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Abstract

This project is 8 high performance home security. When an
emergency situation occurs, the system will automatically inform
the programmed destination. This is accomphished through a compre-

hensive use of microcontroller. In sddition, this project also

provides remote control.
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803! Cross-Assembler {1.3)

rap_read tect

0090=
0091=
0092=
0093=

(094=
0095=
0096=
0097=

00A0=
00R1=
D0A2=

00R4=
00A5=
00A4=

0080=
0081=
0082=,
0083=

0084=
00B5=
008$=
0ca

007F=
007E=

007F=
007F=
007E=
007D=
007C=
0062=
0061=
0060=

00D1=

SO0 CO d O 6 e Cod B e

{C) 1967, 1989 Binary Technology

$title"ram read test*

i $include®ran.asa”
FERRREREEERURRERAENES B75] port use SRERREERRESIBEIGENY

jinput data
data_in}
data_in2
data_in3d
data_in4
joutput data
data_put!
data_out?
data_out3
data_puts

3

age_addr0
gage_addrl
page_addr2
ram_sel
clear_addr
relay_on_off
gate_on_off
;rxd
stad

bit
bit
bit
bit

bit
bit
bit
bit

bit
bit
bit
bit
bit
bit
bit

pl.0
pl.l
pl.2
pl.3

pl.4
pl.d

1Int0 wxxxxmoxxsyxxarxxxx
$InEL XXXRXEXXXXXENLXXAXAAKR

110
3

jwr (set or clear during ram
ird (set or clear during ram

b

status_inl
status_in2
status_in3
status_in4

}

control sui
tontrol -cn2
control swl
control swd

count
sec.
rasbank
count_h
count 1
count_1
butth
buffl

into_ﬁel_flag

bit
bit
hit
bit

hit
bit

p0.0
p0.1

operation)
operation)

icheck status in region

jcontrol signal for analog switches

jinternal ras address for delay

Page



8051 Cross-Assembler (1.3) (L) 1987, 1989 Binary Technology ' Page
ras_read test

0600 39 org 0000k

0000 0140 20 ajap  start
1

0003 62 org 0003h jexternal interrupt 0 service routine

0003 20D117 43 ib int0 sel_flag,fake

000t 0185 2§ ajep  checkpulse

000B b6 org 000bh itimer 0 interrupt routine

000 757F00 67 ROV count,#0 jreset counter '

000E 32 fg reti

0013 70 org 0013h jexternal interrupt 1 service routine

0013 0128 71 ajep  report i 0 ¢ interrupt from fualt detected
2 .

OCLR A org 001bh  ;timer I interrupt service routine

001E B10& ;g ajep  fasd

001D ESFO 76 fake: mov a,b

001F B40102 77 cjne  a,#01h,pre_check pass ; b = 1 ?

0022 2119 75 ajep  work_on

0024 0104 gfl) pre_check pass: ajap  check_password

0026 G1E4 83 can_cel: ajmp  check_cancel
3
B4

(028 20DiFB 83 report: jb int0_sel flag,can_cel ;sa,.ay lo..od

002B ESB0 g6 nov a,p0 sin port 0.0-0.3

002D 540F £7 anl a,Qth

002F 20£002 88 check_(: ib acc.0,check I

6032 0145 89 ajap  reporto

0034 20E102 20 check_{: ib ace.l,check 2

0037 0155 1 ajap  reportl

0039 20£202 92 check_2: ib acc.2,check 3 -

803C 0165 3 ajop  repori2

“O03E 20E302 94 check_3: ib acc.3,ca_an_ce_ el

0041 0175 95 ajsp  repor3

0043 61ED g? ta_san_e_el: ajsp  cancel

0045 D245 98 reportG: setb  relay on off:

(047 757E09 g9 Bov rasbank, 9 ;emergency and harzardous event

004A 9145 100 acall  test rd

004C 757E0F 101 gov rambank #15

(04F 9145 102 acall  test rd

0091 C2A5 103 clr relay on_of

0053 &1ED %gg ajap  cancel

0055 D245 106 reportl: sethb  relay_on off

0057 737E0A 107 &0V ragbank,¥10 semergency and harzardous svent

405A 9145 108 acall  test rd

005C 757EOF 109 BOV rambank,§15

005F 9145 110 acall  test rd

G081 C2A5 111 clr relay_on_off

0063 &1ED ﬁg ajasp  cancel

0065 D245 114 reportZ: setb  relay_on off

(067 T57E0R 115 gov rambank, ¥11 jemergency and harzardous event

00LA 9145 116 acall  test rd

0060 757E0F 117 ROV ranbank,#15



8051 Cross-Assesbler (1.3) (L) 1987, 1989 Binary Technology Page
ram_read test

Q06F 9143 118 acall  test_rd
0071 C2R35 119 tlr relay_on_ptf
0073 &1ED lg? ajep  cancel

{
0075 D2A5 122 reportd: setb  relay_on_off
0077 757ECC 123 say rashank,¥12 jemergenty and harzardous event
007R 91435 124 acall  test_rd
007C 757E0F 125 zov ragbank, 415
007F 91435 126 acall test_rd
(0Bl C2A3 127 N clr relay on_off
0083 61ED 128 ajmp  cancel

129

130 .
0085 C28C 131 theckpulse: clr tro sstop timer O
00B7 11EA 132 acall  tarst
(089 097F 133 int tount scount input pulse
00BB ESTF 134 B0V a,count jdeteraine if it is qood signal
(0BD B42DOF 135 gine 3,361, retin H
0090 C28C 136 clr tro jstop timer 0
0092 C249 137 clir et ;disable timer0 interrupt
0094 1581 138 dec sp ;1if good signal transfer control
0096 1581 139 * dec 5p yto operate function
0098 9000Ch 140 mov dptr,#fnc
0098 C0B2 14 push  dpl
009D C083 142 push  dph
00%F 32 143 retin: reti

144
(0RO C2ZA5 145 start: clr relay_on_off jrelay off
00AR2 C2A4 144 clr gate on off joutput off
0084 757F00 147 OV count, &0
QORT 756200 148 gov count_1,400h  jreset count for check quit
08k C£2D1 149 clr int0_sel_flag  ;reset pewd
(0AC D288 150 setdb  itl ;int0 trigger sode interrupt
(OAE D2BA 1531 seth  itl ;intd tringer sode interrupt
(0RO DZAF 152 seth  ea jenzble al interrugt
0022 D2AB 153 seth  ex0 senable external interrupt €
00B4 D2AR 154 seth  exl jenable external interrupt 1
(0B6 D2R% %22 seth et ;enable timerl interrupt
00EB BOFE %gg wait: simp ¢ ikait existing interrupt
(OBA 758904 159 tmret: mov tmod, 406k jtimer restart using tieer0 mode? counter
00ED 758401 140 tov t10,£-255 jtount external clock for 4.25 ¢
(0CO 738001 161 pov tho,#-255 jcount external rlock for 4.25 s
00C3 Dz8C 162 setb  tr0 stiserd run
00C5 22 163 ret

164
00Cs D2AS 145 fnc: setb  relay_on_off ;rela{' on
(0CB E4 166 clr a ; Reset register a
00C9 F5FO 167 Bov bya ; Reset register b
COCE Fab0 168 EOV buffl,a ; Reset memory at addrecs 40h
00CD Fadl 169 cov buffh,s ; Recet memory at address &1h
QOCF 7SABFF 170 zov IE,#0tth ; Enable all interrupt
(002 Dz88 171 seth  itd i Define transition activated int0
Q0Db& L2ZBA 172 ceth il ; Define tranzition activated int0
0006 D211 172 seth  int0_sel flag ; select to second check for quit
(0D8 BOFE %;4 gain_loopZ: cimp  $

3

00DA ES90 176 check_password: mov a,pl Hove data from port! to register 2



8051 Cross-fsseabler (1.3}

ram_read test

00DC 340F
Q0DE B4OCO2
00EL 8012

O0E3 1581
00ES 1381
Q0E7 FDOOEF
0CEA C0B2
QOEC COB3
QOEE 32
00EF L3560
00r1 C361
(OF3 BOFE

00F3 ES&0
00F7 B40207
00FA ES61
00FC B40OA0Z
00FF BOO2

0101 &1ED

0103 1581
0105 1584
0107 90010F
0104 C082
014C £o83
010E 32
010F E4
01310 F540
0112 F3é1
0118 75F001
0117 BOFE

0119 E590
011B S40F
011D B4OCOZ
0120 80CC

0122 1581

124 1581
0126 9105
0128 £360
0124 C561
G12C BOFE

012E E5&1
0130 BaCARO7
0133 ES60
(135 BEHADZ
0138 LIED

0134 E561
013C B40107
(13F E540
0141 B40102
0144 24FC

177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
198
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
219
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
23

235

{C) 1987, 1989 Binary Technology

pov_data:

fncl:
roved_loop:

check_data:

stop:

-pass:

fnc2:

passed_loop:

Hork_on:

mov_datal:

acved! lnop:

check _datal:

control 1 _off:

anl
tine
cjmp

dec
fec
ﬁcvh
pus
push
reti
xch
xch
sjap

nov
cine
sov

cine
simp

ajmp

dec
dec
movh
pus!
push
reti
clr
BOV
gov
Bov
simp

£ov
anl

tine
simp

gec
dec
acall
xch
xch
simp

BOV
tine
£Ov

tine
ajrp

nov
cjne
nov
tjne
aiap

2,80fh

a,80ch,mov_data ; a = 12 7

:ﬁeck_ﬁata

Sp
&

5p
dptr,#fncl
dpl

dph
a3,buffl
:,buffh

a,buffl
a,§02h,stop  ; buffl
a,bufth

a,80ah,stop  § buffh

pass

tancel ; dump to

Sp

5P
dptr,#inc2

dpl
dph

a

buffl,a
buffh,a
2,1016

[P R PR,

072
07

; Reset 4 bit high of register a_ .

; exchange dats between a,buffl
; exchange data betwesn 2,buffh

cancel for stop Prograa

Reset reaister
Reset memory at address &0h
Reset semory at address tih
Set register b

a,pl ; Hove data from

2,80fh
2
cﬁeck_ﬂataf

sp

sp
return
a,buffl
:,buffh

a,buffh
a,¥80ah,rontrol 1 _otf
a,buffi
a,80ah,control 1 _eff
cance!l

2,buffh
2,801h,control I _on
a,buft
a,801h,control 1 _on
putput 1 off

}

)

; buffh

: butd]

; butfh

butil

; Reset 4 bit hig
#0ch,mov_datal; a = 12 72

"

-

ﬁnrtl to register a
of renister a

; exchange data between a buffl
; exthange data between a,buffh

Page



805! Cross-Assembler (1.3}

ram_read test

0144 E561
0148 B40107
0148 ESL0
014D B40AOZ
0150 4114

0152 E561
0134 E40207
0157 E360
0159 B40102
015C 4138

015E ES6)
0160 BAC207
0163 ES&D
0145 B40AO2
0168 4156

0164 ESb1
016C B40307
01LF ES40
0171 B&0102
0174 4174

0176 ES61
0178 B40307
0178 ES60
017D B4GAOZ
0180 4192

0182 E561
0184 B40407
0187 E560
0189 B40102
018C 41B0

01BE E5&1
0190 BAOSOT7
0193 ES40
0195 B40R0Z
0198 41CE

0154 ESb1
015C B40507
019F ES60
01A1 B40102
1A S1EC

0186 ESb1
01A8 BA0S07
01AF E50
01AD FA0402
01B0 4108

0182 E541
01B4 B4CLOT7
01B7 ESL0
0189 B4GL02
01EC 6128

236
237
238
239
240
241
242
243
244
245
286
247
248
249
250
251
232
253
234
255
206
237
238
239
260
264
262
263
264
263
266
267
268
269
270
271
272

284

Lo9

264

control _{ on:

control 2 _off:

control 2 _on:

control 3 _off:

control 3 _on:

control 4 off:

contrel 4 on:

control 5 off:

control 5_on:

conatrol_6_off:

zov
tjne
BOV

tine
ajmp

Bov
cine
£ov

tine
ajep

Bov
cine
Boy
gjne
aimp

pov
tine
£ov
cjne
2jmp

nov
cine
£ov

tjne
aimp

nov
tjne
8oV

tjne
ainp

ROV
cjne
B0V

cine
ajmp

ROV
tine
sov
tine
ajmp

aoy
cine
Loy

tine
ainp

nov
cine
ooV
cine
ajap

(C) 1987, 1989 Binary Technology

a,buffh
a,80th,control_2_off
a,buffi
a,¥0ah,control _2_off
putput ! on

a,bufth
a,#0Zh,control 2 on
2,butfi
a,80th,control 2 on
putput_2 off

a,buffh )
a,#02h,tontro} 3_off
a,buffi
2,80ah,control _3_off
output_2 on

a,hufth
a,803h,control _3_on
a,buffl
a,801h,control_3_on
output 3 _off

a,buffh
a,303h,control_4_off
a,buffl
a,80ah,control 4 oft
output_3_on

a,bufth
a,#04h,control 4 on
a,butt]
2,%01h,control 4 on
output & off

a,bufth -
a,108h,control 5 _off
a,buffi
a,#0ah,control 5 off
output_4 on

a,bufth
2,305h,control_5_on
a,buff]
2,80Lh,control 5 _on
sutput_5_off

a,butth
2,§053h,control_6_off
2, butfi
a,#0ah,control_6_oft
sutput_J_on

2,butth
2,%06h,control _6_on
a,buffj
a,#0ih,control_&_on
output_6_off

; buffth=17
3 buffl =17

; buffh =2 7
; buffl = 07

; buffth =27
; buffl

"
—
=

; bufth =372

"
L8 )
-3

; buffh
; buffl

"
—a
=3

; buffh = 4 2
; buffl = 02

buffh = 4 2

-e

Cy bufil =17

; buffth=1357
; buffl = 07

"
n
-3

s buffh
3 buffl

1]
s
3

; buffh =67
i buffl =07

Page



BOS1 Cross-Assesbler (1.3)

rag_read test

01BE E5b1
01C0 B40A07
01C3 E560
01C5 B40A02
0108 £146

01CA ES61
01CC E40707
01CF ES60
01b1 B40102
0104 4162

01D4 E3b1
0108 B40707
-01DB ES60
(DD BAOAOZ
01EQ 6182

01E2 ES61
01E4 B40BO7
01E7 E560
01E9 BAG102
01EC £1A0

O1EE ES6)
01F0 B40BO7
01F3 ES60
01F5 B40AO2
01F8 &1BE

01FA 61DC

01FC 1361
0IFE 1381
0200 9105
0202 D2R%
0204 75900F
0207 C28%
0209 757E00
020C 9145

Q20E 757E03
(211 9145

0213 757E07
0216 9145

0218 BOFE

021A 1581
0210 1561
021E 9105
0220 D24k
(222 75901F
0225 C2Ré
(0227 757E00
0220 9145

295
294
297
298
299
300
304
302
303
304
305
306
307
J08
309
310
3
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
33
332
333
33

335
336
I3

338
33

340
344
342
J43
344
345
346
347
348
349
330
381
352
353

{C) 1987, 1989 Binary Technology

control 6 _on:

control 7 _off:

control_7 on:

control B off:

control B on:

pre_continue:

output_1_off:

foy
tjne
£ov
tine
aimp

EOY
tjne
20V
Cine
ajap

Rov
tine
pov

tine
ajmp

mov
cjne
aov

tine
ajmp

£OV
tine
8oV

cine
ajep

ajmp

dec
dec
acall
seth
aov
clr
nov
acall

nov
acall

a,buffh

a SObh control 7 off  ; buffh
2y uuf i

a, iOah tontrol 7 off  ; buffl
output 't _on

a,butfh
a,#07h,control_7_on ; buffh
a,buffl
2,80ih,control_7_on ; butfl

'oatput 7 off

a,buffh

a,807h,control B off  ; buffh

2,buffl ,
a,¥0ah,control 8 off 3 butfl

Gutput '7 _on

2,buffh

a, ,808h, contraol Bon 3 buffh
asbuffl

u.#dlh control B oa 3 buffl
output B off

a,buffh

a, §08h pre_continue
dy bhl i

ay #Oah Bre continue 3 buffl
Gdtpdt

; bufth

continue

5p

-

return

gate on_off
1,800
ie on pif

raubank,nO

test _rd

rasbank, 3
test rd

rambank,#7
test rd

¢
-

€p

£

return
gate on _off

{e on off
raubdnk L30
test ru

L

1"

87

=07

Page



8051 Cross-hssesbler {1.3) (L) 1987, 1989 Binary Technology ‘ Page
ram_read test

354

07gC 7“7501 358 EOV rambank,#3
022F 9145 %5; acall  test_rd
o

0231 757E08 358 EOV ranbank, 8
0234 9143 é?z acall  test rd
0236 BOFE %2% pned_{_loop:  simp ¢
0236 1581 33 sutput_2 off: dec sp
0234 1581 364 dec 5p
0230 9105 365 acall  return
0238 D2Ab T kb seth ate on _off -
0240 75902F 387 noy ? £2%h
(243 C206 368 clr ga{e on_ott
0245 757E00 369 nov rachank,$0
0248 9145 §;? acall test rd

3
024k 757EG4 372 EOY rambank 84
024D 9145 g;z acall test_rd
024F 75TE07 373 Y pov rarbank,#7
0232 91435 E;? - acall  test rd
(294 BOFE §;g offed_2_loop: simp  §

3
0256 1581 380 output_2 on:  dec sp
0238 1581 381 dec 5p
0258 9103 382 aczall  return
G25C D2R6 383 seth ate_on_off
025E 75903F 384 mov ? £3%h
0261 C28% 385 Al \ coopel R
0263 757E00 386 nov razbank,#0
0256 9145 387 actall  test rd

388
0248 757E04 389 #Ov rambank, #4
0Z6B 9145 ég? acall test rd
025D 757E0B 392 nov rambank,#8
0270 9145 323 acall  test rd :

394
(272 BOFE §32 oned 2 loop:  simp  $
0274 1581 397 output 3 off: dec €p
(276 1581 398 dec sp
0278 91035 399 acall retura
0278 DZR6 400 ceth gate_on_off
027C 73904F 401 nov pl.#4%h
027F C2R6 402 tlr  gate on_off
G281 757E00 403 ROV rambank 0
(784 5145 404 acall  test rd’

405
0286 757E0S 406 nov rambank, $3
0289 9145 407 acail  test rd

408
028R 737RG7 409 ROV ranbank,#7
0ZBE 9145 2%? acall  test_rd

0290 BOFE 417 offed 3 _loop: simp ¢



B0S1 Cross-Assembler {1.3)

ras_read test

0292 1581

0294 1581
0296 9105
0298 D246
0294 75905F
023D C28¢
029F 757E00
0282 9145

0zh% 757EGS
0ZR7 9145

7h9 757E08
0280 9145

02RE BOFE

02B0 1581
0282 1581

(02B4 9105
02E6 D2Ab
02BB 73904F
02BB C2R&
028D 757E0D
0200 9145

02€2 757E06
(205 9145

0207 757807
02Ch 9145

02CC BOFE

02CE 1581
0200 1584

4202 9105
(204 DzAb
0206 73°07F
0209 C2A&
02D 757E00
0ZDE 9145

02E0 757E0L
02E3 9145

02E5 757E08
(2EB 9145

02EA BOFE

02EC 1561
0ZEE 1581

0ZF0 9105
272 D2R6
Q2F4 75908F

02F7 C246
02F9 757801

413
414
413
416
417
418
419
420
421
422
423
425
425
426
427
428
529
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
430
451
452
433
454
433
454
437
458
459
460
461
4£2
&3
454
463
466
467
4t
4659
47
4§71

output_3_on:

oned_3_loop:
output 4 off:

[N

offed 4 loop:

output 4 _on:

oned_4_loop:

output 5 off:

dec
det
acall
septh
pov
clr
BOY
acall

zov
acall

gov
acall

sjap

dec
dec
acall
seth
£OV
clr
Loy
acall

GOV
acall

gov
acall

sjmp

dec
dec
acall
1234
5OV
clr
£OV
acall

rov
arall

ROV
acall

sjmp

dec
dec
acall
seth
&ov
clr
£ov

{C) 1987, 19B9 Binary Technology

5P
5p

return

?ate on_pft
pl 85Fh
caie on pif
rnnuank S0
test rd
asbank, s
5t d

azbank,#8
te:t rd

$

ra
te

sp

sp

return
gate_on_off
pl,86Fh ~
ga%e on_off
rarbank, %0
test rd

raabank, &b
test_rd

rambank,#7
test rd

$

sp

£p

return

gate on_otf
#7th

gu{e on_off

rambank; %0

test _rd

rambank,#b
test_rd

rambank, 48
test rd

$

5p

sp

return

§nte on_otf
aa.fﬂ

ga{e on_off

raabank, #1

Page



02FC 9145

02FE 737E03
0301 9145

0303 757E07
0306 9145

0308 EOFE

(308 1581
0300 1581
030E 9105
0310 D246
0312 75909F
0315 C2R6
0317 797E01
031A 9145

031C 75703
031F G145

0321 757E08
0324 9145

0326 BOFE

0328 1581
0324 1581
320 9105
(32E D2A¢
0330 7390AF
0333 C2hb
0135 737801
(338 9145

0338 757E04
033D 9145

033F 757E07
0342 9145

(344 BOFE

0346 1561
0348 1581
0348 9105
034C D24k
034E 75908F
0351 C266
§353 757E01
035 9145

0338 757E04
035F 9145

035D 75708
0340 9145

8051 Cross-Assesbler {1.3)
ras_read test

472
473
474
£75
476
£77
478
479
£80
481
482
483
484
483
48b
487
488
489
490
491
492
193
£94
495
496
497
498
499
300
01
502
03
204
305
506
507
208
09
aln
a1l
242
o3
914
15
516
517
918
919
820
32t
922
523
924
923
526
327
928
329

xfil
v

oftfed_5_loop:

output_5_on:

oned_3_loop:

output & _off:

offed_b_loop:

output_b_on:

acall

BOV
acall

BOV
acall

siap

dec
dec
acall
seth
Bov
clr
[ 3%
acall

sov
arall

£0v
acall

80V
acall

gov
arall

{C} 1987, 1989 Binary Technology

test rd

rasbank,$3
test rd

raghank,#7
test_rd

$

5p

Sp

return

?ate on_off
pl,#9Th
qaie_pn_pff
rasbank, #!
test_rd

rambank,#3
test_rd

rasbank,#8
test_rd

$

5p

5p

return
?ate_pn_pff
pl,¥0ath
ga{e_an_pff
rambank, 1
test_rd

rasbank , #4
test_rd

rambank,#7
test_rd

$

5P

sp

return

?ate on_off
pl,805%h
gate on _off
rambank,#{
test_rd

rambank,$4
test rd

raabank,#8
test_rd

Page



051 Cross-fssembler (1.3)  (C) 1987, 1989 Binary Technology Page
am_read test

(362 BOFE g%% pned b _loop:  simp
0364 1581 933 output_7 off: dec 5p
0366 1384 234 det sp
0368 9105 333 acall  return
0368 D264 536 seth ?ate on_oft
034L 7990CF 337 50V §0cth
036F C2Ab 518 er  fate on oft
0371 737802 339 B0V raabank,#2
0374 9145 220 acall  test rd
K11
0376 797E03 342 gov rasbank,#3
0379 9145 :22 acall  test_rd
0178 757E07 943 sov ragbank,#7
037E 9143 226 acall  test rd
7
(380 BOFE ggg offed 7 loopt simp §
0382 1581 %0 output 7 on:  dec S0
(384 1581 391 . et sp
0386 9105 392 acall return
0328 D2Rb 933 - seth ? te on off
03BA 7590DF 334 nov pl,20dih™
(38D C2R6 539 clr gate on_off
H3IBF 757E02 a%k oy ragbank, 82
0392 9145 ggg acall  test rd
0394 757E03 359 gov raabank,#3
0397 2145 220 acall test rd
abl
0399 737E0R 962 ROV rasbank, #8
39C 9445 363 acall  test_rd
a4
(3I5E. BOFE 222 oned 7 loop:  sjap ¢
¢3RO0 1581 547 output B off: dec sp
03A2 1581 968 dec 5p
03R4 9103 3Ly acall return
0IR6 D2Rb a7 seth ?ate on_oft
0348 7590EF 971 EOY #0eth
03AB C2A4 372 clr qa{e on_off
03RD 757EGZ 373 gov rasbank 2
O3B0 §145 274 acall test_rd
918
03BZ 757804 976 8OV ragbank,#4
03BS 9143 ’g;é acall  test_rd
O3B7 737EO7 a9 EDV rachank,#7
03BA 9143 2@? acall  test_rd
038C BOFE :52 offed B loop: simp ¢
(3BE 1381 583 cuiput B on:  dac 5p
30 1581 285 gec 5p
03C2 9105 a8t acall  return
03C4 DAL 387 seth ?ate on_off
03C6 7590FF 368 BOY $0TIH™

03C9 C”Aé 389 clr ga%e on_off



051 Cross-Asseebler {1.3)

ag_read test

03CB 757E02
03CE 9145

03D0 757E04
0303 9145

0305 757ECE
0308 9145

03DA BOFE

030C 1381
03DE 1581
03E0 2103
03E2 BOFE

03E4 0562
03E6 E562
03EB BAOAF
03EB 000

0IED 1081
0IEF 1581
03F1 9003F9
IF4 COB2
03F6 COB3
03F8 32
O3F% C2A5
OIFB 75F000
03FE 756200
0401 C2D4
0403 01RO

0405 32

0406 9118
0408 9130
0408 307FOC
040D DS7FO7
0410 9182
0412 9163
0414 D2TE
0416 32
0417 916A
0419 32

t41a Cog2
041C 083
041t 897CE2
0421 857083
0424 A3
0425 58270
0428 BSB3T7D
O4ze DOBY
042D DoB2
042F 22

390
391
992
993
594
595
595
597
9%e
53¢
600
801
502
503
604
605
06
07
£08
609
£10
tit
812
&13
&14
613
bib
17
618
&

£20
621
6227
£23
624
$25
626
£27
£28
§29
430
431
632
633
634
$39
635
837
638
&3

540
b4l
b42
643
bid
645
&4k
447
448

{C) 1987, 1987 Binary Technclogy

Eov rasbank,§2
acall test_rd
ROV rasbank,§4
acall  test_rd ‘
B0V rasbank,38
acall test_rd
oned 8 _loop:  siep %
continue: dec 5p
dec sp
acall  return
sjmp 11
check_cancel:  Inc count_}
ROV a,count 1
cjne 2, §Jih tontinue
sjap cancel’
cancel: * dec 5p
. dec sp
80Y dptr,#fncd
push  dpl
push  dph
reti
fnc3: tlr relab on_off 3 clr wr Off relay
ROV b,#00R
ROV count_ 1,800k
clr int0_sel _flag
ajsp  start
return: reti
fasd: acall  inc_count
acall  cap_count
jnb egual,go_back
¢jnz  sec,next_seé
acall stop timer
acall deactivate all
seth  delay ok $RXRXRAAX
reti
next _sec: acall delay
go_ back: reti
“ﬁ#‘#“###ﬂ%### BRLGEAEEERANRRRMLURASEHERNRININY
{nc _count: push  dpl
push  dph
BOY dplycount_]
5OV gph,count_h
inc dptr
OV count_l,dpl
pov count ﬁ ,dph
gop dph
pog dpl
re
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8051 Cross-Assesbler (1.3}  {(C) 1987, 1989 Binary Technology
ram_read test

0430 COEO 649 tap_count: push  atc
0432 ESTC b30 £V a,count |
0434 BAGOOY bal Line u,# ow{7B40),cap_not_eq
0437 E57D 692 EOY z,count h
(439 BACFOA £33 cine 3 éhxghT*B#J) cap_not_eq
043C D27F £54 seth equal
043E BOO2 £33 sjap  cap_tount end
0440 C27F LY cap_not_eq: cir squal
0442 DOED £37 tap_count_end: pog atc
0444 72 638 re

£39 REESBMRRRLRBLLALEEBEREEHANBRNEGHAREERRIREETNEY

B&0 ; tlear

bkl H send address

&62 H send ram_sel

663 : o¢la¥ for 2 sec

bL4 : deactivate all
0445 CZh4 &85 {est_rd: clr clear_addr
0347 G154 bbb acall  send_addr
(449 757F02 667 aov sec B2
(44C°C27E 668 clr delay_ok FREXAXXXY
O44E 9164 569 acall  delay
0450 J0TEFD 670 v inb delay_ok,$ S RXXRXARN
0453 22 671 . ret

£72 JRERREEGEEEREERRNLELBRRHLARREREIANRERERRIAS IR
0454 COEQ 613 tent _addr: push  acc
(436 ESAD £74 &ov a, g
0458 S4F0 £73 anl 0f0h
043R 457E £76 orl 3,ranbant
045C F5A0 L77 T B 12
045 b2Bb 678 seth  wr
0460 C287 £79 tlr rd
(462 DOEO 480 pop acc
0464 22 681 ret

682 (AR RENRMRREARNNERERERRNARAR AR NN RN
0463 D2B7 £83 deactivate_all: seth  rd
0467 DZR4 684 seth  clear_ addr
04t9 22 £B5 ret

686 JESRESBEANERRAREREBRAHREERADIRA DN ARSRRAL LN IENY
0468 DIZAF 637 delay seth  ea ienable all interrupt
046C D2AB £88 setb  etd . jenable timer I interrupt
046E 737C00 689 ®0V count ], &0
0471 757000 £90 £0V count h #0
0474 C2BE £91 clr trl ;stop tiper
0476 436920 692 orl tmod,$20h stimer | mode 2 ; B-bit auto-reload
0479 758R4C 493 sov  t11,4-240 tinitial
047C 758010 594 ROV thi, 14-240 ;240x3840=921600 for 1 sec
047F DZ8E £95 ceth  tri’ stimer run
0481 22 &9 ret

897 i L R R P R e L b Rt e B R
0482 C2AB £98 stop_tiser: clr etl jdicable timer I interrupt
0484 C2BE £99 clr tri sstop tiper |
0486 22 7450 ret
0000= 704 end
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DALLAS

SEMICCHKIUCTCR

DS5000
Soft Microcontrolier
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PIN CONNECTIONS

FEATURES
*8-bit uC adapts to task-at-hand:

- 8 or 32 Kbytes of high performance
nonvolatile RAM for program and/or
RAM for program and/or data memory
storage

- Initial downloading of software in end
system via on-chip sarial port

- Capable of modilying its own program
and/or data memory in end use

- 128 intemal nonvolatile registers for
variable retention

*Crashproof operation:

- Maintains all nonvolatile resources for
10 years in the absence of Vee

- Orchestrates orderly shutdown and
automatic restart on power up/down

- Automatic restart on datection of errant
software axecution

*Software Security Feature:

- Executes encrypted software to
prevent unauthorized disclosure

*On-chip, full-duplex serial VO ports

* Two on-chip timer/event counters

*32 paralle! /O lines

* Compatible with industry standard 8051
instruction set and pinout

DESCRIPTION

The DS5000 Soft Microcontroller is a high per-
formance 8-bit CMOS microcontrolier that offers
“softness™ in all aspects of its application. This
is accomplished through the comprehensive
use of nonvolatile technology to preserve all in-
formation in the absence of system V... The

POl 408 Yoo
PIL1[R2 398 P0.0 ADO
P12 03 380 FO.1 AD1
PILIM4 378 P0.2 AD2
P14 5 36E PO.3 AD3
P156 L350 PO.4 AD4
‘P17 34 P0O.5 ADS
P1L7(18 338 FO.6 ADG
RST (£ 9 328 P0.7 AD7
RXD P3.0 [l 10 31 E EA\ Npp
TXO P3.1 (L 11 30K ALE/PROG\
INTO\ P3.2 [§ 12 298 PSEN\
INTI\ P3.3 1§13 288 P2.7 Al5
TOP3.4 14 . 278 P26 Al4
TLP35815 ~ 268 FP2.5 A13
WR\ £3.6 [T 15 258 P2.4 A12
RO\ P3.7 1117 240 P2.3 Al
XTAL2 (818 238 £2.2 A0
XTAL1 1§ 19 228 P2.1 A9
Vss 1120 21 P2.0 A8

40-Pia Encapsulated Package (700 Mil)

ORDERING INFORMATION
0S5000 —XX—XX

08 8 Kbytes
32 32 Kbytes

entire program/data memory space is imple-
mented using high speed, nonvolatile static
CMOS RAM. Two memory size versions are
available which offer either 8 Kbytes or 32
Kbytes of NV RAM for prbgramvdata storage.
Furthermors, internal data registers and key
configuration registers are also nonvolatile.
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062590 121



A major benafit resulting from its nonvolatility s
that the Soft Microcontroller allows program
'mamory to be changed at any time, even after
1h8 davics has been Installed in the end system.
Additionally, the size of the program and data
emory areas In the embedded RAM Is varlable
‘and can be set either when the application
scitware Is Initlally loaded or by the software
Rseif during execution.

Initial loading of the application softwars into the
D35600is possible fromsithera parallelorserial
Interface to a host system. This function allows
inzialization of the nonvolatile areas of tha de-
Vi3 Including program/data RAM and the con-
figuration parameters. Serial loading uses the
Ga-chip serlal /O port to accept Incoming data
frzmahost computer with an RS-232 port, such
&s 2 PC-based development system. Not only is
#pcssible to initially boot via the serial portinthe
end system, but any subsequent software re-
loading can be done at will during systemopera-
tien without the need for removal of the davice.

Tha softness also provides the ultimate in adap-
ii/9 system design by allowing sither the data
RAM orthe data registars ta retain information in
n8 absencs of Veer As a result, a virtually
Unlimited number of variables and/ardatatables
can be updated and maintained over the life of
the product, as opposedto data being lostduring
a power fiuctuation. This capability allows soft-
Ware to be devsloped which updates variables
and dala tables to reflect the cumulative know!-
edge of the control system from the time that it
was put into service. Consequently, control
systems can be given the ability to learn from
experience and react by altering processing

steps in response to operating conditicns which -

change over extended periods of time.

The DS5000 Soft Microcontroller incorporates
centrol functions which provide crashoroof op-
eration when system power is mementarily dis-
fupted or removed entirely. These functicns
Include the Power Falil Warning interrupt, Auto-
matic Power Down, and Power On Restarnt. The
Power Fail Warning interrupt provides an early
warring of a potential power failure so that the

operational state of the system can be stored
prior to a complete removal of system Vee. The
Automatic Power Down feature causes all non-
volatile rasources to be sustained at low current
from the embedded lithium energy source while
system power Is removed. When Ve Voltage Is
applied once again,the processor is automati-
cally restarted with an Internal flag set Indicating
that a Power On sequence has just been per- .
formed. Regardless .of whether the power
merely fluctuates oris absent for years, upon its
return, the Soft Microcontroller has the ability to
resume execution when power s ra-applied as if -
the power failure had not occurred at all.

The Soft Microcontroller's tolerance of power
cycling providss an alternative for battery-pow-
ered hand-held systems which typically draln
their batteriss during periods of idle time, when
processing Is not being performed. Onvoff
power cycling can be employed to cause such
systems to consume battery power only during
processing to ensure a dramatic reduction of the
overall power dissipation,

The DS5000 also provides extensive softwars
security with its unique on-chip software sncryp-
tion logic. This feature prevents unauthorized
individuals from reading and disassembling
program/data RAM. When activated, the device
loads and executes the scftware in an encrypted
ferm, rendering the contents of the RAM and the
execution of the program unintelligible ta the
outside obsarver. The encryption algorithm
uses an Internally stored and protected 40-bit
key which Is programmed by the user. Any
attempt to discover the key value results in its
erasura, rendering the contents of the progranv
data RAM useless. In this mannaer, the invest-
ment represented by the resident software Is
protected from piracy. Yo
The DS5000 incerporates these unique func-
tions in a device which is instruction set and pin
compatible with the industry standard 8051
microcontroller architecture. Develepment work
for new designs based on the DSSC00 can be
perfcrmed utilizing existing development tools
and software packages which support the 8051

062590 2721
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architecturs.

The DS5000 also provides afull complement of

YO functions, including two 16-bit event
counteritimers, a full-duplex serial VO port
capable of asynchronous or synchronous op-
eration, 32 parallel VO lines, and a watchdag
timer. If additional external memory is desired
beyond the embedded programv/data RAM, 18
parallel YO lines may be asstgned to serve the

Expanded Bus function.

PIN'DESCRIPTION'(\ Denotes Condition Low)

Ve GND Power Supply inputs. :
P0.7-P0.0 Port 0: Bidirectional VO; open drain
AD7-ADO Thesa pins also serve the function of
Address/Data Bus: Bidirectional
P1.7-P1.0 Port 1: Bidirectional /O
P2.7-P2.0 Port 2: Bidirectional /O
A15-A8 These pins also serve the function of
Address Bus: Qutputs .
P3.7-P3.0 Port 3: Bidirectional /O
_Each of the pins on Port 3 may be selected to serve an
alternate function; as described below.
RD\ Expanded Data Memory Read Strobe: Qutput; active
(P3.7) low

062530 3721
178



WR\ Expanded Data Memory Write Strobe: Ou'tput'; active
(P3.5) low ’
T1,70 Timer/Counter pins: Inputs; active high
(P3.5,P3.4)
INTT\ INTOA External interrupt pins: Inputs; active low
(P3.3,P3.2)
TXD (P3.1) Transmit Data: Output
RXD (P3.0) Receive Data: Input
RST Reset: Input; active high
ALE (PROGY) Address Latch Enable: Output; active high
(or Program Byte Enable: Input; active low)
PSEN\ Program Store Enable: Outout; active low
EA\ (VPP) External Access Enable: Input; active low
{or VPP programming voltage input)
XTAL1, XTAL2 Crystal inputs
INSTRUCTION SET

The DS5000 executes an instruction setwhich is
object code compatible with the industry stan-
dard 8051 microcontroller. As aresult, software
development packages which have been written
for the 8051 ara compatible with the DS5000,
Including cross-assemblers, high-level lan-
guage compilers, and debugging teals.

A completa description for the DS5000 instruc-
tion set is available in the DS5C00 Soft Micro-
controller User's Guide.

MEMORY ORGANIZATION ..

Figure 1 illustrates the address spaces which
are accessad by the DS5000. As iliustratedin
the figure, separate address spaces exist for
program and data memory. Sincs the basic
, addressing capability ofthe machineis 16 bits, a

maximum of 64 Kbytas of program memory and
64 Kbytes of data memory can be accessed by
the DS5000 CPU. The 8K or 32K byte embed-

. ded RAM area can be used to contain both

program and data memory.

The internal register space is divided Into two
parts: Data Registers and Special Function
Registers. There are atotal of 128 data
registers including four 8-byte banks of working
registers (RO-R7). The Special Function
Registers include the CPU Registers as well as
registers which provide control and status
information forthe program and data memory
mapping, nonvolatile operation, and on-chip /O
functions. -

062590 4721
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DS5000 LOGICAL ADDRESS SPACES Figure 1

v
97274

-
-

INTERNAL REGISTERS

255 255

= PARTITION
77 77/% ADOR
[ ] /Z/% v
.
127 128 //%
DATA . SPECIAL FUNCTION 7 // 724
REGISTERS REGISTERS 0 .
DATA
MEMORY
LEGEND
= ON-CHIP 7] = ACCESSED VA
D REGISTERS % EXPANDED BUS
= EV3EODED 5Q .
EE NEMORY ‘f»?gwsmm

SPECIAL FUNCTION REGISTERS -

There are a total of 23 Special’ Function
Registers which have besnimplemented inthe
DS5000. Table 5-1lists each of these along with

their respective addresses, reset values, and ;
functional descriptions.

062590 6721
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DS5000 SPECIAL FUNCTION REG!STER.MAP Table 1

New or Direct v Bit :
Modlfled Reglster Reset Address- Functlonal
Register Label Address Valus able Description
B OFOH 00H X B Reglster
|
A 0EOH 00H X Accumulator
| . ‘
PSW O0DOH 00H X *  Program Status Weord
l -
X TA 0C7H 055H * Timed Access
: l :
X MCON 0C8H RT Memory Control
| \
X 1P OESH 00H X Interrupt Priority Ctl.
. |
P3 0B0H OFFH X Port 3 Parallel I/O
|
IE 0A8H 00H X Interrupt Enable Ctl.
| .
P2 0AOH © OFFH X Port 2 Parallel I/O
| .
SBUF  09%H 27 Serlal Data Buffer
SCON  098H 00H X Serial Centrol
| .
P1 090H OFFH X Port 1 Parallel i/0
1> '
TH1 08DH 00H Timer 1 High Byte
THO 08CH 00H Timer 0 High Byte
TL1 08BH 00H Timer 1 Low Byte
TLO 08AH 00H Timer 0 Low Byte
TMOD 088H 00H Timer Mode Select
TCON 088H 00H. X Timer Control
X PCON 087H R7T Power Control
l
DPH  083H : 00H Data Pointer High Byte
DPL 082H OOH Data Pointer Low Byte
SP 081H 07H Stack Polintar 3
PO 080H OFFH X Port 0 Parallel /O -
NOTES:

77 Indicates that the register value is indsterminate on reset.~
RT indicates that the initialization performed on the register is dependent
cn the type of the reset.

062500 6/21
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The Power Control (PCON), Interrupt Priority (IP), Memory Control (MCON), and Timed Access (TA)
raglsters represent modifications fromthe 8051 Implementation, as denoted In the above table. The
following is a detalled summary of these reglsters.  « -

POWER CONTROL REGISTER
Label: PCON Reglster Address: 087H
D7 D6 D5 D4 D3 D2 - Dt 00
SMOD POR PFW WTR EPFW EWT - STOP IOL
-
Bit Description:
PCON.7 SMOD
“Double Baud
Rate" : When set to a 1, the baud rate is doubled when the serial port Is

being used in'modes 1, 2, or 3.
Initlalization:  Cleared to a 0 on any reset.
Read Access:  Can be read normally at any time.
Write Access: Can be wiritten normally at any time.

PCON.6 POR\
“Power On
Reset': Indicates that the previous resat was Initiated during a Power On

sequence.

Initlallzation:  Cleared to a 0 when a Power On Reset oceurs. Remams ato untll
itis setto a 1 by softwars.

Read Accass: Can be read normally at any tims.

Write Access:  Can be written only by using the Timed Access Register.

PCON.5: PFW
“Power Fail -
Warning": Indicates that a potential power failure is in progress. Set to.1

whenever V. voltage is below the VPFW threshold. Clearedto a0
immediately following a read.operation of the PCON register. Orica
set, it will remain set uptil the read opsration occurs regardless of
activity on V..

Initlalization:  Cleared to a 0 during a Power On Reset.

Read Access: Can be read normally anytime.

Write Access:  Not writeable.

062500 7721



PCON.4: WTR

*Watchdog
Timer Resst”

Initialization:

Read Access:
Write Access:

Setto a 1 when a reset was Issued as a result of a Watchdog Timer
timeout, Cleared to 0 Immediately following a read of the PCON register
Setto a 1 after a Watchdog Timeout Reset. ClearedtoaOona No-V,,
Power on Resst. Remains unchanged durlng other types of resets;
May be read normally anytime.

Cannot be writteq,

PCON.3: EPFW

“Enable Power
. Fail Interrupt':

" Inittalizatlon:
Read Access:
Write Access:

PCON.2: EWT

“Enable Watch-
dog Timer"
Initlalizatlon:

Read Access:
Write Access:

Used to enable or disable the Power Fail interrupt. When EPFW is set
to a 1 it will be enabled; it will be disabled when EPFW is cleared
toao.

Cleared to a 0 on any type of reset.

Can be read normaily anytime.

Can be written normally anytime.

Used to enable or disable the Watchdog Timeout Reset. The Watch-
dog Timer is enabled if EWT is set to a 1 and will bs dxsabled if EWT

is cleared to a 0.

Cleared to a 0 on a No-V,, Power on Reset. Remains unchanged during
other types of resets.

May be rsad normally anytime.

Can be written only by using the Timed Access register.

PCON.1: STOP

"Stop":

Initlalization:
Read Access:
Write Access:

PCOM.0: IDL
“Idie™:

Initiallzation:
Read Access:
Write Access:

Used to inveke the Stop Mode. When sst to a 1 program execution
will terminate Immediately and Stop Mcds operation will commence.
Cleared to a 0 when program execution resumss follewing a hardware
reset.

Cleared to a 0 on any type of reset.

Can be read anytime.

Can be written only by using the Timed Access register.

Used to invake the Idle Mode. When setto a 1 program exscution
will be halted and will resume when the Idle bit is cleared to 0 follow- -

Ing an interrupt or a hardware reset.

Cleared to 0 on any type of reset or interrupt.
Can be read normally anytime.
Can be written normally anytime.
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INTERRUPT PRIORITY REGISTER

Label: IP - Reglster Addrass: 0BSH
D7 D6 D5 D4 03 D2 D1 DO
RWT N PS .| PTI PX1 - | PTO PX0

Bit Description:

IP.7: RWT

“Reset Watch- . S .

Tlmer': When set to a 1 the Watchdog Timer count will be reset, and counting
- " will begin again. The RWT bit will then automatically be cleared again to

0. Writing a 0 into this bit has no effect.
Intializatlon: ~ Cleared to a 0 on any reset. .

Read Access: Cannotbe read. . ’ ..
Write Access:  Can be written only by using the Timed Access register.

Allofthefollowing bits are read/write at any time and are cleared to 0 following any hardware
resat, '

IP.4: PS
“Serlal Port )
Priority": Programs Serial Port interrupts for high priority when set to 1.
Low pricrity Is selected when cleared to 0.
1P.3: PTH
“Timer 1
Priority™: Programs Timer 1 interrupt for high priority when set to 1.
Low priority is selected when clearad to 0.
1P.2: PX1
“Ext. Int. 1
Priority": Programs External Interrupt 1 for high priority when set to 1.
Low priority Is selected when cleared to 0.
IP.1: PTO
“Timer 0
Priority’: Programs Timer 0 Interrupt for high priority when set to 1.~
- Low priority is selected when claared to 0.
IP.0: PX0
“Ext. Int, 0 :
Prlority: Programs External Interrupt 0 for high priority when set to 1.

Low priority Is sslected when cleared to 0,

. 062590 ¥21
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‘Address': __

Label: MCON
D7

MEMORY CONTROL REGISTER

Reglster Address; 0C6H

D6 D5 D4 D3 D2 D1 Do
PA3 | PA2 PA{ PAO | RA32/8 | ECE2 PAA —

Bit Descriptlon:

‘MCON.7-4:  PA3-0

“Partitlon

_ . Used to selsct the starting address of data memory in embadded RAM.

Program spacs lies below the Partition Address.

Sealection:

Partition Address
0000H
0800H
1000H

~ 1800H
2000H
2800H
3000H
3800H
4000H
4300+
5000H
5800H
6000H
6800H
7000H *
8000H *

_.._._A_a._-..n_...a.ooooooooE'
.A—A-A—AOQOQ—A-L—L-AQOOOE
. =3
_go..;o..n.o..;o._AO—Ao—lO—lOF:
(=]

* A 4 Kbyte Increment (not 2 Kbytes) In the
Partitlon Address takes place between bit fleld
values 1110B and 1111B.

JERE

Initlaization:
i

Set to all 1's on a No V,; Power On Reset or when the Security Lock bit Is
cleared to a 0 from a previous 1 state. These bits are also settoall 1's .
when any attempt Is mads to have them cleared to ail 0's with the SL bit

set to a 1 (lllegal condition).




Read Access:
Write Access:

Can bs read anytime.
PAA bit must = 1 in order to write PA3-0. Timad Access is notrequirad to
write to PA3-0 once PAA = 1,

MCON.3: RA32/8

“Range
Address’:

-

Initlalization:

Read Access:
Write Access:

MCON.2: ECE2
“Enable Chip
Enable 2":

Inltializatlon:
Read Access:
Writa Access:

MCON.1: PAA

“Partition
Address
Access':

" Initlalization:
Read Access:
Write Access:

Sets the maximum usable address in Embedded Memory.
RA32/8 = 0 sets Range Address = 1FFFH (8K).
RA32/8 = 1 sets Range Address = 7FFFH (32K).

Setto a 1 during a No V,, Power On Resat and when the Security Lock

bit (SL) is cleared to a 0 from a previous 1 state. Remalns unchanged on
all other types of resats.”

Can be read normally anytime.

Cannot be modified by the application softwars; can only be viritten during
Program Load Mede.

Used to enable or disable the CE2\ signal to additional Embedded
RAM data memory space. This bit should always be cleared to

0 In the DS5000-8 and DS5C00-32 versions.

Clearad to 0 only during @ No V,, Power On Resat.

Read normally anytime. '

Can be written normally at any time.

Used to protect the programming of the Partition Address

select bits. PA3-0 cannot be written when PAA = 0. PAA can be wrilten
only via the Timed Access register. > :
PAA Is cleared only on a No-V,, Power On Reset.
PAA can be read anytime. .
The Timed Access register must be used to perform any type of write
operation on the PAA bit .

-~




Label: TA
i D7

4

D6 DS. D4

TIMED ACCESS REGISTER

Reglster Address: 0C7H

D3 D2 D1 0o

! Bt Description:
' TAn.n: (Al Timed Access bits)

" “Timed
. Access’s

example shown below:

MOV  OCTH, 0AAH
MOV  OC7H, 055H
ORL  IP,#80H

Initlatizatlon:
Read Access:

PROGRAM LOAD MODES

The Program Load Modes allow Initialization of

the smbedded programvdata memory and non-
“volatlle internal registers. This Initialization can

be performed in one of two ways:

1) Serial Program Loading which is
capable of performing bootstrap loading
of the DS5000. This feature allows the
loading of the application program to be
delayed until the DS5000 Is installed in
the end systam. .

2) Parallel Program Load cycles which
perorm the Initia loading from parallel
address/data information presented cn
the VO port pins. This mode Is timing-set
compatibla with the 8751+ microcon-
troller programming modse.

Used to Invoke a Timed Access procadure required to write to any of the
Timed Access protected bits including EWT, RWT, STOP, PAA. Timed

! Access Is activated by three sequential write cperations as in the

; Wrlte 0AAH to TA reglster
; Write 055H to TA reglster
; Reset Watchdog Timer

Written with the value of 055H following any type of reset.
Cannot be read from the application software.

The DS5000 is placed In its Program Load
configuration by simultaneously applying a logic
1 to the RST pin and forcing the PSEN\ line to a
logic 0 level. Immediately following this action,
the DS5000 will look for a Parallsl Program Lbad
pulse, or a serial ASCII carriage return (ODH)
character received at 9500, 2400, 1200, or 300
bps over the serial port.

The hardware configurations used to select

these modes of operation are illustrated In Fig-
ure 2. B

=

062590 12721
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PROGRAM LOADING CONFIGURATIONS Figure 2

Voo OND Vo ONO
DS5000 DS5000
Program | 7=\ r1.7- P07~ Program Oata In P1.7- PO.7- -
Mdress{ — plo POO @ / Verify Data Out P10 PO.0
l p ‘) P23~ P37~ P2.7- P37~ .
=R} ‘pi0  Pie KAIS=ATZ. brrostem P20 P32
—
e 0 RVE/ 2
Progrem ALs/PROGS o RS232¢
Con%r —N P27 ) RXD <——.
—p2s a- ;
—P2s | _}_R<2K ' }x«x
] XA RST o TR RST
= PSENs 11.059 MHz “l=' r—i'_‘ © PSENe .
= a2 E! ‘L’* w2 !
PARALLEL SERIAL
LCADING LOADING

The table below summarizes the selection of the available Parallel Program Load cjcles Figure
5 illustrates the timing associated with thess cycles.

PARALLEL PROGRAM LOAD CYCLES Table 2

Mode BST PSEM\
Program 1 o}
Security Set 1 0
Verify 1 s X
Prog Expanded 1 0
Varify Expanded 1 0
Prog MCON or 1 0

. key registers
Verify MCON reg .

o

The Program Cycle Is used to load a byte of
data Into a register or memory location within
the DS5000. The Verify Cycle is used to read
this byte back for comparison with the originally
loadad valus to verify proper loading. The
Sscurity Set Cycle may be used to enable and
disable the Software Security featurs of the
DS5000. One may also enter bytes for the
MCON register or for the S encryption registers
using the Program MCON cycle. When using

BROG\ EA\ B27  Ea§ E28
0 vep 1 0 X
o- VPP 1 1 X
X /. X
0 VPP B S 0
1 1. @ °0 1 0
0 VPP -0 1 1
1 1 0 1 1

-~

this cycle, the absolute registeczddress myst be
presented at Ports 1 and 2 as In the normal
Program cycle (Port 2 should be' OOH). The
MCON &ontents can likewise be verified using
the Verify MCON cycle.

When the DS5000 first detects a Paralle! Pro-
gram Strobe pulse or a Sscurity Set Strobe
pulse while in the Program Loaz Mode following
a Power On Reset, the internalhardware of the

062500 13721
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DS5000 Is initialized so that an existing 4 Kbyte
program can be programmed Into a DS5000
with little or no modification. This Initialization
automatically sets the Range Address for 8
Kbytes and maps the lowest 4 Kbyte bank of
Embedded RAM as program memory. The next
4 Kbytes of Embedded RAM are mapped as
Data Memory.

In order to program more than 4 Kbytes of
program code, the Program/Verily Expanded
cycles can be used. Up to 32 Kbytes of program
code can be entered and verified. Note that the

expanded 32Kbyte Program/Verify cycles take -

‘much longer than the normal 4 Kbyte Prograrmy
Verify cycles. ' ]
A typlcal paralle! loading session would follow
this procedure. - First, set the contents of the
MCON register with the correct range and parti-
tion only if using expanded programming cycles.
Next, the encryption registers can be loaded to
‘sfiable encryption of the prograrm/data memory
(not required). -Then, program the DS5000
using either normal or expanded Program
cycles and check the memory contents using
Verify cycles. The last operation wouldbatoturn
on the security lock feature by sither a Security
Set cycle or by explicitly writing to (s MCON
register and setting MCON.O to a 1.

FUNCTION

E

NE<CHDFXTOO

-— - -

SERIAL BOOTSTRAP LOADER -
The Serial Program Load Mode Is the easlest,
fastest, most rellable, and most complete
method of Initlally loading application software
into the DS5000's nonvolatile RAM. Communi-
cation can be performed over a standard asyn-
chronous serial communications port. Atypical
application would use a simple RS-232C serlal
interface to program the DS5000 as a final
production procedurs. The hardware configura-
tion which Is required for the Serial Program
Load mode Is Mustrated in Figure 2. Port pins’

' 2.7 and 2.6 must be either open or pulled high to

avoidplacing the DS5000in a parallelload cycle.
Although an_11.0592 MHz crystal is shown in

" Figurs 2, a varlety of crystal frequencles and

loaderbaud rates are supported, shownin Table
3. The serial loader Is designed to operate
across a three-wire Interface from a standard
UART. The recsive, transmit, and ground wires
are all that are necessary to establish communi-
cation with the DS5000. ’

The Serial Bootstrap Loader implements an
easy-to-use command line interface which al-
lows an application program in an Intel Hex rep-
rasentation to be loaded into and read back from
the device. Intel Hex is the typical format which
existing 8051 cross-assemblers output. The
serial loader responds to 11 single character
commands which are summarized below:

Return CRC-16 checksum of Embedded RAM
Dump Intel Hex File

Fill Embedded RAM block with constant T
Load 40-bit Encryption Key :
Load Intel Hex File

Read MCON register

Trace (Echo) incoming Intel Hex data

Clear Security Lock

Verify Embedded RAM with incoming Intel Hex
Write MCON register

Set Security Lock . ' -

062590 14721
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SERIAL LOADER BAUD RATES FOR DIFFERENT CRYSTALF

Table 3

REQUENCIES*

Crystal freq (MHz)

Baud Rate

300

1200

2400

4800

9600

16.000000

15.000000

14.318180

12.000C00

**11.059200

11.000000

=<

<< [x|=<

10.00C000

**9.216000

e d

8.000000

*"7.372800

< <] I=<l<t=<|=<|<|<

6.144000

6.000000

5.990400

5.120000

5.068300

5.0C0000

<i=<|=<|< [d<|< [<

4.915200

4.608000

4.433620

<|<|< |<l=<l<l<| |d<|<l<|<| |<|<|<|~<I<]|<]<

<<~ |<l=<|=<l<| |<=<i=<| =<| |<]=<|<|<|<|<]<

4.194300

4.098000

4.032000

3.579545

Y

2.457600

Y

2.000000

°71.843200

<|=<|<|~<| |=<{=<]~<]=<l=<]|=<

Y

Y

Y

-~

Y

*Y Indicates that the baud rate for that particular crystal is supported by the DS5000 sefial

loacer auto-baud detection scheme.
** Indicates exact generation of 9600 baud.
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POWER MANAGEMENT

rrhe DSS000 s Implemented using CMOS cir-

cuxtry for low-power consumption during full
' ration. Two softwars Initlated modes are
avallable for further power reduction for times
when processing Is not required and V. Is at
normal operating voltage. These are the Idle
and Stop Modes. In addition, Internal control
clreuitry automatically places the the DSS000 fn
its Data Retention Mode In the absence of V..

The on-chip nonvolatile control circuitry moni-
tors the V, for three below nominal operating
voltage (Flgure 3). When the voltage drops
below the Power Fail Warning threshold (V,.,)
an Interrupt will be generated to signal the proc-
essor of an impending power-fail condition. This
Is to allow tims for a sarvice routine to save the
oparational state of the microcontroller prior to
the V. dropping below the V... threshold.
When this occurs, processor operation is auto-
matlcally terminated by Internally halting ths
clock after the entire circuit has been made
ready for the Data Retention Mods. Finally,
once the V. voltage drops below the lithium cell
voltage threshold (V) power from the embed-
‘ded lithium cell is applied to place the device in
its Data Retention Mode.

When V., voltage is again appliedto the system,
an Internal Power On Reset cycle is executed
without the nesd for any external components
on the RST pin. In addition, Internal status Is
available to distinguish the Power On Resetfrom
other types of rasets.

SOFTWARE SECURITY

The Software Security feature Is Implementad
uslng Address and Data Encryptor circuitry
which Is present on the DS5000 die. Operation
of the Software Security feature is performed by
manipulation of the 40-bit Encryption Key word
and the Security Lock bit while In one of the
Program Load modes. Encryption operation is

firstintiated by loading the 40-bit Encryption Key
word,

When Software Encryption Operation Is In effect -
andthe Security Lock is disabled, the application
software can be Initially stored in an encrypted
form during the initial loading of the devics using
one ofthe Program Load modes. Asthe loading
Is performed, the Data Encryptor logic trans-
forms the opcode, operand, and data byte de-
fined at sach memory location defined by the
softwars.  Similarly, the Address Encryptor
translates the "logical” address of sach lacation
into an encrypted address at which the byte is
actually stored. Although each encryptor uses
its own algorithm for encrypting data, both da-

- pend on the 40-bit key word which is contained

in the Encryption Key registers (EK0-4). -

As long as the Security Lock remains disabled,
the actual unencrypted cantents of the embed-
ded Program/Data RAM can be read back for
varification while in the Program Load mode.
Onca the contents have bsen verifiad, the final
action performed during the Program Load
mods should be the enabling of the Security
Lock bit. From this point on it will be impossible
to read back the unencrypted contents of the
ProgranvData RAM or the contents ot the En-
cryption Key registers.

When thé applicatiun sofiwars is sxzcuted, the
Address and Data Encryptors provide the op-
codes, operands, and data to the CPU so that
executlon of the application softwars can take
place as normal. This action also takes place in
real time so that no additional delays are im-
posed on the execution time of the softwars.
Thus, the Software Enciyption Opsration Is
transparent to the agplication software.

The Software Encryption Operation is disabled
and the contents of the Encryption Key reglsters
are automatically erased wheneverthe Secu| ity
Lock bit is cleared to a 0 from a previous 1
condition. This actlon renders the contents of
the embedded ProgranvData RAM useless, so
that the application software can no longer be
correctly interpreted by the DS5000 CPU. Al-
though the contents of the ProgranvData RAM
can at this point be read back in a Program Load

062590 1621
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mode, they cannot be de-encrypted since the
original 40-bit key word has been lost.

ADDITIONAL INFORMATION

A complete description for all operational as-
pects of the DS5000, including an instruction set
description timing details, and electrical specifi-
cations, is available in the DS5000 Soft Mlcro-
controller User's Gunde

DEVELOPMENT SUPPORT

Dallas Semiconductor offers a kit package for
developing and testing user code. The
DSS000TK Evaluation Kit allows the user to
download Intel hex formatted code directly tothe
DS5000 from a PC-XT/AT or compatible com-
puter. The kit consists of a DS5000-32-12; an
interface pod, demo software, and an RS-232
connector that attaches to the COM1 or COM2
serial port of a PC. Sse the DSS000TK data
sheet for further details.

SELECTED ELECTRICAL CHARACTERISTICS
The following are selected electrical operating characteristics of the DSSOOO Afuli set of electncal
characteristics is available in the Soft Microcontroller User's Guide.’

ABSOLUTE MAXIMUM RATINGS® .
Voltage on any Pin Relative to Ground
Operating Temperature

Storage Temnperature

Soldermg Temperature

-0.1-to +7.0V
0°t070°C

-40° Cto +70°C .
260° C for 10 sec.

* This is a stress rating only and functional operation of the device at these or any other
conditions outside of those indicated in the operation sections of this specification is not implied.
Exposure to absolute maximum rating conditions for extended periods of time may aifect reliability. -

DC ELECTRICAL CHARACTERISTICS

(t,=0°Cl070°C; V. = 5V & 10%)

PARAMETER SYM. TYP. | MAX. | UNITS | NOTES
Stop Mode Current 2, 80 A |4 -
Power Fail Warning Voltage - Voo 4.15 | 4.6 4.75 V'
Minimum O\perating Voltage Veewn | 405 | 4.5 4.65 \
Lithium Supply Voitage’ Y 3.3 v ~
Programming Supply Voltage Ve 12.5 13.0 \'
(Parallel Program Mode)
Program Supply Current " 9.2 15 mA _ .
Operating Current DSS5000-8 lec 20 43.2 mA

DS5000-32 25 48.2 .
idle Mode Current bee S.g mA
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AC CHARACTERISTICS

POWER CYCLING TIMING (t, = 0°C t0 70°C; Vs = 5V £10%)
# PARAMETER SYMBOL| MIN. X MAX.! UNITS
32| Slew rate from V., 10 te 40 us
VUmu
33 Crystal Start-up Time tesu (note 5)
=34 Power On Resst Delay toon 21504 | o,

POWER CYCLING TIMING DIAGRAM Figure 3

\" —_— ’ ) )

cc . )
%m>§;—*——————f———?A

VeeMIN T —'\“--———-—.___._____ _ =

A i~ T P

INTERRUPT §
SERVICE
ROUTINE

CLOCK

P

. . | 3
INTERNAL

e :
7?
RESET / \ .

LITHIUM

CURRENT / \

"
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AC CHARACTERISTICS
PARALLEL PROGRAM LOAD TIMING

(t,= 0°C to 70°C; V.= 5V +/-10%) ~

# PARAMETER SYMBOL MIN. MAX. UNITS

40 | Oscillator Frequency ek 1.0 12.0 MHz

41| Address Setup to PROG\" Sy 0 tex

| Low -

42| Address Hold After PROG\ torray 0 tek

’ High . :

43 | Data Setup to PROG\ Low s -0 teix

44| Data Hold After PROG® L 0 tex

T tow” )

45| P2.7,2.6,2.5 Setupto V,, tSve - 0 . S

46| V,, Setup to PROG\ Low et 0 tek

47 | V,, Hold After PROG\ Low ket 0 ey

48 | PROG\ Width Low Yook 2400 toix

49 | Data Output from Address Lo 48 tex
Valid 1800° L.

50| P2.7, 2.6 Active to Data £3 €1e) 48 te
Valid 1800° e

51| Data Hold after P2.7, 2.6 1o 0 48 tek
Inactive 240° tein

52 | Delayto Reset/PSEN\ 598 26304 '
Active after Power Cn

53 | ReseUPSEN\ Active 1200 tek
(or Verily inactive) to
V,e High

54| V,,lnactive (between 1200 tox
Program cycles)

55| Verify Active Time - Ler 48 ek

2400 - tek
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DS5000 lec vs. FREQUENCY Figure 4

30.0 //
NORMAL /
25.0 OPERATION ‘
2 200
[v4
[sd
po
(&)
8 150 /
10.0 yd
. IDLE MODE
3.0 OPERATION
SR/ e
I3 O vins
0.0
5.0 10.0 15.0

FREQUENCY OF OPERATION (MHz)
(V o = +5V, 1, = 25°C)

Normal eperation is measured using:

1) External crystals on XTAL1 and 2.
.2} All port pins disconnected.
‘3) RST = 0 Volts and EA = Vec. .

4) Part performing endiess loop writing to internal memory.

Idle moce operation is measured using:

1) External clock source at XTAL1; XTAL2 floating.
2) All port pins disconnected.

3) RST = 0 Volts and EA = Vce.

4) Part set IDLE mode by software.
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PARALLEL PROGRAM LOAD TIMING Figure 5

1. All voltages are referenced to ground.

2. Maximum operating |, is measured with ail
output pins disconnected; XTAL1 driven .with
e toue = 10 18, V) =0.5V, V, = 4.5V; XTAL2
disconnected; EA\ = RST PORTO Vee

3. Idle Mode I, Is measured with all output
pins dtsconnectad XTAL1 driven witht, o, te e
= 10ns, V, = 0.5V, V= 4.5V; XTAL2 discon-
nected; EA\=RST=PORT0=VCC_

4. Stop Moda |, is measursd with all qutput pins
disconnected; EA\=PORTO=V_.; XTAL2 not
connected; RST =V,

5. Crystal start-up tlme Is the time required to

cc’

B I o G o e s G
@ @ :
C]
S ___< ATA >_ DATA ——(] DATA >—<:
© ALE/PROGV :O; @
\ / ®
& |@
® i ®
Ver - 4 /—
/4
@ |
P2.7, 2.8, 2.5 ><ﬁ ></
AcTvE N N
@
+8v
Vee
@ | ®
—
ST -_-/r
PSEM \
NOTES:

get the mass of the crystal into vibrational
motion from the time that power is first applzed
to the circuit until the first clock pulse is pro-
duced by the on-chip oscillator. The user
should check with the crystal vendor for a worst
case spec on this time. .
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54007400 Quadruple 2-Input Positive-NAND Gate'

Schottky TTL High-Speed TTL Low-Powsr Schottky TTL Standard TTL Low-Power TTL
" Package : Package Package R Package . Package
Device Type Daevice Type Davice Type Device Type Device Type
Pe reTPIMIcH YPe [CTPMicr YPe TP M]cr Pe TP ImcH P [CTrIMIcH
T SHsasee J OINDA SNSeHOO v 1Dy W] SNsaL 500 Bic w1y Snss00 e W Sns4L G0 Holok
‘- SN74500 1 DINGE] SNTH0e T ITIND SNT4L 500 1 TIND] SN7400 - [1 OING { SN1at00 J DINTDIT
FAIRCHILD FMS4S00/F MIS D0 F M$4H00/F MIH00{0T)] F L reasn reao |__1#D] A sa00/F MIn0a O FO{
FC74500/F C9500 (O] r® F C74H00/F C3H00 (NCTIPQ) IR/ KR8 LK) #1717 C1400/F CINOG  [DT{PO |
MC3100 LT F2 MCS£00 L7 F
MOTOROLA - - G300 LCéP(D{ DI SNTALS® T MCT400 TP PR
DMS4HO0 J QIND - | pms4L S00 OMms400 JOIND] (W] OmsaL00 JOINDT [P
NS.C. OM74500 N CMTaH00 3 DINCD! OM72L SO0 OMT400 1 OINDY DML 00 ) OinGY AFY
PHILIPS NT&SCD [0] G 14131/74H00 [o N 14L S00 0] ¥ JHI131/1400 [5)
NSIS00 FOAD] WY ssarco FURAL] w 55400 FOIQ ™
SIGNETICS NT74300 FOUD, - N74H00 - FOAD NTILS36 AT N7430 F DAy
SIEMENS ToRToT T
FUATSU . MB&S) DM 781 S00 MT MB¢00 ITMG
HITACH! HD 74500 OPD - MO 4L SO0 =0 HMD4C0/HO2503 | GPCT
MITSUBISHI M350 PO MTi, 500 PD M53200 PO
NEC uPB2300 0D 74, 500 IcT «P8201 DCICT N
TOSHIBA - 5 & 5%
Elactrical Characteristics SNS4LSQ0/SN74LS00
abselute mazimum ratings over aperating free-air temparature rang e
Suaory voioge ¥ v Oowrteg yowes T SHSALS TuE e v Schematics (each gate)
oot vortage v foroeratue ringe { snraCs € w©  NT
Ineramiter w200 $ v Storage lenowr sty “ange =45C 10T
operating oA i .
SN34L300 SN74LS00 -I—z—
My NOM Max M MOM MAX M vcc Vcc
Siaey veioee 7CC s ) $s | an 3 [ v R, R; Ry
HQReve! outtnt AT, IGm -408 —t08 -y
Lawtetl atow e, IGL [0 [ -~ INPUTS
QJowratng Yoe-se ymoeratse, Ty =43 13 [ N k]
: : ) INPYTS
slectrical characteristics over recommended operating “TPUT
free-air temperaturs range A TPy A — ourputr
PARAMETER TEST CONDITIONS t MIN TYP$ MAX | UNIT B8 8 — Y
Vin H.gh-'gvel INput voitage 2 P
Vi Low-isvel .noul voitage 0.3, v jr v
Vi Inout ciamp voitage Ve =MIN, 1 = —1gmA -4.5 v 804
- . Vi =V 1,
VoM Higneievel outaut voltage ;’OCHC_ 0 IV s v GND
VEC=MIN, V=2V,
VoL  Lowsevsl outaut voltage 6.2 0.4} v
° loy = tna CIRCUITT R, [ A | &5 | Ra
fnout current at Gy ‘00 4n | tiw] 130 [ 1n L
" maximum nout voltage VEoEMAX. VymTv °"| 7t "L00_ | 40w | 70w | 500 | 1% o GNO
I Mign-tevel nout current Veg=Max, Vyy=2,7v 81 uA Inpet clamp diodas not on .
hi__ Low-svel mout currsar Voo =MAX, Vi =0.4V -0.4] ma SNS4L 7 SNTAL circuits. S00 CIRCUIT
- . - (535 Famiy | =20 RIE ‘00. "LOO CIRCUITS
tog Short-cirsurt output currsnt @ Ve =Max I"LS Fammy | <18 = ma A
togn  Sucoly current Veg=max Total, outauts mgn [ IED
Iegy_ Supoly current Total, outours low 12 2t ma
Averags per gate
ice Supory MM,( Voe=sv (80% dury cycie) 0.4 ma
Prooagation delay time. - P ¥ .
R —— vec=sv.  Ta=25t, R B L Vee
Prooagation celay time, < 200
-150F, =
{PHL Righ+to-iow-level outout |CL % =2 . 0 atmas h
Pin Assignments (Top View)
Voo 18 44 4y 38 34 3Y Y 48 44 GO 3B A 3T rJ ak
nenInim¥nioin LS izt il Fol [5] [a), QUTAUT
=Y
£ .
M=l B I il = e
| ] -
BB aDatslak gy EaHalallg gt :
A 18 1Y 2a 8 IY GND [T ST A vee Y A 8
"HOO CIRCUIT e 680
positive fogic: .LSOO CIRCUIT
Y=Ag Resistor values shawn are nominal ang n ohms
1 For conditions shown as MIN or MAX. use tha aporooriats vatus fied under ageratng

$All typrosl vares &8 at Voo =SV, T, w2S5%C.

ONat mors than one Guipul Shouid Be shorted at a time, and for SNSAH'/SNTAN' and SNSIS'/SNTIS', awation of short-circut should not exceed | second.



5404 /7404

Hex Inverter

. :

Schottky TTL High-Speed TTL Low-Power Schottky TTL .Standard TTL Low=-Power TTL
Package . Package . Package . Package . Package
Device Type Device Type Device Type Device Type Device Type
YP® CTRTMICF YPe rCTPIMICF YPerCTRIMEF| o P [CTPIMEF P ETPTMEEF
T.L SNS4SD4 1T WO SNS4H0d I W] SNSAL S04 3 DA WZ$ SNSi0s o) W2 SNSALO04 O ND| TR
: SNT4S04 ) DIND SNMHGE J (DIND, SNTAL S04 - |1D|ND SNTIL 1 G(ND SNT4L04 1D |ND T
FAIRCHILD FM$4S08/F MISO4 DD F MS4H04/F M3H04 (DD 7 24 resasoc Amsos o #D | FMS404/F Mengs |OD F
FC14504/F C9504 [OC| MD FCT4H04/F C8HO4 [DD[PD roume xuss (oD *D|  [RD | FMr4e04/F Canod  (DD|PO g
MC3i08 LD F T4 MC5404 LO F
MOTOROLA MG3008 LO[PD|__|F | SNTALSoM 2B MCTa0E CD[PO l ; -
NS.C OMS4mDe J D|ND OM54L S04 OMS404 3 O{ND OMS4La4 10 &3
. DM74504 N OM74+104 1 QIND OM74.504 - OM 7404 1 QIND OMT4LO4 1 Q[N FD
PHILIPS NT4S04 [} NTeMos [0) NTAL S04 D F JH241/7404 [
SIGNETICS |50 TFDIAD| W] Ssemae FOJAD] _[wZ 56404 Ecp 20
NT4S04 FOIAD]  [WD| N74HOL _FOJAD NT2L S04 AT NI FO[AD .
SIEMENS i FoRIIT o)
FUJITSU 74U S04 M| Maas O[MD
HITACH HD74504 QPD HO74L S04 PT +C7404/H02522 | QPO
MITSUBISH! zema D - MTALS04 PTI || Msizoe 17D,
NEC 12504 cT T4, 504 iC T uPB23S 00
|
TOSHIBA i To TR 5T
Electrical Characteristics SNS4LSO4/SN74L504
adsolute marimum ratings over opersting free-ser tsmpersture cange .
Susaiy voiae YOG ™ Qoeeate Toamw [ snsas ~35C 1w 125C .
g ~ B T3 .Schematics (each gate)
S'orage tempsranse “wge =43¢ 1w 19T
recommanded cpersting conditions
SNS4LS04 SN74L504 {
N NOM MAX N NOM MAK haiili .
Suoty vornge VCQ X [ $$ X 3. 88 v
Mg evel wiowt G 10w =400 =400 ud
LOwaver Qutour Currant, 1o, 4 : Lera
Ju 01 Voaae tamoeratrn g PITY 128 [] ) R
electrical characteristics aver recommended operating
frae-air temperature range : .
PARAMETER TEST CONDITIONS t MIN TYP $ MAX T UNIT
Vim Hign-evel ingu: voitage 2 v
T Low-eve: ngut wmitage 6.8 Vv
vt Input_clamo voitags VGG =MIN, Iy =~13mA —1.5§ Vv Y
Ve =MIN Ve =01 CRCULT T ar | 234 A3 1 A4
VO Mign-iavel outout vattage CCEMIN. - ViL=ViLmas. |, 7 3 v 54 x i 1161 Te
fQm =MaAX “L04 40m ) 2 $09 ¢ 1210
VCC=MIN,  Vig=2v, Input clamo diodes not an
v - P
0t,  Low-svet outout vottage 1oL = Ama 04§ Vv SNSAL /SNTAL " circuits. ‘S04 CIRCUIT
ngut current at .
: = ‘04, "L04 CIRCUITS
! mamym input voitags VOCSHMAE Vi=Tv g Pl e
e} Hignavel ngut current Vag=MAX | Viu=2.1V 201 4a
Iy Low-ldve) nput currant Voo =VAX, Vi =0.4V -0.4| na
Short<giccut [ saLs Faue | —20 ~ 100!
[ .
08 ourput Surrant ® Vegmwax | T4LS Famay | =20 "|¢°] -
SoCH _ Sudoly currant Total, outduts nign 1.2 2.4 @A
IGCL__ Supply current Ve X T cutouts low 3.6 6.6] 7a :
. Average per gare
| Supoly current Veo =3
ce Y co=sv (50% duty cycte) 0.4 ma
- Propagatior selay nima, ’ B
wn low=10-ign=16 8t 3utdut vee = Sv. Ta=25C. 9l L
» Propagation celay ume, C_=1SPF, Ry =2XQ
" ngn-to-iow-laval outau? 18 15 ns
Pin Assignments (Top View)
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@ @ Bz M Fu
VCe 6A €Y SA 3y 4A 4y ' 1Y A 6Y GNO $Y SA ay moyr
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1 DTG Y
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positive logic &
Yy=3 . Resistor values shown are nominal and in ohms

TFor conditons snown g3 MINor MAX, use the approoriate vaiue specified under recommended operating conditions.
AN typical vaes are at VGC™ SV, Ta=25C,
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5414/7414

Hex Schmitt-Trigger Inverter

Schottky TTL High-Speed TTL Low-Power Schattky TTL Standard TTL Low-Power TTL
. Package Package Package Package N Package
Device T Device Type Device Type Oevice Type Device T
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T1 SNSILS 14 1T WT] SNsaTe i)
i SNTALS 14 ) DIND) SN4I4 1 (DN
. PasaLsie/ fensie 0| 0| mwsais/rems (5]
FAIRCHILD AIaSIe/ FNs1e D[ FD| |0 roue rome oC! A
M SN74LS 14 P . | MCT414 P
N.:QC. DMSALS 14 Ul OMS414 JTND]  |wT
© ] OMTILSI4 J OM7414 3 TIND] T Ky
PHLIPS NS4 k4 NI U N
NSal4 GOICE)
SIGNETICS NTS 14 AT (A F et
SIEMENS .
FUITSY Ticsie MG -
HITACH HOTLS e PT HOT41e TP i
MITSUBISH! MLS1E PD M53214 P
NEC
TOSHIBA + }
- 1
Electrical Characteristics SNS4ALS14/SN74LS14
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Input vestage v weswrsnse regs { smas €C o NC
Srage WEOWehre TVae =T 3 I1I9C
SNS4LS 14 SNTALS14
N O WAK o NOM MAX war
Sweery vertnge, Voo o ) 5.3 “n 3 3N v
Mpavel utout Gurrert, P -a08 — 00 Py
Lvw-trvel Qutsut ourren. 10 4 [ »a
Towsivg Noerew emowonss. Ta <58 i n © ° o " “ee
electrical characteristics over recommended operating fr: o 100
free-air temperature range NOM < NOV
PARAMETER TEST CONDITIONS t MIN TYPS$ MAX | UNIT
VT 4+  Positive-gong thrashoid voitage Voo =SV 1.4 1.8 1.9 v INPUTS
VT = Negative-gomng tivesnold voitage| Vo =SV a9.8 9.8 | v . [V
Hysterasis (Vy .~V _) Vog =SV 04 0.2 v 211 cuTeuT
vy Inout ciamo voltage Yog =MIN, 1= —3nd SIS SV M
VCCO™MIN., Vy=Vy_mn, x S
v Hign- ! . S
oM igh-level outout voitage igp =MAX 2.7 3.4 v <
. Voo =MIN, Vi=vr . max, 5 )
VoL  Low-level output votage Yor = amA 0.2 0.4f V . v
, Input current at Y W v ‘ ‘14 CIRCUIT
T+ pomtea-g0ig tvesnold R4 17T %Y b
tnput current at .
1 - 3
T negative-going thrasnotd vec=sv. gvT 0-13, m.A
. irput current 3t vee a2 .
! maximum Input voitage cc? W 9-Aai NG
™ High-ievel wout current Voo =Max., Vi=2.1v 20! A
b Low-level ingut current Veg=MAX, Vi =3 4v -0.4 | mA . £ . . vee
105 Snort-circurt outout current® | Voo =MAX -0 -100 | ma MG ? t {lm
Total, .
' Suoly Toul cutout mgh Voo =MAX [ X} 16 NOW NOM
cC current olal, oulout ow 12 20 mA V—o
Average oar gate | Voo =SV. 0% wwtv cycle 1.72
Pracagation Celay Umae, . T hd
LI low-to-high-lavel outout vee=sv.  Ta=mC. 5 221w, A =+
Propagation deisy tme,
PHL  poghetorlow-level outout Cy=ISPF. A =22 s 22| ns b M
Pin Assignment (Top View)
® k3 .
VCC 6A &Y A §r s o 3 I
sef sl fral Jaip Jrel fo) To - GO
ol |
@d LSia CmCUT '
EaBabalsDallatl -
AT 1Y 74 2Y 3A 2T LM N
positive logic:
Y= .. Remstor values shown 2re nominal and in ohms.
1 For conditions shown as MIN or MAX, use the amvonrale rane unger

S Al typcal s are at Voo =SV, T, =25°C.
@Not more than ane outoul SROuID De Shorted at A time.

.n,‘.‘ B R b



5432,/7432

Quadruple 2-Input Positive-OR Gate

Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
g Package Package Package . Package . Package
Device Type Device Type Device Type Device Type Device Type
ye C|{P|M|CF] C|P|M|CFH C|P|M|CF} C{P|MICF] C|{P{M|CF
SNS4S32 HO W SNSILSI? o) IwD SNS432 1D (W)
T.L SN14322 I} @ D! SNT4LS32 QinD SNT412 ) O IND|
1 IRCHILD st/ resss: oD ) AT/ AMSI o) 1D | FMS232/F Mst32 10q IF O
FAl FCIER ./ POIERY ) ; 7D L] RIS/ RS2 x| "D @ | FC7432/FCIN2  1DD{PD
Mom SNTL S32 P
G OMIR_S32 [0 OMSA3Z TOIND| (W] oMsaL32
Ns' DMSLL S32 [ OM74232 ) OND! OM74L32
PHILIPS NT4S32 -® NT&LS32 [0} N7432 [
sS4z F Ol s L)
SIGNETICS NI 532 AD) o F T O
.
SIEMENS FLHS31 [
FUJITSY : nLSR2 o
HITACH HO74L $32 PT H07432 [
b
MITSIB!SHI MSR_S32 PL
rEc LSRR C1T
TOSHIBA
Electrical Characteristics SNS4LS32/SN74LS32
sbsolute maximum ratings over operating free-air temperature range
Sweory wwisge, VGO ™ Gowrating Fev-ae [snsecs =W = ioc Schematics(each gate)
Ioout vestage v femoeratsy ravge { sniaLs T W we
S100g0 (sMOureiwe (ange ~$5T 19T
aperating 1000 1008
SNS4LSI2 SN74L532
1 (. . S .
N NOM__WAX | WN Wou _ wax | T
Suoery roragm. VOO 4% 3 5.5 o $ 10 v
Mg aver OuiDwt CurTent. 10N - 400 - 400 -t
Lowwver toul curvent, Loy 0 ] - .
Qperateg “eeraw tevoerature, Ty -t 12 0 “ <
electrical characteristics over recommended operating
free-air temperature range
PARAMETER TEST CONDITIONS 1 MIN TYP 3 MAX | UNIT
Vi High-avel nput voitage 2 v =2 cineunr
Vi Low-level input voltage c.3 v
V) Input clamp voltage VEC=MIN,  Ij==13ma -1.5 v
v MIN, V. .
Yom  Higheevel output voltage loc,.?:MAX b=y 2.1 3. v
VGO =MIN, Vi =V ¢
VoL Low-level output voitage ’OCLC‘ A Ly e 0.2 04| v
tngut current at
M maximum Iout  voltage | i ¥
[T%} Hign-level nput current Voo =MAX, Vig=21V 20 FL
™ Law-level input current VoexMAX, Vi =0.8V -0.4 | na
1s4Ls Famiy| =20 ~100 |
l0s  Shortcwowt outout cwrent & | Voo =MAX [Fecs Famm | —20 e =4
logm  Suooly current Veg =MAX Taral, outguts mgn 3. §.21 =a
Icgy,  Suoply currant Tatal, outouts low 43 3.5, ma
Average pergate
[}
cC Suopty current Ve =SV (50% auy cycle) i.Q na
Procagation delay lime, 5§ ‘$32 CIRCUIT
PLH low-10-tigh-level outout veco=5v. Ta=25C. ' o
Propagation deiay tme, Cy_=)150F, Ry =2Q H
tPHL hgh-t o4ow-lavel outpul 14 72: g yeo
Pin Assignment (Top View)
@ peuts .
3
Vc: @ M4 ey 38 F14
I ( 21 .I [._llﬂu LJ DL 8 _‘-'1
F P
$
lB x
‘LS32 CIRCUIT
positive logic: Resistor vawyes snown arg nomunal and n 3nM§
Y=A+8
TFor concions snown 83 MIN or MAX, use the 200roprals vawe under weraung

$Ad typical vaiues are st Voo =SV,
ONot more than one outout shouid be shorted at a time,

Ta=25C.
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54373,/ 74373  Octal D-Type Transparent Latches and Edge-Triggered Flip-Flops - - R

Schottky TTL High-Speed TTL Low-Power Schottky TTL . Standard TTL Low-Power T
Package Package Package Package P
Device Type Device Type Device Type Device Type Device Typei—
-[c]pmicF ci{PiMmicF clpimics clpmjcF clp
TL SNS45373 J @] SNSILSIT3 1 T o 3
* SNT745373 J DINC SNTLSITI J DN D’
FAIRCHILD -
el
MOTOROLA X
. EE o
NS.C g =
v
PHILIPS d
SIGNETICS = 1
¥
SIEMENS
! . E
FUJITSU ad i
HITACH! | T
pts 5
]
MITSUBISHI :
NEC + |
b
TOSHIBA ‘ ! I : G
] T ! i ! 0 r"
Electrical Characteristics SNS4LS373/SN74LS373 % . . T
Pin Assignments (Top View) il §
absolute maximum ratings over operating free-air temperature range '“"_"."i
Sucoly voitage, Veo V| Operatng tree-aw [ Snsas| -$5T w0 125C R NS N S S e TR T T :’3
Inout voltage TV | temderature range [snrecs 0T to 70T m" welimijwijuajiniin VamnIte  rAITUm o
S10rag¢ tamderature range ~-§5T ta 1S0C i ':{
T ta Mty lu‘ﬂ;:" ':T'-l"
recommend operating conditions -~ - g
o [T | mand [
N - | comrace [} e
SNS4LSI7I SN74LS373 T mm m__: o e 2 - -
MIN  NOM MAX | MIN NOM MAX L H |- TS PR .
Suooly vortage Voo a5 s ss|egs S sas| v S LS O Lo i N
] t ” aliafleflofla(l2f[of(sf]® ow s ol e
H:gn-iavel outout current. fom -1 ~2.6] mA e B T A TR TR ] “
Mign-igvel outoul vortage. VoM 5.5 .51 v Y7 \ -
SNS4LSI?3 (N SNT4LSITI UL N s un
. [ Clock eraoie mgn| 15 15 . TRANIPARINT LAICHIS .
Puise wiih, ty [Cioox enavie mgn| 15 S L SNS4S373 1) SN74S373 13, N) B
Seotwo tme, LSUTUP 0. G. ny
HOIQ 'wne. thowy 13 . 19, ns
Qgerating frav-ar tempsrature, Ta -5 125 ] 70| © '.“.;‘ﬂ"t't::c"“ -
electrical characteristics over recommended operating free-air s
temperature rangs (unless otherwise noted) . }
PARAMETER TEST CONDITIONST |MIN TYP$ MAX [UNIT . g:;‘;;;——4>-—-1 ,:'
Vim  Mn-level mout veltage F 2 v -
Vi, Lewetevel input voltage 3.5 v It *
Vig Input clamp vGllage VoG =MIN, §y=—i8ma -1.5 v P 2 ~
Vo= = 59 2
VoW Hign-lavel output voltage CC =MIN. Viy=2v. 2.4 3 v . o
Vi =V onan loy mMAX "
veoeve. | © . .
VoL  Lowelevel oulut voltage Vin ®2v. = gL *24mA .35 0.5} Vv & - -
Vi =V ma | a ] :‘
Qtt-state outwut current, VCG =MAK, Vi -2V o et
N I "
1024 cheavel voltage acplied vgna. 20 - : T
, Oft-state oulbut Cwrent, Yog TMAX, Vg2V » - I a o a -
04L  jgu-ievel voltage 3pohag Vg =0.4v “ o %
" Input currant 3t Vee aMAX. VATV ) 21| ma 40— i ° L Y
Maumum «out voitage i & (9 o
™ Highmvel inpul Current VEg =MAX. V=0TV - 20| up g «
™ Low-level ingut current Voo =Max. v =3.3v —0.4] ma nn S
lgg ___Shortcicurt outout current § | VCC =MAL | ~30 -13| ma e . 1
VGG =MAK. o = s L, : 3
'cc  Suooly current Outout comral at 13Y * C s
{14 -
. . st . o
switching characteristics. Vcg=5V. To=25C & 1 ..
(s =
PARAMETER FROM o i TEST CONDITIONS MIN TYP MAX | UNIT a « =
(INPUT) | (OUTRUT) L
i L F
'max MHZ *de g
LI 12 13 ] L ra ’ ¢
Dara Any Q s — &
PHy CL =450F, Ry =6870 218 m R
L Closx ot | oy 0 S:GN tead L] © ° '
Py enacie Y ores 18 30 * [ ) .
(pzH Outout o 1 I a s
7L Control v 2 6 m‘:“ﬁD;. N
- Ty
1PmZ Qutput Any Q | Cy_=5%F, | =661Q 12 20 s
[ XW4 Cont-al | See Note 3 15 23
? For conditions snown a3 MIN or MAX, use the 200r00r1ate value 30eCihed uncer recommended NOTES. 2. Mammum clock frequency 18 tasiec with all outputs 'Qeded. -
operaung conditions. N 3. See icad crcuits and waveforms on paae 3-11.
$att typcar vawes are at Voo uSV. Ty =25T. fmax Emaxmum clock: ‘requency .
§Not more than one outdut snould be shorted 3t 3 time and dwaton of INO short circuil should P H Mpropayaton detay Lime, loweta-mgn-level outpul
nOt yxcesd one socond. 1P, AXONEGRTON Ceiay 1vne, High=10-l0w-level Sutdul
. 1P Z)4 Moulpul enadie hime to Ngn level
N tpZL BOutput enasie lime (0 low levet .

tpMZ Toulout disadie time from mgh tevel
1P Z ¥outpul disadie Ume from low level
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54374/74374 Octal D-Type Transparent Latches and Edge-Triggered F‘l%p-F‘lops

Schottky TTL High- Speed TTL Low-Pawer Schottky TTL Standard TTL i Low-Power TTL

Ex ce T *.Package | Package
Device Type CclPIMICE

Package Packags

Device Typa(——lrgr——— Device Type TP ImMIcF Devics Type CTeIMIcF Device Type

Packag

Ci{PIM

Y
}‘,/, SNSASITE 30 |

SN54L SIT4

e

SN SIT4

J N

:
]

1l SNT4S3T4 1N T
. |

[
[
3 ]
1)
1
|

WTSUBISH! -

I I

NEC !

! |

— i
TOSHIBA —

Electrical Characteristics SN54LS374/SN74LS374

e

absolute maximum ratings over operating free-air tempersture range

Suooly vollege. Vo TV | Qoeranng lrce-aw [ snsaLs -$5C 30 125T

pm—— : T

Ingut voilage I\ | temoerature cange SNTAS acT = 16T
: Slorage tempuraiure fange -85TC 13 *SOT

recommend operating conditions

SNS4LS374 | SNT4LS3TA | o
MIN NOM MAX . MIN NOM MAX
Suopiy vartage Voo 4.5 S €5 475 § 5.29 o
Magh-vat OULDUL voitage. VoH ~-£30 -30 uad
Agh-evel JLtdut Current. 1oM 16 § ~a
Mgin of stock =nadung Julse, Ty [ngn L L] s
[tow 1S 15
Ju1a noid 1 me. legig L, 0 2° 3
Setuo me. lgerup IBEE 20 T oas
Doaratng frea-aw Jemoerature. T | =58 125 ) Y T
electrical characteristics over recommended oparating free-air
temperature range (uniess otherwise notad)
PARAMETER ! TEST CONOITIONS $ [ MIN TYPE MAX UNIT
Vi Higneavet input valtage } - 2 v
i\ Lowe-iavel nput voitige ] ! 31 v
Vik  Inout c'amp voltage [VCC=MIN. 1y= ~ibma 1 -1 v
Vou  Hign-tevet Jutdul voltage Veg =MIN. Vi =ty HEPIPR o v
P vy =V max. 1gy =MAX
VGG =MIN. |
Voo Lowe-tevel cutoul voitage Vi =2V, Ig =2ma .35 a3 v
Vi =V mas i
Qtt-gtate outpul current. VEg wMAX, Vg =2V, v
‘ozn R ign-levei voitage aopiied vo =WV } 0 Nl
Otf-state output Surrent, VeG wMAX Vi 22V,
'az. gw-levet voitage apghed Vg 0.4V ki
I. input current at VCC-MAl' V‘ 21V a : o
maximum input voitage N
iy Mign-reval nout Current TVCe =MAXT vV =2.IV W 0 uA
I Low-tevel 'nput_current Vee =MAK, Vi =G0 i —04_ ™A
los Snort-cweut outpul current § VG *MAX -3 -.130  TmA
: Vce “Max, I
CC  Suooly cureent Output control at 4.4V l‘-537“x u “ i na

switching characteristics. VCC=5V. TA=25C

Pin Assignment (Top View)
[0)

. = ®
ﬂllll"l

e Y

&@m Ea

T

e
o

SNS4LS374 {3} SNTALSI74 (J, N)

SNS4§374 {0 SNT43374 (3, NI
‘LST74, ‘STT4
FUNCTION TABLE
ouTPUT
ocX O | ouTPuT
CONTROL Sv
L t H H
L t t L
L L X Qg
H X X 4

T | 1
PARAMETER ! (m:n’) | (OUT:UT) TEST CONOITIONS |Mm TYP MAX UNIT -
| _Imax ' 35 L] | Mm2
I | H .
ﬁ%— oaa Any O 1 : .
y S Cp =450F. A =6870, —_—
A Notes 2 saa )
[ o ‘X&L anadle ! ny G | See Notes 2 & -———-—A—-—“ ™
1 .
{J Outout a0y O 2 n_
- Control ] 2
tp =5gF, Ry =&87Q. 1
‘.r Qutput Ay @ Cy, =5 e 2 [l s .\
b4 Control Ses Note ] 14 -]

tFor CONMTONS SNOwn &8 MIN of MAX, use the approoriate vaiue specibed uNOer reCOMMendes
Soeraung conditions.

$AU typcas values are 8t VGG =SV Ta=25T.

$Not mare Man one output snould be Shortad at a bime and Gualion Of the 3ROt Cwcwt snouid
3t esceed one second.

NOTES: 2. Maumum clock frequency 18 lusted win ail cutouts icaded.
3. Ses losd Cirguits and wavelforms on page 3t
tmas WMmazimum CxCK trequency
tp_H Soropsgation cm' time, low-to-mgh-lavel ocutput
(PRI ®rO0acaton Gelay time, MigR-to-low-ievel outout
1P ZH Soutout snavie tite (0 Pagh level
TP 2L Boutput enadle tims (o low ievel
P12 Woutdut dizable lime from fugn level
19 2 Boutput Gisstie ime from fow lsvel




5476 /7476

Dual J-K Master-Slave Flip-Flop with Preset and Clear

Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
. Package Package Package . Package .| .Package
Device Type Device T Device Type F Device Type Davice Type
C|P|M|CF] yp.C:PMCF C|P{M|CF] C|{P|M|CF] CiP|M|CF
—l SNS4HIE 10 W] SNSEL S8 3D Wt SNS4TE 12 WD
T.l. SNTEMTS $DIND SNTaLS76 1D IMD SN7478 J DIND
by AIRCHILD FMSAH 16/F MIHTSICD) F @ FMS476/F MINTE [0 F D
ac F FCIMI8/FCINTE 0D] 7D F O . FCTLIE/FCINTE DD (P! F O
a—
MOTOROLA MCT476 D .
N.S c OMS4r 76 JOIND OMSILS 16 Ky OMS478 Holo] WO
. OM 74MTE J OIND DM7I2L S 76 D OM 7476 - OING
mLPS NTEH I8 El NI&R_S1§ T F13t81/7478 (]
SIGNETICS S34r76 8D SNS4T6 FDBD W]
NT4HT6 80 NIALST6 A T SNT4§ FO D .
SIEMENS ; FLI3 T
FUNTSU
HITACH! HD73L. S5 P 1 HO7476 / HD2516 TP
!
MITSUBISHI T VIFRT = -
i
NEC 7 LPBR oD lcT
[ [ !
TOSHIBA | T 7T ° TO416 X T
Electrical Characteristics SNS4ALS76 SN74LS76 .
abaaiute maniem FAUNEE Gver SPSrAURE Iree- o Laroereturs sang - Pin Assignment (Top View)
Swasny voreme VoL ™ Qowarng weeer 1 SNSLS -$T m aze * ’
[yvargmve— iy trvowanae e [Ty < 0 M
$10 oo “emomatnrs omuw ~45C e 19T
SNSaLS78 SNTaLST8
wer
L.l O AR | b L Max
Soery roime VGG (%] Al 5 [l ) ] N .
Sracs GBS 10 ~w00 | -0 pry
et auiowl CUTEM 1 t 3 -a
Ao cam 1, Soer 2an 0 0 N
et > Cwer e 2 ks
mgnedee s 0. 2.
ot W tome. fme
Lrace,r a2 0. M. 4
il 2. ] o Fuaction Tables (seenNaote 2)
Oreratng “es-ges (amomrsluie Ty i31] " 3 hd o
. s . Wre
electrical characteristics over recommended operating 157
free-air temperature range w1y W”";’ — Xanirs SUTRUTS
PUCSLT CLEAR QLOCX axas oot J K| @
PARAMETER « TEST CONDITIONS *  TMIN TYP I MAX | UNIT = = e s e & P ) :
Vi rgheigvel inout voltage T 2 v " % x PR u v x x x| ¢ u
Vi Low-iavet nput voltage [ [ ] v L i1 r‘L I X{M® ue [N L X I X M e
-~ ~ " " L oL 0 8§ L) » 1} L L] 3, &,
M input clamo voltage VOC=MIN, = ;'mﬂ i 1.5 v s < n WS L' > o h P _: :
. . VEC *MIN, V=2V, ! ) " » no [RY B L] L] ] 1 Lo oL L]
VOm  Hgn-level outaut voitage Vi =08V, Igu = MAX P2 3 v " " N w w{ roaoee " " i » W[ resove
" » " X x| Qy §
N a2v s Ge
VoL  Low-evel outout voitage VEC TMIN. Vi =2V, 825 o4af v
Yy =08V, ig mema { . y
— Functional Block Diagrams
1oLt cureant a1 C———J e ) L6 304 Su
o3 L
y maumum nout -ﬁ—’——-& vgg Mak v, W : :'; -2 — p——e » = !
r2yer i 23 \ - 3 4
.itace = ; o < ”'_“(ED-——— e b . L s
0.1.x, L 20 f I 1 :J:—':.,
. Hign-aver Ciear vee evax. SR 0 | A f—/—"(‘—- H . ! i A
= E
™ nout Current Preset cc V=2l 0] + a— 4 p P‘l L,_:._a |
Crocx 50 e Y 1
= Y e L
0.1K. -0.1 \ : } B e
Low-evat Clear . -0.3 § ]
' v MAX, V=04 i [ E
"~ ‘DUt current Praset ¢c= ! v -0.8 L -— i . } ]
T i J
oo . 0.8 o— e
Snort-circut TSaniesser, 3 20 0a . ! >
1 ’—' Mk =mMax ~ ll can a0 mmgseT . - f -
95 ot curren: o Seresrans| '€ -2 el ™ T ut e am wo pouser His= o
'SC Suaply Current(Average osr Mho-tco Voo =MAX, See Note ! [} 8 —ma ~ ‘% in} M
*mac manmum clock fraquency Voo =Sy, 30 45 Mz e
* = 25" LTS -QUAL S K WiTH CLEAR AINO PRESET
PLH | rom ciear sraset or ainc Ta ZSCT 1§ [
- (as avoroorate) 10 Q v 3 G =i5F. 3 NOTES: + Wah alt outputs 09en, I3C 13 measuwred wih the Q and ) oitputs hign e twen.
-1 AL = 2w s 20 At "™t Ume Of measurement, he CIOCK MPUt 1S groundsd.
2 H=ngn level (steady state), L =iowlevel (3isate), X =irreiwvaint
L mtransition from high 10 igw level
JL=mgneevel puise: GATE 1NOUtS Should be heid constant while cluk 13 mgh;
aata 19 transtemed (O QUIDUL On the talhng edge of he pulse.
Qomthe iavei of Q before ihe nput wers esti
TOGGLE ‘Eacn output changes ta the complement of 1tS Dre vious lovel on each
active transiton (pulse) of the clock,
« Thig conhguration 13 nonstadie; that s, it wil not per:st whan prasst and
ctear inputs return to thewr snactive {MGn) levei .
tFor CONILoNs Shown 33 MIN or MA X, use the 30pr0prate valus soecified under operanng .

34 typicat vatues are at Voo =SV, Ta=25C.

*Not more (nan ane ouldut 3nouid De shorted at a time.

*1PL M Mprooagation delsy time, low-to-nign-level outoul.
PHy delay time, tgn-to output.

§ 7iThe arrow indicatas the ecge of the clock puise used for reference: ! for the nang edge, b for the faing edge.




5486/ 7486 Quadrwle 2-Input Exclusive-OR Gate

Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
3 Package N Package R Package K Package A Package
T ice T o] T D T
Device TYpe [ CTRTMIcH O™ T¢I oo wicH © YPo [T Mcr] oV TYPeIcTRTmIcH 2oV TPeicTe MICH;
T SN$4586 T W SNS4LSES To W(T{ SNSaas J W(T{ SNS&_8§ QING T ¥
Jd. SNT4S 88 DTNy SNT4S2s L TN 7486 JDIND) SNTLES JONATE  F
F, LD FWSASHS,/ FusSes ) (1) P/ TR St of FO | FMS296/F MIN 8¢ [ 4
AIRCH RCT4E08 / Feyag Q[T L) ] [FOIFCIe/FCINEs  |OIPOY 2
MOTOROLA SNILSES P-1) MC 7426 P D . ¥
NSC DMS4LSE6 PV OMsasg SOINT] WO OMSitss M (DN £
OM 14588 NG| OM74L 586 Py OM7446 JOND OM7L_ss D QN FOy,
. 4
PHUPS NT4586 1 N7 S8 0 FIH211/T486 3
S Ssads O Wl -
SIGNETICS 015t NT4LS 88 AL N71U4s FOIAD E
&
SIEMENS e @ 02
FUJITSU 4L S 36 T MBa19 DM :
HTACH NDTeS 28 CPE HOT4L 526 Py HOD7436/H02526 | TP
MSUBISH . MT4LS 36 P 1) M$3288 PP
NeC T4 586 C 1 ~PB2086 0@ ‘
4
TOSHBA : i TOYa36 5 1]

Electrical Characteristics SNS4LS86/SN74L586

absolute maximum ratirgs over operatirng free-air temperature range

Suoply voitage. Vo

v Operating free-air

tnput voitage

™

1 sasaLs

—~55°C to 125°C

smoerature range [ SN741S

TJC o 10°C

Storage temperaiure range

—=§5°C to 150°C

recommended operating conditions

1 SNS4LSB6__ | SN74LSBE [
{WIN_NOM_MAX | MiN NOM MAX + 4T
Suooly voltaga, VCo | as S  5.5{4.7% § s.25) V
High-lavel output current, gy : — 800 — %00 wA
Low-laval output cwrrent. ig B 4 3 mA
A
Oparating free-wr tomcerature, T4 —~5§ 128 o 01 ¢ I 18 vog 24 v
. - = A pomtive loge: Y= A (D8 = X8 + A5
electrical characterisics over recommended oparatirg free-air temperature rarge @
SN74LS86 Fi i
PARAMETER TEST CONDITIONS T unction Tabl
ETE ' MIN TYPT MAX N e
Vir High-level nput voltage 2 v
VL Lowiavel wnout voltage 0.3 v INPUTS | outeuT
Vi Inout clamp voitage Vo =Wy Iy = = 1374 =15 v 2 S Y
L L
VEg =MING Vg a2y
N/ High-iaval output voitage cc L
Von gh g Vie aVe wac o a—doua | 27 34 v L M M
H L M
Vot Low-level cutput voltage VEg =VING 1oL =4ma 0.25 0.8 M H L
fnput current 31 maximum inpur] Vin =2y v
Lt voltag ViL =Vi mas [1g =8ma 0.35 0.5
'™ Higreieval tnput Zurrent Voo =Max viwv 0.2| ma H = tgnuavel L = Low-evat
[ Low-ieval inout current Voo =Mac, Vi=2.1v 40! uA
M3 4 =
'os Shoet-crrcuit outout current o Jog =YX, V) =0.8v 9.41 ma
Voo =\Max -5 -] na
lce Supply current Voo cMAL.  See Note 2 6.} 0} ma
; 7 v,
P~ | from A or Bio‘w 1nut low CC=§ 12 23] as
tONL | 1nput Ta=25C. 0 171 s
A BT [ F, as
i lo'l‘ov nput hgh Lt d £l
1PHL | tnput R =2 13 22| ns

Pin Assignments (Top View)

@

@

gl

@

VCC 49 2 4y 3¢ 38
NEmSmememenin.

positive logic: Y = A(D 8 = X8 + AB

dA av 38
16f1isgj2 [H_”l_ﬂ-! 3
l

IJ

8

==

PR T i

0

e

w18y

4
2

§
24

pomtive loge: Y= A(D 8 « A8 + AR

[l

® GO NOTE [ IcC 18 measwed wih the inputs grounded and the outputs open

! For conditions shown 23 MN o MAX use the apor

valug

3 Al typical valves ara at YOgwSV, TAm25°C .

© Mot more than one output should be shorted atr 2 pme,

® IPLH = Propagation delay time, low=to-high-level outpet
IPHL ~ oropaganon dolay tme, high- to- low-level ouput

under

for the type.
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54154 /74154  4-Line-to- |6-Line Decoder /Demultiplexer .
Schottky TLL High- Speed TTL Low-Power Schottky TTL Standerd TTL Low-Power TTL ..
Package Package . Package Package P ackage’
Device Type Device Type Device Type |~ Device Type Device Type
. C|P|MI[CF] C |P [M[CF] .C| P |MI[CF] C|P{M[CF] C|P[Mic
Tl . SNS4IS4 o WD} SNS4LI54 4T
e SN74154 3 DIND SNT4L IS4 J CIND *
D o]
FAIRCHILD FoTust o) | D
&
MOTOROLA SNTaIs4 PO R
N s c QMSILS 154 T OMS4158 4D FD] OMS4L 1544 OQIND! I
S OMT4LS 154 D OM74154 J DIND! FD] DMTEL 1S4A ODIND. 3
PHILIPS NT4LSIS4 D N74154 - F
[ S54154 FOINO! QWY - -
SIGNETICS 1 5 NT4ISE IND
[ !
SIEMENS I T XTI o)
i
FUNTSU 7
1 | 1
HITACHI T T HOTALS 158 » PO T HOTISE/H0RSE0 T QP
| b
MITSUBISHI : : — =
[ ) -
NEC 1 [ uPB21s4 0T
1
TOSHIBA - ] [ ¢
ot ! P
Electrical Characteristics SN54154,/SN74 154 2 :*
- Function Table
absolute maximum ratings over operating free-air temperature range 154, ‘L1154 :
Supply weltage. Voo [, Operatung froe-ar SNS4*) -55T 10 125T IWS QrruTs
Input_voitage 3 5V | teroerature range SNT& 0T o 70T GIOF DG A 9! 234356789 101112131418
'Stcﬂgulmwll'ﬂarm i ~=85C to I1S0T [y " LM KM HNANHANNHHHK NN
Lt e M LM M MMM HH N M NMHHN
recommended operating conditions L Lo M H LU HHHHNNHNHRHNNNHN
Ly L LM~ MoK ML M H N MM H M NN N NN
i__SNS4184 |  SN741Sa Tumr LK T R ATy MMM LM MR e e e e
T { N - LU n NNN“NLN.MNNHNNNNN
| MIN NOM  MAX "MIN NOM MAX v L e e a nuuunNLuuknnnnnnl
Suoply voitage, Vo i LS S S5 415 S 525, v L R R SN (A SRR
Hign-lever output current ‘om { —800 ~300) wA > .3 ~LLL L I R R I I I
T b L v L UL~ l"'kk"d’llﬂLl‘lﬂ“H”N
Low-lavel outbut current, 1cy { 16 i5' mA L e MM MR e KR L NN
Ooerating !raa-arr temoarature. T s | -55 1% ¢ 0T L -~ L o MM MMM N M NN HL NN
electrical characteristics over recommended operating Oy A N el b ol I
free- air temperature range T T S B I R R R R AR A
LU ko oeom H MM MMM HK R M N NH RN
PARMETER + TEST CONDITIONS t | MIN TYPG MAX  UNIT 3 PN 1 Lt O
Vin M gn-'evel nput_voitage ; U v hg%tltl MMM KA MR M HNHHNNHNN
Ve Low e 1ol 0itage i L gdi Vv LI S ) Nnnnununnnnuunun;
\l Ifout clamp voltage VSG =MIN, e =12mA -5 v F o Mgn aves, L Viow leves, X = crerevent
e L VEg =MIN, V=2V, i : A
VoW  Fgr-‘evel outout voitage v oV, tgp=-gt0ea ¢ 231 v Functional 8lock Diagram
) VGC=MIN,  Vin=2v. 7 v N
Ve -t
0L  Low-iavel vutout voltage Iy =0 8v 1o = l6ma 02 o ‘f v s = 0
Inoul cureant ar maxsmum ! fl a o 2
' v A%, 5 Sv ’ !
! nout voltaye | COSMAX. Vizs § l } - 5
U4 Mugneieval nout current TVGoC =MAX, Vy=2 4V W0 uA & ;: o — 2
[ Low-lavel «nput currant ' Voe =MAX, V=0 4v | ~1 Ry ma G2 “\
' A - o iveg =max SELE =55 ma !
0s Or = CILCUtt QutDut Current yveg =N . W-l! T3] i m s 5\ .
A
Vg = VAKX [Snse ) A—D—@ )
166 Susly cunan S30 Notw S W ™ i g
trom A, 8. C. or O inputs 2 J 22 8 T
PLH T inrough 3 lavers of logic LN T NPUT a—-D—-[{>5 §
trom A, 8, C, or D inputs vee =5, Pa=2T . . U
22 3
(PHL through 3 iavers of logic ;CL=1SoF, Ry =400Q . i o2t c UrPUTS
IPLH | frem atner strode nput [ 20 30  os < F— LU :
'PH_| from einer strobe mout R 18 27§ a b e,
- Pin Assignment (Top View) oﬁb—]—:&g o
wPUTS ourauTs 0 10
vee A . NG .
@ imug Em nL{;?tIv..l 5-—:}.{-_.1_7.1.'.71_ 13— [ "
=
JANERERENENE e
4 3 C 0 G Gt 8 "4 43 a2 ! S oo
Iy = H .
if ] i nei
! P23 4 s s 1 8 3 { .
VT T 17 3 - A 12,
W LI LI TS P
Rttty Oy tig gDy Bl
— ooburs  ano 154, 'L154 4-ULINE-TO- 16-LINE OECODER,” DEMUL TIPLEXER
Positwe QI * e funcrion tavke NOTE: 10G 18 measwred with all wputs grounded end all outputs open.
1 For conditions shown as MIN or MAX, use the valve under " tor the type.

$AI typodl values are at Voo=5V, To=25T,

*Not more than one output should be thortea at a time.

© 1P Wpropagaton geiay low=10-vgn-level output
'PHL Wpropaganon seiay nme. highe to-fowelevet output

-e

(PR T



54393/74393

Dual 4-8it Binary Counter

Schottky TTL High- Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
: Package Package Package . Package . Package
Device Device Device Device T Device Type
TvPe e MG TP TP MG TYPe TR TmIc 22 P CTPIMe clP M|
1 . SNS4L 8393 JO WX SNS4393 870]
T.L SN7at. $39) J OIND SNT4I93 JEND
FAIRCHILD
MOTOROLA
N.S. C. <
PHILIPS
SIGNETICS
SIEMENS ; |
FUJITSU . — —
Il [N [ | !
HITACHI ; - e ,
MITSUBISHI ! L i i i [ ]
1 7 7 Jwmcsas {pmy T T 1
b ] [ i [ [
NEC T 5 T T 7 T
[ - ! Pt ' ! |
TOSHIBA — ] FivawL 7
Electrical Characteristics SN54L.S393/SN74L5393 Pin Assignment (Top View)
absolute maximum ratings over operating free-air temperatyre range 2 OUT/PETS - .
Susary vorage, Veo ™| Oderaung Iree-ar |_SNsis | —33C 10 125C vee 2a cueam 7204 208 20c 20p°
nout voitage v (amperature rangs I SnnLs ) 0T 12 10T
Storage temoerature cange f —§5T 1 125T @
recommended aperating conditions L Qg  G. Qo
CLEAR A
SNS4LS390 SN74L5390 T N
MIN  NOM "MAX MIN NOM MAX
Suooiy caltage. Voo 05 s 5.5, 475§ 5.25 v
Hgn-avet cudut current, oM ( 4C0 ¢ -400° A
Low-8ve sutput current. lg ' ] 3 ma
Count . A ngut Q 25 8 28 Mz \va
ot el T 0 0 0 20 M
A inout Migh o low 20 HEL] ['__'CLOE:R ag oc Qo
Puise matr. t,, 8 wout mgh or 0w 1 25 ‘2 ) T K T L
Claar mign S ) ! 1 2 3 4 5 6 7
Ciodr ractve-state setuo tme, lsatug [ 2. ' ns
| Opearatng ~ee-sw tamoerature, Ty | <55 1251 0 LK 1A CLE‘AN \Joa m‘V 9¢ 19, ono
electrical characteristics over fecommended operating ouTPUTS
frae-air temperature range positive logic: Hign input to clear resets all four
PARAMETER » ] TEST CONDITIONS t [MIN TYP§ wax  omiT outours low
Ve Wegn-evet wout vortage | ] Y, i i
Vi ~3w-ievel mout vaitage T 3 v Function Table Functional Block Diagram
M1 "oul SAMO voitage Vo =MIN, = -(3ma -1.5 v
. VeCmMNT Vigazr, 7 COUNT SEQUENCE 04 Ll ourTsur
¥Oor  Megn-eval outnut vottage Vi =0.8v., gue-wous | P73 LY (EACH COUNTER) weyr 4 L0 be o
N VEC=MIN, V=2V, i
VoL L3w-avel output vollage . i =0.3v, toL = dma ! 31 as 4 maA COUNT QUTFUT ciean
inout curent ar | Clear | VEC =MAX. V) =7V [ 01! Qb Q¢ Q8 QA
1] MAIuTLM Aot Irout A T SMAX, V=S 3V I 0.2t A ko) ; L L L L
0taze Towr @ | (CCT - Vi=s3 . o4 I jL L LK ag Jpra20 cuteur
Slear ! 2 2 'L L H L e
\ p——— 'y
1M« gn-aver nput current | A Vog=Max, vi=siav, ) 100] ma 3 LLHBH
8 o 100 * i
Clear i .47 4 L H L L CLEAR
W, Low-evel mout currant | 4 Voo =MAX, vim2 1V -1 8] mA 5 | L HUH
. — e 1
8 ! “2.4 ] L HH L ..
s 1 L9 outeuT
‘os Snort-cwcust gutout curent & vVeo=MAX l[ :::: l‘ :: ::: ma 7 Il L HHH . L, % Q¢
h - o
l'eC __Swooiv curremt Voo =MAX, See Note 1 7 s % ma g : t t :
§ ¢ CLEAR
tmax A 0 s 2535 "MM; 1
. } tromr to output Qa Veg 1§V, ' - ___zo : : IO : : :: : :
LH Ta =25C, —
(o = 1om 4 10 cutpur 04 A ER M 12 {H AL L . oo frsim ourru
LY Co +150F, N T , - Gg
™ from A to output  Qp Ry = 2 —_— e 13 ]H HLH v
" o & 14 |H H H L
[-1PHY,_ ' from Cloar 10 Any output | ! 2 33! ns 15 [H H H H . cLEAR
CLEAR
Cutan 12 mD
*393 DUAL 4-8IT BINARY COUNTER
NOTE: 1CC 3 measuwred with all Quipuls open, both clear inputs giowded following momentary .
Comnaction to 4.5V, and ait other nputs grounded
e ——

i The artow wochcates that the falling odge of the clock puise 13 used lor rafersnce.
¢ Imax @ maximum count frecuency IPHY_ % propagation delay time. hghe to- iow-lavel output

IPLH ®propagation delay time, Iw-u;-ha‘h-lcvol output
1 The O outputs of the * 390 ars tonted a1 lgL +18 A pius the fimt valve for I, for the B mput.

Thus permits driving the B input whie mantaivng full lan-out capatuiity,

For condtions shown a8 MIN or MAX, use the approonate value soecified under op:
3 A% typical values are a1 VoG s 5V, T 225T
® Not more than one output should be shorted at a time.
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54164,/T4164  8-Parallel-Out Serial Shift Register

I VR

Schottky TTL High-Soeed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Package ’ - Package Package - Package Package
Device Type Device T Device Type Device Type Device Type -
YP® ICTPIMIcH YPe [cTPmicH P (TP micH e ICTPIMcH CIPIMICH
T | SNSILSI6a D w| SNSa164 I [wE{ SNsaL 164 3 QN |TD
i . SNILS I ) JOINC] | [snraLie ICINTITD
rusasine/ emsieds | o FO| FMS4164/F M93164{0D
FAIRCHILD - woasiu/ s 190 |»D| | KD| FCT4164/FCI3184 [ODIPD
MOTOROLA f SNTLSI64 PP MC78164 P Q!
NS.C ] DML 5164 @ . OMSaL 164 3 DT
T OMS4L S 184 Q OM74158 ND} OML 164 JDING
- {
PHILIPS i NJILS184 [} Ntise [0)
| | S54184 FTIAD| W
SIGNETICS | NTALS 164 A} NT4Ied FOIAD
i t
SIEMENS : FLIaAt [0)
!
FUJITSU 7 T Si6e MOl
1 | !
HITACH | HOTALS 164 ] HOT4184 TIPO |
)
| t
MITSUBISHI | t MT4L 5164 POl M$3384 PD |
! | ] - I
NeC ! | Jamnes CO! 4PB2164 oD |
! ! y o
TOSHIBA T T TDIS03A T i :
| N | 1 T 11
AMD I ST I T 1
Elactrical Characteristics SNS4L.S164/SN74LS 164 Function Table
absolute maximum ratings over ocperating free-air tamperature range "164.°LS164.°L.164 (see Nots 2)
i
Suooly voitage, Voo TV Qoerating Meeaw | SNSI'| —55C to_125C | INPUTS T ouTPUTS
Ingut voltage w temperature range | SNTL° | 0C tw J0°C CLEAS|ICLOCK ., A 8 QA Q8 - QH
Storage temosratse range | ~&'C to 150°C L X X X [N . L
recommended operating conditions P T x x (0ag Q@e Owo
[ _SNsaLsiga | sn7aLsisa L H " tHHIH Qi QG
TMIN_NOM_MAX [ MIN NOM MAX = [ I P x L Oan Oga
Suooly valtaeg, Voo a5 S ssiars 5 8251 WS F j XL L Qan Qe
Higndevet outtut currant, Igr -4 —400! ud
Low-level outdut current, 1oL B . ma Functional Block Diagram
Cocn_frequency. foiock 0 D 25 MRz aree 20—
Width of clock or Clear Inpul oulse, t,, 20 20 i s e - | OV (N PR (T S
Qata setuo time. tegrup 5 15 ! oas
Data notd teme. thorg s s I "...."::{: ]
Qoerating free-ar tomoarature. T, -35 12 0 0 ¢
slectrical characteristics over recommended operating
froe-air temperature range
PARAMETER TEST CONOITIONS *  [MIN TYP T MAX' UNIT | « MR Gurmit  ureuT  outewr  auresr  sureut  aurst  ureut
Vi Mign-evel mout voitage |2 T v b o * % * hd “ -
""& Low-evel nput voltage 3 08 v T LSIH, LI ST SARALLEL-OUT SeFT REGISTER
vy Ingut clamp vaitage. VEn=MIN, 1) m—igmaA ] =05 Y
VEo=MIN, V=2V, typicai clear, shift, end clear sequencas
VoM Mwgh-evel outout voltage 2.7 33 v
Vig =0.8V, Ign= —400u3 nn-""Ll
VoL  Low-evel outout voitage YECmMIN. Vs = 2V, 015 0.5 V - -
Vi =0.8V, gy =ima 3 swaor , L~ L
,‘ tnout current maximum v Ny G2 .5 “\ H [
! wout voltage cc . " Y 2 * N
Tt Figheevel rout current Ve =MAX. Vi=2.1v ] 20! 2 s LU LA UL UTUL
Iy, Low<evel nput current Ve =MAX, V| =0.4v ] gafi ma (,‘“"“l | |
{ SAS4.3 ~ 20 100 —-.
1LY Shortcircuit output current @ | Voo ®MAX Foss —2 0 57 ol ma - | | e U e I
Voo =MAX, 2 ——
1cc  Sueply current ss'ocNo:u ) e 6 271 mA ‘e_' J | S s I S
Tmax  Wammum clock frequendy N— Comier P LLIE [ gl | T e T
P, ’fmq‘(loﬂ al ay (ime, -il@h'(O’Qw Ta=25C . _ . 3'.-_:!; r_Lm
L iovel Qoutouts from clear inout a‘-z-u. CL=tso® S B —— -
tpLn Prooagation delay ime, low<0nign. L o= t%oF ] S X { lﬁh
. ' 17 27| " —- .
tavel Q mutpyts from clock npul . . 1
Procagation ceiay time, Righ-to-iow
"PHL |y 0 OUIBUIS trom closk input CL=ise” E LU L~ 1 [
Pin Assignment (Top View) — ..!.. - ,L.
e =T S autaacyace
® inioloininin
T T i I T | NOTES : 1. 10 19 measured with outputs ooen, seral inouts grounded, and a momentary .
= A = e | ground, thee 4.5V, apolied to clear. *
R o 2. H =high level (steady state). L= Lowlevel (sioady state)
r X =weelevant (any input, ncluding transitions)
P lese = 2 o ! =tranginon from low to high level.
T Qao, @20, OHO™the level of Ga Qg or Qp, ressecuvsly, before the
ROt ‘ o""'“"; Steady-state (nout Condions were estabnsned,
. ‘ e LI An, OGn =the level of Qx4 of OG petore the mostacent | tranmition of :
pesitive logia: sco function tadle ”.‘:4:” "'—:_‘#r ka the Jlock; INGICAtes & one-dit swit,
TFor conditions shown st MINor MAX. use the aporiate veis foq under ¢ ooerating for the device type.

$An typcal vales are st Vogm SV, To=28C.
®Not mors then two outouts should be shorted at a Lime.

.
%




54165,/74165 Parallel-Load S-Bit Shift Register

Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL -
Package Package Package -, Package P
Devics Type Device Type Device Type Device Type Device Type
e rCTPIMIcH P [eTRTmIcH c[P[MIcF c[PImcH - c[PIMc
T.i SNS4L S 165 o) SNS418s 4D WO .
e SNT4L S185 JOINDX SNT4IES 3 D[N i
F MS4165/F M93165 JOD
FAIRCHILD FCT4165/F C33165 [DD|PD
'MOTOROLA MCTA168 PO ; N
NS.C | DMSIL 16SA 1OIND| I
. L. T . OMILI65 . NOD OMT4L 185A HolGo) P!
n’
PHILIPS NTaIES T ?
534188 FD{8D WO ’ b
SIGNETICS NT4185 FO|BD
]
SIEMENS T FLIasT @
{
FUJITSU —t
|
HITACH! +
MITSUBISHI ¥ M 53365 AD
NEC -
TOSHIBA - :
i
Electrical Characteristics NS54LS | 65/SN74LS 65 Pin Assignment (Top View)
absolute maximum ratings over operating free-air temperaturs range O]
Sucoiy_voltags. Veg T 7y Qoeratng free-aw {SNSaLS| —55°C (o 125°C PARALLEL mPUTS
'__—._
Inout voilage | ™ femosrature range | SNVLSI (C 10 10C v, ‘,’,},ﬁﬁ’: o ¢ 8 & fm"%‘:’ur
{ Storage temperatwrs range | —65°C 10 150°C
recommended operating conditions
|__SNsS4Ls18S | “sN7aLSies ’umr
{MIN_NOM MAX|MIN _NOM MAX |
Suoats a3 o ' 4 5 855ia7s 5 5.2 Vv
R e at 4 i 400 400! zaA
Ly, ! 4 81 ma
Clecn *-aque~s, tenga Q 2, 0 20 MHg
Sl G1ace ~0ut Du.se. 1, c.0¢k) 25 { 25 ns
I 022 rout owse. I, oac' 15 P ns
Ciocu~rane serud 1ime, 14p- 0 [T 1) T ons PARALLEL weuTs M
Parya nout 4ei.a time, te,. 10 18 | ns
Sur 0.t £21.0 tme. lear s 20 20 1 as Positive logie:
Eh e e [ [ ] ns
HOIG ™Y At 3ry fOul. leaig [] ] { ns
D3e-3trg ‘ragerr - e T - 55 1 K h
04:31rg “em-ar tamosaie. 14 T -5 5{ 0 iL'c. Function Table
electrical characleristics over recommended operating, A
free- air tempecature range 185 (see Note 3)
PARAMETER * TEST CONDITIONS | MIN TYP T MaAX |UNIT LAT INPUTS INTERNALT ) ot
T T 2 v SHIFT i.cu)cx cLocK | seriaL LPARALLEL | ouTPuTs o
Vi Low=aset nout .oeage o3l v LOAD |iNHIBIT A . H Qs Qg
Y ingut CraA=0 voilage L ISC NG = —amA =13t ¥ L X X X 2...M N Iy n
VoM  Mgreaves utput st ﬁ'“‘“".“ vin %% 27 1% v A L L x x Qa0 %80 | Owmo
1,._-0.:“1. :Ionsz-vaoo L ' H L .' H x H Qan QGa
dop AN, - .
VOL  Low-ewst jumut miags - ¥ . | e as' v " L t L x L Qan | Qga
Vi =0 8V, gy a8m I M H T X X Qa0 Qg0 Ono
T at B
1 Gt o e Max v, W }____u_x_ ma
, Oy vowty L :__ . 0.t
o aneeve: .'_"‘:“"L o=MAX. V=2V = EF AN B0 ]
Shift, loag mput Siter noutl 0
Loweeves L ~gul -1.2
——————— o =MAK, V) =0.8 7y
" Shift, 19ad inout Q178 ~ouls ‘s¢ 1204 < -0.4 i
Ios Srarigrcut currant @ Yoo =MAX [snsacs sl L ma
. ishrLs T-a - (108
icC | Susolv currant Joc =MAX, Sea Note 2 Y 3. mA
'man _Maumum ciock Hreters, LB ML NOTES ). Ths s e voitage between two smitters of & multiple-smitiar transmstor. For
PLH ¢ om Lsay to Any iz 2 % . this circut, this rating acohes 10 the snft/load 1Pyt @ conjunation with the clock
P veg=sSw. 22 . 1S clock or glock-nmdit inputs. :
Py Ta=25°C 2! 40 2. Wih the outputs  open, clock it and shitr/load at 4.5V, and a clock
|—-=—d %rom Cioce ¢ any sutz.: A . —_—
[T 4 ¢ = 1sPF h 28 w0 ™ Puise 100lied 10 (he Clook UL, (GC 19 Measured first with (he paraiel nputs
t L= ¥ A1 4.5V, then with the parallel 1nouts grounded. .
TP Q. A= o 1 B ns 3. M =ngn level (steacy state). U wiowleval (steady state)
o ! . 2 i X =muratovant (any ingut, wcluding tranmitions)
PLM :' " 5 - 2 30 i =tranmtion from low to high lever
f P
-ﬁj rom ® 10 outdut Qu I} 5] s 4...0h =the levei of steady-stare nout at nQuts A thry H, reapectrraly, -
Qag, 980, CHo =the lavei of Qi, Qg, o Oy, respectively, befors the
INGICAIS] Staady-3tals nput CONdItions wers estabhiahed.
Qan, Ogn, mthe lovet of 04 or Qg, respecuvety, befors the most recent
! transiion of the clock.
tFor CONGitians shawn as MMIN or ‘AAX, Jsa (he approoriate valus under d 1] for the daviCe type, -

$AI typicar vames are at Voo =Sy, T4.=25C.
®Nut more :han one cuipul NoWd 3¢ sNorisd Al 2 Lire.
. CONTINED O T P
¥ 1PLH M Drooaganon Celay time. lcweto-uGn-evel ouiput NEXT PAGE .
1PHL ®Propagavon delay time, wgn-to=cw=evel Outout y
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54165/ 74165(CONTINUED)

Seste

CLOCK INmBIT
SEataL NPYT

typical shift, and Ioag. inhibit sequences

*165 PARALLEL-LOAD 8-BIT SHIFT REGISTER

L )

SHIFT/LOAD l I

(‘__I'T-L
)

L

c

F

~r

o

)
t
1
T
)
t
i
T
[

0aTa ﬁ .
'

h

"
£ ‘o

]

H

~

0

outeur o~

ouTeuT &y : 7

l.. INNIBIT +——'———3¢Fl"~ T4 R ——.
teae

- Functional Block giagmm
1 - PARALLEL
" NPUTS
/ A
. A c ° € 3 ¢ "
e |22 |12 Jae [ Ja I (@]
Si v M
\ 3 b " l; 3 : ‘: RE S| S-. PRESET ® OgT'uT
- L]
cx ex 453 X PCK rPox P cx
L l N 9 bcx
ﬁ:l',‘r"—'D: - & & & & N & ;. . oM oureyr
LEAR AR AN can £an cLEAR ™ CLEAR &
swiFr/ (1)
L0AD l
Qoo @
cLock I8
INHIBIT
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54244 /74244 Octal Buffers/Line Drivers/Line Receivers , -

Schttky TTL High-Speed TTL Low-Paower Schottky TTL Standard TTL Low-Power TTL "
Package Package | Package " Package Packag,
Oevice Type Device Type Oevice T Device Type Device Type o
P TR IMEr c|PIMEF P ETPIMEF P TR IMEF P TR ™
_— SNSaLS244 4D "

. SENTALS?448 B TINC 2
FAIRCHILD : A . bt
NS.C e
PHILIPS - i
SIGNETICS
"SIEMENS :
FUJITSU =

Pl
HITACH =
§ e
MITSUBISH -
: - -
NEC a
1
TOSHIBA T
Elactrical Characteristics SNS4LS244/SN74L.S244 T
absalute macimum ratings over gperating free-air teamoerature rang. Pin Assignment (Top View) :
Suooly_voltage. VCC W T Ocerating tree-ar SNSALS] 5§ 125°C -
inout voltage 5.5V | temperature rarqe SNTaLS | C 0 10C Er
Interemitter voitage 5.5V Storsqe temperatura rance tO85'C 1 150°C @ <
recommended operating conditions
LS54L5244 SN74LS244 ] =20
MIN NOM  MAX | MIN NOM  MAX .
Suoply_voltage. VCC 4.5 5 $5|a7% 5 S 25 v a ” .
Hrgnelavel outout current. |QH | 12 1§ ma e [w N
Low-lavel ouioul current. ( QL 2. 21 mA -
Qoaraung tras-aw tamgerature, Ta 1 ss 1259 moc
electrical characteristics over recommended operating =
free-air tempecature range (uniess otherwise notad)
SNTALS s
PARA ] e M .
RAMETER TEST CONDITIONS ¢ MIN_ TYP T MAK umT
Vin High-evel 1ngutl voltage 2 i v . 0 0 4
Vi Low+aval 1nout voitage g3 v T T TR o d .
Jix__ lnout ctamo voltage Jog =M.y usns 72! S sV SNE4LS204 (F SNTALS244 (4, N) -
Hystaraus(VT < -VT ) 4CC *MIN 02 604 v : ’
VCCTMIN, VW -2V,
Vig 2V mar, 10M = - ImA 2.1 3¢
VoM  High-tevel outout voitage 1 v
VCC=MIN, Vim =2V, 2 - -
Vi, =0.5V. 10N TMAX |
Ve =MIN, |ig =12ma e [ i
Vor  Low-ievel output voltage Vim =2V, — ¥
Vi =V max | igy =2imA Q3
Qff-state outout current, . )
tozm fegh-ievet voitage acowed ZICNC:;V‘AK’ vo=2 v 2 ua -
13t - : ] ! . )
lozL_ Gt S S| une Sunimas [vo w0 v -a )
U oot vertage Voo =MAX. v, =TV 01 ma & !
- ‘|
HH L . b
e ognIeval meut current veg *Max,  vy=2.7v 23, uA Y
ey, Law-tavel nput cureent VCC =MAX, Vi =0 v -@ 2 ma
108 Short-crcut atout currant @ | VGG =MAaX -40 ~ 5. maA
Outouts mga Voo =MaX Al - t3 Zl]l -
Quituls tow LSk t44 .’
iee Suooly current Outouts coen 2 na
A outouts -
| tisapiea Laz_u 2 4 . s
switching characteristics. Voo V. TA 25C .
PARAMETER TEST CONOITIONS MIN TYP MAX|{UNIT
Propagation delay hime.
LM fgweto-nagn-evel outout ? ol . . .
Sropagation delay nme, Cy w4S0F, Ry =667, P
'PUL  pgn-to-iow-tevet outout Soe Note 2 'z 8y 2 2
1PZL__ Qulout enacte ime (0 low level 20 | s o
1PZH_ Qutout enadie time [0 fvon lavel IS 23 ns P
Outout & sadte time k-
PLZ  yom low Iaver CL=%F.  R_ =870, 'S B} r j
Fiid
Qutput & L1 Note 2 B
PHz ,,M“m’,'::,""" b i 10 18] ns

TFor condtions snown 83 MIN or MAX, use (he #00r00Mate valum specrhed under

$AH tyocal values are a1 Vog SV, Tp 25°C
@Not-more than one outout SNOUId De sShorted at a lime. anG Guration of the short-craut should Aot exceed one second.
NOTE 2 ! Lowd circut and voitaoe wave forms are 3hown on 0aqe 3-ff
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'SCL4028B

CMOS

FEATURES

4 BCD-to-Decimal or Binary-to-Octal Decoding
¢ Buffered Outputs go High on Selection

¢ Low Outputs for all (llegal Input Combinations
¢ Balanced QOutput Drive Current Specifications

DESCRIPTION

The SCL4028B types are BCD-to-Decimal or
8inary-to-Octal Decoders consisting of pulse shap-
ing circuits on all 4 inputs, decoding/logic gatas,
and 10 output buffers. A BCD code applied to the
four inputs, A to D, resuits in a high level at the
selocted one of 10 decimal decoded outputs.
Similarly, a 3-bit binary code applied to inputs A
through C isdecoded in octal code at output 0to 7.
A high-level signal at the D input inhibits octal da-
coding and causes outputs O through 7 to go low.
if unused, the D input must be connected to Vss.

Expanded decoding such as binary-to-hexadeci-
mal ( 1-0f-16), etc., can be achieved by using other
SCL4028B davices. This part is useful for code
conversion, address decoding, memory selection
control, demultiplexing, and readout decoding,

TRUTH TABLE

Input Output
DCBA|9 87 654 3 2 10
@ 0 0 0|0 0 0 0 0 0 0 0 0 1
0O 0 0 1{0 0 0 0 0 O0O0GO0OT1 0
0 01 0/0 0O O OO OO 10 0
0 0 1 1]0 00 00 0 1 0 0 0
0 1" 0 0(]0O0OOOTI1T OOO 0
01 01|00 00 1 0O0GO0OTGO [¢]
01 1 0{0 0 0 1 00 OOOGQO o]
0 1 1 1/0 01 00 0 0 0O 0 O
1 0 00fj01 0O0O0CO0OGCOO 0O
1 00 1|1 000 00O OO [¢]
1 01 0j0 0 0 O OOOOO OO O
1 01 1/]0 0 00 00 0 00O o]
11 00|00 00O OOCO OGO OO
1 1 0 1{0 0 0 0 00 0 0 0 o]
11 1 0|0 0 0 0 00O O00O0OO
1 11 1/0 0 0 0 0 0 0 0 0 O

BCDQTU-DECIMAL DECODER

CONNECTION DIAGRAM

(all packages)
l Voo 3 1 8 ¢ O A 8
| S S S N ]
16 15 14 13 12 "11 .10 9
SCL40288B
1 2 3 4 5 8§ 7 8
I 1 1 | | |
4 2 1] 7 9 3 6 Vgs

Add suffix for package:

C 16-pin Cerdip
D 16-pin Ceramic
E  16-pin Epoxy
£  16-pin Fiat

H Chip

RECOMMENDED QOPERATING CONDITIONS
For maximum reliability:
DC Supply Voltage  Vpp - Vss

Operating Temperature Ta
C, D, F, H Device

315 Vde

-55to +125 ©oC

E Device 40t +85 ©OC
BLOCK DIAGRAM
( 10o—a “0}—0o2
1 —0 e
38 "T—o12
Binary 130——8 "3} 18 g“"
8421 1npurs e b0 0c0ded | 5gcimat
sco ¢ o Outours L pecodna
1nputs s"—os Outputs
120—~4C “g"}—07
- oe
gl —ag
| 1 D wgvb—os
Voo * Pin 18
Vgs = Ping




ELECTRICAL CHARACTERISTICS
'STATIC CHARACTERISTICS

3 -

PARAMETER Voo | conpITIoNs |_Tu *5C LLT-T N P
. (Vdc) Min. | Max. | Min. | Typ. | Max. | Min. | Max.

QUIESCENT DEVICE 00! 5 WViw=VesorVoo | - 51 — Joos| 5| - | 150 [uAde
CURRENT 10 |All valid input S0P —~for ! 10 - | 300
15_|combinations - 2] — {02 20 — | 600

NOTES: ! Remaining Static Electrical Characteristics

? TLow =-55°C for C, D, F, H devics.
= —40°C for € device.

Tuigu = +125°C for C, D, F, H device.

=+ 85°C for E devics. - .
3 This devics has been designed for balanced output drive current specifications. Consult Family Specifications,

DYNAMIC CHARACTERISTICS {C =50pF, T, = 25°C)

are listed under “SCL40008 Series Family Specifications®.

PARAMETER

Voo

Va9 Min. Typ. Max. Units
PROPAGATION DELAY TIME oL, torg 5 - 226 450 ns
10 - 100 200
‘15 - 70 140
OUTPUT TRANSITION TIME trom. trig 5 f= 100 - 200 ns
10 AY 50 100
15 b2 40 80
Yoer DRAIN VYOLTAGE {Vde) ® \ H—-—
20 18 416 -14 -12 -10 -8 4 2 0
Rl 2 ,0 T ? g s Voo = 15 Vde
Ves= =5 Vde —— 5 - % g
| 21 - = >
1 Sl /e £ v
Vs =~10 Vde ¥ 15 g &
7Y 5 £ 2 Vea = 10 Vée
Vi 5 g S 2
30 B § 15 A=
= § o[ LL
7 -3 =2 3 /
Vs = =15 Vde L 40 3 £ Sy Vs = 5 Vde T,=25C
| T, =25°¢Cd 45 E | S [
=] S S 0 2 ¢ 6 8 10 12 14 16 18 20
-50 Voo, DRAIN VOLTAGE (Vde)

Typical P-Channel
Source Current Characteristics

LOGIC DIAGRAM

Typical N-Channael

Sink Current Charactaristics

Ag——Do-J

80—y

12
cO-

1t
[ Joo




APPLICATIONS INFORMATION

CODE CONVERSION CIRCUIT

The circuit shown here converts any 4-bit code to a decimal or hexadecimal code.
The table shows a number of codes and the decimal or hexadecimal number in these
codes which must be applied to the input terminals of the SCL4028B to select a
particular output. For example: in order to get a “high” on output No. 8 the input
must be either an 8 expressed in 4-8it Binary code, a 15 expressed in 4-8it Gray code,
ora 5 axpressed in Excess-3 code.

Nt CO0ES
Hozs Omotent
mpYTS awuTS CUTPUT NUMaER
1/6 SCL4A069UB a"
k.12
EEE BRI 2
o] C[3] Al whpeA (el 1 {21 3Ta]s [e]7 e oTiofr1 [12]sabatrs
36l o] 0 glol1jalajelo ololojoloalo(ola]e
o[otolv] 1] ¢ t[1{o]1]e]0]0 olo(ojojololelelo
9le11je| 7| 3| | efzi2]oie(ri0lolo]o|ojoioletalelale]o
l ofoti[tf 3] 2fa] 373} lejaiejt{oialalofolofelofataliele
olri0jol o 7[1} afs[ (ajoloiolr]ojajofof{ofojojojaiola
A s < ° 4 L] ¢ ° ofriate] s sl2 3folejoTolorriolofofalofololojojo
sSCL40288 SCL40288 olriv|o] o] i3] 1 4folaic:ajoio(tjajolololojaioloelo
o(111]3] 7{ slaf 2 01910;0/0]0(a'1]/0{ojolojoiaielo
011345i1lr: 0'!!'“"" 1]oi0j0] s[1s{s oiojoloiofofolaft{olojajoioiein
rlll]l[' T[[ lfl] v{arel 1] siiafs 515]01010/019(aj0]0/1/0] el 010t0]0
01234567 e 0NIZI3A S tjotv]jofelafs]| of [sfdiojaiojofafatafajajtjeiololoio
QOB EI0 $ ojojoi Q|
s UTASTI T{1.000(72] 8(s[ si8 uoo:-l:::o:::;::::
T]1lalv[a] o] [w]7|7[elolaiciaiofaiolojofoialaisjatse
vititlofiefni] [ sfaisfojoiolio:ajaiofafefojojeialaitjo
DRI 7|9tsjojojojojojafejajojo{of ojafajojt
Code Conversion Chart
6-BIT BINARY TO 1-OF-64 ADDRESS DECODER
neyrs
A S S e O
ARG %ii il'»:'é"sn.::nom
UK
SCL40288
l i"lLI
Illl
A A A 7Y
T T T T T T
e e e e e e s e ey =
asc ollasc ol[asc I'_nLoL'cL—' e c 1Masc_ ollasc ollsesc o
SCL40288 SCL.40288 SCL402BB sSCL40288 SCL40288 SCL40288 SCL40288 SCL40288B
0123836789f [0-~=e--- - 9§ |0mmc-ene s looe-nn-- of loc------9flo-men--- of (oo==-= -9 fomonaconns )
DA N e S Sl W L
\0'234367 Bom e 3 L !‘) 28sce e 3 Rem=ee 39 Qeevea.0? R s 95 H-ec-o43 g

* 1/6 SCL4069UB 64 QUTPUTSISELECTED QUIPUT (S mGnt
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SCL4066B

CMOS QUAD ANALOG SWITCH

FEATURES .
4 Transmission or Muitiplexing of Analog or
Digital Signals .
8052 Typical ON-Resistancs for 15-Volt oper-
ation
Switch ON-Resistance Matched to within 582
over 15-Volit Signal-Input Range '
ON-Resistance Flat over Full Peak-to-Peak Sig-
nal Range
High Degree of Linearity:
< 0.5% Distortion (typ) @ fis = 1kHz,
Vis =5V p, Vpp-Vss 210V, R = 10kQ2
4 Extremely Low OFF switch Leakage Resulting
0 very Low Offset Current and High Effective
OFF Resistance:
10pA (typ) @ Vpp-Vgs= 10V, Tao=25°C
¢ Extremely High Control Input Impedance (Con-
trol Circuit Isolated from Signai Circuit):
10122 (typ)
4 Low Crosstalk between Switches: E
-50dB {typ) @ fis= 0.9MHz, Ry_= 1k}
¢ Matched Control-Input to Signal-Output Capac-
itance Reduces Output Signal Transients
¢ Frequency Responss, Switch ON = 40MHz (typ)

* & & o

DESCRIPTION

The SCL40668 is a Quad Bilateral Switch
intended for the transmission or multiplexing of
analog or digital signals. [t 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 simuitaneously by
the control signal. As shown below, the well of the
N-channel device on each switch is either tied to
the input when the switch is ON or to Vgg when
the switch is OFF, This configuration minimizes
the variation of the switch-transistor threshold

SCHEMATIC DIAGRAM (one of four switches)

ST

Vis

SWTCH 0N MY+ Voo
SWITCH OFF, V¢ 0" vyg

CONTROL
v .

{rfex
LT

SIGAL-LEVEL MANGE:
Vg3 S Vig SVoo

CONNECTION DIAGRAM
{alf packages)

Switch
A | SwitchD Switch C
-~ /\M — g,
Vpo € Cc IN O.U'T.OUT IN
| | | 1 ! I l
14 13 12 11 10 § 38
SCL40668
1 2 3 4 5 6 7
1 1 | I { { I
IN OUTOUT IN C C Vss
Tt ot e et

Switch A Switch B Sw&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:
DC Supply Voltage Vpp-Vss 3to15 Vde

Operating Temperature Ta
C, D, F, H Device 65 to +125 ©C
E Device <40 to +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 voltage 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
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STATIC CHARACTERISTICS '-*

ELECTRICAL CHARACTERISTICS

SCLA4066B

Vss | Voo| Tiow’ =°C Twian®
PARAMETER CONDITIONS Units
(vde) | (Vde) Mg T Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE
CURRENT loo |Vin*VssorVoo | 0 | S| - o.usl — lo.ooos| 0osf - | 15| uade
All valid input -0 10 - 0.1 -~ 10.001{ 0.1 - _3.0 .
combinations 0 15 - 0.2 - |0.002| 0.2 - 8.0
MINIMUM INPUT HIGH Vin I
VOLTAGE Vis *Vss [+] 5 - . 4.0 - |275 4.0 - 40| Vde
{Control Input) Vos=Voo o| 1| - |83l -|ss [8a] -] 80
log = 10uA ol 15| - |120] - |825 {120 - | 120
MAXIMUM INPUT LOW Viu
VOLTAGE Vis = Vss Q 5| 1.0 - 1.0 12.25 - 1.0 - | Vde
(Control Input) Vos*=Voo 0 10 | 20 - 2.0 {45 - 20 -
los *104A o 1s|{30| -] 30les| - 30f -
SWITCH INPUT/QUTPUT lore
LEAKAGE Ve =Vss 75 | +7.5] — £100 — |%0.01{ 100 - | £200|nAdc
Vg=27.5Vde
ON-RESISTANCE Ron
C,0,F . H device Ve =Voo 1.5 | +1.5 i 220 - 80 280 - 3200 Q
Vss<Vis< Voo 0 | +15
R = 10k
5 1+ | _ | 30| - | 120] s00| - | sso| @
0 +10
25 | 28} _ loo00| - | 270|200 - | 3s00| @
[} +5
£ device Ron | Ve = Voo 7.5 | +1.51 _ 250 - sol 280{ - | 300 Q
Vss<Vis<Voo +18
] 10k Q2 K
o § |+ | _ | 330 - | 120] a00{ - | s20f @
0 +10
2.5 | +2.5
0 +5 - 2100 - 270§ 2500 - | 3200 Q
ON-RESISTANCE MATCH ARgn
{Same package} Ve *Voo 75 [ +7.5] _ - _ s| - - I
Ves<Vis<Vgo | 0 | *+15
Ry =10k
S US b_p-f - w0 -| - Q
0 +10
2.6 | 25 _ P & wl - _ Q
0 +5

NOTES: ' Remaining Static Electrical Characteristics are listed Under “SCL40008 Series Family Specifications”
TLow = -55°C for C, D, F, H device.

= —40°C for E device.

Twign = +125°C for C, D, F, H devica.

=+ 85°C for E device.

3 This device has been designed for balanced output drive current spacifications. Consult Family Specifications.



SCL40668

DYNAMIC CHARACTERISTICS (C, =50pF, T, =25°C)

ELECTRICAL CHARACTERISTICS (Continued)

Vss VDD . . .
PARAMETER CONDITIONS vde) | (vde) Min, Typ. Max. Units
SIGNAL INPUTS {Vis) AND QUTPUTS (V,,)
PROPAGATION DELAY TIME | tp_p |V.=Vpp
. ten | Va=Square o 5 - 20 40 ns
Signal Input to Signal Qutput . Wave 0 10 - 10 20
Ry = 10kQ 0 15 - 75 15
BANDWIDTH (-3d8) BW |V.=Vps R,
(Sine Wave) Via=5Vpol 1kQ -5 +5 - 54 .- MH2z
centered | 10k - 40 -
@ 0.0Vdd100k$2 - 38 -
. 1M — 37 -
INSERTION LOSS
(220 loggo 022 ) :
09 yg." Ve=sVpp  Re
Ves5Voo! 1kQ| -5 +5 - 2.3 - d8
centered | 10kQ2 - 0.2 -
@0.0Vdc[100kQ2 - 0.1 -
1MQ - 0.05 -
SIGNAL DISTORTION
{Sine Wave)} Ve=Voo -5 +5 - 0.16 - %
V|,’5Vp.°
centered
@ 0.0vdc
f1=1.0kHz
R, = 10kQ
FEEDTHROUGH {-50dB} Ve=Vgs RL
V=5Vl 1kQ| -5 +5 = 1250 - KHz
centered | 10k - 140 -
@0.0Vde 100k - 18 -
1MQ - 2 |
CROSSTALK (-50dB} V{A)=Vgo -5 - +5 - 0.9 - MHz
Between two switches V.(B)=Vgg
Vi (Al=5V,
centered
3 @0.0vde
R, = 10kQ 2
CAPACITANCE
Input Cis - 8 - pF
Output Cos |Ve = Vss -5 +5 - 8 - pF
Feedthrough Cos - 0.5 - pF
CONTROL INPUT (V¢)
PROPAGATION DELAY TIME | tpc |VssSViy<Vgo 0 5 - 50 100 ns
Turn on Ry = 10k 0 10 - 25 50
0 15 - 20 40
MAXIMUM INPUT - fo  |Vss<Vu<Veo 0 5 - 5 - MHz
FREQUENCY Ry = 1.0k 0 10 - 10 -
0 15 — 12 -
CROSSTALK
{To signal port) V.=Square Wave 0 5 - 30 - mV
Ry = 10kQ 0 10 - 50 -
Rin = 1.0kQ2 0 15 - 100 -

i
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SCL40668

) re SUPPLY VOLTAGE. Vpg* 3V
301 awsient Temvenarune FHTERT as <8 ?
(Ta)s23°¢ @ wEe o » B
g 300 reirrrvs =T 5 AMBIENT TEMPERATURE (Ty) +23°C BRI
) LT SUPPLY VOLTAGE= {23+ 1] g
%, ﬁ:- Voo -Vas) s SV E 1
= -
- ragaiasdsatyeasioss EITESIIL E3
%2 At »
+ RS

5 Skt -4 T 2
@ it [S39¢ pouwy 3
- 1S >
= T ITTT I g Spu.Y et -
| ot t s auie - ’e F

00psé- - - TSV T 2
o T - 1o s swiTcnes

. + ¥ T deaats vo= o
¥R 2es: et e |2 Py
<« 9 T runanue e .y ros e
5 g SR e 3 vis
: - R
o seausasenny < = tp boayd ALL UNUSTO TERMINALS
T =z 3 s = AR cem:crzo TO Ves.
SIGNAL VOLTAGE {v,,) — vOLTS -4 -2 O O
€ V4 L INPUT SIGNAL VOLTAGE (v\,n-vov.rs

Typical channel ON resistance vs. signal voltage for Typical ON characteristics for 1 of 4 channals.
three values of supply voltage {Vpp-Vsg)

SUPRLY VOLTS: Voo©* +5, ves* =3 [3 R E VOLTNETER
INPUT SIGNAL VOLTS (Vig)* § vpep ‘_";(,__ BOONTS™ 2400 SUPPLY YOLTS ¥poe+3. Vsg¢-5
NE WAVE (177 AWS) 5 1 Moct. %-2a CONEROL MOLTS LVc)e-3
3t 5 1 ! omgduw B INPUT SIGAL VOLTS (Vg3 Vp.p SINE WAVE (L77 RMS)
CONTAOL VOLTS (Ve ss ) 2 i 2 304 0A0 CAPACITANCE (CLI*CRXTURE *CMETER
@ LOAD CAPACITANCE«(Crix *CueTER) H I z FIXTURE AND METER wLLE out X
o Jiosparen | i i
30 e acacwen sy
2 £ / ! -
- CYF T 38 €3 rs
3 2971, - o E » s
) NN
. o ey . H Yy f 3 s/ 2
3 297 L0A0 AESISTANCE (R )« 1m0 : * [F R - A us§
x L i | 2 i] / R/ -
P BY I z i V4 -
s ora s —| ER Y/ 4 Al LA 7
g £ 00w H - it / /
re b wal | i i I 2 i | /
§é ! § (4 - - 3 A
s> N ¢ WA i ]
2 L ' Sy i
S o : : ol 17/~ ! \ ‘
04 ! o Tt e 107 T PERY
INPUT SIGNAL FREQUENCY {1}, Mnae WAYT SIGRAL FREQUENCY (1) ke
Typ. switch frequency response - switch “ON” Typ. feedthru vs. freq. — switch “OFF”
SUPBLY VOLTS:Vgp*ed; Vgge~3 l [ELI] [ |]
INPUT SIGNAL VOLTS (Vight 3 Vpop SINE WavE (177 AMS}
3 30 FIXTURE AND METER MULLED OUT . ] 383
A NN Nt i
Ve Vg 3 . .
2 d oo il e wtov ve
£ fupmes Il e ST P
-t o a AALAd L1g v [
] b T | il 3 W -
a b nm l i -4 b4
2 4 ! H "a oxa
PR £ voLTMETER [T L} x
Fi F "c"’ss B00NTON RAG 1 H
3 b HOOEL 91-CA H A | -
» r or £Quv, v =
oo
2 4 Vae (8) ALL UMUSED TEAMINALS
g s ma ARE CONNECTED TO Vgq
3 20r 4 swm:n(s
l_._of
o! ' © n‘ o
INPUT SIGNAL FREQUENGY {fj 1= WMt
Typ. crosstalk between switch circuits in the same Test circuit, crosstalk-control input to signal output

package



SCL40668

SPECIAL CONSIDERATIONS — SCL40668B

1. In applications where separate power sources are used t0 drive Vpp and the signal
inputs, the Vpp current capability should exceed Vpp/Ry (R = effective external
load of the 4 SCL40668 bilateral switches). This provision avoids any permanent
current flow or clamp action on the Vpp supply when power is applied or removed
from SCL40668B.

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 voltage drop across the bidirectional switch must not
exceed 0.8 volt (calculated from Ry values shown).
No Vpp current will flow through R if the switch current flows into terminals 2, 3, .
9, or 10. Failure to observe this condition may resultin distortion of the signal.

APPLICATIONS INFORMATION

b seov
o SPST
vis o—%g"cs "o O
e 'L
d) OPOT
¢} OPST Vosaz .,
134
Visa &_EZ ZZ };o"osa Visa Yosa *Vosal Vosaz
—0 Y34 O——rd Vosas v O .
osgl 92
B 8 S
ws Voss 38 R Vosez Vise
\/ E
-0 M vis 6O o
c
Basic Switch Functions using the SCL. 40668
€470.001C,
L
) &
fca
SELECT O—
C3=0.01C; ——
I -]
b — — ~
[ : . Loren
c3 F = LOOP GAIN
SELECT <
— o= C3=0.1C) 3 N
CONTROL — } g o
2 r < K L T 5 T N AL
séLecT O- = g SNIONUONT S
| M -
L .
' qum Loy i\k\‘ 2 N3 '\3-
€1 o L e S
\ seLecT o \\
EREQUENCY - Ha
AAA
Ry A3 A( [VOLTAGE GAIN BELOW BREAK FREQUENCY)
Vi O——AAA——] - : ':3‘
fo (BREAK FREQUENCYL =
-0 Vour ° 2 Rytx
+ UNITY GAIN FR -
. Y, N FREQUENCY) = serr
2
ot
MAX ATTENUATION « DFig0)

Active Low Pass Filter with Digitally Selected Break Frequency

o

T SN PARE S 2200 TN |
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LM567/LM567C

National
Semiconductor

Industrial Blocks

LM567/LM567C Tone Decoder

General Description

The LM567 and LM567C are general purpose tone
decoders designed to provide a saturated transistor
switch to ground when an input signal is present
within the passband. The circuit consists of an |
and Q detector driven by a voltage controlled
oscillator which determines the center frequency
of the decoder. External components are used to
independently set center frequency, bandwidth
and output delay.

Features

w 201to0 1 frequency range with an external resistor

m Logic compatible output with 100 mA current
sinking capability

w Bandwidth adjustable from 0 to 14%

High rejection of out of band signals and noise
Immunity to false signals
Highly stable center frequency

Center frequency adjustable from 0.01 Hz to
500 kHz

Applications

Touch tone decoding

Precision oscillator

Frequency monitoring and control
Wide band FSK demodulation
Ultrasonic controls

Carrier current remote controls
Communications paging decoders

Schematic and Connection Diagrams

Metal Can Package /

oytrur

Tor vuw

Order Number LM567H or LMS567CH
See NS Package HOSC

Dual-In-Line Package

oumryr 4
i

1o0r 2]
e

LS rmang
Carscivon

3 g
| mesiston

100 vitw

Order Number LMS67CN
See NS Package NO8B
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Absolute Maximum Ratings

Supply Voltage Pin 1oV
power Dissipation (Note 1} . 300 mW
Vs 18V
Vi ~-10V
Vs Vg + 0.5V
Storage Temperature Range -65°C to +150°C

D29SINT/Z9SIN

Electrical Characteristics crecicieae25'c veosw

LMS67 LMS87C/LMSEG7CN
PARAMETERS CONDITIONS N EoT) VAKX MIN TP MAX UNITS
Power Supply Voitage Range 478 50 9.0 4.75 5.0 9.0 v
Power Supply Current Ry = 20k
Quiescent \./‘ 6 8 7 10 mA
Power Supply Current Ry = 20k
Activated n 13 12 15 mA
Input Resistance 18 20 22 15 20 25 (313
Smatlest Detectable input Voltage I, =100 mA, 1= 1, 20 25 20 5 mVrms
Largest No Output Input Valtage lc = 100 mA, f, =, 10 15 10 15 mVrms
Largest Simuitaneous Outband Scom/l to Inband Signal Ratio 1) (] d8
Minimum Input Signal to Wideband Nolse Ratie B, = 140 kHz f-c -6 a8
Largest Oetection Bandwidth 12 14 8 10 14 18 % of ty
Largest Detection Bandwidth Skew 1 2 2 3 % of 1,
Largest Derection Bandwidth Variation with Temperature 101 0.28 =0.1 a5 L Yalod
Largest Detection Bandwidth Variation with Supply Valtage 4,75V - 6,75V 21 22 *t 25 %V ]
Highest Center Frequency 100 500 100 500 kHz
Center Fraquency Stability A< T, <70 35260 35260 ppm/°C
-55< T, <+128 352140 352140 ppm/*C
Cm:\ur Frequency Shift with Supply Voltage 4,75V - 6.7V 05 1.0 0.4 20 RV
Fastest ON-OFF Cycling Rate 1o/20 1,720
Output Leskage Current Vg = 15V 0.01 25 .01 25 A
Output Saturation Voltage ¢,=25mV, 0.2 0.4 02 04 v
19 30mA
e =25mV, 06 10 06 1.0
100 mA
Output Fait Time 30 30 ns
Quiput Rise Time 150 150 ng

Note 1: The maximum junction temperature of the LM567 is 150°C, while that of the LM567C and LMSB7CN is 100°C.
For operating at elevated temperatures, devices in the TO-5 package must be derated based on s thermal resistance of
150°C/W, junction to ambient or 45°C/W, junction to case. For the DIP the device must be derated based on a thermal
resistance of 187°C/W, Junction to ambient, s

951 -



LM567/LM567C

Typical Performance Characteristics

Typical Frequency Drift with
Temperature {Maan and S.D.)

Typical Bandwidth Variation
with Temperature

£ 5 S 15
% Wes ISV "
& 128
g 2
H 3
H
g e s 1l
F -3
z ]
] - = s}
=2
2 ol H ‘ .
- 05 S s =
& < ‘
w - ==
Zz .18 EA N o)
g B |
L . SANDWIDTH AT 25°C
5 -75 -58 -25 @ 25 50 15 100 12§ -75 -50 <25 @ 25 S0 15 100 125
TEMPERATURE (°C} TEMPERATURE {*C}
Typical Frequency Drift with Bandwidth vs Input Signal
Temperature (Mean and $.0.) Amplitude
2 s 308
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Typical Applications i

Touch-Tone Decoder
Oscillator with Quadrature Output

-
=
a1
o]
|
r
=
o
»
N
O

b d

! i |?i|
STas
[}
|

H
H
)
)

Connect gin J 1o 2.8V to invert sutpwt.

y

ety
“re

Oscillator with Double Frequency Output

fii

i “HEE

[
i

W,
Tt
T
:

.u_i

Y id
i |
TTT
Vi Precision Oscillator Orive 100 mA Loads
ey
g
[
’
1—:"'; 1'\ B Component velvet (typ) , [ & —er

‘Lj

T:l

1
Al Sawisk P
a2 an i
o B a2k
€1 LiOmie
€2 19mdsv
. . €3 22midsV 2

250 mtd 6V

AC Test Circuit Applications Information

The center frequency of the tone decoder is equal
to the free running frequency of the VCO. This is
.given by

s
1.1R,C,

°

The bandwidth of the filter may be found from
the approximation

BW = 1070 in % of f,

i
fo C2

Where:
SIGNAL +5V here
INPUTY

1,2 100 kN <5V Vi Input voltage (volts rms), V; < 200 mV
*Nate: Adjost for tg > 100 WH2.

C, = Capacitance at Pin 2 (uF)
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- s02-CMOSs ' MT8870
lntegrated DTMF Recelver

; -5“'5? R ST R LTI
2 "*11——-»-4-‘53 —;&ﬁ-_ﬁ-‘:b

Taalee e

wi?azﬂﬁ

7= 1y
p PR

oo P T 9161-002.033-NA ISSUE 2 lansan
Features - - ' " PinConnections
. & Complete OTMF receiver * .
® Low power consumption
« Internal gain setting amplifer Y we ] 1 s 3 voo
-® Adjustable guard time . - " wn- g2 17 [ sver »
. ® Central Office Quality ™~ . . : Gs £13 16 ] st
TR ® - R i . wveze £] 4 15 L) s
. e [1s 1sfdaa
: r ;_ 6 13 %03
A i . y oser Ly 12 4 Q2
ppl catlons NN > - oscz 8 mfgarn
: e vss [ 9 10 {1 TOE
L Pagung systems : .
® Repeater systemy/mobile radio -+ .1 *egnmwet o V55
¢ Credit card systems L SR A A .
& Remote Control . ] 0 Y
e Personal Computers . Ordering Information
R S 3
PR T - MT887)3E 18 PIh PLASTIC
Descri
scription 0 [ . MT788798C 18 PIt CERDIP

techniques to detec: and deczde all 16 DTMF zone-
pairs into a 4-bit coce. Externzi-component (C.ns s
minimized by on chip provison of a differsntiat
input amplifier, clock oscitlatzr and latched 3-siate
bus interface.

The MT8870 is a complete OTMF rece:ver -
integrating both the bandsplit filter and digital
decoder functions, fabricated in Mitel’s double poly
1SO2.CMOS technology. The filtar section uses
switchad capacitor techniques for high and low

_group filters; the decoder uses digital counting

- .

%=0) -_T vss ] - VREF o
gias 2 = -
CRCWIT
e
CHIP 8I1as HIGH GROUP | .
POWER FILTER .
IN « AL DIGITAL COOE o
ZERO CROSSING DETECTION CONVEFTR
IN- TONE DETECTORS -
. . ALGORITHM AND LATCH
FILTER 3
s LOW GRQUP Q
FILTER —
o4
. TOALL
{>‘> - ST STEERING
CHIP
. L «—1 GT  LOGIC
s L - 50 N T
osct osa . LA {1} Est s - TOE
Figure 1. Functional Block Diagrany : - 357
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" Parameter- I Symbol Min " Max Units
1| Power supply voltage Vpg-Vgs - > 6 |V
2| Voliage on any pin Vgs-0.3 - Vpp +0.3 A"
3| Current at any pin 10 mA |
4| Operating temperature -40 +85 °C
51{-Stcrage temperature . -65 + 150 °C
6| Package power dissipation 1000 mw

’Euceedmg these values may cause permanent damage Functiona!operation under these condraons is not implied.” "
Derate above 75 °C at 16 W/ CAllleads soldeved te board

"DC Electrncal Charactenstlcs

~

-~

2

Characteristics Sym | Min | Typ® | Max { Units Test Conditions’
1 Operating supply voltage 4.75 5.0 }°5.25 \Y
5 ‘; Operating supply current - = . '| Ipp 3.0 9.‘0 mA
3 i Power consumption Po 15 45 mW | f=3.58MHz; Vpp = 5V
q High levei input Viu 35 v
51 t {lowlevel input voltage Vi 1.5 v
6| » |Input leskage current Tl 0.1 EA | Vi = Vssor Vop
7 ;’ Pull up (sourAce) curremt ko 7.5 15 A | TOE (pin 10) =
B| s |Inputimpedance (IN +, IN-) : Rin 10 Q@ 1kHz
9 Sizering threshold voltage Vise 22 25 v
10 Low level output voltage Vou! 0.03. V " |Noload
11 8 High level output voltage Vou | 497 V  |Noload
12 l Output low (sink) current loL 1 2.5 mA | Voyr=0.4v
13| u { Output high (source) current lou 04 08 mA [ Voyr= 4.6V
14 ; VRet OUtpuUt voltage VRet . 24 2.8 A No load
15] . | Vaes output resistance Ror 10 T KQ

* Typecal figures are 2125 Cand are for design ard only: not guaranteed and not subject to proc uction testing,

VppaSve

$- 2. Vg5 =0V Voltages are with respect to graund (V¢g) unless otherwise stated




e :ls.OZ-CMos M]"8.87.0

.

Operatl ng Ch a ra (terlSthS Voluges are with| respect 0 ground (ng) unless otherwise mted.

- Gain Settmg Amplifier . P T et -
' R Characteristics Syrﬁ Min | Typt | Max | Units Test Conditions * -
: 1] Input leakage current ) in o 100 NA | Vs Viy SVny :

2 | Input resistance . Rin 10 MQ

3 | Input offset voltage Vos 25 mv

4 | Power suply rejection PSRR | = | 60 | "dB | 1KHz

5| Common mode rejection CMRR{ | 60 "d8 |-3.0VS Vi S3.0V

6 | DC open loop voltage gain Avor . 65 - dB s

7| Openloop unity gain . . — ~ '

bandwidth : fc a 1.5 MHz .

8 | Output voltage swing Vo-|! 45 ] Vpp | Ry2100KQto Vg

9 | Maximum capacitive load (GS) C ' 100 pF D N

10 [ Maximum resistive load (GS) R, . 50 KQ

11 | Common mode range’ . - Ve ¢80 - 30° Vao | No Load

rV99=5V.V55-OV.TAhZS*C .
Typical higures are a1 25°Cand are for design aud orly: not guarantesd and not subyect 20 production testing.

AC Electrical Characteristics' -Voliages av¢ with resoect 10 graunc (Vgs) untess otherwise stated

- Characteristics Sym " i Min Typ* Max Units Notes
s |valid input signal levels -29 dBm 1.2,3,5,6,9
1 é (each.tone of composite 27.5 mVapms | 1,2,3,5,69
Ny signal) +1 dSm 1,2,3,5,6.9
f ) 883 | mVpms [1.2,3.5.6,9
2|  [Positive twist accept 3 10 [ . dB 2,369
3 9 Negative twist accept . - \Y 4 10 dB - 2,369
4 3 freq. deviation accept . 1 21.5% % 2H2 Nom. 2,359
5 :- Freq. deviation reject +35% 4 Nom. 2,359
6 <') Third tone tolerance - : -16 Co- ds 2,3.,4,5,9,10
7 ;‘ Noise tolerance . - -12 ds 2,3,4,5,7,9,10
8 Dial tone tolerance +22 dB 23,458,911

T vpp=SV.Vs5= 0.7 =25"Cand fc~ 3.579545 MHz using test circutt shown  n Figure 2

MOTES

1.dBm = deubels abOve or below a relerence powerof 1 rnW nto 2 600 ohm load.

2.Dngit sequence consnsxs of alt DTMF tones’ ., N _-.-. -,

3.Tone duration = 40 ms, tone paute = 40 ms

L) Sugna.l condition corsists of nominal DOTMF frequencies L. . .

5 3oth tonesin composite signal have an equal amph(ude . :

6.Tone pairisdeviatedby £15% ¢ 2Hz, - .. : :j- ‘ ‘
7 Bandw:cthimited {JKHZ ) Gaussian noise R

8 The prec.se dial tone frequencies are (350 Mz and azo HI) £ 2%

"9 Foran error rate of better than 110 10,000. :
10 Relerenced > lowest level frequenty compaonent in D'MF s:gnal :
11 Refere~ced 1o the minimum vahd acceptlevel "~ - RN T -

; L, - R e



MT8870 |S(‘)2-CN.|OS::‘J: . N . RN .\.- S -

_ AC Electrical Characte ristics? -Voltages are with respect to ground (Vsg) unless otherwise qated At e

e . Characteristics Sym 1 ™in ‘Typt | Max | Units | “Test Conditions
1 Tone present detecttime . . . | tpp S 1".f 14 ms - | see Figure 3...
2 Tone absent detect time - toa | 0.5 4 85 | ms {seeFigure3

T
3| 1+ | Tone duration accept . 1] teec - 40 ms | User adjustable
M e :
4] ! |Tone duratian reject - . A tpge | 20 . ms | User adjustable
5] G {interc:git pause accept tio 40 ms | User adjustanle
6 Irterdigit pause reject too 20 ) ms | User adjustable
7 Propagation delay (S1to Q) o |~ | 8 1M |-ps |TOE=Vpp -
8| o |Propagation delay (St10S10) . . | tesi 12 ps | TOE=Voo
u . " =
9 T Outputdatasetup(QtoStD) .- | tosw 34 _ ps | TOE=Vpo

10]-Y : ' 2 RL= 10KQ

10|-7 | Propagation delay (TOE to Q ENABLE) | t / 50 L :

o4 IS pag y( Qf )il teme g " let=sopF

" Propagation delay (TOE to Q DISARLE) | 11D 300 - | s JRL=10KQ
3 s . A . CL=50pF

26 Crystal iclock frequency "¢ 13.575913.5795{3.5831| MH2 .

27| f Ciock inputrise time | g tHe 110 ns | Ext.dock

28| o | Clockinput fall time . - thrce 110 |- ns ] Ext.clock

29| & [Cleckinput duty cycle . DCe | 40 | 50 | 60 | % [Extclock

-30 Capacitive lozd (0SC2) Co 30 pF

TVpD = SV. Vs x OV Ta = 25° Cand fC = 3.579525 Mriz, using test circurtan Figure 2.
-t Typwet frguresare at 25 C and are for design a1 enly: ant guarante2d and not subject TO procuction testing.

' Vo3 By M by
MTBS70 . Ta
‘ N+ u,_v:m [ —
W SGT 3 nd
GS . ; EST [ —t— A~
VREF sio P——O~
4 ot {3——0O
1 a3 Pp——O
0s¢C1 o [ ————O NOTES:
qoscz - o Pp—1—C0 R1.R2 = 100402 1%
: vss 10t [ . R3 = 300kN 1%
; C1,€2=100nF 5%
X1 =3 579585 MH2
) . - ¥ e

Figure 2*'Single Ended Input Configuration‘
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~ P> *iep
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EXPLANATION OF EVENTS .
A} TONE SURSTS DETECTED. TONE DURLTIGN INVALID, OUTPUTS NOTUPD="ID
B) TONE #nDETECTED, TO'E DURETION VALID, TONS DECOD:D ANDLATC-ID I O: STSTS -

‘0 ESS0TTONI «n DETEICTED, TONE LESELIT DURLTION VALID, OUTSiI™S TI1AL %, LATCHED UNTL HEXT VALID TONE

i -.'rx'rs SV/.TCHED 10 hIGH IW472DANCE STATE
€) , TOKE rr - 1 DETECTED, JONE DURATION VALID, TONE DECODED AND LL™CHED itd OLTPUTS (CURRENTLY HIGH
" IMPEDANCE) C r
F)  ACCEPTABLE DROPOUTOFTONE #n+ 1, TONE ABSENT DURATION INVAL =, QUTPUTS RIMAIN LATCED
G)  ENDOF TONE #n+ ) DETECTED, TONE A3SENT DURATION VALID, OUTPL ™ RERAIN LATCHED UNTIL NEXT VALID TONE -

EXPLANATION OF SYMBOLS S 2

Vin OTIAZ COMPOSITE INPUT SIGNAL . -

ESt EARLY STEERING OUTPUT IN'DICATES DECTECTION OF VALID TONE FF2QUENCIES

St'GT STEERING INPUT/GUARD TIME OUTPUT. DRIVES EXTERNAL RC TIMING CIRCU:T,

01-Q4 .8-8i1TDECODED TONE QUTPUT

St0 . DELAYED STEERING OUTPUT INDICTES THAT VAUD FREQUENCIES HAVE BEZN PRISENTIABSTNT FOR THE REQUIFID
. GUARD TIMEZ THUS CONSISTUTING & VALID SIGNAL. '

FOE TONE OUTPUT ENABLE {INPUT). ALOW LEVEL SIHIFT’S Q1Qa TOITSHIGHIMSEDANRCE STATE

1

tREC MAXIMURL DTMF SIGNAL DURATION NOT DETECTED AS VALID

tReC MINIMUM DTMF SIGNAL DURATION REQUIRED FOR VALID RECOGNITION. .
4o MINITAUL? TIME BETWEEN VALID DTMF SIGNALS _

tpo - MARIMLEL 4 ALLOWABLE DROR OUT DURING VALID DTMF SIGNAL. N
1o i T2 TO DETECT THE PRESENCE OF VALID DTMF SIGRALS .

toa N TIME TO DETECT THE ABSENCE OF VALID an SlGl ALS .

.'GTP GUARD TIME, TONE PRESENT . - -

(Gra S| GUART THAE, TONE ABSENT .
'

4 : D -

~ Figure 3. Timing Diagram :




Is02.cMos MT8870

Name-

Description

1#: | <IN+ [Non-inverting op-amp input.’
T2 * IN- Iaverting op-amp input. -
.3y GS Gain select. Gives access to output of front enc differential arnphfner fot connecuon :
i of feedback resistor. )
-4 Vrer u.-ference voltage output, nommally Vpp/2 is used to bias mputs at mld rail (see -
f:g.2). )
S IC internal connection. Must be tied to Vss.
6 IC - |Internal connection. Must be tied to Vss. :
. 7. 0sCi | Ciock input. ; -
-8 0sC2 | Ciock output. A 3.579% N“Hz crystal connected between O5C1 and OSC2 completes
' o the internal oscillator. circuit.

] Vss legative power supply input.s

10 TOE 3- state output enable (input). Logic high enables the outputs Q1:Q4. Internal pull -
Lo, - RN -‘!‘.‘.' et . . ) N

1114 Q1-Q4 | 3-siate data outputs. Wh-n enabled by TOE, provide the code corresponding to the
!z5: valid tone-peir recein- 2 (cee Fig. 5).

15 StD | | Celayed sieering output.Present: a logic high when 3 received tone-pair has been
registered and the output latch updated; returns o logic low when the voltage on

$2Gt falls below Vrse i . IS

16 ESt Edrly s\eenng outpul. Presents a logic high once the digital algorithm has detected 2
vziid tone pair (signal condition). Any momentary loss of signal condition will cause
ESt to return to a logic row.

19 SUGT |S:zering input/quard time output (bi-directional). A voltage greater than Vyg,
ceteciad a1 St causes the device to registar the detected tone pair and update the
output latch. A voltage less than Vrg, frees the device toaccept a new tone pair. The
C¥ output acts to reset the external steering time-constant; its state IS a function of
ESt and the voltage on St.

18 Voo Pesitive power supply input.

ST = s Vig  hwndd o

< psd

-
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1502 CMOS MT8870

Functlonal Descnptlon

The MT8870 monollthnc DTMF recewer oﬂers sr&all
B snze.,.low power consumption *and high
performance s architecture consists of a bandsphl
filter section, which seperates the high ind fpw
group tones, followed by a digital to‘:nurg section
which verifies the frequency and duratior of (he
received tones before passing the correspondlng
code to the output bus

b

FnlterSectlon~ )

... A RS

Seperat:on of the low-groap and huoh gro..o tohes
is achieved by applying the DTMF signal to the
. inputs of two sixth-order switched capamor bénd
" pass filters, the band-widths of which corresnond 1o
the low and high group frequenc:es nhe filter
. section also incorporates notches at 350" anc- 240 Kz
for eaceptnonal dial tone rejection (see Fig. &). Each
. filter output is followed by a single o-der switched
capacitor filter section which smooths the signals
prior tg limiting. Limit ~g is performec by n c5-gamn
comparators which are provided with hys:e-esis to
prevent detection of unwanied low-leve! s'gnals.
The outputs of the ccmpzrators provige “.il rail.

logic swings at the frequencies of the mcommg i

DTMF signals. -

De(oder Section

Followmg the filter section is a decoder em '*'oymo
digital counting technigues to determire the
frequencies of the incoming tones and 10 ver.fy that
.they correspond 10 standard DTMF frequencies. A
complex averaging algorithm protects zgainst tone

simulation by extraneous signals such as voice while
providing tolerance to smali frequency deviations
and variations. This averaging algorithm has been

- developed to ensure an optimum combinztion of

immunity to talk-off and tolerance to the presence
of interfering frequencies (third tones) and hoise
When the detector recognizes the presence of two
velid tones (this is referred to 25 the "signal
condition” in some industry specifications) the
“Early Steering” (ES1) output will go to 2n active
state. Any subsequent less of signal condition will
cause ESt to assume an inactive siate (see "Sieering
Circuit™):

Steering Circuit -

. ? . . :
Before registration of a decoded tone pair, the
receiver checks for 2 valid signa! duration (referred
10 as character recognition condition) Thischeck is
periormed by an external RC time consiant driven
by ESL A logic hich on ESt causes v, (see fig. 6) to
r:se as the capacitor discha-ges. .

Provided signa! cond:tion is maintained (ESt
remains high) for tne vaiidation period (1z:p), v
reaches the threshoi¢ (V=:.) of the'sieering logic to
_register the tone pa:r, latching its corresponi=g 4-bit
code (see Fig. 5) into the output latch. At this point
the GT output is activaied anc drives v, to VOD. GT
continues to drivé high as long as ESt remains high
Finally, after a shor: delzay to 2llow the output latch
0 settle, the delayad sizening ouiput flag (StD)
coes high, signslling that a received 1one pair has
been registered. The conients of the outpgt latch
are made available on the 4-bit output bus by
raising the three sizte control input (TOE) to & logic
‘high. The steering circuit works in reverse to

—— PRECISE

DIAL TONES

T . . /

L N
7 ™

X=350Hz

Y . 10

Y = 440 H2

DTMF TONES

o /

I Az697 Hz
. B=770Hz

ATTENUATION
(¢8) .,

~—

C=2825 He
941 Hz

30

[ o
{

€£=1209Hz
F=1336Hz

1 G=1a717H:
H=1633 H2

S0 l\/! L j

A 8 C

FRUQUENCY (H2)

Figure 4, Filter Response




i icad no [Soe | 0a | @i | a2 | @i | | validate the interdigit pause betwaén signals.
e - R . Thus, as well as rejecting signals too short too be.
1 : . ) considered valid, the receiver will tolarate signal
697..{1209 {1 - |4 |0 |0 {0 1! interruptions {(drop out) too short to be considered
697-]1336 {2 H |0 0- {1 |0+ a valid pause. This facility, together with the
— — - capability of selecting the steering time constants
697 ;3477 3 . H 0 O' 1 1 externaily, allows the designer to tailor
770 1120914~ |[H o 1-lo 0 - performance to meet a wnde variety of system
requiraments.
770 11336 |5 [H {0 |1 o |1 ' .
Guard Time Adjustment
770 (1477 |6 H |0 1 1 0
852 1209 {7 H : 0 1 1 = In many situ?ﬁons.n?t requiring Sel?(ﬁon of lqne
: : duration and interdigital pause, the simple ste2ring
852 (13368 |H |1 -j0. |O 0: circuit shown in Fig. 6 is applicable. Component
: values are chosen according to the formula:
852 {1477 |9 H 1 0 0 1: :
941:|1336{0 [H |10 fo |1 [DB) t{:gc_i;a":ttéix
941 11209 }* H I\ 0 1 T\ 4 ’
- ~ The value of t5; is a device parameter (see table)
941 (1477 | # iH )1 t 10 10 and tz¢¢ is the minimum sig-al duratic~ to be
637 [1633]A |H 1 1 0 1. recognized by the receiver. Avalue for Cot 0. F 1s
-recommended for most applicatons, leaving R to be
770 7 1633{B |[H |1 1 1 0] selected by the designer. 3
Different steering arrangements may be used to
852 | 1633 |C |H ! 1 1 1 select independantly the guard times for tone
941 [1633[D H 0 0 0 0.} present (tg7p) and tore absent {tgra). This may be
-4 necessary to meat system specifications which place
S D PO T v A b A 4 z both accept and reject limits on both tone duration

and ihterd:gital pause. Cuard time adjustmant also
allows the designer to tailor system parameters
suchas talk off and noise immunity. Increasing tazc
improves taik-off performance since it reduces the
probability that tones simulated by spesch wiil
. maintain signal cordition long rIough to be
.00 . 2 ; registerad. Alternatively, arefatival  ~ort:-g¢ with
a long tpo would be zppropriate -or ertremely
noisy environments where fast aquw.ticn time and

Lw LGICLOW, b e 1 D00 G, D w MG MEDANCE
Figure 5. Functional Decode Table

< immunity 10 tone drop-outs are recuired. Design
“DD q informatien for guard txrne ac;us'ment is shown in
- Figure 7.
StGT | Ve
. B R - - . Differential Input Configuration
StD ’ ’
Lo~ rera + (AC) In (V0 Vst) The input_arrangement of the MT887C provides a
o E ! ) differenual-input operational amplifier as wel! as a
MTB870 = N bias source({Vzes) Which is used to bias the inputs at
‘GTP-{RC)M'VDD"‘IDD-:ITSK)I © mid-rail. Prq::s-on is made for connection of a
. ) ) s feedback resistor to the op-amp output {GS) for
) - adjustmentof gain. In a single-ended configuration,
. ; PR the input pins are connected as shown in Fig. 2 with
: the op-amp connected for unity gain and Vg.t
Figure 6. Basic Steering Circuit ., .o biasing the input at }Vop. Fig. 8 shows the

differential configuration, which permits the
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. a)decreasing tGTP; (1GTP <1GTA)

tGTP = (R1C1) In [VDD /{(VDD-VTSt}]

1GTA = (RpC 1) In (Vs * VTse!

o0 : | Rp = (R1R2):(R1 » R2)

- ct \
$:GT ;

R1 R2 '}
ESt NG 2

b) decreasing tGTA; (tGTP>1GTA)

Figure 7. Guard Time Adjustment )

adjustment of gain with the feedback resistor Rs. ™
Crystal Oscillator

The internal clock ‘circuit is completed with the
addition of an external 3.58 MHz crystal and is
normally connected as shown in Figure 2 (Single
Ended Input Configuration). However, it is possible’
to configure several MT8870 devices employing
only a single oscillator, crystal. The oscillator output
of the first device in the chain is coupled through a
30 pF capacitor to the oscillator input (0SC1) of the
next device. Subsequent devices are connected i in‘a
similar {ashion. Refer to fig. 9 for details. The
problems assocoaled with unbalanced loading are.
not 3 cqncern with the arrangement shown, ie;

precision balancing capacitors are not required.

o
Cy - Ry IN+
——
. N -
o F~AAn—
C; “Ra
R
5 GS
L
R
3 Ry
VRe!
& O—

DIFFERENTIAL INPUT AMPLIFIER
Cy =Cy = 10nF ’
Ry=Rg =Rg =200KD
Ry= 60K Ry« §7 SkQ All capacitors are £ 5”a t)erence
R3 - —RZ_RS-

R2.Rs

All resistors are & 175 tolerence

‘VOLTAGE GAIN (Ay diff) = %i
' 1
INPUT IMPEDENCE

T\2
(Zinowe) = 2 Ry >

Figure 8. Differential Input Configuration

To 0SC1 of
next 8870

osCt osc2

xxal
o
05C2 ..I.{ osCH
C

Ca30¢f
X1al =3 S8 MH2

Figure 9. Oscillator Connection
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Features

:—Di-re;_rep_(ac—e;em for Mostek MK5087 m  Auxiliary switching functions on-chip

s QOperating voltage range: 3.5 to 10.0 Volts 8 Mute driver on-c.hip

® Uses TV crystal standard (3.58 MHi) 1o derive all ® Minimum external parts count
frequencies thus providing very high accuracy anc a Multiple key entry pin-selectable 10 either sir}gle tone
stability of no tone

[
&
=
(=]
[
c
Q
-

» On-chip regulation of dual and single 1one amplitucss

General Description

The UMO5087 is a monolithic CMOS integraiad ¢ 7C-* mance: s.ngle contact static keyboard inputs; single tone
designed for Dual-Tone-Multi-Frequency (DTMF) =& innipit (ST1) opiion: wide supply voltage operation with
phone dialing. requiated sutpul.  Angd the UM95087 provides good

paerformance for low output tone distortion: T.H.D. <
The UMO5087 was designed soecifically for tne perf:m —20d8B.

Pin Configuration Block Diagram

Voo [j /[ ] ITONE

wave o8
COUNTIR] CONVERTE ]
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UumMoes5087

Absolute Maximum Ratings*

DC Supply Voltage (Vpg — Vss!

~0.3V to +10.0V

Operating Temperature (Tgp) ... .. . .. —30°C 10 +60°C
Storage Temperature {Tgg). . .. .. .. ~55°C 10 +150°C

Applied Voitage On Any Pin

(Vigd oveenenns . Vgg —0.3< VK Vpp +0.3

Power Dissipation at 25°C . ...

-—Flectrical-Gharacteristics

... .500 mw

*Comments

S:resses above those listed under ““Absolute Maximum
Ratings” may cause permanent damage 1o the device. This
is a stress rating only and functional,pperation o; the device
st these or any other conditions above those indicated in
the operational sections of this specification is not implied.

(Specification apply over the operating temperature and 3.5V € Vg 10 Vgg < 10.0V unless otherwise specified.)

Parameter Symbol Min. Typ. Max. i Units Conditions
Operating Voltage Voo 35 100 |V
Standby Current oo 025 | 100 #A | Vpp =35V | Al outputs unicaded,
oo 05 | 200  wA | Vgp = 100y | Osciliztor notruaning.
i 0N = 0 =
Operating Current 'oo : e S5 mA | Vpp =35V | ap outputs unlcaded,
Wl 5.0 } 00 mA | Vpg = 10,0V Oscillator running.
Row Tone Output ; Vg 317 400 : 30a mVrms .
. 35V < Vgp < 10.0V, A = 1KQ, @25°C
Column Tone Output Ve 396 500 | &35 mVrms
T L : 3
Tone Output External ] ! 620 ! 2 Vpp =35V
Load !mpedance L <) !
H 330 i Q Vpp = 10.0V
folgax o i -23 A | Vpp =35V, Voux = 2.5V, No key efry
XMTR Output ! e v R 7 ¥ .
Current lohx -59 -100 mA Vop 10.0V, Voux = 8.0V, No key entry
lox 01 ¢ 3% 2 uA Vpp = 10.0V, Vox = 0.0V, With key entry
ro 05 20 ! mA | Vpg =35V
oM [s]]
{ L Vowm = 0.5V, No key entry
(Mo 10 | 40 A | Vpp =100V
Mute Output Current
Tonm -05 |[-20 i mA | Vpp =3.5V, Voum =30V, With key entry
loHm -1.0 |-4.0 «, mA | Vpp = 10.0V, Vopum =9.5V, With key entry
ST1 Input Resistance Rin 20 100 «Q | @25°C
Tone Cutput Rise
Tirme t 3.0 5.0 ms
Column, to Row 104 20 3.0 a8
Pre-Emphasis .
Tone Qutput
Distertion { T.H.D. —20 dB
tnput High Voltage Vin 0.7 Vpp Vpo Y
Input Low Voltage \ Vg 0.3 Vpp \




O

UMS5087
Table 1: Comparisons of Specified vs Actual Tone Frequencies Generated by UM95087
F
Output Frequency {Hz)
Active Input % Error® -
4 Specified Actual X
R1 607 699.1 +0.30
R2 770 766.2 -0.49
R3 852 847.4 —0.54
h T TTTRY . o3 AR I 948.0 +0.74
c1 i 1,209 12159 +0.57
c2 1,336 1,331.7 -0.32
Cc3 1.477 14719 -0.35
ca 1633 1,645.0 +0.73

+ 9% Erraor does not include ose:tlator drits,

Row 2 tone output
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Crystal Specification

A standard television color burst crystal is specified to have
much tighter tolerance than necessary for tone generation
application. By relaxing the tolerance specification is as

follows:

TIME — 44,7 us/div.

Column 4 tone output

s
P
£,

‘o
]
S
-

-lV
-0

U

LT

Fig 1: Single Tone Output Waveform

Frequency: 3.58 MHz £0.02%

TIME — 19 us/div.

Rg < 1009, Ly = 96mH, C,, = 0.26pF, Cy = SpF,

C_ =18pF




UM95087

800 r— TYPICAL COLUMN
PERFORMANCE
<
.1 600 t—
-
b4
w
g
T 400 [~
(8]
-
2
4 200 p—
N N VU A N S N S |

- —1—7" 3 4 5 6 7 & 9 10

INPUT VOLTS

Fig 2a: Typical input Operating Conditions for Pins 3, 4,
5, and 9 with Voitage Reference Vgg @ 25°C.

COLUMNS

st ROWS

Fig 3: Electronic input

Pin Description
Keyboard (R1, R2, R3, R4, C1, C2, C3, c4)

The UMO5087 features inputs compatibie with the standard
2-0i-8 keyboard, the inexpensive single-contact {Form A)
keyboard, and electronic input (as shown in Fig. 3}. The
inputs are static (as shown in Fig. 4) i.e. there is no noise
generation as occurs with scanned or dynamic inputs.
When operating with a keyboard, nl')rmal operation is for
dual tone generation when any single button is pushed,
and single tone operation when two or more buttons in the
same row or column are pushed. Activation of diagonal
buttons will result in no tone being generated.”

When the inputs 1o the UM95087 are electronically acti-
vated, input 1o a single row and column will result in that
dual tone digit’s being generated. Input 10 a single column
will result in that column tone being generated. Input to

~10 -9 —8 ~7 -6 =5 -4 =3 =2 =1
T 1T 17 717 1 1

TYPICAL ROW
PERFORMANCE

]
|
H
8
INPUT CURRENT pA

— —800

INPUT VOLTS

Fig 2b: Typical Input Operating Conditions for Pins 11,
12, 13, & 14 with Voltage Reference Vo @ 25°C.

RCwW INPUT
SENSING CIARCUIT

R
mn STATIC NS
|

INPUT PROTECTION

COLUMN INPUT
SENSING CIRCUIT

Re
COLUMN | STATIC [\’/
L~

INPUT PROTECTION

Fig 4: Row and Column Inputs

multiple columns will result in no tone being generated.
Activaticn of a single row is not sensed by the internal
circuit of the UN@5087. if a single row tone is desired,
1wo columns must be activated along with the desired row.

Oscillator {OSC!, OSCO)

The UMI5087 contains an on-chip inverter with sufficient
loop-gain 10 provide oscillation when workin.g with a fow
cost television color-burst crystal. The circuit is designed
10 work with a crystal cut to 3.58 MHz to give the
tfrequencies in Table 1. The oscillator is disabled whenever
a key board input is not sensed.

Any crystal frequency deviation from 3.579545 MHz
will be reflected in the tone output frequency. Most
crystals do not vary more than + .02%,
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UM95087

XMTR Switch (XMTR)

This pin is connected to the emitter of an on-chip bipolar
transistor whose collector is connected 10 Vpp. With no
keyboard input this transistor is turned on and pulis this
pin up to within Vge of the Vg supply. When a key-
board entry is sensed, this output goes open circuit (high
impecdance). The XMTR switch output switches regardless
of the state of the STI pin input.

Mute Output (MUTE} .

The MUTE output is a conventional CMOS gate that pulls
10 Vgg with no keyboard input and pulls 10 Vpg supply
when a keyboard entry is sensed. This output is used to

control auxiliary switching functions that are required to
a.tuate upon keyboard input. The MUTE output switches
regarciess of the state of 3T1 pin input.

Single Tone Inhibit (§T7)

The 71 input is used 10 inhibit the generation of other

UM95087 Tone Generator Interface Circuit

than dual tones It has a pullup to the V5 and when
left floating - 1.d 10 Vg, single or dual tones may be
generated. Whun forced to the Vg, any input situation
that would normally result in a single tone will now
result in no tone, with all other chip functions operating
normally.

Tone Out (TONE OUT)

The TONE OUT is connected internally in.the UMG5087
to the emitter of an NPN transistor is the on-chip opera-
tional amplifier which mixes the row and column tones
together. The row and column output waveforms are
shown in Fig 2a, Fig 2b. These waveforms. are digitally-
syntnesizea ‘using on-chip U 10 A converters, For the
UM95087 dual tone waveform, T.H.D, is ~20dB maximum.

Power (Vpp, Vgs)

These are the power supply inputs The’ UM95087 is
designed to operate from 3.5 10 10.0 volts.
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Dascription

.

The LM741 series are general purpose operational
amplifiers which feature irmproved performance
over industry standards like <2 LM7G3. They are
direct, plug-in repiacements for the 709C, LM201,
MC1439 and 743 in most applications.

The amplifiersAo-‘fer many features which m«ke
their application nearly foolproof: overload pro-

rationat Amplifiers/Bufiers

Operational Ampiifier

te=tion on the input and output, no latch-up when
the common mode range is exceeded, as weli as
freedom from oscillations.

The LM741C/LM741E are idantical to the
LM741/LM741A except that the LM741C/
LM741E have their performance guarantzed over
a 0°C to +70°C temperature range, instead of
—55°C to +125°C.

Schernatic and Connection Diagrams (top Views)
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LM741/LM741AILM741C/ILNTAE

Absolute Maximum Ratings

—~

LM741C

LM741A LM741E LM741
Supply Voitage *22V t22v +22V +18V
Power Dissipation {Note 1) 500 mW 500 mW 500 mW 500 mW
Differential Input Voltage t 230V +30V +30V +30M
input Voltage (Note 2) 16V 15V 15V +165V
Output Short Circuit Duration Indefinite Indefinite Indefinite Indefinite
Operating Temperature Range ~55°C 10 +125°C 0°C1o +70°C —-65°C t0 +125°C 0°C to +70°C
Storage Temperature Range -65°C to +150°C -65°C t0 +150°C —65°C to +150°C -65°C to +150°C
Lead Temperature 300°C 300°C 300°C 300°C
{Soldering, 10 seconds)
/- ’ "—
Electrical Characteristics (Note 3) \
41
PARAMETER CONDITIONS Li78 IATLIMTATE LM743 Lmzanc uNITS
MIN _ TYP MAX | MIN  TYP  Max | MIN  TYP MAX
Input Offset Voltage TA=25°C
Rg < 10 k2 10 50 20 6.0 mv
Rg < 500 08 3e mv
Tamin < Ta STAMAX
Rg <509 4.0 mV
Rg <10k 6.0 2.5 mv
)
Average Tnput Offset 15 uvre
Voltage Drift
Input Offset Voltage Ta = 25°C, Vg = 220V +10 218 216 mv
Adijusiment Range
Input Offset Current Ta=25'C 3.0 30 20 200 20 200 nA
TAMINSTASTAMAX 70 8 500 300 nA
Average Input Offset 0.5 nALC
Current Drift
input Bias Current TA® 25°C 30 80 80 500 80 500 nA
TAMIN S Ta < Tamax 0.210 1.5 0.8 HA
input Resistance Ta=25°C, Vg = 220V 10 60 03 20 03 20 oma
Tamin S TAa < TAMAX. 0.5 MO
Vg = 220V
nput Voltage Range Ta=25°C 212 13 v
TAMINS TA £ TAMAX 12 13 v
Large Signal Voltage Gain | Ta=25"C,RL>2kQ
Vg = 220V, Vg = £15V 50 vimv
Vg =215V, Vg = 10V 50 200 20 200 v/mv
TAMIN STA S TAMAX.
RL>2kQ,
Vg = 220V, VQ = 215V 32 ' v/mv
Vg =15V, Vg = 10V 25 15 . VimV
Vg = 25V, Vg = 22V 10 Vimv
Qutput Voltage Swing Vg =120V
Ry > 10kQ 16 v
R 22kQ 215 v
Vg™ 215V
RL> 10k 212 14 212 4 v
RL>2k0 =10 *13 £10 13 \
Output Shart Cireuit Ta=25°C ) w 2 3 2 25 mA
Current TAMIN < TA < TAMAX 10 40 mA
Common-Mode TamIN S Ta < Tamax
Rejection Ratio Rg < 10k, Vem = 212V - 70 90 70 20 d8
Rg <50 KLY Vem = *12V 80 1 a8




e ™
=1 . bt et M4, tamw)adioa
Eizeirical Characteristics (Continueq) 3
N
PIFTRUNIITE YTIT BN
aMETER COMOITIONS ___L AFEARRRAYESES L.vl740 LM741C UNITS :
PamaMETe MM TY? MAX | MM TYP  MAX | MIN  1YP  MAX =
Supoiy Veitage Rejection | Tapin STA S Tauvax, ’ g
Ratio Vg r =200 o vg = 25Y i
Rg< D 83 96 d8 _h
Rg < 10kQ 77 96 77 96 ds vy
Transiznt Respense Ta = 25°C, Unity Gain E
Rise Time 025 08 03 0.3 us —
Overshoot €0 20 5 s % g
Bandwidth (Note 4} Ta=25C 0.437 15 MHz -J
Siaw Rate Ta = 25°C, Unity Gain 0.3 Q.7 0.5 0.5 Vius ﬁ
Supely Currant Ta=25°C 1.7 2.2 1.7 2.8 mA o
A
Powe- Consumption Ta=25°C r—-
Vg =223V 8Q 150 mW g
Vg =I5V 50 85 50 85 mwW ]
LMT41A Vg =220V N
Ta=Tamin 165 .mwW [y
Ta=Tavax i 135 W m
LM741E Vg =220V 150 mw
Ta=Tarun 150 mw
Ta=TaMAX 150 mw
LM748 Vg =215V
Ta=TawmN 60 10 mw
TA = TauiAX L mw .

Mota 1: The ma .imum junction tempersture of the LM741/LM731A is 180°C, while that of tha LM741C/LM?41E is 100°C. For operation at
slevaiad tamperasures, devices in the TO-5 patksge mus: be darated based on a thermal resistance of 150° C/W junction to ambient, or 45°C/W
junstian to case. The thermal resistance of the dual-in-iine package is 100° C/W junction o ambisas.

Mota 2: For supply voltages less than 2157/, the absoluzz maximum input voitage is equal 1o the supply voltage,

Note 3: Unless otharwise spacifiad, thesa specifications apply for Vg = =15V, -55°C £ Ta s +125°C (LM741/LM741A). For the LM741C/
LM741€, these sceciticazions are limitsd 19 0°C € T < +70°C.

Nota 4: Caiculatad valus from: BW {MHz) = 0.35/Rise Tima(us).
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] SEMICONDUCTOR
TECHNICAL DATA

MC3417, MC3517
MC3418, MC3518
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Specifications and Applications
Information CONTINUOUSLY VARIABLE
: SLOPE DELTA
MODULATOR/DEMODULATOR

CONTINUOUSLY VARIABLE SLOPE . LASER-TRIMMED
DELTA MODULATOR/DEMODULATOR INTEGRATED CIRCUIT

Providing a simplified approach to digital speech encodirig/
decoding, the MC3517/18 series of CVSDs is designed for military

secure communication and commercial telephone applications.
A singte 1C provides bath encoding and decoding functions.
° o . . *

Encode and Decode Functions on the Same Chip with

a Digital Input for Seléction B L SUFFIX P SUFFIX
8o n o N . . CERAMIC PACKAGE  PLASTIC PACKAGE
® Utilization of Compatible 121 — Linear Bipolar Technology CASE 620-10 CASE 643-08
® CMOS Compatible Digital Qutput -
DW SUFFIX
e Digital Input Threshold Selectable {Vcc/2 reference PLASTIC PACKAGE
- CASE 751G-01

provided on chip)
SO-16L
® MC3417/MC3517 has a 3-8it Algorithm (General

Communigations)

e MC3418/MC3518 has a 4-Bit Algorithm (Commercial Telephone}

PIN CONNECTIONS

Anatog (- 16 |vee
CVSD BLOCK DIAGRAM gaut
AnalngC ~]Encode/’
Feedback 219 15 _]Becocs
Encode: Sylabic
ek kil 3 14 [Clock
Dacduds Clack Filter
T‘soha, TApuT 2 Gamn : [} Digural Data
Anglog Input .L oo araeor Control & 13 fingut o
Analog Feeanack o2] N acg ey -—
O'gizal 31 Nt < ' Ret . Digitat
Data Input 13 o ASI“'“_R'Q‘“_*' H 1nout () 1S 12 Theuhcld
?,‘,g'u;,‘f ” dlogjoalaq,
reshote TH Fettar —— Coincidence
n e . tnout { )l_._ AR forrrrd
Logre Cancidance
Suteut Analog vee 2
Digity 9 7 10
o:‘g‘lgu( v 11 Qutput Qurout
intagrator Converte Svtaowe
Amoiifier Sino? 13, Fitcer VEE‘ 8 9 Oigital
Poiarity a A Qutput
10| Kot 3 4 124 Gain Contror
v 2 o cc Swarteh
cc 27 et ? -—
Quiput | \ l ‘Ge
Rat ] late
71 slie
Analag  Re* Frirer ORDERING INFORMATION
Qutour  Inout  input
_ B (5 (o Tempersturs
Device . Psckage Range
MCITL Ceramic DIP 0°Cto +70'C
MC34180W Plastic SOIC 0°Cto +70°C
MC3418L Ceramic DiP 0°Cto +70°C
MC3418P Plastic DIP 0"Cto +79°C
MC3stIL Caramic OIP -585°Cto +125°C
MCI518L Ceramic DIP ~55°Cto +125°C

MOTOROLA TELECOMMUNICATIONS DEVICE DATA

2-62



MC3417, MC3517, MC3418, MC3518

MAXIMUM RATINGS 4
(Al voltages referenced 10 VEE. TA = 25°C unless ptherwise noted.)

Rating Symbol Valus Unit
Power Supply Voltage vee ~0.4 10 +18 Vde
Differentiat Anslog Input Voitage Vio +5.00 Vdc
Digital Threshold Voltage VTH -041t0Vee Vde
Logic Input Voltage Viogic -0.41t0+18 Vdc

{Clock, Digital Data, Encode/Decode}

Coincidence Qutput Voltage VoiCon) -0.4 10 +18 Vde
Syllabic Filter input Voltage Visyl) -0.4t0Vee Vde
Gain Controt input Valtage ViGe) -0.410Vee Vde
Reference Input Voltage Viiref) | Vec/2-10to Ve | Ve
Vee/2 Output Current 1Ref -25 mA

ELECTRICAL CHARACTERISTICS
{Vee = 12V, Vgg = Gnd, Ta = 0°C to +70°C for MC341718, Ta = -55°Cto +125°C for MC3517/18 unless otherwise noted.}

MC3417/MC3517 : MC3418/MC3518
Characteristic Symbol " Min Typ Max Min Typ Max Unit
Power Supply Voltage Range (Figure 1) VeeRr 4.75 12 16.5 4.7% 12 16.5 vde
Power Supply Current (Figure 1) icc mA
(@ ldle Channel)
(Vce = 5.0V, All except MC3418P,DW) —_ 37 5.0 - 37 5.0
(Vee = 5.0 V, MC3418P,.0W) ol - - - 37 5.5
(Vee = 15V, All except MC3418P,0W) _ 6.0 10 - 6.0 10
(Vce = 15V, MC3418P,DW) = - - — 6.0 1"
Gain Control Current Range {Figure 2) IGCR 0.002 - 3.0 0.002 = 3.0 mA
Anzlog Comparator Input Range Vi 1.3 - Vee-13 1.3 - Vee-1.3| Vde
(Pins 1 and 2)
{4.75V < Voo < 16.5 V)
Analog Output Range (Pin 7) Vo 1.3 - Vee-13 1.3 - Vee-1.3] vde
(4.75V s Voe < 165V, lg = =5.0 mA)
Input Bias Currents (Figure 3) [T} rA
{Comparator in Active Region)
Analog Input (11) - 0.5 1.5 — 0.25 1.0
Analog Feedback (12) - 0.5 1.5 - 0.25 1.0
Syliabic Filter Input (13) - 0.06 0.5 - 0.06 0.3
Reference Input {IS) — -0.06 -0.5 - -0.06 -0.3
Input Offset Current ho nA
{Comparator in Active Region)
Anzlog InpuvAnalog Feedback — 0.15 0.6 — 0.05 0.4
11 ~12| — Figure 3 b
Integrator Amplifier - 0.02 0.2 —_ 0.01 0.1
|15 - 16] — Figure 4 3
Input Offset Voltage vio — 2.0 6.0 — 2.0 6.0 mV
V! Converter (Pins 3 and 4) — Figure 5 j
Transconductance am mA/mV
Vi Converter, 0 to 3.0 mA 0.1 0.3 -— 0.1 03 —
Integrator Amplifier, 0 to =5.0 mA Load 1.0 10 -_ 1.0 10 -—
Propagation Delay Times (Note 1} ns
Clock Trigger to Digital Qutput tPLH — 1.0 2.5 — 1.0 2.5
{CL = 25 pF to Gnd) tPHL - 08 2.5 - 0.8 2.5
Clock Trigger to Coincidence Qutput tPLH — 1.0 3.0 — 1.0 3.0
{CL = 25 pF 1o Gnd) PHL — 0.8 2.0 — 0.8 2.0
(R = 4.0 k2 to Vi)
Coincidence Output Voitage — VoLiCon) - 0.12 0.25 - 0.12 0.2 vde
Low Logic State -
(lot{Con) = 3.0 mA) -
Coincidence Output Leakage Current — 1OMICon) —_ 0.01 05 - 0.01 0.5 BA
High Logic State
(VOH = 15V, 0°C < Ta s 70°C) B

NOTE 1. All propagation delay times measured 50% to 50% trom the negstive going {from Vcgto - 0.4V} edge of the clock.
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ELECTRICAL CHARACTERISTICS (continued)

MC3417/MC3517 MC3418/MC3518
Characteristic Symbol Min Typ Max Min Typ Max Unit
Applied Digital Threshold Voltage Range VTH +12 - Vee-20) +1.2 - Vec-20] vde
(Pin 12)
Digital Threshold Input Current Nitehy uA
(1L2vsVy &« Voe - 20V)
(Vi applied to Pins 13, 14 and 15} - — 5.0 — —_ 50
{ViH applied to Pins 13, 14 and 15) — -10 -50 = -10 -50
Maximum Integrator Amplifier o =5.0 - - =5.0 -— - mA
Qutput Current
Veer2 Generator Maximum Output Current!  Ipef +10 - - +10 — - mA
{Source only)
Vec/2 Generator Quiput Impedance Ret - 3.0 6.0 - 3.0 6.0 j¢]
{0to ~10 mA) .
Vec/2 Generator Tolerance . e« -_ - =35 — -— =35 %
475V e Ve < 185 V)
Logic input Voltage (Pins 13, 14 and 15) I Vde
Low Logic State ViL Gnd — Vih - 0.4 Gnd - Vih-0.4
High Logic State ViH Vih +0.4 — Vih +0.4 —_ 18
Dynamic Total Loop Offset Voitage IVoffset mv
{Note 2) — Figures 3, 4 and 5
IGe = 12 uA,. Voo = 12V
Ta = 25°C (Al except 3418P,0W) E~ - - —_ =05 =15
{MC3418P,0W} - - - - =0.5 =30
0°C < Tp s +70°C {(MC3417/18L) - - _— — =0.75 =23
(MC3418P,0W) - - - - =075 =38
-55°C € Tp < +125°C {(MC3517/18} —_ - - — =15 =40
Ige = 33 uA. Vgg = 12V
TA = 25°C - *25 5.0 —_ -— -
0°C s Tp & +70°C (MC3417/18) — =3.0 =75 —_ — —_
-55°C « Tp < +125°C (MC3517/18) — =45 =10 — —
IGC = 12 A, Voe = 5.0V
TA = 25°C {All except MC3418P,DW) - - - - =10 =20
{MC3418P,0W) - -— - - =1.0 =35
0°C s Tp < +70°C (MC3417/18L) - - - - =13 =28
(MC3418P,0W) - - - — =13 =43
~55"C = Tp « +125°C (MC3517/18) —_ — - - =25 =5.0
Igec = 3B puA, Voo =50V
Ta = 25°C =4.0 =6.0 — —
0°C = Tp € +70°C (MC3417/18) - =45 =8.0 - —_ -
-55°C & Tp & +125°C (MC3517/18) =55 =10
Digital Qutput Voitage Vde
{loL = 3.6 mA) VoL - 0.1 0.4 - a.1 0.4
{loH = ~0.35 mA) VoH |Vce-1.0(Vee-0.2 —_ Vee-1.0{Vee-0.2 -
Syllabic Filter Applied Voltage (Pin 3) Vi{syl) +3.2 — Vee +3.2 — Vee Vde
. {Figure 2)
Integrating Current (Figure 2) Mnd
ige = 12 rA) 8.0 10 12 8.0 10 12 pA
(!gc = 1.5 mA) {All except 3418P,DW) 1.45 1.5 1.55 1.45 1.5 1.55 mA
{MC3418P,0W) — - - 1.42 1.5 1.58 mA
{lgc = 3.0 mA) 2.75 3.0 3.25 2.75 3.0 3.25 mA
Dynamic Integrating Current Match VO(Ave) mv
{igc = 1.5 mA) Figure §
(All except MC3418P,DW) - =100 +250 — =100 =250
(MC3418P,0W) - - — — =100 =280
Input Current — High Logic State Iy nA
(Vig = 18V)
Digital Data Input — — +5.0 - -— +5.0
Clock tnput — - +5.0 - - +5.0
Encode.Decode Input -_ — +5.0 —_ — +5.0
Input Currant — Low Logic State [T} BA
Vi =0Vv)
Digital Data input —_ - -10 — — -10
Clock lngut — —_ -360 —_ - - 360
EncoderDacode Input -— —_ -36 - —_ -36
Clock input, V)i = 0.4V - - -72 — — -72

NOTE 2. Dynamic total loop offset (SVortsat) equals Vig {comparator) (Figure 3) minus Viox (Figure 5). The input offset voltages of the anaiog comparator
and of the integrator amplifier include the effacts of input offset current through tha input resistors. The slape polarity switch current mismatch
3poears as an average valtage across the 10 X integrator resistor. For the MC3417.MC3517. the clock frequency is 16 kHz. For the MC3418
MC3518, the clock {requency is 32 kHz. idle channel performance is guaranteed if this dynamic total loop offset is lass than one-half of the
change in integrator output voltage during one clock cycle {ramp step size). Laser trimming is used to insure good idle channe! performance.
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DEFINITIONS AND FUNCTION OF PINS

Pin 1 — Analog Input

This is the analog comparator inverting input where
the voice signal is applied. it may be ac or dc coupled
depending on the application. If the voice signal is to
be level shifted to the internal reference voltage, then
a bias resistor between Pins 1 and 10 is used. The resis-
tor is used to establish the reference as the new dc
average of the ac coupled signal. The analog compar-
ator was designed for low hysteresis {typically less than
0.1 mV} and high gain (typically 70 dB).

Pin 2 — Analog Feedback

This is the noninverting input to the analog signal
comparator within the IC. In an encoder application it
should be connected to the analog output of the encoder
circuit. This may be Pin 7 or a low pass filter output
connected to Pin 7. In a decode circuit Pin 2 is not used
and may be tied to V¢ /2 on Pin 10, ground or left open.

The analog input comparator has bias currents of
1.5 uA max, thus the driving impedances of Pins 1 and
2 should be equal to avoid disturbing the idle channel
characteristics of the encoder.

Pin 3 — Syllabic Fitter

This is the point at which the syllabic filter voltage is
returned to the IC in order to control the integrator step
size. It is an NPN input to an op amp. The syllabic filter
consists of an RC network between Pins 11 and 3. Typ-
ical time constant values of 6.0 ms to 50 ms are used
in voice codecs.

Pin 4 — Gain Control Input

The syllabic filter voitage appears across Cg of the
syilabic filter and is the voltage between Vg and
Pin 3. The active voltage to current {V~1) converter
drives Pin 4 to the same voltage at a slew rate of
typically 0.5 V/us. Thus the current injected into Pin 4
{Igc) is the syllabic filter voltage divided by the Ry
resistance. Figure 7 shows the relationship between
lge (x-axis) and the integrating current, liny {y-axis).
The discrepancy, which is most significant at very low
currents, is due to circuitry within the slope polarity
switch which enables trimming to a low total loop
offset. The Ry resistor is then varied to adjust the loop
gain of the codec, but should be no larger xhan 5.0 kN
to maintain stability.

Pin 5 — Reference Input

This pin is the noninverting input of the integrator
amplifier. Itis used to reference the dc level of the output
signal. In an encoder circuit it must reference the same
voltage as Pin 1 and is tied to Pin 10.

Pin 6 — Filter Input

This inverting op amp input is used to connect the
integrator external components. The integrating cur-
rent {lny) flows into Pin 6 when the analog input (Pin 1)
is high with respect to the analog feedback (Pin 2} in

the encode mode or when the digital data input
{Pin 13} is high in the decode mode. For the opposite
states, ljnt flows out of Pin 6. Single integration sys-
tems require a capacitor and resistor between Pins 6
and 7. Multipole configurations will have different cir-
cuitry. The resistance between Pins 6 and 7 shouid
always be between 8.0 k2 and 13 k(1 to maintain good
idle channe! characteristics.

Pin 7 — Analog Output

This is the integrator op amp output. It is capable
of driving a8 600-ohm load referenced to Vgcf2 to
+ 6.0 dBm and can otherwise be treated as an op amp
output. Pins 8, 6, and 7 provide full access to the inte-
grator op amp for designing integration filter net-
works. The slew rate of the internally compensated
integrator op amp is typically 0.5 V/us. Pin 7 output
is current limited for both polarities of current flow at
typically 30 mA.

Pin 8 — VEE

The circuit is designed to work in either single or dual
power supply applications. Pin 8 is always connected
to the most negative supply.

Pin 9 — Digital Output

The digital output provides the results of the delta
modulator’s conversion. It swings between Vcc and
Vg and is CMOS or TTL compatible. Pin 9 is inverting
with respect to Pin 1 and non-inverting with respect to
Pin 2. It is clocked on the falling edge of Pin 14. The
typical 10% to 90% rise and fall times are 250 ns and
50 ns respectively for Vg = 12V and C = 25 pF to
ground.

Pin 10 — V¢e/2 Output

An internal low impedance mid-supply reference is
provided for use of the MC3417/18 in single supply
applications. The internal regulator is a current source
and must be loaded with a resistor to insure its sinking
capability. If a +6.0 dBmo signal is expected across
a 600 ohm input bias resistor, then Pin 10 must sink
2.2 V/600 Q = 3.66 mA. This is only possible if Pin 10
sources 3.66 mA into a resistor normally and will
source only the difference under peak load. The ref-
erence load resistor is chosen accordingly. A 0.1 uf
bypass capacitor from Pin 10 to Vgg is also recom-
mended. The Vcc/2 reference is capable of sourcing
10 mA and can be used as a reference elsewhere in
the system circuitry. .
Pin 11 — Coincidence Output

The duty cycle of this pin is proportional to the voltage
across Cg. The coincidence output will be low whenever
the content of the internal shift register is all s or all
0s. In the MC3417 the register is 3 bits long while the
MC3418 contains a 4 bit register. Pin 11 is an open col-
lector of an NPN device and requires a pull-up resistor.
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If the syltabic filter is to have equal charge and discharge
time constants, the value of Rp should be much less
than Rg. In systems requiring different charge and dis-
charge constants, the charging constant is RgCg while
the decaying constant is (Rg + Rp)Cs. Thus longer
decays are easily achievable. The NPN device should
not be required to sink more than 3.0 mA in any con-
figuration. The typical 10% to 90% rise and fall times
are 200 ns and 100 ns respectively for R = 4.0 kQ to
+12V and C_ = 25 pF to ground.

Pin 12 — Digital Threshold

This input sets the switching threshold for Pins 13,
14, and 15. It is intended to aid in interfacing different
logic families without external parts. Often it is con-
nected to the Vc /2 reference for CMOS interface or can
be biased two diode drops above Vgg for TTL interface.

Pin 13 — Digital Data Input

in a decode application, the digital data stream is
applied to Pin 13. In an encoder it may be unused or
may be used to transmit signaling message under the
control of Pin 15. It is an inverting input with respect to
Pin 8. When Pins 9 and 13 are connected, a toggle flip-
flop is formed and a forced idle channel pattern can be
transmitted. The digital data input fevel shou!d be main-

FIGURE 1 — POWER SUPPLY CURRENT

-

tained for 0.5 us before and after the clock trigger for
proper clocking.

Pin 14 — Clock Input

The clock input determines the data rate of the
codec circuit. A 32K bit rate requires a 32 kHz clock.
The switching threshold of the clock input is set by
Pin 12. The shift register circuit toggles on the falling
edge of the clock input. The minimum width for a
positive-going pulse on the clock input is 300 ns,
whereas for a negative-going pulse, it is 300 ns.

Pin 15 — Encode/Decode

This pin controls the connection of the analog input
comparator and the digital input comparator to the
internal shift register. If high, the result of the analog
comparison will be clocked into the register on the fall-
ing edge at Pin 14. If low, the digital input state will be
entered. This allows use of the IC as an encoder.decoder
or simplex codec without external parts. Furthermaore,
it allows non-voice patterns to be forced onto the trans-
mission line through Pin 13 in an encoder.

Pin 16 — V¢e
The power supply range is from 4.75 to 16.5 volts
between Pin V¢ and Vgg.

FIGURE 2 - IGcR, GAIN CONTROL RANGE and
line ~ INTEGRATING CURRENT
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FIGURE 3 - INPUT BIAS CURRENTS, ANALOG
COMPARATOR OFFSET VOLTAGE AND CURRENT

FIGURE 4 — INTEGRATOR AMPLIFIER OFFSET
VOLTAGE AND CURRENT
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under dynamic conditions and therefore must
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FIGURE 6 ~ DYNAMIC INTEGRATING CURRENT MATCH
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2, See Note 2 of the Eilecirical Characteristics, Page 3.
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TYPICAL PERFORMANCE CURVES

FIGURE 8 - NORMALIZED DYNAMIC

FIGURE 7 ~ TYPICAL Iy versus Ige (Mean + 20) INTEGRATING CURRENT MATCH versus Ve
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FIGURE 12 — CVSD WAVEFORMS
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FIGURE 14 — 16 kHz SIMPLEX VOICE CODEC
(Using MC3417, Singte Pole Companding and Single integration}
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CIRCUIT DESCRIPTION

The continuously variable slope delta modulator
(CVSD) is a simple alternative to more complex conven-
tional conversion iechniques in systems requiring digital
communication of analog signals. The human voice is
analog, but digital transmission of any signal over great
distance is attractive. Signai/noise ratios do not vary with
distance in digital transmission and multiplexing,
switching and repeating hardware is more economical and
easier to design. However, instrumentation A to D con-
verters do not meet the communications requirements.
The CVSD A to D is well suited to the requirements of
digital communications and is an economically efficient
means of digitizing analog inputs for transmission.

Thie Dalta Modulator

The innermost control loop of a CVSD converter is
a simple delta modulator. A block diagram CVSD Encoder
is shown in Figure 11. A delta modulator consists of a
comparator in the forward path “and an integrator in
the feedback path of a simple control loop. The inputs
to the comparator are the input analog signal and the
integrator output. The comparator output reflects the

sign of the difference between the input voltage and
the integrator output. That sign bit is the digital output
and also controls the direction of ramp in the integrator,
The comparator is normally clocked so as to produce
a synchronous and band limited digital bit stream.

If the clocked serial bit stream is transmitted,
received, and delivered to 4 similar integrator at a remote
point, the remote integrator output is 3 copy of the
transmitting control loop integrator output. To the
extent that the integrator at the transmitting locations
tracks the input signal, the remote receiver reproduces
the input signal. Low pass filtering at the receiver output
will eliminate most of the quantizing noise, if the clock
rate of the bit stream is an octave or more above the
bandwidth of the input signal. Voice bandwidth is 4 kHz
and clock rates from 8 k and up are possible. Thus the
deita modulator digitizes and transmits the analog input
to a remote receiver. The serial, unframed nature of the
data is ideal for communications networks. With no
input at the transmitter, a continuous one zero alternation
is transmitted. If the two integrators are made leaky, then
during any loss of contact the receiver output decays to
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CIRCUIT DESCRIPTION (continued)

zero and receive restart begins without framing when the
receiver reacquires. Similarly a delta modulator is tolerant
of sporadic bit errors. Figu?e 12 shows the deita modu-
lator waveforms while Figure 13 shows the corresponding
CVSD decoder block diagram.

The Companding Algorithm

The fundamental advantages of the delta modulator
are its simplicity and the serial format of its output,
Tts limitations are its ability to accurately convert the
input within a limited digital bit rate. The analog input
must be band limited and amplitude limited. The fre-
quency limitations are governed by the nyquist rate while
the amplitude capabilities are set by the gain of the
integrator.

The frequency limits are bounded on the upper end;
that is, for any input bandwidth there exists a clock
frequency larger than that bandwidth which will trans-
mit the signal with a specific noise level. However, the
amplitude limits are bounded on both upper and lower
ends. For a signal level, one specific gain will achieve an
optimum noise level. Unfortunately, the basic deita
modulator has a small dynamic range over which the
noise level is constant.

The continuously variable slope circuitry provides
increased dynamic range by adjusting the gain of the
integrator. For a given clock frequency and input
bandwidth the additional circuitry increases the delta
modulator’s dynamic range. External to the basic

-deita modulator is an algorithm which monitors the

past few outputs of the delta modulator in a simple
shift register, The register is 3 or 4 bits long depending on
the application., The accepted CVSD algorithm simply
monitors the contents of the shift register and indicates

if it contains all 1s or 0s. This condition is called coinci-
dence. When it occurs, it indicates that the gain of the
integrator is too small. The coincidence output charges
a single pole low pass filter. The voltage output of this
syliabic filter controls the integrator gain through a pulse
amplitude modulator whose other input is the sign bit
or up/down control.

The simplicity of the all ones, all zeros algorithm
should not be taken lightly. Many other control algo-
rithms using the shift register have been tried. The key to
the accepted algorithm is that it provides a measure of
the average power or level of the input signal. Other
techniques provide more instantaneous information
about the shape of the input curve, The purpose of
the algorithm is to control the-gain of the integrator
and to increase the dynamic range. Thus a measure of
the average input level is what is needed.

The algorithm is repeated in the receiver and thus
the level data is recovered in the receiver, Because the
algorithm only operates on the past serial data, it changes
the nature of the bit stream without changing the channel
bit rate.

The effect of the algorithm is to compand the input
signal. {f a CVSD encoder is played into a basic delta
modulator, the output of the delta modulator will reflect
the shape of the input signal but all of the output will
be at an equal level. Thus the algorithm at the output is
needed to restore the level variations. The bit stream
in the channel is as if it were from a standard deita modu-
lator with a constant level input.

The delta modulator encoder with the CVSD algorithm
provides an efficient method for digitizing a voice input
in a manner which is especially convenient for digital
communciations requirements.

APPLICATIONS INFORMATION
CVSD DESIGN-CONSIDERATIONS

A simple CVSD encoder using the MC3417 or MC3418
is shown in Figure 14, These ICs are general purpose
CVSD building blocks which allow the system designer
to tailor the encoder’s transmission characteristics to
the application. Thus, the achievable transmission capa-
bilities are constrained by the fundamental limitations
of delta modulation and the design of encoder param-
eters. The performance is not dictated by the internal
configuration of the MC3417 and MC3418. There are
seven design considerations involved in designing
these basic CVSD building blocks into a specific codec
application, and they are as follows:

1. Selection of clock rate

2. Required number of shift register bits

3. Selection of loop gain

4. Selection of minimum step size

5. Design of integration filter transfer function
6. Design of syllabic filter transfer function

7. Design of low pass filter at the receiver

The circuit in Figure 14 is the most basic CVSD circuit
possible. For many applications in secure radio or other
intelligible voice channel requirements, it is entirely
sufficient. In this circuit, items 5 and 6 are reduced to
their simplest form. The syllabic and integration filters
are both single pole networks. The selection of items
1 through 4 govern the codec performance.
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CVSD DESIGN CONSIDERATIONS (continued)

Layout Considerations - -

Care should be exercised to isolate all digital signal
paths (Pins 9, 11, 13, and 14) from analog signal paths
(Pins 1-7 and 10) in order to achieve proper idle channel
performance.

Clock Rate

With minor modifications the circuit in Figure 14
may be operated anywhere from 9.6 kMz to 64 kHz
clock rates. Obviously the higher the clock rate the higher
the S/N performance. The circuit in Figure 14 typically

produces the S/N performance shown in Figure 15.°

The selection of clock rate is usually dictated by the
bandwidth of the transmission medium. Voice band-
width systems will require no higher than 9600 Hz.
Some radio systems will allow 12 kHz. Private 4-wire
telephone systems are often operated at 16 kHz and
commercial telephone performance can be achieved
at 32K bits and above. Other codecs may use bit rates
up to 200K bits/sec.

FIGURE 15 ~ SIGNAL-TO-NOISE PERFORMANCE
OF MC3417 WITH SINGLE INTEGRATION, SINGLE-POLE
AND COMPANDING AT 16K BITS — TYPICAL

1% | ~
3 /1 N
z / H j Clock Rate = 16 Mz
A Y T Tast Tone » 1 5Hz Sune Wave

0 ) Nose Weghtug C Ihsuq:

&
/
I
50 1
-40 -30 -20 -0 0 i)

INPUT LEVEL (4B} RELATIVE TO SLOPE OVERLGAD

Shift Register Length {Algorithm)

The MC3417 has a three-bit algorithm and the MC3418
has a four-bit algorithm. For clock rates of 16 kHz and
below, the 3-bit algorithm is well suited. For 32 kHz
and higher clock rates, the 4-bit system is prefe'rred.
Since the algorithm records a fixed past history of the
input signal, a longer shift register is required to obtain
the same internal hsitory. At 16 bits and below, the
4.-bit algorithm will produce a slightly wider dynamic
range at the expense of level change response. Basically
the MC3417 is designed for low bit rate systems and the
MC3418 is intended for high performance, high bit rate
system. At bit rates above 64K bits either part will
work well,

Selection of Loop Gain
The gain of the circuit in Figure 14 is set by resistor
Ry. Ry must be selected to provide the proper integrator
step size for high level signais such that the companding
ratio does not exceed about 25%. The companding ratio
is the active low duty cycle of the coincidence output on
Pin 11 of the codec circuit. Thus the system gain is depen-
dent on:
1. The: maximum level and frequency of the input
signal.
2. The transfer function of the integration filter.

For voice codecs the typical input signal is taken to be
a sine wave at 1 kHz of 0 dBmo level. In practice, the
useful dynamic range extends about 6 dB above the design
level. In any system the companding ratio should not
exceed 30%.

To calculate the required step size current, we must
describe the transfer characteristics of the integration
filter. in the basic circuit of Figure 14, a single pole of
160 Hz is used.

R = 10k}, Cy = 0.1 uF

At —— - N
li C(S+1/RC) S+wep
wo = 2nf
103 = g = 2nf
f=159.2 Hz

Note that the integration filter produces a single-pole
response from 300 to 3 kHz. The current required to
move the integrator output a specific voltage from zero
is simply:

\' dav,
=22+ (Cix=2
'Ry ( LR

Now a 0 dBmo sine wave has a peak value of 1.0954
volts. In 1/8 of 3 cycle of a sine wave centered around
the zero crossing, the sine wave changes by approximately
its peak value. The CVSD step shouid trace that change.
The required current for a 0 dBm 1 kHz sine wave is:

1.1V +O.1pF(1.1)
*2(10kQ2)  0.125ms

*The maximum voltage across Rq when maximum
slew is required is:

i =0.935 mA

1.1V
2

Now the voltage range of the syllabic filter is the
power supply voltage, thus:

1
0.935 mA
A similar procedure can be followed to establish the
proper gain for any input level and integration filter type.

Rx = 0.25(Vc)

273
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Minimum Step Size

The final parameter to be selected for the simple codec
in Figure 14 is idle channel step size. With no input signal,
the digital output becomes a one-zero alternating pattern
and the analog output becomes a small triangle wave.
Mismatches of internal currents and offsets limit the
minimum step size which will produce a perfect idle
channel pattern. The MC3417 is testet to ensure that
a 20-mVp-p minimum step size at 16 kHz will attain a
proper idle channel. The idle channel step size must be
twice the specified total loop offset if a one-zero idle
pattern is desired. In some applications a much smaller
minimum step size {e.g., 0.1 mV} can produce quiet
performance without providing a 1-0 pattern.

To set the idle channel step size, the value of Rmin
must be selected. With no input signal, the slope control
algorithm js inactive. A long serigs of ones or zeros never
occurs. Thus, the voltage across the syllabic filter capaci-
tor {Cg) would decay to zero. However, the voltage
divider of Rg and Rmin (see Figure 14) sets the minimum
allowed voltage across the syllabic filter capacitor. That
voltage must produce the ‘desired ramps at the analog
output. Again we write the filter.input current equation:

Vv, av,
.= Y0 dVo
li R1+Cdt

CVSD DESIGN CONSIDERATIONS {continued)

For values of Vg near Vcc/2 the Vo/R term is negli-

gible; thus
‘. c
i*“S1T

where AT is the clock period and AVg is the desired
peak-to-peak value of the idle output. For a 16K-bit
system using the circuit in Figure 14
0.1 uF 20 mVv

pow 2l BT SUMY L 33uA

T 625us H
The voltage on Cg which produces a 33 uA current is
determined by the value of Ry.

1Ry = Vgmin; for 33 uA, Vgmin = 41.6 mV

“In Figure 14 Rg is 18 kQ2. That selection is discussed

with the syllabic filter considerations. The voltage divider
of Rg and Rmjn must produce an output of 41.6 mV.

Rs

—_— Bmi 24 MQ
Rs + Rmin Pin )

vVce = VSmin

Having established these four parameters — clock rate,
number of shift register bits, loop gain and minimum
step size — the encoder cifcuit in Figure 14 will function
at near optimum performance for input levels around °
0 dBm.

INCREASING CVSD PERFORMANCE

Integration Filter Design

The circuit in Figure 14 uses a single-pole integration
network formed with a 0.1 uF capacitor and a 10 k2
resistor. It is possible to improve the performance of the
circuit in Figure 14 by 1 or 2 dB by using a two-pole
integration network. The improved circuit is shown.

The first pole’is still placed below 300 Hz to provide
the 1/S voice content curve and a second pole is placed
somewhere above the 1 kHz frequency. For telephony
circuits, the second pole can be placed above 1.8 kH2
to exceed the 1633 touchtone frequency. In other com-
munication systems, values as low as 1 kHz may be
selected. In general, the lower in frequency the second
pole is placed, the greater the noise improvement. Then,
to ensure the encoder loop stability, a zero is added to
keep the phase shift less than 1809. This zero should
be placed slightly above the low-pass output filter break
frequency so as not to reduce the effectiveness of the
second pole. A network of 235 Hz, 2 kHz and 5.2 kHz
is uvypical for telephone applications while 160 Hz,
1.2 kHz and 2.8 kHz might be used in voice only channels.
(Voice oniy channets can use an output low-pass filter
which breaks at about 2.5 kHz.) The two-pole network
in Figure 16 has a transfer function of:

1
RoR1 (S +
) 0 ‘( Rm)

i, RzCz(Ro+R1)(S+ m)s +(R_21C—2§

FIGURE 16 — IMPROVED FILTER CONFIGURATION

Anslog Quiput

These component values are for the telephons channel circult potes described in
the text. The R2, C2 product can be grovided with diffarent values of R and C. R2
should be chosen to be equal ta the termination resistor on Pin 1.
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INCREASING CVSD PERFORMANCE {continued)

Thus the two poles and the zero can be selected arbitrarily
as long as the zero is at a higher frequency than the first
pole. The values in Figure 16 represent one implementa-
tion of the telephony filter requirement.

The selection of the two-pole filter network effects
the selection of the loop gain value and the minimum step
size resistor. The required integrator current for a given
change in voltage now becomes:

\J R R1C AV,
(= Vo [RaC2  RiC1 ) &Vo
Ro \ Ro Ro
R|C1R2C2>AV°2
Ro AT2

The calculation of desired gain resistor Ry then proceeds
exactly as previously described.

(chzc1 +

Syllabic Filter Design

The syllabic filter in Figure 14 is a simple single-pole
network of 18 k€ and 0.33 uF. This produces a 6.0 ms
time constant for the averaging of the coincidence output
signal. The voltage across the capacitor determines the
integrator current which in turn establishes the step size.
The integrator current and the resuiting step size deter-
mine the companding ratio and the S/N performance.
The companding ratio is defined as the voltage across
Cs/Vee.

The S/N performance may be improved by modifying
the voltage to current transformation produced by Ry.
if different portions of the total Ry are shunted by diodes,
the integrator current can be other_than (Vcc—VS)Rx.
These breakpoint curves must be designed experimen-
tally for the particular system application. In general,
one would wish that the current would double with
input fevel. To design the desired curve, supply current
to Pin 4 of the codec from an external source. Input a
signal level and adjust the current until the S/N perfor-

mance is optimum. Then record the syliabic filter volt-
age and the current. Repeat this for all desired signal
levels. Then derive the resistor diode network which
produces that curve on a curve tracer.

Once the network is designed with the curve tracer,
it is then inserted in place of Ry in the circuit and the
forced optimum noise performance will be achieved
from the active syilabic algorithm,

Diode breakpoint networks may be very simple or
moderately complex and can improve the usable dynamic
range of any codec. in the past they have been used in
high performance' telephone codecs.

Typical resistor-diode networks are shown in Figure 17.

FIGURE 17 — RESISTOR-DIODE NETWORKS

Al R2 R3
»——‘vvv—T-—'vw—O

o1 D2 03

R1 R2
—AAN——0

D1

f the performance of more complex diode networks
is desired, the circuit in Figure 18 should be used. It
simulates the companding characteristics of nonlinear
Ry elements in 3 different manner.

OQutput Low Pass Filter

A low pass filter is required at the receiving circuit
output to eliminate quantizing noise. In general, the lower
the bit rate, the better the filter must be. The filter in
Figure 20 provides excellent performance for 12 kHz
to 40 kHz systems. '

TELEPHONE CARRIER QUALITY CODEC USING MC3418

Two specifications of the integrated cirtuit are speci-
fically intended to meet the performance requirements
of commercial telephone systems. First, slope polarity
switch current matching is laser trimmed to guarantee
proper idle channel performance with 5 mV minimum
step size and a typical 1% current match from 15 uA
to 3 mA. Thus a 300 to 1 range of step size variation is
possible'. Second, the MC3418 provides the four-bit
algorithm currently used in subscriber loop telephone
systems, With these specifications and the circuit of Fig-
ure 18, a telephone quality codec can be mass produced.

The circuit in Figure 18 provides a 30 dB S/Nc ratio
over 50 dB of dynamic range for a 1 kHz test tone at
3'37.7K bit rate. At 37.7K bits, 40 voice channels may
be multiplexed on a standard 1.544 megabit T1 facility.

This codec has also been tested for 10~7 error rates with -

asynchronous and synchronous data up to 2400 basud
and for reliable performance with DTMF signaling. Thus,
the design is applicable in telephone quality subscriber
loop carrier systems, subscriber loop concentrators and
small PABX installations.
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TELEPHONE CARRIER QUALITY CODEC USING MC3418 (continued)

The Active Companding Network

The unique feature of the codec in Figure 18 is the
step size control circuit which uses a companding ratio
reference, the present step size, and the present syllabic
filter output to establish the optimum companding
ratios and step sizes for any given input level. The com-
panding ratio of a CVSD codec is defined as the duty
cycle of the coincidence output. Itis the parameter mea-
sured by the syllabic filter and is the voltage across Cs
divided by the voltage swing of the coincidence output.
In Figure 18, the voitage swing of Pin 11 is 6.0 volts.
The operating companding ratio is analoged by the volt-
age between Pins 10 and 4 by means of the virtual short
across Pins 3 and 4 of the V ta | op amp within the
integrated circuit. Thus, the instantaneous companding
ratio of the codec is always available at the negative
input of A1.

The diode D1 and the gain of A1 and A2 provide a
companding ratio reference for any input level. If the
output of A2 is more than 0.7 volts below Vcc/2, then
the positive input of A1 is (Vgc/2 — 0.7). The on diode
drop at the input of A1 represents a 12% companding'
ratio (12% = 0.7 /6.0 V).

The present step size of the operating codec is directly
related to the voltage across Ry, which established the

integratar current. In Figure 18, the voltage across Ry
is amplified by the differential amplifier A2 whose out-
put is single ended with respect to Pin 10 of the IC.

For large signal inputs, the step size is large and the
output of A2 is lower than 0.7 voits. Thus D1 is fully on.
The present step size is not a factor in-the step size
control. However, the difference between 12% com-
panding ratio and the instantaneous companding ratio
at Pin 4 is amplified by Al. The output of A1 changes
the voltage across Ry in a direction which reduces the
difference between the companding reference and the
operating ratio by changing the step size. The ratio of
R4 and R3 determines how closely the voltage at Pin 4
will be forced to 12%. The selection of R3 and R4 is
initially experimental. However, the resulting compand-
ing control is dependent on Ry, R3, R4, and the full diode
drop D1. These values are easy to reproduce from codec
to codec.

For small input levels, the companding ratio reference
becomes the output of A2 rather than the diode drop.
The operating companding ratio on Pin 4 is then com-
pared to a companding ratio smallec than 12% which is
determined by the voitage drop across Ry and the gain
of A2 and Al. The gain of A2 is also experimentally
determined, but once determined, the circuitry is easily

FIGURE 18 — TELEPHONE QUALITY DELTAMOO CODER
{Both double integration and active companding control are used to obtain improved CVSD performancs.
Laser trimming ~f the integrated circuit provides reliable idle channel and step size range characteristics.)

-
Voice/Non-Voice Clock Digital
SELECT Input  Output
5 37.7 xHz Veer)
12V
Ansiog 15 18] 14l
lnput ?}22 uF 1
b N / -0 Vec
\ 2 /
$ 4 8it
Register ;
9 - 1
Non-Voice 1 " IN914
Logic
L
500 k
{D1gital ’Rmin
tnput) g i
o >
r 3 Sk
Anaiog Siope o < oVsyi \ b2
Output Polarity -L AAA- X :) 200 &
Switch T 2.2 % 1.5%%
MC3418 > y hd
c2 33k a3 v A
0.025 uFy 8 VA Aa A/ =
R3 \VAA 7.5k 200 k
1009 % b
17 % 1 vy Al A2,
AVl MCi4cR
13 3t MC1458
0.1 uf 0.1 uF
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TELEPHONE CARRIER QUALITY CODEC USING MC3418 (continued) N -

FIGURE 19 — SIGNAL-TO-NOISE PERFORMANCE
AND FREQUENCY RESPONSE
({Showing the improvement realized with
the circuit in Figure 18.)

SIGNAL-TO-NOISE PERFORMANCE OF TELEPHONY
QUALITY DELTAMODULATOR

35
E
J
- .
° p
z
w 2 50 dB
o 4
o N 4 BIT ALGORITHM
z 37.7K BITS
° k 1 kHz TEST TONE
" L C MESSAGE WEIGHT
< 25
z
8 4
@ 4
J
20 T T Y T T LS T T T T T
-48 236 -24 -12 0 12

INPUT LEVEL IN d¢BmO
b. FREQUENCY RESPONSE versus INPUT LEVEL
{SLOPE OVERLOAD CHARACTERISTIC)

0 dBm INPUT

£ O]
a - 10 dBm INPUT
v -104
z — 20 dBm INPUT
- =209 B
H
2 -304
=)
= -840+ 4 BIT ALGORITHM
z 37,7 K BITS
= -50+
2
o

-601

——————— T T T
0o 2kH2 4 kHz 6kHz 8kHz 10kH2

INPUT FREQUENCY IN Hz

repeated.

With no input signal, the companding ratio at Pin 4
goes to zero and the voltage across Ry goes to zero.
The voltage at the output of A2 becomes zero since
there is no drop across Ry. With no signal input, the
actively controlied step size vanished.

The minimum step size is established by the 500 k
resistor between Ve and Vg/2 and is therefore inde-
pendently selectable.

The signal to noise results of the active companding
network are shown in Figure 19. A smooth 2 dB drop.i§
realized from +12 dBm to - 24 under the control of A1,
At -24 dBm, A2 begins to degenerate the companding
reference and the resuiting step size is reduced so as to
extend the dynamic range of the codec by 20 dBm.

The slope overload characteristic is also shown, The
active companding network produces improved perfor-
mance with frequency. The 0 dBm slope overload point is
raised to 4.8 kHz because of the gain available in control-
ling the voltage across Rx. The curves demonstrate that
the level linearity has been maintained or improved.”

The codec in Figure 18 is designed specifically for
37.7K bit systems. However, the benefits of the active
companding network are not limited to high bit rate
systems. By moditying the crossover region {changing
the gain of A2), the active technique may be used to
improve the performance of lower bit rate systems.

The performance and repeatability of the codec in
Figure 18 represents a significant step forward in the art
and cost of CVSD codec designs.

* A larger value for C2 is required in the decoder circuit
than in the encoder to adjust the level linearity with
frequency. In Figure 18, 0.050 uF would work well.

N c1

FIGURE 20 — HIGH'PERFORMANCE ELLIPTIC FILTER FOR CVSD QUTPUT

175 %

876k

ca ca
157 pF 78 oF

R?
RE T
~ A5
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= 800 1741
- __I-— . 212k

R3 =

Designed for 0,28 dB ripple in the pass band
Wp = I kH2
Wy = 26 kN2
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FIGURE 21 - FULL DUPLEX/32K BIT CVSD VOICE CODEC USING MC3517/18 AND MC3503/6 OP AMP
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Codec Componants

Ry 1. Axa~ 3.3 kil

Ray Rpg = 3.3 k(1

Rgy. Rgg — 100 k2

Apy. Ayp - 20 k(2

Ryg ~ 1 k2

R, Rpz -5 M2 (MC3417)
Minimum step size = 20 mV

Apy. Rpmz — 15 MO (MC3418)
Minimum step size = 6 mV

Cgy. Cga = 0.05 uf
Ci1. Gz - 0.08 uF

2MC3417 {or MC3418)
1 MC3403 for MC3406)

All Res. 5%
ANl Cap 5%

Note.

Input Filter Specifications
12 dB8/Octave Rolloff above 3.3 kHz
6 dB/Octave Rolio?f below 50 Hz

Output Filter Specifications
Break Fraguency — 3.3 kHz
Stop Band — 2 kM

Stop Band Atten, — 50 d8
Rofloff -~ > 40 dB/Octave

Filter Components

R1 - 9650
R2 - 72 x
R3 - 72 k(2
R4 - 63.46 k2
RS - 127 x2
R6 ~ 365.5 k2
R?7 - 1.645 MQ)
R3 — 72 %0
R9 - 72 kN1
R10 ~ 29.5 kN
R1Y ~ 72 k{}

Note: Afl Res. 0.1%
All Cap 1.0%

Ct ~ 33 ufF
C2 -8370oF
€3 - 536 oF
€4 - 1000 pF
C5 - 222 oF
C6 - 77 pF
C7 -~ 38 pF
C8 - 8370F
C9 - 536 pF
to 1%,
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COMPARATIVE CODEC PERFORMANCE FIGURE 22 — COMPARATIVE CODEC PERFORMANCE - "
The salient feature of CVSD codecs using the MC3517 SIGNAL-TO-NOISE RATIO FOR 1kHz TEST TONE
and MC3518 family is versatility. The range of codec
complexity tradeoffs and bit rate is so wide that one 1
cannot grasp the interdependency of parameters for ) -
voice applications in a few pages. H 0 gl /7 \
Design of a specific codec must be tailored to the S B i =t
- . . = e T o
digital channel bandwidth, the analog bandwidth, the a v L1 LT N
quality of signal transmission required and the cost 2 n v _/\7
tecti ; ; ; ; z |l A ‘A A 326 8u CVSD with
objectives. To illustrate the choices available, the data in b e v MCIT o MESTS
Figure 22 compares the signal-to-noise ratios and dynamic > = /| /
range of various codec design options at 32K bits. /
Generally, the relative merits of each design feature will 50 //
remain intact in any application. Lowering the bit rate 0 A
will reduce the dynamic range and noise performance -4 .40 35 .30 .25 220 415 -0 .50 O
of ali techniques. As the bit rate is increased, the overall AMPLITUOE 108}
performance of each technique will improve and the need These curves demonsirate the impioved petformance obteined
for more complex designs diminishes. with several codec designs of varying complexity,
Non-voice applications of the MC3517 and MC3518 Curve a — Complex companding and double intagration
are also possible. In those cases, the signal bandwidth {Figure 18 — MC3418}
and amplitude characteristics must be defined before fotnd B a‘é‘;‘;a;"'""“"" (Figure 14 using Figure 16 —
the specification of codec parameters can begin. How- Curve ¢ — Single integration (Figure 14 — MC3418) with
ever, in general, the design can proceed along the lines of 6.0 mV step size

Curve ¢ — Single integration (Figure 14 — MC3417) with

the voice applications shown here, taking into account the 25 mV step'size

different signal bandwidth requirements.
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National
Semiconductor

Voltage Regulators

LM78XX Series Voltage: Regulators

General Description

The LM78XX series of three terminal regulators is
available with several fixed output voltages making them
useful in a wide range of applications. One of these is
local on card regulation, eliminating the distribution
problems associated with single point regulation. The
voltages available allow these regulators to be used in
logic systems, instrumentation, HiFi, and other solid
state electronic equipment. Although designed primarily
as fixed voltage regulators these devices can be used
with external components to obtain adjustable voltages
and currents.

The LM78XX series is available in an aluminum TO-3
package which will allow over 1.0A load current if
adequate heat sinking is provided. Current limiting is
included to limit the peak output current to a safe value.
Safe area protection for the output transistor is provided
to limit internal power dissipation. If internal power
dissipation becomes too high for the heat sinking
provided, the thermal shutdown circuit takes over
preventing the IC from overheating.

Considerable effort was expended to make the LM78XX
series of regulators easy to use and minimize the number

of external components. It is not necessary to bypass the
output, although this does improve transient response.
Input bypassing is needed only if the regulator is located
far from the filter capacitor of the power supply.

For output voltage other than 5V, 12V and 15V the
LM117 series provides an output voltage range from
1.2V to 57V.

Features

= Qutput current in excess of 1A

» |nternal thermal overload protection

= No external components required

w Qutput transistor safe area protection

= Internal short circuit current limit

® Available in the aluminum TO-3 package

Voltage Range
LM7805C 5V

LM7812C 12V
LM7815C 15V

Schematic and Connection Diagrams

Metal Can Package
TO-3 (K}
Aluminum

LIk
n

s

1
INPYY

BOTTOM ViEtw

:1’5 Order Numbers
LM7805CK
L aurer LM?7812CK

L1
10

T

VVA—-
£2

>
S A
b

(11

LM7815CK

‘: ) *See Package KCO2A

Vaer

Plastic Package
TO-220(T)

= ourrur

:} oo
== weur

-0

T0P vitw

Order Numbers:
LM7805CT
tm7812CT
LM7815CT

See Package TO3B
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LM78XX Series

Absolute Maximum Ratings

Input Voltage (Vo =5V, 12V and 15V)
Internal Power Dissipation (Note 1)
Operating Temperature Range (TA)

35v
Internally Limited

0°Cto +70°C
Maximum Junction Temperature

(K Package) . 150°C

(T Package) 125°C
Storage Temperature Range -85°Cto+150°C
Lead Temperaturs {Soldering, 10 seconds)

TO-3 Package K 300°C

TO-220 Package T 230°C

Electrical Characteristics LM78XXC (Note 2) 0°C < T] < 125°C unless otherwise noted.

OUTPUT VOLTAGE sV 12V 15V
INPUT VOLTAGE (unless otherwise noted) 10V 19v 23V UNITS
PARAMETER CONDITIONS MIN TYP MAX|MIN TYP MAX|MIN TYP MAX
Tj=25°C.5mA < Ig € 1A 48 5 §2 | 115 12 125|144 15 156 v
Vo Output Voltage Pp< 15W,5mA< Ig< 1A 475 525 11.4 12.6 114.25 16.75 \
VMIN € VIN € VMAX T&VINS20) | (145& VN & 27 | (17.5< ViN < 30) vy
Tj=25'C 3 50 4 120 4 150 T
Vi 7S VINS 145< VN € 17.5 € VIN < 30]
1o = 500 mA AVIN (TS VNS 25) | (145 < Vin £ 30) } (17.5 € Vin < 30) v
0'C<Tj<+125°C 50 120 150 my
) avIN (8 € ViN € 20) (15€ Vi € 27) | (185 < VN € 30) v
v L R lath
aVo  ging Regdjation T=25°C 50 120 180 ™
AVIN (1A ViN<20) | (146K ViN S 27 (1.7 K VN € 30) vi
10 1A —
0°< Tj<+125°C 25 60 75 mv
AVIN B INS 12) (16 € Vin € 22) | (20< ViN < 26) v
T)=25°C SmAK Ig < 1.5A 10 50 12120 12150 my
AV  Load Regulation % 250 mA € g € 750 mA 25 60 75 m!
SmA< lg& 1A, 0°C < Tj € +125°C 50 120 150 my
) Tj=25"C 8 8 8 mA
‘o Quiescent Current o< 1A 0°C € Tj € +125°C 85 85 85 mA
SmA<Ig& 1A 0.5 0.5 0.5 mA
. Ti=25°C. 1o € 1A 1.0 1.0 1.0 mA
alg 8:'::;:"' Current |y N € VIN € VMAX (7.5€ Vipy & 20) | (14.8 & Vi < 27) | (17.9€ Vin & 30) v
10 % 500 mA. 0°C < Tj € +125°C .10 1.0 10 mA
VMIN € VIN € VMAX (7€ V)N 25 |(145€ ViN € 30) {17.5 € ViN < 30) v
VN Outpul Noise Voltage{Ta =25'C, 10 Hz € { € 100 kHz 40 75 90 N
o< 1A, Tj=25'Cor 62 80 55 72 54 70 dé
SVIN Rioble Reiacti t=120 Hz 10 € 500 mA 62 85 54 a8
avour Teple Rejection 0°C< T| € +125°C
VMIN € VIN € VMAX B< VN € 18) (15 VN € 25) [18.5< Vi € 28.9) v
Dropout Voltage Tj=25°C.louT=1A 2.0 2.0 2.0 v
Output Resistance t=1kHz 8 18 18 me
Ro Short-Circuit Current |Tj=25°C 2.1 1.5 1.2 A
Peak Qutput Current |Tj=25°C 24 2.4 24 A
Average TC of Voyt [0°C & Tj < +125°C.Ig =5 mA 0.6 1.5 1.8 mv!*C
Input Voltage
VIN Required to Maintain |Tj=25°C, 10 € 1A 7.3 14.6 17.7 v
Line Regulation

NOTE 1: Thermal resistance of the TO-3 package (K, KC is typically 49C/W junction ta case and 35°C/W case to ambient. Thermal resistance of the
T0-220 package (T} is typically 4°C/W junction to case and 50°C/W case to ambient.

NOTE 2: Alich istics are d with

across the inut of 0.

22 uF, and a capacitor across the output of 0.1 uF. All characteristics ex-

cept noise voltage and ripple rejection ratio are measured using pulse techniques (tw < 10ms, duty cycle & 5%). Output voitage changes due to

changes in internal temperature must be taken into account separately.
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National
Semiconductor

Voltage Regulators

LM79XX Series 3-Terminal Negative Regulators

General Description

The LM79XX series of 3-terminal regulators is available
with fixed output voltages of —5V, —12V, and —15V.
These devices need only one external component—2a

. compensation capacitor at the output. The LM79XX
series is packaged in the TO-220 power package and is
capable of supplying 1.5A of output current.

These regulators employ internal current limiting safe
area protection and thermal shutdown for protection

Features

drain of these devices with a specified maximum change
with line and load ensures good regulation in the voltage
boosted mode.

For applications requiring other voltages, see LM137
data sheet.

against virtually all overload conditions.

Low ground pin current of the LM79XX series allows
output voltage to be easily boosted a_bove the preset
value with a resistor divider. The low quiescent current

® Thermal, short circuit and safe area protection
= High ripple rejection

= 1,5A output current

m 4% preset output voltage

Typical Applications

+15V, 1 Amp Tracking Regulators

Variable Output

Vi LMMAT 15V Vour (4 14V l’ e L . :l:‘
4 e v
1o =Lt %
0010 soLte
TANTALUM S = TANTALUM
b3
e b weyt waraxct outeur
e y
| *improves transient response and ripple rejection.
: Do not increase beyond S0uF.
wt T Rt + R2
4
r e, & VouT * VSET ———->
1 /1 o € — R2
-
ese L2 2. | & & I -0 Select R2 as follows
Bb = >3 N A v
i P LM7905CT 3000
1 LM7912CT 7508
LM7915CT 1k
Vi 313 Vour (-1 15V
Performance (Typicall
(=151 {+15)
Load Regutation at Al = 1A 40 mV 2mV s
Output Ripple, Ciy = 3000uF, 1 = 1A 100uVrms 100xVrms
Temperature Stability 50 mV S0 mV
Output Nosse 10 Hz < £ 10 kHz 150uVrms 150uVrms

*Resistor tolerance of A4 and RS determine matching of {+) and (=) outputs

* *Necessary only if raw supply filter capacitors are more than 3” from regulators

Fixed Regulator

_Ejz—::——j;u'

= =Lt |, - 1F
3 1
MUt LMI$XXCT guThuT

*Required if requlator is separated from filter capacitor by more than 3.
For value given, capacitor must be solid tantalum. 25uF aluminum electro-
Iytic may be substituted.

tRequired for stability, For value given, capacitor must be solid tantalum.
25uF aluminum electrolytic may be substituted. Values given may be
increased without limit. .

For output capacitance in excess of 100k F, a high current diode from
input to output {1N4001, etc.) will protect the reguiator from momentary
input shorts.

Dual Trimmed Supply

SV

™

e 31 ‘: ?’:Anl
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LM79XX Series

Absolute Maximum Ratings

Input Voitage
(Vo =5V)
(Vo = 12V and 15V}
Input-Output Differential
(Vo =5V)
(Vo = 12V and 15V}

Power Dissipation

Operating Junction Temperature Range

Storage Temperature Range

Lead Temperature {Soldering, 10 seconds)

Electrical Characteristics Conditions unless otherwise noted: 10U

-35V
—-40V

25V
. kinY
Internally Limited
0°C to +125°C
-65°C to +150°C
230°C

0°C < Ty < +125°C, Power Dissipation < 15W.

T=500mA, CiN = 2.2uF, CouT = 1KF.

PART NUMBER LM7905C

OUTPUT VOLTAGE 5V UNITS
INPUT VOLTAGE (unless otherwise specified} -10v
PARAMETER _CONDITIONS MIN TYP MAX

Vo Output Voltage Ty=25°C -4.8 -50 -52 N
smA< IguT S 1A ~-4.75 -5.26 \Y
P<ISW (-20 € VN < -7 v
AVo Line Regulation T3=25'C, (Note 2) 8 50 mV
25 < VNS T v
2 15 mv
(-12<vin<-8 \
AVQ Load Regulation T;=25'C, (Note 2) mV
smA<lguT < 1.5A 15 100 mV
250 mA < loyuT < 750 mA 5 50 mV
Q Quiescent Current T3=25C 1 2 mA
Aig Quiescent Current With Line 0.5 mA
Change (-25< Vin< -7 \
With Load,5mA < IguT S 1A 0.5 mA
Vi Output Noise Voltage Ta=25C,10 Hz << 100Hz 125 uVv
Ripple Rejection f=120 Hz 54 66 d8
(-18<VINE -8 A \
Dropout Volitage Ty=25'C. lguT = 1A 1.1 v
IoMAX  Peak Output Current Ty=25¢C 22 A
Average Temperature oyt =5 mA, 0.4 mVv! C

Coefticent of

Ouiput Valtage

0CIT <100 C
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Electrical Characteristics (Continued) Conditions unless otherwise noted: foyT = 500 mA, CiN = 2.2uF,
CouT = 1uF, 0°C < Ty < +125°C, Power Dissipation = 1.5W.

S XX6.L W1

PART NUMBER LM7912C LM73815C
QUTPUT VOLTAGE 12V 15v UNITS
INPUT VOLTAGE (unless otherwise specified) =19V =23V (o]
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX .
Vo Output Voltage Ty=25'C ~11.5 -120 -125 |-144 -1560 =-156 \ 8
smA< oyt < 1A, -11.4 -126 {-14.25 -15.75 v
P < 15W (-27€ Vi <1458 | (-30<ViN< 17.5) v
Avo Line Regulation Ty =25'C, (Note 2) 5 80 5 100 mv
(-30< VN < —14.9) (-30< VN -17.8) v
3 30 3 50 mV
(-22< VN < -16) (-26 < VN < -20) \
AVo Load Regulation T;=25C, (Note 2) 15 200 15 200 mvV
smA<IoyT < 1.5A 15 . 200 15 200 mv
25C mA < IouT € 750 mA 5 75 S 75 mV
[T} Quiescent Current Ty=25°C 3 1.5 3 1.5 3 mA
Alg Quiescent Current With Line 0.5 0.5 mA
Change (-30< vin < -14.5) (-30<vin< -17.9) \Y
With Load,5mA<IgyT $1A 0.5 0.5 mA
Va Qutput Noise Voltage | Ta =25°C, 10Hz<f<100Hz 300 37% uv
Ripple Rejection f=120 Hz 54 70 54 70 d8
(-25< VN < -15) (=30< VN -17.5 \
Dropout Voltage T3=25'C, lguT=1A 1.1 1.1 \
IoMAX  Peak Output Current | Ty=25"C 2.2 2.2 A
Average Temperature | lQUT = 5 mA, -0.8 ~1.0 mV/°C
Coefficient of 0°C< Ty< 100°C
Output Voltage

Note 1: For calculagons of junction temperature rise due to power dissipation, thermal resistance junction to ambient {0 3 A’ is 50°C/W
(no heat sink) and §°C/W (infinite heat sink).

Note 2: Regulation is measured at a constant junction temperature by puise testing with a low duty cycle. Changes in output voltage
due to heating effects must be taken into account.
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LM79XX Series

Typical Applications (Continved)

High Stability 1 Amp Regulator

Vour (4
+
s CJ
—r
-
*an o I~ et
— 2k men) — 0§
'
Vour 1=}

u

S

Load and line regulation < 0.01% temperature stability < 0.2%

t Determines Zener current
t1Solid tantalum

+Select resistors 10 set output voltage. 2 ppm/°C tracking suggested

Preventing Positive Regulator Latch-Up

Current Source

1 2 Vour
Ve LM T ——g - — r
“ ] L
U] =
3 ;, i { -\ b
' e\ K, / | |
4 4 éﬁ; S \ ! !
S e t l vy TanTALM "= Lid
" (S CURRERT
i
J =
T R N !
‘ INPUT — il
——e S ouTeUT
“Vour
R1 and D1 allow the positive regulator to “start-up” when +Vin is

delayed relative to —Vyn and a heavy load is drawn between the

outputs. Without R1 and D1, most three-terminal regulat
start with heavy (0.1A—=1A) load current flowing 1o !
reguiatar, even though the positive output is clamped by D2

ors will not
he negative

*R2 is optional, Ground pin current from the positive ragulator {lowing

through R1 will increase +VouT = 60 mV if R2 is omitted.

Light Controllers Using Silicon Photo Cells

L

5V
Yoyt =1mAY -

é [ ]
et -
Q (D 1763 :Ymm
VX TUAR.ON 1742
CURRENT FIAK TURN-ON
CURRLNT

*Lamp brightness increases untit ij = SV/R1 (i can be set as
tow a$ 1uA)

tNecessary only if raw supply filier capacitor is more than 2"
from LM7805CT

*Lamp brightness increases until if * iQ {= 1 mA) + 5V/R1.
t Necessary only if raw supply filter capacitor is more than 2"
from LM7905CT

Connection Diagrams

TO-2 Package
TQ-220 Package

ouTAY. 133G 3
Order Numbers: \(\ (cse) Order Numbers:
LIM7905CK o2 ourret LIA7998CT
LM7912CK O O ot O S e |_m7g12(i'r
LM7915CK = LA22i5CT
See NS Package KCO2A m/ el Sea WS Package T028
EOTTOM VIEW TOF VIEW
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Schematic Diagrams
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