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ABSTRACT

This research project is voice recorder from telephone line link
and automatic calling for pager, It connect with telephone and security
system by interrupting signal. It use microprocessor Z 80 series -
controlled system. Internal circuits consist of ringing detection circuit,

impedance changde ggrqyit, tone detection circuit, DTMF decorder circuit,
digital signal recorder circuit, and DTMF encorder circuit. Data & signal
received form telephone line and interrupting signal.

This project rectify problem in contact with telephone when
Onobody absent in your house. It can answer and recording message form

telephone line and automatic caling for pager. In addition to,it use -

interrupting signal for protect thievishness or sent alarm signal.
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z.s.1qq11a1uqutﬂqua (Speech circuit)
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2.6.2 1~1'~11t§auﬁ'aﬁu‘waw (DC line interface)
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2.6.3 qqawdqiqqnmtaaqga (Transmitter section)
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2.6. 41‘1’41’1'115:]!]‘1&135\!!61 (Receiver section)
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3.2 1111&10?#3U§ﬂﬂﬂﬂn7330 (Ringing Detection)
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3.4 DTMF Decoder
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a.5 NT8870 DTMF Decoder
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3.5.1 Qaﬂuﬁalaq NT8870
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< | 4 v
1. AYRNTANAIND (Filter Section) Tudauu’zuandqgyal DTMF ntnﬁuﬁaantﬁu 2
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uuy dual tone FeM2NuIIdATXREAA2INA 3.579545 MHZ TUNTITANLNARIND 8 R21M0N

1 - 1 (Y] 1 4
UANRIINURINNIRTEY Dual Tone Muti Frequency (DTMF) Tagtunasln 1 TUFUUANAIAD

1 1

3 - - - J
mTiviuadgya dual tone 3rf1ilm tone n19 column N1 1 ATINAURENIY row

- 4 v v v o ﬂ <
112N 1 AU UATITINLIIRIEAUL UHYAZIND

v ¥
tone encoder AQ

5 ‘ 44 4
output TIRTTINITUXAYATIAIIUANHARTUTAS

TONE

OTMF
STANDARD
(Hz)

ENCOOER
ouUTPUT*
(Hz}

ERROR
FROM STANDARD*
' (%)

Row 1
Row 2
Row 3
Row 4
Column 1
Cotumn 2
Column 3

Column 4

697
770
852
941
1209
1336
1477
1633

701.3
771.4
857.2
93s.1
1215.9

1331.7.7

14309
1645

+0.62
+0.19
-0.61
-0.63
+0.57
-0.32
-0.35
-Q.73

*Using an inout signal from a 3.578545-MHz crystai.
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Keyboard uar Electronic inputs
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v a 4 -
WATULARADTINARIN row URE column WANNY

Single Tone Enable Input

X " ‘ . - v
nwnnﬁutﬁu "0" NN TCM 5089 INAM1TAA1IUR tone A

-1 ) . a v -
nwnnwutﬁu "1" N1 TCM 5089 #1701 UR tone YARINUTNA

Tone Enable Input

3 - v ] v
nﬁnnﬂutﬂu "0" 3NN tone ‘NAMITARY output aan'ia

Key Board Active Output

4 o ' . . 4
(i output aiawt¥idedaiuanauanitu transmitter, receiver niadu 7 Tas

y 4 4 o
output uastﬁu "0" (HaNNITNR key 1a 9 uazastﬂu "7 LatiNna 10k key
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3 dek ok Sk ok ololok ookl Rk Rkl ok ok dok

H SOFTWARE FOR PROJECT RMITL ¥
H PROGRAM VOICE RECODER & *
5 AUTOMATIC CALLING PAGER *

3R R R ORI ook ok

we

0000 CPUV "Z80.TBL"

0000 HOF "INT8"

0000 ORG 0000H

00EO0 = WR_COMM: EQU OEOH 3LCD command port write
00E4 = RD_COMM: EQU 0E4H sLCD command port read
COE2 = WR_DAT: EQU OE2H sLCD data port write
0000 Z2100FF POWON: LD HL,O0FFO0OH ;5 .4 SEC

0003 CD5405 CALL DELAYS

0006 C30001 JP  START

0038 ORG 38H

0038 214904 LD HL,INT

003B E3 EX «(Spy,HL

003C C9 RET

0100 ORG 100H

0100 3E8A START: LD A,BAH

0102 D3B3 OUT (0B3M),A _3B0=B2L=0UT,B1=B2U=IN

0104 D3C3 OUT (0C3M),A $C0=C2L=0UT,C1=C2U=IN



0106
0108
0104
010C
010E
0110
0112
0115
0117
0114
011C
011F
0121
0124

0126

0127
0124
012C

012F

3E80
D3BO
3EFF
D3CO
3EO01
D3C2
31008F
2E38
CD8COo1
3EOF
CD8Co1
3E06
Cbsco1
ED58-

FB

214901
0605
Cp8oo01
CDAEO1
CD9301
CDAEO1
TA
328988
Cb9901
CDAEO1

TA

START1:

CHEAK:

LD 4,80H

OUT (0BOHY, A

LD 4,0FFH

OUT f0COM),A

LD 4,01H

OUT (0C2H), 4

LD  SP,8FDOH

LD A,00111000B
CALL LCD_COH

LD  34,00001111B
CALL LCD_COM

LD  A,00000110B

CALL LCD_COM

A/ A

EI

LD  HL,TaB
LD B,5
CALL LCD

CALL STSCAN
CALL WR_LCD
CALL STSCAN

LD A,D

LD (8889H), A
CALL WR_LCD

CALL STSCAX

LD A,D

sSET STACK

sFunction set,

sDisplay on/off control

sEntrey mode set

s CHEAK ENT




0180

0is2

0185
0188
0189

018B

018C
018F

0191

0192
0135
0196

0198

0188
018C
019D

019F

0140
0141
0143
01A5

01A7

3E01

Cb8Cco1

CD9201

2C

10FA

C9

CDAOO1

D3EO

C9

CDAOO1

7E

D3EZ

C9

€D4a001

TA

D3E2

C9

DBE4

CB7F

20FA

F1

LCD:

START3:

LCD_COM:

WR_ASCITI:

WR_LCD:

BUSY:

BUSY1:

LD

CALL

CALL

INC

DJINZ

RET

CALL

ouT

RET

CALL

LD

ouT

RET

CALL

LD

ouT

RET

PUSH

IN

BIT

JR

POP

a,1

LCD_COM

¥R_ASCII
L

START3

BUSY

{(WR_COMM) , A

BUSY
4, 'HL)

(WR_DAT)Y, A

BUSY
A,D

{¥R_DAT),A

AF

4, (RD_COMM)
7,4
NZ,BUSY1

AF

;Clear LCD

sBit is busy

snot busy loop



01A8 C9 RET s;yes busy

01A9 4D4F444520TAB: DFB 4DH, 4FH, 44H, 45H, 20H

00BZ = RD_REY: EQU 0BZH

00BZ = P_SCAN: EQU 0B2H

8388 = K_PRESS: EQU 8888H

01AE CDB301 STSCAN: CALL SCANK sget key

0181 57 LD D,A skey code

01B2 CS RET

01B3 CDC301 SCANK: CALL SCAN sKey press

01B6 FEFF CP 0FFH

01B8 28F9 JR Z4, SCAXNK snot key press goto scank
01BA CDE101 CALL KEY_NEW skey relese

01BD 38F4 JR  C,SCANK sno goto scank
01BF CDECO1 CALL REY_CODE skey code ok

01c2 C9 RET

01C3 0604 SCAN: LD B,4 scounter 4 column
01C35 OEO1 LD c,01 ;start column 0
01CT 79 SCAN_LP: LD A,C

01c8 2F CPLA

01C9. D3B2_ OUT (P_SCAN),A sout column




01CB
01CD
01CE
01D0

01D2

01D4
01D5
01D6
01D7
01D9
01DC
01DE

01E0

01E1
01E4
01E8
01E7
01E8
01EA

01EB

01EC
01ED

01FO

FEFO

200c

4F

10EE

218888

CB8s

3EFF

c9

218888

CB46

37

co

CBCS6

3F

C9

TA

21F4A01

0630

SCAN_L1:

KEY_NEW:

KEY_CODE:

LD

AND

CP

JR

LD

RLCA

LD

DJINZ

LD

RES

LD

RET

LD

BIT

SCF

RET

SETT

CCF

RET

LD

LD

A, (RD_KEY)
D,4
OF0H
OFOH

NZ, SCAN_L1

4,C

C,A
SCAN_LP
HL,K_PRESS
0, (HL)

A,O0FFH

HL,K_PRESS

0, (HL)

NZ

0, (HL)

A,D
HL,XEYTAB

B, 30H

sread row for high nibble

shigh nibble not high key is p
sno key press

snext coluun

scolumn not equ 5 goto SCAN_LP
;END column = 5

;Reset flag for key new

sno key press

saddress buffer for check key

sCarry flag set for key not re:
skey not relrase exit |

syes key release

sClear flag carry for key code

skey ok

schange code for sequency

ssequenc of key board




01F2
01F3
01F4
01F3
01F7
01F8

01F9

01FA
01FA
01FE
nzoz
0206
0204
pz20cC
Q20F
0211
0213
0215
0217
0213
0214
pz1c
021E
pa2z1
0223

0226

04 K_CODE1:

KEYTAB:

EEEDEBE?

DEDDDBD7

BEBDBBBT

TETD7B77

3EO01 CLOK:

CD8CO1

3E01

D3AF

3EC4

D3AF

D3AE

AF

D3AD

DBAS

Cb4F02

DBA4

CD4F02

1620

IXC
Cp
INC
JR
DEC
LD

RET

DFB
DFB
DFB
DFB
LD
CALL
LD
ouT
LD
OUT
OUT
XOR
ouT
IN
CALL
IV
CALL

LD

B seffect zero flag
(L) skey code compare key table
HL

NZ,K_CODE1
B skkey match

A,B

OEEH, OEDH, OEBH, 0ETH
ODEH, 0DDH, O0DBH, 0D7H
0BEH, 0BDH, OBBH, 0BTH
0TEH,07DH,07BH,077H
A, 1
LCD_COM
3,1
(0AFH) , A
a,4
(0AFH), A
(OAEHY, A
A
(0ADH), 4
A, (0ASH)
TIME
A, (CA4H)
TIME

D,20H -- - -

sKEY

1Y

“we

Y}

4,5,6,7
B,9,A,B

c,D,E,F



0228 CD3901 CALL WR_LCD

0228 DBA3 IN A, (0ASH)
022D CD4FO02 CALL TIME
0230 DBA2 IN A, (0A2HD
0232 CD4FO2 CALL TIME
0235 1620 LD D,20H
0237 CD9901 CALL WR_LCD
0234 DBA1 IN A, (DAL
023C CD4FO2 CALL TIME
022F DBAD IN A, (0AOH)
0241 CD4FO2 CALL TIME
0244 CDAEO1  LOOP1:  CALL STSCAN
0247 TA LD 4,D
0248 FE3F CP  3FH
0244 20F8 JR  NZ,LOOP1
024C €32701 JP  START1
024F 0630 TIME: LD  B,30H
0251 E6OF AND OFH

? 0253 BO OR B

| 0254 57 LD D,A

; 0255 CD9901 CALL WR_LCD

E 0258 C9 RET

3 *%DTMF¥*

0259 218B02  DTMF: LD  HL,DTTAB
025C 0608 LD B8



DZ5E CD8001 CALL LCD

0261 CDAEO1 DTYFO: CALL STSCAN
0264 CDB202 CALL CHEAK1

0267 EBOF AND OFH

0269 47 LD B,A

0264 219302 LD  HL,DTTABR1

026D SE DTYF1: LD E, (HL)

026E 23 INC HL

026F 10FC DJNZ DTMF1

0271 7B LD A,E

0272 D3CO OUT (0COH), 4 ; DTGEN
0274 CDC301 DTYF2: CALL SCAN

0277 FEFF CP  OFFH

0279 20F9 JR  NZ,DTMF2

027B 3EFF LD  A,OFFH

027D D3CO OUT (0COH),A ;DTGEN
027F (36102 JP DTYFO

0282 74 CHEAK1: LD  A,D

0283 FE3F CP  3FH sKEY ENT
0285 2801 JR  Z,G0TO

0287 C9 RET

0288 C32701 GOTO: JP  START1

028B 4B455920 DTTAB: DFB  4BH, 45H, 59H, 20K ’
028F 44544D48 DFB  44H,54H, 4DH, 464

0293 777B7D DTTAB1: DFB 077H,07BH,07DH

0296 B7BBBDD7 DFB OB7H,0BBH,O0BDH,O0D7H -



0284

029E

02A1

D2A2

0246

0249

02AC

02B0

02B4

02B7

02B9

02BC

02BF

02C2

02Ce

02cA

DBDDEBED

21AC02
0608

CD8001
Chd402

32701

43482056

4F494345

21C202
0608

CD8oo1
Ch4402

€32701

52452056

4F494345

21FC02

we

.
bl

-
b

MEMV:

MVTAB:

-

.

REDV:

RVTAB:

e

-e

CODE:

DFB 0DBH,0DDH,0EBH, OEDH

FEMEMVE¥

LD  HL,MVTAB
Lb B,8

CALL LCD

CALL LOOF1

JP  START1

DFB  43H, 48H,20H,56H

DFB 4FH, 48H, 42H, 45H

#¥REDV##

LD  HL,RVTAB

LD  B,8

CALL LCD

CALL LOOP1

JP  START1

DFB 52H, 45H,20H,56H

DFB 4FH, 49H,43H,45H

#¥CODE¥*

LD  HL,COTAB



02CD 0608 LD B,8

02CF CD8001 CALL LCD
02D2 1683 LD D,83H
02D4 3AA0B3 LD A, (83A0H)
02D7 07 RLCA

0208 07 RLCA

02D9 07 RLCA

02DA 07 RLCA

02DB EB70 AND  070H
02DD 5F LD  E,A

02DE CDAEO1  COINT:  CALL STSCAN
02E1 FE3E CP  2EH

02E3 2804 JR Z,COINT2
02E5 FE3F CP  2FH

02E7 2803 JR Z,COINT1
02E9 C3DE02 JP COINT

02EC €32701 COINT1: JP  START!

02EF 62 COINT2: LD H,D
02F0 6B LD L,E
02F1 060A LD  B,0AH
02F3 D5 PUSH DE
02F4 CD8001 CALL LCD
02F7 D1 POP DE
02F8 1D " DEC E
02F9 C3DE02 JP COINT

02FC 31302044 COTAB: DFB 31H, 30H,20H,44H



0300 49474954 DFE 49H,47H, 49H,54H

-

3 #4#TEST #%

H
0304 213A0: TEST: LD  HL,TSTAB
0307 0605 LD B,35
0309 CD8001 CALL LCD
030C CDAEO1 TEST1: CALL STSCAN
030F 74 LD  4,D
0310 FE2A CP  3AH
D312 282B JR  Z,SPZ
0314 CDS901 CALL WR_LCD
0317 CDAEO1 CALL STSCAN
0314 7A LD  A,D
031B 328488 LD  {8884H),A7
031E CD9901 CALL ¥R_LCD
0321 CDAEO1 TEST2: CALL STSCAN
0324 CDb8202 CALL CHEAK1
0327 FE3B CP  3BH
0329 2820 JR  Z,FOREC
032B FE3C CP 3CH
032D 2849 JR  Z,F1STA
032F FE3D CP  3DH
0331 285D JR  Z,F2STP
0333 FE3E CP  3EH
0335 2866 JR  Z,F3RES

0337 €32103 - JP TEST2



0334

0364
036C
036D

D3B6F

5445535420TSTAB:

3A8B88

3C

3 328B88

pacz

€30C03

0600

CDB703

0680

CD8703

0690

CD6703

06B0

CD6703

0680

CD6703

€32103

3A8A88

E6OF

BO

D3BO

210010

2B

7C

B5

SPZ:

AAA:

DELAYF:

DFB

LD

INC

LD

ouT

JP

LD

CALL

LD

CALL

CALL

LD

CALL

LD

CALL

JP

LD

AND

OR

ouT

LD

DEC

LD

OR

54H, 45H,53H, 544, 20H H

A, (388BH)

A

(388BH), A

(0C2HY, A

TEST1

B,00H sRESET
AAA

B,80H s NORMAL
AAA

B,90H sREC
AAA

B,0BOH sREC+STA
AAA

B,80H

AAA s NORMAL

TESTZ2

4, (888AHM
OFH

B
(0BOH) , A
HL, 1000H
HL

AH

L _ _-



0375

0383
0386
0389
038B

038D

0390
0392
0385
D397

0394

039D
039F
0342
0344

0347

20FB

0B6AD

CDg702

2E03

D3C2

0680

CDB703

CD1FO7

2E01

b3cz

C32102

06C0

CD6703

0680

CD8703

C32103

06800

CD6703

0680

CD6703

€32103

F1STA:

F3RES:

e

we

JR

RET

LD

CALL

LD

ouT

LD

CALL

CALL

LD

ouT

JP

LD

CALL

LD

CALL

JP

LD

CALL

LD

CALL

JP

NZ,DELAYF

B, 0A0H
AAA
A,03H
(0C2H}, A
B,80H
AAA

EOS
A,01H
(0C2HY, A
TEST2

B, 0COH
AAA

B, 80H
AAA

TEST?2

B, 00H
AAA
B,80H
AAA

TEST?2

¥k SETHk

s SPEAKER MONITOR ON

;SPEAKER MONITOR OFF



03AA 214304  SET: LD  HL,SETAB1

03AD 0604 LD B,4 3 PGNO
03AF CD8001 CALL LCD

03B2 340682 LD A, (8206H)

03B5 47 LD B,A ;OLD DATA
03B6 211082 LD HL,8210H

03B9 CD3BO4 CALL SETA

03BC CD1904 CALL SET2

03BF 3E01 LN\ ;CLEAR LCD
03C1 CD8CO1 CALL LCD_COM

03C4 0604 LD B,4

03C6 1E00 LD E,OH

03C8 211082 LD  HL,8210H sNEW DATA
93CB CD0504 CALL SETT

03CE 7B LD  &,E

03CF 320682 LD  (8206H),A ;NUMB PGNO
03D2 78 LD 4,B

03D3 FE0O CP  00H

03D5 2003 JR  NZ,SN1

03D7 CD1804 CALL SET2

02DA 214704  SNi: LD  HL,SETAB2

03DD 0602 LD B,2 ;SN

03DF CD8001 CALL LCD

03E2 0606 LD B,6 ;OLD DATA
03E4 212082 LD HL,8220H

03E7 CD3B04 CALL SETA

03EA CD1S504 =" CALL-SET2~




03ED
03EF
03F2
03F4
03FT
03FA
0FB
03FD
03FF

0402

0405
0406
0407
0404
040B
040C
040E
0410
0411
0414
0415
0416
0418
0419
041C

041D

3E01 LD
CD8CO1 CALL
0606 LD
212082 LD
CD0504 CALL
78 LD
FEO0O cP
2003 JR
CD1904 CALL
C32701  BOT: Jp
cs SETT: PUSH
ES PUSH
CD2204 CALL
E1 POP
c1 POP
FE3F cp
2808 JR
77 LD
CD2904 CALL
23 INC
1c INC
10ED DINZ
co SETT1:  RET
CDAEO1  SET2: CALL
74 LD
FE3F T cp

A,1 sCLEAR LCD
LCD_COM

B, 6H sNEW DATA
HL,8220H

SETT

4,B

00H

NZ,BOT

SET2

START1

BC

HL
SET1
HL

BC

3FH
Z,SETT1
(HLY, A
SET3
HL

E

SETT

STSCAN
A,D

3FH



041F

0421

0422
04235

0428

0424
042B
042D

042E

0432
0433
0435
0436
0437

0438

0424

043B

043F
0440
0442

0443

20F8

C9

CDAEO1 SET1:

CD3901

€9

C3 SET3:

EBOF

47

219302

4E SET31:
23

10FC

El

25

71

24

C1

C9

56 SETA:
CDs901

23

10F9

C9

504E4F14 SETAB1:

JR

RET

CALL
CALL

RET

PUSH
PUSH
AND
LD
LD
LD
INC
DJINZ
POP
DEC
LD
INC
POP
RET
LD
CALL
INC
DJNZ
RET

DFB

NZ,SETZ

STSCAN

WR_LCD

BC

HL

OFH

B,4
HL,DTTAB!
C, (HL)

HL

SET31

HL

H

(HL),C

BC

D, (HL)

WR_LCD

HL

SETA

50H, 4EH, 4FH, 20




0447 4E4F SETAB2: DFB 4EH,4FH

ws

3 ¥SUB INTERUPT*
04493 F3 INT: DI
0444 DBCZ IN A, (0C2H)
044C OF RRCA
044D OF RRCA
044E OF RRCA
044F OF RRCA
0450 2F CPL 4
0451 E60T AND OTH
0453 F630 OR  30H
0455 320381 LD (8103H), A
0458 FE37 CP  37H
045A 2803 JR  Z,RING
045C C36204 JP  INTI
045F C39D0S RING: JP  RECIVE
0462 0604 INT1: LD B,4
0464 213705 LD  HL,INTTAB
0487 CD8001 CALL LCD
048A 3A0581 LD 4,{8105H
046D 57 LD D,A
046E CDS8801 CALL WR_LCD
0471 CD5A05 CALL MEMINT 3SAVE MEMORY INTERUPT 8130H-81

0474 3E00 LOWZ: LD 4,00H -~ ° /



0478
0478
0474
047D
047E
04TF
0480
N4g2
0484
0486
0488
0484
048D
0490
0492
0495
0497
0499
049B
049D
049F
D442
0445
D4AT7
0449
04AC

04AF

b3c2
0605
2100FF YTONE2:
2B YTONE:
7C

BS

2013

10F86

3E01 RTN:
D3C2
0604
2100F0 DLY22:
CD5405

10F8

C37404

DBB1 YTONEA:
E620
FEOO
20E0
0604
2100F0 DLY21:
CD5405 |

10F8

0604

211081

CD3BOS5

DBB1

ouT

LD

DEC

LD

OR

JR

DJNZ

LD

ouT

LD

LD

CALL

DJNZ

JP

IN

AND

Cp

JR

LD

LD

CALL

DJNZ

LD

LD

CALL

IN

(oczm, A
B,5

HL, OFFOOH
HL

A,H

L
NZ,YTONEA
YTONEZ
A,01H
(0C2H), A
B,4H
HL,0F000H
DELAYS
DLY22
LOWZ

A, (0B1D
20H

00H
NZ,YTONE
B,4H

L, 0FCO00H
DELAYS
DLY¥21
B,4H
HL,8110H
SENT

4, (0B1HD)

sDELAY 5 SEC

3¢ HIGH

sDELAY 1.6 SEC

.
>

sCODE ¢ DIGIT



04B1
04B3
04B5
04B7
04BA
04BD
04BF
04C1
04C4
04C5
04C6
04CT
04C9
04CB
04CD
04CF
04D1
04D4
04D7
04D9
04DC
04DE
04ED
04E2
04E4
04E5

04ET

E620

FEOO

2803

C3BD0O4

38404

1600

0605

2100FF

2B

7C

B5

2013

10F86

3E01

b3cz

0604

2100F0

CD5405

10F8

C37404

DBB1

E620

FE0O

20E0

74

FEO5

2803

STN1:

BBB:

YTOXNE1:

YTONES33:

DLYAZ2:

YTONEAA:

AND

cp

JR

JP

JP

LD

LD

LD

DEC

LD

OR

JR

DJNZ

LD

oUT

LD

LD

CALL

DJNZ

JP

JR

LD

CP

JR

20H

00H
Z,5TN1
BBB

RTN

D,0H

B, 5H

HL, OFFOOH
HL

A,H

L

NZ, YTONEAA
YTONE1
A,01H 3Z HIGH
(0C2H) ,A
B, 4H
HL,O0F000H
DELAYS
DLYA2
LOWZ

A, (0B1H)
20H

00H

NZ,YTONE33



),

Q4E9
04EC
04EF
04F1
04F3
0'4F3
04F7
04F9
04FC
04FD
04FE
04FF
0501
0504
0506
0509
050B
050D
050F
0511
0512
0515
0517
0514
051D
051F

0522

C3EF04

C38404 RTN1:

DBB1 STPTN:

E620

FEOO

28F8

0602

2100FF NTONEZ:

2B NTONE:

7C

BS

2803

€30905

10F3 NT1:

315038

DBB1 NTONE1:

£E620

FE0O

20EB

14

C3C104

06086 cCc:

212081

CD3BO5

0604

2100F0 DLY51:

CD5405

JP

JP

IN

AND

Cp

JR

LD

DEC

LD

OR

JR

JP

DJNZ

Jp

IN

AND

CP

JR

INC

JP

LD

LD

CALL

LD

LD

CALL

STPTN
RTN

4, (0B1HD)
20H

00H
Z,STPTN
B,02H
HL,O0FFOOH
HL

A, H

L

Z,NT1
NTONE1
NTONEZ
ccce

4, (0B1ID
20H

00H
NZ,NTONE
D

YTONE1
B,6H
HL,8120H
SENT
B,04H
HL,O0F000H

DELAYS

3;DELAY 2 SEC #¥¥

;CODE 6 DIGIT

sDELAY 5 SEC



0525
0527

0529

0537

0545
0547
0549

054C

0553

10F8
060B
213081
CD3BOS
SEO1
D3cz
FB

€32701

494E5420 INTTAB:

TE SENT:
D3CO
E5
2100F0
CD5405
3EFF
D3CO
210080
CD5405
E1

23
10E8

c9

DJNZ

LD

LD

CALL

LD

OoUT

EI

JP

DFB

LD

ouT

PUSH

LD

CALL

LD

ouT

LD

CALL

popP

INC

DJINZ

RET

DLY51
B, 0BH
HL,8130H
SENT
A,01H

(0C2i, 4

START1

49H, 4EH, 34K, 20H

A, (HL>
(0COH) , A
HL
HL,0F000H
DELAYS
A,OFFH
(0COH", A
HL,8000H
DELAYS
HL

HE

SENT

sCODE 10+# DIGIT

;2 HIGH



0562
0565
0568
0569
0564
056B
056C
056E
056F
0571
0574

0876

2B

7C

BS

20FB

Co

0805
218C05
113081
CD9B05
344083
07

0T

0T

07
E670
SF
1683
219105
0605
CD9605
340581
12
E60F
a1
219302

4 -

DELAYS:

MEMINT:

MEMINTZ:

DEC

LD

OR

JR

RET

LD

LD

LD

CALL

LD

RLCA

RLCA

RLCA

RLCA

AND

LD

LD

LD

LD

CALL

LD

LD

AND

LD

LD

LD

HL

AH

NZ,DELAYS

B,S5H
HL,MINTAB
DE,8130H
MEMINT1

A, (83A0H)

TOH

E,A
D,83H
HL,MINTAB1
B, 5H
MEMINT1
4, (8105
(DE), A
OFH

B,A
gL,DTTABl

C, (HL)

3SAVE MEMORY 8130H-83139H

5SAVE MEMORY B3XOH-B83X9H

3SAVE MEMORY 83X5H




0584

0585

0587

0588 2

0588
058C
0391
0596
0597
0598
0599
0594

059C

059D
0540
0542
0545

05AT

05AD
05B0O
05B3

05B4

23

10FC

c9

DDETEBEBEBMINTAB:

38BO303030MINTABL:

TE

12

23

13

10FA

C9

21DF05

0606

CD8001

0605

50

CDF008

0605

2100FF

CDFAOB

42

10F1

MEMINT1:

-
*

-
2

-
b

RECIVE:

RECV:

RECA:

INC

DJNZ

LD

LD

RET

LD

INC

INC

DJNZ

RET

HL
MEMINTZ
A,C

(8135M),4 H " 8135H

0DDH,OE7H, OEBH, OEBH, OEBH
39H,0BOH, 30H, 30H, 30H

A, (HL)

(DE), A

HL

DE

MEMINT1

¥RRECI VE##

LD

CALL

LD

Lb

CALL

LD

LD

CALL

DJINZ

HL, RECTAB

B,6H sRECIVE
LCD

B, 5H

D,B

REC1

B, 5H H

HL, OFFOOH 3 6k
REC2

B,D sRING=5

RECV

e



05B6
05B8
05BA
05BC
05BF
05C2
05C4
05C7
05CA
05CC
05CE
05D0
05D2
05D4
05D6
05D9

05DC

05DF

05ES
05E7
0SEA
05ED

05EF

3E0O

p3cz2

0605

21000F

CD5405

1608

CDOFO7

€h2soT

FEOB

2808

FEOC

2807

FEOQ.

2806‘

C3ES305 MEMVOI:
37906 MEMNO:

C3BAOS READV:

5245434956RECTAB:

we

-

.

1609 MEV:

CDOFO7

3A0781

E60F

57

LD A,O0H

0UT (0CZH,A
LD B,5H

LD  HL,0FO00H
CALL DELAYS
Lb D,8H
CALL VOICEA
CALL CODE1

CP  OBH

JR  Z,MEMVOI
CP  0OCH

JR  Z,MEMNO
CP 9H

JR  Z,READV
JP MEV

JP  MEN

JP  RDV

DFB 52H,45H,43H, 43H,56H, 451
*kMEV#*

Lb D,9%H
CALL VOICEA
LD A, (8107H)
AND OFH

LD D,A

s 2 SEC

sVOICEL

sk kok

s kX

3VOICEZ



05F0

05F2

0SF4

05F7

0604

0607

080A

060B

060D

060F

0612

0615

0616

0618

0614

061D

0620

0622

0624

0626

0628

F600
D3BO
210010
CD5405
TA
F680
D3BO
TA
F690
D3BO
210010
CD5405
[
F6B0
D3BO
210010
CD5405
TA
F680
D3BO
210010
CD5405
DBBO
E650
FE10
2807

FE40

MEV1:

OR

ouT

LD

CALL

LD

OR

oUT

LD

OR

ouT

LD

CALL

LD

OR

ouT

LD

CALL

LD

OR

OuT

LD

CALL

IN

AND

cp

JR

oH
(0BOH) , A
HL, 1000H
DELAYS
A,D

80H
(0BOH), A
4,D

90H
(0BOH) , A
HL, 1000H
DELAYS
A,D

0BOH
(0BOH), A
HL,1000H
DELAYS
A,D

80H
(0BOHY, A
HL, 1000H
DELAYS
4, (0BOH)
SO0H

10H
Z,MEV2

40H

sRES

3 NORMAL

sREC

sREC+STA

s NORMAL



0624
062C
062F
0631
0633
0635
0637
0634
063B
063E
0640
0643
0645
0648
064B
064C
064D
064E

084F

20F4

£33706

DBBO

EBOF

FEOC

20E9

3A0781

3C

320781

1604

CDOFO7

0605

217406

112081

TE

12

23

13

10FA

340781

3D

E6OF

47

219302

S5E

23

10FC

MEVZ:

VOI31:

MEV3:

MEV31:

JR  NZ,MEV1
JP VOI31

IN A, (OBOH)
AND OFH

CP  OCH

JR  NZ,MEV1
LD  4,(8107H)
INC &

LD (8107H), A
LD  D,0AH

CALL VOICEA

LD  B,5H

LD  HL,MEVTAB
LD  DE,8130H
LD 4, (HL}

LD (DE), A
INC HL

INC DE

DJNZ MEV3

LD  4,(8107H)
DEC 4

AND OFH

LD B,4&

LD  HL,DTTAB1
LD E,(HD
INC HL

DJNZ MEV31 -~

I 3 2



E

065F
0660
0663
0665
0667
06869
066C
086F
0671

0674

067E
0681
0683
0885
0888
0689
068B
068D
0690
0691
0692

0694

7B

323581

2EO01 SPAGE:

bzCz2

0604

21000F DLYAM:

CD5405

10F8

C37404

DDE7DDDDEBMEVTAB:

-
b

e

160B MEN:

CDOFO7

214081

1600

0607

€ch2807 MEN1:

77

FEOC

2807

CD4307

23

14

10F1

TA MEN2:-

LD A,E

LD (8135H),4A

LD  A,01H

OUT (0C2H),4 sHZ

LD B,4H

LD  HL,OFNOCH *  31.88EC

CALL DELAYS : -
DJNZ DLYAM
JP LOWZ

DFB 0DDH,OE7H,0DDH,0DDH,0EBH 338-290

A MEN**

LD D,0BH
CALL VOICEA
LD HL,8140H
LD D,0H

LD B,TH
CALL CODE1

LD  (HD),A
CP 0CH s k%
JR  2Z,MEN2
CALL NOCD

INC HL

INC D

DJNZ MEN1

LD  A,D




0695 320881 LD  (B108H),A

0698 1604 LD  D,04H
0694 CDOFO7 CALL VOICEA
069D 3EDD LD  4,O0DDH
069F 323081 LD  (B130H),A
0842 3EET LD  4,0E7H
0644 323181 LD  (8121H),A
06AT 340881 LD A, i8108H)
0644 47 LD B,a
06AB 213281 LD  HL,8132H
0BAE 114081 LD  DE,8140H
06B1 14 MEN3: LD A,(DE)
06B2 77 LD (HL',A
06B3 23 | INC HL
06B4 13 INC DE
06B5 10FA DJNZ XEN3
08B7 C36306 JP  SPAGE

5

; FARDVA#

;-
06BA CD2807  RDV: CALL CODE1
06BD 57 LD D,A
06BE F6A0 OR  0AOH
06CO D3BO OUT  (0BOH),A SCHNO IS SENT
06C2 210010 LD  HL,1000H

06C5 CD5405 CALL DELAYS

-06C8 TA- B LD A,D



06€9
06CB
06CD
06CF
06D1
96D2
06D3
06D8
06DA
06DC
06DE
06E0
06E3
06E3
06ES8
06EA
08EC

06ED

06F0
06F2
DBF3
08F5
08F7

06F9

06FA

F880

D3BO

DBB1 RDV1:

E640

FE40

20F8

CDa2sor RDVZ:

FEOC

2807

FEO9

28DA

C3D5086

1604 RDV3:

CDOFO7

3E01 RDV4:

D3C2

FB

€32701

DBC2 REC1:

2F

FE70

28F7

C9

2B RECZ:

OR

ouT

IN

AND

CP

JR

CALL

CP

JR

CP

JR

JP

LD

CALL

LD

OouT

El

JP

IN

CPL

AND

Cp

JR

RET

DEC

80H
(0BOH), 4
4, (0B1H)
10H

401
NZ,RDV1
CODE1
OCH
Z,RDV3
SH
Z,RDV
RDV2
D,04H
VOICEA
A,01H

(0C2ID, A

START1

A, (0CZH)
A
70H

70H

Z,REC1

HL

s NORMAL

sE ¥

s VOICE3



| 06FB
‘ 06FC
§ 06FD
: 08FF
0701
0702
; 0705
0707
0708
0704
070C

070E

O70F
0710
0712
0714
0717
0714
071B
071D
071F
0721
0723
0725

0727

P

7C

B5

2006

1000

El

C3AD0S

DBCZ

2F

E670

FETO0

20EC

Co

TA

F6AO0

D3BO

210010

CD5405

TA

F680

D3BO

DBB1

E640

FE40

20F8

€9

REC23:

REC22:

VOICEA:

EOS:

LD

OR

JR

DJNZ

poP

JP

IN

CPL

AND

cp

JR

RET

LD

OR

ouT

LD

CALL

LD

OR

ouT

AND
CP
JR

RET

AH

L
NZ,REC22
REC22

HL

RECA

4, (0C2H)
A

70H

70H

NZ,REC2

4,D

0AOH
(0BOH), &
HL, 1000H
DELAYS
4,D

80H
(OBOH:, A
4, (0B1H)
40H

40H

NZ,EOS



0728

0724

072D

072E

072F

0732

0734

0735

0738

0734

073D

073F

0741

0743

0746

0748

0749

074B

074D

OT4F

0751

0810 CODE1:
2100FF CODE2:

2B CODEZ3:

2006

10F8

E1

C3E806

DBB1 CODE4:

320681

E610

FE10

20EA

340681

E60F

C9

DBB1 NOCD:

E610

FE10

28F8

c9

LD

LD

DEC

LD

OR

JR

DJNZ

POP

JP

IN

LD

AND

Cp

JR

LD

AND

RET

IN

AND

Cp

JR

RET

B,10H
HL,OFFOOH
HL

A,H

L
NZ,CODEY
CODE2

HL

RDV4

4, (OB1H
(8106H), 4
10H

10H
NZ,CODE:Z
4, (8106H)

OFH

A, (OB1H)
10H
10H

Z,NOCD



0000
0007
04BD
0141
013F
0204
0724
02DE
02FC
0554
051F
018E
026D
0293
03438
039D
0177
0537

01E1

0005

0244

0596

028E

0685

05ES

064B

058C

A

BBB

BUSY1

CHEAK

CLOK

CODEZ2

COINT

COTAB

DELAYS

DLY51

DT

DTHF1

DTTAB1

FOREC

F3RES

IN

INTTAB

KEY_NEW

L

LOOP1

MEMINT1

MEMV

MEN1

MEV

MEV3

MINTAB

END
03867
0402
0001
0282
02Ca
072D
02EC
0002
049F
04D1
0259
0274
0003
0378
0288
0449
01FA
01F2
0180
0474
0583
05D6
0894
0620
065B

0591

AAA

BOT

C

CHEAK1

CODE

CODE3

COINT1

D

DLY21

DLYAZ

DTMF

DTHFZ

E

F1STA

GOTO

INT

KEYTAB

K_CODE1

LCD

LOWZ

MEMINT?2

MEMVOI

MENZ2

MEV1

MEV31

MINTAB1

0000

0140

0515

016B

0728

02EF

0372

0484

0669

0261

028B

O071F

0390

0004

0482

01EC

8888

018C

0554

05D9

0679

06B1

062F

0674

0171

BUSY

cce

CL

CODE1

CODE4

COINTZ

DELAYF

bLYZ2

DLYAM

DTHFO

DTTAB

EO0S

F28TP

H

INT1

KEY_CODE

K_-PRESS

LCD_COM

MEMINT

MENMNO

MEN

MEN3

MEV2

MEVTAB

A



— ——-“ S

024C
04FC
0000
08CD
06ES
05DC
0705
059D
02B4
04EC
01C3
01CT
0344
0429
0443
0418
033F
0185
01AE
030C
0174
070F
00E2
04C1

0495

MVTAB

NTONE

POWON

RDV1

RDV4

READV

REC22

RECIVE

REDV

RTN1

SCAN

SCAN_LP

SET

SET3

SETAB1

SETT1

SPZ

START3

STSCAN

TEST1

TS

VOICEA

WR_DAT

YTONE1

YTONEA

0749

0509

00B2

08D3

00E4

06F0

0701

05DF

045F

0174

01B3

017D

0422

0431

0447

03DA

0100

04BA

01439

0321

0334

0192

0199

047A

04DC

NOCD

NTONE1

P_SCAN

RDVZ

RD_COMM

REC1

REC23

RECTAB

RING

RV

SCANK

SE

SET1

SET31

SETABZ

SN1

START

STN1

TAB

TEST?2

TSTAB

WR_ASCII

WR_LCD

YTONEZ

YTONEAA

0504

04F9

D6BA

06E3

00B2

06F4a

054D

05A7

0484

02C2

01E0

053B

0419

043B

0405

0663

0127

04EF

0304

024F

0837

00EOQ

047D

04C4

NT1
NTONEZ
RDV
RDV3
RD_KEY
REC2
RECA
RECY
RIN
RVTAB
SCAN_L1
SENT
SET2
SETA
SETT
SPAGE
START1
STPTN
TEST
TIME
¥0I31
WR_COMM
YTONE

YTONE33
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©7408,5LS08,::508
:Gdtes hzy

2 Quad* “Two-Input- AND‘Gnto
-~ Product Specification :,.-r

:: VLATEAMWAE shgnoyy ¥
Loglc Products smese Tign
PN T NN 2RO RO Dadiitis oo [, 'rvmcu. JOPAGATION |« TYPICAL SUPPLY CURRENT
WIATOY - T waE a1 LoTDECAY ) H t: (TOTAL)
fomte 1] bzaommit iy ane tSnap | 1 v 16mA - ]
e . e ALS08 mmrt | e R Y D YT .
e i Le4s08,en 1] | . .. 2 26mA
- — " 4«--‘—-z~ Py »-
v
'\ ORDERING coDEu\n"g-.f"a Kiovrve] i . Aend H
e el AR PR D or -y Eyerei) o
WA LE AR Menn COMMERCIAL RANGE
oL ! | ncxacss_ Wiih (3 i¥eom BY £5%; T, ®0°C to +70°C
e | Plastic DIP~7 7|2 T NT40BN, NT4LSOBN, N74S0BN
. Lets Plasic SO™" "7 LT TN . N74LSDBN, N74S08N
FUNCTION TABLE ~ N e S g - - s MAT ot
For ind i g devices sssed to Mthuy Sp  0e the Sig Mitary Proccts
INPUTS . OouTPUT Oals Manual 2 \mit ;:_ w, P ’.:‘ .
A 4 Y INPUT AND OUTPUT LOADING AND FAN-OUT TABLE. . .
t ; ',: PINS DESCRIPTION =N 748 74L8
M t L A B Inputs T 1Sul 1Lsu
H i i Y Output 10ul 10Sul 10LSul

H = HIGH voltage level

L = LOW voltage level HOTE:

Whets 2 74 unt load () 18 UNGersiood 10 be 40uA Iy, and - =1.0mA Iy, & 745 urkt ioad (Sud) is SOuA lgq and
-20"\A|;,.M74LSMb‘d(LS\l)-20MI.¢U\d—04mAI¢

PIN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL (JEEE/IEC)

]
g

e lels L]
‘o

alclalatalal
(]

anp (7

Euuuuw=

lzls




Logic Products

7432, 1LS32, S32
Gates

Quad Two-Input OR Gate
Product Specification

TYPE TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT
DELAY (TOTAL)

7432 12ns 19mA

74L532 1ans 4.0mA

74532 ans 28mA

ORDERING CODE

RACKAGES Vec -23:::?%“: o?mi 70°C
Piaatic DIP N7432N, N74LS32N, N74832N
Plastic SO - 14 N74LS32D, N74832D0
FUNCTION TABLE - woTE: _
For % Q OeIces P 1o Millary 00 the Sigr Milhary Products
INPUTS OUTPUT Data Manual.
N g Y INPUT AND OUTPUT LOADING AND FAN-OUT TABLE
t : : PINS DESCRIPTION 74 . 74S 74LS
H L H ‘A B inputs tul 1Sul 1LSul
H ] l Y Output 10U 10Sul 10LSul
H = HIGH vohage level s

L ~ LOW voilage level

Whare a 74 unit load (W) s uUNOEsIood 10 De 40uA Iy and - 1.6MA Iy, and & 745 unit ioed (Sul) v
SOMA Igy 80 ~2.0mA Iy, 8nd 8 74LS Ut load (LSU) 8 20pA Iy and ~0.4mA Iy

PIN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC)
1) ey 4 P
. =
I} -t -4
oY (i S vl
E@ ) - :I >t -._:J i
owo (7 i " Yo R K
— o i
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Signencs Logic Products

Logic Products

FEATURES

o DC triggered from active HIGH
or active LOW Inputs

o Retriggerable for very long
pulses — up to 100% duty cycle

o Direct reset terminates output
puise

e Compensated for Vgc and
temperature variations

DESCRIPTION -
The 123 is a dual retriggerable monost-
able muttivibrator with output pulse width
control by three methods. The basic
pulse tima is programmed by selection
of external resistance (Rey) and capaci-
tance (Cex) values. Once triggered, the
basic pulse width may be extendsd by
retnggering the gated active LOW going
edge input (&) or the active HIGH going
edge input (B), or be reduced by use of
the overnding active LOW reset.

The basic output pulse widih is essen-
l!ully determined by the values of exter-
nal capacitance and timing resistance.

!

V-

74123 '
Multivibrator

Product Specification

Dual Retriggerable Monostable Muitivibrator

TYPE TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT
DELAY (TOTAL}
74122 24ns 48mA
NOTE:
For garding devices p 10. Military Sp see lhe S Military Products
Data Manuai

ORDERING CODE

COMMERCIAL RANGE
FACKAGES Vec =5V I5%; T4, =0°C to +70°C
Plastic DIP " N74123N

Plasuc SO N N741230

-

For pulse widths when Cex S 1000pF,
see Figure A.

When Cey > 1000pF, the output pulse
width is defined as:

tw=0.28 Rgy * Cou (1 +AE)

The external resistance and capacitance
are normally connected as shown in
Figure B, If an electrolytic capacitor is to
be used with an inverse voitage rating of

LOGIC SYMBOL

less than 1V then Figure C should be
used. (inverse valtage rating of an elec-
trolytic is normaily specified at 5% of the
forward voltage rating.) it the inverse
voltage rating is 1V or more (this in-
cludes a 100% safety margin) then Fig-
ure B can be used. Note that it Figure C
Is used tho liming equations change as
follows:

tw & 0.25 Ryp * Cout (1 + Aok

~LOGIC SYMBOL (IEEE/IEC) . .

l I . '
( .
it -
. w o W '
i C bvd |C'-n Reatf Conrt == RzfCa .t
U 1] Vee & Py
= 5 AesdCorn e 0 o O
Pt
= oy (3] 7] Coen 2 -[:
- & E‘ 13] Oy 3 3 " r:_
0 [1] ) 53 .
Sz (7] mL™ s 7 ‘L:j :,c. rJ
ReayCorg (7] mN = Cont |Rent/Cone ‘—-NT
ano (7] ADx ® | 2. o el ¥ )
* b1 _E Pt
- 1 ] 3
L ,
73
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signatics LOO"C Products
Multivibrator 74123
TYPICAL PERFORMANCE CHARACTERISTICS
—
16,000 T
reos E7S000
4,000 //
1.000 . pdlb:
= Lt / A |
i 1,000 >
z > 4 pos
g ™ "o e 2 7 4
3 CRr e ¥ 17
F « 'c 3
E 200 et 1] "’_P‘ Va
§ ""‘"# "/]."';pfﬂ
3 ™ "
] "
2 =
-
0
"
) 2 . "° » L] * 100 0o %00
Cout — EXTERNAL TIMING CAPACITANCE (pF)
P
i ‘
8 Figure A
4
'z‘f Vee
Roxt LI
P> Comt = ANY SILICON SWITCHING DIODE
:I- ot ~ ‘I‘. SUCH AS THB16, 1NI0S4, otc,
10¢ TO Ry ¢Cox
TERMINAL 3;:-.":;;' 1:::,;&'; '?::'J{f:fl
oarves L ormes
Figure B Figure C
i
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signetics Logic Proctucts

Logle Products

FEATURES

o Demultipiexing capablity

o Multiple input enable for easy
expansion

o ideal for memory chip select
decoding

e Direct replacement for Intel 3205

DESCRIPTION

The '138 decoder accepts three binary
weighted inputs (Ao, Ay, A) and when
enabled, provides eight mutually exciu-
sive, activa LOW outputs (0-7). The
device leaturas three Enable Inputs: two
active LOW (E,, Ez) and one active
HIGH (Ej). Every output will be HIGH
wnless E; and E; ae LOW and Ej.is
HIGH. This multiple enabls function al-
lows easy paraliel expansion of the de-
vico 10 a 1-0f-32 (5 linag to 32 lines)
docoder with just four '138s and one
inverter.

The davice can be used as an eight
output demultiplexer by using one of the
active LOW Enable inputs as the Data
Input and the remaining Enable inputs as
strobes. Enable inputs not used must be
permanently tied to their appropriate
active HIGH or active LOW state.

PIN CONFIGURATION

7415138, S$138
Decoders/Demultiplexers

1-01-8 Decoder/Demuitiplexer
Product Speclfication

TYRE TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT
DELAY (TOTAL)
74L5138 20ns 6.0mA
745138 7ns 49mA

ORDERING CODE

COMMERCIAL RANGE

* PAEACKACES Vee = 5V £5%; T =0°C to +70°C

Plastic OIP N74S138N, N74LS138N
Plastic SO N74L51380, N7451380
NOTE:
Fox - G devices p 10 Military 8p see he Sig Mintary Procucn
Dats Manual
INPUT AND OUTPUT LOADING AND FAN-OUT TABLE
PINS DESCRIPTION 745 74L8
All Inputs 18ul \[®-¥]
Al Outputs 10Sul 10L.Sut
NOTE:

YWhete & 74S unr 1089 (Sul) i3 S0uA Inq and =~ 2.0mA Iy, #nd & 74LS unit lokd (LSul) is 20A Iy 8nd ~0.4mA
Iy

LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC)

A ] 1) vee
A (3] 5
4 (3] ) 8
Lo (7} 8,
L, mi
£ (1] (1] 3,
& () 3,
awo (T 415,

i
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3
!
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r
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Product Specification

7415138, $138

LOGIC DIAGRAM

Oy
[T

o

S

o,

Z)
. L L . Ll Ll
oy 02 3 (L} 08
G

[

&

20

L

XIXIIIXIxrra

XIXIIXIXXIX X

IXIXIXIXrJxczx

IXIIXIXIILIIX
=*-

ITTXrrrxuxxzzx

IXXIXIXXIXT

XXIXITJXXIIIXI

XXISXIXXIXTX

FUNCTION TABLE

INPUTS

£y

Ay

XXXduasarXrTTXT

XXX L AT XTaaXxT

XXX AT ST AT

XXJIXTXIIIIX

RKIX DD Saaaa

ITXXdddddd s

H = HIGH voitage level

L = LOW vohage ievel
X = Don't care




Loglc Products

74148

Encoder

Product Specification

8-Input Priority Encoder.

FEATURES ) TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT |
o Code conversions 4§ DELAY (TOTAL, !
o Multl-channel D/A converter 74148 10ns ET l
* Declmal-to-BCD converter
¢ Cascading for priority encoding ORDERING CODE

of “N' bita
« Input Enable capabliity packaces | § -~ cPdmnainninct N\
* Priority ving — automag Plasuc OIP N741a8N

seloction of highest priority Input

line ol Plasuc SO
® Output Enable — actlve LOW NOTES:

when all Inputs HIGH For Qardng devices to Military Sp . $8¢ Na SGravss Mty > uass

Data Manual

® Group Signal output — active
when any Input is LOW

DESCRIPTION

The 148 8-input pnority encoder ac-
cepts data from eight active-LOW inputs
and provides a binary representation on
the three active-LOW outputs. A priority
ks assigned to each input so that. when

wo or more inputs are simultandoysly:

Active, the input with the highest priority
is represented on the output, with input
Bne I; having the highest priority.

[

¥ M:
) tn CONFIGURATION

INPUT AND OUTPUT LOADING AND FAN-OUT TABLE

PINS DESCRIPTION 14
ly Input a
-l Inputs 2ul
€l Input 2ul
At Outputs 10ul

NOTE:

A 74 vt load {ul) 15 UNCErSICOd 10 DO 40UA lne and -1 6MA [

LOGIC SYMBOL - -

LOGIC SYMBOL (IEEE/IEC)
§ fr——
. ; NPT A
. ;:F %gc 191112131 2 3 4 8 AT N P et
= R WAL B i
: CTcn N hhghlalgigy © BN aziy =
g J o KT DR
i G @Ez 10 A Ay Ay a8 _z_b“m,' 124 "
| B BER N P .
E (%) i‘ LT ) ? . " A0 1z ".‘r’.'

. el % L 2B gy avee b
§ P r
:::’,'. e
I VegePinie

- g GND = P1n 8

L5

.

i,

e

DN
25N

(G

FTT

-
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Signetics Logic Products

Encoder 74148

.

A HIGH on the Enable input (ET) witl torce al A Group Signal (GS) oulput and an Enable  are HIGH, Using the Enable Output along witn

outputs 1o the inactve (HIGH) state and sliow  Output (ED) are provided with the three data  the Enable Input aliows priority encoding of N

new data to sattie without producing tp The G5 Is active-LOW when any input signals. Both EG and &S are active-

ous information at the outputs. input is LOW; this indicates when any inputis  HIGH when the Enable input is HIGH.
active. The ED is active-LOW when all inputs

LOGIC DIAGRAM

L] L] b & ) h % & )
L] L] L] -] m na [ ] o el
veav._ Y v 4
|
R
T .
y
- L] ne ne
i, iy @a B
Doaecs
Vee =Pn 18
GND = P & .
FUNCTION TABLE
INPUTS OUTPUTS

El T b Iz Is A Is Ts by [ L Iy X EOC

H X X X X X X X X H H H H H

L H H H H H H H H H H H H L

L X X X X X X X L L L L L H

L X X X X X X L H L H L L H

L X X X X X L. H H L L H L H

L X X X X L H H H L H H L H

L X X X L H H H H L L L H H

L X X L H H H H H t H L H H

L X L H H H H H H L L H H H

L L H H H H H H H L H H H H
H « HIGH vohage level
L = LOW voltage level
X = Don't care
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Description . * 75 ng access time from CE

The M41256xxM158 integraled circuit is a high-speed, low-  * 360/330 mW active power, Page Mode at minimum cycie
power 262,144 words by 1-bit dyramic random access time

memory (DRAM) device. The device is manufactured ac- 55

cording 10 the general requiréments of MIL-STD-883,is  ~ o> " Sandoy power

screened according to Method 5004 for a class B device,  ® Mulliplexed address inputa

and meets the qualification and quality conformance * +10% power supply tolerance

requirements of Method S005. .
* Read-Modity:Write capabilities

Features = RE Only refrestvHidden Refresh

= Military temperature range, Tc = =55°C to +110°C ® Laiched or high-impedance output during refresh
* Complies with MIL-STDQ-883 @ 256 refresh cycles

® 262.144 words x 1-bit organization * Page MBde operation

* 150 ns access lime from RE * Available in a hermetic ceramic DIP

Figure 1. Page Mode Block Diagram

. Sed

AT&T

256 Sense Amps] 256 Senss Amps]
256 Rof Ceils 256 Ref Cells
2 m
ka 440
P é Buses
. Muttiplexed
: adaress. [ Upper 2,07 512 Column Seiech ¢ vora Bata
. 3 1 g Out -.l :l
E BUaT™ [l Lower 2 of 512 Column Select I SEL Butter
(A8 "o .
(reh ok o
B3 4 10
L L | Mt
256 Ref Cells 256 Ret Cells
[256 Sense Amps 256 Sense Amps]
@_— Timing
Generalor
Pin Descriptions Pin Description Key
Figure 2. Pint Function Diagram Symbol Name
- vce +5 V Supply
A8 1 0 16 vss D Dataz In
; : E"—‘“; 18 ‘f Q Data Out
14
0-8,
RE o d D 13 As A(?:B) Ad‘dress tnput(0-8)
A s 12 A3 w Write Enable
A2 & O = ETEVY RE Row Enable
Al 7 D 10 AS CE Column Enable
Vee 8 b oo A7 T ovss Ground
NC No Connect

592



TCM5089
TONE ENCODER  ~

02651, NOVEMBER 1982 ~-REVISED OCTOBER 1984

Low-Cost TV Color-Burst Crystal Sine-Wave N PACKAGE
input Produces Highly Accurate and Stable {YOP VIEW)
Tones voo [ 161 ] TONE QUTPUT
Device Powered Directly by Telephone or TONE ENABLE (]2 15] ] SINGLE-TONE ENABLE
Small Batteries (_:___q'_L_ 13 a[JAOW
® Keyboard or Electronic Input Capabilit cot 2 (s 1 R—— 2
oo g pommy _coral]s r2pROW3
@ Dual-Tone and Single-Tone Capability vsss w JROW 4
ini ; osc INpuUT (7 10[] KEYBOARD ACTIVE
@ Minimal Standby Power Requirement 0sC OUTPUT (e o) COL 4 &
® Total Harmonic Distortion Meets EIA
Standard R5-470
® PEP3 Processing Available B
® Wide Supply-Voltage Range - /. ’
® Minimal External Parts Required
® Single-Tone Production Can be Inhibited
® Separate Tone Enable Provided
® Auxiliary Switching Bipolar Transistor

Available

® Designed to be Interchangeable with Mostek
MK5089

‘z \ Caution  These devices have limited built-in gate protection. The leads should be shorted together o the device
& ptaced i conductive foam during storage or handling to prevent electrostatic damage to the MOS gates.

description

The TCM5089 tone encoder is a CMOS integrated circuit designed specifically to generate the dial tones
used in dual-tone telephone dialing systems. It requires a sine-wave input normally supplied by a low-cost
TV color-burst crystal at 3.579545 MHz to generate eight different audio sinusoidal frequencies. With
this input the encoder generates dial tones that are very low in total harmonic distortion and comply with
standard Dual-Tone Multi-Frequency (DTMFY'specifications without any need for frequency adjustment.

When generating a dual-tone signal, the encoder generates one column tone and one row tone and adds
them for its output The table below presents the frequencies producéd by the tone encoder with the
3.579545-MHz TV-crystal signal input. Any deviation in this frequency will be reflected in the frequency
output. The tolerance of the crystal is normally 0.02%.

Telecommunications Circuits M)

DTMF ENCODER ERROR
TONE STANDARD ouTPUT® FROM STANDARD®
{Hz} {Hz) (%}
Row 1 €97 701.3 +0.62
Row 2 770 7.4 +0.19
Row 3 852 857.2 +0.61
Row 4 941 935.1 -0.63
Column 1 1209 1215.9 +0.57
Column 2 1336 133177 -0.32
Column 3 1477 1424.9 -0.35
Column 4 1633 1645 +0.73
*Using an inpy( signal from a 3.679545-MH:z crystal.
PRODUCTION QATA documents cenlain , . Copyught 1982, Texas instrumants Incorporated
information curcent as ol publication date. b
Products conform 10 specificatians per the tarms
of Texas | uandux

TEXAS
Pioduction processing does not ncuuvi'y lN SrRU M ENTS 2187

snclude testing of all parameters. POST OFFICE BOX 225012 » DALLAS, TEXAS 75265



TCM5089
TONE ENCODER

operation N
keyboard and electronic inputs

The specific tone or tones generated are determined by inputs designated ROW 1 through ROW 4 and
COLUMN 1 through COLUMN 4. These input levels are normally received from a 2-of-8 DTMF (DPST)
keyboard or from an electronic circuit. Unlike dynamic or scanned inputs, the static inputs of the TCM5089
do not generate any noise. See function table for input and output description.

2-0f-8 DTMF KEYBOARD (DPST)

gt A—}— coLumn

Vss

SN S — e

single-tone enable input

This inhibits the generation of single tones when taken low or left open. However, slf other chip functions
remain unchanged. If the input is high, single-tone operation is enabled.
/

tone enable input

The tone enable input, when low, disables the tone output of the encoder. Other chip functions remain
unchanged.

keyboard active output

This output provides for switching of an external receiver, transmitter, or other functions. The output is
low whenever one or more column inputs are active and at a high impedance when all column inputs are
inactive.

functional block diagram

s31nog) suonesunwuwossjay KX}

osc v Dc B osc out
i
Voo + Voo £
232 i, CTROIV K
g 14 ) 1k =5104)
Row 2 :” o 1x=4840)
fiow 3412 ] [K~4176}
‘ Aow 4L ] [k~3628]
* TONE ENABLE —2L —p
EN
el
: G
ey
ee—— ) vpo
SINGLE.
Tone iy N
ENABLE
L 16|
TONE OUT
vss ,‘\;‘
-
=1
‘ 10
>1 J CTRDIV X REVBOARD ACTIVE
Voo EN .
4, <
on —
TOLURN 1 :j: - —f [K=2944] =
TOLUMN 2] ~ < [K-2688]
COLOMN 3 o -C} {K=2432)
COTORN « :5: — f [K2176) e
Vgg—— Vs . sS

2.188 . TEXAS {?
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POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265




TCM5089
TONE ENCODER

TONE ENCODER FUNCTION TABLE

TONE QUTPUT

INPUT P 2 OPEN? PIN 2 OPENT KEYBOARD ACTIVE
MBINATIONS! PIN 2 AT Vgg? OUTPUT
co TIONS. PIN 16 at Vpp? PIN 15 at Vgg? ss
O rows 0 0 o Hi-Z
0 Columns
1 row
Row and column Row and column 4] L
1 column &
2 or more rows < 0 0 L
1 column
) row Row 0 o L
2 or more columns
2
of more 10ws 0 ° 0 h
2 or more columns d
o]
. Column e} 0 L
1 column
0 rows
0 (o] (o} L
2 or more columns
1 or more rows o ° o Hi-Z
0 columns 2

T An inactive level can be produced by an open cucuit. Under voltage-level control, row and column inputs will be active when low as

defined by V| in tecommended operating conditions.

its )k

tpin 15 1s the single 1one enable input; Pin 2 is the tone- cnable input, =]
Q
absolute maximum ratings over operating free-air temperature range {unless otherwise noted) 5
Supply voltage Vpp (see Note 1) ... ... .. ...... . 0 X . 3 eo.ea.. 138V "
input voltage range ......... .....- SE O BT N ed i —O3VtoVDD+03V.:
OUIPUL VOLAGE TBRGE . o v v v v e v e e o en i e e s e aene e —03VtoVDD+O3V_9
Continuous power dissipation at 25°C free -air temperature (see Nole 2) e V150 MW ‘6
Operating free-air 1emMperature faNGE . . . - -« v oot ot v e nnesan oo -30°C ta 70°C ¢
Storage 1emperature range . .... ......so.- A~ Y T -565°C to 150°C ‘2
NOTES 1. All voliage values are with respect 10 the Vgg ternunal. g
2. For operation above 25°C see the Dissipation Derating Curve. E
DISSIPATION DERATING CURVE (o)
1200 8
% \‘ o
7 1000 ~] =
[
8 \
= N
2 800 ~]
3 600
2
£
‘:‘ .
S 400
13 .
H .
% 200 =
2
25 | 35 45 55 65 75 85
Ta—Free-Air Temperature~"C
TEXAS ¢ 2-189
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TCM5089 o3
TONE ENCODER

ool

recommended aperating conditions

MIN_ NOM  MAX | uNniT ;

Supply voltage, Vpp 3 10 v v
High-level input voltage, any input, VIH 0.7 Vpp Voo v
Low level input voltage, any input, Vit Vss 0.3 Vpp \
-30 70 °C

Operaung free-air temperature, Ta

electrical characteristics over operating free-air tempel’%tur

@ range (unless otherwise noted)

tDDop Operating power supply current

PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
Input resistance, single-tone ingut to Vss 20 100 | ko
104 High-level output current, keyboard active output Vg = 6 VI . 2| uA
oL Low-level output current, keyboard active output Vo = 0.5 vt -600 A
IDDstby  Standby power supply Lurrent Vpp = 10V, See Note 3 200 pA
Voo = 3.5 V, See Note 4 2| mA

(unless otherwise ndted)

operating characteristics over recommended ranges of operating free-air temperature and supply voltage

.

N

PARAMETER TEST CONDITIONS? MIN  TYP MAX | UNIT
Row tone 23% 365
Output rms voltage Coliinr o Vpp = 3.5V, R =_lO k0 255 516 mv
Preemphasis {column-tone 10 row-tonel RL = 10 kf} 2.4 3} d8
Dual-tone output distortion {see Note S) Vpp 2 3.5V, R = 10k -20| dB
Quiescent lone-outputl power R = 10 k0 -80 | dBm
Tone-output nise time (see Note 6) 2.8 5| ms

=

/

S$1IN2J17) SUONEIIUNWIWOIBD |

Vg is the dc bias on the keyboard-active output.
tCrystal parameters are as follows; ( = 3.679545 MHz $+0.02%, Rg < 1000, C = 18 pF. Cm
NOTES: 3. Standby power supply current is measured with no inputs activated.
4. Operating curent is measured with all outputs unlo
6. Distortion is exprassed as the ratio of 1otal out-of
6. This is the time required for the output to change from its

aded. one row inut and one column input
-band power relative t0 the total fundamental power for the dual tone.
quiescent value to 90% of its final rms value.

= 0702 pF, and Lpy = 96 mH.

active, and normal oscillator input.

2-190
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TCM5089
TONE ENCODER

output waveforms

Typical row and column stairstep approximations of sinusoidal outputs are shown in Figures 1 and 2. The
row and column outputs are added together resulting in a typical dual-tone waveform as shown in Figure 3.
Spectral analysis of this dual-tone waveform shows that all harmonic and intermodulation distortions are
typically 30 dB below the strongest column-tone fundamental. %

05 V/div
05 Vidiv
0.5 V/div

0.2 ms/div 0.2 ms/div 0.2 ms/div
FIGURE 1 FIGURE 2 FIGURE 3

distortion considerations

The following formula is used to calculate the total harmonic distortion of a single row or a single column:

W22 + V32 + Vag2 + VB2 + ... + V2
THD = x 100%
Vii

where V21 is the second harmonic of the fundamental frequency V1 waveform and so on. The dual-tone
total harmonic distortion is:

2 2 4., 2 24+, 2 2
rup - [YV2R% + V3R + Va2 + VacZ + ... Vnc? £ VimD2 \ | 100%

JVFRZ + VFC2

where VER and VE(C are the row and column fundamental frequency waveforms, and V2R and Va(, etc.
are the corresponding harmonics.

Telecommunications Circuits § ek

The total intermodulation distortion is:
VIMDZ = (VIR + V112 + (VIR = VICI2 + ... + Vur + VaCI2 + (VpR - VaC)2

A relatively simple method of distortion measurement uses a spectrum analyzer to relate the harmonics
to the fundamental frequency waveform. The tone encoder spectrum indicates the harmonics and
intermodulation distortion at least 30 dB down relative to the column tone.

Another method for distortion measurement of the dual-tone waveform is to compare the total power in
the fundamental frequencie’s with the total power in the various harmonics plus intermodulation on a signal
analyzer. The encoders provide an output distortjon of — 20 d8 maximum when operated between 3.5 volts
and 10 volts. If operated between 3 volts and 3.5 volts, some clipping occurs at the output causing the
distortion to exceed the — 20 dB level.

,
.

S “‘i’ 2-191
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TCM5089
TONE ENCODER

APPLICATIONS INFORMATION

RINGER

—— e e e e e -

4
SIDETONE-BALANCE
-~ NETWORK

TYPICAL VALUES

SINJ1) suoNiedIUNWWO093]a |
z
(2]
o

€1 =0.001 uF

Ry =120 02 (o7 10 k0 if optional transistor is used)
R°L = 150 1 optianal

D1, 02, 03, D4 = 1N400O4

OS5 = 1N4743 {13 volt0

1= 3579545 MHz

FIGURE 4. TYPICAL APPLICATION USING HYBRID COIL SIDETONE-BALANCE NETWORK,
ELECTRON{C SWITCHING, AND LOW-COST (CLASS A) KEYBOARD

4 | A COLUMN
Vss
A A ROW
2018 DTMF KEYBOARD (DPST)
B o o 6 Tcwsoss 2.0F-8 KEYBOARD
F Vss — {14 =1
ROWi1— 1} 2| 3]a!
! 03 A0 o 4
~ .
i 5 53 w2l ¢ | s | 6|8 i
— |2 "7
: ROW3r— 7| 8 | 9| c
{16} rone 1 -
; ouUTPUT AOW4at—H + [0 | ;
: e
— [ |
] gor fRJ i
! iy, e !
] bo  or2 !
| — |51 :
€oC 3 h
I — {19, J
1 CoL 4 "(-”'- ———————
I 0S¢
" weut| 1
| {10 KEYBOARD D XTAL
| ACTIVE
| osc J.‘”_j—
| ouTPUT
; XTAL PARAMETERS:
V.
N ss Cp = 0.02 pF
] Lyt * 96 mH
' !
i Cy=SpF
|

2-192

TE)'ZAS “?

INSTRUMENTS

POST OFFICE BOX 225012 ® OALLAS, TEXAS 75265




Features

Complete DTMF Receiver

Low Power Consumption
Internal Gain Setting Amplifier
Adjustable Guard Time
Central Office Qualty

L N 3K I BN

Applications

® Receiver Systen: for British Telecom (BT) or .
CEPY Spec (MI£8708-1) J &-,. %
Paging Systenss . ',. i\ J

Repeater Systams/Mobile Radio | fi L
Credit Card Sys1ems e 7 T “
Remote Contial T f
Personal Comuuters ' s LY

Description 4 X6 T
The MTBB70B/MTER70B-1 i a complete DTMF
receiver integrating both the bandsplit filter and
digital decader functions, fabricated in Mitel's
doubhle poly 1802 (MOS technology. The' filter
section uses switchetf capacitor techniques for high
and low group filters; the decoder uses digital

.,

1s02.cMos MIT8870B/MT8870B-1

Integrated DTMF Receiver

ey
1SSUE 2

5 LR PR A
A
161 OOZ 051-NA

Oece mbe' 1987

Pin Connections

me 1]y Haa |2 voo
- ] 2 17 {J suaT

Gs L] 3 16 |J Est

et [] a 15 {) s

ic* (s 14 |] Q4

I N 13 oy

oscr L] 7 12 }) 02

: osc2-(f 8 11 (] Q1
:, vss (19 10 |1 ToE

*Connectto VSS

Ordering Information -40°C to + 85°C

MT8870RE/MTBB7CBE-1  Plastic LIP
MT8870BC/MTB870BC-1 Cerdip

counting techniques to detect and decode aji 16
LYIMF tone pairs into a 4-bit cade. External
component count is minimized by an chip provision
ol a differential input amplifier, clock vscillator and
litehed thiee-state bus interface,

:

VoD vss . \Rel
I . N [\ / '
e R e \\‘
BIAS -
anreurr ===t =" ynet 3 .
S BUIFER —J
: e “ — - [/\ R
. HIGH GROUP - i
P Qe -
POWER  alAs mrer [T (U 2T PIETAL cooe || ok 2
; . e DETECTION CONVERTER ~""RQ
N — -
~ar | DAL} ZERQ CHOSSING ALGOMITHM | | AND LATCH 1
- ) - -
N - l______ // r()rJE (ETELIDRS ' ~»8 Q3
i HILVER Gaouf- - )
TS PSR Low — el ] — ..
FILTER > S L0
Pl ,
= {>‘C‘"‘—"""' ey ——>{ st STEIRING Z\\
l CLOCKS «—{ GT  LOGIC o
; & i
*-—-- wr g ' Lol
osct 0sC2 $1 GT ESt S1D TOE
figure 1. Functional Block Diagram
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MT8870B/MT8870B-1 1502-cMOS

Absolute Maximum Ratings'

Parameter Symbol Min Max Units
1| Power supply voltage Vpp-Vss 6 Vv
2 | Voltage on any pin \ T Vss— 0.3 Vpp +0.3 v
3| Current at any pin (other than supply) - T - ] mA
) Operating temperature - Ta - 40 185 °C
5| Storage lem';erature i - T es + 150 c
6| Package puw"ur dissipation ’ m;_m_ L T AGGING TTTW 1000 mw

hteedmg these values nray uuse permanentdamage Functicnal upe iabion under these condnmm is not implied
Oerate above 75 °Cat 16 mW /°C. All leads suldered to board

Recommended Uperatinug Conclitions . Voltages are witli 1espact Lo ground (Vg,) unless otherwise statedd

! Chatacteristics | Sym | Win Typ® Max | Units Test Conditions
1 Positive Supply Voltages Voo 5 V| Vgg=0V
z Oscmd\ox Clock Frequency - fe PO 3.579545 | * N!_"_.f_ .
3 ‘Osciliatos ¢ requency Tolérance | Afc 101 %%

! Typicaifiguies are at 25°C and are fur desiyn aid only: not guaranteed and not subject to production testing

DC Electrical Characteristics- vy, =5 0v £ 58, v =

OV. voltages are with respect to ground (Vys) unless otherwise staled.

f ™ Characteristics Sym Min Typ! Max | Units Test Conditions
1[5 |Operating supply voltage | Vo | 4.75 V. 0' 5.25 Y '
r—; ‘,f Operating supply current ) g 3 0 9. 0 0 2 mA ‘-(
3 : Power consumption i Po s 45 mW [ =3.58MH2z; Vpp = SV
r Y
| ._._i , [Highlevel input ’ Vin 35 v
5] N |Low level input voltage Vi 1.5 Vv
' 6 : Input leakage current /Ny 0.1 JFA [ ViN=Vsgor Vpp
:7: I [Pull-up (source) current so 75 15 | puA |TOE (pin 10) =0V
8 Iiputimpedance (IN+, IN=)| Ry 10 MQ | @ 1 kHz
9 Steering threshold voltage | Vps, 22 2.5 \Y )
10 Low level nutput valtage Vo Vi +0.03f V [Noload
1] 8 High leve! output voltage Vou Vo 0.03 V | Noload
E ; Output low (sink) current lov 1 2.8 mA |Vour=0.4V
13| v [Output high (source) current] Igy 0.4 0.8 mA [Vour=4.6Y
E ; .\ig;._' outputvvolt'nge Vief 2.4 2.7 V | Noload
15 VRef output resistance Ronr 10 k(2

* Typical figures are at 25°C and are for design ard only: not guaranteed and not subject 1o production testing.



Is02.cmMos MT8870B/MT8870B-1

Operating Characteristics'
Galn Setting Amplifier

- Voliages are with respect to ground{V:q) unless otherwise stated

Characteristics Sym | Min | Typ' | Max | Units Test Conditions
! {inputleakage current N 100 NA 1 Vgs= Viy SVpp
2 | Inputresistance Rin 0 | M .
3 |Input offset voltage Vos 25 mv
4 | Power supply rejecti;n PSRR 60 dB 1 kHz
5 | Common mode rejection CMRR 60 dB |-3.0Vs Vv =3.0v
6 | DCopen loop voltage gain Avor 65 dB
7| Open I(;t;p_:mny gain
_ bandw.l_t_i_&h . fo wif.._ 7 MHz
B | Output voltage swing 1 Vo 4.5 Vop | Ry 2 100K0 to Vg
N A R TR A Pl R AN | e e OETIIN b Qe _;....4\,‘-,_,.‘,»,.,“.,,._”..._...‘»...,
10 | Maximum resistive load (GS) Ry 50 K2
11 | Common mode rangn Ve ,:,1* 30 _Vpp [ Noload

"Won SV, Vs = 0V, T4 25°C
O

flypical figures are at 25"C.and a2 for design aid only' not guaranteed and not subject to production testing.

MT88708 AC Electrical Characteristics' . Voltages e viith respect to ground (Vs,) unless otherwise stated

Characteristics Sym | Min Typ | Max Units Notes
¢ {Valid input siguatievels -29 > AL 48m 1.2.35.6,9
1 (l; (each tone of coinposite 27.5 m_\{nms 1,2,3,5,6,9
N signal) 41 dBm 1,2,3,5,6,9
At We ¢ T8 | aiVams | 1.2.3.5.6.9
P__g_ ¢ !‘})ﬂt_igetwistauept 1) 1“0 _~__fiB . 5,3,6,‘9
310, [ Negative twist accept ;! o
41 v |freq. deviation accept +1.5% 1 214 Nom
75| 1 [Freq. deviation 1eject 23580 L | Nom
6] o [T tone ibmince T g T
JIH§ [ Noise tolerance : N1 L N3850900
B Dial tone tolerance - 12 8 2,3,4,58,9,11

'Vap~ SV, V¢~ 0,
NOTES s
1 dBm = deahels abrise o belew a roference power of 1inVY into a 61 el e I,
2. Digit sequence conssis of a Ll MF toring

1 Toneduration= A0 ms tane nause = 39 ms

4 Signat condition consies of funmel 01 MF ‘tequr.icies

S Hoth tonesin compasite yign: | hava an equal amplitude.

6. fone pait indeviated by £ 1 0, 4 oW,

7 Bandwidth henited (37 ) Gaussian no e,

B. The precise dhal tone frequen 108 are (350 12 and 140 42} & 29,

9.Foran error rate of beltor ti.n 1in 10,000

10 Referenced to lowest tevel Iy #uency co-nponent in DTMF signal

11 Referenced to the munimu 1 sahd arept level.

12 For guard tune calruianon " uposes

Ta= 25" Cared fe =3 S19545 M1y using test cdicust shovinin ) jure

2.
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PMT8870B/MT8870B-1 1504-CMOS

MT8870B-1 AC Electrical Characteristics' Voltages 202 aith o et to Jround (V) unless uthe wise state o
A

Characteristics Sym Min Typ | Max Urits Notes
Vald input signal fevels L. ___. L L v ran ..Awfmﬂ\___.. 123569
.. (each tone ol compuosite I AR} MVims I 2, 3 56,9
1| signal) +1 dm  |1,2356.9
sl e e ea e ORI S I 2l
N B o 869 | mVjws l,.!,3,5,6,9
2 ‘L\ lnput Slgnal Lével Reject -37 | ditm 3 S 6, 9
¢ 10.9 mVRMS l,_) 3 5,6,9
3| O [Positive twist accept 6 dJB
B T T il T ORI EPR PP IS S RN SIS NP | . Sy v—in
4! p | Negative twist aci2pt 6 dB
Y g el S o | O W —_
S|t Heq.dewdtlon accept Lt S% + 2h,
6 (') freq. devmtlon ro;ecl +3.5%%
7 ': Third tone Tolerar.ce -18.5
, 8 Ncme tolerau(e i P
91 |'Dialtone tolerance + 22 1 2,3,4,58,9.11 4
'Vout SV m 0 14225 Cand fo =1 579585 M2 asing test Gircuit shownan “iure 2
NOTES A . .
! gBm = deubels shove of below 4 reference power of 1 mWinto a 600 o 1en toace
2 Digitsequence convisis o all U 1At tones .
1 tone duration = 40 ms, tone pause = 40 ms
4 Siynal condition consivis of nomanal DIMI frequen s
5 Bothtores m camnposite signal cave an equal winplitude

fone pan i daviated by 115" 2z

Bandwidth lunited {3 ke ) Gaus nan noise

The precse dial tone frequenciin are (350 Hz and 410 H2) ¢ 2%

9 For aneiror nite of better than * i 10,000

10 Raferenced to lowest level frequency compo ent in DIMT signal

11 Relerenced 1o the minimurn v 1d accept 'e vel

12 et guaid tne calcuation pury.oses

13 Referenced to big. 10 Input DIRIF Tone Lavel at 25 48m { 28 dBin at GS Pur)icterlerence eequency Ranyge between 480 3490112,

@ ~ &
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1ISO2-Cr0s MT88708/MT88708-1

AC Electrical Characteristics Voltages are with respect to around (Y, ) unless atherwise stated

Characteristics Sym | Niin | Typ! | Max | Units Condlitions
1 Tene present det 2t time tpp 5 1" 14 ms | Note 12
- - e e s o 20 1 [NY RS DY I i,
2 Tone absent detr wt time tpa 0.5 4 8.5 ms | Note 12
— r —_— e mrmbiame —— e e — s - —— et A0m . e - B T st [N U - —— e
3j 1 fnn(- duration .n(ept trec 40 ms | User ad]u‘tab!t‘
—— M .- - - e Ay . e > ———— e st a—— - g emem st ] ————e s § - . - — - - — —
q "‘ Tnne duration re ject Wil 26 ms | User adun(abl"
—— . - -y s | RS o . PR I S — —— e - e———
51 G flnterdigt paus: iccept tio A0 ms User ad;usmble
6 Interdigit paus- -eject tpo " nis | User ad;u.table
7 Pmpaqﬂum dc-'w(St o C)) trQ : 8 " s | TOE =V
r——.. i - —— remimn @ far eniwe . P T TET R S ] - - e e ¢ . o
a o Puopagmmn oot I/ (5[ 1o Sll)) Uy i 12 /5 107 - V' RN
- gy TN JEN SR Y SO . W Y 1 e i
U o
9 rY' Out;ml ddataant w (0t ‘JH) tosin { 3. " l()f V""
10 (,, 'c)pagnhf.m dely (TOE to 0 ENI\ULE) eyt 50 s [ "l = 10k
5 i ; ¢ SU[ I
1" Pmpaq.mrm (ll"\y ([ll( to () lll'-/\BlE) pate i 300 ns ‘L = 10k
b ! } =S50
12 Crystal /clock fiequency e 14 %9'3.5/95(3. 5831| MHz
13 l‘ Clack mput rise Lime ) Wt 110 ns | Ext.clock
L A by Rl ! mmm— AT | AU > oypbgelit W Qe W8
14 o | CUock mpnt fall time (Ve 110 ns | Ext.clork
15 :‘ ( In(k input daty cy lo DCy 4 50 60 Yo Ext. clack
16 (np acitive foad ’()S( 2) Clo [ 30 pF

! Visn S OV.VGC OV 14 = 25 Caned f, = 3 529545 ML using 1asr cieviat sl s an figure 2
Viypical Bugures ate at 25 and vie for desige aid only not quatantear ard 1 Leybyent to production teshing

4 . B o ___\!,"‘, . et .
[
DIt O 1y .
nput : 5y MTBR70B/EA188 /08 1 7
: SEALE —L[ Vim L"-*
_ R T TR I I
- Gs Fst § immfemannd T
A F )
e B L8 Q1 | It
e ———{ 1 1C R R B ) -
["""'t 0s5C1 Q@ 1=t NOTES:
X tal lnl {1 0sc2 o Ve O Ay, R, - 100 k021 %
.......... 4| v 101 | bmedd Ry~ 300 k(1 1%
Cp, G, =100 NnF S %
4 X1 = 3579545 Mz 4 0 17

figure 2 - Single-Ended Input Configuration
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MT8870B/MT&8708B-1 1502-CMOS

Pin Description
Pin # Name Desaiption
1 IN +~ N(m lnvertmq Op Amp (lnpul)
2 ln\. pmng ()p Amp (Inpul)
3 Gain Select. Gives access to oulpu of f-om end differential amph'ncr for connection
of reedb.\ck -eslshn
4 VRet vaerente Vultagﬁ (Output) Nc neatly Mypldis used 1o biay mpu(s .1( mt L ranl (wee
’h] 2)
S 1C Inlnmal t urvle(tmn Mnsl be (if Jiow,, -
6 CC, |n|mnal (nrnpmon Mu'l be xn f Yy s,
7 051 ck (mpm)
8 05¢2 |tk {Qutput). A 3579515 M!i: v icannected Letwirn poss CSCE o O4C2
1 npl(lv‘.llln'lnh‘nml umll.«lo' R
9 Vg Migdative i ower mpply (Inpul)
. - R i St
! 10 TOE Three State ()ulpul Enable (lnpl ot e high enables the cutpats (1 O T pisy s
poHed up wl(nrnnll,
11 14 Q1~l’)4 o leee Smle D.na lUulput) Whun el de! hy I()I, pmmle tlm worde correyy: umhna to
tharlastvad tone pauseceived (e b bl 1) When 10t islogiclow, the data outputs
, are htgh lrnpvdan- o,
15 St0 D« l.\yed Slu-nng (()utput) Presente s g h.qh when a re«e-wd tone: P has been
: reqistered and the output latch cpdated, returns 1o togic low when the voltage on
r 5t ()‘ lalls bl:‘lOW \/]gl
16 i [d"ly Steumq (Oulput) Presents 1h: G lughvance the dngnnl alqmnhm as detucted
, arahd tone pair tsignal conditinns, Ay 0 omentary loss of signal condition will cause
: [51to return 1o a fogic low.
: 17 SUGT SMermg lnput/Guard time (Out'm!) Bidirectional. A vonagb glﬂaler than Vm
| dutected at 5t causes the device to 1quster the detected tone pair and updata the
: cutput lateh. A voltage less than vy ‘rees the device to accept a new tone par. fhe
; G output acts to reset the exteri stavning time constant, s state is a fananon of
L5t dnd lhe vol!aqa on S‘t
.18 Vop Positive p-)wer supply (lnpul)
|
)
]
’
-
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1

A)
L]
4]
D)
€)

F)
G)

Vi,
£S5t
St/GT
0\ ()‘
st

| n |
EVENTS A 8 T B | ' I a
BT g 1 - < tREC 1e¢- 4 , —»: i 1D0e 14
Vi TONE TONE
in — —_ TONE #n #n e #npr [T
[ B ‘
tor -)-I :4 - e o
O () SN ) U B L]
- ey re-lan
) 1
SUGT o 2 e 1 I ‘“‘ -\T— Vise
-1 1 ! A\ :
N! ”e
Lty W) HIGH IMPEDANC £
Q1.Qq4 DECOD D TONT # (n-1) .X: ” )——_———_< #(nt )
oo -y fgo__ E H
]
)
StD L.__.._l l -;: :-4- tors
=l e o PPN ' —
TOE i ._..._—-—__-——]

EXPLANATION OF EVENTS

TONE BURSTS DETI CTED, TONE DURATION INVALID, OUTFUTS HOT UPDATFD.

TONE #uDEIECITD, TONF DURATIOM VALID, TONE DECO LD ARDAIATCHEDIN OUTPHTS

END OF TONE #n DETECTED, TONE ABSENT DURAHION VALID, DUIPUTS REMAIN LATCHED UNTIL NEXT VALID TONE.
QUIPUIS SWITC D 1O HIGH INPEDANCE STALE, i

TONF #0101 DEIELTED, TONE BDURATION VALID, TONE DFCODE D AND LATCHED IN OUTPUILS {CURRENTLY HIGH
IMPEDANCT)

ACCEPIAMEDRGEOUT OF TONE #0 1 1, TONE ANSEMT I ATV I ESVALID, OUTPUTS REMAIN LATCHE D, ‘
END OF LONS #n ¢ 1 DETECTED, TONE ABSENT DURATION VA LIO, GUEPLL S REMAIN EATCIED UNTIL NEXT VAL ID 1ONE
Y E '

EXPLANATION UF SYMBOILS

DIMFI COMFPOSITE INPUT SIGNAL, .'

CARLY STEFRING CHUTPUT INDICATICDETFCTION OF VAL D TONIF FRIQUENCIES
SIFFRING (L I,l'.llAQl)_rlth CGUTPLTL DRIVES EXTERMAY 1T TIMING CIRCUIT
AR DETODED EINF QUIPYY

DELAYED SUTRIZZ QUIPUN  INDICATES THAT VALID F T OUE) T18 HAVE BEEN PRESENT/ARSENT TOR THE REQUIRED
GUARD TIME (110« CONSTITUTING A VALID SIGNAL,

TONE OUIPIN l’-?::-ﬂl[» (INFUT) ALGW LEVELSUIEIS O, (o EOT S IGHIMPEDANCE STALE

MAXIRE M OTME SIGNMAL DYEATIOM MO DFYECTED IXIYIRT

MINIMITM 1312021 € GHAL DHRATION REOQUIRED FORVAGH ™t 21100
MIRIRVIA FIMIF 61 TWEEM WA 10 DYLAS SIGNAL S, '
MAXIMUA ATLE AT DRIPOUT BRRING VALID DTI2 o1 ey

TEIME TCDFTECY FF PEESEHRGE OF WALID DIME SIGMAL &

VIMF TODEIECT T ANSENCS OF VALID DM SIGMALY

GUARD (RAF 1 F PRISENT

GUARD [ital | T F ARENT

Figure 3- Tin;;lu{q:‘“i‘-"i;;-‘:nam
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Functional Description

The MT88708/MT88708-1 monolithic DTMF receiver
offers small size, low power consurnption and high
performance. Its architecture consists of a bandsplit
filter section, which separates the high and low
group tones, followed by a digital counting section
which verifies the frequency and duration of the
received tones belor? passing the corresponding
code to the output bus.

Filter Section

Separation of the low group and high group tones is
achieved by applying the DTMF signal to the inputs
of two sixth-order switched capacitor bandpass
filters, the bandwidths of which correspond to the
love and high group frequencies. The filter section
also incorporates nolches at 350 and 440 Hz for
exceptional dial tone rejection (see figure 4), Each
filter output is followed by a single order switched
capacitor filter sqction which smooths the signals
prior to limiting. Limiting is performed by high-gain
comparators which are provided with hysteresis to
prevent detection of unwanted low-tevel signals.
The outputs of the comparators provide full rail
logic swings at the frequencies of the incoming
DTMF signals.

v, Decoder Section

Following the filter suction is a decnder employing
digital counting techniquaes to determine the
frequencies of the incoming tones and to verify that
they correspond to standard DTMF frequencies. A
compiex averaging algorithm protects against tone

simulation by extraneous signals such as voice while
proading tolerance to small frequency deviations
and variations. This averaging algontiun has been
developed to ensure an optimum combination of
immunity to talk-off and tolerance to the presence
of interfering frequencies (third tones) and noise.
When the detector recognizes the presence of two
vaiid tones (this is refeired to as the “signal
condition” in some industry specilications) the
"Early Steering” (ESt) output will go to an active
state. Any subsequent loss of signal condition will
cause ESL to assume an infittive state (see “Steering
Circuit”). .

Steering Circuit

Before registration of a decoded tone pair, the
recerver checks for a valid signal duration (1eferred
to as charactér recognition condition). This check is
performed by an external RC time constan{ driven by
£5t. Alogic high on ESt causes v (see Figure 5) to rise
as the capacitor discharges.Provided signal condition
is maintained (ESt remains high) for the validation
period (tgyp), ve 1eaches the threshold (Vi) of the
steering logic to register the tone pair, latching its
corresponding 4-bit code (see Table 1) into the
output latch. At this point the GT output is activated
a-u drives ve to Vpp. GT continues to drive high as
lony as ESt remains high. Finally, after a short delay
to ailow the output latch to settle, the delayed
steering output flag (StD) goes high, signalling that
a 1eceived tone pair has been registered. The
contents of the output latch are made available on
the 4-bit output bus by raising the three state
control input (TOE) to a logic high, The steering
circuit works in reverse to validate the interdigit

Q g\ ) " &
o Rl PRECISE
_O) N AN R . | < DIAL TONES
X2 350 Mz
10 " MR EXTIIP
1 —F DTMF TONES
20 A=697 He
Ani:«dm\nou - 2: ;;tz)’»‘u
B - z
, 30 . D =941 Hz
£ 1209 Hy
- ‘ F=1336 1z
G 1477 Hz
40 I | M 1633 Hy
. A . Ny |
L1 Mg ) o e LR -
Mt -
Bl .
A B CO £
FREQUENCY (Hz)

Figure 4 |ilter fesponsa
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1Is02.cMos MT8870B/MT8870B-1

Flow L) NO 10k O 4 Q, O

.

iﬁfé‘.!ulu‘tiyﬂ{bH&!s\()ﬂi:’r.""""“""""" leaving N tn he

697 | 1209 1 H 0 0 0 |

ot GeRISEI SPEE SR PR ORI SR SO

697 | 1336

2
697 1 1477 3 H 0 i 1

Ol T rTr S - P RN P

770 | 1209 A H 0 1 0 0

770 | 1336 5 H 0 1 0 1
770 | 14727 6 3] 0 ! 1 0
852 1 1209 7 H 0 1 1 1

- — (LTS PPN SIS BT DRy RV

852 | 1136 8 b 1 0 0 0

1477 9 Y 1 0 0 1
941 1336 0 i1 1 0 | 0
1209 ¢ 1 1 0 1 1

941 | 1477 #
697 | 1633 n 1t 1 1 0 1
R

770 | 1633 be 1 1 1 0
8s2 (163 | ¢ v v |
941 | 16331 D 1 0 0 oJ 0
Y R (§ B = 5 N I

At | pd 4 2 Z

L tOGH 1OW H 100 " HIGH, Z = HIGH IMPFDANCE
Table 1. Funcuional Decode Table

pause between siqnale, Thus, a5 well as rejecting
s'gnals ton short 1o he vansidered valid the receivef
will tolerate sinnal igter uptions (dropuut) too short
to be concidernd a valid pause This {aclity, together
with' the capabdity of «elacting the <ieering time
constants externally, allaws the dasigner to tailor
performance to meet 31 wide variety of system
requirements,

Guard Time Adjustment

In many situatinns not requiting selection of tone
duration and interdigital pause, the simple steering
circuit shown in Figure S is applicable. Component
values are chosen accoruting to the tormula:

thec—tor +tgrp
tp = paFtGra

The value of typ is a deu-ce parameter {(see Figure 3)
and tpee is the minimam signal duration to be
recognized by the receiver. A value for Cof 0.1 pF is

Vop
-
a— C
Vop [
SUGT | e Ve
[T “"‘;““""' -
SU | omeren e -
ts (RO IN(VY 3o ! Ve
100 28 IR sia (RO IV 0/ Vi) .
AE LT R
G5 i e © (RO IV g/ (Vog-Vyal

Figure 5- Basic Steering Circuiv

tritl et s1eering arrangements may be used to
sele vt ndependently tha quard times for tone
procent-(tgre) and tone absent (tgra). This may be
necessary to meet system spedcifications which place
bolh accept and reject limits on both tone duration
and interdigital pause’. Guard time adjustment also
al'a ms the designer to tailor system parameters such
as tak off and noise immunity. Increasing tpec
unp ovas talk-off performance since it reduces the
probability that tones simulated by speech will
mamntain signal condition long enough to be
regntered. Alternatively, a relatively short tppe with
Alony 1po would be appropriate for extramely noisy
enviranments where fast acquisition time and
iy unity to tone dropouts are required Design
micrmation for guard time adjustment is shown in
Vicyueeo iy,

Differential input Configuration

The input arrangement of the MTB88708/MT88708-1
provides a differential-input operational amplifier
as w ril as a bias souce(Vagg) which is used to bias the
inputs at mid rail, Provision is made for connection
of a teadback resistor to the op-amp output (GS) for
adjestment of gain, In a smgle-ended configuration,
the input pins are connected as shown in Figure 2
with the op-amp connecied for unity gain and Ve
bia~ing the-input at }Vpp. Figure 7 shows the
differential configuration, which permits the
adjustment of gain with the feedback rosistor Rs.

3-49




MT8870B/MT8870B-1 150%-CMOS

N , JUIR———
tare * (Rot )10 Vo / Vep-Vial o~ I --'vv‘r-—T«_——-———w MI8B700/
. R, IN+ -Ming7o08 t
T
tgia =R In (Vop Vi) > -
. gy
IN J
) Rp = (R, R0/ (Ry + 1) U EERVAVL VAV it (s
[ R
suer (=== - | SOV
. NPRIPION RS,
R ] ) RS N
T2 a)cdecceasing toip: (th1p < toaa) l < R, .I
3 & 1 Ret
o i el T |
T RES TIAL INPUT AMPLITIER
Uine - 05,000 [V 7 (Vpp Vil S Gt
He g V0D KN Allresistias are F 1Nt terance
4 2. Ry 37 Rk All capdeionare 5 ' loletance,
Lo F ARG IV Y W eg) s Ry
1 U ’
- k o
N 2 Peiad 4P (R, 1 K, T e
Voo () =mms - e d GRRLARY 0 HG) 231 40 E GAIN (Ay ditl) .".:! .
k]
@
. . kIR EDANCE
St/GT (._,) TR o . ~ """" N2
o, w2 / e o
. L V. f) L) <mk>
L 13 1} docreasing ' rat (ton 2 taia) o, \ M8
K 4 [\ 7 . 5 .
. 4 N cigure 7- Differential Input Configuration
s O i T

Figure 6- Guard Time Adjustment

To 0SC1T of next
Crystal Oscillator . - MT81708/ MT88708-1
The internal clock circint is completed with the ,_-1-” -
addition of an external 3 "379545 Mz crystal apd is 7 %l w7
narmally connected as shown in Figure 2 (Single P
Ended Input Configuration). However, it is possible WA T esa
to configure several M18870B/MT8870B-1 devices Ia
employing only a single oscillator crystal. The ) __'I-..”,_,_._ 051
osciltator output of the first device in the chain is
coupled through a 30 pf capacitor to the oscillatar C
input {OSC1) of the next device. Subsequent devices
are connected in a similar fashion. Refer to Figure 8
for details. The prohlems associated with C=30pF
unbatanced loading are not a concern with the X tal = 3.579545 M

arrangement shown, te; precision balancing

. tigure 8- Oscillator Connection
capacitors are notrequired.
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APPLICATION

RECEIVER SYSTEM FOR BRITISH TELECOM SPEC POR
1151

The' circuit shown in Fig. 10 illustrates the use of
MI188708 1 device in a typical receiver system. BT
Spec defines tha input signals less than -34 dBm as
the non-operate level. This condition can be
attained by choosing a surtable values of Ry and R;
to provide 3 dB attenuation, such that -34 dBm input
signal will correspond to -37 dm at the gain setting
pin GS of MT88708-1. As shown in the diagram, the
component values of Ry and C; are the guard time
renquirements when the total component tolerance
is 6%, Forbetter performance, it it recommended to
use the non-symmetric guard time circuit in Fig. 9.

“ ey

tGp 7 (ReCy} In Vi 7 (Vg Vg0

tora = RGNV 5/ V)

-

Rp = {RyR)/ (R, + Ry)
Yoo

StG! Motes:

Ry = 368K £ 1%
Bp=2.2M0 1 1%

€y 100nF 1 5%

Figure 9 - Non-Symmetric Guard Time Circuit

Nl wat (Yot Fseees
G
OIMF O-=1]--
3 SR, MTB82GH-1 ¢
b e
-4 | ING D Vo |44
sNELD LTI I et Bl -
GS st | -~ i~y L
Vet stn |1
1S [FL1N S
i Qi Jom weeme = () ’
[" Joser g i =) NOTES
[y Xy ABI-11 osc2 EETR S S— | Ry = 102K +1%,
B s, RS 1of | boed Ry= 720 SK0 F 1%
- Ry 790K + 1%

~.

G, Cye 1N0nF ¢ 5%
X, = 3.529545 Mz 1 0.1%

Figure 10 - Single-Ended Input Contig:uation for 8T or CEPT Spec
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SCL40668

CMOS QUAD ANALOG SWITCH

FCATURES
% Transmission or Multiplexing of Analog or
Digital Signals
¢ BOS2 Typical ON-Resistance for 15-Volt oper-
ation .
¢ Switch ON-Resistance Matched to within 5§2
over 15-Volt Signal-Input Range
¢ ON-Resistance Flat over Full Peak-to-Peak Sig-
nal Range
¢ High Degree of Linearity:
<0.5% Distortion (typ) @ fig = 1kHz,
Vis = 5Vp.p, VpD-VSs 210V, R = 10k)
¢ Extremely Low OFF switch Leakage Resuiting
n very Low Offset Current and High Effective
OFF Resistance:
10pA (typ) @ Vpp-Vgg= 10V, Ta= 25°C
4 Extremely High Control Input Impedance (Con-
trol Circuit Isolated from Signal Circuit):
101202 (typ)
¢ Low Crosstalk between Switches:
-50dB (typ} @ fj; = 0.9MHz, Ry = 1k
¢ Matched Control-Input to Signal-Output Capac-
itance Reduces Qutput Signal Transients
# Frequency Response, Switch ON = 40MHz (typ)

DESCRIPTION

The SCL4066B is a Quad Bilateral Switch
intended for the transmission or multiplexing of
analog or digital signails. It is pin-for-pin compatibile
with the SCL40168, but exhibits a much lower
ON-resistance, In addition, the ON-resistance is rel-
atively constant over the full input signal range.
The SCL4066 consists of four independent bilat-
eral switches. A single control signal is required per
switch. Both the P and the N device in a given
switch are biased ON or OFF simultaneously by
the control signal. As shown below, the well of the
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)

SwTCH
CONTRCL,
JL_..__\ 'V'i'

== ] L
=S
ey

SIGNAL-LEVEL AANGE.
V§s 5 Vig 200

-

RORMAL, OPCAATION
CONTROL-LINE @1ASING
SWITCH On %'t ovpp
SwiTCH OFF, ve "0% svgs

CONNECTION DIAGRAM
(all packages)
Switch

A Switch D Switeh C
—— ,—\_/\_/-\ —— At

Vop C € IN OUTOUT IN

| ] L1 |

14 13 12 11 10 9 8
SCL40668

1 2 3 4 5 6 7

[ I | I [ T 1
AIN OUTOUT IN C C Vsgg
N~ — —

—
Switch A Switch 8 Swgch

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 31015 Vde

Operating Temperature Ta
C, D, F, H Device 55 10 +125 OC
E Device 4010 +85 OC

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 equa!l to the
full supply: voitage, and more constant ON-imped-
ance over the input-signal range. For sample-and-
hold applications, however, the SCL4016 is
recommended.

LOGIC DIAGRAM

e e

Y ’; tonna
‘.:.;."-*rf»"-"*:%:} -

e




STATIC CHARACTERISTICS '*

ELECTRICAL CHARACTERISTICS

SCL40668

Vss | Voo| Tiow' 25°C Trign® .
PARAMETER CONDITIONS Units
(Vde) | IVdeh " T Max, | Min. | Typ. ] Max, | Min, | Max,
QUIESCENT DEVICE
CURRENT loo | Vin=Vss of Voo | © s| - | oos| - loooos| 008 - | 1.5] pAac
All valid input- o | w0j - 01 -~ 10001} o1 - | 30
combinations 0 15 - 0.2 -~ (0002| 0.2 - 6.0
MINIMUM INPUT HIGH, Vin
VOLTAGE Vis = Vss 0 5 - 4.0 - 275 4.0 - 40| Vdc
(Control Input) Vos® Voo ol 10 - 8.0 - |55 8.0 - B.0
los = 10uA 0 15 - {120 — |8.25 [ 12,0 - 12.0
MAXIMUM INPUT LOW viu
VOLTAGE Vis = Vss 0 s|10| —| 1ola2s | - | 10| - vee
{Controt Input) Vos* Voo o | 10]20]| -1 20|45 - | 20| -
los = 10uA o| 15|30 -|30(675] -~ | 30} -
SWITCH INPUT/OUTPUT lore
LEAKAGE VY= Vss 7.5 | +7.5| - +100 - |£0.01 | £100 — | 200} nAdgc
V5= £7.5Vdc
ON-RESISTANCE Ron Y
C.D.F H device Ve *Vob 7.8 [ 47.5] 220 - 80! 280 - 3201 O
VgsQ Vig< Vpo 0 +16
R, = 10k R
S IS 1 | 30| - | 120} a00| - | ss0f ©
0 +10
251 +250 _ ly00| ~ | 270| 2800 - |a3so0| @
0 +5
€ device Rown | Ve * Voo 2.6 | +7.6| 260 -~ g0l 280 - 300] @
Vss< Vis&Vpo 0_ [ +15
Ry =10k 5 +5 |-
o +10 - 330 - 120 400 - 520
25 | 425 d
0 +5 - 2100 - 270 ] 2500 - | 3200 Q2
ON-RESISTANCE MATCH  -[ARon ! :
{Same package) Ve * Voo 7.5 | +2.5( S - 5| - _ - a
Vss<Vis€Vpp | 0 | +15
R, =10k
RN AN g7 A w| - | - Q
(4} +10
28 leas| _ | _ | _ | wl -1 - Q
0 +5

NOTES: ' Remarning Static Electricsl Chardcteristics are listed under “SCL4000B Series Family Specifications®
? Toow = -55°C for C, D, F, H device.

= ~40°C for E device.

Thign = +125°C tor C, D, F, H device,

=+ BS“C for E device.

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

N
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SCL4066B

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

Vss | Vop : .
PARAMETER CONDITIONS vde) | (vde) Min, Typ. Max. Units
SIGNAL INPUTS (V;,}) AND OUTPUTS {Vos)
PROPAGATION DELAY TIME | tp p [Ve=Vpo
tonL [ Vie=Square 0 5 - 20 40 ns
Signal 1nput 10 Signal Qutput Wave 0 10 - 10 20
Ry = 10kQ2 0 15 - 7.5 15
BANDWIDTH (-3dB) BW {V.=Vpp RL
(Sine Wave) - V=5Vl 1kQ -5 +5 - 54 - MH2
centered | 10k - 40 -
@ Q.0Vddi00k - 38 -
- 1M — 37 -
INSERTION LOSS
=20 logso o2
{ OQIO\T ) Vc=VDD Ry
Va5Vl 1kQ -5 +5 - 2.3 - ds
centered | 10k$) - 0.2 -
@ 0.0V dc)i 00k - 0.1 -
MO - 0.05 -
SIGNAL DISTORTION '
{Sine Wave) Ve=Vpp -5 +5 - 0.16 - %
Va=5V,,
centered
@ 0.0vde
f,,=1.0kHz
R, = 10k
FEEDTHROUGH (-50dB) Ve=Vgs Ry
Ve=5Vpol 1kQl -5 +5 — 1250 - kHz
centered | 10kQ2 - 140 -
N @0.0Vdec 100k - 18 -
IMQ - 2 -
CROSSTALK (-50d8) V(A)=Vpp -5 +5 - 0.9 - MH2
Between two switches Ve (B)=Vgg
Vi(A)“5Vp_9
centered
' ®0.0vde
Ry = 10k
CAPACITANCE '
Input Cy ’ - 8 - pF
Output Cos |Ve = Vgs -5 +5 - 8 - pF
Feedthrough Cios - 0.5 - pF
CONTROL INPUT (V¢)
PROPAGATION DELAY TIME | tpe |Vss<Va<Vpp 0 5 - 50 100 ns
Turn on Ry = 10kQ .0 10 - 25 50
0 15 — 20 40
MAXIMUM INPUT fo | Vss&Vi<Vpo 0 5 - 5 - MH:
FREQUENCY Ry =1.0kQ2 ] 10 - 10 -
0 15 - {1 12 ~
CROSSTALK
{To signat port) V¢-Square Wave 0 5 - 30 - mVv
R_ = 10k 0 10 - 50 -
Rin = 1.0k 0 15 - 100 -
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CHANNEL O RESISTANCE 18\ — Ouus

SIGNAL VOLTAGE tv, ) — VOLT

4
s

Typical channel ON resistance vs, signal voitage for

three values of supply volitage (Vpp-Vsg) [

SUPPLY VOLTS: Vpo* +8,vgs =5

INPUT SIGNAL YOLTS (Vi) S vpop

SINE waVE (1,77 RMS)
CONTHOL VOLTS (vgls 48

*L0AD CAPACITANCE * iCFx *CugTER)

AF VOLIMETER
BOONTON RADK)
WMODEL 91-Ca
OR touy

Ty
’

Vi1t |
5 20— | 0AD RESISTANCE (LRI J| {

1
an T -3¢0
iz, g ©oLa > PONTS =]
h3d | oorn N
:n: | BN 1Y
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INPUT SIGNAL FREQUENCY UNL LT

Typ. switch frequency response - switch “ON”

TTH LT

SUPPLY VOLTS ' Vppees, Vgge-8
INPUT SIGNAL VOLTS (Vig)e 5 vp_p SINE WAVE (1 77 RMS)
“; 307 FIXTURE AND METER MULLED OUY 338
?;‘ poernlb b
. ver
S o ¢t Y00 7
2 P v n i}-
3 4 <
3 2> pd d 3y =
“ ' wa "a H
R A :
. = = H
[ sl . AF VOLTMETER 32
FRC C1VSS BOONTON AADIO z
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RN, +__ L] T OR tQuIv -
- R f_‘]
FEE . 4-} R ! Vas (81 ,/
[ s hXLEA L o
L i ) Ll
F 4 SWITCHE
of | 1f2prs smrenes | | A7
o! 1 0 0? 3! o

INPUT SIGNAL FREQUENCY ('"l— [1,1)

Typ.
package

crosstalk between switch circuits in the same
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QUTPUT SIGNAL VOLTAGE (V! — VOLTS

———
E[aUPALY VOUTAGE vppr SV LOXT NTLISYANE
oL _Ybo* )R, 12100 K010 KR
Vg ooV S8 xa |
L{AMBIENT TEWMPERATURE (Tple25%C AA I
£
3 S EEpTiE e tatey of: T 22
R
= 14 e st Iﬁ’
z H HEE LI
32 R =
s Sennidlahy TR
revs s e 12:::
° 2o Vet Yoo V$o
=l 00—
R Ees? Vis Vor
-2 ites | OF &
T SWITCHES
g i Ry
-4 1l o
V5§ =
ALL UNUSED TERMINALS
& Peassease ARE CONNECTED 10 vgg
= = - 3 ) €
INPUT SIGNAL VOLTAGE {V,,} —VvOLTS

Typical ON characteristics for 1 of 4 channels.

QUIPUT SIGNAL RMS MRLIVOLTS (Vo)

3
Q.

%, .

[SUPPLY VOLTS Vppr+5, vpge-5
COMTROL VOLTS (Vple-d

INPUT SIGNAL VOLTS (Vy)e8 vpp
P LOAD CAPACITANCE (CLI=CFIXTURE.

CIoS iyt

FIXTURE AND METER NULLED OUT

SINE wAVL U177 RMS)

SCMETER
NI

ML
JT
2000
{
e
AR LS

L L

te
AT TENUATION (db)

AL

w07t ' (-]
WPUT SiGRAL FREQUE

l'o 2

O3

03
NCY i hane

Typ. teedthru vs. freq. — switch “OFF”

stov ve

o

{3

werle 208 Vi T

ma

UNUSED TERMINALS
o 10

AL
ARC CommECTL

Voo

1
okn

s

Test circuit, crosstalk-control input to signal output



SCLA066B

SPECIAL CONSIDERATIONS — SCL40668B

1. In applications where separate power sources are used to drive Vpp and the signal
inputs, the Vpp current capability should exceed Vpp/R( (R = etfective external
jood of the 4 SCLA40GGB 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 Ron values shown).

No Vpp current will flow through Ry if the switch current flows into terminals 2, 3,
g, or 10. Failure 10 observe this condition may result in distortion of the signal.

APPLICATIONS INFORMATION

AR

b} SPOT
V. Vost N
o) SPST o8 O—o A_obs!
v v
vis O__%VQ‘ VISO-—O/D—OO‘ 4 5
v, v
c _r‘L 032
ve L
&) ©PoT
¢} DPSY v,
osA2 Visa
Visa Yose Visa Vosa Vosai Vosaz
—0 VisaO— Vosas “ O— —0
A/
o 9 o 0!5! Ssnz
v Vise Voss O, 'JI’
vis -OYose osez

"lleJ‘ph

.

a

‘Basic Switch Functions using the SCL40668

C4=0.001C, 3
1
] |
Ice
SELECT O—
C5+0.01C; —
] f—— 2 P~
™ e .l 0pen LOOP GAIN
SELECT Ommmr 2
— C2=0.1C, & ~
L [} ™
CONTROL . —F & e Jer frer Ben
2 - e A
SELECT O g \\ ~
c > -
ey [} S M VUE M SR Ty AT
\ siiecr o
FREOUENCY - Ha
AAA—
R 1 R3 ALlV(Jl'IAGE GAIN 8LLOW BREAR FRLOUENCY}
Viy O———AAA- - '-R;‘
1
o fe (BREAK FKEQUENCY) »
Vout N : ThyCy
+ A (UNITY GAIN FREOULNCY) » -——
2 RyCx

MAX ATIENUATION » Diien)

Active Low Pass Filter with Digitally Selected Break Frequency
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Philips Semiconductors-Signetics Linear Products

Low power quad op amps

' SA534/LM2902
_M

DESCRIPTION

The LM124/SA534/LM2902 series consists of
lour independent, high-gain, internally
Irequency-compensated operational
amplifiers designed specifically to operate
trom a single power supply over a wide range
of voltages.

UNIQUE FEATURES

In the linear mode, the input common-mode
voltage range includes ground and the output
voltage can also swing to ground, even
though operated from only a single power
supply voltage,

The unity gain crossover frequency and the
input bias current are
temperature-compensated.

ORDERING INFORMATION

FEATURES

® Internally frequency-compensated for unity
gain

® Large DC voltage gain: 100dB

® Wide bandwidth (unity gain): 1MHz
(temperamre‘compensaled)

® Wide power supply range Single supply:
3V 1o 30Vpe or dual supplies: +1.5Vpe
to £15Vpe

® Very low supply current drain:'essentially
independent of supply voltage (1mW/op
amp at +5Vpe)

® Low input biasing current: 45nApg
(temperature—compensated)

@ Low.input offset voltage: 2mVpe and offset
current: SnApc

® Differential input voltage range equal !o the
power supply voltage

® Large output voltage; OVpe to Vees1.5Vpe
swing

Product speciflcation

'LM124/224/324/324A/

PIN CONFIGURATION

D, F, N Packages

OUTPUT | ¥

+INPUT 1 E

Ve E
+INPUT 2 E
-INPUT 2 EF

outPuT2 | 7

-NPUTY | 2
A

.

o/ U s | aneurs

14 | outPUT 4

19| aNpUT 4

E +INPUT ¢
11 | GND
10—_' +INPUT 3

8 [ OUTPUT3

TOP NIEW

DESCRIPTION TEMPERATURE RANGE ORDER CODE
14-Pin Plastic DIP -55°C to +125°C LM124N
14-Pin Ceramic DIP -55°C 10 +125°C LM124F
14-Pin Plasuc DIP -25°C t0 +85°C LM224N
14-Pin Ceramic DIP -25°C to +85°C LM224F
14-Pin Plastic DIP 0°C to +70°C i, LMa24N
14-Pin Ceramic DIP 0°C to +70°C LM324F
14-Pin Plastic SO 0°C to +70°C LM324D
14-Pin Plastic DIP 0°C to +70°C LM324AN
14-Pin Plastic SO 0°C 10 +70°C LM324AD
14-Pin Plastic DIP -40°C 10 +85°C SA534N
14-Pin Ceramic DIP -40°C o +85°C SAS34F
14-Pin Plastc SO -40°C 10 +85°C SAS534D
14-Pin Plasyc SO -30°C to +85°C LM29020
14-Pin Plastic DIP -40°C 10 +85°C LM2902N

July 8, 1987

853-0929 89674



Philips Semiconductors—Signetics Linear Products Product specification

LM124/224/324/324/
Low power quad op amps SA534/LM2902

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Vee Supply voltage 32o0rt16 Voe
Vin Difterennal input voltage 32 Voe
Vin Input voltage -0.3 10 +32 Voc
P Maximum power dissipation,

c Ta=25°C (still-air)!

N package 1420 mw
F package ks 1180 mw
N D package 1040 mw
Output short-circuit to GND one
* amplifier Continuous
Vec<15Vpe and Tp=25°C
I Input current (Vy<-0.3V)3 50 mA
Ta Operating ambient temperature range
LM324/A - 010 +70 *C
Lim224 +25 to +85 °C
SA534/LM2902 -40 to +85 °C
LM124 -55 to +125 °C
Ts10 Storage temperature range -65 10 +150 °C
Tsoun Lead soldering temperature (10sec max) 300 °]
NOTES:

1 Deraie above 25°C at the foliowing rates:
F package at 9.5mw/°C
N pachage at 11.4mWrC
D package a1 .3mW/°C

2 Shoni-circuits from the oulput 1o Vee+ can cause excessive heating and evontual destruction. The maximum output current is approximatoly

40mA, independent of the magnitudge of Vee. Al values of SUpply voltage in excess of + 18Vpe continuous shon-circuits can exceed the
power dissipation raungs and cause eventual destruction.

3. This input cutrent will only exist when the voltage at any of the input leads is driven negative, It is due 1o the collector-base junction of the
input PNP transistors becoming torward biased and thereby acting as input bias clamps. In addition, there is also lateral NPN parasitic
transistor action on the 1C chip. This action can cause the output voltages of the op amps 1o go to the V+ rail (or 1o ground for a large
overdrive) durng tne time that the input is driven negative, .

July 8, 1987



Philips Semiconductors ~Sianetics Lincar Products

Product specilication

Low power quad op amps

LM124/224/324/324A/

SA534/LM2902

DC ELECTRICAL CHARACTERISTICS

Vee=5V, T4=25°C unloss otherwise spacifiod,

SYMBOL PARAMETER TEST CONDITIONS LM124/LM224 LM324/SA534/LM2902 UNIT
. Min Typ Max Min Typ Max
Vos® Oftiset vottage! Rs=0Q +2 5 2 +7 mv
Rs=0Q, over temp. *7 19 mv
AVeoy/aT Temperature drift Rs=0Q, over temp. 7 7 nvreC-
I3 Input current? Iin{+) of Iiy(-) 45 150 45 250 nA
Iin(t) or Iin(-), over temp. 40 300 40 500 nA
Algiag/aT Temperature dritt Over temp, 50 50 pA/°C
los Ottset current Iiv(+)-In(-) +3 +30 *5 150 nA
tin{+)-lin{-), over temp. +100 *150 nA
Vos Oftset volage? Rg =00 +2 1 12 +7 mv
Rs = 0Q, over temp., 7 19 mV
AVoe’aT Temperalure drift Rs = 0Q, over temp. 7 7 pvreC
laias Input current? I (+) or Iy (=) 45 150 45 250 nA
Iy (+) or Iy (=), over temp. 40 300 40 500 nA
Algiag/aT Tempetatura drit Over temp. 80 50 pAIC
los Otiset current IiN (+) = lin (=) +3 +30 15 +50 nA
Iy (+) = Iy (=), over temp. +100 +150 nA
Aips/aT Temperaiure drift Over temp, 10 10 pA/~C
Vew Common-mode voltage Vees30V [o] Vee-1.5 (] Vee-1.5 \
range® Vces30V, over temp. 0 Vee 2 0 Vee-2 v
(0 -
CMRR i oy okl Vee=30V 70 | 85 65 | 70 a3
T f Ry =2kQ, V=30V, g
Vou ! Qutput valiage swing over temp. 25 26 \Y
o RLS10KQ, Vee=30V, .
Vo- Output voliage high over temp. 27 28 27 28 v
; RLS10KQ, Vee=5V,
Vo, Output voliage low aver temp. 5 20 5 20 mVv
Ry=ee, Veo=30V,
lee Supply current over temp. 1.5 3 1.5 3 mA
Ry==, Vces5Y,
over temp. 0.7 1.2 0.7 1.2 mA
. ) . Vee=15V (for large Vo
Avor Large-signal vol:age gain swing), R,22k0) 50 100 25 100 VimV
Vee=15V (for large Vg
swing), R 22k, 25 15 VimV
over temp,
Amplifier-1o-amplfier f=1kHz 10 20kHz,
couphng® input referred -120 -120 a3
PSRR Power supply rejection ratio Rss00 65 100 65 100 ds
Quitput current Vin+=+1V, Vip-=0V,
source Vec=15V 20 40 20 40 mA
Vin+=+1V, V=0V,
Vec=15V, over temp. o 20 10 20 mA
lout ViN-=+1V, Vin+=0V, V4= 15V 10 20 10 20 mA
. Vinm+ 1V, Viy+=0V,
siok Vec=15V, over temp. 5 8 5 8 mA
Vw-=+ 1 V. V|N+I=OV,
Vo=200mV 12 50 12 50 HA
Igz Shori-circuit currant 10 40 60 10 40 60 mA
July 8, 1927 5



Pnilips Semiconductors-Signetics Linear Products

Product specification

Low power quad op amps

LM124/224/324/324A/

SA534/LLM2902

EQUIVALENT CIRCUIT

v, O— ] S
@ eHa ‘00»;\& (]P 6ua
Kos
Lo
e CC j\
07‘4——4
Q2 a3 %Rsc
—0 ouTPUT
[o]] Q4
INPUTS =) on + o1
. B ™
—<0\0 a1z \Dso“A
%_-—Sog
TCosarDS
\ . EQUIVALENT SCHEMATIC

July B, 1687



Phifips Semiconductors—Signetics Linear Products

Product specification

Low power quad op amps

LM124/224/324/324A/
SA534/LM2902

TYPICAL PERFORMANCE CHARACTERISTICS

Supply Cusrent

V™= Ta s 0°C 10 *128°C
{ —al

SUPPLY CURRENT DRAIN (mAdc)

SUPPLY VOLTAGE (VpC)

§ o
"1 1a=ssc
ol T _1 | Lo
0 10 20 30 40
SUPPLY VOLTAGE (Vpc)
ortssos
Voltage Gain
160 I ] l
- Ry« 20 KG
g 120 o ¢
g V TN
F A Ap « 2K
[
¥ 0
<
=
-
1<}
>
| a0
]
<
{
[}
[ 10 20 30 40

oFerncs

Output Characteristics
Current Sourcing

1
- 7
§ 8
sz e
o 3
> o
e = 5
2w
& o
5z 4
° ¢
L)
[ e INDEPENDENT OF Vo
>° w TA = ¢25°C /
2
S
1
0.001 001 0.1 1 10 100
10* - OUTPUT SOURCE CURRENT (mApg)
CURL
Output Characteristics
Current Sinking
10 T "
V*z+SVpe
© V*s 415 Vpe =
£ V*a 430 Vpe + %
w y’4
s ] _J-,"
= i
> v
-
2 . —-—
5 01 V- 4
o o
b Vo
& N S =l
oy //“ Ta=+25C |

o001 0.00 0.1 1 10 100
10= OUTRUT SINK CURRENT (mApc)

oPusees

OUTPUT CURRENT (mAdc)

YOLTAGE GAIN (dB)

Current Limiting

o
55 35 -15 5 25 45 65 85 105 125
TEMPERATURE (*C)

orosazos

Open-Loop Frequency

Response
140
V'Q som

120 s

\ ViN i
100

N Y v | Vo
80 = =

\ V* = 30 Vpe AND
80 N \.sls-c 2 TA g +125°C
. N

V* = 101015 Vpe ANN
20 -5s-i: < n} < .uis-c l \

1 10 100 1K 0K 100K 1M 10M
FREOUENCY (Hz)

oPossves
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Philips Semiconductors—Signetics Linear Products

Product specificatio=

Low power quad op amps

LM124/224/324/324/

SA534/LM2902

TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

Large-Scale
Frequency Response

Voc
1K, 100K

|
VIN ? 7 1 Yo
Voc® =

A\

-
»

'3

Vo— OUTPUT SWING (vpg)
s

K 10K 100K AL
FREQUENCY (Hz)

oPosbIoy

Voltage~Follower
Pulse Response

4 T

T
RLx2KV* 15vpe

/

NN K X

OUTPUT VOLTAGE (V)

E(V)

+

1HPQUY VOLTAG!

0 10 20 30
TIME (S)

40

LT

Input Voltage Range

/

-
o

Necanve /]

POSITIVE

+VIN— INPUT VOLTAGE {1V p¢ )

/

/]

~ POWER SUPPLY VOLTAGE (2 Vpeo)

5 10 15

V*OR V-

ovesian

Veltage—Follower Pulse

Input Current g Common-Mode Rejection Ratio Response (Small-Signat)
9 420 500 T T

%0 Q

. ] l l Vom0 Vpe _' ’g'
g I L1 ! g 1o £ 450 E
g T V* 30 Vpe 5 = = 50:;
.,5, @ __‘ i S W § OIN —1-:
Eo L 1 | [ T T~ g S 40y 2 -
¥ s o +7.8 Vpe 8 =
g | l Ve et vpe § 60 F— 5100 - e |
3 & f—r— —= T T 3 A E 250 J INPUT
= i © W&

S 39 pr—te — iy S 40— — ] 5 OUTPUT (—
% o T v‘I T ——— | S 1 ® !
= +5Vpe S f

£ A N, o 2 1.8 Vpe 5 %00 v 3 -
1 = \j A ®+25°C
o _LI l -4 1 1 Il 250 V* £ 430 Vpe
=55 -35.15 5 25 45 65 85 105 12§ g 100 11 10k 100k ™ o 2 3 4 s 7 §
Ta — TEMPERATURE (Cv) { — FREQUENCY (Hz) L — TIME (u5)
OPDIsaRs L FTHTY OPassery
TYPICAL APPL!CATIONS
Ve v
.
10K 14

Tconsons

' Single Supply Inverting Amplitier

Tcensien

Non—lnvenlng Amplifier

Input Blasing Voltage-Follower

-0 Vo

Tesenzon

July 8, 19z7




Philips Semiconductors-Signetics Linear Products

Préduct specification

General purpose operational amplifier

W

DESCRIPTION

The MC1458 is a high-performance
operational amplifier with high open-loop
gam, internal compensation, high
common-mode range and exceptional
temperature stability. The MC1458 is
short-circuit protected

Tha MC1452/3A14568/MC 1558 consists of a
pair of 741 operatonal amplifiers on a single
chip,

ORDERING INFORMATION

FEATURES

® Internal frequency compensation
® Short-circuit protection

® Excellent temperature stability

® High input voltage range

® No latch-up

® 1558/1458 are 2 "op amps” in space of one
741 package

MC/SA1458/MC1558

PIN CONFIGURATION

D, N Packages
N~ F_
OUTPUT A E__l 8

INVERTING
INPUTA | 2 A B 7

NON
INVERTING | 3 L6

INPUT A
V- a 5

TOP VIEW

Ve

OUTPUT B

INVERTING
INPUT B

NON
INVERTING
INPUT B

DESCRIPTION TEMPERATURE RANGE | ORDER CODE
£-Pin Plastic SO 010 +70°C MC1458D
8-Pin Plasuc DIP . 010 +70°C MC1458N
8-Pin Plastic SO -40°C 10 +85°C SA1458D
8-Pin Plastic DIP -55°C to +125°C MC1558N

ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Vg Supply voliage
MC1458 +18 V.
SA1458 +18 \
MC1858 122 \
T Junction temperature +150 °C
FD mAX Maximum power dissipation,
Ta=25°C (still-air)"
N package 1160 mwW
D package 780 mw
Vores Ditterential input voltage +30 v
Vine Input vohtage? *15 \
Output short-circuit duration Continuous
Ts Operaling ambient temperature range
MC1458 Oto+70 47
SA1482 -40 10 +85 °C
| MC135e -5510 +125 °C
Terg Storage temperature range -65 10 +150 °C
Tso.o Lead soldering temperature {10sec max) 300 °C
NOTES

N package at 9.5mwr°C

D package at 6.2mwreC
2 For supply vollages les

Apnl i e B

- The following derating factors should be applied above 25°C

28

5 than $15V, the absolute maximum input voltage is equal 1o the supply voltage.

853-1062 06457



Phifips Semiconductors—-Signetics Linear Products Product spacification

General purpose operational amplifier MC/SA1458/MC1558

EQUIVALENT SCHEMATIC

INVERT,
— INPUT
T on3

NON-INVERTING a2 2 R7
INPUT 3 o 4,5m§ < R

A i —-Ko:a 1-> 250

1

*——0 OUTPUT

3 < {
o4 S RS
rl \l S aska 5.21@% [ .
:, R10
,J— 2 so0
0?7
? "t Q16
4% ) L 020
os 06 a0 ——|<cm
Q17
’ W LS
R1 R2 R3 “S R4 R12 < Rit
nm% S0KQ " Sk 50kQ < 500
é ﬁw'.: V-
Amplifier “A” of MC1458, SA1458, MC1558
DC ELECTRICAL CHARACTERISTICS
Ta=25°C, Ve=415V, unlecs otherwise specified \
SYMBOL PARAMETER TEST CONDITIONS MC1558 UNIT
Min Typ Max .
Vos Ofiset vanage Rsw 10kN 1.0 5.0 my
Rg=10kQ, over temperature 6.0 mV
AVes Otiset vohape Over temperature 10 uvreC
los Ofiset current 20 200 JNA
Over temperature 500 nA
Alps Oftset current Over temperature 0.10 nA/<C
laiag Input bias curren: 80 500 nA
Over temperature 1500 rA
Algiac Bias current Over temperature 1.0 nA/°C
Vour Output voltage swing RL=10kQ, over temperature *i2 *14 \
Ry =2kQ, over temperature 410 +13 \
Avor Large-signal voliage oain Ri=2kQ,Vp=£10V 50 100 T VimVv
Ry=2kQ, Vo=x lemperature 20 VimV
Oliset voliage adjusiment range +30 mv
PSRA Power supply rejecton ratio RsS10kQ 30 150 uvIv
CMRR Common mode rejection ratio 70 90 de
ez Supply current 2.3 5.0 mA
Vin Input voltage range *12 *13 \
Po Power consumption 70 150 mw
Channel separation 120 dB
Rou- Qutput resistance ' 75 Q
Isc Outout shori-circuil current i 10 25 60 mA

April 12, 1252 29



Philips Semiconductors—Signetics Lincar Products Product specification

General purpose operational amplifier MC/SA1458/MC1558

DC ELECTRICAL CHARACTERISTICS (Continued)
Tas25°C Veo=£15V, unless otherwise specified,

SYMBOL PARAMETER : TEST CONDITIONS MC1458 SA1458 UNIT
Min Typ Max Min Typ Max
Vas Oftset voltage Rg=10kQ 2.0 6.0 2.0 6.0 mV
Rs=10kQ, over temp, 7.5 725 |7 mv
AVog Offsct volage Over temperature 12 12 uv/ec
log Olfset current 20 200 20 200 nA
Over temperature 300 500 nA
Alps Oftset current Over temperature 0.10 0,10 nA/’C
Isias Input bias current 80 500 80 500 nA
Over temperature 800 1500 nA
Algyag Bias current Over temperature 1.0 1.0 nA/°C
Vour Output voltage swing Ry =10kQ, over 1emp. 12 | +14 $12 | 14 \"
Ry=2k0), over temp. +10 | 13 *10 | #13 v
Ry =2k, Vo=210V 25 200 20 200 Vimv
Avor Large-signal voltage gain | Ry=2k$2, Vo=2 10V,
Over temperature 15 115 VimV
Offset voltage adjusiment range % 130 +30 mv
PSRR Power supply rejection ratio Rgs10k02 30 150 o] 160 uvv
CMRR Comman-mode rejection ratio 70 90 70 90 dB
lee Supply current 2.3 58 2.3 56 mA
Vin input voltage range *12 =13 xi2 *13 \%
Rin Input resistance 0.3 1 1 MG
Ps Power consumption b 70 170 70 170 mw
Chafdinel separation 120 120 2}
Ise ‘| Output shert-circutt current 25 25 mA

AC ELECTRICAL CHARACTERISTICS

Ta=25°C Vg==15V, unless otherwise specified.

SYMBOL PARAMETER TEST CONDITIONS Mc’ﬁg;?:g“ss' UNIT
Min Typ Max
Rin Parallel input resistance Open-loop, {=20Hz 0.3 MQ
Common-mode input impedance {u20Hz 200 MQ
Eqoivalent input noise voltage Ay=100, Rg= 10K, BWe1,0kHz, {a1.0kH2 30 nV/ {0z
BwW Power bandwidth Av=1, R =2.0kQ, THDS5%, Vour=20Vp.p 14 kH2
Phase margin €5 ocegrees
Ay Gain margin " oB
Unity gain cressover frequency Open loop 1.0 MHz
Transient response unity gain Vin=20mV, R =2k, C $100pF
L Rise time 03 s
Overshoot 5.0 %
SR | Skewrae CLS100pF, R 22kQ, V=10V 0.8 Vips

Apt 15, 1600 3
0
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TYPICAL PERFORMANCE CHARACTERISTICS
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued)
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

Vout OUTPUT VOLTAGE (Vp-p)

Power Bandwidth
(Large—Signal Swing vs Frequency)
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ORDERING INFORMATION
[ DESCRIPTION TEMPERATURE RANGE ORDER CODE
(37 n Piasuc SO 0to +70°C NES670
t14.Fin Cerap 010 +70°C NES&7F
[37 1 Plasac Op 0to »70°C NES67N
2.7¢ Flasic 30 -.3*C to +125°C SES870
&-Pin Seraio « -£3°Cto +125°C SESS7FE
@:sash: o -55°C 10 +125°C SE567N
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Ta Coerating temperature
NESE7 010 ~70 °C
SE387 b -5510 +125 *C
Vez Coerating voltage 10 \
V- Positive voltage atinput 0.5 +Vg \'
V- Negauve voitage atinout -10 Vee
Vour ;gg;.s:::rx)vouage (coilector of output 15 Voo
Tsts | Storage temperature range -85 1t0 +150 °C. e
Py | Powar cissicauon 300 mwW
Aot 15 1502 275
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DC ELECTRICAL CHARACTERISTICS
V -=25.0V Tx=25°C, unless otherwise specitied,

———

%‘g‘f_' PARAMETER TEST CONDITIONS SES67 NES67 UNIT
Min | Typ | Max | Min | Typ [ max
Center frequency!’
fo Highest center frequency 500 500 kHz
fo Center frequency stabiliy? -55 10 +125°C 351140 35 £140 ppavg |
0to +70°C 35 160 35 160 ppm/eg
o Cenver frequency distribution 1 -10 o] +10 -10 0 +10 %
fo = 100kHz = m
15} Center frequency shift with 0.5 1 0.7 2 %
N suepply vollqage a lo = 100kHz < TI;,CT v
e —y
Detection bandwidth
BW Largnst detection bandwidth Io'= 100kHz = 1 12 14 16 10 14 18 % otly
1L.1R” Gy
BwW Largest detection bandwidth - 2 4 3 6 % ol fp
skew
3w Largest detection bandwidth— Vi=300mVaus 30.1 +0.1 “%°C
variation with temperature '
BwY Largest detectionbandwidth— Vi=300mVaus 12 12 %N
vaniauon with supply voliage
Input
RAin | inoutresistance 15 20 25 15 20 25 kQ
v Smaliest azlectable input IL=100mA, fi=lg 20 25 20 25 mVaus
voltage*
Largest no-output input voltage* 1L=100mA, f=ig 10 15 10 15 mVaus
Greates! simultaneous out-band +6 +6 dB
signal-1o-in-pand signal ratio
Mirumum tnput signal to Bp=140kHz -6 -6 d8
wiag-tand noise ratio
Output
Fastest on-off cychng rate 0’20 {o/20 ]
1" output leakage curren: Ve=15V 001 25 0.01 25 pA
“0” output voltage IL=30mA 0.2 0.4 0.2 0.4 v
I =100mA 0.6 1.0 0.6 10 v
i | Outout fall ume3 R, =500 30 30 ns )
ic OCutpu: ris2 ume® R =50Q 150 150 ns
General — et
Ver Gperating voltage range 4.75 8.0 4.75 5.0 | -
Supply current guiescent 6 8 7 10 mA
Supply current—actvaled R =20kQ 11 13 12 15 mA
lo- J Guiescent oower dissipation 30 35 Iomw
NOTES:

1. Frequency cetermining resistor R, should be between 2 and 20kQ
2 Appuzable over 4.75V 10 5.75V. See graphs for more detailed information.

P YA

Witn Rz= 130KE2 from Pin 1 10 V+. See Figure 1.

Aaril 13 yeea 276

Pin 810 Pin 1 feednack Ry network selected 10 eliminate pulsing during turn-on and turn-of!.
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TYPICAL PERFORMANCE CHARACTERISTICS
AALEhcas
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1
TYPICAL PERFORMANCE CHARACTERISTICS {Continued) |
—_—
Center Frequency
Center Fregue:';'cyl Te‘mpermure Shilt With Supply Typical Bandwidth Varlation
M oe cdegD Voltage Change vs Temperature
(Mean an ) Operating Frequency
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DESIGN FORMULAS

1
1.1AR: C,

8 ~ 1070 ol V8 % of 1o
o C;

V; < 200m Ve

Where
Vi=lnput voltage (Vays)
C,=Low-pass filter capacitor (uF)

PHASE-LOCKED LOOP TERM!-
NOLOGY CENTER FREQUENCY
{fo)

The free-running frequency of the current
controlled escillator (CCO) in the absence of
an Input signal

Detection Bandwidth (BW)

The frequency range, centered about fo.
within which an input signal above the
threshold voltage (typically 20mVays) will
cause a logical zero stale on the output, The
detection banowidth corresponds to the loop
capture range.

Lock Range

The largest frequency range within which an
nput signal above the threshold voltage will
hola a logical zero state on the output.

Aprit 15, 1992

' Detection Band Skew

A measure of how well the detection band is
centered about the center frequency, Ip. The
skew is defined as (luax+imn-21o)2lo where
imax and imin are the frequencies
corresponding 1o the edges of the detecton
band. The skew can be reduced to zero if
necassary by means of an optional cenlering
adjustment.

OPERATING INSTRUCTIONS
Figure 1 shows a typical connection diagram
for the 567. For most applications, the
following three-step procedure will be
sufficient for choosing the external
components R, Cq, C, and C,.
1. Select R1 and C1 {or the desired center
frequency. For best temperature stability,
R1 should be betweon 2K and 20K ohm,
and the combined 1emperature coefficient
of the R1C1 product should have
sufficient stability over the projected
temperature range to meet the necessary
requirements,

[

Select the low-pass capacitor, C2, by
referring to the Bandwidth versus Input
Signal Amplitude graph. lf the input
amplitude Variation is known, the
appropriate value of IOC2 necessary 1o
give the desired bandwidth may be found.
Conversely, an area of operation may be

278

selected on this graph and the input level
and C2 may be adjusted accordingly. For
example, constand bandwidth operation
requires that input amplitude be above
200mVrms. The bandwidth, as notod on
the graph, is then controlled solely by the
10C2 product (1O (Hz), C2(uF)).

TYPICAL RESPONSE

NOTE:
Ry = 1000

NPUT
1]

NOTES:

S/N = -6¢8

AL = 1000

Nose Bandwidth = 140H?

Response to Same Input Tone Burs! |

With Wideband Noise
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a1, The value of C3 is generally non-critical,

) €3 sets the band edge of a low-pass filter
which atienuates Irequencies outside the
detection band to eliminate spurious out-
puts. It C3 is 100 small, frequencies just
outside the detecrion band will switch the
output siage on and off at the beat fre-
quency, of the output may pulse on and
off during the turn-on transient. If C3 is too
large, turn-on and turn-off of the

output stage will be delayed until the voltage
on C3 passes the threshold voltage. (Such
dalay may be desirable 1o avoid spurious
outputs due 1o transient lrequencies.) A
typical minimum value for G4 1s 2C,,

4. Optional resistor R2 sets the threshold for
the largest *no output™ input voltage, A
value of 130kQ is used 10 assure the
lested imit of 10mVRMS min. This resis-
1or can be relerenced to ground for in-
creased sensitivity. The explanation can
be found in the “optional controls" section
which ioliows

AVAILABLE OUTPUTS
{Figure 2,
Tne Primary output is the uncommitted cutput
vansistor collector, Pin 8 When an in-band
Ut signal is present, this transistor
Salurates; its collecior voliage being less than
1.6 volt (typically 0 8V) at full output current
{100mA) The voltage at Pin 21s the phase
Getecior output which is a linear function of
frequency over the range of 0.95 10 1.05 fo
Wi'n a slope of about 20mV per percent of
it equency deviation. The average voltage at
Pin 15, during fock, a function of the in-band
Mput amplitude in accordance with the
Yanster characteristic given. Pin 5 is the
controtied osciflator square wave output of
magnituae (- v -2Vgg)=(+V-1.4V) having a

< average of +V/2. A 1k9) load may be
Shven from pin 5 Pin 6 is an exponential
tangle of 1V with an average DC level of
*V72. Only high impedzance loads may be

Aprit 15, 1992

IN-BANC
NPy
VOLIAGE

Flgure 7,

100 O m Verm

Ve
R
587 1
:I: c’

DECREAS!
SENSITIVI

=m

Y

567 1
S50x
€

.n___;».%e

Figure 8.

567 |—_I_

INCREASE .
SENSITIVITY
V.

DECREASE
A SENSITIVITY

.
Rg
2.5k
Rc

INCREASE
SENSITIVITY

-1 g
o
m
E4
a
Ed
>
g
a

(OPTIONAL)

connected to pin 6 without aflecting the CCO
duty cycle or temperature stability,

OPERATING PRECAUTIONS

A brief review of the following precautions will
help the user achieve the high level of
Jperformance of which the 567 is capable.

1. Operation in the high input level mode
(above 200mV) will free the user trom
bandwidth variations due to changes in
the in-band signal amplitude. The input

279

stage is now limiting, however, so that
out-band signals or high noise levels can
cause an apparent bandwidth reduction
as the inband signal is suppressed, Also,
the limiting action will create in-band
components from sub-harmonic signals,
so the 567 becomes sensitiva 16 signals
at fOv3, 1015, etc.

2. The 567 will lock onto signals near {2n+1)
10, and will give an output for signals near
(4n+1) 1O where n=0, 1, 2, etc, Thus, sig-
nals at 51O and 910 can cause an un-
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wanted output. If such signals are
anticipated, they should be attenuated be-
fore reaching the 567 input,

3. Maximum immunity from noise and
out-band signals is afforded in the low in-
putlevel (below 200mVRMS) and re-
duced bandwidth operating mode.
However, decreased loop damping
causes the worsi-case lock-up time to in-

crease, as shown by the Greatest Number~

of Cycles Belore Output vs Bandwidth
graph.

4. Due 10 the high switching speeds {20ns)
associated with 567 operation, care
should be taken in load routing, Lead
lengths should be kept to a minimum. The
power supply should be adequately by-
passed close to the 567 with a 0,01uF or
greater capacitor; grounding paths should
be carefully chosen to avoid ground loops’
and unwanted voltage variation'.; Another
factor which must be considered is the
eifect of load energization on the power
supply For example, an incandescent
tamp typically draws 10 times rated cur-
rent at turn-on. This can

cause supply voltage fluctuations which
couid, for exampie, shift the detection band of
narrow-band systems sulficiently 1o cause
momeniary 12ss of lock, The result is a
iow-Irequency oscillation into and out of tock.
Such eflects can be prevented by supplying
neavy load currents irom a separate supply
or increasing the supply filler capacitor.

SPEED OF OPERATION

Minimum lock-up time is related 1o the natural
lrequency of the loop. The lower itis, the
longer becomes the turn-on transient, Thus,
maximum operating speed is obtained when
Czis at a minimum. When the signal is first
applied, the phase may be such as to initially
drive the controlled cscillator away from the
incoming frequency rather than toward it.
Under this condition, which is of course
unpredictable, the lock-up transient is at its
worst and the theoretical minimum lock-up
time is nct achievable. We.must simply wait
for the transient to die out.

The following expressions give the values of
C2 and C4 which aliow highest operating
Speeds for various band center frequencies,
The minimum rate at which digital information
may be detecled without information loss due
i0 the turn-on transient or output chatter is

about 10 eycles per bit, corresponding to an
in

lormation transfer rate of §o/10 baud,

April 15, 1902
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In cases where turn-off time can be sacrificed
10 achieve fast turn-on, the optional sensitivity
adjustment circuit can be used 1o move the
quiescent C; voltage lower (closer to the
threshold voltage). However, sensitivity to
beat frequencies, noise and extraneous
signals will be increased.

OPTIONAL CONTROLS (Figure 3)
The 567 has been designed so that, for most
applications, no exiernal adjusiments are
required. Certain applications, however, will
be greatly facilitated if full advantage is taken
of the added controf possibilities available
through the use of additional external
components. In the diagrams given, typical
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values are suggested where applicable, For
best resulls the resisiors used, except where
noted, should have the same temperature
coeflicient. Ideally, silicon diodes would be
low-resistivity types, such as forward-biased
transistor base-emmitter junctions. However,
ordinary low-voltage diodes should be
adequalte for most applications.

SENSITIVITY ADJUSTMENT
(Figure 3)

When operated as a very narrow-band
detector (less than 8 percent), both C, and
Cy are made quite large in order to improve
noise and out-band signal rejection. This will
inevitably slow the response time. I,
however, the output stage is biased closer 10
the threshold level, the turn-on time can be
improved. This is accomplisiied by arawing
additional current 1o terminal 1. Under this
congdition, the 567 will also give an output fof
lower-level signals {10mV or lower),
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By adding current to 1erminal 1, the output
stage is biased turther away from the
thveshold voltage. This is most useful when,
% obtain maximum operating speed, C; and
Csare made very small. Normatly,

frequencies just outside the detection band
could cause false outputs under this

condition, By desensitizing the output stage,
the out-band beat notes do not feed through
W the output stage. Since the input level must

be somewhat greater when the output stage
is made less sensitive, rejection of third
harmonics or in-band harmanics (of lower
frequency signals) is also improved, .

CHATTER PREVENTION

(Figure 4)

Chatter occurs in the output stage when Cy is
relatively small, so that the lock transient and
the AC components at the quadrature phase
datector (lock detector) output cause the
output stage 1o move through its threshold
more than once. Many loads, for example
lamps and relays, will not respond to-the
chatter. However, logic may recognize the
chatter as a series of outputs. By feeding the
output stage output back to its input (Pin 1)
the chatter can be eliminated, Three
schemes for doing this are given in Figure 4.
Al operate by feeding the first output step
{either on or off) back 1o the input, pushing
the input past the threshold until the transient
conditions are over. it is only necessary to
assure that the feedbtck time constant is not
so large as to prevent operation at the
highest anticipated spoed. Although chatier
can always be eliminated by making C5 large,
the leedback circuit will enable faster
operation of the 567 by allowing C; to be kept
small. Note that if the teedback time constant
is made quite farge, a short burst at the input
trequency can be stretched into a long output
pulse. This may be ussful to drive, for
example, stepping relays.

DETECTION BAND CENTERING
(OR SKEW) ADJUSTMENT

(Figure 5)

When itis desired to alter the location of the
detection band (corresponding to the loop
capture range) within the lock range, the
circuits shown abdve can be used, By moving
the detection band 1o one edge of the range,

NOTE,
Catrevoms latch-up whan power supply Is turned on,

c
Z
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b}
(1]
X

Figure 12. Output Latching
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for example, input signal variations will
expand the detection band in only one
direction. This may prove usetul when a
strong but undesirable signal is expected on
one side or the other of the center frequency.
Since Rg also alters the duty cycle slightly,
this method may be used to obtain a precise
duty cycle when the 567 is used as an
oscillator,

ALTERNATE METHOD OF
BANDWIDTH REDUCTION

(Figure 6) )

Although a large value of C, will reduca the
bandwidth, It also reduces the loop damping
50 as to slow the circuit response time. This
may be undesirable, Bandwidth can be
reduced by reducing the loop gain. This
scheme will improve damping and permit
faster operation under narrow-band
conditions. Note that the reduced impedance
level at terminal 2 will require that a larger
value of Ca be used for a given filter cutolf
frequency. If more than three 567s are to be
used, the network of Rg and R¢ can be
eliminated and the R, resistors connected
together. A capacitor between this junction
and ground may be required to shunt high
frequency components.

OUTPUT LATCHING (Figure 7)

To latch the output on atier a signal is
received, it is necessary 10 provide a
feedback resistor around the oulput stage
(between Pins 8 and 1). Pin 1 is pulled up to
unlatch the output stage.

REDUCTION OF C1 VALUE

(Figure 8)

For precision very low-frequency applications,
where the value of C, becomes large, an
overall cost savings may be achieved by
inserting a voltage-follower betwaen the Ry
C, junction and Pin 6, so as 1o allow a higher
value of Ry and a lower value of C, for a
given trequency.

PROGRAMMING

To change the center frequency, the value of
R, can be changed with a mechanical or solid
state switch, or additional C, capacitors may
be added by grounding them through
saturating NPN transistors.,
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