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ABSTRACT

This project presents the designsof Audio test signal used for measuring amplitude and phase
distortions in Audio Signal transmission system by using sine square pulse. In this paper, the sine
squares pulse is approximated in time domain by optimization the coefficient of rational function,
with the denominator polynomial must be Bessel Polynomial. From the initial, this work use Least
square method to searching this optimum numerator coefficient of the approximation transfer function.
Here in, it is function shown that an approximated choosing of rational function. Work it possible to
approximate sine square pulse with smaller error. The rational function of proposed are demonstrated

by using PSpice simulations and realization by Active RC.
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12
[(eye™ cos g dr=0 (3.11)
1
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12
[neye™'sinpr dt=0 (3.12)

12
[noyedi=0 (3.13)
[v] d o w d
3.5 sUsuumslszinadyaamaiaiasaiad

3.5.1 msdszanafaaanerimdiaesiadliuBnnud (Frequency Domain)

FamsaduSunnthaumsi 3.1) vwhmsudasartary (Laplace transform)

h(s)= L{n(1)}=[e " heydr — ;5>0 (3.14)
0
awld
h(s):( = 4j 1 (3.15)
5 1+coth(§§)

MNAUNT (3.15) WA coth( ] )"lﬂﬁ'@fmms (3.16)

coth(%j=z+ Z ——L (3.16)

2 2 2
S kieven#0 S +k T

wnuaums 3.16) asluaums 3.15) 32 ldaunmsnii 15 lumsmuanesa

4 1
h(s) = ( o 4) > & y3. (3.17)
ey, o L

e 2
S fevens0 S +k 7
A o W A 1 A 9/ Ay Yo 1 [
Iﬂﬂmﬂﬁ] AAUVVBITUNTT LAE k ADANINAU mm‘l%ﬁnmu@ Wy 0,2,4
[ o v { é’; o [J N 4 o G/1 e ]
L’ﬁaﬂﬁnmumﬂuﬁmummmmmﬂau Lﬁﬂﬁﬁlﬂﬁﬂﬁﬂﬂﬁﬂlﬂ\‘iﬁﬂﬂ?i Wy Uszunmaunas

Sreunase unua1m=2 aslugums (3.17)

§*+4
1+ +
,;2 52 +lc2 ¢
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.4 1
s2+4 2( 4s 4s }

1+—+ +
il sR Rl 2 B8 2
R TL A L 1
(4s3 +157.914)
(O e : : (3.19)
(s +10s" +43.478s° +279.870s +157.914S+947.482)
Ao UsEn IR unua m=4 asluauns.17)
4 1
h(s) = 3.20
(*) (s2+4j 2 4s e
T+ ==
B e SHEX
= 4 1
5% +4 1+_%+ 4s 3 4s = 4s
YN 82 AR\ Bt € 772
R A LA )
(4s2+24936.727s) G.21)
h(s)

T 57 43055 +181.6535° +2013.9215" +7023.750s" + 45300.7755° + 24936.727s +149620 364

nnmsengsznuInslsznadyaismeiidedosiad ludnnud Weih
do w .4 a a 1 J a
aunsmeimssaeanad lugauaauulasanlaty aunisezdaeglugllamesTudn
i o { v o & o
(Hyperbolic) #aaumsfi (3.15) Tlemsathaumsldedradlulces1dlaeass Famni
¥ a ﬂ' ~ 5 a ¢ v
aumsii l1Faz damadennuRanaaiionufadumumnld luilSyapinusitlidenld

ant (3 do w 4 a A
’J‘ﬁﬂ'liﬂ‘izum\lﬁﬂlufg'lﬂl“b"]ﬂuﬂ'lﬁ\i’cTEN‘Wﬁ“lf Tudsanun

LY d o o o d
3.5.2 msdszinadaanaaneiiiaiaeswadlu® el (Time Domain)

A a u'dy A 9 o d o w o a
TulSyafinusidenlgnisdssunadygiumedmdeaosiasluwaanal

9 ' o 3N 1o 9 @ ad
mswgtwuaumadle g lien wazmsdmnama lidudeunnndn nanguiugiu
{ ° [~ 1 ad Ju a o Y { v a
Tyund 2 Tasdmuasuindsnlesnduduns mamesilsngdunoglugdauns Tnd

4 3 .
Tudiea weazarnlumsthladesss jluuuveseumsiaasfsauns (3.22)
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_L6)
H(s)= o (322)

3 o
@e  P(s) Eludensudy

QGs) Huansudadau

[ o v d {
mstsznadyanumneimdiaesiadisdesionldisnshazain muizanis

o W

denldsnsveawenaa nd Tudealumsma QGs) daumsnial ps) 1935msIsMas
GRENYGETN G

o d o o d &
3.6 msﬂszmmamutymmﬂumammwaﬁ (Approximate of Sine square pulse)

3.6.1 MidszanadaananeinidsassiadlaelFaumssnuiie

“P(s) S ta,stoys+a

H(s)= = 323
) O@s) (P +3s+3)(s+1) )
3 3
4 S @S +oys +a (324)
(s+1.5+ j0.866)(s+1.5—j0.866)(s +1)

£ As+B | (% (325)

(s+1.5)°+0.866° s+1 :

AU

h'(f)=2Ae”"" cos(0.866¢)+ 2Be " sin(0.8661) + Ce™* (3.26)

4 s ‘g o 4 {
mdusedns lavldsmdsaesdosniqa

L s
04 2 wigp e 2 g o2

A=-0.572 ,B=1.962 ,C=0.664

S olh { ~ ° < a o
1A A, B, C imldunuasluaunisi 3.26) wmdealuSum weasldasgy

32
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0.8 e

Amplitude

0.8 1 1.2 1.4 1.6 1.8 2
Time(usec)

51U 3.2 wamsdseinadygramneifsiaesiadaumsanunay amaumsi (3.26)

0.9} g \ :
= |deal;
0.8 £ (2] { i R el |
S . - s==i= Appox
o\ A . A / o4 \ S\ Sy |

/
s B
06 ‘ e =
. Wl \
2 /
E 05Ny / ---------- e .
E /
<
0.4 " g
{ S

oaf e e .
/
i /
0.2
/
/
0.1 / it

0 02 =014 =.0.6 2,08 1 12 1.4 1.6 1.8 2
Time(usec)

=‘ [ do w V-4 o W d' 4'
31]71 3.3 wamsdsgunadygnaansdnasaesnadaumIaIauNa Iy muaunIIN (3.26)

= v o A A
Weunudya ueedlugauad auaumsi (3.1)
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0 gl TN e e R e e 4
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0 0.2°04% 06 0.8 1 12 1% 1.6 1.8 2
Time(usec)

511 3.4 MenwuAanaavesdyyaeimdresiadaumsdaunia
3.62 matsznadmananerimdsaesaalagldaunisdauiin

5 4 3 2
TR 5 +oc4s +oc3s +°°zs +ocls+oc0 (3.29)
© 41557 41055 + 4205 + 9455 + 945

As + B Cs+D E
2 2 > P )3 - s+ 3.647
(s +2.325)" +3.571 (s+3.352)" +1.743 :

B (t) = 24e ™ cos(3.571t) + 2Be > sin(3.571f)

+2Ce3% cos(1.7431) + 2De* sin(1.743t) + Ee™> " (3.28)

Qs -~ g o L 4
mdutszans laeliisddsaesiesiige

2
By=| [h(y ()P a
tl
e L s s e e
T e T L B T B T e e a1

A4=2.015, B=-2.225, C=-14.214, D=5.579 , E=24.365
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0 02 04 06 08 1 42 "EH4_ NEoT=ds8 2
Time(usec)
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3135 wamiﬂswmmﬁtyrmm«mﬂummﬁaa‘waﬁﬁumiawmﬁm

Tagldimsmain awaunsh (3.28)
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N
// N __i=ldeal
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Q
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B S T e i -

1
4
4
0.2 frroeeeeer -
/
z
2
0/ ..........

0 025504 F0/672::08 1 1.2 744 1:6 4718 2
Time(usec)

{ ¢

511 3.6 wansUszadygramneihdiaesiadaumsdidundh muaumsi (3.29)

~ v o P a Py
Lﬂﬂﬂﬂﬂﬁmufg']mqnﬂu“luQQNﬂﬂ ANWAUNIIN (31)
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5137 aanuAsnanvesdagameihdiassiadaumsdnunh

(% d o o w d 9 o W :s' 4
3.6.3 msdsvanadaamneimnasaesiaales]Faumsaaunde

s7 + OL6S6 a3 SS Sk oc4s4

s+ 28 %4378 5 + 31505

H(s) = (3.29)

3 a
+ 0c3s 1z 0L)S + o5 + oco
+ 17325? + 6237Os2 4+ 135135 4+ 135135

As+B N Cs +.D
2 2
(s +2.6857)" + 542072 (s+4.0701)" +3.5172?

Es+F a8 G
9
(5 T g T~ + 4.9718

-}

h*(¢) =2 de” 29857 1c05(5.4207 ) + 2 Be” 687 %sin(5.4207 1) 330)

+ 26 H Y0 os(3.51721) + 2De M0 Bin(3 5172 )
+ 2 Ee 783 005(1.7393 1) + 2 Fe™*7°83 %in(1.7393 ¢)

G 49718 ¢
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A=-1.611, B=1.8687"C=2%85], D=-17.542,
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517 3.9 wamstszunadyanamnoihdaesiadaumssruiida awaun1sf (3.30)
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[ VKA

Toyanuaoimasaesind lugauad udlunsassdudmiioaunisdduisgesesves
@ do w 4 =1 ~ lg 9 o ¢¥ [ =3
gaumeumasasadazluanesiingau ldginsaiuniniu uagmsaonesneg

U

.3 2 a2 a g o o w @ do { <
onduanlldie  FlulSyadinusidonldTyarumeimdsassiadaisuiiia

[ 3’; v oo a 4 Y
AIUUITIMTNY 2 ENT O Vlﬂmﬂ

=-1.611
B =1.868
C=27851
D =-17.542
=-—110.333
F #30.974
G=168.175

4= 0.000020,, + 0.00018 ¢, — 0.00166.01, + 0.0022 01, + 0.048930;,  (3.31)
~ 034350+ 0.00544201, + 1227867

B= 0.000280c0 — O.OOO680L1 = 0.0067oc2 + 0.0608 oy — 0.0807oc4 (3.32)
— 179060, + 12.53210;, —1.9921

C'=0.000120;; = 0.0017ct, + 0.01030;, — 0.0347 o, — 0.01650, (3.33)
+ 113750, — 8.78130t, + 38,5677

= -0.000720,, ~ 0.003501 + 0.0492ct, — 0.29890L, + 1.003 10, (3.34)

+ 047800, —32.9139%0 + 254.0997

E =-0.0008601, -+ 0.00507ct, — 0.026300t, +0.120170, — 0.468500;, (3.35)
+ 1.374150,, —1.052490;, — 25.2535

F=-0.0031ct, +0.02135¢,, — 0.130120., + 0.67511a, —3.084370;,  (3:36)
+ 12.024740t, — 35269600, + 27.01366

G =0.000710, — 000350, + 0.017640, — 0.087710r, + 0.43608c,  (337)
—2.16810,, + 10.779390, = 53.59295

Y [

o, =3002153.472
o, =2017652.450
a, = 678612257
a, =137392.437
o, =17613.116
o =1390.305

o, =51.702
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aztuazld

§7+51.7025° +1390.3055° +17613.116s* +137392.437s°

H(s)=
(%) 5 4-08¢°% +378%° +3150s*

+678612.257s*+2017652.455 +3002153.472
+17325s +62370s% +1351355 +135135

Hes) [(5+16.9348+ /18.2539) (s +16.9348— j18.2539) |
8)= —
[(s+2.6857+5.4207) |[ (s +2.6857 - j5.4207) ]

[(s+2.7627+ j5.3692) (s +2.7627 - j5.3692) |
[(s+4.0701+ j3.5172)(s+4.0701- j3.5172) |

[(s+34506+ 3.5582)(s +3.4506 - /3.5582) ][ (5+5.4058) ]

[(s+4.7583+ j1.7393) (s +4.7583+ j1.7393) ][ (s +4.9718) ]

[(s+16.9348)" +18.2539 |[ (s +2.7627)’ +5.3692° |

H(s)=
[ (s+2.6857)" +5.4207° || (s +4.0701)’ +3.5172%

| (s+3.4506)" +3.5582° [[s+5.4058]
[(s+4.7583)’ +1.7393" [[(s+4.9718)]

A\ [s2 +33.86965+619.9923][s2 +5.5254s+36.4608]
S)= —
[s2 +5.37145+36.597 [s2 +8.1402s+28.9364:|

[ 5*+6.90125 +24.5674 ][ 5+5.4058]
[ 5* +9.51665 +25.6666 |[s+4.9718]

vag1lny

a0 [s?- +5.5254s +36.4608][s2 +6.9012s +24.5674]
) [s2 +5.3714s +36.597][s2 +9.5166s +25.6666]

[ 5* +33.86965+619.9923 |[s +5.4058]
[5° +8.14025+28.9364 |[s +4.9718]
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10317t 4.1 Alanwvesszezaia 2 veseeUuenilifuaums 14
BV, )+ )+, (7 -7) =0
K=V B (P57 F) =0

9N (4.1) 4ag (4.2) 15IFAMBY V 00092 18 Transfer voltage ratio Wadufe

Vo (s)
Viuls)

H(s)=

Y, + Y, 0) S0+ % + 5
LY 1Y)~ (1, +1, +1,)

110 (4.3) Midaumsdedemsfiuaa (Simplify) Taold
F+L+=h+ 1, +X
awiteu lvluaums (4.4) aums (4.3) szaaglaaae

2

DU NG
AN A A

H(s)=

| |
EQE AN

aunms (4.5) Weudluguuemsmamledfeidulanalys

e\

H =
bl

oW eums (4.6) ansaoenuuyliitiuaces RC 18 Tavldnguijves RC

& wa 5 ~ '
One-port N.W. 3AMANUAVDI RC °lug‘ﬂ One-port admittance @oulan

Hs(S +a,)(S +a5)(S + a)...

e

o
Taon O<a, <@, <oy <.

—Y(—S)=H+k°+ k + L

S o S+a, S+ao
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90 (4.6) I

P(s)
D(s)
H(s)=——+ (4.9)
Sl
D(s)
Taoil D(s) Tsniliifida (Unrestricted) wadidouluhsnedoutiusindies

9
(Simple) AN239 (Real) 1AL dYLU Negqtive axis (NIUU

~ Qo = A‘ L%
110 (4.9) Meududulssansou @.5) w'la

P(s 4
_DL(S%_—_YI_YZ nse Y,-1 (4.10a)
S A
—QD_E;%:YG—& Wi V-, (4.10b)
e T £\ YL _ijjs (4.11a)

VoA NG B o

Q_(S_>_=Kws+z“k“s—2"kvs (4.11b)
D(s) s+o,  S+p0,

d‘ (% Sy g 1 _
Taofidulsedns & Lk k k wae &, Shanauszdlusese fk, uaz &, Huuon

B 27T 0 ARl Ty v
2218
Ik kS
Yl(s)=Kws+Z” — uag Yz(s)=Zf . (4.12a)
s+0, s+ B,
ks ks
Y,(s)=="" uas Y,(s)=K ,s+—Z’—‘fs— (4.12b)
s+ B, i sta,
k k
)ﬁ(s):Z—”Ls e Y (s)=K ,s+h (4.132)
s+ 5, i S+o,
ks k
Ys(s)=Kws+L—“—- oy Y6(s)=z—”“-{ (4.13b)
S+ s+ 0,

u
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X
FINTUMS (4.122) U0 (4.12b) Fnsaeenuuadiaiiuiees RC ganielums

furaran ¥, uag ¥, nnaums 4.4) enunsadeulnglan

_ oy L)

=Q(s) D) (4.142)
EL L-%=(L-L)-(L-X)

PO e K31

=0(s) DGs) (4.14b)

4.2 %‘l—!ﬂi’)uﬂ15@9ﬂ!!‘1|1|3<1"ﬂ5!!ﬂﬂﬂﬂﬂ!lﬂﬂﬂﬁﬁﬁﬁi
192993910 Transfer voltage ratio Weu ousfi (3.42) aunsadagalvm 1
H(s)=H,(s)- H,(s)- Hy(s)-H,(5) (4.15)
4.2.1 MIvonuuvIees H (s)

_[s% +5.52545+36.4608]  P(s) (4.16)
1T [s2+5.37145+36.597]  O(s) '

v D(s) = (st5) (s+7) il

Bl o O BB
D(s) 142 ’D(s) 6 %5 » D(s) 371y

1 Y.L, 90

P(s) _[s* +5.52545+36.4608] o
SD(s) s(s+5)(s+7) '
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= f—— (4.18)

A1 A,B,C
s(s* +5.52545 +36.4608
U ( ) o =10417
SD(s) s(s+5)(s+7)
(s+5)P(s) (s+5)(s” +5.52545+36.4608) e
CERRe L s(s+5)(s+7) e e
(s+7)P(s) (s+7)(s*+5.52545 +36.4608) o
T SDGs) "7 s(s+5)(s+7) [ =3
e A B.C #1dlunvasluaums @18) wld
P() 104175 338345 334165, o i
D(s) ¥ s+5 Sl
p 1.0417s o/ 3.3416s (4.20)
K s+7
N, + ; (4.21)
1 = .
096 ' 99934 |
0.4774s
3.3834s
N 4.22
. S+5 4
1
A i (4.23)
0.2956 +
0.6767s
X an
2
O(s) _[s*+5.37145+36.597] o

SD(s)  s(s+5)s+7)
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DB F

e

s S+5 s+7

¥1A1 D ,E F
S(s*+5.37145+36.597
p=t) o (s g )|S=0 =1.0456
SD(s) s(s+5)(s+7)

5 (5+5)06) (s+5)(s” +5.37145+36.597)
) IF_S 7 s(s+5)(s+7) [52"5
(s+7)0(s) (s+7)(s* +5.37145+36.597)

S s(s+5)(s+7) =
e DEF fidllmuasluaums 425) a2 ld
O(s) _1.0456s 34745 3.4284s v,

D(s) s S+5 s+7

_1.04565 342845

1y
. Ky S—+7
N 1 :
0.9564 (29174
0.4898s
. Y5=3.474s
s+5
%= L
0.2879 +
0.6948s

Wi ¥ fn

oL

Wsnnaums (4.26) uag (4.19) wnuluaums @31) wld
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do w o o a a
I'l_lill,ﬂﬁilLlﬁﬂQﬁllﬂ'li"’lf']ﬂuﬂTdQﬁ@\?Wﬁ“ﬁ‘ﬂNQﬂNﬂ@‘lul%ﬁnﬁT

T=1;

t=0:0.0001:2;
ht=(1/2)*(1-cos((pi*t)/T));

% ht1=sin(pi*t/T);

figure

plot(t/T,ht,’k");axis([-1 10 0 1]);
% hold on;

% plot(t/T,ht1,r");axis([02 0 1]);
%grid on;

xlabel('Time(usec)');

ylabel(' Amplitude');

% title('Time Domain of Ideal');
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do o ) a a a
Tsunsuuaasaumsmneimasaesiadnisgauna luFiniud

=-10:0.0001:10;

w=2%pi*f;

T=1;

a=[1 (pi/T)"2 0];

b=0.02*[0 0 (0.5*((pi/T)"2))];
h=freqs(b,a,w);

mag=abs(h);

atten=-20*log10(mag);

figure;

subplot(2,1,1);

plot(w,mag);grid; axis([-0.5 0.5 0 20]);
title('Frequency Domain of Ideal");
xlabel('Frequency');

ylabel('Input');

subplot(2,1,2);

plot(w,atten);grid; axis([-0.5 0.5 -10 100]);
title('"Frequency Domain of Ideal');
xlabel('Frequency');

ylabel('Atten of Input');
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Syms ABCDEFGt
T=1;
h=(1/2)*(1-cos((pi*t)/T));

hl=2*A*(exp(-2.6857*t))*cos(5.4207*t)+2*B*(exp(-2.6857*t))*sin(5 A207*0)+2*C*(exp(-
4.0701*t))*cos(3.5172*t)+2*D*(exp(-4.0701 *t))*sin(3.5172*t)+2*E*(exp(-
4.7583*t))*cos(1.7393*t)+2*F*(exp(-4.7583*t)) *sin(1.7393*t)+G*exp(-4.9718*1);

% h1=2* A*(exp(-1.5*t))*cos(0.866*t)+2*B*(exp(-1.5*t))*sin(0.866*t)+C*exp(-t);
E2=int((h-h1)"2,t,0,2);

% E21=int(h"2,t,0,2);

% E22=int(2*(h*h1),t,0,2);

% E23=int(h1"2,,0,2);

% E2=E21-E22+E23;
dA=diff(E2,A);
dB=diff(E2,B);
dC=diff(E2,C);
dD=diff(E2,D);
dE=diff(E2,E);
dF=diff(E2,F);

dG=diff(E2,G);
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do o / { 4 [ a
TlsunsuuaaswagumsmeimdsgesiadnadruilonFouisunuduyanulugeyns

T=1;
t=0:0.0001:2;

A =-1.610759650;
B =1.867620582;
C =27.85076276;
D =-17.54202331;
E =-110.3334299;
F=30.97432031;
G =168.1749159;

h=(1./2). *(1-cos((pi.*t)./T));

h1=2.*A *(exp(-2.6857.%t)).*cos(5.4207.*t)+2.*B.*(exp(-2.6857.*t)). *sin(5.4207.*t)+2.*C.*(exp(-
4.0701.*t)).*cos(3.5172.*t)+2.*D.*(exp(-4.0701.*1)) .*sin(3.51 72.*t)+2.*E. *(exp(-
4.7583.*t)).*cos(1.7393.*t)+2.*F *(exp(-4.7583*t)).*sin(1.7393.*1)+G. *exp(-4.9718.*t);

plot(t./T,h,'b");axis([0 2 0 1]);
grid on;
hold on;

plot(t./T,h1,'r");axis([0 2 0 1]);

grid on;

xlabel('Time(usec)");

ylabel('Amplitude');

title('Time Domain of Ideal and Approx');
title('Time Domain of Approx Order 3 and Ideal ');
text(1.45,0.85, Blue = Ideal');

text(1.45,0.75,Red = Approx");
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LF151
LF251 - LF351

WIDE BANDWIDTH

SINGLE J-FET OPERATIONAL AMPLIFIER

INTERNALLY ADJUSTABLE INPUT OFFSET
VOLTAGE

LOW POWER CONSUMPTION

WIDE COMMON-MODE (UP TO Ve¢') AND
DIFFERENTIAL VOLTAGE RANGE

LOW INPUT BIAS AND OFFSET CURRENT
OUTPUT SHORT-CIRCUIT PROTECTION

HIGH INPUT IMPEDANCE J-FET INPUT
STAGE

INTERNAL FREQUENCY COMPENSATION
LATCH UP FREE OPERATION
HIGH SLEW RATE : 16V/ s (typ)

DESCRIPTION

These circuits are high speed J-FET input single-
operational amplifiers incorporating well matched,
high voltage J-FET and bipolar transistors in a
monolithic integrated circuit.

The devices feature high slew rates, low input bias
and offset currents, and low offset voltage temper-
ature coefficient.

PIN CONNECTIONS (top view)

N
DiP8
(Plastic Package)

SO8
(Plastic Micropackage)

ORDER CODE
: _ Package
Part Number | Temperature Range
N D
LF351 0°C, +70°C o o
LF251 -40°C, +105°C ° °
LF151 -55°C, +125°C o .

N = Dual in Line Package (DIP)
D = Small Outline Package (SO) - also available in Tape & Reel (DT)

N

Bt

et

8]

L

(99]

1 - Offset null 1

2 - Inverting input

3 - Non-inverting input
4 -\eeo”

5 - Offset nuli 2

6 - Output

7-Veet

8 - N.C.

March 2001
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LF151 - LF251 - LF351

SCHEMATIC DIAGRAM
Voo L J
F‘T B
= | l
>
No @ iopue[ ]
g input [ ] f ‘—“jJ
l__ 1a0$k 2000
A 1 {7 oupuat
1001
30k :}t]
»_M $ -
i N
NE o

Sl F

Qftget Nulll Qifgst Null2
INPUT OFFSET VOLTAGE NULL CIRCUIT
LF351
thy SEV G
% o
N1 N2
100kE2
Veo
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter LF151 LF251 LF351 Unit
Vee  |Supply voltage - note +18 v
Vi Input Voltage - note 2 +15 \%
Via  |Differential Input Voltage - note > +30 v
Piot Power Dissipation 680 m\WV
Output Short-circuit Duration - note 4 Infinite
Toper |Operating Free-air Temperature Range -55 to +125 -40 to +105 0 to+70 °C
Tstg Storage Temperature Range -65 to +150 °C

1. All voltage values, except differential voltage, are with respect to the zero reference level (ground) of the supply voltages where the zero reference
level is the midpoint between V" and Ve

2. The magnitude of the input voltage must never exceed the magnitude of the supply voitage or 15 volts, whichever is less.

EN)

Differential voltages are the non-inverting input terminal with respect to the inverting input terminal.

The output may be shorted to ground or to either supply. Temperature and/or supply voltages must be limited to ensure that the dissipation rating

is not exceeded
IS77
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LF151 - LF251 - LF351

ELECTRICAL CHARACTERISTICS
Voo = 15V, T = +25°C {unless otherwise specified)

Symbol Parameter Min. Typ. Max. Unit
Input Offset Voltage (Rg 10k ) mv
Vis Tamb = +25°C 3 10
Tmin = Tamb = Tmax 13
DVi, [Input Offset Voltage Drift 10 V/°C
Input Offset Current- note ")
lio lib Tamb = +25°C 5 100 pA
Tmin = Tamb = Tmax 4 nA
Input Bias Current -note 1 nA
A Tamp = +25°C 20 200
Tmin b3 Tamb = Tmax 20
SVR Large Signal Voltage Gain® R|_ = 2k, V; = VimV
+10V) Tamp = +25°C 50 200
Tmin £ Tamb = Tmax 25
e Supply Voltage Rejection Ratio (Rg 10K dB
Tamb = +25°C 80 86
Tiin = Tamb = Trmax 80
Supply Current, no load
Tamp = +25°C 1.4 34 mA
Tmin b Tamb = Tmax 3.4
Viem }input Common Mode Voltage'Range e 12 o
Common Mode Rejection Ratio (Rg 10k dB
CMR Lp TH25°C 70 86
Tmin = Tamb = Tmax 70
Output Shor-circuit Current mA
los Tamp = +25°C 10 40 60
Trin€ Camf™ T max 10 60
Output Voltage Swing iV
Tamp = +25°C Ry = 2k 10 12
*Vopp Ry = 10k 12 135
Tmin = Tamb = Tmax RL =2k 10
R = 10k 12
Slew Rate Vis
SR V; = 10V,R| = 2k , Cp = 100pF, Tamp = +25°C, unity gain 12 16
t Rise Time : : s
r Vi = 20mV, R =2k , C_ =100pF, T, = +25°C, unity gain 0.1
K Overshoot : %
oy V; = 20mV, R =2k , C =100pF, Ty = +25°C, unity gain 10
GBP Gain Bandwidth Product - MiHz
f = 100kHz, T,, = +25°C,V;, = 10mV, R =2k ,C| = 100pF| 25 4
R; [Input Resistance 1012
Total Harmonic Distortion (f = 1kHz, A, = 20dB
e, R =2k Cp = 100pF, Tamp = +25°C.Vy = 2V 0.01
A Equivalent Input Noise Voltage nVv
0 Rs 100 f=1KHz 15 JAz
@m |Phase Margin 45 Degrees

1. The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature.

MAXIMUM PEAK-TO-PEAK OUTPUT

57
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LF151 - LF251 - LF351

VOLTAGE versus FREQUENCY

VOLTAGE versus FREQUENCY

5 30 g 30
£ Voo =+ 15Y Rt £ |
: . M Bl g B i
= 20 X Ed
S Voo = £ 10V Eg 20 yoe= t10v
3% 15 =T i 35 15
e I 5
98 e =1 8V <o 10 o=
o> 5 i o= :
s = m mﬂ
S 2 =,
> Q = 0
2 100 1K 10K 100K IM  10M 3 100 1K 10K 100K 1M 10M
= FREQUENCY (Hz) = FREQUENCY (Hz)
MAXIMUM PEAK-TO-PEAK OUTPUT MAXIMUM PEAK-TO-PEAK OUTPUT
VOLTAGE versus FREQUENCY VOLTAGE versus FREE AIR TEMP.
[
5 a0 T e RPN = 30
= Tans = +25°C Voo =+ 15V g
3 R — ' YR N 8 - i aw oo AT O g O
L= Tl % s
EE 20 = 5 )
By H ﬁc“: ==R_ =10ki1
Pg i S 15 1. i
x',:‘ ‘T.mpp‘ = 5590 ,__g L =2
ﬁg 10 QS 10
o wo
= 5 g - g4 5 bV = LBV
2 p [Tt = #128° T 5 o 160 |
g 10k 40k 100k - 400k 1M~ 4M  1DM 2 75 50 25 0 25 50 75 50 125
FREQUENGY (Hz) S GUPERAJURE (C)
MAXIMUM PEAK-TO-PEAK OQUTPUT MAXIMUM PEAK-TO-PEAK OQUTPUT
VOLTAGE versus LOAD RESISTANCE VOLTAGE versus SUPLY VOLTAGE
- sl ) 15VI ‘ E - R I :
£ Yook = es s | Ri=10Kk0
E :: Tamem 42570 T1= 3 By e P4
o) pr
» 20
ik 15 A ES //
] // o8 15 7’
gg 0 ;E 5
=3 51/ Fifs]
i o> 5 ¢
= 0 2
= 0102 S04 0Tt ha T 3
2 % 0.9 ATe 810 2 14 18
" LOAD RESISTANCE (k{3) % SUPPLY VOLTAGE (V]

MAXIMUM PEAK-TO-PEAK OUTPUT

INPUT BIAS CURRENT versus FREE AIR

a7
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LF151 - LF251 - LF351

TEMPERATURE

AMPLIFICATION versus FREE AIR TEMP.

1 @
=

o f
[ 1 d

=3

o 1 1
o0 1 1
<

o 0.1

=

2 I

Y

50 25 O 25 50 75 100 125

TEMPERATURE (°C)

1000
T :
E% =
LE P
2E 20 —1—1
Eo 4 L Vo =18y
E E v
& E V= t10V
g | 4 =0
il 3 [ R=28
EE 1 | |
[a]
75 50 25 0 26 60 75 100 126

TEMPERATURE (*C}

LARGE SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION AND PHASE SHIFT versus
FREQUENCY

TOTAL POWER DISSIPATION versus FREE AIR
TEMPERATURE

é- 109 . ™ orrerenma[]] 180
S rrunse st | N L Ak oiEGaTioN
3= {figrk scals) N 6T pcele)
;8 el 80
ES LR =2 1 N
i C( = 100pF N
iz ¢ rVoo=HSV 4 o
L Tamh= #125°C,

100 1K 10K - 100K 1M 10M

FREQUENCY (H2)

5 250 il
E 25|V +-15V

= 249 | No signal

Le)

E 175 L No lead

o 150

2 100

=) 75

g 50

g 25

o 0

o 75 '-50 -85 0 25 50 75 100 185
§ TEMPERATURE (°C)

SUPPLY CURRENT PER AMPLIFIER versus

SUPPLY CURRENT PER AMPLIFIER versus

FREE AIR TEMPERATURE SUPPLY VOLTAGE

2.0 . 2.0

1.8 Vop= 16V 1.8 | Tamp= +25°C
pite — ce= z | No signal
T (ELH oo pramy s No signal 2 18 el
= 14 o No ioad = 14+
= =
z 12 -4 1.2
w w
o 1.0 &: 1.0
g 0.8 z 0.8
& 06 = 0.6
> . >
7 0.4 iy 0.4
T g2 S 0e
1] 0 @ 0

75 -50 25 0 25 50 75 100 125 0 .27 Beisig, o 0T 12 14" T8
TEMPERATURE (C) SUPPLY VOLTAGE (V]

LARGE SIGNAL DIFFERENTIAL VOLTAGE
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LF151 - LF251 - LF351

FREE AIR TEMPERATURE

VOLTAGE FOLLOWER LARGE SIGNAL PULSE

COMMON MODE MODE REJECTION
RATIO (dB})

89 I I
R =10k
88 — L
Vo= +18V
87
86—
85
84
83
75 -50 25 0 25 50 75 100 125

RESPONSE

TEMPERATURE (°C)

INPUT AND OU(T"II;UT VOLTAGES

OUTPUT VOLTAGE versus ELAPSED TIME

e - . H
4 IOUTPUT
/
/ \ INPUT
0
i / Vog= 15V
= , R =2 R \
4 C, = 100pF \
8 o= 1250

QNe5 1 156 2 25 3 35

TIME (13

EQUIVALENT INPUT NOISE VOLTAGE versus

OUTPUT VOLTAGE (mV)

28
24
20
16
12

hopr

FEREQUENCY

ty

VCG= 15V
Az 2k0

TGp= +25°C |
| |

0 01 02 03 04 05 06 07

TIME (is)

EQUIVALENT INPUT NOISE
VOLTAGE (nV/VHz)

70

80

|\|é13n=:1115{1nrm

50
40

Rs = 1000
Tomb = +25°C
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Pt
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I

0
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FREQUENCY (Hz)

TOTAL HARMONIC DISTORTION versus FREQUENCY

TOTAL HAHMO(%I)C DISTORTION

=
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01 = Vo{rms)= 8V

= Tamb = +25°C =
INRRIHI 1

D.01
0.004
0.001 ”

100 400 1k 4k 10k 40k 100k

FREQUENCY (Hz)

9

75




LF151 - LF251 - LF351

PARAMETER MEASUREMENT INFORMATION :
Figure 1 : Voitage Foliower Figure 2 : Gain-of-10 inverting amplifier

10k €2
N

~. 1k &2

\\ el \-\\\\
LF351 > * o} N
P 5 I % LFas1 /> 1 1 Cg

D= S e
5 =t C,= 100pF g DRL =2k2 ‘J:/ R, @ C = 100pF
o - -

TYPICAL APPLICATION

(0.5Hz) SQUARE WAVE OSCILLATOR

12

HIGH Q NOTCH FILTER

il

= = 1kH
2 x R,C, :

fo

Ci=C2 =C—3= 100pF

R3 2
| |” R1=R2=2R3=1.5MQ
ci c2

gl
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LF151 - LF251 - LF351

PACKAGE MECHANICAL DATA

8 PINS - PLASTIC DIP

ed
[ | R T
W= & R
vl
| BB ||
o -2 R B
o e !
Z
Zz
D
===~} 5}
8 5
{198
1 4
1 24748 AL
Millimeters inches
Dim.
Min. Typ. Max. Min. Typ. Max.
A 3.32 0.131
ail 0.51 0.020
B 1. 15 1.65 0.045 0.065
b 0.356 0.55 0.014 0.022
b1 0.204 0.304 0.008 0.012
D 10.92 0.430
E 7.95 875 0.313 0.384
e 254 0.100
e3 762 0.300
e4 762 0.300
F 6.6 0260
i 5.08 0.200
[E 3.18 3.81 0.125 0.150
Z 1.52 0.060
&7
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LF151 - LF251 - LF351

PACKAGE MECHANICAL DATA
8 PINS - PLASTIC MICROPACKAGE (SO)

!
T' - )Qﬁ =2
e — S
(T i %fﬂ\r i)
A e : = |®
e3 E
Millim eters inches
Dim.
Min. Typ. Max. Min. Typ. Max.
A 475 0.069
al 0.1 0.25 0.004 0.010
a2 1.68 0.085
a3 0.65 0.85 0.026 0.033
b 0.35 0.48 0.014 0.019
b1 0.19 0.25 0.007 0.010
(o] 0.25 0.5 0.010 0.020
ct 45° (typ.)
D 4.8 5.0 0.189 0.197
E 5.8 6.2 0.228 0.244
e h 2T 0.050
e3 3.81 0.150
F 3.8 4.0 0.150 0.157
B 0.4 1.27 0.016 0.050
M 0.6 0.024
S 8° (max.)

Informa tion furnished is believed to be accurate and reliable. However, STMicro electronics assumes no responsibility for
the consequences of use of such inform ation nor for any infringement of patents or other rights of third parties which may resuit
from its use. No license is granted by impl ication or otherwise under any patent or patent right s of STMicroelectronics. Sp
ecifications mentioned in this pubiication are subject to change without notice. This pubiication supersedes and repiaces
all information previously supplied. STMicro electronics products are not authorized for use as critical components in life
support devices or systems without express written approval of STMicroelectronics.

© The ST logo is a registered trademark of STMicroelectronics

© 2001 STMicroelectronics - Printed in Italy - All Rights Reserved
STMi croelectronics CRCUP OF COMPANIES
Australia - Brazil - China - Finland - France - Germany - Hong Kong - India - ltaly - Japan - Malaysia - Malta - Morocco
Singapore - Spain - Sweden - Switzerland - United Kingdom
© http:/lwww .st.com
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NE555
KYI : SA555 - SE555

GENERAL PURPOSE SINGLE BIPOLAR TIMERS

LOW TURN OFF TIME
= MAXIMUM OPERATING FREQUENCY
GREATER THAN 500kHz
TIMING FROM MICROSECONDS TO HOURS
s OPERATES IN BOTH ASTABLE AND

MONOSTABLE MODES e
s HIGH OUTPUT CURRENT CAN SOURCE OR '&\ §
SINK200mA

ADJUSTABLE DUTY CYCLE

m

TTL COMPATIBLE
s TEMPERATURE STABILITY -~ OF 0.005%
PER°C
N D
DESCRIPTION DIP8 s08
The NE555 monolithictiming circuit is a highly stable (Plastic Package) (Plastic Micropackage)

controller capable of producing accuratetime delays
or oscillation. In the time delay mode of operation,
the time is precisely controlied by one external re-
sistor and capacitor. For astable operation asan os-
cillator, the free running frequency and the duty cy-
cle are both accurately contralled with two external ORDER CODES

resistors and one capacitor. The circuit may be trig- Part Temperature Package
gered and reset on falling waveforms, and the out- Number Range N D
put structure can source or sink up to 200mA. The NE555 0°C. 70°C T

NE555 is available in plastic and ceramic minidip

° i L] L ]
package and in a 8-lead micropackage andin metal ety ‘406(:' 1056(3
can package version. SES55 -55'C, 125°C . .
PIN CONNECTIONS (top view)
E 1 8 :I 1-GND
2 - Trigger
3 - Output
E : 7 ] 4 - Reset
5 - Control voltage
6 - Threshold
E 5 B _—_] 7 - Discharge
8 -Vee
[]4 5t

July 1998
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NE555/SA555/SE555

BLOCK DIAGRAM

Ve | H
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[ 5k [
[ L1 comp [
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| i FLIP-FLOA !
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Ll comp :
TRIGGER —{ M, [ |OYF
: s [
[ »—Q— INHIBIT, !
i RESET
e |
1 |
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7
SCHEMATIC DIAGRAM
Soxmar
VOLTAGE "
THRESHOLD O UTPUT
COMPARATOR S e i
;
u b A Ehmrtigiciteter ov ghmay ————— gug gaf _ \ Wa™ yampi' by “my s _t B :
Vec* [« ¢ :
)

s
=

Wl QIS g S | owee’ | RS

THRESHOLD

TRIGGER

J

3
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1

4 s
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k‘;
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= J :

)‘2:\

»

TRIGGER COMPARATOR

FLIP FLOP

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vee Supply Voltage 18 \Y
Toper | Operating Free Air Temperature Range for NES555 01070 G
for SA555 -40 to 105
for SE555 -55 to 125
T Junction Temperature 150 °C
Tsg | Storage Temperature Range —65 to 150 °c

3
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NE555/SA555/SES55

OPERATING CONDITIONS
Symbol Parameter SES555 NE555 - SA555 Unit
Vee Supply Voltage 451018 45 to 18 V
Vin, Virig, Vel, Vieset | Maximum Input Voltage Vee Vee V
ELECTRICAL CHARACTERISTICS
Tamb = +25°C, Vce = +5V to +15V (unless otherwise specified)
E555 NES555 - SA555
Symbol Parameter - = . Unit
Min Typ. | Max Min.  Typ. | Max.
lcc Supply Current (R,_ o0 é note 1) mA
Low State Vee = 3 5 3 6
Vee = +15V 10 12 10 15
High State ~ Vcc =5V s 2
Timing Error (monostable)
Ra = 2k to 100k , C =0.1
) Initial Accuracy - (note 2) 0.5 2 1 3 %
Drift with Temperature 30 100 50 ppm/°C
Drift with Supply Voltage 0.05 0.2 0.1 0.5 %N
Timing Error (astable)
(Ra, Re = 1k 1o 100k ,C=0.1
F,Vcc = +15V)
Initial Accuracy - (note 2) j 4o 2.25 %
Drift with Temperature 90 150 ppm/°C
Drift with Supply Voltage 0.15 0.3 %N
VeL Control Voltage level \Y/
Vec = +15V 96 10 10.4 9 10 11
Vee = +5V 2.9 3.33 3.8 2.6 333 4
Vin Threshold Voltage V
Vce = +15V 9.4 10 10.6 8.8 10 i) A4
Vee = +5V 2.7 3.33 4 2.4 3133 42
lth Threshold Current - (note 3) 0.1 0.25 0.1 0.25 A
Vtig Trigger Voltage \Y
Vee = +15V 48 5 52 4.5 5 5.6
Ve = +5V 1.45 1.67 1/9 1.1 1.67 2.2
It rig Trigger Current (Virig = 0V) 0.5 0.9 0.5 2.0 A
Vieset | Reset Voltage - (note 4) 0.4 0.7 1 0.4 0.7 i \"
lreset | Reset Current mA
Vieset = +0.4V A 0.4 0.1 0.4
Vieset = OV 0.4 1 04 1.5
Vou | Low Level Qutput Voltage \Y
Vee = +15V, losing = 10mA 0.1 0.15 0.1 0.25
loink = 50mMA 0.4 0.5 0.4 0.75
losink = 100mA 2 2.2 2 2.5
loging = 200mA 2.5 2.5
Vee = +5V, losink = 8mA 0.1 0.25 0.3 0.4
loginkg = BMA 0.05 0.2 0.25 0.35
Von High Level Output Voltage V
Vee = +15V, lowource)y = 200mA 12.5 12.5
loource) = 100MA 13 13.3 1275+ 13.8
Vec = +5V,  logource) = 100mMA 3 3.3 2.75 33
Notes: 1. Supply currentwhen output is high is typically TmA less.
2. Testedat Vec = +5V and Vec = +15V.
3. This will determine the maximumvalue of Ra + Rg for +15V operation the max total is R = 20M and for 5V
operationthe max total R = 3.5M .
&7
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ELECTRICAL CHARACTERISTICS (continued)

Symbol Parameter SESS5 NESSD - 3A B3 Unit
Min. Typ. Max. Min. Typ. Max.
laisoy | Discharge Pin Leakage Current 20 100 20 100 nA
(output high) (Vais = 10V)
Visisaty | Discharge pin Saturation Voltage mV
(output low) - (note 5)
Vec = +15V, lais = 15mA 180 480 180 480
Vec = +5V, ldis = 4.5mA 80 200 80 200
t Output Rise Time 100 200 100 300 ns
& Output Fall Time 100 200 100 300
toff Turn off Time - (note 6) (Vreset = Vo) 0.5 0.5 s
Notes : 5. No protection against excessive Pin 7 current is necessary, providing the package dissipation rating will not be exceeded.

6. Time mesaured from a positive going input pulse from 0to 0.8x Vcc into the threshold to the drop from high to low of

the output trigger is tied to treshold.

Figure 1 : Minimum Pulse Width Required for
Trigering
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Figure 5 : Low Output Voltage versus Output Figure 6 : Low Output Voltage versus Output
Sink Current Sink Current
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APPLICATION INFORMATION

MONOSTABLE OPERATION

In the monostable mode, the timer functions as a
one-shot. Referring to figure 10 the external capaci-
tor is initially held discharged by a transistor inside
the timer.

Figure 10
Veet

R1
Trigger

C1

-
Output Control V;itage
Io.m F
o ficed

The circuit triggers on a negative-going input signal
when the level reaches 1/3 VVce. Once triggered, the
circuit remains in this state until the set time has
elapsed, even if it is triggered again during this in-
terval. The duration of the output HIGH stateis given
by t=1.1 R1C1 and is easily determined by

figure 12.

Notice that since the charge rate and the threshold
level of the comparator are both directly proportional
to supply voltage, the timing interval is independent
of supply. Applying a negative pulse simultaneously
to the reset terminal (pin 4) and the trigger terminal
(pin 2) during the timing cycle discharges the exter-
nal capacitor and causes the cycle to start over. The
timing cycle now starts on the positive edge of the
reset puise. During the time the reset puise in ap-
plied, the output is driven to its LOW state.

When a negative trigger pulse is appliedto pin 2, the
flip-flop is set, releasing the short circuit across the
extemal capacitor and driving the output HIGH. The
voltage across the capacitor increases exponen-
tially with the time constant = R1C1. When the volt-
age across the capacitor equals 2/3 Vec, the compa-
rator resets the flip-flop which then discharge the ca-
pacitor rapidly and drivers the output to its LOW
state.

Figure 11 shows the actual waveforms generated in
this mode of operation.

When Reset is not used, it should be tied high to
avoid any possibly or false triggering.

Figure 11
t =0.1 ms /div

T T T
INPUT = 2.0V/div

OUTPUT VOLTAGE = 5.0V/div

” " i

==~y d
M=
CAPACITOR VOLTAGE = 2.0V/div

R1=91k ,C1=001F, R =1k

Figure 12

el
1.0 q:’, .
0.1 ;

rg

0.01

r/r 7 7 7
0.001 ///j/
0

10 i s B [
S s m

ASTABLE OPERATION

When the circuit is connected as shown in figure 13
(pin 2 and 6 connected) it triggers itself and free runs
as a multivibrator. The external capacitor charges
through R1 and Rz and discharges through Rz only.
Thus the duty cycle may be precisely set by the ratio
of these two resistors.

In the astable mode of operation, C1 charges and
discharges between 1/3 Vec and 2/3 Vcc. As in the
triggered mode, the charge and discharge times and
therefore frequency are independent of the supply
voltage.

&r
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Figure 13

Ver = 5to 15V
<

Qutput

Control I
Voltage

Figure 14 shows actual waveforms generatedin this

mode of operation.
The charge time (output HIGH) is givenby :
t+ =0.693 (R1 +Ry) Cy
and the discharge time (output LOW) by :
t> =0.693 (Rz2) C+1
Thus the total period T is given by :
T=t1 +t2 =0.693 (R1 +2R2) C1
The frequency ofoscillation is them :
1 1.44
T R 2R: O
and may be easily found by figure 15.
Theduty cycle is given by

Rz
o R1 2R2 +———0 Vet
[
Figure 14 Trigaer \3
t=0.5 ms/ div
R .
OUTPUT VOLTAGE = 5.0V/div Moduletion
Input
Output O [15%]—0 -
1]
: Ik
4 \/ \/ 4
CAPACITOR VOLTAGE = 1.0V/div
e
R1=R2=48k ,C1=0.1 F,R.=1k
57

Figure 15 : Free Running Frequency versus Ry,
Rz and C1

(R
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0.1 R

1.0

/

M

N
0.001 \

0.1 1 10 100 1tk 10k f,(Hz)

0.01

il

VAvAVavA

PULSE WIDTH MODULATOR

When the timer is connected in the monostable
mode and triggered with a continuous pulse train,
the output pulse width can be modulated by a signal
appliedto pin 5. Figure 16 shows the circuit.

Figure 16 : Pulse Width Modulator.
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LINEAR RAMP

When the pullup resistor, Ra, in the monostable cir-
cuitis replaced by a constant current source, a linear
ramp is generated. Figure 17 shows a circuit con-
figuration that will perform this function.

Figure 17.

Trigger

Output

Figure 18 shows waveforms generator by the iinear
ramp.

The time interval is given by :
2B3VecRe Ry Ry C

T 0.6V
\ BE
Ri Vec Ve R1 'R
Figure 18 : Linear Ramp.
/,-2
" A
e :
/
Pl //
Vce = 5V Top trace : input 3V/DIV
Time = 20 s/DIV Middle trace : output 5V/DIV
R1 = 47k Bottom trace : output 5\V//DIV
R2 = 100k Bottom trace : capacitor voltage
Re = 2.7k 1V/DIV
C=001F

50% DUTY CYCLE OSCILLATOR

For a 50% duty cycle the resistors Ra and Re may
be connected as in figure 19. The time preriod forthe
output high is the same as previous,

t1 = 0693 Ra

(&

4

Fér the outputlow it ist2 = :
RB ZRZ
[RaR 8/ Ra RB]CLn 2Rs Ra J
g

Thus the frequency of oscillationis f
A ot
Note that this circuit will not oscillate if Rg is greater

Figure 19: 50% Duty Cycle Oscillator.

Q
Vdc
Ve

51k
. 2 =
22k
NES55
Outo——{.l] ol 01 B Ham
L1J TO 01 F

than 1/2 Ra because the junction of Ra and Rs
can- not bring pin 2 down to 1/3 Vo and triggerthe
lower comparator.

ADDITIONAL INFORMATION

Adequate power supply bypassing is necessary to
protect associated circuitry. Minimum  recom-
mended is 0.1 F in parallel with 1 F electrolytic.

%)

86



NES555/SA555/SE555

PACKAGE MECHANICAL DATA

8 PINS - PLASTIC DIP

o4
, e
s g s — L - =
S J  RR
= g pl
. ILBTBI ] 3
jat =R e
a : I |
Z
o
Of18 15
8 §
) e
1 4
A
Millimeters Inches
Min. Typ. Max. Min. Typ. Max.
3.32 0.131
ail 0.51 0.020
B 1.15 7.65 0.045 0.065
b 0.356 0.55 0.014 0.022
b1 0.204 0.304 0.008 0.012
D 10.92 0.430
E 7.95 9.75 0.313 0.384
e 2.54 0.100
ed 7.62 0.300
e4 7.62 0.300
F 6.6 0260
i 5.08 0.200
B 3.18 3.81 0.125 0.150
z 1 H2 0.060

%)
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PACKAGE MECHANICAL DATA

8 PINS - PLASTIC MICROPACKAGE (SO)

L
=
o <t 3
1 iEEI s
8 1
A e i J =
e E il
D
.j-_
0 [0 [
; y r
8 5
L
[ 4
Q y, )
Di : Millimeters Inches
ey Min. Ty p. Max. Min. Typ. Max.
A 175 0.069
al 01 0.25 0.004 0.010
a2 165 0.065
a3 0.65 0.85 0026 0.033
b 035 0.48 0.014 0.019
b1 0.19 0.25 0.007 0.010
c 025 05 0.010 0,020
ct 45° (typ.)
D 48 50 0.189 0.197
E 58 62 0228 0.244
e o7 050
3 B 0.50
F 38 40 0.150 0.157
L 04 127 0.016 0.050
M 06 0.024
s 8° (max.)

Information furnished is believed to be accurate and reliable. However, STMicroelectronics assumes no responsibility for
the consequences of use of such information nor for any infringement of patents or othe r rights of third parties which may
result from its use. No license is granted by implication or otherwise under any patent or patent rights of STMicroelectronics.
Specifi- cations mentioned in this pub lication are subject to change without notice. This publication supersedes and replaces
all infor- mation previously supplied. STMicroelectronics products are not authorized for use as critical components in

life supportdevices or systems without express written approval of STMicroelectronics.
© The STlogois a trademark of STMicroelectronics

© 1998 STMicroelectronics — Printedin Italy — All Rights Reserved

STMicroelectronics GROUP OF COMPANIES

Australia - Brazil - Canada - China - France - Germany - ltaly - Japan - Korea - Malaysia- Malta- Mexico - Morocco
The Netherlands - Singapore- Spain - Sweden - Switzerland - Taiwan - Thailand - United Kingdo m- U.S.A.
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ANALOG
DEVICES

Low Cost
Analog Multiplier

AD633

FEATURES

4-quadrant multiplication

Low cost, 8-lead SOIC and PDIP packages
Complete—no external components required
Laser-trimmed accuracy and stability

Total error within 2% of full scale

Differential high impedance X and Y inputs
High impedance unity-gain summing input
Laser-trimmed 10 V scaling reference

APPLICATIONS

Multiplication, division, squaring
Modulation/demodulation, phase detection
Voltage-controlled amplifiers/attenuators/filters

GENERAL DESCRIPTION

The AD633 is a functionally complete, four-quadrant, analog
multiplier. It includes high impedance, differential X and Y inputs,
and a high impedance summing input (Z). The lowimpedance
output voltage is a nominal 10V full scale provided by a buried
Zener. The AD633 is the first product to offer these features in
modestly priced 8-lead PDIP and SOIC packages.

The AD633 is laser calibrated to a guaranteed total accuracy of
2% of full scale. Nonlinearity for the Y input is typically less
than 0.1% and noise referred to the output is typically less than
100 uV rms in a 10 Hz to 10 kHz bandwidth. A 1 MHz bandwidth,
20 V/ps slew rate, and the ability to drive capacitive loads make
the AD633 useful in a wide variety of applications where
simplicity and cost are key concerns.

The versatility of the AD633 is not compromised by its
simplicity. The Z input provides access to the output buffer
amplifier, enabling the user to sum the outputs of two or more
multipliers, increase the multiplier gain, convert the output
voltage to a current, and configure a variety of applications.

Rev. G

Information furnished by Analog Devices is believed to be accurate and rdiable However, no
responsibility is assumed by Analog Devices for its use, nor for any infringements of patents or other
rights of third parties that may result from its use. Specifications subject tochange without notice.
No license is granted by implication or otherwise under any patent or patent rights of Analog
Devices. Trademarksand registered trademarks arethe property of their respective owners.
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CONNECTION DIAGRAMS
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Figure 1. 8-Lead PDIP
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ADB633JR/AD633AR

w = XK1-X2V1-Y2)
10V

Figure 2. 8-Lead SOIC

00786-002

The AD633 is available in 8-lead PDIP and SOIC packages. It is
specified to operate over the 0°Cto 70°C commercial temperature
range (J Grade) or the —40°C to +85°C industrial temperature
range (A Grade).

PRODUCT HIGHLIGHTS

1. The AD633 is a complete four-quadrant multiplier offered
in low cost 8-lead SOIC and PDIP packages. The resultis a
product that is cost effective and easy to apply.

2. No external components or expensive user calibration are

required to apply the AD633.

3. Monolithic construction and laser calibration make the
device stable and reliable.

4. High (10 MQ) input resistances make signal source
loading negligible.

5. Power supply voltages can range from +8 Vto +18 V. The
internal scaling voltage is generated by a stable Zener diode;
multiplier accuracy is essentially supply insensitive.

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, US.A.
Tel: 781.329.4700 www.analog.com
Fax:781.461.3113 ©2010 Analog Devices, Inc. Allrights reserved.
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SPECIFICATIONS
Ta =25°C, Vs =15 V,R. 22 kQ.
Table 1.
ADG633J,AD633A
Parameter Conditions Min Typ Max Unit
TRANSFER FUNCTION (x1-x2)r1-12)
W=~ _+7
10 V
MULTIPLIER PERFORMANCE
Total Error -10V<X, Y<+I0V +1 2! % full scale
T to Tmax +3 % full scale
Scale Voltage Error SF =10.00 V nominal +0.25% % full scale
Supply Rejection Vs=+14Vio£l6V +0.01 % full scale
Nonlinearity, X X=£10V,Y=+10V +0.4 +1! % full scale
Nonlinearity, Y Y=+10V,X=+10V +0.1 +0.4! % full scale
X Feedthrough Y nulled, X =+10V +0.3 +1! % full scale
Y Feedthrough Xnulled, Y =+10V +0.1 +0.4! % full scale
Output Offset Voltage +5 +50! mV
DYNAMICS
Small Signal Bandwidth Vo =0.1V rms 1 MHz
Slew Rate Vo =20Vp-p 20 Vs
Settling Time to 1% AVo=20V 2 us
OUTPUT NOISE
Spectral Density 0.8 uVAHz
Wideband Noise f=10Hzto 5 MHz 1 mV rms
f=10Hzto 10kHz 90 pVims
OUTPUT
Output Voltage Swing S %
Short Circuit Current Ru=0Q 30 40! mA
INPUT AMPLIFIERS
Signal Voltage Range Differential +10! 'AY
Common mode +10! mV
Offset Voltage (X, Y) +5 +30! dB
CMRR (X, Y) Var==10 V,f= 50 Hz 60" 80 WA
Bias Current (X,Y,Z) 0.8 2.0! MQ
Differential Resistance 10
POWER SUPPLY
Supply Voltage
Rated Performance *+15 \AY
Operating Range +8! +18! mA
Supply Current Quiescent 4 6!

! This specification was tested on all production units at electrical test. Results from those tests are used to calculate outgoing quality levels. Allminimum and
maximum specifications are guaranteed; however, only this specification was tested on all production units.
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ABSOLUTE MAXIMUM RATINGS

Table 2.

Parameter Rating
Supply Voltage +18V
Internal Power Dissipation 500 mW
Input Voltages' +18V
Output Short-Circuit Duration Indefinite

Storage Temperature Range
Operating Temperature Range
AD633]
ADG633A
Lead Temperature (Soldering, 60 sec)
ESDRating

-65°C to +150°C

0°C to 70°C
-40°C to +85°C
300°C

1000V

! For supply voltages less than 18 V, the absolute maximum input voltage

isequal to the supply voltage.

Stresses above those listed under Absolute Maximum Ratings
may cause permanent damage to the device. This is a stress
rating only; functional operation ofthe device at these or any
other conditions above those indicated in the operational
section of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect
device reliability.

THERMAL RESISTANCE

01 is specified for the worst-case conditions, that is,a device
soldered in a circuit board for surface-mount packages.

Table 3.

Package Type 0a Unit

8-Lead PDIP 90 °C/W

8-Lead SOIC 155 °C/W

ESD CAUTION
ESD (electrostatic discharge) sensitive device.
Charged devices and circuit boards can discharge

‘ without detection. Although this product features

patented or proprietary protection circuitry, damage

‘2 \ may occur on devices subjected to high energy ESD.

Therefore, proper ESD precautions should be taken to
avoid performance degradation or loss of functionality.
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TYPICAL PERFORMANCE CHARACTERISTICS
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FUNCTIONAL DESCRIPTION

The AD633 is a low cost multiplier comprising a translinear
core, a buried Zener reference, and a unity-gain connected
output amplifier with an accessible summing node. Figure 9
shows the functional block diagram. The differential X and Y
inputs are converted to differential currents by voltage-to-
current converters. The product of these currents is generated
by the multiplying core. A buried Zener reference provides an
overall scale factor of 10 V. The sum of (X x Y)/10+ Z is then
applied to the output amplifier. The amplifier summing node Z
allows the user to add two or more multiplier outputs, convert
the output voltage to a current, and configure various analog
computational functions.

x1 E Z] g

o] Bk

Y1 E ov E z

oy -

ADB33
Figure 9. Functional Block Diagram (AD633JN PinoutShown)

0786-009

Inspection ofthe block diagram shows the overall transfer
function is

_n-xfn -l 5

107 i

ERROR SOURCES

Multiplier errors consist primarily of input and output offsets,
scale factor error, and nonlinearity in the multiplying core. The
input and output offsets can be eliminated by using the optional
trim of Figure 10. This scheme reduces the net error to scale
factor errors (gain error) and an irreducible nonlinearity
component in the multiplying core. The X and Y nonlinearities
are typically 0.4% and 0.1% of full scale, respectively. Scale
factor error is typically 0.25% of full scale. The high impedance
Z input should always reference the ground point of the driven
system, particularly ifit is remote. Likewise, the differential X
and Y inputs should reference their respective grounds to
realize the full accuracy of the AD633.

+Vg
+50mV
sk 300KQ ¢ TO APPROPRIATE
INPUT TERMINAL
1kQ " (FOR EXAMPLE, X2, Y2, Z)
e g

Figure 10. Optional OffsetTrim Configuration
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APPLICATIONS INFORMATION

The AD633 is well suited for such applications as modulation
and demodulation, automatic gain control, power measurement,
voltage-controlled amplifiers, and frequency doublers. These
applications show the pin connections for the AD633JN (8-lead
PDIP), which differs from the AD633JR (8-lead SOIC).

MULTIPLIER CONNECTIONS

Figure 11 shows the basic connections for multiplication. The X
and Y inputs normally have their negative nodes grounded, but
they are fully differential, and in many applications, the grounded
inputs may be reversed (to facilitate interfacing with signals ofa
particular polarity while achieving some desired output polarity),
or both may be driven.

(X1 = X2)(Y1-Y2)
[ a——— 4
10V

00786-011

-15V
Figure 11. Basic Multiplier Connections

SQUARING AND FREQUENCY DOUBLING

As is shown in Figure 12, squaring ofan input signal, E, is
achieved simply by connecting the X and Y inputs in parallel to
produce an output of E¥/10 V. The input can have either polarity,
but the output is positive. However, the output polarity can be
reversed by interchanging the X or Y inputs. The Z input can be
used to add a further signal to the output.

00786-012

Figure 12. Connections forSquaring

When the input is a sine wave E sin ot, this squarer behaves as a
frequency doubler, because

Esi g
L%Ig)i:?]g—f(l—coszwt) -

Equation 2 shows a dc term at the output that varies strongly
with the amplitude ofthe input, E. This can be avoided using
the connections shown in Figure 13, where an RCnetwork is
used to generate two signals whose product has no dc term. It
uses the identity

cosHsin6?=—;-(sin29) 3)
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|4 ¢ 0.1pF
X1 *VS 8
B2

X2 Wil7 l—d_o Was—
AD633JN i e
Y1 z[s}———%
$R2
¥2 Vs [F}—— 473"“
G t E
0.1pF & g
-15V g

Figure 13. Bounceless Frequency Doubler

At o = 1/CR, the X input leads the input signal by 45° (and is
attenuated by 2), and the Y input lags the X input by 45° (and
is also attenuated by V2). Becausee the X and Y inputs are 90° out

of phase, the response of the circuit is (satisfying Equation 3)

= s 2E :
W—mf(smmt+45 )f(smmt+45)

oY) 4 2 :
= (G) (sin2 1) )

which has no dc component. Resistors R1 and R2 are included
to restore the output amplitude to 10 V for an input amplitude
of 10 V.

The amplitude of the output is only a weak function of frequency;
the output amplitude is 0.5% too low at = 0.9 @0 and o = 1.1 0.
GENERATING INVERSE FUNCTIONS

Inverse functions of multiplication, such as division and square
rooting, can be implemented by placing a multiplier in the feedback
loop of an op amp. Figure 14 shows how to implement square
rooting with the transfer function for the condition E <0.

W = J-(0EW )

+15V
T

7
1N4148

Oz

8
= 0-15V
5

0.1pF

000786-014

——e——0W =V{10V)E
Figure 14. Connections for Square Rooting
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Likewise, Figure 15 shows how to implement a divider using a
multiplier in a feedback loop. The transfer function for the
divider is

W'=—OOV)§L (6)

R
10kQ

00786-015

Figure 15. Connections for Division

VARIABLE SCALE FACTOR

In some instances, it may be desirable to use a scaling voltage
other than 10 V. The connections shown in Figure 16 increase
the gain of the system by the ratio (R1+ R2)/R1. This ratio is
limited to 100 in practical applications. The summing input, S,
can be used to add an additional signal to the output, or it can
be grounded.

+15V
0.1uF
8
7} oW_(x1-x2)(\r1-Yz){muu\+s
R1 1ov \'R1 /
— 1kQ < R1, R2 5 100kQ)
R2
0.1uF| &
s

00786-018

-18V

Figure 16. Connections forVariable Scale
Factor

CURRENT OUTPUT
The voltage output of the AD633 can be converted to acurrent

the AD633 as shown in Figure 17.
+15V

1 [ (x1-x2v1- ]

"R 10
1KQ <R < 100k

00786-017

Figure 17. Current Output Connections

This arrangement forms the basis of voltage-controlled integrators
and oscillators as is shown later in this section. The transfer
function of this circuit has the form
1 (XI-X2)¥I-Y2)

R 10V

I, O

LINEAR AMPLITUDE MODULATOR

The AD633 can be used as a linear amplitude modulator with
no external components. Figure 18 shows the circuit. The
carrier and modulation inputs to the AD633 are multiplied to
produce a double sideband signal. The carrier signal is fed
forward to the Z input of the AD633 where it is summed with
the double sideband signal to produce a double sideband with
the carrier output.

+15V

w/ 0.1uF

MODULATION + o-—-—E X1 +Vg |8 |$
INPUT E
7 w = 1+
:}—-——-O ( o0V ) Ec sin wt

0 -o—7]
CARRIER o .___E 8 |.—

INPUT
a]Y2 Vs |5
sin wt 6_r—_
3 0.1pF

-16V

X2 W
AD633JN
Y1 z

00786-018

Figure 18. Linear Amplitude Modulator

VOLTAGE-CONTROLLED, LOW-PASS AND
HIGH- PASS FILTERS
Figure 19 shows a single multiplier used to build a voltage-

controlled, low-pass filter. The voltage at Output A is a result
of filtering, Es. The break frequency is modulated by Ec, the control
input. The break frequency, /2, equals

g Kk ®
2 0¥ kRC
and the roll-off is 6 dB per octave. This output, which isat a
high impedance point, may need to be buffered.

dB
fa fy
0 f
-6dBIOCTAVE /
0.1pF OUTPUT A QUTRUITS
|65
CONTROL (o] s
INPUT E¢ o_t X2 w OUTPUT B = T+_-——
ADB33JN L F——%%er
INPUT Es o[ ] 0 1+TP
Y2 Vs i 1
Ty =— =R
j-r,j(-m g SBTE S :
AN il ol |
16V 27w,  EcRe 2

Figure 19. Voltage-Controlled, Low-Pass Filter

The voltage at Output B, the direct output of the AD633, has the
same response up to frequency fi, the natural breakpoint of RC
filter, and then levels off'to a constant attenuation of fi/f; = Ec/10.

1

e 9
V' 2xRC )
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For example, if R= 8 kQ and C=0.002 pF, then Output A hasa
pole at frequencies from 100Hz to 10 kHz for Ec ranging from
100 mV to 10 V. Output Bhas an additional 0 at 10 kHz (and
can be loaded because it is the low impedance output of the
multiplier). The circuit can be changed to a high-pass filter Z
interchanging the resistor and capacitor as shown in Figure 20.

dB
A\, f,
0 1
+18V e
/\ OUTPUT B
0AuF +6dB/OCTAVE
= OUTPUTA
CONTROL
INPUT Ec [T}—— o OUTPUTB
SIGNAL AD633JN i =x=c
Y1 z[s 0 OUTPUTA
INPUTEg ! 1
5 R
| 0.1pF '

L

o

<
007686-020

Figure 20. Voltage-Controlled, High-Pass Filter

VOLTAGE-CONTROLLED QUADRATURE
OSCILLATOR

Figure 21 shows two multipliers being used to form integrators
with controllable time constants in second-order differential
equation feedback loop. R2 and R5 provide controlled current
output operation. The currents are integrated in capacitors C1
and C2, and the resulting voltages at high impedance are applied

to the X inputs of the next AD633. The frequency control input,
D5
1N5236

Ec, connected to the Y inputs, varies the integrator gains with a
calibration of 100 Hz/V. The accuracy is limited by the Y input
offsets. The practical tuning range of this circuit is 100:1. C2
(proportional to C1 and C3),R3, and R4 provide regenerative
feedback to start and maintain oscillation. The diode bridge, D1
through D4 (IN914s), and Zener diode D5 provide economical
temperature stabilization and amplitude stabilization at 8.5V
by degenerative damping. The output from the second integrator
(10 V sin ot) has the lowest distortion.

AUTOMATIC GAIN CONTROL (AGC) AMPLIFIERS

Figure 22 shows an AGC circuit that uses an rms-to-dc
converter to measure the amplitude of the output waveform.
The AD633 and Al, %2 of an AD712 dual op amp, form a
voltage-controlled amplifier. The rms-to-dc converter, an
AD736, measures the rms value of the output signal. Its output
drives A2, an integrator/comparator whose output controls the
gain of the voltage-controlled amplifier. The 1N4148 diode
prevents the output of A2 from going negative.R8, a 50kQ
variable resistor, sets the output level ofthe circuit. Feedback
around the loop forces the voltages at the inverting and
noninverting inputs of A2 to be equal, thus the AGC.

O (10V) cos wt
185V 1 2
'|v" 0.1pF 1em
/ 0.1uF
3 +Vg |8
R2 11X1 s
16kQ
[z] x2 w 7] (10V) sin wt
- C1 AD633JN ¢ RS
I~ 0.1pF _____E Y1 z E L 16kQ
0.1yF =i C3
‘,7__|z Y2 Vs[5 g 0.1pF
_1sv f el g
8

kHz
10V

Figure 21. Voltage-Controlled Quadrature Oscillator
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R2 R3 R4
1kQ 10kQ 10kQ

v AGC THRESHOLD
ADJUSTMENT

c1
il 0 Eour
RS
10k
R6
E 0— 3—% e
5 | v
7] c. commo +H16V
' 8 0.1pF
15V —z] v +Vg
AD736
c2 L]ce outpur o ——
0.02yF 0.14F
{F {H'I——E Vs Cav|s
0.2pF
_____.,I I.__1w)_ -16V {1
LLE
ca
33pF
RO
1N4148
10kQ Y, +15V
v . OUTPUT
% RS
LEVEL
é”m ADJUST
:
8

Figure 22. Connections for Use in Automatic Gain Control Circuit

98



AD633

OUTLINE DIMENSIONS

0.400 (10.16)
-»| 0.365(9.27) |«
0.355 (9.02)
[N )
L 5(| 0.280(7.11)
0.250 (6.35)
. 4.[| 9.240(8.10) 0.325 (8.25)
1= :.'.-' 7 ) 0.310 (7.87)
0.100 (254) 0.300 (7.62)
BSC 0.060 (1.52) o [<- 0.196 (4.95)
0.210 (:ﬁ?&) MAX 0.130 (3.30)
o ?60235) PO B — O
bt bt b4 8 0.015 (0.38 \ (
i) ‘—fMIN %é%ﬁéj . 0.014 (0.36)
Ll q‘gawc 0:010:0:25)
0022 {0.86) 'l Mo.so 0™ > %
0.018 (0.45) ‘e 2,00 O e
0.014 (0.36)
0.070 (1.78)
0.060 (1.52)
0.045 (1.14)

COMPLIANT TO JEDEC STANDARDS MS-001
CONTROLLING DIMENSIONS ARE IN INCHES; MILLIMETER DIMENSIONS
(IN PARENTHESES) ARE ROUNDED-OFF INCH EQUIVALENTS FOR
REFERENCE ONLY AND ARE NOT APPROPRIATE FOR USE IN DESIGN.
CORNER LEADS MAY BE CONFIGURED AS WHOLE OR HALF LEADS.

Figure 23.8-Lead Plastic Dual-in-Line Package [PDIP]
N-8)
Dimensions shown in inches and (millimeters)

£.00(0.1968)
*4580(0.1880)[ "
AAAAR]
; 8 5
4.00 (0.1574) 6.20 (0.2441)
380 (0.1497) |3 || 580(0:2282)
T L
127 (0.0500) 0.50 (0.0196) , ..
BSC 1.75(0.0688) " .25 (0.0098) " *°
0.25(0.0098) __ |4 1.36(0.0532)
0.10(0.0040) § | ] o'—e_L
COPLANARITY B _]L 0.51(0.0201) o 7»(:) l;—soo)
0.10 0.31(0.0122) 0.25 3.27(010500)
SEATING 040 (0.
S (rrE06T) (0.0157)

COMPLIANT TO JEDEC STANDARDS MS-012-AA
CONTROLLING DIMENSIONS ARE IN MILLIMETERS; INCH DIMENSIONS
(IN PARENTHESES) ARE ROUNDED-OFF MILLIMETER EQUIVALENTS FOR
REFERENCE ONLY AND ARE NOT APPROPRIATE FOR USE IN DESIGN.

Figure 24. 8-Lead Standard Small Outline Package
[SOIC_N]Narrow Body
R-8)

Dimensions shown inmillimeters and (inches)

012407-A
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ORDERING GUIDE

Model' Temperature Range Package Description Package Option
AD633AN -40°C to +85°C 8-Lead Plastic Dual-in-Line Package [PDIP] N-8
AD633ANZ -40°C to +85°C 8-Lead Plastic Dual-in-Line Package [PDIP] N-8
ADG633AR -40°C to +85°C 8-Lead Standard Small Outline Package [SOIC_N] R-8
AD633 AR-REEL -40°C to +85°C 8-Lead Standard Small Outline Package [SOIC_N], 13" Tape and Reel R-8
ADG633 AR-REEL7 -40°C to +85°C 8-Lead Standard Small Outline Package [SOIC_N], 7" Tape and Reel R-8
ADG633ARZ -40°C to +85°C 8-Lead Standard Small Outline Package [SOIC_N] R-8
ADG633ARZ- ~40°C to +85°C 8-Lead Standard Small Outline Package [SOIC_NJ, 13" Tape and Reel R-8
R7 -40°C to +85°C 8-Lead Standard Small Outline Package [SOIC_N], 7" Tape and Reel R-8
AD633ARZ-RL 0°C to 70°C 8-Lead Plastic Dual-in-Line Package [PDIP] N-8
AD633IN 0°C to 70°C 8-Lead Plastic Dual-in-Line Package [PDIP] N-8
AD633INZ 0°C to 70°C 8-Lead Standard Small Outline Package [SOIC_N] R-8
ADG633JR 0°C to 70°C 8-Lead Standard Small Outline Package [SOIC_N], 13" Tape and Reel R-8
AD633JR-REEL 0°C to 70°C 8-Lead Standard Small Outline Package [SOIC_N],7" Tape and Reel R-8
AD633JR-REEL7 0°C to 70°C 8-Lead Standard Small Outline Package [SOIC_N] R-8
ADG633JRZ 0°C to 70°C 8-Lead Standard Small Outline Package [SOIC_N], 7" Tape and Reel R-8
AD633JRZ- 0°C to 70°C 8-Lead Standard Small Outline Package [SOIC_NJ, 13" Tape and Reel R-8

! Z = RoHS Compliant Part.

©2010 Analog Devices, Inc. All rights reserved. Trademarks
and registered trademarks are the property of their respective

owners,

D00786-0-4/10(G)

= ANALOG
DEVICES
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_intersil CD4060BM.S

CMOS 14 Stage Ripple-Carry

December 1992 Binary Counter/Divider and Oscillator
Features Pinout
 High Voltage Type (20V Rating)
\J
* Common Reset Q12 Ll—- E Yob
Q13 Q10
¢ 12MHz Clock Rate at 15V = =l
Q14 [3] 7] 08
¢ Fully Static Operation Q6 E WS
¢ Buffered Inputs and Outputs Qs [5] 2] RESET
* Schmitt Trigger Input Pulse Line QS ] <1
: 5 s g Q4 E E s
* Standardized, Symmetrical Qutput Characteristics
vSS 9] «
* 100% Tested for Quiescent Current at 20V :l

*5V, 10V and 15V Parametric Ratings

» Meets All Requirements of JEDEC Tentative Standard
No. 13B, “Standard Specifications for Description of Functional Diagram
‘B’ Series CMOS Devices”

Oscillator Features Q4 :
* All Active Components on Chip Qs :
* RC or Crystal Oscillator Configuration Q6 O
* RC Oscillator Frequency of 690kHz Min. at 15V Q7
R (:)___,___ _____(: )
; i 14 STAGE Q8
Applications rrE  —(T)
COUNTER Q9
AND _(:: }
* Control counters ) OSCILLATOR 010
* Timers J @'—’_ QT@
¢ Frequency Dividers _‘—'@
Q13
=y S VsS=8
Time Delay Circuits pastt QT@

Description

CD4060BMS consists of an oscillator section and 14 ripple d‘”O—"—

carry binary counter stages. The oscillator configuration allows 7.,10__4_—.
design of either RC or crystal oscillator circuits. A RESET input

is provided which resets the counter to the all O’s state and dis-
ables the oscillator. A high level on the RESET line accom-
plishes the reset function. All counter stages are master slave,
flip-flops. The state of the counter is advanced one step in

binary order on the negative transition of <I (and ). All inputs|
and outputs are fully buffered. Schmitt trigger action on the
input pulse line permits unlimited input pulse rise and fall times.

The CD4060BMS is supplied in these 16 lead outline pack-

ages:
Braze Seal DIP H4W
Frit Seal DIP H1F

Ceramic Flatpack = H6W

CAUTION: These devices are sensitive to electrostatic discharge; follow proper IC Handling Procedures. File Number 33 1 7
1-888-INTERSIL or 321-724-7143 | Copyright = Intersil Corporation 1999 101




Specifications CD4060BMS

Absolute Maximum Ratings

Reliability Information

DC Supply Voltage Range, (VDD) .. ............. -05Vto+20V  Thermal Resistance ................ s e
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package . . . .. 80°C/W 20°C
Input Voltage Range, All Inputs ... .......... -0.5V to VDD +0.5V Flatpack Package ................ 70°C/W 20°C/W
DC Input Current, AnyOne Input . ...y 2110mA Maximum Package Power Dissipation (PD) at +125°C
Operating Temperature Range . ... ............ -55°C to +125°C For TA = -55°C to +100°C (Package Type D, F, K). ... .. 500mW
Package Types D, F, K, H For TA = +100°C to +125°C (Package Type D, F, K) ..... Derate
Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity at 12mW/C to 200mW
Lead Temperature (During Soldefing) ................. +265°C Device Dissipation per Output Transistor . .. ............ 100mwW
At Distance 1/16= 1/32 Inch (1.59mm = 0.79mm) from case for For TA = Full Package Temperature Range (All Package Types)
10s Maximum Junction Temperature . .. ............ ..., +175°C
TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS
GROUP A LD
PARAMETER SYMBOL CONDITIONS (NOTE 1) SUBGROUPS TEMPERATURE MIN | MAX |UNITS
Supply Current IDD VDD =20V, VIN =VDD or GND q +25°C - 10 aA
2 +125°C - 1000 | »A
VDD = 18V, VIN =VDD or GND 3 -55°C - 10 nA
Input Leakage Current I VIN =VDD orGND |VDD =20 1 +25°C -100 - nA
2 +125°C -1000 - nA
VDD = 18V 3 -55°C -100 - nA
Input Leakage Current IIH VIN=VDD orGND |VDD =20 9 +25°C - 100 nA
2 +125°C - 1000 nA
VDD = 18V 3 L e
Output Voltage VOL15 |VDD =15V, No Load 182, 8 +25°C, +125°C, -55°C - 50 mV
Output Voltage VOH15 |VDD =15V, No Load (Note 3) 1.8 +25°C, +125°C, -55°C 14.95 - \%
Output Current (Sink) IOL5  |VDD =5V, VOUT = 0.4V 1 +25°C 0.53 - mA
(Excluding pins 9 & 10) 8176 [VDD = 10V, VOUT = 0.5V 7 725G AN - [TmA
I0L15  |VDD =15V, VOUT = 1.5V 1 +25°C 35 - mA
Output Current (Source)] IOH5A |VDD =5V, VOUT = 4.6V 1 +25°C - -0.53 | mA
(Excluding pins 9 & 10) ™ GH5E [VDD = 5V, VOUT = 2.5V 7 T25°C 18 [mA
IOH10 |[VDD =10V, VOUT = 9.5V 1 +25°C - 14 mA
IOH15  |VDD = 15V, VOUT = 13.5V 1 +25°C - -35 mA
N Threshold Voltage VNTH |VDD =10V, ISS =-10aA 1 +25°C 2igi =20 Y]
P Threshold Voltage VPTH |VSS =0V, IDD = 10sA 1 +25°C 0.7 28 Y
Functional F VDD = 2.8V, VIN = VDD or GND 7 +25°C VOH>|VOL<]| V
VDD = 20V, VIN = VDD of GND 7 ¥25°C MDD VD2
VDD =18V, VIN = VDD or GND 8A +125°C
VDD = 3V, VIN = VDD or GND 8B -55°C
Input Voltage Low VIL VDD =5V, VOH >4.5V, VOL < 0.5V 10243 +25°C, +125°C, -55°C - 1:5 V
(Note 2)
Input Voltage High VIH VDD =5V, VOH > 4.5V, VOL < 0.5V 1523 +25°C, +125°C, -55°C 35 - V
(Note 2)
Input Voltage Low VIL VDD =15V, VOH > 13.5V, 1,2,3 +25°C, +125°C, -55°C - 4 \Y
(Note 2) VOL < 1.5V
Input Voltage High VIH VDD = 15V, VOH > 13.5V, 1:2:13 +25°C, +125°C, -55°C 11 - \
(Note 2) VOL < 1.5V
NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit
implemented. is 0.050V max.

2. Go/No Go test with limits applied to inputs.
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Specifications CD4060BMS

TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS

GROUP A B
PARAMETER SYMBOL| CONDITIONS (NOTES 1, 2) SUBGROUPS TEMPERATURE MIN MAX | UNITS
Propagation Delay TPHL1 | VDD =5V, VIN = VDD or GND 9 +25°C = 740 ns
Input Pulse Operation TPLH1 CTOEE] T195°C E5°C = 399 o=
<l to Q4 i :
Propagation Delay TPHL2 [VDD =5V, VIN = VDD or GND 9 +25°C - 200 ns
QNto QN +1 TPLH2 70, 11 F125°C, 55°C : 270 ns
Propagation Delay TPHL3 |VDD =5V, VIN =VDD or GND 9 +25°C - 360 ns
RO 70, 11 F125°C, 55°C : 786 s
Transition Time TTHL |VDD =5V, VIN = VDD or GND 9 +25°C - 200 ns
HILA 70, 11 F125°C, 55°C z 270 ns
Maximum Input Pulse Fol VDD =5V 9 +25°C 3.5 = MHz
Frequency VIN = VDD or GND 10, 11 +125°C, 55°C 559 = VFz
NOTES:
1. VDD = 5V, CL = 50pF, RL = 200K
2. -55°C and +125°C limits guaranteed, 100% testing being implemented.
TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS
LIMITS
PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE| MIN MAX | UNITS
Supply Current IDD VDD =5V, VIN = VDD or GND 2 55°C, +25°C - 5 aA
+125°C - 150 aA
VDD =10V, VIN = VDD or GND 1,9 -55°C, +25°C - 10 aA
+125°C - 300 aA
VDD =15V, VIN = VDD or GND T -55°C, +25°C e 10 aA
+125°C - 600 aA
Output Voltage VOL VDD =5V, No Load 42 #26:CL5:425°C, - 50 mV
-55°C
Qutput Voltage VOL VDD =10V, No Load 1.2 +25°C, +125°C, - 50 mV
-55°C
Output Voltage VOH VDD =5V, No Load 2 +25°C, +125°C, 4.95 - \
-55°C
Output Voltage VOH VDD =10V, No Load 2 +26°C,+125°C, 9.95 - Vv
-55°C
Output Current (Sink) 10L5 VDD =5V, VOUT = 0.4V 1= +125°C 0.36 - mA
(Excluding pins 9 & 10) E5C 564 - A
Output Current (Sink) [OL10 | VDD =10V, VOUT = 0.5V 122 +125°C 0.9 - mA
(Excluding pins 9 & 10) 55°C 16 = A
Output Current (Sink) IOL15  |VDD =15V, VOUT = 1.5V 1,2 +125°C 24 3 mA
(Excluding pins 9 & 10) 55°C a5 = A
Output Current IOH5A  [VDD =5V, VOUT = 4.6V 1,2 +125°C - -0.36 mA
(Source) B5°C = 064 | mA
(Excluding pins 9 & 10)
Output Current IOH5B VDD =5V, VOUT =2.5V 1,2 +125°T 2 -1.15 mA
(Source) B5C = 70 [ WA
(Excluding pins 9 & 10)
Output Current I0H10 VDD =10V, VOUT = 9.5V 152 15T 5 09 mA
(Source) B5C x T mA
(Excluding pins 9 & 10)
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued)

LIMITS
PARAMETER SYMBOL CONDITIONS NOTES |TEMPERATURE| MIN | MAX | UNITS
Output Current IOH15 VDD =15V, VOUT = 13.5V 1,2 +125°C - 2.4 mA
ﬁgislfdeaﬁg pins 9 & 10) DG I e s
Input Voltage Low VIL VDD =10V, VOH > 9V, 1,2 +25°C, +125°C, - 3 \
VOL <1V 55°C
Tnput Voltage High VIH | VDD =10V, VOH > 9V, 5] TI5°C, +125°C, | +7 § v
VOL <1V 55°C
Drive Current at Pin 9 oL VDD =5V, VO = 4V 3 +25°C 0.16 : mA
Oscillator Design VDD = 10V, VO = 5V 3 ¥25°C 0.42 : A
VDD = 15V, VO = 1.5V 3 ¥25°C 70 - mA
Drive Current at Pin 9 IOH VDD =5V T, 288 +25°C - -16 mA
Osciliator Design VDD =10V 7,23 725°C : 2 | mA
VDD = 15V 773 ¥25°C E 70 mA
Propagation Defay TPALT | VDD = 10V 12,3 +25°C i 300 ns
Input Pulse =l to Q4 TPLHT - R/BB =75V 1723 T95°C = 300 s
Propagation Delay TPHL2 |VDD =10V In2K3 +25°C 3 100 ns
QNto QN +1 TPLHZ2  I7BD =15v 123 +25°C = 80 ns
Propagation Delay TPHL3 |VDD =10V 1253 +25°C - 160 ns
RESET DD = 15V 163 T25°C 2 700 ns
Transition Time TTHL | VDD =10V T.2E 25°C . 00 ns
TTILH oD =15V 12,3 T25°C 3 ) ns
Maximum Input Pulse Fgl VDD =10V T2\ 3 +25°C 8 = MHz
Frequency VDD =15V 72,3 TF25°C 12 e V=53
Minimum RESET Pulse TW VDD =5V 1,2,3 +25°C - 120 ns
Width VDD = 10V 1.2,3 725°C i 60 )
VDD =15V 1,/253 +25°C - 40 ns
Minimum Input Pulse TW VDD =5V q1.\2; 3 +25°C - 100 ns
Width VDD =70V PN T25°C : 0 ns
F = 100kHz
VDD = 15V 123 ¥25°C 3 30 ns
RC Operation RX Max RX VDD =5V, CX = 10aF 2, & +25°C - 20 M&
VDD = 10V, CX = 50F 7.5 ¥25°C = 20 M&
VDD = 15V, CX = 10aF 2,3 T25°C = 10 M&
RC Operation CX Max TX VDD = 5V, RX = 500k& 2.3 ¥25°C = 1000 | oF
VDD =10V, RX = 300k& 2,3 +20°C : 50 aF
VDD = 15V, RX = 300k& 23 +25°C - 50 aF
Maximum Osciliator RX = 5k& | VDD =10V 5 T25°C 530 570 s
Frequency (Note 4) CX=15pF 7B =75V 73 T35°C 590 | 940 e
RC Operation Variation | CX = 200pF | VDD =5V 2,3 +25°C 18 25 kKHz
;’th';;etgusm RRSX; 556ng VBD =10V >3 5T 70 /I =
VDD = 15V ) T25°C 271 77 KAz
Variation of Frequency | CX = 200pF |5V to 10V 253 +25°C - 2 kHz
z’gg‘m\f&?g Change RRSX; 55685 TV t6 15V 23 TI5T = 7 RFZ
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued)

LIMITS
PARAMETER SYMBOL CONDITIONS NOTES |TEMPERATURE| MIN MAX | UNITS
Input Capacitance CIN Any Input 1,2 +25°C - 7.5 pF
NOTES:
1. All voltages referenced to device GND.
2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized
on initial design release and upon design changes which would affect these characteristics.
3. CL =50pF, RL = 200K, Input TR, TF < 20ns.
4. RC Oscillator applications are not recommended at supply voltages below 7V for RX < 50k&.
TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS
LIMITS
PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE| MIN MAX | UNITS
Supply Current DD [VDD = 20V, VIN = VDD or GND 1,4 +25°C = 25 ol
N Threshold Voltage VNTH |VDD =10V, ISS=-10aA V& +25% -2.8 -0.2 \%
N Threshold Voltage -VIN | VDD =10V, ISS = -10sA 1,4 +25°C - ol Y
Delta
P Threshold Voltage VPTH |VSS =0V, IDD=10sA 1,4 +25°C 0.2 2.8 \Y
P Threshold Voltage -VTP |VSS =0V, IDD =10nA 1,4 +25°C - ol \Y
Delta
Functional F VDD =18V, VIN = VDD or GND 1 +25°C VOH > | VOL < \
VDD = 3V, VIN = VDD of GND i 5 B
Propagation Delay Time TPHL |VDD =5V 1,2,3,4 +25°C - 1.35 x ns
TPLH +25°C
Limit
NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit.
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record
TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C
PARAMETER SYMBOL DELTA LIMIT
Supply Current - MSI-2 DD - 10w
Output Current (Sink) IOL5 % 20% X Pre-Test Reading
Output Current (Source) IOH5A x 20% X Pre-Test Reading
TABLE 6. APPLICABLE SUBGROUPS
MIL-STD-883
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD
Initial Test (Pre Burn-In) 100% 5004 172459 DD, 10L5, IOH5A
Interim Test 1 (Post Burn-In) 100% 5004 15059 1DD, IOL5, IOH5A
Interim Test 2 (Post Burn-In) 100% 5004 1579 IDD, I0L5, IOH5A
PDA (Note 1) 100% 5004 1,7, 9, Deltas
Interim Test 3 (Post Burn-In) 100% 5004 155759 IDD, IOL5, IOH5A
PDA (Note 1) 700% 5004 1,7, 9, Deltas
Final Test 100% 5004 2,3, 8A, 8B, 10, 11
Group A Sample 5005 1,2,3,7,8A8B,9, 10, 11
Group B Subgroup B-5 Sample 5005 1,2,3,7,8A 8B, 9, 10, 11, Deltas Subgroups 1, 2, 3, 9, 10, 11
Subgroup B-6 Sample 5005 1,7,9
Group D Sample 5005 1,2/3,8A8B,9 Subgroups 1,2 3
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