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Network Analysor

Mukda Teptoranintra
Vichit Temanuphatkul
Vanchai Riewrujs Advisor
Academy 1988

Abstract

This Thesis 1is a development of Network Anslysor

which tests the networks by generate freguencies into them ,
measures the results from peak detector , and then plots the
results into amplitudes versus freguencies. this Network Anslysor
can test networks from freguency randes 18 Hz to 1 MHz. It also

uses microcomputer to interface with users and to display the

results .
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Fig. 10-35. Bode diagrams for the uncompensated system, the compen- -
sator, and the compensated system. (G: uncompensated system, G.: com-
pensator, G.G: compensated system.) . S :
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At standard RS-232C Levels
(with exception of current loops)

_ Description Pin
NC -1
Transmitted Data 2

\ Received Data 3
Request to Sand 4

M Cilear to Send 5
Data Set Ready .6
Signal Ground 7
Received Line Signal Detector 8
+~Transmit Current Loop Data 9

"~ NC 10

__-Transmit Cursrant Loop Data 11

T NC 12 Asynchronous

External[™ ¢ 13 Communications
Device NG 14 Adapter

NG 5 {RS-232C)
NC 16
NC 17
+Receive Current Loop Data 18
NC 19 '

| Data Terminal Ready 20

~ NC 21
Ring Indicator i 22
NC 23
NC 24
-Roceive Current Loop Return 25

]
Note: To avoid inducing voltage surges on interchange circuits, signals from
intarchanga circuits shall be used to drive inductive devices, such as
ralay coils.

Connector Specifications
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mﬁ??dﬂ??ﬂﬁ“ﬂuﬂ??ﬂﬁ

v & S
1%ﬂ7kﬂﬂﬂ7&? TWIR 10 uF  Uuununa

Al (Ho) Ta luuns TidAnY
10 0010 1000 28 H
20 0101 1000 58 H
30 0111 1111 7F H
40 1011 0000 BO H
50 1101 1000 D8 H

20 d 3
1ﬁm1nnuﬂ7u3 110 478 ofF - uuylud

AN (Hz) - aialuung TiaALAN
60 0000 1100 oc H
70 0000 1110 OE H
80 0001 0000 10 H
90 0201 0010 12 H
100 0001 2100 14 H

200 0010 1000 28 H

300 0011 1100 ac H

400 0101 0000 50 H

500 0110 0100 64 H

600 0111 1000 78 H

700 1000 1101 8D H

800 1010 0001 Al H

900 1011 0110 B6 H

1000 1100 1000 ce H

w d. v 4
ﬂﬂmvtﬂuﬂiugﬂuWQ 5.6 nf wuuluang

ANE (KHz) e lumng EREORIGH
2 0000 0101 @5 H
3 0000 ©111 07 H
4 0000 1010 0A H
5 0000 1100 oc H
6 0000 1111 OF H
7 0001 0001 11 H
8 2001 0011 13 H

Jo



M gia luung TidALAN
9 0001 0110 16 H
10 2001 1000 18 H
20 0011 0000 30 H
30 0100 1001 49 H
40 0110 0001 61 H
50 6111 1001 79 H
60 1001 0010 92 H
70 1010 1011 AB H
80 1100 0100 C4 H
90 1101 1161 . DD H
100 1111 ‘0110 F6 H

~ldc e 250 oF ww vg1iSie

A (KH2) aa v’ TR
200 0001 1001 19 H
300 0010 0110 26 H
400 @011 0011 33 H
500 0100 000 40 H
600 0100 0110 46 H
700 2101 0100 54 H
800 0111 0011 73 H
900 1000 1000 . 88 H
1M 1001 0000 99 H

31




mInesou dgnuduwn f 2 vp

ATULIAN Al (Hz) Ausnafingd
50X6 ms 3 9.95
20X6 ms - 8 ?.95
10X6 ms 15 .95

5X6 ms 30 8.95
2X6 ms 30 ?.95
1X6 ms 150 0.95

B.5X6 ms 300 9.95

0.2X6 ms 800 .95

0.1X6 ms 1.5 K ?.95
B@XE us 3 K 0.95
20%X6 ns 8 K 0.95
10%6 us 15 K 0.95

5%6 us 30 K 0.94
2X6  ps - 80 K 0.93
1X6 s 150 K .93

0.5X6 s 300 K 0.93

8.5X5 s 400 K 2.92

@.5X4 us 500 K @.9

0.5X3 us 700 K 8.9

B.5X2 s 1 M ?.85

9.5X1 pus 2 M 2.6

1 o \J ) x ‘ o cnl C.l
ﬂ'WTﬂG)ﬁOUﬂ’]Nﬁlwﬂ'lﬂglmmﬂvﬂ’ﬂuﬂ'lOFfﬂi‘J moImadsunmIun 10 KHz

ﬂﬂwudﬂeﬁuéﬁuwn(V) ﬂdwuﬁwqﬁﬂétawngn(v> MHaWAIR (V)
4 2.9 1.1
3.8 2.7 1.1
3.6 2.5 1.1
3.4 2.2 1.2
3.2 2.1 1.1
3 1.9 1.1
2.8 1.75 1.05
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" g o v g £ 4 o
ﬂdwumwodﬂﬂaugn(V) ﬂawuqudnﬂtanngn(v> ANINNANRTIR (V)

2.6 1.5 1.1
2.4 1.3 1.1
2.2 1.1 1.1
2 @.95 1.05
"\ o o . é
AT LRBANARINATR = 1.1 Taan

4.3 MTAERY  waRduANS A1l 1e9 TAT TN
th¥095 AT e TaTedne aefin N TnadouiuTaT91s
ﬁﬁauﬂWTQunﬂaau Totnfiaeiniunasoufineasnsosa b nouwd®l uasuonfi
MINeAsR 6 NTNARALNANDLANEIANINE 199797TATE YRR

UUWWETY A1 TNNRINUIIAT fagl
Hoondudidion 49 3.9 K Hngnafiaan
ARG AN y g7 » J
RYIE.S G
_:ET
2933009 AR I

Mmadoy  dwemsitonidr = 6 p feaiAIAg 9
A CHz) ﬁmmnmLawﬁgn(v> oNTIdM NTINITUENE
19 6 3 0

20 6 1 o

30 6 1 0

40 6 1 2

50 6 1 o

60 6 1 o

70 5.95 .99 ~0.087

30 5.95 2.99 -0.087

990 5.9 2.98 ~0.175
100 5.9 ?.98 ~3.,175
200 5.8 2.97 -0.265
300 5.6 0.93 -0.630

QT



A CHz) ﬁmmwmnawﬁgn(v> Sn1d NTINTIENY
400 5.4 2.9 -0.915
500 5.2 , 0.87 -1.210
600 5 .83 ~1.618
700 4.7 .78 -2.158
800 4,5 2.75 -2.499
900 4,2 2.7 -3.098

1 K 4 0.67 -3.479
2 K 2.5 0.42 -7.535
3 K 1.65 0.275 -11.213
4 K 1.12 0.187 ~14.563
5 K 2.9 0.15 -16.478
6 K 2.75 0.125 ~18.618
7 K 0.65 0.108 | -19.332
8 K 0.57 0.095 ~20.446
9 K 0.5 .083 -21.618
12 K 0.27 0.045 -26,936
20 X 0.27 0.045 -26.936
30 K .18 2.03 -30.458
40 K 0.12 .02 ~33.979
50 K 0.08 0.013 ~37.721"
WAVE LR - onTdm = Vout / Vin
ORTINITUENE = 20 Llog  Voub / Vin

AL

e
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ORG
LT MF
ORG
RETY
i {SUBROUTINE
10O
MOV
CLR
SURE
JIMZ
MOV
MOV
DIV
MOV
CLR
SURE
JNZ
May
InNC
LJImF
MOV
MGY
ML
Move
MOV
MOVX
INC
RET
: {BUBROUTINE
SDELA: MOV
MOW
DJINZ
DINZ
RET
C
MOV
Moy
MOy
MOV
MOV
DJINZ
DINZ
RET
H SUHRGUFINE
SFEA L.CALL
MOV
MGy
MoV
MOyY
MOV
Mo
MOw
MOV
\] N IE(
MGV
MOvX

BIFRER:

DY1:
DYZ:

1 (REGET
RESET:
RSTZ:
BT

WAIT:

HOQOOO
IMIT
HOOIH

FREGQUENCY GENERATOR s CALCULATE

DPTR, #H1 500
m,#Hna

c

f, RO
MFREQ

fy Rl

HOFO  #HO2
AR

£, HOF O

C

£, #HOO
MFRE®

[ 535

[}

FRE®

AL, RO

HOFO , K1

AR

AL, @A+ DFTR
DFTR, #H&000
@DFTR, A

K1

DELAY TIME FOR

R4, #HOFF
HOF O, #HOFF
HOFO, DY 1
F4,DYz

RO, #HOFF
F1,#HOFF
DETR ,, #H4000
A, #HO2
E€DFTR, A
F1,RST1
RO,RST2

CALCULATE XR-220&6°'SG FOINTER & FEAK

RESET
DFTR,#H1000
A R7
A BAYDPTR
DFTR, #H4000
EDFTR, A
DFTR, #HM2000
A HHOFF
@DPTR,A
H3E,WAIT
Lflh FHZOOO0
fEDF TR

CURRENT (Dsi) 3

H LCALCULATE STEFS QF 1/9 DECADES

: {ANOTHER STEFS:
i {1/2 DECADE STEF}
i (STEP 43
P {STEF 53
i {B=COUNT:
PATABLE-2 CT-D/A I-INFUT OF XR2Z063

3 TEND SUBROUTINES.
TRANSMIT SERIAL FPORTZ

P FEND SUBROUTINE:

DETECTORS

i {8ELECT CoGATN  EN~FEAK T

F{TARLE-1 CT-LATCH?

iOCTRNTERRURY FROM &/D%



FROM REF O WOLTS
MIT DAETA TO Coms
EoALL THTERRUFT S

CONF L ;
RECD: M HD, A X
L. HAS, $H7F ;

CLRE  H9%
OFL  HAS, HHEO 5 O{ENGRLE  ALL INTERRUFTS

LOALL SDELA
TG

THE R i {CALTULATE RASE FOINTERD
MOV ARG :
CLE ©

MOV HOFO, #H04

MUL AR

MOV R4,6

MOV, RS
SURE A, hHOS

a7 SETTH
BT Moy A, R4
FOINT: M R7,/
RET
SETTE: MO RS #HOO

CLf -

ey 4, il
SURE A, #H05
gz FrRTT

LR [
MOV  ALRO
SUERR  ALHHO4
JZ FNTTZ
LJIMP RET
PTTL: Moy F L RS
MOy HOF O, #H24
MU, [
[T FOINT
T MOV 5,8
MoV HOF O, #H04
DIV AR
MOV &@R1LA
MOV ALE
CINE  A,00,STEPL
Moy AL, ERL
MOw HOFO  #HOG
MUL. 415
LJIMP FPOLINT
STEF1: MOV  A,Ré
CJINE AL, #HHOZ ,, STER
MOV A, HH20
LJIMF FOINMT
STER: MOav HOFO , #H48
MOV A, #RO
MUL R
NG @RG
ADD 5, {HHZO
LdMP FOTMT
MECU . JNC RECD
THO ~7 3 (SELEDT NEW GAINY
LIME SPEAl



L O0F1:

s {MATMY

o

LOOF2

IMIT:

NEV =
RECWY:

Eh

D:

b e
-

May
LLJIMF
MOV
LJIMF

MoV
MY
MOV
MOV
HOv
Moy
MoV
ANL
JME
CLR
MO
ORI,
mMav
MOy
I [WAY)
MOV
MoV
Mav
MQay
MOV
CLR
SUBR
Jz
CLF
SURE
JZ
MOy
INC
LCALL
LCALL
L.CALL
MOV
CLR
SUBR
JINZ
MOV
Moy
Moy
AML.
CLR
OFL
LCALL
DINZ
LJIMF

T
whed

RZ, #
HEAD
R2, #HOB
HEAD

HAB, #4794
HES, #H10
HB7 , #HO0
HB& , #H40
HE9, #H20
HT3, #H50
HBD , #HOF 3
HES , #H7F
H8 ,RECY
He8

RO, HY9
HAS , #HB0
R1,#HOO
(L #HHOO
R4, HHOO
RS, #HOO
Ré& , #HOO
R7 ,#HOO
GRO, #HO1
A, RO

C

A, HHO T
LOOF

C

Ay HHGE
1LOOF2
R2, #HOG
R3

SFREQ
SFEAK
SFEAK
HOFO,R2
Cc

A,R3
HEAD

AL, HHOFF
RO, #HO2
H92,4
HAG , #H7F
H2?
HAB , #H7F
SDELA

RO ,END
NEW

.

»2

.

s

b

{DISARLE aALL
(NO  INTERRUFT

{ENABLE  ALL

INTERRUFT
VECTOR)

INTERRUFT?

{CALCULATE LOOF3

{L.O0OF FOINTERY

{END SERIAL

TRANSMITE

B

¥



ORG HI1000

DE HZ4 i {10-50H» 3
DR H20
DR HGA
DR HOO
DR - Hé&64
DB H&0
DE H44
DR H40
DE Hz4
DE H20
DR HO4
DE HOQ
DR Hé&4
DR H&O
DR H44
D H40
DE HZz4
DE HZO
DR HO4
DE HOO
Dh H64
DE H&O
DE H44
DE H40
Dk HZ4
DE HZ0
DE HO4
D& T HOO
DR H&4
DR H&O
DR H44
DE H40
DR H24
DR 20
DE HO4
DE HOO
DE H&4
DE H&G
DE H44
DR H4Q
DR H25 3 {60—-1KH=z3
DE H21
DE HOS
DE HOL
DE H&6E
DE H&61
DE HAS
DE H41
DR H25
DE H21
DE HOS
DE HOL
DE H&S
DR H&L
DE H45
Dl H4 1
DR HZS
DR H21
DR HOE

DR HO



DR

DR
DH
DR
DE
DR
DH

DE -

DR
DE
DR
DR
DR
DR
DR
DR
DE
DR
DE
DE

H6S
Ho61
H4S
H41
HZ25
H21
HOS
HO1
H&S
Hé& 1
HA4S
H41
H25
H21
HOS
MO
H6S
H&1
HAS
H41
H2S
HZ1
HOS
HO1
H&S
Hé&1
H4%S
H41
H2S
H21
HOS
HO1
H&S
H&1
H45
H41

=5
H21
HOS
HO1
H&6S
H61
H45
H41
H2S
H21
HOS
HO1
H&S
H&1
H4S
H41
H25
HZ21
HOS
HO1
H&65
Hél
HA4S
H41
H2S
H21
HOS
HOL
H&S
H&61



DE
DE
DE
DR
DR
DR
DE
DR
DR

DE
DE
DE
DR
DE
DE
DR
DR
DE
DE
DR
DE
DE
DR
Dk
DR
DR
DR
DR
DE
DR
DE
DE
DE
DR
DR

DE
DR
DE
DR
DR
DR
DE
DE
DE
DE
DR
DE
DR
DE
DR
DR
DR
DR
DE
DB

H45
H41
H20
H2B8
HOC
HO8
H&C
H&8
HaG

H483 .

H2C
H28
HOC
HOB
H&6C
H&B
HaC
H48
H2C
H28
HGE
HOG
H&C
H&68
H4C
H48
HZC
HZ8
HOC
HO&
H6C
H&8
H4C
H48
H2C
H28
HOC
HO3
H&6C
H&68
H4C
H48
HZ2C
H2

HOC
HO8
H&C
H&68
H4C
H48
H2C
HZ28
HoOC
HO3
H6C
H&3
HA4C

{2E~100K2

w



DE
DR
DR
DR
DR
D
DR
DE
DR
DH
DE
DE
DR
DR
DE
DR
DR
DR
DR
DR
DE
DE
DR
DH
DE
DE
DR
DR
DR
DE
DE
DE
DE
DB
DR
DR
DE
DR
DE
DE
DR
DE
DE
DE
DR
DR
DE
DR
DR
DR
DR
DE
DE
DR
DR
DE
DE

H48
HZ
HZ8
HOC
HOE
H&C
H&8
HAC
H43
20
H2¢
HOC
HOS
H&C
H&6E
H4C
H48
H2(C
Hz2a
HOC
HOS
H&C
H&3
H4C
H48
H2C
H23
HOC
HGS
H&C
H&83
HAC
H48
H2C
HZ8
HOC
HO8
H&o
H&68
HA4C
H48
HzC
H28
HOC
HOS
H&C
H68
HAC
H48
H2ZC
H28
HOO
Hog
H&t
H&8
Ha4C

H48



DE
DE
DR
DR
DR
bR
DR
DR
DE
DR
DE
DR
DE
DR
D&
DE
DR
DE
DE
DE
DR
DR
DE
DE
DR
DB
DR
DE
DE
DRk
DE
DR
DR
DE
DE
DE
DR
DE
DE
DR
DR
DE
DR
DE
DR
DR
DE
DE
DR
DE
DB
DE
DE
DR
LDE
DR
DI
DE

HZ2E
H2&
HOC
HOR
H&O
H&8
H4{
H4a3
H2C
H28
HOC
HO8
H&C0
Hé&a
H4(
H483
HZC
HZ8
HOC
HOS
H&C
H&8
H4C
H48
H2C
H28
HOC
HO8
H6C
H&8
H4C
H48

2D
H29
HOD
HO9
H&D
H&S
H4D
H49
RHZD
HZ9
HOD
HOZ
H&D
H&69
H4D
H49
H2D
H29
HOD
HOT
H&D
H&6T
HAD
H49
HZD
K27

§

{200H~-1M Hz>



DE
DE
DR
DE
DE
DR
DE
DR
DRz
DR
DH
DE
LR
DR
DE
Dk
DE
DE
DR
Db
DR
DE
ne
DE
DE
DR
DE
DR
DR
DE
DE
DE
DE
DE
DR
DR
DE
DR
DB
DR
DE
DE
DR
DE

ORG -
DE
DR
DE
DR
DE
DB
DR
DR
DR
Di

HOD
HOF
H&D
H&69
HAD
H49
HZ2D

© HZ

HOD
HOZ
HaD
H&%
H4D
H4%
H2D
H29
HOD
HO9
H&D
H&9
HaD
H4<9
H2D
HZ?
HOD
HOZ
H&6D
H&9
H4D
H49
H2D
HZ29
HOD
HO9
H&D
H&?
HAD
H4%9
H2D
H29
HOD
HO9
H&D
H&9
H4D
H49
H1S00
HZ28
H&@
H7F
HEQ
HDS
HOC
HOE

H1O

HiZ2
H14



{ER-2 {Range checking off)

LER-G {Boolean short circuiting of+3

{FE+3 i8tack checking onl

{#F1+7% {170 checking onk

TFN- {No numeric coprocessor

EM EET00, 146784, 6553603 {Turbo X default stack and heapl
UsEs

Graph,Crit,Dos;

War
AR H
E :
i,fstep :
Data 5

araphdiriver
giraphmode
errorcode

arrayll..100] of byte;
arrayl1..100] of integer;
array [1..61 of string;
integer;
byte;
integer
integer
irnteger

function seconddintinteger)rinteqer;

var e,isinteger;
begin
=1y

for i:= 0 to n-

begin
e =ekd;

end;
sSecond: =e;
end;

1 do

function con_Int(A:rbyte)rinteger;

Var C,D:ibyte;
N,GT:integer;
Begin
Cr=%013
GT:=0;

for =i to 8 do

begin
De=(A and ()

shr (ni—1);

1f D=%01 then GT:=(gsecond{n—-1))+6T;

Ci=C shl 1;
end;
con_Int:=094

ends;



line (150,80,650,80)
cuttenty y(bJJ,7ﬁ,' O db ')y
Line (150,105,650, 105) ;
outte Txyx&ﬁw,luu TS db g
ine (150,130,650, ]JC));
uuftehfhyfojx lgb, =10 db ")
Tine (150, 155,650, 155) 4

outten ﬂ-ﬁqV,luH ‘nlh db )
1ine(1uu, 80,650,1680)
outtextxy(&ﬁﬁ,175,’““ﬂ db )
line(150,2ﬁ5,6q0,~04)- ’
suttextiy (653,200, -25 db ")
line (150,230, éqH,ESU);
outtentay (653,225, ' -30 db ) ;
Vine (180,295, 650, 255 H
Guttextxy(éqj,Luu,’—oﬁ db *) g
ellide= 10"
SEEJ:m’“‘”V*'
sLEde=""1K";
f”QJ-ﬂ‘“IOH'; .

Sle=""100K "

“[63-—‘“1M‘-
for ni=1 to & do

begin

v

sy

Y1004+ {n—-1)%100) ¢ [
couttentuy (y, 300, s{nd);
end;

setlinestyle(solidln,O,normwidth);
Case fs of
1: begin
for n:=1 to i-2 do
begin
¥P=180+100% (n—1) 3
Hur=x4+100;
11ne(m,80+EEnJ,xm,BO+EEn+1]);
end;
end;
2: begin
13 =1350;
begin
:::1:
while n<>(i-1) do
begin
P
“'=ww+trunc(luoﬁln(q)/ln(iu))
11ne(xx,80+E[n],4,SU+ELn+1]),
incin);
AN ENG
M :)+1HU"trunc(100¥1n(u)/1n(1u))
line(ux, 13 0+ELNT 0y 120+ELn+11) ¢
in

cin);

ll'

v
"

énd;
end;
end;
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inc(k);
it k=4 then 1:=
elae 1li=9;
tor n:=1 to 1 do
begin

incdz);

Halrs =g

-

3
Hi=ttrunc (J00% (In(n+1) /1n (10))) ;
if (z<(i)) then
1ine(xxx,80+E[z],x,80+EE2+13);

end;
ends
end;
ends
end;

Procedure Display:
Begin
clrecr;
window(l,3,70,25);
gotoxy (13,5) ;
writeln('*************************************************');
gotoxy (13,7);
writeln (' This fNetwork fAnalysor tests fram 10 = 1M Hz. *')3
aotory (13,9);
writeln(‘********%***************%%****%****%*****%*******’);
gotoxy(13,12); )
writeln (' "Please select step of frequency in each decade. " )
qotoxy (2G,14);
writeln('1l.one decade )
gotoxy (20,16) 3
writeln('2.1/2 decade ‘)
gotoxy (20,18)
writeln( ' Z.1/10 tecade ")
gotony (1%,27);
writeln('* After pressing the number then press Enter Key.®');
end;

.

Frocedure shows
Degin
semilog (fstep,i):

repeat until kevpressed;
closeqgraph;
end;



i

brecti mdMain
Dieplay;
read (fetep)
Clracrg
outdataX] (fetep);
Wl el n O s gt s )
indataZly
calculate(i);
show;
end.



ADCO0808, ADC0809

Natibnal
§emiconductor

AtoD,Dto A

ADCO0808, ADC0809 8-Bit ,.P Compatible A/D Converters

With 8-Channel Multiplexer

General Description

The ADC0808, ADC0809 data acquisition component is a
monolithic CMOS device with an 8-bit analog-to-digital
converter, 8-channel multiplexer and microprocessor
compatible control logic. The 8-bit A/D converter uses suc-
cessive approximation as the conversion technique. The
converter features a high impedance chopper stabilized
comparator, a 256R voltage divider with analog switch tree
and a successive approximation register. The 8-channel
multiplexer can directly access any of 8-single-ended ana-
log signals.

The device eliminates the need for external zero and full-
scale adjustments. Easy interfacing to microprocessors
Is provided by the latched and decoded multiplexer ad-
dress inputs and latched TTL TRI-STATE® outputs.

The design of the ADC0808, ADC0809 has been optimized
by incorporating the most desirable aspects of several
A/D conversion techniques. The ADC0808, ADC0809 of-
fers high speed, high accuracy, minimal temperature
dependence, excellent long-term accuracy and repeatabi-
lity, and consumes minimal power. These features make
this device ideally suited to applications from process and
machine control 1o consumer and automotive applica-
tions. For 16-channel multiplexer with common output
(sample/hold port) see ADC0816 data sheet. (See AN-247
for more information.

Features

Resolution — 8-bits

Total unadjusted error — = 1/2 LSB and = 1 LSB

No missing codes

Conversion time — 100 us

Single supply — 5 Vo

Operates ratiometrically or with § Vo or analog span
adjusted voltage reference

8-channel multiplexer with latched control logic

W Easy interface to all microprocessors, or operates
"“stand alone"

B Outputs meet T2L voltage leve! specifications

W 0V to 5V analog input voitage range with single 5V
supply

M No zero or full-scale adjust required

B Standard hermetic or molded 28-pin DIP package

M Temperature range -40°C to +85°C or -55°C to
+125°C

& Low power consumption — 15 mwW
® Latched TRI-STATE® output

Block Diagram

START CLOCK

(ol 1
| END OF CONVEASION
1 © (NTERRUPT)
) CONTROL & TIMING |
0 ‘ !
MULTIPL
8 ANALOG INPUTS —] LOLLEN |
O—{  SWITCHES SAR. l
—o
P
COMPARATOR : i —o0
- o
o— STATE® | o
oureur [0 e e outeuts
P LATCH
L t BUFFER [0
L0
g ! 7
SWITCH TREE |
- |
© |
vemaboRess{ 0—f I
L° LATCH i i |
ADDRESS DECODER |
LATCH ENABLE 2568 RESISTOR LADDER | —
1 I ——— . et (e . s an o
VCC  GAD  REF(s) REFI-) 2:‘1::1::
TRISTATE" Is a reg ol N Sami Corp.

8-60

Pt e e e e o e eeee amn

— T I T T

A e e e W
IR IR

F::;‘« —a




>

Absolute Maximum Ratings (Notes 1and2) Operating Ratings (notes 1and 2) o

Supply Voltage{Vcc)(Note 3) 6.5v Tempaerature Range (Note 1) TMINSTAS TMax 8

Voltage at Any Pin -0.3Vto(Vge +0.3V) ADC0808CY ~55'C=Tys4125°C o

Except Control Inputs ADC0808CCJ, ADCOBOBCCN, O

Voltage at Control Inputs —0.3V10 +15V ADCO803CCN ~40°CsTpas +85°C foe)
(START, OE, CLOCK, ALE, ADD A, ADD B, ADD C) Range of Vo (Note 1) 45Vpclo6ovpe |

Storage Temperature Range -65°Cto +150*C >

Package Dissipatlonat Ty = 25°C 875 mwW c

Lead Temp. {Sotdering, 10 300°C O

(o]

(o]

o

o

Electrical Characteristics

Converter Speclfications: Vgc=5 Vpc=Vagr(+y Yaer(-)= GND, TpinsTa<Tyax and fg k= 640 kHz

unless otherwise stated. R
Parameter Conditions Min Typ Max Units
ADC0808
Total Unadjusted Error 25°C +1/2 LSB
{Note 5) Tamin 10 Triax +3/4 LSB
ADCO0809
¢ Total Unadjusted Error 0°Cto 70°C +1 LsB
{Note 5) Toun 10 Tuax 114 |LSB
Input Resistance From Ref(+) to Ref(~) 1.0 25 1]
Analog Input Voltage Range (Note 4) V(+) or V(-) GND-0.10 Vee+0.10 | Vpe
VRer(+) Voltage, Top of Ladder Measured at Ref(+) Vee Vge+0.1 \
VRer(+)1+VREF(-) voltage, Center of Ladder Vecl2-01 | Vo2 |Veel2+01| v
2
VReF(-) Voltage, Bottom of Ladder Measured at Ref(-) -0.1 0 v
Comparator Input Current fc =640 kHz, (Note 6) -2 | =05 2 pA

Electrical Characteristics

Digital Levels and DC Specifications: ADC0808CJ 4.5V =Vc=5.5V, —55°CsTas +125°C uniess otherwise noted
ADC0808CCJ, ADCO80OBCCN, and ADCOB0SCCN 4.75 < Vo s5.25V, —~40°C =Ty < + 85°C unless otherwise noted

Parameter’ Conditions I Min | Typ I Max I Units
ANALOG MULTIPLEXER
loFF(+) OFF Channel Leakage Current | Vgo =5V, Vg =5V,
Ta=25°C 10 200 nA
Tain 10 Tmax 1.0 sA
loer(-) OFF Channel Leakage Current | Vge =5V, Viy=0,
Ta=25°C - 200 -10 nA
TMIN to TMAX -1.0 pA
CONTROL INPUTS
Ving) Logical “1" Input Voltage Vec-1.5 \
Ving Logical *0" Input Voltage 1.5 \Y
lingyy Logical “1" Input Current Vin= 15V 1.0 uA
(The Control Inputs)
Ing - Logical “0” Input Current Vin=0 -1.0 A
(The Control Inputs)
lce Supply Current fouk =640 kHz 0.3 3.0 mA
861



ADCO0808, ADC0809

Electrical Characteristics (continueq) ’

Digital Levels and DC Specifications: ADCO808CJ 4.5V <Vcc=<5.5V, —-55°C<Tas + 125°C unless otherwise noted
ADC0808CCJ, ADCOBOBCCN, and ADCOBOSCCN 4.76 =V s5.25V, —40°C s T, +85°C unless otherwise noted

Parameter Conditions l Min | Typ l Max ] Units
DATA OUTPUTS AND EOC (INTERRUPT)
VOUT(I) Logical **1" Qutput Voltage lo= — 360 A Vee-0.4
Vouro Logical “0" Qutput Voltage Jlo=16mA 0.45
Vourto) Logicat *0" Output Voltage EOC | 1p=1.2mA 0.45
lout TRI-STATE®* Output Current Vo=5V 3 wA
Vo=0 -3 nA

Electrical Characteristics

Timing Specifications: Yec=Vagr(+)=5V, Vagr-)= GND, t,= ;=20 ns and T, = 25°C unless otherwise noted.

Symboi Parameter Conditions Min Typ Max | Units
tws Minimum Start Pulse Width {Figure 5} 100 200 ns
twaLe Minimum ALE Pulse Width (Figure 5) 100 200 ns
1s Minimum Address Set-Up Time | (Figure 5) 25 50 ns
ty Minimum Address Hold Time | (Figure 5) 25 50 ns
1o Analog MUX Delay Time Rg=0Q (Figure 5) 1 25 us

From ALE
tuy tHo OE Control to Q Logic State Cy =50 pF, R =10k (Figure 8) 125 250 ns
L1 tor OE Control to Hi-Z C_=10pF, R, = 10K (Figure 8) 125 250 ns
tc Conversion'Time f. =640 kHz, (Figure 5} (Note 7) 90 100 116 Hs
fc Clock Frequency 10 640 1280 kHz
teoc EOC Delay Time (Figure 5) 0 8+2us | Clock
Periods
Cin Input Capacitance At Control Inputs 10 15 pF
Cout TRI-STATE® Output At TRI-STATE® Outputs, (Note 12) 10 15 pF
Capacitance

Note 1: Absolute maximum ratings are those values beyond which the life of the device may be impaired.

Note 2 All voltages are measured with respect to GND, unless otherwise specified.

Note 3: A zener diode exists, (nternally, lrom Vo 1o GND and has a typlcal breakdown voltage of 7 Vpe.

Note 4: Two on-chip diodes are tied 1o each analog Input which wilt forward conduct for analog Input voltages one diode drop below ground or one dlode drop
greater than the Vo supply. The spec allows 100 mV forward bias of elther dicde. This means that as long as the analog V(y does not sxceed the supply
voltage by more than 100 mV, the output code wlll be correct. To achieve an absolute 0 Vp s to 5 Vpc Input voltage range will therefore require a minlmum sup-
ply voltage of 4.900 Vpc over temperature varlations, Initial tolerance and loading.

Note 5: Total dj d arror includes offset, full le, linearlty, and multiplexer errora. See Figure 3. None of these A/Ds requires a zero or full-scale adjust.
However, if an all zero code Is desired for an anatog input other than 0.0V, or If 8 narrow full-scale span exists (for example: 0.5V to 4.5V full-scale)the reference
ges can be adj d to achieva this. See Figure 13. -

Note 8: Comparator input current is a bias current Into or out of the chopper stabllized
has little temperature depandence (Figure 6). See paragraph 4.0.
Note 7: The outputs of the data register are updated one clock cycle before the rising edge of EOC.

The blas current varies directly with clock treq y and

L
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Functional Description ~ O
d Multiplexer: The device contains an g-channel single- to give fast, accurate, and repeatable conversions overa 8
ended analog signal multiplexer. A particular input chan- wide range of temperatures. The converter Is partitioned s
nel is selected by using the address decoder. Table | into 3 major sectlons: the 256R ladder network, the suc- (e}
‘ Units shows the input states for the address lines to select any cessive approximation register, and the comparator. The P
channel. The address is latched into the decoder on the converter's digital outputs are positive true. >
low-to-high transition of the address latch enable signal. The 256R ladder network approach (Figure 1) was chosen U
TABLE! over the conventional Ri2R ladder because of its inherent
v SELECTED ADDRESS LINE monotonicity, which guarantees no missing digital codes. g
| Vv ANALOG CHANNEL c Il e A Monotonicity Is particularly important ip closed loop feed- ©
| v back control systems. A non-monotonic relationship can o
INO L L L cause oscillations that will be catastrophic for the 7e)
A N1 L L H system. Additionally, the 256R network does not cause
pA | load variations on the reference voltage.
IN2 i J B The bottom resistor and the top resistor of the ladder
IN3 L H H network In Figure 1 are not the same value as the
IN4 H L L remainder of the network. The difference in these
resistors causes the output characteristic to be sym-
IN5 H L H metrical with the zero and full-scale points of the transter
‘ms—— 3 ING H H L curve. The first output transition occurs when the analog
| = signal has reached +1/2 LSB and succeeding output
ns IN7 H|H|H transitions occur every 1 LSB later up to full-scale.
ns The successive approximation register (SAR) performs 8
CONVERTER CHARACTERISTICS jterations to approximate the input voltage. For any SAR
ns The G " type converter, n-iterations are required for an n-bit con-
ns o Convertst verter. Figure 2 shows a typical example of a 3-bit con-
The heart of this single chip data acquisition systemisits verter. In the ADCO0808, ADC0809, the approximation
kS 8-bit analog-to-digitat converter. The converter is designed technique is extended to 8 bits using the 256R network.
ns
ns
us
CONTROLS FROM S.AR.
Kz REF(+] / N
[+
Clock (R { {
Periods
pF 1%R
pF
R N—
L] L] .
tode drop r -
e supply . * * "
mum sup: 16R § . . . COMPARATOR
. INPUT
le adjust. ) . R R N
relarance R
L] L] .
jsncy and
- R - * »
%R N—
b
REF(<) O=——""
FIGURE 1. Resistor Ladder and Switch Tree




ALDUU0V0, ADVOULY

Functional Description (Continued)

The A/D converter's successive approximation register
(SAR) is resat on the positive edge of the start conversion
{SC) pulse. The conversion is begun on the falling edge of
the start conversion pulse. A conversion in process will be
interrupted by receipt of a new start conversion pulse.
Continuous conversion may be accomplished by tying the
end-of-convergion (EOC) output to the SC input. It used in
this mode, an external start conversion pulse should be
applied after power up. End-of-conversion will go low be-
tween 0 and 8 clock pulses after the rising edge of start
conversion.

The most important section of the AID converter is the
comparator. It is this section which is responsible for the
ultimate accuracy of the entire converter. It is also the

1t T
~§ |=-FULL-SCALE

1o IDEAL CURVE -4 ERROR=1/2LSB

m
100

o ;
b=~ NONLINEARITY = 1/2 LSB

-

NONLINEARITY = -1/2 LS8

018 -

A/D DUTPUT CODE

o0
- 2ER0 ERROR = ~1/4 LS8

i
ooo -

0/8 1/8 2/a 3/8 4/2 /8 6/8 mn
Vin AS FRACTION OF FULL-SCALE

FIGURE 2. 3-Bit AID Transfer Curve

ERROR

INPUT OV
VOLTAGE

nuumzmn{ i

comparator drift which has the greatest influence on the
repeatabllity of the device. A chopper-stabilized com-
parator provides the most effective method of satlstying
all the converter requirements.

The chopper-stabilized comparator gonverts the DC input
signal into an AC signaj. This signal is then fed through a
high gain AC amplifier and has the DC level restored. This
technique limits the drift component of the amplifier since
the dyift is a DC component which Is not passed by the AC
amplitier. This makes the antire AJD converter extremely
Insensitive to temperature, long term drift and input offset
errors.

Figure 4 shows a typical error curve for the ADC0808 as
measured using the procedures outlined in AN-1789.

INFINITE RESOLUTION

" PERFECT CONVERTER

110 "z Lse ' IDEAL 38T CONVERTER
b
2 o1 | unaowsten~h5dl
o ERROA 1
S 100 =1 LS8
& ABSOLUTE .
3 o ACCURACY
g oo —121s8

QUANTIZATION
00 ERROA
Vin

000
o/8 /8 2/8 I 478 S/8 §/8 118
Vin AS FRACTION OF FULL-SCALE

FIGURE 3. 3-Bit A/D Absolute Accuracy Curve

REFERENCE LINE

FULL
SCALE

FIGURE 4. Typical Error Curve
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i Timing Diagram
PN

START 5% (WK

ALE su}- 0%
P WYALE :
STABLE ADDRESS
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' COMPARATOR
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ADCO0808, ADC0809

Typical Performance Characteristics

T 1A
fo= 1200 kHz Tp=85°C
1
g s / 2 Ta=25C \
z fo = 640 kHz 2 . NG
z ® [Toanum g ~ ~ N\
£ s £ \
" ad - Tp= -40°C
-1 f= 1200 kHz ’
-15 0
0 128 25 a8 5 0 125 25 115 5
Viy (V) Vin (V3
FIGURE 6. Comparator I vs Vy, FIGURE 7. Muitiplexer Rgy vs V)
(Voo = Vpgr=5V) (Vec=Vaer=5V)
TRI-STATE® Test Circuits and Timing Diagrams
tirs b tyn, CL=10pF 41, C =50 pF
Vee —tg t
v
90% 90%
<[
GND 1043 £lio%
QuTPUT 0
ENABLE -~ tm WH
cy 10k Vou )
I ouTPUT 50%
= = = oD —
ton: tho ton, C =10pF tho CL =60 pF
Voo Vee
Vee
ouTPUT
10k ENABLE
GND ,
ouTPUT 0 ]
ENABLE A
l-
ouTPUT 50%
= = Vot

FIGURE 8
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Applications Information
OPERATION

»
1.0 Ratlometric Conversion

The ADC0808, ADC0809 Is designed as a complete Data
Acquisition System (DAS) for ratiometric conversion
systems. In ratiometric systems, the physical variable
being measured is expressed as a percentage of full-scale
which is not necessarlly related to an absolute standard.
The voltage input to the ADC0808 is expressed by the
equation

Dx
Dpax — Dmin

Vin o _
Vis— Vg

m

Vin = Input voltage into the ADC0808
Vs = Full-scale voltage

Vz=Zero voltage

Dy = Data point being measured
Dpmax = Maximum data limit

Dpun = Minimum data limit

A good example of a ratlometric transducer s a poten-
tiometer used as a position sensor. The position of the
wiper Is directly proportional to the output voltage which
Is a ratio of the full-scale voltage across it. Since the data
is represented as a proportion of full-scale, reference
requirements are greatly reduced, eliminating a large
source of error and cost for many applications. A major
advantage of the ADC0808, ADCO0809 Is that the input
voltage range is equal to the supply range so the
transducers can be connected directly across the supply
and their outputs connected directly into the multiplexer
Inputs, (Figure 9).

Ratiometric transducers such as potentiometers, strain
gauges, thermistor bridges, pressure transducers, etc.,
are sultable for measuring proportional relationships;
however, many types of measuremsents must be referred

to an absolute standard such as voltage or current. This,

means a system reference must be used which relates
the full-scale voltage to the standard volt. For example, if
Ve = Vaer = 5.12V, then the full-scalarange is divided in-
to 256 standard steps. The smallest standard step is 1
LSB which is then 20 mV.

2.0 Resistor Ladder Limitations

The voltages from the resistor ladder are compared to the
selected input 8 times in a conversion. These voltages are
coupled to the comparator via an analog switch tree which
is referenced to the supply. The voltages at the top, center
and bottom of the ladder must be controlled to maintain
proper operation.

The top of the ladder, Ref( + ), should not be more positive
than the supply, and the bottom of the ladder, Ref(-),
should not be more negatlve than ground. The center of
the ladder voltage must also be near the center of the
supply because the analog switch tree changes from
N-channel switches to P-channe! switches. These limita-
tions are automatically satisfled in ratiometric systems
and can be easily met in ground referenced systems.

Figure 10 shows a ground referenced system with a
separate supply and reference. In this system, the supply
must be trimmed to match the reference voltage. For-in-
stance, if a5.12V is used, the supply should be adjusted to
the same voltage within 0.1V,

vee
L_ REF(+) MsB

3
~

DIGITAL
ouTPUT

Qout PROPORTIONAL
70 ANALOG
INPUT

=
=1

475V sV = VReF s5.25V
* Ratiometric transducers

ViN _ VIN
REF{-) LS8 Qout= o—— = ——

[ 7 Vi
I GND REF cC

ADCDB08

FIGURE 9. Ratiometric Conversion System
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ADC0808, ADC0809

Applications Information (continued)

The ADC0808 needs less than a miiliamp of supply current
so developing the supply from the reference is readily
accomplished. In Figure 11 a ground referenced system is
shown which generates the supply from the reference. The
buffer shown can be an op amp of sutficient drive to
supply the milliamp of supply current and the desired bus
drive, or if a capacitive bus is driven by the outputs a large
capacitor will supply the transient supply current as seen
in Figure 12. The LM301 is overcompensated to insure
stability when loaded by the 10 xF output capacitor.

]

The top and bottom ladder voltages cannot exceed Veg
and ground, respectively, but they can be symmetrically
less than Voo and greater than ground. The center of the
ladder voltage should always be near the center of the
supply. The sensitivity of the converter can be increased,
(i.e., size of the LSB steps decreased) by using a sym-
metrical reference system. In Figure 13, a 2.5V reference
is symmaetlrically centered about V¢¢/2 since the same
current flows in identical resistors.”This system with a
2.5V reference aliows the LSB bit to be haif the size of a
5V reference system.

vee
SUPPLY Vee
ms8
VRer REF(+) DIGITAL
oUTPUT
Ogur REFERENCED
O—lm T0
vni{io— ¢ GROUND
.
o )
1— REF(-) LSB
v
& GNQ Qo= N
OUT= VRer
ADCOBOR 4.75V =Vco=VReF 55.25V

FIGURE 10. Ground Referenced
Conversion System Using Trimmed Supply

. Vee
VT use
- DIGITAL BUTPUT
VREF ) gy Qour REFERENCED TD
VREF(+) O~ In1 GAOUND
Vin { O— 5
o lag
1—1 REF{-) LsB
VIN
€— GNnD Qours —IN
OUT* Vaer
ADC0808 4.75V sVoe = VREF £5.25V

FIGURE 11. Ground Referenced Conversion Syst'em with
Reference Generating V¢ Supply
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Applications Information (continued)

1k

LM301A

10-15Vpe
O

1000 pF

. e
REF(+)

+ 10uF
— SOLID
TANTALUM

k.

4——> GND

REF(-)

FIGURE 12. Typical Reference and Supply Circuit

5V
SnEr
3.75V
Se
<
*
*
1.25V
2.5V
REFERENCE Rg

g 5

Vee
REF(+) pig
a7
.
g DIGITAL OUTPUT
& R PROPORTIONAL TO
> U ANALOG INPUT
S 1.25V < Vjy < 3.5V
In0
REF(-)
LsB
GND A=A

* Ratiometric transducers

FIGURE 13. Symmetrically Centered Reference

3.0 Converter Equations

The transition between adjacent codes N and N+1 is
given by:

(2)

N 1
Vin={ Vaer+)— VHEF(-))[‘zg’G + 5-1-2]1 Vrue+ Veer(-)

The center of an output code N is given by:

N
Vin=) (Vrer(+)— VRer(-)) [556] * Vrue( + Veer(-) @

The output code N for an arbitrary input are the integers
within the range:

Vin—V
N=_ M "REF(-) 4 256 + Absolute Accuracy (4)
Vaer(+) — VREF(=)

where: V= Voltage at comparator input
Vaer(+) = Voltage at Ref(+)
Vger(-y= Voltage at Ref(-)
Ve =Total unadjusted error voltage (typically
Vaers) + 512)

4.0 Analog Comparator Inputs

The dynamic comparator input current is caused by the
periodic switching of on-chip stray capacitances. These
are connected alternately to the output of the resistor
ladder/switch tree network and to the comparator input as
part of the operation of the chopper stabilized comparator.

The average value of the comparator input current varies
directly with clock frequency and with V\y as shown in
Figure 6.

If no filter capacitors are used at the analog inputs and the
signal source impedances are low, the comparator input
current should not introduce converter errors, as the tran-
sient created by the capacitance discharge will die out
before the comparator output is strobed.

If input filter capacitors are desired for noise reduction
and signal conditioning they will tend to average out the
dynamic comparator input current. It will then take on the
characteristics of a DC bias current whose effect can be
predicted conventionally.

608000V ‘80300QY




ADC0808, ADC0809

Typical Application

ADDRESS
DECODE
(AD4-AD15)*

ADO— A
AD1— &

500 kHz =4 CLK
5.000V= VRef(+)
0.000V = VREF(-)

START
ALE

ADCOB08
ADCOB09

AD2=——C

5V SUPPLY (i
Vv,

cc
GND

GROUND =

INTERRUPT
[1]3
» INTERRUPT

E0C A4 >

27— D87 MSB
272 p—————pp 0BG
23 f—pp DBS
27— 084
25 pepp DB3
276 ey DB2
27 f—pp 0B1
28— 080 LsB

1~ Vin8
.
‘ 0-5V
- ANALOG
INPUT RANGE
.
o —Vin 1

* Address latches needed for 8085 and SCIMP interfacing the ADCOBO8 to a microprocessor

MICROPROCESSOR INTERFACE TABLE

PROCESSOR READ WAITE INTERRUPT (COMMENT)

8080 MEMA MEMW INTR (Thru RST Circuit)

8085 RO WR INTR (Thru RST Circuit)

Z-80 RD WR iNT (Thru RST Circuit, Mode 0)

SCIMP | NRDS NWDS SA (Thiu Sense A)

6800 VMA:¢2-RIW VMA-02-RIW IRQA or IRGB (Thru PIA)

Ordering Information
TEMPERATURE RANGE -40°C to +85°C -55°C to +125°C
Eheor + 1/2 Bit Unadjusted ADCO0808CCN ADC0808CCJ ADCO0808CJ
+ 1 Bit Unadjusted ADCO809CCN

Package Outline

N28A Molded DIP

J28A Hermetic DIP | J2BA Hermetic DIP

e o, e
SRS

e e

—
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LF351 Wide Bandwidth JFET
Input Operational Amplifier

General Description

The LF351 is a low cost high speed JFET input opera-
tional amplifier with an internally trimmed input offset
voltage (BI-FET II™ technology). The device requires a
low supply current and yet maintains a large gain band-
width product and a fast slew rate. In addition, well
matched high voltage JFET input devices provide very
low input bias and offset currents. The LF351 is pin
compatible with the standard LM741and uses the same
offset voltage adjustment circuitry. This feature allows
designers to immediately upgrade the overall perfor-
mance of existing LM741 designs.

The LF351 may be used in applications such as high
speed integrators, fast D/A converters, sample-and-hold
circuits and many other circuits requiring low input
offset voltage, low input bias current, high input imped-
ance, high slew rate and wide bandwidth. The device
has low nolse and offset voltage drift, but for applica-

Operational Amplifiers/Buffers

BI.FET 1"™ Technology

tions where these requirements are critical, the LF356 is
recommended. If maximum supply current is important,
however, the LF351 is the better choice.

Typical Connection

See NS Package H08C

Vee O-

Features

W Internally trimmed offset voltage 10mV
® Low input bias current 50pA
® Low input noise voltage 16nVIVHz
® Low input noise current 0.01pANVHz
® Wide gain bandwidth 4MHz
®m High siew rate 13 Vius
¥ Low supply current 1.8mA
® High input impedance 10129
& Low total harmonic distortion Ay = 10, <0.02%

R = 10k, Vg =20 Vp-p, BW =20 Hz-20 kHz
® Low 1/f noise corner 50Hz
m Fast settling time to 0.01% 2us
Simplified Schematic
Vﬂ

INTERNALLY

INTERNALLY TRIMMED
TRIMMED
. . “Vee O
Connection Diagrams (Top Views)
Metal Can Package Dual-In-Line Package
- BALANCE — 25 ! ne
BALANCE - > ;
INPUT =——of — v
Aviising ourmur ::t:>7J
INPUT — L qureur
NON.INVERTING BALANCE
INPUT
1 5
V' — [—— BALANCE
v
Note, Pin 4 connected to case.
TOP VIEW
Order Number LF351H Order Number LF351N

See NS Package NO8A

1947




LF351

Ab Maxi Rati |
solute Maximum Ratings p
g Typical
Supply Voltage +=18V I
Power Dissipation (Note 1) 500mwW
Operating Temperature Range 0°Cto +70°C 100 E
Ti(MAX) Sl 3
Differential Input Voltage =30V R
Input Voltage Range (Note 2) +15V & il
Output Short Circuit Duration Continuous g s
Storage Temperature Range -65°Cto +150°C S wf-
Lead Temperature (Soldering, 10 seconds) 300°C H pes
£ 2 [~
. . . § =~
DC Electrical Characteristics (Note 3) -1
S 2 LF351
ION
SYMBOL PARAME CONDITIONS MIN TYP MAX UNITS i
Vos Input Offset Voltage Rg =10kQ, To =25°C 5 10 my Vo
Over Temperature 13 my 2 E
ol
AVog/AT Average TC of Input Offset Rg = 10kQ 10 uvi*c H
Voltage f; T
as
los Input Offset Current Tj=25°C, (Notes 3, 4) 25 100 pA ic
Ti<70°C 4 nA §: =
=3
I Input Bias Current Tj=25°C, (Notes 3, 4) 50 200 pA g2
Tj< 70°C 8 nA S
RIN Input Resistance Tj=25°C 1012 Q < :
AvoL Large Signal Voltage Gain Vg = +16V, Ty =25°C 25 100 Vimv o ]
Vo = £10V, R| =2kQ P
Over Temperature 15 Vimv
Vo Output Voltage Swing Vg= %15V, R =10kQ | %12 [ +135 v ; Neg:
Vem Input Common-Mode Voltage Vg = =15V L +15 v s -1
Range r12 v 2 L(
3z o
CMRR Common-Mode Rejection Ratio Rg < 10kQ 70 100 dB E
PSRR Supply Voltage Rejection Ratio | ~ (Note 5) 70 100 d8 Rt 5 |
>
Is Supply Current 1.8 34 mA 5 By
e
H
. L. I B
AC Electrical Characteristics (Note 3) - SR .
0
LF351 0
SYMBOL PARAMETER CONDITIONS MIN e MAX UNITS
SR Slew Rate Vg= 15V, T =25°C 13 Vi § Gain
? §
GBW Gain Bandwidth Product Vg= 215V, To=25°C 4 Mhz - | L E[
eq Equivalent Input Noise Voltage Ta=25°C, Rg =100, 16 nVivre g §
f=1000Hz | e ;“
& Equivalent Input Noise Cufrent | Tj=25°C, f = 1000Hz 0.01 pANE | SR
< EE
Note 1: For operating at elevated temperature, the device must be derated based on a thermal resistanceof 150 °C/W junction 10 arr e H § .1
or 45°CI/W junction to case. 4 > 28—
Note 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage 1 z
Note 3: These specifications apply for Vg = +15V and 0°C < Tp € +70°C. Vgs, Ig and Igs are measured at Vo =0. ; 2 1B 5
Note 4: The input bias currents are junclion leakage currents which approximately double for every 10°C increase in the junctior "= | 3 -—J_
perature, Tj. Due to the limited production test time, the input bias currents measured are correlated to junction temperature. In rz vy § (]
operation the junction temperature rises above the ambient temperature as a result of internal power dissipation, Pp. Ti =Tp+rb,1 % f

where 0j is the thermal resistance from junction to ambient. Use of a heat sink is recommended if input bias current is to be ke;! ..,
minimum.

Note 5.: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accorce s
with common practice.
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UNITS

mv
mvV

wv/°C
pA
4 nA

pA
8 nA

VimVv

VimvV

dB
dB

3.4 mA

W UNITS

Vius
MHz

nV/yHz

pA/ /M2
W junction 1o armbueer

supply voltage

= 0.

2 in the junction te=
mperatyre In nrs=y
. Pp. Ti=TA 482 %=
rent is 1o be keg''cp

eously in accnra- s

iNPuT

POSITIVE COMMON MUOR

T P

T g e

B

L)

INPUT SIAS CUHRENT (pA)

NEGATIVE OUTPUT VOLTAGE SWING (V) VOLTAGE LIMIT (V)

UNITY GAIN SANOWIDTH (MHe)

Input Bias Current

T

100 |-Vg=+15V

| Tp=25°C
"

Vv

50 L

p—t
0
2

]
- ¥ 0 5 "

COMMON-MODE VOLTAGE (V)

Positive Common-Mode Input
Voltage Limit

20 -y -
PCL<TASHINL L

0 5 10 15 20
POSITIVE SUPPLY VOLTAGE (V)

Negative Current Limit

-15

-1

-5
ne
|

-0
0 10 20 0 a0

OUTPUT SINK CURRENT (mA)

Gain Bandwidth

4 Tl
vge sV |
Ry =2k
“\ = 100 pF —|
. \\‘
\\
N
15
3
0 10 20 30 40 S0 80 70

TEMPERATURE (*C)

NEGATIVE COMMON-MODE INPUT

INPUT BIAS CURRENT (pA)

QUTPUT VOLTAGE SWING {Vp-p) VOLTAGE LIMIT (V)

GAIN (d8)

LS

Typical Performance Characteristics

Input Bias Current

T T
1 I

EVem=0
[~ Vg = 15V

0 10 20 30 4. S0 60 -70
TEMPERATURE (°C)

Negative Common-Mode Input
Voltage Limit

20 o
C<TASHIOE
15
10 //
5 /
[]
0 5 10 15 20
NEGATIVE SUPPLY VOLTAGE (V)
Voltage Swing
a0 T
| Ry=2%
Ta=25°C
0 /
A
20 //
/
10 //
0
0 5 10 e
SUPPLY VOLTAGE (+V)
Bode Plot
0 150
Vg= 415V
= qJ Ay = 2 100
h N |[] Cu= 100 pF
10 50
N
LN 0
0 N
10 -50
_20 UL 100
-3 -150
01 1 10 100
FREQUENCY (MHz)

(5334930) ISVHd

SUPPLY CURRENT (mA)

POSITIVE OUTPUT VOLTAGE SOURCE (V)

QUTPUT VOLTAGE SWING (Vp-p)

SLEW RATE (V/us)

22

0

2

Supply Current

T T
0 <TAZHI0C
S
//
0 s B O »n
SUPPLY VOLTAGE (V)
Positive Current Limit
A
\ \ = 25°C
0 0°C
[ 10 20 30 a0
OUTPUT SOURCE CURRENT (mA)
Output Voltage Swing
—TT
Vg = 15V
L Ta=25"C
Y
/]
/]
7
0.1 1 10
Ry - OUTPUT LOAD (k2)
Slew Rate
V=15V ]
Ry =2k t
Ay=1 FALLING
RISING —
0 0 20 30 40 S0 60 70

TEMPERATURE ( C)
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LF351

Typical Performance Characteristics (continued)

Distortion vs Frequency
02

1 T
Vg =15V J
0175 |72 g5 |
015 | I I

B 5 Vo=20Vpp |

i b Ay!- 10 I

0.075 y? h J I

Ay =104

|~
11

[l
e 5
= o

DISTORTION (%)

B

100 Tk 10k 100k
FREQUENCY (Hz)

Common-Mode Rejection
Ratio

120 T
Vg= 415V
R =2

TA=25°C

p—

E
W - \ 1
CMRR =20 L0G 2. + OPEN LOOP

[ VOLTAGE GAIN o
i L) l ]

COMMON-MODE REJECTION RATIO (dB)
=

T

<
[}
=

~

=

10 100 1k 10k 100k M 10M
FREQUENCY (Hz)

Open Loop Voltage Gain (V/V)

ik L

:nl-zu___il_‘._j.;__
Ta=0CTO+25°C
L

—

L~ A Ta= e

OPEN LOOP VOLTAGE GAIN (V/V)

10 15 20
SUPPLY VOLTAGE (=V)

POWER SUPPLY REJECTION RATIOQ (dB) OUTPUT VOLTAGE SWING (Vp-p)

OUTPUT IMPEDANGE (:2)

10

140

120

60

20

100

00

Undistorted Output Voltage
Swing

[IRER
T

Vg 115V
RL=2
Ta=25¢C

-

10k 100k ™M
FREQUENCY (He)

Power Supply Rejection
Ratio

Vs =I-|5v ]
o Tp=25C
|
~1 l
3 FSUPPLY
\\
—EMle N
e,

0
10 100 1K 10k j00k M 10M

FREQUENCY (Hz)

Output Impedance

Vg= 15V >
T4=25C
|
Ay =100
~ap e = A T
T |V 4 { 1
= Ave, | s
Ay =10
L By L 1 B |

160 1k W0k 100k MM
FREQUENCY (Hz)

OPEN LOOP VOLTAGE GAIN (dB)

EQUIVALENT INPUT NOISE VOLTAGE (nVA H2)

OUTPUT VOLTAGE SWING FROM OV (V)

120

40

20

]

50

40

30

20

"

-10

Open Loop Frequency Respori

T 1
LI i
-

T 10 100 'k 10F 100k 1M e
FREQUENCY (Ha)

Equivalent Input Noise
Voltage

| =
=

1" 100 & 10k Tl
FREQUENCY (Hz)

Inverter Settling Time

L TTE )

V;--IH{

Tas25'Cy)
£

,' vav [0

AN
\

o1 1
SETTLING TIME (us)

e tasibt

NP SO

Pulse

OUTPUT VOLTAGE SWING (50 mV/DIV)

OUTPUT VOLTAGE SWING (5V/DIV)

Applice

The LF35
input offset
These JFE®
gate to sou
across the
voltages ca
increase in
input voltg
However,
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n Loop Frequency Respors

T
RL=2k

xl—— Vg = - 15V —
\ Ta=25C

N

\\
\

N

100 1k 10k 100k 1M 10w
FREQUENCY (Hz)

alent Input Noise
e

i U,

0 1k 10k 10%m
FREQUENCY (Mz)

r S

B

ttling Time

T 7T
_LV;'-ISV.‘

TTLING TINE (14)

e ——

Pulse Response

Small Signal Inverting

OUTPUT VOLTAGE SWING (50 mV/DIV)

TIME (0.2 us/DIV)

Large Signal Inverting

QUTPUT VOLTAGE SWING (5V/DIV)

TIME (2 ps/DIV)

Small Signal Non-Inverting

OUTPUT VOLTAGE SWING (50 mV/D1V)

TIME (0.2 us/DIV)

Large Signal Non-Inverting

QUTPUT VOLTAGE SWING (5V/DiV)

TIME (2 us/DIV)

Current Limit (Ry_=100Q)

OUTPUT VOLTAGE SWING (1V/DIV)

TIME (5 ps/DIV)

Application Hints

The LF351 is an op amp with an internally trimmed

input offset voltage and JFETinput devices (BI-FET 11™).

These JFETs have large reverse breakdown voltages from
gate to source and drain eliminating the need for clamps
*across _the inputs. Therefore, large differential input
voltages can easily be accommuodated without a large
increase in input current. The maximum differential
input voltage is independent of the supply voltages.
However, neither of the input voltages should be

allowed to exceed the negative supply as this will cause
large currents to flow which can result in a destroyed
unit,

Exceeding -the negative common-mode limit on either
input will cause a reversal of the phase to the output
and force the amplifier output to the corresponding
high or low state. Exceeding the negative common-mode
limit on both inputs will force the amplifier output to a

1SE41



LF351

Application Hints (continued)

high state. In neither case does a latch occur since
raising the input back within the common-mode range
again puts the input stage and thus the amplifier in a
normal operating mode.

Exceeding the positive common-mode limit on a single
input will not change the phase of the output; however,
if both inputs exceed the limit, the output of the ampli-
fier will be forced to a high state.

The amplifier will operate with a common-mode input
voltage equal to the positive supply; however, the gain
bandwidth and slew rate may be decreased in this condi-
tion. When the negative common-mode voltage swings
to within 3V of the negative supply, an increase in input
offset voltage may occur.

The LF351 is biased by a zener reference which allows
normal circuit operation on +4V power supplies. Supply
voltages less than these may result in lower gain band-
width and slew rate.

The LF351 will drive a 2 k2 load resistance to 10V
over the full temperature range of 0°C to +70°C. If the
amplifier is forced to drive heavier load currents, how-
ever, an increase in input offset voltage may occur on
the negative voltage swing and finally reach an active
current limit on both positive and negative swings.

Precautions should be taken to ensure that the power
supply for the integrated circuit never becomes reversed
in polarity or that the unit is not inadvertently installed

Detailed Schematic

backwards in a socket as an unlimited current Surge
through the resulting forward diode within the IC couid
cause fusing of the internal conductors and result in a
destroyed unit,

Because these amplifiers are JFET rather than MOSFET
input op amps they do not require special handling,

As with most amplifiers, care should be taken with lead
dress, component placement and supply decoupling in
order to ensure stability. For example, resistors from me
output to an input should be placed with the body close
to the input to minimize “pick-up’* and maximize te
frequency of the feedback pole by minimizing we
capacitance from the input to ground.

A feedback pole is created when the feedback arounc
any amplifier is resistive. The parallel resistance ang
capacitance from the input of the device (usually the
inverting input) to AC ground set the frequency of tne
pole. In many instances the frequency of this pole is
much greater than the expected 3 dB frequency of e
closed loop gain and consequently there is negligitae
effect -on stability ‘margin. However, if the feedbacx
pole is less than approximately 6 times the expectes
3 dB frequency a lead capacitor should be placed from
the output to the input of the op amp. The value of tne
added capacitor should be such that the RC time coa
stant of this capacitor and the resistance it paraliels
is greater than or equal to the original feedback pole
time constant,

Vee O— ! 4

013

an

i +.+ Ce
VoS0 pF
1L

i -

0s
ADJUST mn\l

>
> R9
>30 020 b

AAA

Vos
ADJUST

D2 RS 03
160

~VEE Oy ‘ . L g

o e D okl

S i Lo R A s

i e —_—

YSUPPLY O=

IN814

- e

3
¥ (|

i
3 i

| Uiua-Low (or lw
! |
IN9{

¢ WQUTPUT

*low leakage

where VS%
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Typical Applications

Supply Current Indicator/Limiter

A
T0 SYSTEMSUPPLY
VsupeLy O- AN—9 >
P ad 8 VOLTAGE CONNECTION

v

® Vour switches high when Rglg >V

Ultra-Low (or High) Duty Cycle Pulse Generator

IN914 R1

O ouTPUT

s mened v

™

% ™
% ™
v-

48 —-2Vg

48 - Vg
2Vg-78

* tQUTPUT HIGH = R1C¢n

* tQUTPUT LOW ~ R2C ¢n
Vg-178

_where Vg =Vt 4 VTl
£ *low leakage capacitor

§ Yout
T0 CONTROL CIRCUITRY

RESET

INTEARATE =i Lri0m

Hi-Zp Inverting Amplifier

Parasitic input capacitance C1 = (3 pF for LF351
plus any additional layout capacitance) interacts
with feedback elements and creates undesirable
high frequency pole. To compensate, add C2 such
that: R2C2 = R1C1.

Long Time Integrator

2
1
Vour - 7% [ Vin DIT
1

* Low leakage capacitor
e 50k pot used for less sensitive Vg adjust

1S€41




22 EXAR XR-2206

Monolithic Function Generator

GENERAL DESCRIPTION FUNCTIONAL BLOCK DIAGRAM

The XR-2206 is a monolithic funstion generator inte-
grated circuit capable of producing high quality sine,

square, triangle, ramp, and puise waveforms of high- |
stability and accuracy. The output waveforms can be € A E E
both amplitude and frequency modulated by an exter- ] I SYMMETRY
nal voltage. Frequency of operation can be selected ~ORA E _E Zol.
externally over a range of 0.01 Hz to more than 1 MHz. OUTPUT
MULTIPLIER | }

The circuit is ideally suited for communications, instru- MULT, OUT E A émg »-E
mentation, and function generator applications requir- SHAPER . WAVEFORM
ing sinusoidal tone, AM, FM, or FSK generation, It has a £9.
lypical drift specification of 20 ppm/°C. The oscillator Hee E E __l
Irequency can be Linearly swept over a 2000:1 frequen-
¢y range, with an external control voltage, having a L- Er E GROUND
very small affect on distortion. TIMING

CAPACITOR

L [s | 1] 85i5r

FEATURES T,M,[,; E"_l E yess

RESISTORS
Low-Sine Wave Distortion 0.5%, Typical L E—-‘ E#ﬁ%i’éé E r&gm
Excellent Temperature Stability 20 ppm/°C, Typical d
Wide Sweep Range

Low-Supply Sensitivity
Linear Amplitude Modulation,
TTL Compatible FSK Controls

2000:1, Typical
0.01%V, Typical

ORDERING INFORMATION

Wide Supply Range 10V to 26V Part Number Package Operating Temperature
Adjustable Duty Cycle 1% to 99% XR-2206M Ceramic -55°C to + 125°C

XR-2206N Ceramic 0°C to +70°C

XR-2206P Plastic 0°Cto +70°C

XR-2206CN Ceramic 0°C to +70°C
APPLICATIONS XR-2206CP Plastic 0°C to +70°C I Whato
Wavelorm Generation b[ﬁ" '
Sweep Generation
AM/FM Generation SYSTEM DESCRIPTION
VIF Conversion T
FSK Generation The XR-2206 Is comprised of four functiona!l blocks; a '
Phase-Locked Loops (VCO) voitage-controlled osclllator (VCO), an analog multiplier

and sine-shaper: a unity gain buffer amplifier; and a set Vhy

of current switches. Iy

ABSOLUTE MAXIMUM RATINGS

The VCO actually produces an output frequency pro-
porlional to an input current, which Is producedby a re-
sistor from the timing terminals to ground. The current

Power Supply 26V swilches route one of the timing pins current to the
Power Dissipation 750 mw VCO controlled by an FSK input pin, to produce an out-

Derate Above 25°C - 5mwieC put frequency. With two timing pins, two discrete output
Total Timing Current 6 mA {requencies can be independently produced for FSK

Storage Temperature

-65°C to +150°C

1-193
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XR-2206

NORMALIZED QUTPUT

/

Ver2
DC VOLTAGE AT #IN ¢

Figure 5. Notmalized Output Amplitude versus DC Blas at
AM Input (Pin 1),

C=00t,F
TRIMMED FOR stmmeunt
DISTORTIONM AT 30 1] v

TIMING A K(E

Figure,6. Trimmed Distortion versus Timing Reslstor.
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Figure 7. Sine Wave Distorticn versus Operating Frequency
with Timing Capacitors Varied,
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yquency-Shitt Keying:

e XR-2206 can be operated with two separate timing
sistors, Ry and Rg, connected to the timing Pin 7 and
respectively, as shown In Figure 12. Depending on
8 polarity of the logic signal at Pin 9, sither one or the
her of these timing resistors Is actlvated. if Pin 9 Is
en-clrculted or connected to a bias voltage =2V, only
1 I3 activated. Similarly, if the voltage level at Pin 9 is
1V, only Rz Is activated. Thus, the output frequency
an be keyed between two levels, {1 and {3, as:

f1 = 1/R1C and f2 = 1/R3C

or split-supply operation, the keying voltage st Pin @ Is
eferenced to V—.

tput DC Level Control:
e de level at the output (PIn 2) Is approximately the
ame as the dc-bias at Pin 3. In Figures 10, 11 and 12,

n 3 Is blased midway between V+ and ground, to
ive an output dc level of sV +/2,

IPPLICATIONS INFORMATION

fine Wave Generation

; Wihout External Adjustment:

fgure 10 shows the clrcuit connection for genserating a
tnusoldal output from the XR-2206. The potentlometer,
3 at Pin 7, provides the deslred frequency tuning. The
~aximum output swing Is greater than V+/2, and the
ypleal distortion (THD) Is <2.5%. If lower slne wave
2stortlon Is deslred, additional adjustments can be pro-
+ded as described in the following section.

e circult of Flgure 10 can be converted to split-supply
weration, simply by replacing all ground connections
¥th V= For split-supply operation, R3 can be directly
wnnected to ground.

¥ih External Adjustmant:

™e harmonic content of sinusoldal output can be re-
siced to =0.5% by additional adjustments as shown
* Flgure 11, The potentiometer, Ra, adjusts the sine-
raping resistor, and Rg provides the fine adjustment
¢ the waveform symmetry. The adjustment procedure
1 ag follows:

* Set R at midpoint, and adjust Ra for minimum
distortion,

1 With Ry, set as above, adjust Rp to further reduce
distortion.

Yangle Wave Generatlon

~e¢ circuits of Figures 10 and 11 can be converted to
~32gle wave generation, by simply open-circuiting Pin
*1and 14 (i.e., S¢ open). Amplitude of the triangle Is ap-
savimately twice the sine wave output.

1-197
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Flgure 12 shows the clrcult connection for sinusoldal
FSK slgnal operation, Mark and space frequencles can
be Independently adjusted, by the choice of timing re-
slstors, R4 and Rp; the output Is phase-continucus dur-
Ing trangitlons. The keying signal Is applled to PIn 8. The
clrcult can be converted to split-supply operation by
simply replacing ground with V=,

FSK Generatlon

Pulse and Ramp Generation

Figure 13 shows the clrcult for pulse and ramp wave-
form generation. In this mode of operation, the FSK key-
ing terminal {Pin 9) Is shorted to the square-wave output
(Pin 11), and the clrcult automatlcally frequency-shift
keys ltself between two separate frequencies during
the posltive-going and negative-going output wave-
forms. The pulse width and duty cycle can be adjusted
from 1% to 99%, by the cholce of R and Ra. The val-

. ues of Ry and Ry should be in the range of 1 k2 o 2

M0, b

PRINCIPLES OF OPERATION
Description of Gontrols
Frequency of Operatlon:

The frequency of osclliation, o, Is determined by the ex-
ternal timing capacltor, C, across Pin 5 and 6, and by
the timing resistor, R, connected to elther Pin 7 or 8.
The frequency Is given as:

f°=h1—C-HZ

and can be adjusted by varying either R or C. The rec-
ommended valuas of R, for a given frequency range, as
shown In Figure 4. Temperature stabllity Is optimum for
4 kil < R < 200 k0. Recommended values of C are
from 1000 pF to 100 pF.

Frequency Sweep and Modulation:

Frequency of osclllation Is proportional to the total tim-
Ing current, IT, drawn from Pin 7 or 8:

320 IT (MA)
fa o Hz
C (uF)

Timing terminals (Pin 7 or 8) are low-Impedance points,
and are internally btased at + 3V, with respect to Pln 12.
Frequency varles linearly with IT, over a wide range of
current values, from 1 xA to 3 mA. The frequency can
be controlled by applying a control voltage, Vc. to the
activated timing pin as shown In Figure 9. The frequen-
cy of osclilation Is related to V¢ as:

{ = L1+i(1_!39.)Hz

RC Rc

-t

L



XR:2206

where Yo is 1n volts. The vqltage-to-lrequency conver-
i{q&g;}n, K,, is given as: .

- - 032
K = 3i/8VvC RcC Hz/V

N p

CAUTION: For safety cperation of the circult, If
should be limited to =3 mA. y A

Qutput Ampiitude:

Maximum output amplitude ig inversely proportional to
the external resistor, R3, connected to Pin 3 (see Flgure
2). For sine wave output, amplitude Is approximately 60
mV peak per k2 of Ra; for triangle, the peak amplitude
is approximately 160 mV peak per kit of R3. Thus, for
example, R3 = 50 k@ would produce approximately
+ 3V sinusoldal output amplitude.

Amgplitude Modulation:

Output amplitude can be modulated by applying a oc b |

as and a modulating signat to Pin 1. The internai impes
ance at Pin 1 is approximately 100 kfl. Output amgp-
tude varies lingarly with the applied voltage at Pin 1, ¥
values of dc bias at this pin, within =4 voits of V+/2 &
shown In Figure 5. As thig bias leve! approaches ¥ ‘e
the phase of the output signal I3 reversed, and the am
plitude goes through zerc. This property s sultable k
phase-shift keying and suppressed-carrier AM genarz:
tion. Total dynamic range of agnplhude modutation is &
proximately 55 dB.

CAUTION: AM control must be used in conjunctin
with a well-regulated supply, sinoce the output amplituc
now becomes a function of V+.
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- . MCG140518B y
@ MOTOROLA ' MC140528 \
: ' : MC140538B

' ANALOG MULTIPLEXERS/DEMULTIPLEXERS
8 N CcMOS mSI
The MC140518, MC14052B, and MC14053B, analog multiplexers
are digitally controlled analog switches, The MC140518B effectively
implements an SP8T electronic switch, the MC140528 a 2P4T, and
the MC14053B a triple SPDT. All three devices feature low ON ANALOG MULTIPLEXERS/
impedance and very low OFF leakage current. Control of analog DEMULTIPLEXERS
signals up to the complete supply voltage range can be achieved.

(LOWPOWER COMPLEMENTARY MOS) i

High On/Off Output Voliage Ratio — 65 dB typical -

Quiescent Current = 5.0 nA/package typical @ 5 Vde %

Low Crosstalk Between Q]itches - 80 dB typical

Diode Protection on All Inputs

Supply Voltage Range = 3,0 Vdc to 18 Vde

Transmits Frequencies Up 1o 65 MHz

Linearized Transfer Characteristics, ARQN <60 §2 for
Vin=VpD to VEE @ 15 Vdc .

Low Noise — 12 nVi/C_yc"I-e, > 1 kHz typical * CASE 620 Case bas

® Pun-for-Pin Rgplacement for CD4051, CDA052, and CDA4053 TG Pk AGE  PLASEERIX o

[]
e

ORDERING INFORMATION

Y s g

MAXIMUM RATINGS

Y

i
Rating Symbol Vaiue Unit MC14XXXEB Suffix Denotes ;,, l"‘g
4 : . }1
OC Supply Voliage . VDDVEE -0510 18 Vde L Ceramic Package .ﬁ
4 Input Voltage, All inputs Vin | 0510 Vpp+ 05| Vdc P Plastlc Package ;%’-&
E Through Current | 25 mAde A Extended Operating ' }1’5.&
s Temperature Aange R
; Operaung Temperature Range — AL Devtce Ta -565 10 +125 °c; c Limlxad.Opeunn: i“'i
CL/CP Device -40 10 +85 Temperature Range LREE )
Storage Temperature Range Ts(g -65 1o +150 °c & - ‘:{ i
. “'? s
‘ W J.‘h
4
MC140518 MC140528 MC140538 ]
-y
8-Channel Analog Dual 4-Channel Analog Triple 2-Channel Analog Gl
Multiplexer/Demultiplexer Multiplexer/Demultiplexer Multiplexer/Demultiplexer ; g
. & ) 4
6 O—Inhibit 6 O—{Inhibit 6 O——{inhibit
o— ‘x}—o1a
Controls 110—A Conuols IOO—-TA o 4 1 A
100—{8 90—1B XH—013 100—{8
4
r 9 O0—C 120 X0 , 90—{C
190—{x1 120—yx0 v|—o0 15 Commons
] 130—x0 8 Comdtans Out/in oy
] 14 0—{x1 % # 150—{X2 Out/in 130—X1 ) ;1
150—|x2 Commen Switches J 110—1X3 Switches J 20~—{Y0 = (\; )
Switches J 120—{X3 Out/tn In/Out | 10— Yo In/Qut, 10;,—\«1 £
{ InOut | 10--{x4 s0—{v1 M~ 's0—|20 z2t—0a
50—{X5 20—v2 L Loz
20— X6 40—{Y3 .
4 0—X? i
H
1
Vpp = Pin 16 Vpp = Pin 16 Vpp * Pin 16
Vgg = Pin 8 Vgg = Pin 8 Vg = Pin 8
Vgg =Pin 7 Vgg = Pin? Vegg = Pin 7

Note: Control Inputs referenced to Vgg, Analog Inputs and Quiputs reference to VEg. Vg must be € Vgs.
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1
MC14051B thru MC14053B ¢
L} J
i
FIGURE 1 - SWITCH CIRCUIT SCHEMATIC 3
p
L i
5
v I L Yoo 3
oD Voo t A
In/Out A~—~-, _L— Voo MGETY T T T4 Outht ¥
[ _$ L_p ! ut/in 1
=10 i J =10 P'
gl t
7 = VEE Y
Il ?
1 b
Voo i
3
¥
3 ]
Controt 1
—t in/Qut Out/in
7
= Control
Vss N
]
FIGURE 2 — MC140518 FUNCTIONAL DIAGRAM ’
t
. 16 9Vpp ’
= ¢
TRUTH TABLE 3
a8 Binary to 1-0f-8 3
Control lnputs A 110-~{ Level am o x
Select ON Switches 8 10 Converter |~ °'°I°:T;"'“ #
Inhibit [C* B A [MC140518] MC140528 | MC140538 c o — .
o |o oo X0 vo x0[zo vo xo t—-’ .
o lo o1 X1 Yi  xi1{zo Yo xi Bl"ss 79%vee [lLl I l I I I l 3
o fo 1 0 X2 Y2 X2 |zo v1 xo X013 2% NEEN g
0o [01 1| xa ¥3  x3[z0 v1 xi <y B3 4
0 |1 0 0 xa Z1 Y0 %o (. thal 1111 1
o (101 X8 21 Yo X1 2 ITTT H
o |11 0 X6 21 Y1 xo X312 —KF 3 x H
0o |1 1 1 X7 21 Y1 X3 | | Y
X4 1 oo, ¢
1 X x x None None None *
*Not applicable for MC 14052 PR BT g
. I*
x = Don’t Care X6 2 (1
A
X7 4 .
| i
.
FIGURE 3 - MC14052B FUNCTIONAL DIAGRAM FIGURE 4 — MC140538 FUNCTIONAL DIAGRAM E
)
166 Vpp 16 oVpp §
g
Inh 6 o— Inh 60— [y
Binary to Binary to 1-0f-2 H
Lavel L] 1-0f-4 Decod: A1l1o— Levs! b
A100— Converter :"h lnath:h" 8 100~ Converter | Dacoder with }
B 9 c 9 Inhibit il
S
BlVss 7gVEE l I alvss 7iVEE ‘ e
X0 12 £ b
X114 ! gsl—ll-ﬁ X012 ﬂ
o > }— 1
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X2 15 ‘l II &@ X113 ﬁ&qlb: I Kl
' -
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vo 1 N D3 ol | 5y
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.
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MC140518B thru MC14053B

ELECTRICAL CHARACTERISTICS

\‘;DD' Tiow" 25%¢ Thigh*
Characteristic Symbol vEdEc Min Max Min Typ Max Min Max Unit
Output Voltage 0" Level VoL 5.0 - 0.05 - 0 0.0 - 0.05 Voo
Vin* Vpp or Vgs 10 - 0.05 - 0 0.05 005
Vss = Veg 15 = 0.05 - Q 0.06 - 0.05
1" Level VOH 5.0 4.95 - 495 5.0 - 4.95 - Vace
Vin-0or vpp 10 9.95 - 9.95 10 - 9.9%
15 14,95 - 14.95 15 - 14.95
taput Voltages 0" Level Vi Vae
{Vp =4.50r 0.5 Vac) 5.0 - 1.5 - 2.25 1.5 1.5
(Vo = 9.0 or 1.0 Vdc) 10 - 3.0 - 4.50 3.0 - 3.0
(Vo = 13.5 0r 1.5 vdc) 15 - 4.0 — 6.75 4.0 - 4.0
“17 Levet ViH Vdc
{Vp = 0.5 or 4.5 Vac) 5.0 3.5 - 3.5 2.75 - 3.5 -
{Vg 1.00r9.0 vacl 10 7.0 - 7.0 5.50 - 7.0 -
{Vo = 1.5 0or 13.5 Vdc} 15 11.25 - 11.0 8.2% - 11.0 -
Input Current {Control, inhibit) . b - - - - 10 - - - pPAdc
tnput Capacitance Cin pf
Vin O
Controt, Inhibit - - - - 5.0 - - -
Switch inputs - = - - 10 - - -
Output Capacitance MC14081B| Coyy 10 - - - 60 - - pF
MC140528 10 - - - 32 - - -
MC14053B 10 - - - 17 - - - )
Feedihrough Capacitance  MC140518| Cip.ouy 10 -~ - - 0.8 - - - pF
~ MC140528 10 - - - 0.2 - - -
- MC140538 10 - - - 0.10 - - -
Quiescent Current {AL Device) lop 5.0 - 5.0 - 0.005 5.0 - 150 uAdc
{Per Package) 10 - 10 - 0.010 10 - 300
15 - 20 ~ 0.015 20 - 600
Quiescent Current (CL/CP Device) ‘oo 6.0 < 20 - 0.005 20 = 150 uAdc
(Per Package) 10 - 40 - 0.010 40 - 300
15 — 80 = 0.015 80 — 600
Total Supply Current**t [ 5.0 I+ (0.07 uA/kH) | + I MAdc
{Dynamic plus Quiescent, 10 IT (0.20 uA/KH/) 1 4 1
Per Package) 15 I7 = (0.36 uA/kH2) [ + I
ON Resistance (AL Device) ARon 5.0 y 880 o 250 1050 -~ 1200 4]
10 — 400 - 120 500 = 580
15 - 220 - 80 280 - 320 "t
ON Resistance (CL/CP Device) Ron 5.0 - 880 - 250 1050 - 1200 141
10 = 450 d 120 ‘| s00 z 520
15 = 250 - 80 280 - 300
A ON Rusistance Between Any ARoN 5.0 - - - 25 - - - 2
Two Channels 10 - - - 10 e — 3
15 - — - 5.0 = -~ -
OFF Chaanel Leakage Current - nAdc
Any Channet 15 - 100 - +0.01 100 - 1000
(AL Device) Ali Channels OFF:
MC140518 15 - 100 - £0.08 100 - 1000
MC140528 15 R 100 e +0.04 100 - 1000
MC140538 15 - 100 — 10.02 100 - 1000
OFF Channel Leakage Current 3 . nAdc
Any Channel 15 - 1000 - 20.01 1000 - 3000
(CL/CP Device)
All Channels OFF:  MC104518 15 - 1000 - 10.08 | 1000 — | 3000
MC104528 15 - 1000 - +0.04 | 1000 ~ 3000
MC104538 15 = 1000 - 10.02 | 1000 — | 3000

*Tiow = -55°C for AL Devics, -40°C for CL/CP Device.
Thigh = +125°C for AL Device, +85°C for CL/CP Device.

#Nolse immunity is defined as the control input voltage coincident with the
specified change, AV g, at an output in the OFF state,

**The formulas given are for the typical characteristics only at 25°C.

tTotal Supply Current, i1, is the current drawn at device terminals Vpp and
Vss for total current through the device. The channel component,
{Vin—Vout)/RoN. should not be included.
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MC14051B thru MC14053B

SWITCHING CHARACTERISTICS* (C|_ = 50 pF, Ta = 25°C)

Characteristic Symbal VD\?::E E AIIT'IYyppu Max Unit
Propagation Delay Times tPLH, tPHL ns
Switch Input to Switch Output (Ry = 10 k12)
MC14051
tPLH, tPHL = {0.17 ns/pF) C|_ + 26.5 ns 5.0 35 90
PLH, tPHL - (0.08 ns/pF) CL+ 11 ns 10 15 40 {
1PLH, PHL = (0.06 ns/pF) Cp +9.0 as 15 12 30
MC14052
tPLH, tPHL = (0.17 ns/pF) C + 21,5 ns 5.0 30 75 ns H
PLH, PHL = (0.08 ns/pF) C|_+ 8.0 ns 10 12 30 ’
tPLH, tPHL = (0.06 ns/pF) C + 7.0 ns 15 10 25 !
MC14083 !
PLH, tPHL = (0.17 ns/pF) C_+ 16.5 ns 8.0 25 65 ns '
PLH, tPHL = {0.08 ns/pF} C| +4.0 ns 10 8.0 20
PLH, tPHL ~ (0.06 ns/pF) C_ +3.0 ns 15 6.0 15
Inhibit 10 Output {R|_= 10 kQ}:
Qutput “1* or **0* to High Impedance, or TPHZ, tPLZ, . ns
High Impedance to *“1** or “0"* Level tPZH, tPZL
MC140518 5.0 350 700
10 170 340
15 140 280
MC140528 5.0 300 600 ns
10 155 310
15 125 250
MC140538 5.0 275 650 ns
10 140 280
. 15 110 220
Control Input to Output (R = 10 kQ2) tPLH, PPHL ns
MC140518 5.0 360 720
10 160 320
15 120 240
MC140528 5.0 325 650 ns
10 130 260
15 90 180
MC140538 } 6.0 300 600 ns
10 120 240
15 80 160
Sine Wave Distortion - 10 0.04 - %
(RL =1k, {=1kHz}
Bandwidth . BW MHz
(R = 1kQ, Vig = 1/2 {(Vpp - Vss) pp,
Vout
20Loglov—-= -3d8) MC140518 10 20 =
in MC140528 10 30 -
MC140538 10 55 -
Feedthrough Attenuation, Input 1o Output - MHz
(RL=1k, 20 Log IO#‘- =-50 dB) MC140518 10 45 -
1" MC140528 10 30 -
MC140538 10 58 -
Channel Separation - 10 3.0 - MHz
(RL=1k®, Vj, = 1/2 (Vpp - Vss) pp,
Vout(B) . _
20 Log IOW 50 dB} >
Feedthrough Control, Input to Output - 10 30 - mv
{Ry = 1 k2, R = 10 k2 Control/Inhibit
tTLH = tTHL = 20 s}
Maxi Control Freq Y - 10 10 - MHz
(R =1k, Vgye = 1/2 Vi)
The formulas given are for the typicel characteristics only.
This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; howaver, it is ad-
vised that normal precautions be taken to avoid spplication of any voliage higher than maximum rated voltages to this high im-
pedancs circuit. For proper operation it is recommandad that Vin and Vgt be constrained to the range VEE € (Viq of Vouy)
<Vpo.
Unusad inputs must ahways be tled to an appropriats logic voltage levet le-g., sither V5 or Vpp).
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MC14051B thru MC14053B

FIGURE 5 — INPUT VOLTAGE

TEST CIRCUITS

FIGURE 6 ~ PROPAGATION DELAY TIMES,
CONTROL AND INHIBIT TO OUTPUT

Vour

Voo

A
Pulse
stor o8
Generato c
Vout
Ot ininy

o -]
VooVee VEE VDO

FIGURE 7 — BANDWIDTH AND FEEDTHROUGH
ATTENUATION

FIGURE B ~ CROSSTALK BETWEEN ANY TWO SWITCHES

A, B, and C inputs used ta turn ON or OFF
the switch under test.
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c
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Voo VeE _
2

Ry
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o—{B OoN
o—C =
inh OFF
I Vout
= —l_. Ry IcL

Vpp - VEE [\ Vin
2 \J

FIGURE 9 - FEEDTHROUGH, CONTROL TO
SIGNAL QUTPUT:

-

FIGURE 10 — MAXIMUM CONTROL FREQUENCY
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MC14051B thru MC14053B

FIGURE 11 - CHANNEL RESISTANCE (Rgp) TEST CIRCUIT
s 4
VoD .
&
Keithtey 160
Digital 3
! Muitimetar
10k .
L
i
1 k2 *
Voo o.__Doq Range ¥ ,‘K,
Plottar 1
VEE = Vss e 4
4
3
_-j: s
- 1
TYPICAL RESISTANCE CH ARACTERISTICS
FIGURE 12~ Vpp =76V, Vgg = -7.6V FIGURE 13- Vpp =5.0V,Vgg =-50V
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@ MOTOROLA MC14066B

QUAD ANALOG SWITCH/QUAD MULTIPLEXER CMOS SSi

The MC14066B consists of four independent switches capable of {(LOW-POWER COMPLEMENTARY MOS)
controlling either digital or analog signals. This quad bilateral switch

is useful in signal gating, chopper, modulator, demodulator and
CMDS logic implementation, QUAD ANALOG SWITCH

The MC1408668 is designed to be pin-for-pin compatible with the QUAD MULTIPLEXER
MC140168B, but has much lower ON resistance. Input voltage swings
as large as the full supply voltage can be controlled via each inde-
pendent control input.

High On/Off Output Voltage Ratio — 65 dB typical

[ ]
® Quiescent Current = 0.5 nA/package typical ® 5 Vdc
-~ ® Low Crosstalk Between Switches —50 dB typical @ 8 MHz L SUFFIX P SUFFIX
® Diode Protection on All Inputs
® Supply Voltage Range = 3.0 Vdc to 18 Vdc CERA:AEEP&C;‘AGE PLA?;QEEP;C:AGE
® Transmits Frequencies Up to 65 MHz @ 10 Vdc ORDERING INFORMATION
® Linearized Transfer Characteristics, SRoN <60 12 for MCI4X XX Suthx Denotes
Vin= VDD t0 Vsg (at 15V)
® Low Noise — 12 nVA/ Cycle, f > 1 kHz typical E L Ceramic Package

P Plastic Package

A Extended Operating
Termperature Range

C Limited Operating
Temperature Range

Pin-for-Pin Replacement for CD4016, CD4066, MC14016

MAXIMUM RATINGS (Voltages referenced 1o Vgs)

Rating Symbaol Value Unit 13
DC Supply Voltage Vobp -0.5 10 +18 Vdc Control't O———f 2
Input Voltage, All Inputs Vin |05t vpp+ 05| vde 1 O Outt
Through Current | 25 mAdc gy BLOCK
Operating Temperature Range — AL Device Ta -55 t0 +125 °c Control 2 L . QIAGRAM *
CL/CP Device -40 10 +85 J 3 Out 2
Storage Temperaturi Range Tatg 65 10 +150 oc 8 2 .
P 6 Wy
Control 3 O—--f ° o
= 0 Out 3 *
CIRCUIT SCHEMATIC In3 0— oy
12 Vpp = Pin 14
{1/4 OF DEVICE SHOWN) comita A V[;IS) 55
> F—00ut 4 }
ind4
Voo
LOGIC DIAGRAM AND TRUTH TABLE
In/Out == -~ (1/4 OF DEVICE SHOWN)
=100}
in/Out O——di Out/In
Control O—DOJ
Voo Control | Switch | Lagic Diagram Restrictions
4 0 OFF Vss SVip SVpp
2 on Vss <Vour SVpo

Control >~1.6

1394

Veantrol | Vin 19 Vot Resistance

Vss >109 Ohms 1yp

Vobp 3% 102 Ohms typ




MC14066B

ELECTRICAL CHARACTERISTICS

Voo Tiow* 25° Thign®
Characteristic Symbol Vde Min Max Min Typ Max Min Max Unit
{nput Voltage {Controt) “0™ Leve! ViL vde
(Vg =4.5 01 0.5 Vdc) 50 - 1.5 - 225 1.5 - 1 15
(Vo= 900 10vdc) 10 - 30 - 450 30 - 3.0
(Vo= 13501 1.5 Vde} 15 — 3.75 - 6.75 375 - 375
1T Level Vin Vdc
tVp =05 01 45 vae) 50 3% - 3% 278 - 35 -
{Vgp * 1.0 or 9.0 Vdc) 10 70 - 70 550 -~ 7.0 -
Vg = 1501 135 Vade) 15 11.2% - 1125 825 - 11.25 -
tnput Current {AL Device) Conuioi Iin 15 - $0.1 - 1000001 | t0.31 - 10 uAdc
Inpui Curient (CL/CP Dewice) Conirol Lin 15 to03 2000001 | +g3 - 1.0 nAde
input Capacitance Cin pF
Vip =0
Contral inpus - - - 50 715 - -
Swiich inputs 10 - - - 80 15 - -
Output Capaciance Cour 10 - - - 8.0 - - . - pF
Feedthrough Capaciance Cyn-out 10 - - - 05 - - - pF
Quiescens Current (AL Device) lo 50 - 025 - 0.0005 0.25 - 75 #Adc
{Per Package) 10 - 0.50 - 0.0010 0.50 -- 15
15 - 1.00 - 00015 1.00 - 30
Quiescent Cusrent (CL/CP Device) Ia 5.0 - 1.0 - 0 0005 1.0 - 75 nAUC
{Per Package) - 10 = 20 - 00010 20 - 15
15 = 40 00015 4.0 i, 30
ON Resistance (AL Devicel RoN 50 - 800 250 1050 - 1200 4
10 - 400 1 120 500 - 520
] 15 - 220 80 280 - 300
ON Resistance (CL/CP Device) Ron 5.0 - 880 R 250 1050 .- 1300 4]
10 - 450 - 120 500 = 550
15 - 250 = 80 280 - 320
AON Resistance Between Any Two of ARON 5.0 - - - 25 - - - ]
Four Switches 10 - - '~ 10 - - -
15 - L4 ‘3 5.0 b = -
input/Outpul Leakage Current — 15 - 1100 - +0.01 +100 - +1000 nAdc
Switch OFF (AL Dewvice) E
input/Output Leakage Cuirent - 15 - +300 - +0.01 +300 - +£1000 | nAdc
Switch OFF (CL/CP Device)

*The formulas given are for the typical characteristics only,
Tiow = -55°C for AL Device, 40°C for CL/CP Device.
Thigh = +125°C for AL Devics, +85°C for CL/CP Device.

This device contains circuitry to protect
the inputs against damage due to high static
voltages or electric fields; however, it is
advised that normal precautions be taken
to avoid application of any voltage higher
than maximum rated voltages to thiy high
impedance circuit. For proper operation it
is recommended that V;, and Vour be
constrained to the range Vgg < (Vi or
Vout! < Vpp.

Unused inputs must always be tied to an
sppropriate logic voltage level te.g., either
Vgs or Vppl.

-~

. e e g e

Crosstalk




MC14066B

SWITCHING CHARACTERISTICS*®

[C = 50 pF, T4 = 260C unless otherwise noted.)

Characteristic Symbol \ng Min Typ Max Unit
Propagation Delay Times Vss = 0 Vde
Input to Output {R|_ = 10 kQ2} tPLH. IPHL ns
tpLH, tPHL = (0.17 ns/pF} C + 165 ns 5.0 - 20 40
tPLH. tPHL = (0.08 ns/pF)} C +6.0 ns 10 - 10 20
tPLH. tPHL = {0.06 ns/pF) C_+4.0ns 15 - 20 15
Control to Output (R = 1 k2)
Output “1* 1o High Impedance tPHZ 5.0 - 40 80 ns
10 - 35 70
15 - 30 80
Output 0" 1o High Impedance PLZ 5.0 - 40 80 ns
10 - 35 70
15 — 30 60
High Impedance to Output-"1” tPZH 5.0 - 60 120 ns
10 - 20 40
15 - 15 30
High Impedance to Output “0* Pz 5.0 - 60 120 ns
10 - 20 40
16 - 15 30
Sine Wave Distartion Vgg = -5 Vdc X 5.0 - 0.1 - %
{Vin = 1.77 Vde, RMS Centered @ 0.0 Vdc, -
R =10k, = 1.0 kHz)
Frequency Response (Switch ON) Vgg = -6 Vde - 5.0 - 65 - MHz
Vou:
(R =1k, 20 Logyg =-3 d8)
Vin
Feedthrough Attenuation (Switch OFF)  Vgg = -5 Vdc - 5.0 v 1.0 = MHz
Vout
(R =1k, 20 Logyg = -50dB)
Vin
Crosstatk 8 Any Two Switch Vgg = ~6 Vdc - 5.0 - 8.0 - MHz
(RL =1 k2, 20 Logyg Vout(s) _ -50 d8,
Vinla)
{Switch A ON, Switch 8 OFF)
Crosstalk, Control Input to Signal Qutput  Vgg = -5 Vdc - 5.0 - 300 - mV
Maximum Control Input Frequancy Vgg =0 Vde - 5.0 - 6.0 - MHz
\Z
(20 Logyp " =-6aB) 10 3 8.0 -
Vin 16 - 8.5 -

*The formulas given are for the typical characteristics only.

7-141




MC14066B

FIGURE 7 — CHANNEL RESISTANCE {Ron) TEST CIRCUIT

Voo

VDDO—DO-<

Kaithiey 160
Digital
Multimeter
1k02
Aange X.¥
Plotter

RoN, “ON" RESISTANCE {OHMS)

RON, “ON" RESISTANCE (OHMS)

TYPICAL RESISTANCE CHARACTERISTICS

FIGUREB ~Vpp=75V,Vgg=-75V

350
300
250 ;
}
200
150 Ta = 125%]
100 e — !
— ——25%¢
— T —
50 650 —1
I}
0 K=Y |
<10 88 50 40 -20 0 02 40 60 80 1
Vin. INPUT VOLTAGE (VOLTS)
FIGURE 10 - Vpp = 2.5 V, Vgg =-2.5 V
700
500
500
400 A
/
o AT
Ta = 1269C
200 ,/ AN {
/ N _2s0¢
100 I -550C
|
0 [
-0 80 60 40 20 0 20 40 60 80 10

Vin, INPUT VOLTAGE (VOLTS)

FIGURE 8 = Vpp =56.0 V, Vsg = 6.0 V

350 T
300 I
5
2 =
& 250
-
2
= 200
1
2 150 i Pa-Ta = 1259¢ —
'y |
2 1
& 100 % =" 2s0c
= .
=1 -550C
= 50 :
.
0 ]
.10 80 60 -40 -20 20 40 60 &0 10

Vin, INPUT VOLTAGE (VOLTS)

FIGURE 11 — COMPARISON AT 25°C, Vpp = -Vgs
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i—Ta = 2590
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~
&
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Vpo=25V
\ po
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RON, “ON" RESISTANCE {OHMS)
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o
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TEST CIRCUITS

FIGURE 1 — INPUT VOLTAGE

T

FIGURE 2 ~ PROPAGATION DELAY TIME,
CONTROL TO OUTPUT

—0 Voul

<
o
Ed
;
i —
O
;

Vaut

FIGURE 3 -'BANDWIDTH AND
FEEDTHROUGH ATTENUATION

FIGURE 4 — CROSSTALK BETWEEN
ANY TWO SWITCHES

V¢ = Vpp for Bandwidth Test
Ve = Vgg for Feedthrough Test

Vop - Vss /\
2

WA
Vin O EL

R

—=QVour

=

Vop-Vss _ [\
AY:

Vip O————]

A cL
R T

ve L %N Bwn
o AL CL
VbDp Vss Vss °—‘i >°J I
FIGURE 5 — CROSSTALK,
CONTROL TO OUTPUT FIGURE 6 — MAXIMUM CONTROL FREQUENCY
7
4
12 Vpp -Vss} /\/l/\
Vin T

r—‘VW“ Vout
1k
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Typical Performance Characteristics (continued)

w

Power Supply Current vs YV

Power Supply Current vs ~V

ALL BITS HIGH OR LOW l
[ A

Power Seipphy Curiant
vs Temperature

? L L

1 ,_*i

2 I
|

14,}-, POWER SUPPLY CURRENT (mA)
-

; J

Oz 4 5 B 1012 1416820
Vg - POSITIVE POWER SUPPLY (V)

FIGURE 12

Typical Applications (continued)

IREF
—_—

»
VRer

RpEf

(R14)

RS “VRep

*lpgs ~2mA
—_—

LOWTC
bk

> ~V
S 15

APPROX

FIGURE 16. Recommendad Full Scale Adjustment Circuit

DIGITAL INPUTS

L0
01 82 83 B4 BS B6 X7 M

P799999¢

' 10
N ALL BITS MAY BE HIGH GA LOW z PTTIT on Tow ’ 7
H ! I—WINIR“-ZmA - = $ lag; 1mAT [T h
< z I o —l— Se— -y
= 6 s o s s -4 T" 1
& &
= ! FJ z 7 ‘{ Ve tsy
e 5 1= WITH Ipge = 1 mA ™ 3 I-
3 ot ] N
z ! r T T 177 E b ~-~-f—-r-.-1--r,---««
& 3 I-WiTHIpgp = 0.2 mA _ a3 ] ] l ]
- v =
= i AR SR o S S LN R L R
£ 2 e 1T £ , — 1o
[~} - ) i
2 4 <, | !

. N Do

0 -2°—4 - -8 ~10-12-14-15-18 -20 50 0 o 150

V - NEGATIVE POWER SUPPLY {V) Ta - TEMPEARATURE (*C)

FIGURE 13 FIGURE 14

I = REF « 255
F‘ 256

"VRiF

!CIIIIBIIII‘

DACOBG

o+ G =lgg for all
logic states

For tixed reference, TTL operation,
typical values are:

VREF = 10.000V
RREF = 5.000k
A15 =~ RREF

Cc = 0.01 pF

V¢ =0V (Ground)

FIGURE 15. Basic Positive Reference Operation

DACRGE

Anpe [
" o °
= DACERU0
B /15
“VagF 00— A\A~{ 15 1 3
~VREF 255 Note. RRefF sets lgg; R15 is
IFg ™ “RReF. X g5 for bias current cancellation
FIGURE 17. Basic Negative Ref Op
. DIGITAL INPUTS
MsB 15
Bl 52 83 B4 NS €5 BY BE Eg

1REF * 2 MA Ol

S
81 B2 B3 B4 B5 B6 B7 B8| IgmA | IlgmAa| Eg Eo
Full Scale 1t 1 1 1 1 1 1 1| 1992 | 0.000 |—9.960 | 0.000
Full Scate—LSB 1*1 1 1 1 1 1 0| te8a | 0008 |-8.920 | —0.040
Half Scale+LSB 1 0 0 0 0 0 0 1| 1008 | 0984 |-5.040 | -4.920
Half Scale 1 0 0 0 0 0 0 o 1000 | 0992 |-5.000 | —4.960
Half Scale—LSB 6 1 1 1 1 1 1 1/} o892 | 1.000 |-4960 | —5.000
Zero Scale+LSB 6 0 0 0 0 0 0 1| 0008 | 1984 |-0.040 | ~0.920
Zero Scale 0 0 o 0o o o0 0 0| 0000 { 1992 0.000{-9960

B
s

FIGURE 18, Basic Unipolar Negative Operation
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Typical Applications (continued)

*Ings = 2 mA Ormeeend
—

B1 B2 B3 B4 B5 B6 B7 B8| Eg Eo
Pos, Full Scale 1 1 1 1 1 1 1 1 |~9.920 +10.000

Pos. Full Scale~LSB 1 1 1 1 1 1 1 0|-9.840 +9.920
Zero Scale+1.SB 1 0 0 O ¢ o0 O }(-0080 +0.160
Zero Scale t 0 0 0 O O 0 O} 0000 +0.080
Zero Scale-1.SB 0 1 1 1 1 1 1 1 | +0.080 0.000
Neg. Ful! Scale+LSB 0 0 O O 0 O 0 1]+49920 | -9.840
Neg. Full Scale 0 0 O 0O 0 0 0 0]+10.000]| —9.920

FIGURE 19. Basic Bipolar Output Operation

2]

Ry

5
Vags = 10V O—AAN—

1f Ry = R within £0.05%, output is symmetrical about ground

B1 B2 B3 B4 B5 B6 B7 B8 Eo

Pos. Full Scale 1 1 1 1 1 1 1 149.920

Pos. Full Scale—LSB 1 1 1 1 1 1 1 0 |+9.840

(+) Zero Scate t 0 0 0 0 O O 0]|+0.040

{—) Zero Scale 0 1 1 1 1 1 1 1 |-0.040

Neg. Full Scale+LSB O 0 0 0 o 0 o 1 1-9.840
Neg, Full Scale 0O 0 e ¢ o© 0 0 0(-9.920} .

FIGURE 20. Symmetrical Offset Binary Operation

DACERI0

lre o 255 '
L L FS$= oeg REF

For complementary output {operatign as negative logic DAC), con-
nect invarting input of op emp to ! (pin 2}, connect ig (pin 4}
t0 ground,

FIGURE 21‘. Positlva Low Impedance Qutput Operation

[ H

Kor eodptgmantary tfbnt (opertion 3s 3 nébative logic DAC) con-
nect non-nverting input of oo amp to I (pin 2); connect Ig
. lpin 4} to ground.

FIGURE 22. Negative Low Impadance Output Operation
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Typical Applications (continves)

Vigs Vgt ey
15V CMOS, HTL, WNIL
Vin s LeV

TILBTL

§V CMOS 19V CMOS
Vg 2av

Vinesv

0ATHID v

ALLILY ]

ING143

I
|
I
I
| we |
|
I
|

I s2v

Note. Do not exceed negative logic input range of DAC.

. I 12v 10 15v
Vg iy l
DACON : i—r
‘ I 82v
Vi 2ENER
| i

MmOs
Vig v

1% £CL

SR S S
!
!
|
|

Yic

FIGURE 23. Interfacing with Vgrious Logic Families

"Vagr

l'm
v
-

Vin =gy

DAcasos

[

{a) 1REF 2 peak nagative swing of Iy

FIGURE 25. A

Apgr
*Vagr O—AAA— 14

FOR TURN 0N, VL =27V o
FOR TURK "OFF", Y

1P5042-20
SCHOTTKY DIODES

§ 07 0 NN

DACO2NE
{0.0.7)

(11311

“Vagr

Rags OPTIONAL REMSTOR
FOR DFFSET INPUTS

I fgg - 200 OACOIE
o .
15
[—
== NOCAP -
Typical values: Ry = 5k, +V N = 10V J_L

FIGURE 24, Pulsed Refsrence Oparation

Ragr
*Vags O~ M1 12
A1s DALOSOS
(OPTIONALY
VN -
mlcnn INPUY B Apge > A18
—

IMPEDANCE

(b) +VREF must be above peak positive swing of Vin

datina Binolar Rafar

Vi eLv

[ A4

01 uF

o e )
uumucz\q’ I [
r_.l =

FIGURE 26. Settling Time Measurement
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Ragr ~ A5

/IN

. . . X [
Typical Applications continued) [ i
ov
cLocx FREE
RUN
N 3 10 H
wo l Wl ©F 8 e
001F beri i ok
_E_L N
90 0y 02 03 04 05 08 07
= 3o [5 [¢ e]re[a]e
sEo—4
w
2817 DIGITAL 0 ARIRS w
wono meuT T
w
i’ m $
w2 fun s o brjs |s
TS5 87 65 85 B4 63 82058 \ 2
' i
oACosm
A\ Y4l
vt v- cowe Vi
= 13 3 18 -]_I
_I_ ot ot
I,u oF "_‘ ]"‘
= L1 uF Note, For 1 ps conversion time with B-bit resolution and 7-bit
= ":v accuracy, an LM361 comparator replaces the LM318 end the

reference current is doubled by reducing R1, R2 and R3 to
2.5 k2 and R4 to 2 M,

FIGURE 27. A Complets 2 us Conversion Time, 8-Bit A/D Converter

20800V a 10800V ‘00800VQ



Bit 2 A 1 on this bit indicates the 8251A has no characters to
transmit. .

Bit 3 The Parity Error bit sets a flag when errors are
detected. It is reset by the error reset in the command
instruction.

Bit 4 This bit sets a flag when the computers 8088
microprocessor does not read a character before another
one is presented. The 8251A operation is not inhibited
by this flag, but the overrun character will be lost.

Bit 5 Not used

Bit 6 SYNDET goes to 1 when the synchronization character
is found in receive mode. For BSC, SYNDET goes
high in the middle of the last bit of the second
synchronization character.

Bit 7 The Data Set Ready bit is a one bit inverting input. It
is used to check modem conditions, such as data-set
ready.

Interface Signal Information

The BSC adapter conforms to interface signal levels standardized
by the Electronics Industry Association (EIA) RS232C Standard.
These levels are shown in the following figure.

Additional lines, not standardized by the EIA, are pins 11, 18,
and 25 on the mterface connector. These lines are desxgnated as
Select Standby, Test, and Test Indicate. Select Standby is used to
support the switched network backup facility of a modem that
provides this option. Test and Test Indicate support a modem
wrap function on modems that are designated for
business-machine, controlled-modem wraps.

1-266 BSC Adapter
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Driver EIA RS232C/CCITT V24.v28 Signal Levals
+15 Vde
Active/Data = 0
+5 Vde
+5 Vdc
Invalid Level
-5 Vdc
-6 Vdc '
Inactive/Data = 1
-15 Vdc
Receiver EIA RS232C/CCITT V24-V28 Signal Lavels
*+25 Vdc
Active/Data =0
+3 Vde
+3 Vdc -
Invalid Level
-3 Vdc
-3 Vdo
Inactive/Data = 1
-25 Vde

Interface Voltage Levels

BSC Adapter

1-267




]

Interrupt Information
Interrupt Level 4:  Transmitter Ready
Counter 1
Counter 2 )

Interrupt Level 3: Receiver Ready

Hex ‘Addrass
Device Register Name Function
Primary | Alternate
3A0 380 8255 Port A Data Internal/External Sensing
3A1 381 8255 Port B Data External Modem Interface
3A2 382 8255 Port C Data Internal Controf
3A3 383 8255 Mode Set 8255 Mode Initializetion '
3A4 384 8253 Counter 0 LLSB Not Used in Synch Mode
3A4 384 8253 Counter 0 MSB Not Used in Synch Mode
3A5 385 8253 Counter 1 LSB tnactivity Time-Outs
3A5 . 385 8263 Counter 1 MSB inactivity Time-Outs
3A6 386 8253 Counter 2 LSB Inactivity Time-Outs
3A6 386 8253 Counter 2 MSB Inactivity Time-Outs
3A7 387 8253 Mode Register 8253 Mode Set
3A8 388 8261 | Data Select Data
3A9 389 8251 Command/Status Mode/Command
USART Status

Device Address Summary

1-268 BSC Adapter
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Rear Panel

External
Deavice

Signal Name — Description Pin
No Connection 1
_ Transmitted Data 2
" Received Data 3
__Request to Send 4
" Clear to Send 5
Data Set Ready oy
Signal Ground 7
Received Line Signal Detector 8
No Connection 9 |
No Connection 10
Select Standby* 11
No Connection 12
No Connection 13
No Connection 14
Transmitter Signal Element Timing 15
No Connection 16
Raeceiver Signal Element Timing 17¢'9'0
_ Test {IBM Modems Only)* 18
"~ No Connection 19
_Data Terminal Ready 20
" No Connection 21
Ring Indicator 22
s Data Signal Rate Salector 23
~~No Connection 24
Test Indicate {IBM Modems Only)* 25

>

*Not standardized by EIA (Electronics Industry Association).

Connector Specifications

25-Pin D-Shell
Conngctor

)

14

\

-

Binary
Synchraonous
Communications
Adapter

BSC Adapter 1-269

25

S

——— o~




L0C 0BJ LINE SOURCE

i1508
190% Jemmee IPL WAS SUCCEISFVL
1810

R 11 we:

1812 o B00T_LOCH
1513 o otertn
1514 8007_sTR2P M s
1513 351 ¢ DMBLE SNTLARPTS
1516 e AK AKX
sy rov D3.ax
1518
[$38] f=svne GUSCY OIMKRTTL PARANCTIR TaBLE VICTOM
1520

EAF7 CTRO7800CTLP 1o nov PO PTA O15K_POINTN,OFFSUT O134_BaM

[ I 1922 Y WORD PTR DI3X_POINTIRIZ.CS

1701 ALione 1523 nov AX,DATA_MORDIOFF3ET TOUIP_FLAST 1 GIT THE LQUIMMMT SMITCRLY

e70e 2003 i51e LT BT + 130LATE IFL SENBL SMITCM

(119 1 1825 a " V60 YO CADILTTE BABIC EINTAT POINT
1326
1527 Se-ves MUST LOAD STSTLN FRON DISKLTTL -~ CX WA ALTRY COUMNT
1528 .

1798 39000 1529 rov e 5 SET aETEY COuY

e 1310} " 1 Ik _sistin

e 1331 e cx § SAVE BLIRY COMT

£70C bane 1832 oy . » SLSET THE QISXETTE STSTCA

€208 cB13 1533 wy (3] 5 DISKETTE_IC

71 20 1334 < ne ) IF ERROM, VRV AGAIN

712 sevis 1538 v ax,zenm I READ IN THE 3INGLE 3¢CTOM

E718 2802 1% [T DX, 0X

7 et 1537 ov £3,0%

£719 ss007C . 1838 MY BX,OFFSET BOOT_LOCN .

7ic 1530 movo e | SECTOR 1, TRACK §

nr co1s 1548 ™ [}t 3 BISKETIE_10

€721 59 156l " [ - | BECOVER RETRY COUNT

€722 73c0 1562 S He 5 CF SET BT UNSUCCEISFUL READ

€724 K2es 1543 Loor W 1 0O IT FOR METAY TInES
1546
15485 Jo-m- UMABLE TO IPL FROM THE DISKZYTE
1544

(321 1547 Wi 1 CASSETTE_JUnP:

724 COI8 1548 ™ e i USE INTERRUPT VECTOR TO ECT 7O 8ASIC
1549 BOOT_STRAP Hor
1550
15851 pa----INT 3 3
1352 + R3232,10 :
1553 ) THIS ROUTINE PROVIDES BYTE STREAM 1/0 TO THE COMPANICATIONS :
1584 ' PORT ACCORDING YO THE FARANETERS: .
1558 ' (A9 INITIALIZE THE COPRMICATIONS PORT f

3 1556 ] (AL) HAS PARANETERS FOR INITIALIZATION 1
1857 ' '
1558 v 7 . s 0 3 H i ° :
1559 ' —mee- BALD ATE -- -PARITY-- STOPBIT  -~MORD LENGTH-~ 3
1560 ' 900 - 110 X0 - NOWE e-1 10-78118
1561 s 001 - 158 o1 - o0 1-2 -se1vs 1
iset ) o10 - 300 1~ EveN s
113 1 o11 - 600 1
1564 ) 190 - 1200 1
1585 ) 101 - 2400 t
1566 i 1ie - agdn 1
1567 ' 111 - %400 t
1568 [ 5
1569 ' ON RETURN, CONDITIONS SEY AS IN CALL TO COMMO STATUS (AHs3} :
1570 i taN)e)  SEMD THE CHARACTER IN (AL) OVER THE COMMO LINC ’
Bl ' 1AL) QIGISTIA IS PRESERVED t
13572 1 ON IXIT, BIT 7-,?' AH 1S SET IF THE POUTIHE WAS LNABLE 3
1573 t TO TRANINIT THE BYTE OF DATA OVER TWE LINE, 3
1576 f IF BIT 7 OF AN 1S HOT 3LV, THE REMAINOER OF aM 1
A 1873 ) IS SET A3 IN A STATUS REQUEST, RLFLICTING THE t

1578 f CURRENT STATUS OF The LINE. '
1577 ) *M)PL RECEIVE A CHARACTER IH fAL) FEOM COMPD LING BEFORE [
1578 5 ATTURNING YO CALLER f
1579 ) ON EXIT, AN HA3 THE CURRENT LINE STATUS, AS SEV 8V e 1
1500 ' THE STATUS ROUTINE, EXCEPT YMAT THE OMLY 8ITS o
1581 ] AEFY OH ARE THI EPROR BITS (7:4,3.2:1) 1
1582 ] 19 AH HAS BIT 7 ON {TINE OUT) THE REMAINIMG f
ise3 f orfs AL HOT PREDICTABLE. '
1508 ) THUS, AN IS NOM ZZRO CNLY WEN AN CAROR s

A-22 System BIOS .




L0C 084

€729
Lz

£729 1708
€720 0061
€120 8001
€72F Cood
€731 s00D
€733 3000
£735 1800
E737 ocCo®

[$21)

€739 FB
E73a 1€
€738 52
£73C S
€©w s7
e st
23 5y
€740 88f2
€762 8BFA
€744 OLEG
£766 LOr317
€74y aa1e
€748 002
(RT3
€IAF DAES
€151 7818
€253 FECC
E755 Tass
L7s? Fece
£759 Tear
(21

€258 FECC
€750 7503
€75 £98300
€762

€762 54,
€783 59
€764 58
€745 SE
76 SA

LINE

1588
1586
1587
1384
1509
1598
1
1592
1393
1396
1598
139%
1597
1%
1599
1600
is0)
1402
1663
1808
1408
1808
1807
1008
009
ie1e
e
102
113
1016
108
(L3719
%17
118
1610
120
Lozt
122
1823
124
In2s
128
1627
e
12y
1630
131
132
1833
1634
138
136
1837
1838
1830
1640
1841
1642
1663
[T
145
1646
1667
1640
1840
1850
165
1682
183
1654
1688
nse
1687
158
1639
[y
1est

SOURCE

OCCURRED.
(ARIs3 RETURN THE COMO PORT STATUR IN (AX)
AN COMTAINS THE LINE STATUS

OIT 7 & TIng ouT,

BIT & » TRANS SHIFT RESISTER EmwTY
®IT 5 & TRAN HOLDING REGIITER ENPTY
81T & » BREAK DEVECT

BIT 3 = FRANING EAROR

SIT ¢ = PARITY EAROR

BIT 3 » OYERRUN CRROR

B1T 8 = DATA READY

AL CONTAINS THE MODEN STATUS

BIT 7 = RECEIVED LINE SIGHAL DETECY

BLY & = RING INDICATOR

$ & DATA 3£V READY

4 ¢ CLEAR TO SEND .

BIT 3 » DELTA RECEIVE LINE SIGHAL DETECT
2w TAAILING LOGE RING OETECTOR

| * DELTA DATA SET REsOY

& © OELTA CLEAR TO 3END

10X & PARAMETER JIOICATING WMICH RS5Z32 CARD 10,1 ALLOMED)

DATA AREA RS232_BASE CONTAINS THE BASE ADDRESS OF THE #250 ON THC
CARD LOCATION AO0H CONTAINS UP TO & R323Z ACOALISES POISIBLE
GATA AREA LABEL RSZ32_VIN_OUT (BYTE) CONTAINS QUTCR LDOP COUMNT
YALUL FOR TIMEOUT (DEFAULT®L)

oTAN 1
AX MOOTFIED ACCORDING TO PARMS OF CaLL
ALL OTHEAS UNCHANGED

.
-
-

ASSUME  CS:COOE.03:DATA

o oETIM
AL LABEL  MORD s TABLE OF INIT VALUE

oH 1087 + 110 ba

o8 7e8 [ty

on 384 1 300

om 192 e

(U] * 11z

o a8 £3 2600

oM [ 1 %000

ou (5 ) %08
as32_10 PROC  FAR .

je==== VECTOR TO APPHOPRIATE ROUTINE

344 v INTERRUPYS BACK ON
PsH oS i SAVE SEGHINT
PUSH DX
PusH st
susH oI
PUSH [+3
pusn X
. mov S1.0X | RS232 VALUZ TO 31
nov 01.0X
™ L1 Y } MORD OFFSEY
CALL oos
v 0X,B3232_BASEISI] | GET DASE ADORESS
o oxX,bx ) TEST FOR @ BASE ADDRESS
T ) 1 RETURN
AN, AH ) TEST FOR {AH)z
i N 1 CoMAN TNLT
DEC M Y1 YEST FoR (aMel
Jr AS 1 SEND AL
oEC an 1 TEST 7OR taM)s2
14 Mz § RECEIVE INVO AL )
A2:
OEC AH | TEST FOR (aM)s3
N2 A3
e ale 1 COTUNICATION STATUS
a3t s RETLRN raon R3232
por ax
PoP cx
POP o1
rop 1
or CoX

System BIOS A-23
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National
Semiconductor .

DS1488 Quqd Line Driver

General Description

The DS1488 is a“quad line driver which converts
standard TTL input logic levels through one stage
of inversion to output levels which meet EIA
Standard No. RS-232C and CCITT Recommenda-
tion V. 24,

“
Con

Drivers/Receivers

Features

& Current limited output £10 mA typ
8 Power-off source impedance 30082 min
® Simple slew rate cQntrol with external capacitor
m Flexible operating supgly_range‘

% Inputs are TTL/LS comp}itible

k]

* Transmission Line

\

Schematic apd Connection Diagrams

Qv
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wrut Ot @
- .,—._(m Ao
o) O—fef—9 L

e «
VWA—~Q ou1rpT

- Dual-In-Line Package

1 1 'u " ||o I [) ll

IS5 Y

An
1 2 3 L] § 1] 7
v I I GND
r Tor view
= Order Number DS1488J or DS1488N
148 Sireun See NS Package J14A or N14A
Typical Applications
RS232C Data Transmission * TR OV} “a
‘
y T va sy
TToTL 174 031480 ostassA . TLoTL
=L o
SEN QI R
co 4
174 DS1488/ i CA:’I::CIIM: T
TTLUDTL DSIEIA = TILETL
Pty W el TP
12 051488
I. ¢ e '
"'g“"":’;f_‘!m{:““ - ’é‘ H1GNAL GROUND 'é‘ f MODEM
’\ *Optiunel tor noie lidtaring I i . &
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DS1488

28
2

Absolute Maximum Ratings (ot 1)

Supply Voitage™ ~
V'
v
Input Voltage (Vy)
Output Voltage
Operating Temperature Range
Storage Temperature Range

Maximum Power Dissipation® at 25°C

Cavity Package
Molded Package

Lead Temperature {Soldering, 10 sec)
“Derate cavity package 9.1 mW/°C above 25°C; derate molded pack-

age 10.2 mW/°C above 25°C.

+15V

-15v
-158V < Vi < 7.0V
15v

0°C 10 +75°C
~65°C 10 +150°C

1364 mw
1280 mw

300°C

.

Electrical Characteristics: (Notes 2 and 3) Vet = 9V, Voe—= —9V unless otherwise specified

PARAMETER CONDITIONS MIN TYP MAX UNITS
I Logical 0" Input Current Vin =0V -1.0 -1.3 mA
'™ Logical “1* Input Current Vin = 5.0V 0.005 10.0 HA
Vou- High Level Output Volitage R, =3.0kQ, V' =9.0V, V™ =-9,0V 6.0 7.0 v
Vin =08V V' =132V, V" =-132v 9.0 10.5 vV,
Voo Low Level Output Voltage R, =3.0kQ, V' =9.0V,V =-90V 6.8 -6.0 \?’
Vin = 1.9V V' =132V, V" =-132V -10.5 =9.0 V o
los* High Level OQutput Vout =0V, Vi = 0.8V -6.0 ~10.0 -12.0 mA
Short-Circuit Current
los™ Low Level Output Vourt =0V, V; = 1.9V 6.0 10.0 12.0 mA
[}
Short-Circuit Current
Rout Output Resistance V' =V =0V, Vo1 =22V 300 Q
lect Positive Supply Current V' =9.0V, VT = -9 0V 15.0 20.0 mA
{Output Open) Vin = 1.9V Vvt =12V, VT ==12v" 19.0 25.0 mA |
V* =15V, V a—~16y 25.0 34.0 mA '
V' =90V, V™ =-90V 4.5 6.0 mA !
. Vin = 0.8V V! =12V, V" = -2V [ 5.5 7.0 mA |
V' =16V, V™ = ~15V 8.0 12.0 mA
lee Negative Supply Current V' =90V, V™ =-g0V -13.0 -17.0 mA !
{Output Open) Vin = 1.9V V' =12V, VT =-12v -18.0 -23.0 mA |
V' =158V, V™ =~15V -25.0 =34.0 mA
V' =9.0v, V™= g0V -0.001 —-0.016 MmA | 1
Vin=08v [V =72v,vT=-q2v 0001 | ~0015[ mal |
V" 215V, V" = -5V -0.01 -2.5 mA 3
Pg Power Dissipation V' =90V, VT =-90vV 252 333 mwW ' :
Ve 12V, VT =12y T 444 576 mw
Switching Ch teristi = = 28° '
witching Characteristics (vcc=ov, vee = —gv, Ta = 25°C) .
L]
PARAMETER CONDITIONS MIN TYP MAX unITs 1
toar Propagation Delay to a Logical “1" Ry =3.0k2, € = 15pF, T, =25°C 230 350 ns 1 4
todo Propagation Delay to a Logical "0 R =3.0kQ2,C, =15pF, T, =25°C 70 175 ns }
%, Rise Time R =3.0kQ C, = 15 pF, T, = 25°C ‘178 100 s b
ty Fall Time R, =3.0k,C, = 15pF, T, =26°C 40 75 ns
1 - . . - - + - +
Note 1: "Absolute,Maximum Ratings” are those values beyond which the safety of the device cannot be gusranteed. Except for “Operating v
Temperature Range” they are not meant 10 imply that the devices should be operated at these limits. The table of “Etectrical Characteristics”
provides conditions for actual device operation. . : .
Note 2: Unless otherwise specified min/max limits apply across the 0°C 10 +75°C temperature range for the DS1488. r
Note 3: All currents into device pins shown as positive, out of davice pins as negative, all voltages referenced 1o ground unless otherwise noted, Ali !
values shown as nigx or min on absolute value basis. i }
: %
1-8
b
—

s b

LR T Y R,



Ali

Applications

By connecting a capacitor to each driver output
the slew rate can be controlled utilizing the output
current limiting characteristics: of the DS1488.
For a set slew rate the appropriate capacitor value
may be calculated using the following relationship
C = Igc IAT/AV) )
where C is the required capacitor, lg¢ is the short
circuit current value, and AV/AT is the slew rate.

®

Typical Applications (continued)

DTL/TTL-t0-MOS Transtator

litid
1/4 DS1488
319348 M0S QuTPyY
wruT 10V 10 0.4V
-av = -1y
' DTL/TTL-to-RTL Translator
"2V
14 0$1488
DIUTIL
INPUT
-12v Bry

AC Load Circuit

Vo Vour i

kL9 15 pF* Vour

1, and t; ase measared betwenn
and 80% of the output *
waveform.

€y includes probe and jig capacitance. 1%

Typical Performance Characteristics

Output Voltage and Current-Limiting Characteristics

Switching Time Waveforms

O
g

RS232C specifies that the output slew rate must
not exceed 30V per mlc:osecond Using the worst
case output short circuit current of 12 mA in the
above equation, calculations result in a required
capacitor of 400 pF connected to each output.

DTL/TTL-to-HTL Transiator

T2V

14 051888

OTLATL
INPUT

HELQUTPUT
-0V 10 10V

-1V

RATL OUTPUT
~4IVT0 +1IV

.

" venv I I
zn v ""V\ —fvtaw
LR \\ V-V
E 6 \\ N -/ — 4
£ \\ L
30
< \ -
e I AYAN \
E 6
5 \

B B T
L2
\-{ )D—'il
e "1 |
\ -2 8 4 0 4 .8 12 %
Vo, OUTPUT VOLTAGE (V)
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DS1489/DS1489A

National
Semiconductor

Transmission Line
Drivers/Receivers

DS1489/DS1489A Quad Line Receiver

General Description Features

The DS1489/DS1489A are quad line receivers ® Four totally separate receivers per package

designed to interface data terminal equipment
with data communications equipment. They are -
constructed on a single monolithic silicon chip.
These devices satisfy the specifications of EJA
standard No. RS232C. The DS1489/DS1489A
meet and exceed the specifications of MC1489/
MC1489A and are pin-for-pin replacements.

Programmable threshold
s Built-in input threshold hysteresis

® “Fail safe’” operating mode

® [nputs withstand *30V

Schematic and Connection Diagrams
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A
AA

< -
S <n

R r—o outeut
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AC Test Circuit and Voltage Waveforms
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Duat-In-Line Package

ey
WPUl CORTHOL BUTPUT 1PV, CONINGY Bulryl
v . [) . [ 3 [1

L‘ Iu |u I" lu 'l 1

) L
el

INPUEL AESTONSE QUIPUT IMPYY HESPONSEBUTPUT  GNO
A

100 vitw

Order Number DS1489J, DS1489AJ,
DS1489N or DS1489AN
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Absolute Maximum Ratings (note 1)

The following apply for T 4 = 256°C unless otherwise specified.

Power Supply Voltage 10V
Input Voltage Range +30V
Output Load Current 20 mA
Power Dissipation (Note 2} W
Operating Temperature Range 0°C 10 +75°C
Storage Temperature Range -65°C 10 +150°C
| Maximum Power Dissipation* at 25°C
Cavity Package 1308 mW
Molded Package 1207 mW
*Derate cavity package 8.7 mW/°C above 26°C; derate motded pack-
age 9.7 mW/°C above 25°C.
Electrical Characteristics (Notes 2, 3 and 4)
DS1489/DS1489A: The following apply for Ve = 5.0V 1%, 0°C < T, < #75°C unless otherwise specified.
PARAMETER CONDITIONS MIN TYP MAX | UNITS
Vo Input High Threshold Voltage DS1489 Ta= 25°C 1.0 1.25 1.5 \Y
Vour <045V, 0.9 1.6 \
= = °
lour = 10 MA DS1489A Ta=25C 1.756 |, 2.00 2.25 v
1.55 240 \%
V1o Input Low Threshold Voltage Vout 2 2.5V Ta =25°C 0.76 1.00 1.25 \
lout = 0.6 mA 0.65 1.35 \
Iin Input Current Vn = 25V +36 | +66 | +83 mA
Vi =25V -3.6 -5.6 -8.3 mA
Vin=43V +0.43 | +0.53 mA
Vi =3V -0.43 | -053 mA
Vou Output High Voltage lour = 0.5 mA Vin = 0.75V 2.6 3.8 5.0 v
Input = Open 2.6 3.8 5.0 \
Vou Output Low Voitage Vin = 3.0V, lgyr = 10 mA 0.33 0.45 Vv
Isc Output Short Circuit Current Vin = 0.75V 3.0 mA
lee Supply Current Vin = 5.0V 1 14 26 | mA
Py Power Dissipation Vin = 5.0V - 70 130 | mw
Switching Characteristics (vce=5v, T4 = 25°C)
PARAMETER CONDITIONS MIN TYP MAX UNITS
() Input to Output “High” Ry = 3.9k, {Figure 1) (ac Test Circuit) 28 85 ns
Propagation Delay
tpao Input to OQutput “Low” R, = 39092, {Figure 1) lac Test Circuit) 20 50 ns
Propagation Delay '
t, Qutput Rise Time R, = 3.9k, (Figure 1) {ac Test Circuit) 110 175 ns
4 QOutput Fall Time R, = 39082, (Figure 1) {ac Test Circuit) 9 20 ns
Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “'Operating
Temperature Range” they are not meant to imply that the devices should be operated at these timits. The table of *“Electrical Characteristics™
provides conditions for actual device operation,
Note 2. Unless otherwise specified min/max limits apply across the 0°C to #75°C temperature range for the DS1483 and DS1489A.
Note 3: Al currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All
values shown as max or min on absolute value basis.
Note 4: These specifications apply for response control pin = open.
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