESULT+2
ADD A,@RO

MOV @RO,A

RET

MOV R7,#18H ; (R7 IS THE PROGRAM

MOV  DEVSTATUS, #00H
MOV  DEVIDEBUF, #00H
MOV  QUOTIENT2,#00H
MOV  QUOTIENT1,#O0OH
MOV  QUOTIENTO, #00H
MOV  A,B

CIJNE  A,#00H,ROTATE1l
SJIMP ERROR1

MOV  A,DEVIDEBUF
RLC A

MOV ~ CARRYDEV3,C
MOV  DEVIDEBUF,A
MOV  A,DEVIDEND2
RLC A

MOV  CARRYDEV2,C
MOV  DEVIDEND2,A
MOV  A,DEVIDEND1
RLC A

MOV  CARRYDEV1,C
MOV ~ DEVIDEND1,A
MOV  A,DEVIDENDO
CLR ¢

RLC A

MOV  CARRYDEVO,C
MOV  DEVIDENDO,A
MOV  A,DEVIDEBUF
CLR ¢

SUBB A,B

JNC SETUP

JB  CARRYDEV3, SETUP
SJIMP ROTATE2

MOV DEVIDEBUF,A
SETB CANSUBT

MOV  A,QUOTIENT2
RLC A

MOV  QUOTIENT2,A
MOV  A,QUOTIENT1
RLC A

MOV  CARRYQUOT2,C
MOV  QUOTIENTI,A
MOV  A,QUOTIENTO
RLC A

MOV  CARRYQUOT1,C
MOV  QUOTIENTO,A
MOV  C,CANSUBT
MOV  CARRYQUOTO,C
CLR  CANSUBT

DJNZ  R7,ROTATEl
RET

DFB 07H,08H,09H,0AH
DFB 04H,05H,06H,0BH



0440 0102030C
0444 OOOFQOEOD

0448 FC60DAF2
SEMENT (MINE)
044C 66B6BEEO
0450 FEF6EE3E
0454 9CTA9ESE

0458 3F065B4F
SEGMENT

DFB
DFB

TABLE2: DFB
DFB
DFB
DFB

TABLE3: DFB

01H,02H,03H,0CH
O0H, OFH,OEH, ODH

OFCH,060H,0DAH, OF2H
066H,0B6H, OBEH, OEOH
OFEH, OF6H, OEEH, 03EH
09CH, 07AH, 09EH, 08EH

3FH,06H,5BH, 4FH

045C 666D7D07 DFB 66H,6DH, 7DH, 07H
0460 7F6F777C DFB 7FH,6FH,77H,7CH
0464 395E7971 DFB 39H,S5EH, 79H, 71H

; TABLE OF 7~

;TABLE OF 7-

0468 0002030406 TABLE4: DFB

OCH, 02H,03H,04H,06H,07H, 09H, OAH, OBH, ODH
0472 OE10111214 DFB

OEH, 10H,11H,12H,14H,15H,17H, 18H, 1AH, 1BH
047C 1C1lE1F2122 DFB

1cH, 1EH, 1FH,21H,22H,23H,25H,26H,28H, 29H
0486 .2B2C2D2F30 DFB

2BH, 2CH, 2DH, 2FH, 30H, 32H, 33H,34H, 36H, 37H
0490 393A3C3D3F DFB

39H, 3AH, 3CH, 3DH, 3FH, 40H, 41H, 43H,44H, 46H
049A 47494A4B4D DFB

47H,49H, 4AH, 4BH, 4DH, 4EH, 4FH,51H, 52H, 54H
04A4 5556585A5B DFB

55H,56H, 58H, 5AH, 5BH, 5CH, 5EH, SFH, 60H, 62H
O4AE 6365666769 DFB
63H,65H, 66H, 67H, 69H, 6AH, 6CH, 6DH, 6FH, 70H
04B8 7173747677 DFB
71H,73H,74H,76H,778,78H, 7AH, 7BH, 7DH, 7EH
04C2 8081828485 DFB

80H,81H,82H,84H,85H,87H,88H,89H, 8BH, 8CH
04CC 8E8F919293 DFB

8EH,8FH,91H,92H,93H,95H,96H,98H, 99H, 9AH
04D6 9COD9FAO0A2 DFB

9CH, 9DH, 9FH, OAOH, OA2H, OA3H, 0A4H, OA6H, OA7H, 0A9H

O4EO0 AAABACADBO DFB

. OARH, OABH, OACH, OADH, OBOH, OB1H, OB3H, 0B4H, 0B5H, OB7H

O4EA BS8BABBBCBE DFB

OB8H,0BAH, O0BBH, OBCH, OBEH, OBFH,0C1H,0C2H, 0C4H, OCSH

04F4 C6C8C9CBCC DFB

0C6H, 0C8H, 0C9H, OCBH, OCCH, OCDH, OCFH, ODOH, OD2H, OD3H

O4FE D5D6D7D9DA DFB

OD5H,0D6H,0D7H, 0D9H, ODAH, ODCH, ODDH, ODEH, OECH, OE1H

; 2 CYCLES

SELECT BANK #2

0508 E3E4E6E7ES DFB
OE3H, OE4H, OE6H,OE7H, OES8H, OEAH, OEBH, OEDH, OEEH, OEFH
0512 F1F3F4FSF7 DFB
OF1H,OF3H, OF4H, OF5H, OF7H, OF8H, OF9H, OFBH, OFCH, OFEH, OFFH
"000B ORG 00OBH
000B 021000 LJMP 1000H
1000 ORG 1000H
1000 121509 TSTART: LCALL RELOAD
1003 cODO PUSH PSW
1005 COEO PUSH ACC
1007 D2D4 SETB RS1
1009 c2D3 CLR RSO

100B BF0O1l14
100E BEOO1l1

LOOPIN: CJNE R7,#00H,DECREMENT1
CINE R6,#00H,DECREMENT]



1011
1014
1015
1017
iola
101c
101E
1020

1022
1023
1024
1026
1027
1028
102a
102B
102c
102E

102F
1031
1033
1036
1039
103B

103D
1040
1042
1045
1047
104a
104cC
104F

1052
1053
1055
1056
1058
1059
105B
105cC

105E
10SF
1060
1062
1063
1064
1066

1067
1069

106B
1500

1500
1503
1505
1507
1508

BDO10OE
1c
8C90
121500
AF28
AE27
AD26
8000

c3
ED
9401
FD
EE
9400
FE
EF
9400
FF

C2D3
Cc2D4
BB0028
BA0125
7B03
7AES8

BC0012
7C0°
BDOO10O
7D09
BEOOOE
7E09
BFOOOC
0201E7

1cC
8009

BAQOO4
7809
8001
1a

22

DECREMENT1:

DEC1:

DECBCD:

ONE:

TEN:

HUNDRED:

THOUSAND:

DEC2:

ORG

BBBB:
CCccCce:

CINE RS, #01H,DECREMENT1
DEC R4

MOV P1,R4

LCALL AAARA

MOV R7,QUOTIENT2

MOV R6,QUOTIENT1

MOV RS5,QUOTIENTO

SIMP DECREMENT1

CLR C

MOV A,RS
SUBB A, #01H
MOV R5,A
MOV A,R6
SUBB A, #00H
MOV R6,A
MOV A,R7
SUBB A, #00H
MOV R7,A

CLR RSO ;
CLR RS1

CINE
CJNE
MOV
MOV

R3,#00H,DEC2
R2,#01H,DEC2
R3,#03H
R2, #0ESH

CINE R4,#00H,ONE

MOV R4, #09H

CJINE RS, #OOH, TEN

MOV RS, #09H

CINE R6, #00H, HUNDRED
MOV R6,#09H

CINE R7,#00H, THOUSAND
LIMP GOAL

DEC R4
SJMP DEC2
DEC RS
SJIJMP DEC2
DEC R6
SJMP DEC2
DEC R7’
SJIJMP DEC2

CLR C

MOV A,R2
SUBB A, #01H
MOV R2,2
MOV A,R3
SUBB A, #00H
MOV R3,A

POP ACC
POP PSW

RETI

1500H

CJINE R2,#00H,BBBB
MOV R2,#09H

SIMP CCCC

DEC R2

RET

(SELECT BANK #0)



1509
150A
150B
150D
1510
1513
1515

o000

00

ca8c
758CFC
758A70
D28C
22

RELOAD:

NOP

NOP

CLR TRO

MOV THO,#0FCH
MOV TLO,#070H
SETB TRO

RET

END

LTI TR TR VI YRR 1Y

PO P

CYCLE
CYCLE
CYCLE
CYCLES
CYCLES
CYCLE



1500
0079
0095
0072
0069
0060
0038
1508
0222
0086
0234
0220
0268
0106
E023
103D
02AC
0337
ob2c
002B
02EB
007cC
0285
01E7
0243
0075
01D5
doc?
Q092
033c
E020
00DO
0028
0094
o41c
00D4
0239
0286
O19F
02FD
. 0327
0064
02DD
0438
‘0468
1055
0002
0087
008a
0334
1000
0060
0070

ARAA

AL
ANGLEBOUND
as
CANSUBT
CARRYDEV2
CARRYQUOT1
ccec
CHECKA
CHECKANGLE
CHECKC
CHECKE
CHECKFF
CHECKT
CTRL
DECBCD
DECODE1
DELAY
DEVIDEBUF
DEVIDEND2
DISPLAY
ERROR
FINISHANGLE
GOAL
INPUTANGLE
LAST
LOOP1
MISTAKE
ND

ONOFF
PORTA

PSW
QUOTIENT2
RESULT
ROTATE2
RS1
SAVETIME
SCANKEY
SETTIMER
SHOW
SHOWWHAT
START
STATDISP -
TABLE1
TABLE4
TEN

TIME
TIMEHEX
TLO

TOB
TSTART
USER_STACK
ZERO

0314
000B
0089
O0FO0
0050
0068
0040
0347
0272
022F
0413
0263
OOFA
006A
1033
0097
1022
0339
0029
002D
007D
0437
0242
1058
0200
002F
100B
018D
007B
0030
E021
0026
00DD
007a
0073
027c
0290
0039
0418
0309
0081
O0OF
002E
0448
0088
0o8c
0083
0079
0089
008c
02BB
008F
oocc

ABC

ANGLE
ANGLEHEX
B
CARRYDEVO
CARRYDEV3
CARRYQUOT2
CHANGE
CHECKAA
CHECKB
CHECKCARRY
CHECKEE
CHECKST
CHECKTIME
DEC1
DECBUF
DECREMENT1
DELAY1
DEVIDENDO
DEVSTATUS
ENDL
ERROR1
FINISHTIME
HUNDRED
INPUTTIME
LIGHT
LOOPIN
MOVINI

oL

31

PORTB
QUOTIENTO
READY

RL

RS
SAVEANGLE
SCANO
SETINI
SETUP
SHoOW1

SP
STARTKEY
STATUS
TABLE2
TCON

THO
TIMEADD
TIMEZERO
TMOD

TRO
UNPRESS
VALUE

222

OOEO
0085
00A3
1507
0058
0030
(01017
029D
0113
026D
0277
0225
OO0EF
0304
105E
02A9
034E
03D7
00z2a
0081
00oc
0326
037E
00A8
0080
Olca
01BB
0396
1052
007F
EO022
0027
1509
O3EF
00D3
0077
02c4
0170
02CE
0074
0090
01B3
040cC
0458
00EC
105B
0120
0078
0331
0071
EO60
00B3

ACC
ANGLEADD
ANGLEZERO
BBBB
CARRYDEV1
CARRYQUOTO
CARRYSUBT
CHECK
CHECKANG
CHECKBB
CHECKCC
CHECKF
CHECKSTART
CHECKZERO
DEC2
DECODE
DECTOHEX
DEVIDE
DEVIDEND1
DISPBUF
ENTER
FINISH
FOURTIME
IE

KEYCODE
LOOP

MAIN
MULTIPLY
ONE

PONL

PORTC
QUOTIENT1
RELOAD
ROTATE1
RSO
SAVECARRY
scaNil
SETMOVINGTIME
SHIFTDIGIT
SHOWENABLE
ST
STARTTIMER
SUBTRACT
TABLE3
TEMP
THOUSAND
TIMEDECTOHEX -
TL

TOA

TS

USERLED
YYY



SIEMENS

Phase Control IC TCA 785

Bipolar IC

Features

@ Reliable recognition of zero passage

® Large application scope

® May be used as zero point switch

® LSL compatible

@ Three-phase operation possible (3 ICs)
® Output current 250 mA-

© Large ramp current range

® Wide temperature range

P-DIP-16-1

Ordering Code
Q67000-A2321

Type
TCA 785

Package
P-DIP-16-1

This phase control IC is intended to control thyristors, triacs, and transistors. The trigger pulses
can be shifted within a phase angle between 0 and 180 . Typical applications include
converter circuits, AC controllers and three-phase current controllers.

This IC replaces the previous types TCA 780 and TCA 780 D.

Pin Definitions and Functions

T Pin Symbol |Function’
o[} s 1 GND _|Ground
a2[]2 5] 02 2 Q2 Output 2 inverted
3 1QU Output U
w(]s t D a1 4 Q2 Output 1 inverted
6‘1[ 4 3 DL 5 Vsyne Synchronous voltage
wells 2l , 0z |ouputz
I E 6 1 ﬁ Vi 8 V rer Stabilized voltage
alf wfls o [ |Rem e
Ver D 8 94 Ry 11 Vit Control voltage
1EP003S6 12 Cr2 Pulse extension
13 L Long pulse
. 14 Q1 Output 1
Pin Configuration 15 Q2 __[Output2
(top view) 16 Vs Supply voltage

Semiconductor Group

09.94



SIEMENS TCA 785

Functional Description

The synchronization signal is obtained via a high-ohmic resistance from the line voltage
(voltage Vs). A zero voltage detector evaluates the zero passages and transfers them to the
synchronization register.

This synchronization register controls a ramp generator, the capacitor Cro of which is charged
by a constant current (determined by Re). If the ramp voltage V1o exceeds the control voltage
¥ (triggering angle o), a signal is processed to the logic. Dependent on the magnitude of the
control voltage V11, the triggering angle ¢ can be shifted within a phase angle of 0 to 180 .

For every half wave, a positive pulse of approx. 30 ps duration appears at the outputs Q 1 and
Q 2. The pulse duration can be prolonged up to 180 via a capacitor Cs2. If pin 12 is connected
to ground, pulses with a duration between ¢ and 180 will result.

Outputs WT and W2 supply the inverse signals of Q 1 and Q 2.

A signal of ¢ +180 which can be used for controlling an external logic,is available at pin 3.
A signal which corresponds to the NOR link of Q 1 and Q 2 is available at output Q Z (pin 7).
The inhibit input can be used to disable outputs Q1, Q2and TT , T2 |

Pin 13 can be used to extend the outputs TT and U2 to full pulse length (180 — g).

G ;Putse
B Extension
412
S 4
Vsync [> 5 'lSynchron. 1%
ero 4 Q1
Detector Register r N2
% A Y ‘ 15 02
Vs 3 Discharge | Logic |2 | =
‘ N+ 1 |Monitor 3
° - Qu
= N "L 7
I +
Control
aND 1 Comparator
l E'T 68
Oischarge
9 |8 10 11 Transisfor 6113
Vin N
P v (o= (= Control Inhibit Long-Pulse
9 stab M07T— \T"/Voltage Commutation
L 1800358

Block Diagram

Semiconductor Group 2



SIEMENS TCA 785

—

N Vs  Synchronization voltage

— —

b —

V1o Ramp peak voltage
Vio Ramp voltage

V{1 Control voltage
Vip Min. ramp voltage = V4

N

J- L+

- I A -

<

V15' 02

V“' 01

JITIN

.

Vq5° Q2, Pin 1210 GND

! V14' 01, Pin 12to GND

|| V2 T2 Pin13tocnd

_,!:L__

1, Pin 13to GND

b5 - QU
..I v, - Qz

|
I

=
i
I
b A=Y pode~ J4
=

Pulse Diagram

Semiconductor Group 3



SIEMENS TCA 785
Absolute Maximum Ratings
Parameter Symbol Limit Values Unit
min. max.

Supply voltage Vs -0.5 18 \")
Qutput current at pin 14, 15 Ia -10 400 mA
Inhibit voitage 1Z] -0.5 Vs VvV
Control voltage V11 -0.5 Vs \Y
Voltage short-pulse circuit Vs -0.5 Ve \4
anhronization input current Vs - 200 + 200 pA
Output voltage at pin 14, 15 Va Vs \'
Output current at pin 2, 3, 4, 7 Ia 10 mA
Output voitage at pin 2, 3, 4, 7 Va Vs \%
Junction temperature T 150 C
Storage temperature Tsg - 55 125 C
Thermal resistance
system - aifr R sa 80 KW
Operating Range
Supply voltage Vs 8 18 v
Operating frequency f 10 500 Hz
Ambient temperature Ta -25 85 (o]
Characteristics
8<sVs<s18V;-25 C<Ta<85 C;f=50Hz

-~ Parameter Symbol Limit Values Unit] Test

min. typ. max. Circuit

Supply current consumption Is 45 6.5 10 LmA 1°
S1 ... S6 open
Vu=Q0V
C1=47nF; Re= 100 kQ
Synchronization pin 5
Input current Isms 30 200 pA |1
R 2 varied
Offset voltage AVs 30 75 mV {4
Control input pin 11
Control voltage range V11 0.2 V10 peak vV |1
Input resistance R 16 ka |5

Semiconductor Group 4



SIEMENS TCA 785

Characteristics (cont'd)
8<Vs<18V;~-25 C<Ta<85 C,;f=50Hz

Parameter: Symbol Limit Values Unit| Test
min. typ. max. Circuit

Ramp generator

Charge current T 10 1000 pA

Max. ramp voltage Vio Va=2 v |1

Saturation Vvoltage at capacitor | V1o 100 225 350 mV (1.6

Ramp resistance ' Re 3 300 ka |1

Sawtooth return time t 80 us |1

Inhibit pin 6

switch-over of pin 7

Outputs disabled VsL 3.3 2.5 v |1

Outputs enabled Veu 4 3.3 vV |1

Signal transition time I 1 5 ps {1

Input current Ien 500 800 pA |1

Ve=8V

Input current —lsL 80 150 200 pA 11

Ve=17V

Deviation of J1o To -5 5 % |1

Ro = const. )

Vs =12V, Cio =47 nF

Deviation of I1o I - 20 20 % |1

R = const.

Vs=8Vtg18V

Deviation of the ramp voltage
between 2 following

half-waves, Vs = const. AV10 max x4 %

Long pulse switch-over

pin 13

switch-over of S8 S g

Short pulse at output Visn 3.5 2.5 vV |1
Long pulse at output ViaL - 12.5 2 vV |1
Input current LYY - 10 pA |1
Vis=8V

Input current ~-IaL - |45 65 100 pA |1
Via=17\V

Outputs pin 2, 3,4, 7

Reverse current Ieeo 10 pA 2.6
Va=Vs

Saturation voltage Veat 0.1 0.4 2 vV |26
Ia=2mA

Semiconductor Group 5



SIEMENS TCA 785

Characteristics (cont'd)

8<Vs<18V;-25 C<Ta<85 C;f=50Hz

Parameter Symbol Limit Values Unit| Test
min. typ. max. Circuit

Outputs pirt 14, 15

H-output voltage Viansu | Vs—3 Ve—-25 Vs—=1.0 |V |36

—Ia=250 mA

L-output voltage Vians. | 0.3 0.8 2 V |26

la=2mA

Pulse width (short pulse) to 20 30 40 us {1

S9 open

Pulse width (short pulse) tp 530 620 760 us/ |1

with Ci2 nF

internal voltage control \ ., ' .

Reference voltage Vrer 2.8 3.1 3.4 vV |1

Parallel connection of ]

10 ICs possible

TC of reference voltage QREF 2x10-4 |5%x10-4 [1/K |1

Semiconductor Group



SIEMENS

TCA 785

Application Hints for External Components

min

Ramp capacitance Cio 500 pF

V11 x Rg x C1o
Vrer x K
Vrer x K

Rs

Triggering point fre =

Charge current o=

Pulse Extension versus Temperature

max
1 uFY

2

The minimum and maximum values of 1o
are to be observed

Ramp voltage
Viomax = Vs =2V Vo=

Vreex Kxt 2

Rax Ciwo

IED00360

780
|

ps/nf

=15V
660 >

012= 1nf
600

540

5 480

£ 420
<3 360

&
2 300
240

180

60

N
w

-40 ~-20 0 20 40

1) Attention to flyback times
2K=110£20%

Semiconductor Group
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SIEMENS

TCA 785

Output Voitage measured to + Vs

[ED00361

3.7
35

3.3
31

P,

=15V

WA

2.9

V-1 '
NPy

_25 .c -’

25 — -

e ™

23 =

214

19 f——=
17%

15
13

14

02 F

J).

0

0

Supply Current versus Supply Voitage

100 200

8.5 1ED00362
mA |- 5
7.9 -
Is ! ~ -25°C
4 ”
1 7.3 =
- +25°C
6.7 I P A o e oy —
d
| »
6.1 ; ,/ +85 °C
1
A7
SSETTCE ,
|
4.9 '
T
4.3k L
f |
8 0 12 1% 16 18V20

Semiconductor Group
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SIEMENS TCA 785
laz;:I:'1 nF
o
I 4
5
50 Hz 1k® 250 k2 zero A2
z 5 Detector
Synchron. A 6x10 k@
8 Vems #1 R, Register . <
==033pf
v L 1% Y %5 ] 52 Ve
° 8 Discharge Logic]2 | S3
==100 nF . D _i_ Monitor I3 5%
- - — 7 |55
> J S6
+
Control
el 1 Compamror
_tA Discharge
8 10]41 Transistor 6l 113
s 0V to 8
' Ve o= Veamp I ;
A% (nonhy 16 10 kQ B
_T_ P 10 kQ
S7% o
0.V Vs Ve 0..Vg

IES00363

It is necessary for all measurements to —adjust the ramp with
the aid of Cio and Rs in the way that 3V< Vampmx < Vs =2V
e0.Cwo=47nF, 18 V: Re=47KkQ; 8 V: Re =120 kQ

Test Circuit 1

Semiconductor Group




SIEMENS TCA 785

Re Iy
{fego)

Pin2,3,4,7
O MC 6

14,15 %
(bgnt)

1

1500364

The remaining pins are connected as in test circuit 1

Test Circuit 2
Vs
ly
Pin 14, 15
MCé
1ES00365
The remaining pins are connected as in test circuit 1
Test Circuit 3

Semiconductor Group 10



SIEMENS TCA 785

Vs/mv 75
b
—_—
75
Vy/V
0
—_—
N 4 T v
100 kQ
Pin5

—j—wF1 iVs
b 2y

1ES00366

Remaining pins are connected as in test circuit 1
The 10 uF capacitor at pin 5 serves only for test purposes

Test Circuit 4
+
Pin 3 Oscitlator
@
Pin 11 DvM
j————0 05V
" -j:
ﬂ I£S00368
1ES00367
Test Circuit 5 Test Circuit 6

Semiconductor Group 1 1



SIEMENS | TCA 785

+
o+
[o g B,
10—
12 kR D65
b

Qutputs

IES00369 1E500370
Inhibit 6 Long Pulse 13

1 a »

4, 1ES00371
I 1£500372

Pulse Extension 12 Reference Voltage 8

Semiconductor Group 12



SMEMENS

TCA 785

R L
o — ‘
> __
Iw 220 kQ
1N4005
0.47 uF—L Load ®
10k T
U I LTS
2 15 |BAY st I,
470 “.[.:‘EE _3 14 BAY 61| 150 & ;E
61 |61 | — Gy M 60
220V~ o| TCA785 |10 == 2.2 uFiv)
0.22 pF 6 1 [ 22kQ H 10 kQ
Zsov- | 5V 1] 10 '
8 9 b
G
0.4 uF == ="
100 |47 pF
kQ
v ~——e
O
Mp 1ES00373

pplication Examples
riac Control for up to 50 mA Gate Trigger Current

 phase control with a directly controlled triac is shown in the figure. The triggering angle of
e triac can be adjusted continuously between 0 and 180 with the aid of an external
otentiometer. During the positive half-wave of the line voltage, the triac receives a positive
ate pulse from the IC output pin 15. During the negative half-wave, it also Teceives a positive
igger pulse from pin 14. The trigger pulse width is approx. 100 us.

>emiconductor Group
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SIEMENS

TCA 785

@ 1
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o™ L [¥al
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M
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1
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c w [=4
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T
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A [o]
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e wn o 8
3 o«
o~ [
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i o~ e« wl vl ~] »
>
<
S B
c V>
4 <
(=] L1 2
= =
[

+5V

4.7 [] 220
8 Llke

k

10 kQ

Pulse
Rejec-
tion

/

-5V

Fully Controlled AC Power Controller
Circuit for Two High-Power Thyristors

Shown is the possibility to trigger two antiparalleled thyristors with one IC TCA 785. The trigger
pulse can be shifted continuously within a phase angle between 0 and 180 by means of a
potentiometer. During the negative line haif-wave the. trigger pulse-of.pin 14 is fed to the
relevant thyristor via a trigger pulse transformer. During the positive line half-wave, the gate of
the second thyristor is triggered by a trigger pulse transformer at pin 15.

Semiconductor Group
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TCA 785

SIEMENS

§L£00531 dW -
|O
- A
B
65 INJOOL
JuLy .
ST =410
By
W 070L04S8XZ (44
A1 6 0
d
Zul |l el |,
Mwﬂ LOOYN L 5 9] 0 L AL
—y- T
: 8& b sz | W I IDA 9L
B 2 g T
’ z L LAY/ S8L V1L 41 0001
2 U u |H|m | 1o 19 .
] . AVE|AVE
o _H_ A 022
s _.||,D —A W M.
8 0¢Z L9AVS
C—W 5 F4
B0ZZ 19 AVE
BAL Y _H_ 9 g L 1 0L
oW Wz : H :
|H|u_1 Ly0
O\T.nv —& —®
0790QISSXZ
5 022 S00YN |
uZ»m»\ —HH M6
BALY
v
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{alf-Controlled Single-Phase Bridge Circuit with Trigger Pulse Transformer and Direct

ontrol for Low-Power Thyristors

~
=4
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TCA 78¢

SIEMENS
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TECHNICAL DATA

6-Pin DIP Optoisolators

Transistor OQutput

These devices consist of a gallium arsenide infrared emitting diode optically coupled

to a8 monolithic silicon phototransistor detector.

e Convenient Plastic Dual-in-Line Package

* Most Economical Optoisolator

e High input-Output Isolstion Guaranteed — 7500 Voits Pesk

e Meets or Exceeds All JEDEC Registered Specifications

e UL Recognized. File Number E54915 A3

® VDE approved per standard 0883/6.80 (Certificate number 41853), with additional
approval to DIN 1EC380/VDEQS06, IEC435/VDEDBOS, 1ECE5/VDENBED, VDE110b, covering

- all other standards with equal or less stringent requirements, including IEC204/
——= ¢83

VDEOQ113, VDEO160, VDED832, VDEDB33, ete.

Special lead form svailable {add suffix “T" to part number} which satisfies VDE0B83/
6.80 requirement for 8 mm minimum creepage distance between input and output
solder pads.

® Various lead form options available. Consult “Optoisolator Lead Form Options” data
sheet for details.
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4N25
4N25A
4N26
4N27
4N28

6-PIN DIP
OPTOISOLATORS
TRANSISTOR OUTPUT

CASE 730A-02
MAXIMUM RATINGS (Tp = 25°C unless otherwise noted) pLasTIC
Rating Symbol Value I Unit ‘]
ol o 4 SCHEMATIC
Reverse Voitage VR 3 Voits
Forwerd Current — Continuous 3 60 mA
LED Power Dissipation (m To = 25°C Po 120 mw 1
with Negligible Power in Qutput Detector 1 ‘
Derate sbove 25°C . 1.41 mwrc ]
OUTPUT TRANSISTOR I N
Collector-Eminter Voltage VCEO ] 30 Volts 4 §
Eminer-Coilector Voliage Veco 7 Voits M
jo—
Collector-Base Voitage Veso 70 Volts
Collector Current — Continuous ic 150 mA
D Power Dissipation @ Tp = 25°C Pp 150 mw
with Negligible Power in input LED
Derate above 25°C 176 mwre 1. LED ANODE
2. LED CATHODE
TOTAL DEVICE 1LNC
Isolation Surge Voltage {1) Viso 7500 Vac 4 EMITTER
{Peak ac Voltage, 60 Hz. 1 sec Duration) . : ggs”éinon
Total Device Power Dissipation @ T4 = 25°C Pp 250 mw )
Derate above 25°C 2.94 mwWrc
Ambient Operating Temperature Range Ta -55to0 «100 °c
Storage Temperature Range Tstg ~5510 +150 °c
Soldering Temperature {10 sec. 1116” from case! Tsol 250 ‘c
{1] Isolation suige voitage 15 an i dewecy Derwaid raung,
For tnis test, Ping 1 and 2 are common, and Pins ¢, 5 and 6 are common.
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4N25, 4N25A, 4N26, 4N27, 4N28

ELECTRICAL CHARACTERISTICS {Ta = 25°C unless otnerwise noted)

[ Charactariatic | symbol | Min [ Typ | Mex | uer |
INPUT LED
Forward Voltage {Ig = 10 mA) TA = 25°C Vg - 1.15 1.5 Voits
Ta = ~55C —_ 1.3 —_
Ta = 100°C - 1.0S —
Raverse Lzakage Current (Vg = 3 V) g -— — 100 BA
Cacacitanca (V = OV, f = 1 MH2) 3] — 18 -— pF
QUTPUT TRANSISTOR
Collectar-Emictar Dark Current 4N25,25A.28.27 Iceo —_ 1 S0 nA
(Veg = 10V, Ty = 25°C 4N28 / - 1 100
{Veg = 10V, Ty = 100°C) All Cevices Iceo — t - BA
Cailector-8ase Dark Current (Veg = 10 V) lcso - 0.2 - nA
Collector-Emicter Breskdawn Voitage {Ic = 1 mA) V(BRICEQ 0 45 — Voits
Cailector-Base 3reakdown Voltage (I = 100 xA) V{3RICS0 70 100 -— Volts
Eminar-Cotleciar Breakdown Valtaga (Ig = 100 Al VigRIECO 7 7.8 - Volts
€C Current Gain (Ic = 2mA, Vcg = S V) hee - 500 - -
Call -Emittar Capacitance (f = 1 MHz, Vcz = Q) Cee -— 7 - oF
Cail -Base C. i (f « 1 MHz, Vog = O) Ccs - 19 - pF
Emirtar-Base Caoacitance (I = ! MHz, Vgg = 0) Czg - 9 - pF
COUPLED
| Output Collector Current {Ig = 10 mA, Veg = 10 V) Ic mA
- 4N25.25A.26 2 7 -_
4N27.28 1 S -
Callector-Emitter Saturation Voitage lic = 2 mA, Ig = 50 mA) Vesisan — 0.15 0.5 Voits
Tyrn-On Tima {lg = 10 mMA Ver = 10V, Ry = 100 () ton — 2.8 —_ ey
Turn-Oft Tima (17 = 10 mA, Ve = 10V, Ry = 100 () totf - 4.5 - pns
Rise Timas (Ig = 10mA, Vg = 10V, R = 100 0} Ty - 1.2 - 1S
Fail Time {Ig = 10 mA, Voe = 10 V. R, = 100 ) t — 13 -— us
Isalation Voltaga {f = 60 Hz. t = 1 sect vViso 7500 —_ -— Vacipk}
13alation Rasistanca (V = 500 V} fiso 101! - - a
Isolation Capacitance (V = 0V, = 1 MHz} Ciso —_ .2 - pF
TYPICAL CHARACTERISTICS
YT 77 R —————— ==
|~ === PULSE ONLY ; / o
PULSE OA OC 4T ES NORMALIZED T0:
Z3 . E [T f=tom
= /1 z IR YT
e -+ = [ AR =
g5 3 AV 4 §
x } 1 7 ,, 3 — T
5 e (=] 1 i
S 1111285 8 £
g 14 1 1A 5 21
z /\/‘ 1 ’/ =2 el = 1 =
E e -sCHD 3
=12 ' L] 5 T T
E 5T o :
2
a
1 tli ol e il
PO | 10 00 1000 (111} 0.5 1 1 H 10 2 9@
I, LED FORWARD CURRENT (mA} If. LED INPUT CURRENT imA)
Figure 1, LED Forward Voltage versus Forward Current Figure 2. Qutput Current versus input Current
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4N25, 4N25A, 4N26, 4N27, 4N28
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V. COLLECTOR-EMITTER VOLTAGE (VOLTS)
Figure 3. Collector Current versus
Collector-Emitter Voltage
-
Z NOAMALIZED TO: L : In <
= I 11 1 ] o
& Neg = 10V :
= 14 1 [
S 100 Tp = 5°C
g e
: - t t T T 1 p L { . ANVT)
w5 Z
E IR 1 i T
21 Evony =
S = P —a T -
52 = : :
w o= 1 H ] [ A
8 =2 ———
e IOlv ! I In 1 [ -3
=] nc T T T 3
[X] 1 i f 1 1 I ) L7 71
0 20 40 L) 30 ]
Ta, AMBIENT TEMPERATURE (ys]

Figure 5. Dark Current versus Ambient Temperature

y 4 mny ]

ton, TURN-ON TIME (jus)

0.t

G507 1 ¢ 5710
If, LED INPUT CUSAENT (ma)

=3
~e

Figure 7. Tum-On Switching Times
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1¢. DUTPUT COLLECTOR CURRENT (NONMALIZED)
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Figure 4. Qutput Current versus Ambient Temperature

I, LED INPUT CURRENT (mA}

Figure 8. Tum-Off Switching Timaes
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Figure 9. DC Current Gain {Detector Only) ﬁgu;e 10. Capacitances versus Volitage
TEST CIRCUIT WAVEFORMS
Veg = 10V INPUT PULSE ! :*,._
4 s
> [
I = 10mA— R = 1000 ;:ﬁ‘%
! SR
LU 204 outRuT OUTPUT PULSE i
.q
L
Figure 11. Switching Times
OUTLINE DIMENSIONS
LA NOTES:
oo STtk 1, DIMENSIONING ANO TOLERANCING PER ANS!
™ A we e Vias, 982
} o 1 CAn0E S . 1 CONTROLLING DIMENSION: NOH.
i oA 1 DM L TO CENTER OF LEAD WHEN FORMED
4 paTTIn PARALLEL
4 - 1 i § COUECTOR
. Mo L
X : : [hwrsaerers T oS
. | i Ded oy | MAX | W T WAX
S L] A T ay | ew [oym | oxo |
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MCS®-51 INSTRUCTION SET

Table 10. 8051 Instruction Set Summary

i

Interrupt Response Time: Refer to Hardware De-
scription Chapter.

instructions that Affect Flag Settings(1)

Irstruction Flag Instruction Flag
C OV AC C Ov AC

ADD X X X CLRC o)

ADDC X X X CPLC X

suBB X X X ANLCbit X

MUL o X ANLC/bit X

Div 0 X ORL C,bit X

DA X ORL C,bit X

RRC ;X MOV Cbit X

RLC X CJINE X

SETBC 1

(I)Note that operations on SFR byte address 208 or
bit addresses 209-215 (i.e., the PSW or bits in the
PSW) will also affect flag settings. ‘

Note on instruction set and addressing modes:

Rn — Register R7-R0 of the currently se-
lected Register Bank.

— 8-bit internal data location’s address.
This could be an Internal Data RAM
location (0-127) or a SFR [i.e., 170
port, conwol register, status register,
etc. (128-255)}).

— 8-bit internal data RAM location (0O~
255) addressed indirectly through reg-
ister R1 or RO. .

direct

@Ri

#data
#data 16 — 16-bit constant included in instruction.

addr 16 — 16-bit destination address. Used by
LCALL & LIMP. A branch can be
anywhere within the 64K-byte Pro-
gram Memory address space.

addr 11 — 11-bit destination address. Used by

ACALL & AJMP. The branch will be
within the same 2K-byte page of pro-
gram memory as the first byte of the
following instruction.

rel — Signed (1wo's complement) 8-bit offset
byte. Used by SIMP and all condition-
al jumps. Range is —128 10 +127
bytes relative to first byte of the fol-
lowing instruction. -

bit — Direct Addressed bit in Internal Data
RAM or Special Function Register.

— 8-bit constant included in instruction. -

Mnemonic

Description

Byte

Oscillator
Period

ADD ARn
ADD  Adirect
ADD A@Ri

ADD A, #data

ADDC ARn

ADDC A.direct

ADDC A,€Ri

ADDC A, #data

SUBB ARn

SUBB A.direct

SUBB A, @Ri

SUBB A, #data

INC A

INC Rn
INC direct

INC @Ri
DEC A
DEC Rn
DEC

direct

DEC- @Ri

ARITHMETIC OPERATIONS

Add register to.
Accumulator
Add direct byte to
Accumuiator
Add indirect RAM
to Accumulator
Add immediate
data to
Accumulator

Add register to
Accumulator

with Carry

Add direct hvte to
Accumuiator

with Carry

Add indirect
RAMto
Accumulator
with Carry

Add immediate
data to Acc

with Carry
Subtract Register
from Acc with
borrow

Subtract direct
byte from Acc
with borrow
Subtract indirect
RAM trom ACC
with borrow
Subtract
immediate cata
from Acc with
borrow ’
Increment
Accumulator

.Increment register

Increment direct
byte .
Increment direct
RAM
Decrement
Accumulator
Decrement
Reagister
Decrement direct
byte

Decrement
indirect RAM

1 12
2 12
1 12

2 12

1 12

1 12
2 12

1 12
1 12
1 12
2 12

1 12

All mnemonics copyrightet & imet-Corporation 1880




inté MCS?®-51 PROGRAMMER'S GUIDE AND INSTRUCTION SET

' Table 10. 8051 Instruction Set Summary (Continued)
Mnemonic Description Byte O:t:rl:Z:jor Mnemonic - Description Byte O:t:l::::’or
DATA TRANSFER (Continued) BOOLEAN VARIABLE MANIPULATION
MOV  @Ri.diect Move direct 2 24 ““lcr C Clear Carry 1 12
byte to CLR bit Clear direct bit 2 12
indirect RAM SETB C Set Carry 1 12
MOV @Ri, #data Move 2 12 SETB  bit Set direct bit 2 12
immediate ’ CPL Cc Complement 1 12
data to ! Carry
indirect RAM CcPL bit Complement 2 12
MOV DPTR,#datai6 Load Data 3 24 direct bit
Pointer with a ANL C.bit AND direct bit 2 24
16-bit constant to CARRY
MOVC A@A+DPTR Move Code 1 24 ANL C./bit  AND complement 2 24
byte relative to of direct bit
DPTRto Acc to Carry
MOVC A,@A+PC Move Code 1 24 ORL C.bit OR direct bit 2 24
byte relative to to Carry
PCto Acc ORL C./bit  OR complement 2 24
MOVX A, @Ri Move 1 24 of direct bit
External o Carry
RAM (8-bit MOV C.bit Move direct bit 2 12
addr) to Acc to Carry
MOVX A,@DPTR Move 1 24 MQV bit,.C Move Carry to 2 24
External ° direct bit
RAM (16-bit JC rel Jump if Carry 2 24
addr) to Acc is set ,
MOVX @Ri,A Move Acc to 1 24 JNC rel Jump if Carry 2 24
External RAM not set
(8-bit addr) JB bit,rel Jump if direct 3 24
MOVX @DPTR,A Move Acc to 1 24 Bit is set
External RAM JNB bitrel  Jump if direct 3 24
{16-bit addr) : Sit is Not set
PUSH direct Push direct 2 24 JBC bit,rel  Jump if direct 3 24
byte onto . Bitis set &
stack clear bit
POP  direct Pop direct 2 24 PROGRAM BRANCHING
byte from ACALL addri1 Absolute 2 24
stack _ Subroutine
XCH ARn Exchange 1 12 Cali
register with LCALL addri6 Long 3 24
Accumulator ) Subroutine
XCH  A.direct Exchange 2 12 Call
direct byte RET Return from 1 24
with Subroutine
Accumulator RETI Return from 1 24
XCH A,@Ri Exchange 1 12 interrupt
indirect RAM AJMP  addri1 Absolute 2 24
with Jump
Accumulator LJMP addri6 Long Jump 3 24
XCHD A,@Ri Exchange low- 1 12 SIMP  rel Short Jump 2 24
order Digit -, -{relative-addr) e
indirect RAM All mnemonics copyrighted @ Intel Corporation 1980

with Acc
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lmef MCS®-51 PROGRAMMER'’S GUIDE AND INSTRUCTION SET

Table 10. 8051 Instruction Set Summary (Continued)

Mnemonic Description Byte O:zlrlllz:’or Mnamonlc. .:- Description Byte 0:2’:2;“
ARITHMETIC OPERATIONS (Continued) LOGICAL OPERATIONS (Continued)
INC DPTR Increment Data 1 24 RL ‘A Rotate 1 12
Pointer Accumulator Left
MUL AB Multiply A & B 1 48 RLC A Rotate 1 12
DiVv  AB Divide Aby B 1 48 -~ Accumulator Left
DA A Decimal Adjust 1 12 ’ through the Carry
Accumulator RR A Rotate 1 12
LOGICAL OPERATIONS Accumulator
ANL ARn AND Register to 1 12 _ Right
Accumuiator RRC A Rotate 1 12
ANL A direct AND direct byte 2 12 Accumulator
to Accumulator Right through
ANL A @Ri AND indirect 1 12 the Carry
RAM to SWAP A Swap nibbles 1 12
Accumulator within the
ANL A, #data AND immediats 2 12 . Accumulator
data to DATA TRANSFER
Accumulator MOV  ARn Move 1 12
ANL direct,A AND Accumulator 2 12 register to
to direct byte Accumulator
ANL direct, #data AND immediate 3 24 MOV A direct Move dirsct 2 12
data to direct byte byte to
ORL ARn OR register to 1 12 Accumulator
Accumulator MOV AeRi Movs indirect 1 12
ORL Adirect" OR direct byte to 2 12 RAM to
Accumulator Accumulator
ORL A.@Ri OR indirect RAM 1 12 MOV A #data Move . 2 12
to Accumuiator immediate '
ORL A, #data CR immediate 2 12 data to
data to Accumulator
Accumulator MOV RnA Move 1 12
ORL direct.A OR Accumulator 2 12 Accumulator
. to direct byte to register
ORL cdirect,#datz OR immediate 3 24 MOV  Rn.direct Move direct 2 24
data to direct byte byte to
XRL ARn Exclusive-OR 1 12 register
register to MOV Rn,#data Move 2 .12 -
Accumulator immediate data
XRL A.direct Exclusive-OR 2 12 to register
direct byte to MOV direct,A Move 2 12
Accumulator Accumulator
XRL A,@Ri Exclusive-OR 1 12 to direct byte
- indirect RAM to MOV directRn.  Move register 2 24
Accumulator to direct byte
XRL A #data Exclusive-OR 2 12 MOV direct,direct Move direct 3 24
. immediate data to byte to direct
Accumulator MOV direct,@Ri Move indirect 2 24
XRL direct,A Exclusive-OR 2 12 RAM to
Accumulator to direct byte
direct byte MOV  direct, #data Move 3 24
XRL direct, #data Exclusive-OR 3 24 immediate data
immediate data to direct byte
to direct byte MOV @RI A Move 1 12
CLR A ear 1 12 Accumuiator to
Accumulator indirect RAM
CPL "A Complement 1 12 All mnemonics copyrighted ®Intel Corporation 1980
Accumuiator
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MCS®-51 PROGRAMMER’S GUIDE AND INSTRUCTION SET

”
’

Table 10. 8051 Instruction Set Summary (Cbntinued)

Mnemonic Description Byte O;EI:‘I::‘W Mnemonic Description Byte o::’::::?r .
PROGRAM BRANCHING (Continued) PROGRAM BRANCHING (Continued)
JMP  @A+DPTR Jumpindirect . 1 24 CJNE Rn,#datayrel Compare 3 24
relative to the : ¢ immediate to
DPTR -° register and
JZ rel Jump if 2 24 Jump if Not
Accumulator Equal
is Zero CJNE @Ri,#datasrel Compare 3 24
JNZ rel Jump if 2 24 immediate to
Accumulator indirect and
is Not Zero Jump if Not 1
CJNE Adirectrel Compare 3 24 Equal
direct byte to DJINZ Rnrel Decrement 2 24
Acc and Jump register and
if Not Equal Jump if Not
CJINE A, #datarel Compare 3 24 Zero
immediate to DJNZ  direct,rel Decrement 3 24
Acc and Jump direct byte
if Not Equal and Jump if
Not Zero
NOP No Operation 1 12

All mnemonics copyrighted © Intel Corporation 1980
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