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ABSTRACT

This thesis presents the video scramble & descramble for cable TV. Which in present
it does not have the protection for the watch thief of video signal. It may be make problem
from infringement.

The video scramble & descramble for cai:lc TV use the sinewave summing,
squarewave summing and the video invertion technique. It uses microcontroller to generate

signal. So it can generate the several frequency signal and apply in the orther work too.
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Electrolitics
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CRYAILH
630 KQ
1 KQ
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220 Q
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150 Q2
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Volt/div=0.5V
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(15)
Time/div=1ms

Volt/div=0.5V
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(16),(17)

Time/div=1ms

Volt/div=1V
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0000

0000

EQE3=
EOEO=
EQEl=
EOE2=
0028=
0026=
0027=

0000

0000 020040

0040

0040 90EOE3
0043 7488
0045 FO
0046 E4
0047 75D000

26
27
28
29

95

ORG 0000H
KEYBUF: DS 10 ;SCANKEY FOR SINEWAVE AND
:SQUAREWAVE AND INVERSE
CTRL EQU OEOE3H
PORTA EQ OEOEOH
PORTB EQU . OEOEi1H
PORTC EQU OEOEZH
KEY_BUF EQU 28H
N_BUF EQU 26H
K_BUF EQU 27H
ORG 0000H
LIMP INI
ORG 0040H

.****************************************;
k)

:CHECK INTERUPT AND CHECK SCANKEY;

-****************************************;
]

INL MOV
MOV
MOVX
CLR .
MOV

DPTR,#CTRL
A#88H
@DPTR,A

A

PSW #00H



004A 7528
004D 7526FF
0050 7527FF
0053 75A0EO
0056 78E2
0058 7AFE
005A EA
005B F2
005C E2
005D FF
00SE BFEEOQ3
0061 0200CA
0064 BFBEO3
0067 02021B
006A BFDEO3
006D 020330
0070 75A885
0073 80DE

00A0

00A0 C000
00A2 C002
00A4 CO007
00A6 75A0EQ
00A9 79EO
00AB 7C0C
00AD 9001BA
BOA3

00B1 EO

31
32

34
35
36

59
60

CHE_INTR:

SINE:

LOOP:

88

MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOVX
MOVX
MOV

LIMP

LIMP
CINE
LIMP
MOV
SIMP

ORG

PUSH
PUSﬁ
PUSH
MOV
MOV
MOV
MOV
INC
MOVX

KEY_BUF,#0FFH
N_BUF#0FFH
K_BUF#0FFH
P2,#0EOH

RO #0E2H

R2 #0FEH

AR2

@ROA

A,@RO

R7.A
R7#0EEH,AN
SCANK
7,#0BEH,AN1
SCANK1

R7 #0DEH,AN2
SCANK2

IE #35H
CHE_INTR

00AOH

00H

02H

07H

P2 #0EOH
R1#0EOH
R4,#0CH
DPTR#TABLE-1
DPTR

A@DPTR



97

00B2F3 6l | MOVX  @RLA

00B3 ADFO 62 MOV RSB

00BS DDFE 63  DELL: DINZ  RSDELI

00B7 DCF7 64 DINZ  R4LOOP

00B9 7400 65 MOV AMOOH

00BB 7A01 66  DEL2: MOV-  R2#0IH

00BD 7BFF 67 MOV  R3#OFFH

0OBFDBFE 68  DEL3: DINZ ~ R3,DEL3

00C1 DAFS 69 DINZ ~ R2DEL2

00C3 D007 70 POP  O7H

00C5 DO02M 71 POP O02H

00C7 D000 72 POP O0H

ooco 32 73 RETI
74 ;
75 ;*************************;
76 . SCANKEY OF SINEWAVE ;
- IVERRPRIPR—
78 ;

00CA 90EQE2 79  SCANK: MOV ~ DPTR#PORTC

00CD 858340 80 MOV = P2,DPH

00D0 AS82 81 MOV RODPL

00D2 7B00 82 MOV R3#00H

00D4 7AFE 83 MOV R2HOFEH

0OD6 EA 84  SCKO: MOV AR2

0OD7TF2 85 MOVX ~ @ROA

0OD§E2 86 MOVX ~ A@RO

00D9 B4TE03 87 CINE  A#TEHNO

00DC 020053 88 LIMP  CHE_INTR

OODF 5470 89  NO: ANL  AWMIOH

00E1 B4700B 90 CINE A#70H,SCK2



00E4 0

00ES EA
00E6 23
00E7 CA
OOES8 20E4EB
00EB 74FF
00ED 801E
00EF C4
O0F0 20E005
00F3 9001C7
00F6 800B
00F8 20E105
00FB 9001CB
OO0FE 8003
0100 9001CF
0103 EB
0104 93

0105 B52805
0108 74FF
010A 0201B38
010D F528
010F B4FF03
0112 0200CA
0115 F5F0
0117 FD
0118 BDFCO

011B 7401
011D 020172
0120 BDE605

91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113

114

115
116

117

118

119

98

SCK3

SCK2:

Al

A2:
GET_C

OUT _SCNK:

SAV

Z1:

INC
MOV

XCH

MOV
SIMP
SWAP

MOV
SIMP

MOV
SIMP
MOV
MOV
MOVC

MOV
LIMP
MOV
CINE
IMP

MOV
MOV
CINE

MOV
LIMP.

R3

AR2

A

AR2

ACC.4,SCKO

A #0FFH

OUT_SCNK

A

ACC.0,A1

DPTR #ROWO

GET_C

ACC.1,A2

DPTR #ROW1

GETLC

DPTR, #ROW2

AR3

A@A+DPTR
AXEY_BUF,OUT_SCNK
A #0FFH

OUT_SCK2
KEY_BUF,A

A #OFFH,SAV

SCANK

BA

RS,A

RS,#0F0H,Z1 ;CHECK SEND
CODE OF SINEWAVE;
A#01

SEND

R5 #0E6H,Z2



0123 7402
0125 020172
0128 BD8505
012B 7403
012D 020172
0130 BDDO005
0133 7404
0135 020172
0138 BDC505
013B 7405
013D 020172
0140 BDCO05
0143 7406
0145 020172
0148 BDB505
014B 7407
014D 020172
0150 BDB0O0S
0153 7408
0155 020172
0158 BDAS05
015B 7409
015D 020172
0160 BDAOOS
0163 740A
0165 020172
0168 BD9505
016B 740B
016D 020172
0170 740C

120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148

149

Z2:

Z3:

Z5:

Z6:

VATH

Z8:

Z9:

99

MOV
LIMP

MOV
LIMP
CINE
MOV
LIMP
CINE
MOV
LIMP

MOV
LIMP
CINE
MOV
LIMP

MOV
LIMP
CINE
MOV

CINE

MOV

LIMP

MOV

MOV

A#O2H
SEND
RS,#85H,Z3
A#O3H
SEND
R5,#0D0H,Z4
A #04H
SEND
RS5#0CSH,Z5
A#OSH
SEND
R5#0COH,Z6
A #06H
SEND
R5,#0B5H,Z7
A#OTH
SEND
R5,#0B0H,Z8
A#08H
SEND

R5 ,#OASH,Z9
A#09H
SEND

RS #0AO0H,ZA
A#0AH
SEND
RS5,#95H,ZB
A#0BH
SEND

A#OCH



0172 90EOE1
0175 FO
0176 900000
0179 7400

017B FO
017C A3
017D 7400
017F FO
0180 A3
0181 7400
0183 FO
0184 A3
0185 7402
0187 FO
0188 A
0189 7400
018B FO
018C A3
018D 74A0
018F FO
0190 A3
0191 7400
0193 FO
0194 A3
0195 7400
0197 FO
0198 A3
0199 7400
019B FO

150
151
152
153

154
155
156
157
158
159
160
161
162
163
164

165,

166
167
168
169
170
171
172
173
174
175
176
177
178

SEND:

100

MOV
MOVX
MOV
MOV

MOVX
INC
MOV
MOVX
INC
MOV
MOVX
INC
MOV
MOVX
INC
MOV
MOVX
INC
MOV
MOVX
INC
MOV
MOVX
INC
MOV’
MOVX
NC
MOV
MOVX

DPTR#PORTB

@DPTR,A

DPTR,#0000H

A#00H ;SET INTERUPT
VECTOR;

@DPTR,A

DPTR

A #00H

@DPTR,A

DPTR

A #00H

@DPTR,A

DPTR

A#02H

@DPTR,A

DPTR

A#00H

@DPTR,A

DPTR

A #OAOH

@DPTR,A

DPTR

A #00H

@DPTRA

DPTR

A#00H

@DPTR,A

DPTR

A#00

@DPTR,A



019C A3 179
019D 7400 180
019F FO 181
01A0 A3 182
01A1 7400 183
01A3 FO 184
01A4 A3 185
01AS5 7400 186
01A7 FO 187
01A8 A3 188
01A9 7400 189
01AB FO 190
01AC A3 191
01AD 7400 192
O01AF FO 193
01BO A3 194
01B1 7400 195
01B3 FO 196
01B4 A3 197
01B5 7400 198
01B7 FO 199
01B8 0200CA 200
01BB 1A2630 201
01BE 333026 202
01C1 1A0D03 203
01C4 00030D 204
01C7 FOE685D0 205
01CB C5C0B5B0 206
01CF A5A09560 207
208
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OUT_SCK2:
TABLE:

ROWO:
ROW1:
ROW?2:

INC
MOV.
MOVX
INC
MOV
MOVX
INC
MOV
MOVX
INC
MOV
MOVX
INC
MOV
MOVX
INC
MOV
MOVX
INC
MOV
MOVX
LIMP
DB

DB

DB

DB

DB

DB

DB

DPTR

A#O0H

@DPTR,A

DPTR

A#00H

@DPTR.A

DPTR

A #00H

@DPTR,A

DPTR

A#0OH

@DPTR,A

DPTR

A #00H

@DPTR,A

DPTR

A #00H

@DPTR,A

DPTR

A #00H

@DPTR,A

SCANK
1AH,26H,30H
33H,30H,26H
1AH,0DH,03H
00H,03H,0DH
OFOH,0E6H,85H,0D0H
0C5H,0C0H,0B5H,0BOH
0ASH,0A0H,95H,60H
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209 R RO R ARk
210 -GENERATE SQUAREWAVE AND CHECK KEY
211 kR kR ok
212 ;
01F0 213 ORG 01FOH
214 ;

01F0 C000 215 SQUARE: PUSH 00H

01F2 C002 216 PUSH  O02H
01F4 C007 217 PUSH  O7H
01F6 7SAOE0 218 MOV P2 #0EOH
01F9 79E0 219 MOV R1 #0EOH
01FB E4 220 CLR A
01FC 74FF 221 MOV AM#OFFH
" O1FE F3 22 MOVX  @RLA
01FF AAFO 223 MOV R2B
0201 DAFE 224  DE: DINZ R2,DE
0203 7400 225 MOV A #00H
0205 F3 226 MOVX  @RLA
0206 AAFO 227 MOV R2,B
0208 DAFE ~ 228  DEL: DINZ R2,DE1
020A 7400 229 MOV A#00H
020C 7B01 230  DE2: MOV R3#01H
020E 7CFF 231 MOV R4 #OFFH
0210 DCFE 232  DE3: DINZ R4,DE3
0212 DBF8 233 DINZ R3,DE2
0214 D007 234 POP  O7H
0216 D002 235 POP 02H
0218 DOOO 236 POP 00H
021A 32 237 RRETT"

238 ;



021B 90EQE2
021E 8583A0
0221 A882
0223 7B00
0225 7AFE
0227 EA
0228 F2
0229 E2
022A B47E03
022D 020053
0230 5470
0232 B4700B
0235 0B
0236 EA
0237 23

0238 CA
0239 20E4EB
023C 74FF
023E 801E
0240 C4
0241 20E005
0244 90030C
0247 800B
0249 20E105
024C 900310
024F 8003

239
240
241
242
243

245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262

.263

264
265
266
267
268

SCANK1:

SCKO00:

LIMP
NOO:

SCK33:

SCK22:

All:

108

« 3k sfeshe e s o sk e ke ok s abe e o sl e e sk sk sk sk ek ke ke ok
> ’

;SCANKEY OF SQUREWAVE

kR kAR K
MOV DPTR #PORTC
MOV P2,DPH

MOV RO,DPL

MOV R3,#00H

MOV R2 #0FEH
MOV AR2

MOVX  @ROA
MOVX.  A@RO

CINE A #TEH,NOO
CHE_INTR

ANL A#70H

CINE A#70H,SCK22
INC R3

MOV AR2

RL A
XCH AR2
JB ACC.4,SCK00

MOV A#OFFH
SIMP OUT_SC
SWAP A

B ACC.0,Al1
MOV DPTR #RO
SIMP GET_CC
B ACC.1,A22
MOV DPTR #RO1
SIMP  GET_CC
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0251 900314 269  A22: MOV DPTR #R02
0254 EB 270  GET_CC: MOV AR3

0255 93 271 MOVC  A@A+DPTR
0256 B52605 272 CINE AN_BUF,0UT_SC
0259 74FF 273 MOV A#0FFH
025B 020309 274 LIMP OUTSCK22
025E F526 275  OUT_SC: MOV N_BUF,A
0260 B4FF03 276 CINE A #0FFH,SAVV
0263 02021B 277 LIMP SCANK 1
0266 FSFO ~ 278  SAVV: MOV B.A

0268 FD 279 MOV RS,A

0269 BDFEO5 280 DINE RS #0FEH,Y1
026C 740D 281 MOV A#0DH
026E 0202C3 282 LIMP SENDI

0271 BDEOO5 283  Yl: CINE RS, #0EOH,Y?2
0274 TAOE 284 MOV A #0EH

0276 0202C3 285 LIMP SENDI

0279 BD9505 286 Y2 CINE R5,#95H,Y3
027C 740F 287 MOV A #0FH

027E 0202C3 288 LIMP SENDI

0281 BDD605 289  Y3: CINE R5#0D6H,Y4
0284 7410 290 MOV A#10H

0286 0202C3 291 LIMP SENDI

0289 BDC905 292  Y4: CINE RS #0C9H,Y5
028C 7411 293 MOV A#11H

028E 0202C3 294 LIMP SENDI

0291 BDBF0O5 295  Y5: CINE RS #0BFH,Y6
0294 7412 296 MOV A#12H

0296 0202C3 297 LIMP SENDI

0299 BDB005 298  Y6: CINE 'RS,#0BOH, Y7



029C 7413
029E 0202C3
02A1 BDASOS
02A4 7414
02A6 0202C3
02A9 BDAOOS
02AC 7415
02AE 0202C3
02B1 BD9205
02B4 7416
02B6 0202C3
02B9 BD8605
02BC 7417
02BE 0202C
02C1 7418
02C3 90EOQE1
02C6 FO

02C7 900010

02CA 7400
02CC FO
02CD A3
02CE 7400
02D0 FO
02D1 A3
02D2 7400
02D4 FO
02D5 A3
02D6 7402
02D8

299
300
301
302
303

305
306
307
308
309
310
311
312
313
314
315
316

317
318
319
320
321
322
323
324
325
326
327

Y7:

Y8:

Y9:

YA:

YB:

SEND1:

105

MOV
LIMP

MOV
LIMP
CINE
MOV
LIMP
CINE
MOV

CINE
MOV
LIMP
MOV
MOV
MOVX
MOV

MOV
MOVX
INC
MOV
MOVX
INC
MOV
MOVX
INC
MOV
MOVX

A#13H

SEND1
R5,#0A8H,Y8
A#14H

SEND1
R5#0A0H,Y9
A#15H

SEND1

RS #92H, YA
A#16H

SEND1
RS5,#86H,YB
A#lTH

SENDI1

A#18H

DPTR #PORTB
@DPTR,A
DPTR #0010H ;SET
INTERUPT VECTOR,;
A#OOH
@DPTR,A
DPTR

A #00H

PTR,A

DPTR

A#HOOH
@DPTRA
DPTR

A#02H
@DPTRA



02D9 A3
02DA 7401
02DC FO
02DD A3
02DE 74F0
02EOQ FO
02E1 A3
02E2 7400
02E4 FO
02E5 A3
02E6 7400
02E8 FO
02E9 A3
02EA 7400
02EC FO
02ED A3
02EE 7400
02F0 FO
02F1 A3
02F.’;. 7400
02F4 FO
02F5 A3
02F6 7400
02F8 FO
02F9 A3
02FA 7400
02FC FO
02FD A3
02FE 7400
0300 FO

328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357

1086

INC
MOV
MOVX
INC
MOV
MOVX
INC
MOVX
MOVX
INC
MOV
MOVX
INC
MOV
MOVX
INC
MOV
MOVX
INC
MOV
MOVX
INC
MOV
MOVX
INC
MOV
ovX
INC
MOV
MOVX

DPTR
A#01H
@DPTR,A
DPTR

A #0FOH
@DPTR,A
DPTR

A #00H
@DPTR,A
DPTR

A #00H
@DPTR,A
DPTR

A #00H
@DPTR,A
DPTR
A#O0H
@DPTR,A
DPTR
A#00H
@DPTR,A
DPTR

A #O00H
@DPTR,A
DPTR
A#O
@DPTR
DPTR

A #00H
@DPTR,A
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0301 A3 358 INC DPTR

0302 7400 359 MOV A#OOH
0304 FO 360 MOVX @DPTR,A
0305 A3 361 INC DPTR
0306 7400 362 MOV A#OOH
0308 FO 363 MOVX @DPTR,A

0309 02021B 364 OUTSCK22: LIMP SCANK1

030C FEE095D6 365 RO: DB OFEH,0E0H,95H,0D6H

0310 C9BFBOA8 366 ROIl: DB 0C9H,0BFH,0BOH,0A8H

0314 A0928672 367 RO2: DB 0AOH,92H,86H,72H
368 3
369 ;********************************************;
370 :CONTROL 4066 INVERSE TELEVISION SIGNAL;
371 ;********************************************;
372 71 NS

0318 75A0EO 373 INVERSE MOV P2 #0EOH

031B 78E2 374 MOV RO,#0E2H

031D 7B00 375 MOV R3,#00H

031F 7AFE 376 MOV R2 #0FEH

0321 EA 377 MOV AR2

0322 F2 378 MOVX @RO,A

0323 E2 379 MOVX A,@RO

0324 B4DE03 380 CINE A#0DEH,I0

0327 020330 381 LIMP SCANK2

032A B47EEB 382 10: CINE A #7TEH,INVERSE

032D 020053 383 LIMP CHE_INTR
384 -
385 Rk ARk ok
386 . SCANKEY FOR CONTROL 4066;

387 -*******************************;
?



0330 S0EOE2
0333 8583A0
0336 A882
0338

033A 7AFE
033C EA
033D F2
033E E2
033F B4EEO3

0342 020318
0345 5470
0347 B4700B
034A 0B
034B EA
034C 23
034D CA
034E 20E4EB
0351 74FF
0353 801D
0355 C4
0355 C4
0359 9003DC
035C 800B
035E 20E105
9003EO0

0364 8

0366 9003EA
0369 EB

388

389 SCANK2:
390

391

392

393

394 SCKO:
395

396

397

398

399 SETV:
400

401 SCKO3:
402

403

404

405

406

407

408

409

410

411

412 A_L
413

414

415 A_2:
416 G_CODE:

108

MOV
MOV
MOV
MOV
MOV
MOV
MOVX
MOVX
CINE

LIMP

CINE
INC
MOV

XCH

MOV
SIMP
SWAP

MOV
SIMP
JBA

MOV
SIMP
MOV
MOV

DPTR #PORTC

P2,DPH

RO,DPL

R3 #00H

R2 #OFEH

AR2

@RO,A

A@RO

A#0EEH,SETV ;GO TO MAIN
INVERSE;

INVERSE

A#T0H

A #70H,SCKO2

R3

AR2

A

AR2

ACC.4,SCKO

A #OFFH

O_SCNK

A

ACC.0,A_1

DPTR#RW1

G_CODE

CC.1A_2

DPTR #RW2

G_CODE

DPTR #RW3

AR3.
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036A 93 417 MOVC A @A+DPTR
036B B52704 418 CINE A X_BUF,0_SCNK
036E 74FF 419 MOV A#O0FFH
0370 8005 420 SIMP OUT_2

0372 F527 421 O_SCNK: MOV K_BUF,A
0374 BSFF03 422 CINE A, 0FFH,DOG
0377 020330 423 OUT_2: LIMP SCANK2
037A FC 424 DOG: MOV R4,A

037B BC0705 425 CINE R4#07H,B1
037E 7419 426 MOV: A#19H

0380 0203D5 427 LIMP SENDER
0383 BC0805 428 BIl: CINE R4 #08H,B2
0386 741A 429 MOV A#1AH

0388 0203D5 430 LIMP SENDER
038B BC0905 431 B2: CINE R4 #09H,B3
038E 741B 432 MOV A#1BH

0390 0203D5 433 LJMP SENDER
0393 BCOAO5 434 B3: CINE R4 #0AH,B4
0396 741C 435 MOV A#1CH

0398 0203D35 436 LIMP SENDER
039B BC0505 437 B4: CINE R4,#05H,B5
039E 741D 438 MOV A#1DH
03A0 0203D5 439 LIMP SENDER
03A3 BCOF0O5 440 BS: CINE R4 ,#0FH,B6
03A6 741E 44] MOV A#1EH
03A8 0203D5 442 LIMP SENDER
03AB BC2F05 443 B6: CINE R4 #2FH,B7
03AE 741F 444 MOV A#IFH

03B0 0203D5 445 LIMP SENDER

03B3 BC3F05 446 BT: CINE R4.#3FH B8



03B6 7420 447
03B8 0203D5 448
03BB BC7A05 449
03BE 7421 450
03C0 0203D5 451
03C3 BCFF05 452
03C6 7422 453
03C8 0203D5 454
03CB BC5705 455
03CE 7423 456
03D0 0203DS 457
03D3 7424 458
03D5 90EQCE 459
03D8 FO 460
03D9 020330 461
03DC 0708A50A 462
03E0 0SO0F2F3F 463
03E4 7AFF5783
0000=465
a2 = 0100
a22 = 0251
a_l =035E
a_2 = 0366
an = 0064
anl = 006A
an2 = 0070
bl = 0383
b2 = 038B
b3 = 0393
b4 = 039B

BS:

B9:

BA:

BB:
SENDER:

RWI:
RW2:
464

110

MOV
LM

MOV
LIMP

MOV

MOV
LIMP
MOV
MOV
MOVX
LIMP
DB
DB
RW3:
END

105

269

412

415

43

45

47

428

431

434

437

102
266
409
412
41

43

45

425
428
431

© 434

A#20H

SENDER

R4 #7AH,B9
A#21H

SENDER

R4 #0FFH,BA
A#22H

SENDER
R4#57H,BB

A#23H

SENDER

A#24H

DPTR #PORTB '
@DPTR,A

SCANK?2
07H,08H,0ASH,0AH
05H,0FH,2FH,3FH

DB  7AH,0FFH,57H,83H



b5 = 03A3
b6 = 03AB
b7 = 03B3
b8 = 03BB
b9 = 03C3
ba = 03CB
bb = 03D3

che_intr = 0053

ctrl = EOE3
de = 0201
del = 0208
de2 = 020C
de3 = 0210
dell = 00BS
del2 = 00BB
del3 = OOBF
dog = 037A
g_code = 0369
get_c = 0103
get_cc = 0254
i0 = 032A
ini = 0040

inverse = 0318
k_buf = 0027
key_buf = 0028
keybuf = 0000

loop = 00BO
n0 = OODF
n00 = 0230
n_buf = 0026

111

440
443
446
449
452
455
458
34

224
228
230
232
63
66
68
424
416
106
270
382
26
373
13
11

59
89
253
12

437
440
443
446
449
452
455
48

26

233

69

422
411
101
265
380
17
382
33
31

64
87
251
32

88

414
104
268

398
418

108

272

252

421
111

275



o_scnk = 0372
out_2 = 0377
out_sc = 025E

out_sck2 = O1BS8
out_scnk = 010D
outsck22 = 0309

porta = EOEQ
portb = EOE1
portc = EOE2
ro = 030C
rol = 0310
ro2 = 0314
row0 = 01C7
rowl = 01CB
row2 = OICF
wl = 03DC
w2 = 03EO
w3 = 03E4
sav = 0115
savv = 0266
scank = 00CA
scankl = 021B
scank2 = 0330
sck0 = 00D6
sck00 = 0227
sck2 = O0EF
sck22 = 0240
sck3 = 00E4
sck33 = 0235

scko = 033C
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421
423
275
200
111
364

10

365
366
367
205
206
207
462
463
464
114
278
79

243
389
84

248
98

262
91

255
394

407
420
261
110
97

274

150
79

264
267
269
100
103
105
410
413
415
112
276
42

46
95
259
90
254

405

418

27

10

314
243

113
277
381

459
389

200
364
423



scko2 = 0355
scko3 = 034A
sine = 00AQ
square = 01F0
table = 01BB
yl = 0271
y2 = 0279
y3 = 0281
y4 = 0289
y5 = 0291
y6 = 0299
y7 = 02Al
y8 = 02A9
y9 = 02B1
ya = 02B9
yb = 02Cl1
z1 = 0120
z2 = 0128
23 = 0130
z4 = 0138
z5 = 0140
z6 = 0148
z7 = 0150
z8 = 0158
29 = 0160
za = 0168
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408
401
52

215
201
283
286
289
292
295
298
301
304
307
310
313
119
122
125
128
131
134
137
140
143
146

400

58

280
283
286
289
292
295
298
301
304
307
310
116
119
122
125
128
131
134
137
140
143
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MC1508L-3
MC1408L-3

s n e MC1408L-7
4 MC1408L-6

Specifications and Applications

Information
: EIGHT-BIT MULTIPLYING
- DIGITAL-TO-ANALOG
EIGHT-BIT MULTIPLYING _ CONVERTER
- DIGITAL-TO-ANALOG CONVERTER SILICON MONOLITHIC

destgned for use where the output current i< 3 linear product INTEGRATED CIRCUIT

of an eight-bit digital word and an analog input voltage.

e Realative Accuracy” £0.19% Error maximum
{MC1508L-8. MC1403L-8)
16

e Seven and Sex-Bit Accuracy Available auansainn,
(MC1408L.7, MC1408L-6)

e Fast Setthing Time = 300 ns typical

i

s

trou viewl

.
wperurtnirTusy
lo

o Nomaverting Digital Inputs are MTTL and
CMQOS Compatible .

e Outpul Voltage Swing ~ 0.4 V to S0V

e High-Speed Multiplying Input

Siews Rate 4.0 mafus N, R;j’;:}':‘ .
e Standard Supply Voltages: +5.0 V and CASE 520

5.0Yi0-15V

FIGURE 2 - BLOCK DIAGRAM

FIGURE 1 — D-to-A TRANSFER CHARACTERISTICS

~m58 158
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< HANGE s 6 {1 48 To o [ 2 .
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=
=3 g ‘ B 2R Laaner 8ras Corgunt ko 2
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2 i P 4 vee |
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o019 Vrett 1 |
= 16 i
: conePEN i
b vVee o3 |
KOO\‘JOOC’M’)Ol [RRRRRRSRY MPN Current !
i INPUT DIGITAL WORD Source Pawr 5
1
TYPICAL APPLICATIONS
¢ Tracking A-10-0 Converters e Audio Digitizing ana Cecoding '
. 1
o Succassive Agaroximation A-1o-J Canveriers ® Programmable Power Suovles i
e 7.1/2 Oigit Pane: Meters ang OVM's *  Asnatog-Oigiiat Multiolication
¢ ‘Naveiorm Synthesis ®  Digitat-Digital Multiptication )
.¢ Sampie and Hcld *  Analog-Digital Division
e Pear Cetector e Digitai Addition and Subtraction
@ Programmanie Gain and Attenuatien e 3geecn Comorassion anvd Excension
* CRT Character Generation ©  Stepping Motor Drive
T .5 wO10R0LA NC 198 Ds 9238 A1

MTTL a4 tragemarx of Matorota Inc.
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TEST CIRCUITS
FIGURE 3 ~ NOTATION DEFINITIONS TEST CIRCUIT
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FIGURE 4 - RELATIVE ACCURACY TEST CIRCU!T
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MAXIMUM RATINGS (T = +25°C unless otherwisa ncted.)

£LECTRICAL#=ARACTERISTICS (vec ® »5.0 Voe. Vgg » -15 Vde

‘A4

P 5
MC1408L Seu{\f,?" a0t +759C untess otherwise noted. All digitet inpuls at nign (0gic levei.}

— = 2.0 mA, MC1508L-3: T = -55°C 10 +125°C.

Rating Symbot Value Unit
Power Supoty Voitage vee +5.5 Vde
- Vee -16.% s

Osgrtat 1nout Vor© g Vg thru V2 Qto +5.5 Vde
Appiied Output Valtasge Vo +0.5,-5.2 Vde .
Relerence Current g 5.0 mA H
Relerence Ampittrer 1routs ViaVis VeeVee Vde
Operaung Temoeraiure Range Ta oc

MC1508L8 55 t0 +125

MC1408L Series Oto+75
Siorage Temoe: an re Range Tsig 65 to +150 °c

Vref

Characteristic Fiqura Symbol M Tve Max Unit
Retatve Accur. v {Error relanve o tull scate ) 4 €, -
MC1508L8, i f1a08L3 - - 0
MC 140807 - - 2039
MC 14058 - - :0.78 |
Setthing Time 3 within : 152 LSE[wctudes LT A +25%C1See Note 2 ] 1g - 100 - at
Prooagation L.y Time s DML IPHL - 10 100 ns
Ta ++25°C
Quiout Full Scale Current Dnide TCig - -20 - PPMIOC
Orgetal Inout Logic Levels (MSB! 3 vee
migh Laver, Logie 17 Vi 20 - -
Low Levet, Logic Q" Vi & - 08
Digital Inous Cucrent 1AMSBY 3 maA
High Level, Vi =53/ LF1%] - ] 00
Low Level, Vi - 08V e - -04 -3.8
Reference tnous B1as Current 1P 15) 3 l1g - -10 -0 FE
Quiput Curcent Range 3 I0R mA
Veg * S0V o 2.0 2.1
veg 7 <15V, Ty v 25°C 0 2.0 4.2
Qutout Current 3 o mA
Vet - 000V, R14 ¢ 100002 1.9 1.99 2.1
Qutput Current 3 IO(min} - 4.0 uA
(Al Dits low!
Ouut Voltage Comphance (E, <0.19% a1 Ta = +25°C) 3 vo Ve
Pin 1 grounded - - -055,+04
Pin 1 open, Vgg boow =10 V - - -5.0, +0.4
Reterence Current Stew Rate [ SR gt - 40 - mAtus
Quiput Current Pawer Suoply Sensitivety PSARAR(=} - 0.5 2.7 AV
Pcwer Supply Current 3 cc _ 118 .22 ma
iAN Dits ow) (133 - -75 -13
Power Suoply Voltage Range { 3 VCeR +4.5 *50 55 vae
(Ta*+259C) ! Veer B -15 -16.5
Power Dissipauon i 3 P mw
All bits low ‘ !
Veg = -6.0 Vae N | - 108 170
Veg = -15 Vo ! - 190 308
At tats high
Veg = -5.0 Ve - Q0 -
Yge < -15 Voc - 160 -

Note L.

Note 2. Afl s swatched.

4
rm MOTOROLA Semiconductor Products Inc.
\_/

Al current switches are tasted (0 quarantee at laast SC% of rated cutout current.

.
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TEST CIRCUITS tcontnueal

FIGURF 6 - REFERENCE.CURRENT SLEW
RATE MEASUREMENT

THERMAL INFORMATION
The maximufn 0ower <CAsUMPLION an wntegrated circun
can tolerate at 3 qvan operanng ambien: temperature, can
be found irom the equation

b
0T Al = Tiimax) -T4
MC1500L-8 ’ Al Ryoatl Tepr
‘ MClatHL
'.__‘,7_3! Sarves Where PO{T 1 * Power Dissipation aiinwable st 3 given
l, ‘,; sgerating ambient temperature. This must be greater than
] f the sum of the preoucts of the supply woltages and suoply
I
I Cutrents at tne worst Cdse Dperating cenailinn,
3
T jmax) * Maximum Operating Juncuon Temoera:
vee 35 ustad in the Manimum Ratings Secuon
w L e 0 Ta * Max.mum Desired Operating Amoent
=)
Y £ 4 Py 20t Tamo2eature ;
g m— s NG Rl Tyt » Tyoeal Theemal Resisiance Juncton 1o
Sirming Ampient
L
FIGURE 7 -~ POSITIVE V¢
N GUTLIHE DIMENSIONS
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FIGURE 9 -- MC1508L-8/MC14C8L SERIES EQUIVALENT
CIRCUIT SCHEMATIC

OIGITAL INPUTS

msg
30ar 8QA2 T1QA3 BiAl AQA% |O?AS \\TA? 120 A8 4

L‘;»' {\».J i

Lo
e G R
__g ’___{; __{; r ___11:1 ‘__,KL SWITCHES

—

! !
800 g00 2800 300 330 soe 800 eco A28
‘ LADDER
200 200 400 400 400 400
13
Weco— 2 T ‘) T
AEFEAENCE ~N
CURRENT o~
3 AMPLIFIEH S 4
Vorgre o ) Qe 4 128 %
+ X
l:) A ) l

X 314§

CIRCUIT
Qt i?

{
$aso $3s0
1

1

160 150 63
COMPENSATION Vaegt(-) vgg QUTPUT GNO
ARANGE
CONTROL

CIRCUIT DESCRIPTION

2 low mpedance terminauon of equal voltsge for alt feys of

The MMC1508L-8 zonusts of a reference current amolifier, an
Q.38 lagcer, anc tight nigh-spesd current switches. For many
smovcatons, only o reterence resistor 3ad relerence voitage need
ot acced.

Tha switches are ACMNVerting 1 cperaton, theretore 3 hugh
stare On thw NDUL g On INe soecitied outpul current compenent.
The switch uses cufrent steering ter hugh speec, 4nd 3 (erMINahion
srpither connisting ot an active '030 Gain stage with wnity Gan
reeaback The termination amohlies holds the parasitic capacitance
ot the lacder at & constant voiiage during swatching, and provides

S

o
’ AN
"AA/\ MOTOROLA Semiconductor P

the [-dder.

The R-2R ladoer divides the reference amplihier zuirent Into
oinaniy-reiated components, whicn are led 19 (ne swisnes. HNots
that these i 3lways 3 remaincer current which 1t equal to the
teast significant tit.  Thes current s shunted to greund, and rhe
maximum outout current 1§ 255/256 of the refergnce amotifuar
cuerent, or 1992 mA lor a 20 mA reference amptiligr curterst
Wl tne NPN current sousce Daw 15 perlectly matched.

roducts INC. e —————
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GENERAL INFORMATION

Raference Amolifier Drive and Compensation

The reterence ampithier orovides a voltage 5t pin 14 for con.
verting the reference voltage 1o 3 current, ana 3 turn-around crreuit
or current mrcror for feeving the ladoer (The reference ampliliar
inout current, 113, must always How ntg o0 14 regaraless of the
setuo meinod or relerence voitage polanty.

Connections iora positive relerencevoitage are shown in Figure
7. Tne reterence v‘qllage source sucolies the full curtent 114 For
bioolar reference signats. 3s 1in tne multiplying moge, R15 can be
e 10 2 neg-a'uve voitage corresoonding to the mimimum agut
lavel it s potsible 10 ehiminate R15 with only 3 small sacnifce
" accuracy and.iemperature dritt.  Another methad for biootar
nouls 1s shown in Figure 25:

The comopensation caoacrtor value must be incredsed with in-
creates 10 A4 10 maintain pruper phase margin, for R14 values
of 10, 25 and 5.0 iichms, minimum capacitor values are 15,
37. and .75 pF. The capacior snouid be tied 1o Vgg as this in-
creases negative sUPQly retection,

A4 negative reterence voltage mav be used it R 14 s grounced
ang tne reterence voltage 15 apobied to R 1§ as shown n Figure B
A high nout imoedance 15 tne main advantage ol this method.
Compensatran mvcives a capacitor to Veg on oin 16, uning the
velues of the previous paragraph. The negative reference ~oitaye
must De at lesst 3 O-volts aoove the Veg supoly. Bipoiar nout
signals mav be hancled by connecting R14 (o a positive relerence
vollage #Qual 10 the DeIR DOsItive 1NDUL tevel 3L pin 15

Y ¥When ade relerence voItage s used, Sapaciive Dypass (o ground
15 recommended  The 5 0V logic supply s not recommended as
3 reterence voitage It a well regulated 5.0-V supp'y which drives
logic s 19 S¢ useo as the relerence. R 14 should be decoupted by
connecting 1t 1o *5.0 V througn ancther remsior and bypassing
the Junciton of the 1wo resistors with 01 uF to ground. For
reterence voitages greater than 50 V, a clamo diode 1s recommen-
dea Cetwaen pon 14 ana ground

It gin 14 15 driven by 4 nigh wnpedance such as a traasistor
current scurce, none of the above compensauon meinods 00ty
and the amohilier must be heavily compensated, decreanng the
overall bandwidth.

Qutput Voltage Range

The veitage on oin 4 is restricted to 3 range of -0.55 10 »0.4
voits at *25YC. due 1o the current swilching methods emoloved
1n the AC1503L-8. vWhen acurrent switch .5 turned ~"oft’ the pos-
tive voltage on the dutoul terminal ¢an twrn “on’" the duiput
dinde and 1ncrease the QuIDUT Current lavel When 3 cusrent switch
1§ turneg Ton’t, the negative Culpul voltage range is restrcted
The base at (ne termnahion Srcurt Dalinglon 1r3asisior 15 one
diooe voilage Leiow ground wnen pin 1 grounded, 10 4 negative
woltage tvow the s0eCitied 3fe fevel wil orwve the low cusrent
device o the Darhington alo saturation, decreasing the ouiput
current ievai

The necative outout valtage compuance of the MC1SOSL.§ may
te exiended 10 -5 0 V volis by opemng the circuit at pin 1. The
regative SupOty vOIlage must De more negative than -10 oits
Using 2 fust scate currenr of 1.992 mA ang ‘oad resistor of 2.8
Kitohms petween pin 4 ana grounad will ymid a voitage ouiout
of 255 levels batween 0 and -4.93Q vons, Fioaung pin | coes
Aot attect the converter sDsed OF PCwer Cis3i03NION. However, the
vaiue ot the 1030 resisior determines the switching ime oue 10
increased vollage saing. Vaiues ol Ry up to 500 chms ca not 519
athcantiy aftect performance, but a 2.5kiohm load increases
“worstcase” setthing time 10 1.2 us lwhen all bits are swetched onl.

R — @ MOTOROLA Semiconductor Products Inc.

Refer 10 the subsequent taxt section 3n Setthng Time fnr ng,s
details on cutout toading.

I 3 power suoolv value detwesn -5.0 ¥ anc -1 v o
a voltage ol between 0 and -5.0 V nay be avolies :0 giq » "«'
vaiue of nis voltage will be the maximum allowame At ive (g
put swing, ’ -

Qutput Current Range

The outout current maximum rating of 4 2 mA e g
only for negative supply voltages typically mare nenAtive (n-‘
8.0 volts, due 10 the increase¢ voltage Jroo acrony g jrg o
resistors in the reference current amplilier, “Hhane

Accuracy

Abtolute accuracy s the measure ot each ourtpyy CABtr @y Lo
with resoect [0 its infenced value, and i3 Cependant uugn e
accuracy 3nd tull scale cucrent cnft  Refative ACUrArY 1y the
meature of each output current level ds 3 1action of (he tyh
current, The relative accucacy of the MCISOAL § avmnuaiy
constant with temperature Cue 10 the excellent tamppiar,,, track
ing of the monolithie resistor 13ddar  The relerence cuienny may
ANt witn temperature, CausiAg 3 CNINGE 10 N2 4EnBILIE arcuracy
of output current, However, tre MCTSOBL-8 Nas a vury 1gw 1yn
scale cureent drilt with enperature,

The MC1508L-8/MC 14081 Satiesis'quaranteed ac ey rage 1y weth.
" 212 LSB at ~25°C a1 a (UM icaie OuIDUT Currant at | 1jya a
This corresoonds 10 3 reterence amofihies vuiDug Clutiang (;,..v, 10
the ladder network of 2.0 mA with the teis Gt nne LSn - ;)' a
which 13 the laader remamndar shunted 10 round  The g, ,.‘,,.:m
1o pin 14 has a guaranteec value 0! Detween 19 sy 9y

23 A
allowing some mismatch in e NPN current soureg P .

Cale

y ™

accuracy test circust 13 shown in Figure 3 The 172, convers *
: .

s calibrated for a tull scale cutput current Of 1 997 an ™ "
"oy

an optional step uince tne MC1508L-8 accuracy AWty (e
ame between 1,52nd 25 mA. Then the MCISOBL 8 cireyuny' [uin
scale current is trmmed (0 the 1ame vaiue wath RS |, At trero
value 300¢ar1 a1 the ercor amotedier cutout. The counte, .y attivared
and the etror Danu may be cisdlaved on an oW Hluw .
by COMOarators. or siored 1 3 peak Cetector

Two 8:bit D 10-A converters Mmay NOt Te utad 1 Constencr
16 bit accurate O-10-A converter  18:9°1 Curaiy cmppiiay Tor .:
arror of £172 0 one partin 65, 538, of 20.00076% whien g 4, "';
more accurste than the 20.19% so«cification Pt b e
MC1508L.-3. v fhe

rietected

Multiolying Accuracy

The MC1I508L 8 mav be used 10 N2 rmullin g

(1} r\;)-q,. wth
2I1GNT DIT JCCUraCY WNen (he re*2rance CUCIRN? 1y visg,g

NP anoe

of 256 1 Tre maor source of 217Cr 15 Ine Ny Sutrgnr '.
. . CUNT

1eemination amotrher  Under worst €ase " conciting N gne
' ane

arnohibiers can conteicute 3 toia of 186 uA exuy Careent g s
oulpus termungl  [f the reference currenta the Mty iy "";de
ranges lrom 16 sA 16 40 MmA he 16 SA contiittes an .
of 0.1 LS8, This is weil within 2@Nt-DIl a8Cur sy creor
4.0ma,

A MONOIC™ME CONvertar 15 &N WiiCh tudpleey 4y errate n
current for dCh inCrement 1n the DINAFY wWoeg 7\'“-(,\%“ the
FACIS08L -8 15 monctone for il vaiues of relereinve Cieeent abo v
0 5SmA. Therecommendsa range 191 00€r 310N Wit 3 e 1p1, N
current 18 G S 1o & OmA, fence

V¥ teletrncng 1o

————
———



GENERAL INFORMATION (Conunued)

Seitting Time

B

The “worst case”” swriching conginon occurs when ai bits are
sentched “on’”, which corresponas 1o a low-0 Righ transthon for
af tirs  Thus tma s typrcaliy 300 ns tor setrhing 10 witnin 2 u2

TES3, lor 8-bit accuracy. and 700 ns 1o 1/2 L38 tor 7 and 6-but
oturacy  The twin off 15 typwally unaer 100 ng. These funes
gﬁgaly wnen Ry < 500 ohms and Coy <25 oF.

* The stowest aingle swilen s tne feast ugn ficant bit, whieh turns
«5"” and setite . w250 As 300 wens “oit” n 20 as in aponca
tions wnere the D-10-4 converter tuncyons an 3 positive gong
ramp mode, the "worst case jwilcning concttion dees Not occur,
ang a sartiing ume of less thar 200 ns may oe resiizea. S AT
wras “en” in 200 as and ot " an 80 as, while it AB tuens “on’’
i 150 ns ang “ott “in 8O ns

“

The test crrcut of Figuee 5 ezqusres 3 smaller voitage fwing lor
the curtent switches due 10 ntaenal vollage clamoing n the MC-
1508L-8 A | Olohm 10ad resistor from pur 4 (0 ground gres
a typical setthing tma ol 400 ns Thus, i s voltage sveing agd not
the outout AC tme condant inat determines setthing tume for
most IDpcatons. i

Extra care must be taren in bodrd lavout since this g usuatiy
the comunant facior in sansfuctory test results when maasuning
satthng tme  Short leass. 00 uF supcly bvoassing tor low'\h_e-
auencies, and ALMIMuM scove 1220 length are all mandatory

TYPICAL CHARACTERISTICS

Vee t 50V Veg

FIGURE 10 - LOGIC INPUT CURAENT verwus INPUT VOLTAGE
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or Eavew

N/

. TYPICAL CHARACTERISTICS (continued! -
. iVee = *5.0V.vgg = -15V. Ta +259€ ynless otherwise noted.}
: FIGURE 158 — TYPICAL POWER SUPPLY CURRENT
F|C\URE 14 —~ REFERENCE INPUT FREQUENCY RESPONSE versus TEMPERATURE i{all bats low)
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APPLICATIONS INFORMATION (conunued)

Vofuge oultouls of a targer magnitude are obtairable with thes
gircust whicn uses an external ocerational amolifier as a current
1o voltage converter. This configuration automatically ke2ps the
outout of the MC1508L-8 at ground potential and the operational
amphifier £3n generate 3 positive voIlage 1uritec only Dy 1ts polive
supply voitage. Frequency r2sponse and setthing time are primanly
determineo by the charactensics of the operational amplilier. In
addition, the operational amplifier must be compensateq for unity
gain, 3nd 1n SOME Cases OVRICOMPENsation may be desirable.

Note that this configuration results in 3 DOTILive OUIDUL vOItage
snlv, the magnitude of which s gepenaent on ne digital nout

The fonlowing circust shows how (he MUMI0TAG can o2 uwed
0 a teegforward mode resulling i 3 full scare setthing time ON
the ordes ot 2.0 us.

FIGURE 18
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g 29%C
1

An aiternative Methon s 0 use the 24C1539G and input com

ownsation  Respoase of this cucuil 1y ano on the ordec of 20 us
See Mlotorola Avplicdtion Note A4.359 for more gatads on thig
conceot
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The positive vOItage rangs may De extenced Dy caicading the
Output with 3 high beta Common base tranustor, Qt, as shown

FIGURE 20 - EXTENDING POSITIVE
VOLTAGE RANGE

The oulout voitage rance for i ¢rcud +3 O voits ta 8VCgo
of the transistor 11 ow 1 skl OB, tne anLstor Base My be
Jrounded, et minating bOtR (he resistor and the chione  Vaatong
 Beta must b conudersd {or wide lemperaiuee fange doolica
nons  An nverisf duigut wavelos = may be cblamerd By wn0g 3
0ad ransICr 1rOM & POsitive afereace LOILIGE IO TR cOlleclor ot
(he transistor  ARKD Pigh 004G Oratidn 18 DOLLDR with 2 large
Qutpul vOllage ywnng, Nrcauwr O 4 4 e A1 3 cOnitant wJitage
The resistor (RE 10 Vg manrdns tha trdnustor emitter watage
ahen ol Duts are CobF ang nsures fast turnon ol the least
sgnelicant it

Comecined Ouigut Amgifier and Voitage Refurance

fFor many of 113 appEicatians tne MCi908L B requcasa relerence
unrtage 3nd an woeraironat amplilier Marmaliy ine cperanondd
smptidier 18 JsE0 a1 2 CurreAl 10 voitdge Converter and it outout
ased Only go Sositve  With (e odpular 1AC 1723G wottage requla
tor both of these'funchions are provided o 3 single dackage valh
Ime added bonus of up 10 150 mA of outnut curtent See Frgure
21 The MC1723G uses borh a pOsHIve and negalive DOver (-1
The selerence voltage of thé MC1723G 4 then developed win
respect 10 the negafive voltage and d0Dedrs 35 3 cammon maoce
wgnal to ihe relerence amohilier «n the O 10-A converter Thi
slows use of 113 cuiput amotther 4% 4 Crassc current 1o v0ftage
converter with the nerminvesing inpul grounced.

Since + 15 V and *5 0 V are rormaily avadapla i 3 comemna
1.0N @igi1al 10 aNAI0Y sVsie™ only the -3 O V need te develocea.
A ragistar Qwvioer of sull.ciently 2ccurate since the ailowable rang2
on pin 5 s trom -2 0 10 -8B Q vorts Tra 5 0 kilohm putidown
cesistor. on the amohifier 010Ut 15 ARCeElsdY for tast negarve
transtiiony ~

Full scala outpbut may te \ncreaséd 10 as much 3 32 volrs by
increasing R and raising the 21§ V supoty voltage 10 35 V maxs
mum  The cagistor divider thould he attered fO comoly with tne
maaimum bimit of 40 volrs across the MC1723G  Cg mav be
decreated to mantan the same RoCo preduct it manimuem s0eeo
1§ desired

e e e e
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APPLICATIONS INFORMATION (continued)

Programmabie Powe: Supply FIGURE 22 - BIPOLAR QR NEGATIVE QUTPUT

The circuit of Figure 21 can be used as a digitally programmed VOLTAGE CIRCUIT
power supply by the addition of thumbwheel switcnes ano 3 BCO-
10-Binary converter The outout voltage can be scaled wn sevesal
wayi. inctuding 0 to »25 5 voits in Q.1-vett increments, £ 0.05 valt;
or 0to 5 1 voits i 20mV increments, = 10 mV

Vel oprmmmeee s
Ala Ag
11 o
FIGURE 21 - COMBINED OUTPUT AMPULIFIER and ago! l_xo—'
Tal ¥
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Polanty Switching Circuat, 8-Bit Magnitude

Plus Sign O to-A Converter

B0 0tar OUTOU LS May 3l50 be ODIdNed by Liing
ing ciccuit  The crcust of Figure 24 gwves B.Dit magnitude plus
2s5:1gn Bet. Ia thig contigueatian the operational amptifiee 13 sentched
tetween a gan of +1.0 anc -1.0. Although anotner ocerational
amol brer 1s required, NG MOTE SDACE 15 [Aon when 2 aual operatonal
amphitier such as tne MCIS28G 18 used The transstor should be
weiected lor a very (Ow saturanon voltage and resistance

» DOtanIY Svatch

FIGURE 24 - POLARITY SWITCHING CIRCUIT
18-But Magnitude Plus Sugn D-to A Converter)
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Programmabie Gasn Amolihier or Digitat Attenuator

sviben uted o the mulliolyng mode the MC1508L-3 can be
apoled as 3 diqital attenvatnr  See Fiqure 25 One auvaotage of
thes tecaniCue 14 1nat il Rg 50 0nms no COMPENLIIVN Cab «Itdl
1 neesell The smat und iwge signa Bandhwiing Jre Aow tenical
wtd arg thown 1 Figure 14

The Dest Ireauency resoonie «§ GOtsined by aut allowng 114
10 reacn lef0

varnahon i relation to 114 1yg can never be negative

The oulDUL CurTRNtIS atways unoOtar The yuiescent ot cuipul
current level changes wiih the Cigriai waed which maags 3¢ coLDNng

necessary

FIGURE 25 - PROGRAMMABLE GAIN AMPLIFIER OR
OIGITAL ATTENUATOR CIRCUIT
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APPLICATIONS INFORMATION tconunusol

Panel Meter Readout

The }MC1S08L.8 can be used 10 read out ths status of BCD oz
DrOAry 18QiSIRTS O CAUNTOS 1A @ Migjital LONITO! SY31eMm The curient
Gutput can be used (0 Urive (wectly an whaig panel meter Zn
ternad meter Shunts Moy he nNeressery ootz of less than 23
MA Ll scale s usest  Fuil scale cutiliration cun Le done by, stinyt
g R1d o Vg

FIGURE 26 — PANEL METER READOUT CIRCULT
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APPLICATIONS INFORMATION (continued!

Thig chigrtal subtrgction Apphicdnon 1 usetul tor indicatng when
one h@itar word 1s a0proaching anather 1a value  More inlormanon
1§ avaaoie 1han with @ digital LomMourater .

9,001ar tnputs Can be acCe0ivd LY using any of the graviousty
described metnads. or avpled atfarenuatly 10 R13y ana R4
or R15y and R1S72 Vo will be 3 Biogtar signal delinea Dy the
avove equation. Note that (e courl shGvin dcceots owolar chiter
entral signats tut does not rav! 4 negative comman mode range
A very usetul method 1s 13 connect R1dy and R137 10 a dousitive
rslerence higher than tha Mmost DosITve nput, anat grive R154 and
R157 This yietds Migh «nput wnpedsnce, Liooier dslterennyl and
comnion-made range oo o

FIGURE 28 — OIGITAL SUMMING and CHARACTER GENERATION
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FIGURE 30 -~ NEGATIVE PEAK TETECTING
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FIGURE 31 — PROGRAMMABLE PIILSE GENERATION
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,FIGURE 29 — POSITIVE PEAK DETECTING SAMPLE and HOLC
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EIGURE 32 ~ PROGRAMMABLE CONSTANT CURRENT SOURCE
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APPLICATIONS INFORMATION {continued) -

FIGURE 33 — ANALOG DlVISION‘BY DIGITAL WORO FIGURE 34 .- ANALOG QUOTIENT OF TWO OIGITAL WORDS
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FIGURE 35 - ANALOG PROOUCT OF TWO OIGITAL WOROS i
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APPLICATIONS INFORMATION tconunuven?

FIGURE 36 — TWO-OIGIT BCD CONVERSION
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APPLICATIONS INFORMATION (conunued!

EIGURE 36 — TWO-DIGIT BCD CONVERSION
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achigved weth g resistive current divider, 16 current output s de
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FIGURE 37 - DIGITAL GUOTIENT OF TWO ANALOG VARIABLES
or ANALOG TO-DIGITAL CONVERSION
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-LM139/139A,
LM239/238A,
LM339/339A

FEATURES
® Wide single supply
Voltage range — 2 VOC to 36 VDC
or dual supplies — +1 VDCto-+18 vbe.
e Very low supply current drain {0.8 mA) — independent
Toof supply voltage (1 mW/comparator at +5 VDC)
® Low input biasing current — 35 nA
e Low input offset current — 3 nA
and otfset voltage — 2 mV
® Input common-mode voltage range includes ground
e Differential input voltage range equai to the power
supply voltage
@ Low output saturation voltage — 1 mV at SpA — 70 mV
at 1 mA

® Output voitage compatible with TTL {fanout of 2),

DTL, ECL, MOS and CMOS logic systems
ADVANTAGES
e Eliminates need for dual supplies
@ Allows sensing near GND
e Compatible with all forms of logic
@ Power drain suitable for battery operation

'SCHEMATIC AND CONNECTION DIAGRAMS
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GENERAL DESCRIPTION

The LM139 series consists of four independent voltage
comparators which were designed specifically to operate
from a single power supply over 2 wide range of voltages.
Operation from split power supplies is also possible and the
low power supply current drain is independent of the
magnitude of the power supply voltage. These comparators
also have a unique characteristic in that the input common-
mode voltage range includes ground, even though operated
from a single power supply voltage.

Application areas include limit comparators, simple analog
1o digital converters; pulse, squarewave and time delay
generators; wide range VCO; MOS clock timers; multi-
vibrators and high voltage digital logic dates. The LM139
series was designed to directly interface with TTL and
CMOS. When operated from both plus and minus power
supplies, the LM338 will directly interface with MOS
logic ~ where the low power drain of the LM339 is a
distinct advantage over standard comparators.

CHIP TOPOGRAPHY

€ B

nmnr m'u'r 2* mweut 3

CHIP DIMENSION 48 » 46 MILS
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* ABSOLUTE I\{IAXIMUM RATINGS

Supply Voltage, V¥ 36 VDC or 18 VDC
_ Ditfesential Input Voltage ) 36 VOC
Input Voltage ) -0.3 VDC to +36 VDC
Power-Dissipstion (Note 1)
Molded DIP (LM339N) 570 mW

Cavity DIP (LM139D, LM 239D & LM339D) 900 mW
Flat Pack (LM139F) 800 mW

ELECTRICAL CHARACTERISTICS

OUTPUT SHORT-CIRCUIT TO GND {Note 2) Continuous

Input Current {Vin <-0.3 VDC) (Note 3) 50 mA
.Operating Temperature Range . .
LM339 0°C 1o +70°C
LM239 -25°C 10 +85°C
LM139 -55°C to +125°C
Storage Temperature Range -65°C to +150°C
Lead Temperature {Soldering, 10 seconds) 300°C

(V* = +5,0 VDC, see Note 4)

LM139 LM239, LM339
PARAMETER UNITS CONDITIONS
MIN| TYP MAX | MIN | TYP | MAX
Input Offset Voltage 2.0 +80 +20 | 250 | mvDC | At Output Switch Point,
- {Vo=1.4VDC.VREF =°~ 1.4 vDC
and Rg =002, TaA=+25C
Input Bias Current (Note 5) 25 100 25 250 | nADC | hings) of HIN(-)- With Output in
Linear Range, Ta = +25°C
¥ o
input Otfset Current +3.0 225 +60 | 250 | nADC | linge)- ling-). TA S +25°C
lnput Common-Mode Voltage " + 8 o
Range (Note 6) 0 v+-15] 0O v*-151VvDC Ta=+25C
Supply Current 0.8 2.0 2.0 2.0 | mADC | Ri_ == On All Comparators
TA=25°C
Voltage Gain 200 200 ViV | R 15k, Ta = +25°C
Large Signal Response Trme 300 300 ns ViN-* TTL Logic Swing,
R VREF =+1.4 VDC, VR = 5.0 VDC
Ry = 5.1 k§2
Response Time (Note 7} 1.3 1.3 ps VR = 5.0VDCand R = 6.1 k{2,
Ta = +25°C
Qutput Sink Current 6 16 6 16 mADC | Vin(-)2 +1.0 VDG, Vin(+) = 0
and Vg < 41,5 VDC, Ta = +25°C
Saturation Voltage 250 500 250 | 500 | mVvDC |Vin(2)# +1.0 VDC, Vin(+) = 0
and IgiINK 4.0 mA, Ta = +25°C
Output Leakage Current 0.} 0.1 nADC- | Ving+} 2 +1.0 VOC. Ving-} = 0
and VouUT = 58 VDL, TA = +25°C
tnput Offset Voltage 9.0 9.0 mvOC | At Quiput Switch Point, Vg = 14 vOC,
VREF = +1.4 VOC and Rg = 082 )
tnput Offset Current 4100 4150 | nADC | hin{ss = TiNL-) ’
Input Bias Current 300 400 nADC | HiN(+) of HIN(-) With Qutput in
Linear Range
IRnpul Common-Mode Voltage 0 vt20| © v*+-20| voe
ange 1
Saturation Voltage 700 700 | MVDE | Vin(-) # +1.0 VDC, ViIN(+} = 0
and IGINK & 4.0 mA
QOutput Leakage Current 1.0 1.0 uADC | Ving+) =410 vDC, VinN(-) = 0
andVoyt*~ g voC
’Di"erennal Input Voltage 36 36 VDC | Keep Al VynN's # 0 VOC lor
- V-, if used)
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ELECTRICAL CHARACTERISTICS (V* = 15VDC and Tp = 25°C unless otherwis¢ noted)

(M139A L{M239A, LM333A
+ PARAMETER g UNITS CONDITIONS
MIN TYP MAX MIN TYP MAX .
input Offset Voltage 1 2 1 2 mvOC At Output Switch Pont, Vo T 1.4 VOC.
VREF - 1.4 VDC and Rg = 002
Input Buas Current {Note 3) 25 100 25 250 nADC 11N {+] OF 1yN(-) With Output in Linear Range
Input Offset Current 3 25 1 S0 nADC 1iNge) = HN(=)
Input Common-Mode Voltage v*-1.5 v*-15| vDC. -
Range {Note 4}
Supply Current . 08 2 0.8 2 mADC Ry = * On All Comparators
Vohage Gain 200 200 Vimv Ry = 15k
Response Time {Note 5} 1.3 1.3 > VRt *50VDCand R = 5.1 ki)
Output Sink Current 6 16 [ 16 maDC ViNG-}* +1 VDC. ViN(e) 20 and Vo K ¢ 1.5 vDC
Saturstion Voltage 200 400 200 400 mvDC VINt=} = +1 VDC. ViN(+) = O and ISINK = ImA
Output Leakage Current 0.1 0 nADC Vinge) = +1 VOC, ViNG-) = 0and VQUT* 5 vDC

rag

I

"

Note 1:

Nots 2:

Note 3:

Note 4:

Note 5:
Note 6!
Note 7;

Note 8:

For operating at high temperature, the LM339 must be derated based on & 4125°C maximum junction temperature and &
thermil resistance of 175° C/W which applies for the device soldered in a printed circuit board, operating in a still air
ambient. The LM239 and tLM139 must be dersted based on a +150°C maximum junction temperature. The low bias
dissipation and the ON-OF F characteristic of the outputs keeps the chip dissipation.very smali (Pd < 100 mW}, provided
the output s ace all d to

Short circuits from the output 10 V* can cause ive heati
approximately 20 mA independent of the magnitude of v+,
This Input current will only exist when she voltage at sny of the input leads is driven negative. It is due to the
collector-base junction of the input PNP transistors becoming forward biased and thereby acting as input diode clamps. In
2ddition to this diode action, there is also lateral NPN parssitic transistor action on the 1C chip. This transistor action can
cause the output voltages of the comparators 10 go to the V* voltage level {or to ground for s large overdrive) for the time
duration that sn input is driven negative. This is not destructive and normal output states will re-establish when the input
voltage, which was negetive, again returns 10 3 value grester than =0.3 VDC, “~°

These specifications apply for V* = 45.0 VDC and -55°C < Ta < +125°C, unless’otherwise stated. With the LM239, all
remperature specifications are timited to ~26°C<Ta < +85°C and the LM339 temperature specificziions are limited 10 o'
C< Ty <+70°C.

The direction of the input current is out of the IC due to the PNP input stage. This current is essentislly consiant,
independent of the state of the cutput 50 no loading change exists on the reference or input fines.

The input common-mode voltage or either input signal voltage shouid not be silowed to go negative by more than 0.3V.
The upper end of the common mode voltage range is V* =1.5V, but either or both inputs esn go 16 +30 VOC without damage.
The response time specified is for » 100 mV input step with 5.0 mV overdrive. For larger overdrive signals 300 ns can be
obtained, see typicat performance charscteristics section,

The positive excursions of the inputs cen exceed the power supply voltage level and if the other input voltage remains
within the common-mode voltage range, the comparator will provide a proper output state. The low input voltage state
must not be less than =0.3 VDC (or 0.3 VDC below the magnitude of the negative power supply voltage, if used).

gand | destruction. The maximum outpJt current is

[y

PART TEMPERATURE PACKAGE ORDER
NUMBER RANGE TYPE NUMBERS
LM1390 55°C 10 +125°C Ceramic Dip LM139D DO
LMZ2390 —25°Cto +85°C | . Ceramic Dip LM2390 DO
LM339Ne o’C +70°C Epoxy Dip LM339N PO
LM3390 c°Cro +70°C Ceramic Dip LM3390 DO
DICE LM139/DICE
LM139AD §5°C 10 +125°C Ceramic Dip LM139AD DO
Li4z29aD | -25°Cto +8s’C Ceramic Dip LM239AD DO
LM339AN 0°Cto +70°C Epoxy Dip LM339AN PD
LM339A0 0°Cto +70°C Caramic Dip LM339AD DD
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PACKAGE DIMENSIONS
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SCLA066B

®I CMOS QUAD ANALOG SWITCH

FEATURES

4 Transmission or Multiplexing of Analog or
Digital Signals
¢ 8052 Typical ON-Resistance for 15-Voit oper-
ation
¢ Switch ON-Resistance Matched to within 5§
over 15-Voit Signal-tnput Range
¢ ON-Resistance Flat over Full Peak-to-Peak Sig-
nal Range
4 High Degree of Linearity:
< 0.5% Distortion (typ) @ fjs = 1kHz,
Vis =5Vp.p, VDD-Vss Z 10V, R = 10k§2
¢ Extremely Low. OFF switch Leakage Resuiting
.n very Low Offset Current and High Effective
OFF Resistance:
10pA (typ) @ Vpp-Vss= 10V, Ta= 25°C
¢ Extremely High Control input Impedance (Con-
trol Circuit isolated from Signal Circuit):
101282 (typ)
¢ Low Crosstalk between Switches:
-50dB (typ) @ f;g= 0.9MHz, Ry = 1k§1
& Matched Control-Input to Signal-Output Capac-
itance Reduces Outpit Signal Transients
4 Frequency Response, Switch ON = 40MHz (typ)

DESCRIPTION

The SCL4066B is a Quad Bilateral Switch
intended for the transmission or multiplexing of
analog or digital signals. It is pin-for-pin compatible
with the SCL40168, but exhibits a much lower
ON-resistance. In addition, the ON-resistance is rel-
atively constant over the full input signal range.
The SCL4066 consists of four independent bilat-
eral switches. A single control signal is required per
switch., Both the P and the N device in a given
switch are biased ON or OFF simultaneously by
the control signal. As shown below, the well of the
M chzmnc! dewice On eauhr awiich s either tied 10
the input when the switch is ON or to Vgg when
the* switch is OFF. This configuration minimizes
the variation of the switch-transistor threshoid

SCHEMATIC DIAGRAM (one of four switches)

3

¥ S\ICK

NORMAL OPERATION
CONTROL-LINE BIASING
SWTER O¢ V" * Vpo
SwreK OFF, % ‘0" »vss

T-! o
Vos
. T3
5 =
SIGNAL=LEVEL RANGE.
vss TVis 3VoO

conTRCL
ve

CONNECTION DIAGRAM
(alt packages)

Switch
A Switch D Switch C
A Arssat

—— —

Voo € C IN QUT OUT IN
[ D R S B B
4 13 12 11 10 9 8

SCL.40668B
1 2 3 4 5 6
1T 1 T T 1
IN OUTQUT IN € C Vgg
———— NN — —

7
]

Switch A Switch B Sw(i:tch

Add suffix for package:

C  14-pin Cerdip F  14.pin Flat
D 14-pin Ceramic H Chip
E 14-pin Epoxy

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
VpD - Vss 31015 Vde

Operating Temperature Ta
C, D, F, H Device
E Device

DC Supply Voltage

55 10 +125 ©C
4010 +85 ©9C

voltage with input-signal, and thus keeps the ON-
resistance low over the full operating range.

The advantages over single-channel switches in-
clude peak input-signal voitage swings equal to the
full supply voltage, and more constant ON-imped-
ance over the input-signal range. For sample-and-
hold applications, however, the SCL4016 s
recommended.

LOGIC DIAGRAM

v e —— o

-

S T
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SPECIAL CONSIDERATIONS — SCL40668B

1. In applications where separate power sources are used to drive Vpp and the signal
inputs, the Vpp current capability should exceed Vpp/R (R = effective external
load of the 4 SCL4066B bilateral switches). This provision avoids any permanent
current flow or clamp action on the Vpp supply when power is applied or removed

2. In certain applications, the external load-resistor current may include both Vpp and
signal-line components. To avoid drawing Vpp current when switch current flows
into terminals 1, 4, 8, or 11, the voitage drop across the bidirectional switch must not
exceed 0.8 volt (calculated from Ron values shown).
No Vpp current will flow through Ry if the switch current flows into terminals 2, 3,
9, or 10. Failure to observe this condition may result in distortion of the signal.

APPLICATIONS INFORMATION
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Basic Switch Functions using the SCL4066B :

T
CONTAOL

C4#0.001C;

fce
SLLECT O—
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C3=0.01C)

—{t

fca
SELECT O=

C5=0.1C;

i

fc2
SELECT O=—

VOLTAGE GAIN - ¢B

fcy
\ séLecT O—

<y
.

Ry
Vin — =

R3

Vout

b e,

—— Ay —]

<.

'cz\
N

ﬁu};k fLe
™~ \1\\

FREQUENCY - Mz

AL {VOLTAGE GAIN BELOW BNEAX FREQUENCY)
A
m

*1, BREAK FREQUENCY) = !

2onstx

A (UNITY GAIN FREQUENCY) =

—_—
FREx

MAX ATTENUATION = 'J”;iml

Active Low Pass Filter with Digitally Selected Break Frequency
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DYNAMIC CHARACTERISTICS (C =50pF, To =25°C)

ELECTRICAL CHARACTERISTICS (Continued)

Vss | Voo . .
PARAMETER CONDITIONS (vae) | (vde) Min. Typ. Max Units
SIGNAL INPUTS (V;) AND OUTPUTS (Vo)
PROPAGATION DELAY TIME | teyn |Ve=Voo
true | Vis=Square 0 5 - 20 40 s
Signal Input to Signal Output Wave 0 10 - 10 20
R = 10k 0 15 - 75 15
.| BANDWIDTH (-3dB) BW {V.=Vpp R,
{Sine Wave) Vip=5Vp| 1k -5 +5 - 54 - MHz
centered | 10kQ - 40 -
@ 0.0Vdc{100kS - 38 -
1M - 37 —
INSERTION LOSS '
(=20 1ogio o2 )
%0~ Ve=Vpp Ry
t Vi=5Vpp| 1k} -5 +5 - 2.3 - dB
centered | 10k - 0.2 -
v @0.0Vdc[100k2 - 0.1 -
M — 0.05 -
SIGNAL DISTORTION
(Sine Wave) Ve=Voo -5 +5 - 0.16 - %
H : Via=5Vo,
centered
@ 0.0Vde
fig=1.0kHz
Ry = 10k
FEEDTHROUGH (-50dB} V,=Ves Rp
Vi=5Vp | 1k§2 -5 +5 - 1250 - kHz
centered | 10k - 140 —
@0.0Vde[100k2 - 18 -
MQ -~ 2 —
CROSSTALK (-50dB} V.(A)=Voo -5 +5 - 0.9 r MH2
Between two switches V (B)=Vsg
VilA)=5V o
centered
@0.0Vde
R, = 10kQ
CAPACITANCE
Input Ci - 8 - pF
Output Cos |Vec =Vss -5 +5 - 8 - pF
Feedthrough Cios - 0.5 - pF
CONTROL INPUT (V¢)
PROPAGATION DELAY TIME | toc | Vss<Va<Vopp 0 5 - 50 100 ns
Turn on Ry = 10k$2 0 10 - 25 50
0 15 — 20 40
MAXIMUM INPUT f. |Ves<Vi<Vpp 0 5 - 5 - MHz
FREQUENCY Ry = 1.0kQ 0 10 - 10 -
0 15 - 12 —
CROSSTALK *
{To sf, ial port) V,.=Square Wave 0 5 - 30 - mV ,
R, = 10kQ 0 10 - 50 -
R = 1.0k 0 15 - 100 -
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SCL40668
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Typical ON characteristics for 1 of 4 channels.

Typ. switch frequency response - switch “ON”

SUPPLY YOLTS Vpp'+5, Vgg*~$
CONTROL YOLTS {Vci=-3

INPUT SIGRAL VOLTS (V,g}*S Vpp SINE WAVE LT ams)
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SCL40668
ELECTRICAL CHARACTERISTICS
STATIC CHARACTERISTICS .3
Ves | Voo| Tuow’ 25°C b Tan? .
PARAMETER COND!TIONS Units
(Vdel | (Vdel Min. | Max gin. | Typ. | Max. | Min. Max.
QUIESCENT DEVICE
CURRENT oo |Vw=VssorVoo | O 5| - | o0os| - loooos| 0.0sf - } 1.5]uAde
Al valid input o | w0l - | 01| - jooor} 01y - 3.0
combinations 0 15 - 0.2 ~ {0.002] 0.2 - 6.0
MINIMUM INPUT HIGH Vin
VOLTAGE Vis = Vss 0 s| - | a0 - |275) 40| — | 40} Vde
{Control tnput) Vos=Voo o 0] - gol - |55 go| - | 80
los = 100A o 15 - 12.0 - |8.25 {120 - 1120
MAXIMUM INPUT LOW Viu .
VOLTAGE Vs =Vss 0 51 1.0 - 1.0 {2.28 - 1.0 - | Vde
(Control Input) Vos=Voo . 0 10 | 20 - | 2.0 |45 - 2.0 -
log = 10MA 0 15 | 3.0 - 3.0 |6.75 - 3.0 -
SWITCH INPUT/OQUTPUT logr
LEAKAGE Ve =Vss 25 | 475] - |=*100] - £0.01 | £100 ~ | £200]nAdc
Vyg= +7.5Vdc
ON-RESISTANCE Ron
C.D.F.H device Ve = Voo 25 |+750 _ | 20| - | sof 280 - | 320 @
Vss<Vis< Voo 0 {415
R = 10k
5 |+ { _ | a0| - | 1201 a00| - | 850 &
[+} +10
’ 25 | +25) _ |000| - | 270|2s00] - |3500) &
' [} +5
E device Rown | Ve = Voo 7.5 | +1.5 )
- 250 -~ 80{ 280 - 300| &
Vss< Vis<Voo 0 | +15
R, 510k +5 .
+10 - 330 - 120| 400 - 520
2.5 | +2.5
0 +5 - 2100 - 2701 2500, ~ | 3200 Q
ON-RESISTANCE MATCH ARon
{Same package} Ve = Voo 25 | +15) _ » >, sl - _ | a
Ve <Vos L 0 1418
Ry =10kQ
T RS et I I o = | - Q
3 +10
2.5 | +25( _ o _ w0l - _ aQ
. [} +5

NOTES: ! Remaining Static E'Iecuical Characteristics

2 Tiow™= _55°C for C, D, F, R device.
= -40°C for E device.

Trign = +125°C for C, D, F, H device.
=+ 85°C for E device.

.3 This device has been designed for balanced output drive current specifications. Consyll Family S

are listed under “SCL4000B Series Family Specifications”

pecifications.



LM1881

139

! National |
Semiconductor

PRELIMINARY

'LM1881 Video Sync Separator

‘ General Description

The LM1881 Video sync separator extracts timing informa-
tion including composite and vertical sync, burst/back porch
timing, and odd/even field information from standard nega-
tive going sync NTSC, PAL®, and SECAM video signals with
amplitude from 0.5V to 2V p-p. The integrated circuit is also
capable of providing sync separation for non-standard, fast-
er horizontal rate video signals by changing an external hori-
zontal scan rate setting resistor. The vertical output is pro-
duced on the rising edge of the first serration in the vertical
sync period. A default vertical output is produced after a
time delay if the rising etige mentioned above does not oc-
cur within the internally set delay period, such as might be
the case for.a non-standard video signal.

Features

® AC coupled composite input signal

& > 10 kQl input resistance

® <10 mA power supply drain current

m Composite sync ‘and vertical outputs

m Odd/even field output

® Burst gate/back porch output

m Resistor programmable horizontal scan rate (up to
64 kH2)

B Edge triggered vertical output

u Default triggered vertical output for non-standard video
signal {video games-home computers)

Connection Diagram

LM1881N
\/
COMPOSITE cc
0 5~
SYNC OUTPUT 1 5~12V
COMPOSITE L
0————‘{ }—--————o0
VIDEO INPUT }—- 2 XY ODD/EVEN OUTPUT
VERTICAL
SYNC OUTPUT O 3 AN RSET
BURST/BACK PORCH
! |4 QUTPUT

COMPOSITE

YIDEO INPUT | ” ” ” ” ”
P ~

COMPOSITE
St ouTPuT INRIR (L AENZTa; ]

VERTICAL ‘
SYNC OUTPUT ‘ ‘
suest outeur 1 oo | s s | (S T A I

ODD/EVEN i

OUTPUT —

& TL/K/2150-1

Order Number LM1881M or LM1881N
See NS Package Number MOSA or NOBE

3-88
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Absolute Maximum Ratings

I Military/Aerospace spec'"led devices are required, Storage Temperature Range —-65°Cto +150°C
please contact the National Semiconductor Sales ° " ESD Susceptibility (Note 2) 2KV
otfice/Distributors for availability and specifications. Soldering Information

Supply Voltage 13.2v Dual-In-Line Package (10 sec.) 260°C
input Voitage 3Vp-p Small Outline Package

Output Sink Currents; Pins 1,3, 5 5mA :/afpor Ph:ge (60 sec.) 21522
Output Sink Current; Pin7 2mA s :h:.a;:g S‘S jfec‘) Mounting Method 4 their Eff 2:)
package Dissipation (Note 1) 1100 mW ee urface Mounting Methods and their Efiec! on

Operating Temperature Range 0*C — 70°C mount devices.

Electrical Characteristics
Veo = 5Vi Rset = 680 kQ; Tp = 25°C; Unless otherwise specified

Product Reliability” for other methods of soldering surface

Tested Design Units
Parameter Cprelipne TYP | Limit(Note3) | Limit(Noted) | (Limits)
Supply Current -Qutputs at Logic 1 Vee = 5V 5.2 10 mAmax
Veg = 12V 5.5 12 mAmax
DC Input Voltage Pin2 1.3 Vmin
1.5
1.8 Vmax
Input Threshold Voltage Note 5 7 55 T mVmin
0
85 mvmax
Input Discharge Current Pin2;Vin = 2V 1 (] pAmin
16 pAmax
input Clamp Charge Current Pin2;Vin = 1V 0.8 0.2 mAmin
Rger Pin Reference Voltage Pin 6; Note 6 1.10 Vmin
1.22
1.35 Vmax
Composite Sync. & Vertical lout = 40 pA; Vee = 5V 4.5 4.0 Vmin
Outputs Logic 1 Veo = 12V 11.0 Vmin
lout = 1.6 mA Ve = 5V 3.6 24 Vmin
Logic 1 Ve = 12V 10.0 Vmin
Burst Gate & Odd/Even louT = 40 pA; Voo = 5V 4.5 4.0 Vmin
Outputs Logic 1 Vee = 12V 11.0 Vmin
Composite Sync. Output lout = — 1.6 MA; LogicO; Pin 1 0.2 0.8 Vmax
Vertical Sync. Output louT = — 1.6 mA; Logic 0; Pin 3 0.2 0.8 Vmax
Burst Gate Output oyt = —1.6 MA; Logic O; Pin5 0.2 0.8 Vmax
Cdd/Even Output lout = — 1.6 mA; Logic 0; Pin 7 0.2 0.8 Vmax
Vertical Sync Width 230 190 psmin
300 psmax
Burst Gate Width 2.7k from Pin 5 to Vce . 4 25 psmin
4.7 psmax
Vertical Default Time Note 7 32 psmin
65
80 psmax
Note 1: For operation in ambient temperatures above 25°C, the device must be darated based on a 150°C i i i p andap ge thermal

resistance of 110° C/W, junction to ambient.

Note 2: ESD susceptibility test uses the “human body model, 100 pF discharged through 8 1.5 k@1 resistor”.

Note 3; Typicals are at Ty = 25°C and represent the most likely parametric norm.

Note 4: Tested Limits are @ dto 's AOQL (; ge Outgoing Quality Level). |

Note 5: Relative ditference between the inpul clamp voitage and the minimum input votiage which produces a nhorizontal output puise.

Note 6; Careful attention should be made to prevent p it p o pling from any output pin (Pins 1, 3. 5, and 7) to the Rggy pin (Pin 6).

Note 7: Delay time between the start of vertical sync (at input) and the vertical output puise.

3-89
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LM1881

Typical Performance Characteristics

Rset Value Selection Vertical Default
vs Composite Sync Sync Delay Time Burst/Black Level
0 Frequency . Rset / » Gate Time vs Rset
o8 08 v o8 .
ABSENCE OF VERTICAL
~ PASE / / .
g * g o g g
2 2 <
] g / g
2 o / £ o 2 o4
02 L ,/ 7 02 02
DOUBLE VERTICAL PULSE
o . : w0 00
1 2 3 [ ¢ B 0 © 0 0 o 2 4 65 &8 1
) COMPOSITE SYNC FREQUENCY VERTICAL DEFAULT SYNC BURST/ BUACK LEVEL
X fy (1,=15.734 khz) DELAY THE GATE TE
(u3)
Vertical Pulse Vertical Pulse Supply Current vs
1 Width vs Rset = Width vs Temperature ‘OSupply Voitage
i
03 / 3 ‘ :
E 0
5 g 1 i) 6
2 3 | i -
5‘ 04 § l 2 4
/ § 200 M I
02 g ‘ 2
00 100 [}
0 100 20 X0 &0 0 o 2 & & o 2 4 6 8 10 12
VERTICAL (::;.s: WIOTH TEMPERATURE (%) Vee

TL/H/9150-2

3.90 '
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Application Notes

The LM1881 is designed to striﬁv the synchronization signals
from composite video sources that are in, or similar to, the
N.T.S.C. format. Input signals with positive potarity video (in-
creasing signal voltage signifies increasing scene bright-
ness) from 0.5V (p-p) to 2V (p-p) can be accommodated.
The LM1881 operates from a single supply voltage between
5V DC and 12V DC. The only required external components
beside power supply and set current decoupling are the in-
put coupling capacitor ard a single resistor that sets internal
current levels, allowing the LM1881 to be adjusted for
source signals with line scan frequencies differing from
15.734 kHz. Four major sync signals are available from the
1/C: composite sync including both horizontal and vertical
scan timing information; a vertical sync pulse; a burst gate
or back porch clamp pulse; and an odd/even output. The
odd/even output level identifies which video field of an inter-
laced video source is present at the input. The outputs from
the LM1881 can be used to gen-lock video camera/VTR
signals with graphics sources, provide identification of video
fields for memory storage, recover suppressed or contami-
nated sync signals, and provide timing references for the
extraction of coded or uncoded data on specific video scan
lines.

To better understand the LM1881 timing information and
the type of signals that are used, refer to Figure 2(a-e)
which shows a portion of the composite video signal from
the end of one field through the beginning of the next field.

COMPOSITE SYNC OUTPUT

The composite sync output, Figure 2(b), is simply a repro-
duction of the signal waveform below the composite video
black level, with the video completely removed. This is ob-
tained by clamping the video signa! sync tips to 1.5V DC at
Pin 2 and using a comparator threshold set just above this
voltage 1o strip the sync signal, which is then buftered out to
Pin 1. The threshold separation from the clamped sync tip is
nominally 70 mV which means that for the minimum input
Jevel of 0.5V (p-p), the clipping level is close to the halfway
point on the sync pulse amplitude (shown by the dashed
line on Figure 2(a)). This threshold separation is indepen-
dent of the signal amplitude, therefore, for a 2V (p-p) input
the clipping level occurs at 11% of the sync pulse ampli-
tude. The charging current for the input coupling capacitor is
0.8 mA, whereas the discharge current is only 11 pA, typi-
cally. This allows relatively small capacitor values to be
used—0.1 pF is generally recommended.

Normally the signal source for the LM1881 is assumed to be
clean and relatively noise-free, but some sources may have
excessive video peaking, causing high frequency video and
chroma components to extend below the black level refer-
ence. Some video discs keep the chroma burst pulse pres-
ent throughout the vertical blanking period so that the burst
actually appears on the sync tips for three line periods in-
stead of at black level. A clean composite sync signal can
be generated from these sources by filtering the input sig-
nal. When the source impedance is low, typically 750, a
8200 resistor in series with the source and a 510 pF capaci-
tor to ground will form a low pass filter with a corner fre-
quency of 500 kHz. This bandwidth is more than sufficient to
pass the sync pulse portion of the wavelorm; however, any
subcarrier content in the signal will be attenuated by almost
18 dB, etfectively taking it below the comparator threshold.
Filtering will also help if the source is contaminated with
thermal noise. The output waveforms will become delayed

from between 40 ns to as much as 200 ns due to this filter.
This much delay will not usually be significant but it does
contribute to the sync delay produced by any additional sig-
nal processing. Since the original video may also undergo
processing, the need for time delay correction will depend
on the total system, not just the sync stripper.

VERTICAL SYNC OUTPUT

A vertical sync output is derived by internally integrating the
composite sync wavetorm (Figure 3). Horizontal sync pulses
are not able to charge the integrating capacitor sufficiently
because of their short duty cycle, but when the vertical re-
trace interval is reached, the broad serrated pulse charges
the capacitor past a fixed threshold. Once the threshold is
reached, the next serration in the sync waveform triggers an
R-S flipfiop and starts the vertical output pulse at Pin 3.
Simultaneously an internal oscillator begins clocking a
counter. When a count of eight is reached the vertical out-
put pulse is terminated and the circuit resets. Both the time
required to reach the integrator threshold and the period of
the oscillator are programmed by an external resistor at Pin
6. For an N.T.S.C. signal with 32 ps between serrations, a
680 kQ resistor will ensure the vertical outpit putse wili start
coincident with the leading edge of the first vertical serration
(Figure 2c). If the resistor value gets too small it becomes
possible for the oscillator circuit to time out before the input
vertical sync period has ended. When this is the case, the
sequence will repeat and a double vertical output pulse will
appear. Therefore, the resistor vatue for a given horizontal
scan rate is chosen small enough to trigger the vertical out-
put pulse on the first serration yet not so small as to give a
double pulse, rather than attempting to choose a vaiue that
gives a specific output pulse width. If the incoming vertical
sync is not serrated, the integrating capacitor is allowed to
charge to a second threshold which automatically initiates
the vertical output pulse sequence. In this instance, the start
of the vertical pulse as well as the puise period will be de-
pendent on the resistor vaiue.

ODD/EVEN FIELD PULSE

An unusual feature of LM1881 is an output level from Pin 7
that identifies the video field present at the input to the
LM1881. This can be useful in frame memory storage appli-
cations or in extracting test signals that occur only in alter-
nate fields. For a composite video signal that is interlaced,
one of the twan fields that make up each video frame or
picture must have a half horizontal scan line period at the
end of the vertical scan—i.e., at the bottom of the picture.
This is called the “odd field™ or “field 1". The “even field"
or “field 2" has a complete horizontal scan line at the end of
the field. An odd field starts on the leading edge of the first
equalizing pulse, whereas the even field starts on the lead-
ing edge of the second equalizing pulse of the vertical re-
trace interval. Figure 2(a) shows the end of the even field
and the start of the odd field.

To detect the odd/even fields the LM1881 again integrates
the composite sync wavetorm (Figure 3). A capacitor is
charged during the period between sync pulses and dis-
charged when the sync pulse is present. The period be-
tween normal horizontal sync pulses is enough to allow the

capacitor voltage to reach a threshold level of a comparator
that clears a flipflop which is also being clocked by the sync-"

waveform. When the vertical interval is reached, the shorter
integration time between equalizing pulses prevents this
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Application Notes (Continued)

threshold from being reached and the Q output of the flip-
fiop is toggled with each equalizing pulse. Since the half line
period at the end of the odd field will have-the same effect
as an equalizing pulse péripd, the Q output wilt have a ditfer-
ent polarity on successive fields. Thus by comparing the Q
polarity with the vertical output pulse, an odd/even field in-
dex Is generated. Pin 7 remains low during the even field
and high during the odclivﬁeld.

<
BURST/BACKPORCH OUTPUT PULSE

In a composite video signal, the chroma burst is located on
the backporch of the horizontal blanking period. This period,
approximately 4.8 us long, is also the black level reference
for the subsequent video scan fine. The LM1881 generates
a pulse at Pin 5 that can be used sither 1o retrieve the chro-
ma burst from the corpposite video signal (thus providing a
subcarrier synchronizing signal) or as a clamp for the DC
restoration of the vidéo waveform. This output is obtained
simply by charging an internal capacitor starting on the trail-
ing edge of the horizontal sync pulses. Simultaneously the
output of Pin 5 is pulled low and held unti! the capacitor
charge circuit times out—4 ps later. A shorter output burst
gate pulse can be derived by ditferentiating the burst output
using a series C-R network. This may be necessary in appli-
cations which require high horizontal scan rates in combina-
tion with normal (60120 Hz) vertical scan rates.

APPLICATIONS . .

Apart from extracting a composite sync signal free of video
information, the LM1881 outputs allow a number of interest-
ing applications 1o be developed. As mentioned above, the
burst gate/backporch clamp pulse allows DC restoration of
the original video waveform for display of remodulation on
an R.F. carrier, and retrieval of the color burst for color syn-
chronization and decoding into R.G.B. components. For
frame memory storage applications, the odd/even field lev-
el allows identification of the appropriate field ensuring the
correct read or write sequence. The vertical pulse output is
particularly usefu! since it begins at a precise time—the ris-
ing edge of the first vertical serration in the sync waveform.
This means that individuat lines within the vertical blanking
period {or anywhere in the active scan line period) can easi-
ly be extracted Py counting the required number of tran-
sitions in the composite sync waveform following the start of
the vertical output pulse.

The vertical blanking intérval is proving popular as a means
ts transmit data which will not zppeat on a normal T.V. re-
ceiver screen. Data can be inserted beginning with line 10
{the first horizontal scan line on which the color burst ap-
pears) through to; line 21. Usually lines 10 through 13 are
not used which leaves lines 14 through 21 for inserting sig-
nals, which may be different:from field to field. in the U.S.,
line 19 is normally reserved {or a vertical interval reference

L .

signal (VIRS) and line 21 is reserved for closed caption data
for the hearing impaired. The remaining lines are used in a
number of ways. Lines 17 and 18 are frequently used during
studio processing to add and delete vertical interval test
signals (VITS) while lines 14 through 18 and line 20 can be
used for Videotex/Teletext data. Several institutions are
proposing to transmit financial data on line 17 and cable
systems use the available lines in the vertical interval to
send decoding data for descrambler terminals.

Since the vertical output pulse from the LM1881 coincides
with the leading edge of the first vertical serration, sixteen
positive or negative transitions later will be the start of line
14 in either field. At this point simple counters can be used
to select the desired line(s) for insertion or deletion of data.

VIDEO LINE SELECTOR

The circuit in Figure 4 puts out a single video line according
to the binary coded information applied to line select bits
bO-b7. A line is selected by adding two to the desired line
number, converting to a binary equivalent and applying the
resull to the line select inputs. The falling edge of the
LM1881's vertical pulse is used to load the appropriate
number into the counters (MM74C183N) and te et a start
count latch using two NAND gates. Composite sync tran-
sitions are counted using the borrow out of the desired num-
ber of counters. The final borrow out puise is used to turn on
the analog switch (CD40668C) during the desired fine. The
falling edge of this signal also resets the start count latch,
thereby terminating the counting.

The circuit, as shown, will provide a single line output for
each field in an interlaced video system (television) or a
single line output in each frame for a non-interiaced video
system (computer monitor). When a particular line in only
one field of an interlaced video signal is desired, the odd/
even field index output must be used instead of the vertical
output pulse (invert the field index output to selec’ the odd
field). A single counter is needed for selecting lines 3 to 14;
two counters are needed for selecting lines 15 to 253; and
three counters will work for up to 2046 lines. An output buff-
er is required to drive low impedance loads.

MULTIPLE CONTIGUOUS VIDEO LINE
SELECTOR WITH BLACK LEVEL RESTORATION

The circuit in Figure 5 will select a number of adjoining lines
starting with the line selected as in the previous example.
Additional counters can be added as described previously
for either higher starting line numbers or an increased num-
ber of contiguous output lines. The back porch pulse output
of the LM1881 is used to gate the video input's black level
through a low pass filter (10 k2, 10 F) providing black level
restoration at the video output when the output selected
lina(s) is not being gated through.
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