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AMB = {x / (x EA)N(x EB)} (2.6)
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& W, (w) Sawiii o uaasd u hifinnuiumndaveailadian A
& ddos  uaasd u Sanuduamdnvesiladian A oo
v a0 J = [ a =
@ ddwn uaaedu ianuiluamninvesiladise A wn
Y A (Y ' a [ a = ] o
& W, () Ay 1 uaaedtu Ianmiiluaninvesiladisn A odreauysel

92187 L, : U—>[0,1]



[ - = 1w Py <31 A a @
3. Mamnuvesilesdion Hadaa A wimAUiedsa B NAsIUD au1¥n u A

@ v s < o I~ a - [ [ d v [~ a
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=1,
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Function
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1 :

i

|
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[
aA
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[ a 4 [ 4
mailuamdngegauosiladian A Fouunududaydnul hgt (A)

hgt (A) = MAX [L() :u EU (2.12)
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Function
! WL, 0.9
A /b -
-4 -2 0 2 4
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< 4
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P~ - Jd o [ a ~ A 1w
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wva J o A | P~ = wva
9. prauAvosueyon lasHadion  (Normalization)  #Wdian A wlfaNLA

Jd 1 A = a 1w
ﬂ?iU@Nﬂﬁqﬁ%ﬂﬁﬂmﬂ memm A 3Jﬂ’3'liJﬁ3J‘la|.imWHﬂ‘lJ

A is Normalized €2 hgt (4) = 1 (2.13)
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1 ) wva o pry
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10. ﬂtuﬁummiﬂ@unnwmﬂww (Convexity) ~ Wewdiwn A vzligueuia

d 3 A d w I a 9 A v 1 dy
asneunnd adedie fansumsiduauisnues A doandeamuion ludase 1

A is Convexity € L, (Au, + (1-Apu) Zmin { M), L)} ;u,u, €U, A €[0,1]  (2.14)
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12. MsauIaavosilewdira (Cardinality)

4 A

J a ad . . = v W
AMalsAISAUIARA (Scalar Cardinality) voIlagian A UUBNANTUWND U D

d o

] Y
1 Jd v a @ = 9y v W
dauanueasilafdumsduandaves u nnda luiladan A Gouunudiodydnuel dedl

/A / =Xy ¢ u EU (2.15)
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da Ay o o { v o &
AFAUIAATUINS ( Relation Cardinality ) U0aflwdisn A UHBNAWANWNS U fio
v

@ 1 1 1 4 da a { @ 4 da a @
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13. UQiiamsiuguvesiladion (Fuzzy Set Operations) MuuawTa A, B u
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PAANTUNAND U LUAAINITNTENT AU

13.1 Union L UL ) = L,V LU()
13.2 Intersection LN HW) = () A Ly(w)

2.2 Wa%aodn (Fuzzy Logic) [5], [6]
2.2.1 NQUANTIDAMAASHUUVIAN
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o Y [ = v
mﬁuﬂ“lw A Lmuﬁaﬂgmuuuﬂmm (Fuzzy Promise)

1
A,—B UNUMISLAINAGWAIUUAYY  (Fuzzy  Implication)

A,0(A,—B)  unudegluuuilad (Fuzzy Conclusion)

£ Y o Yy 9y a 1 o A a dy £ 3| @ =
Fanndosmuatnsduiianumneiumgmsel A, My Faesdlunangmuuuils

1o & Y L4 & { o
liswiludeuniiousumansel A, Tu (A,—>B) ynilsems aziudeagluvuiladisdosth

n3nen Ind9u (Composition (0)) 52114 A, ez (A,—>B) Wazld deaguvuiledosnin

é d' o -3 a o ol
Fadoaginldesdoanainmet A, ldimsaeuInddudy (A,—>B) Mz A, uaz A,

£ v ]
Timideufuianua 3o ldladasin liaunsomdeazl1dluwiuil suileunvniideagy
{ o J a { a A 1 ' ' 19 1
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Y
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2.3 WanAS Tt (Cartesian Relation) [3], [6]

o o a v o
fmuald A, ..., A, duiladsalwenandwins u,, ..., U

u

laghy,,...,u, €U,,...,U

u

NaguAIsiGouIes A, , .., A, fefladmaluenandining U, x ... x U,
(% < a o dy
Handumsituaundnacd
=min Tl s 2.17
IUA]X X/UA (uls >un) {luAl( l) lLlA (u}’l)} ( )
n n

Il

RLEANERN A, = {(1,0.2), 2,0.5), (3,1.0), (4,0.6)}

A, = {(4,0.1),(5,0.4), (6,0.9),(7,0.3)}

Ja A Y
NARUAITNIYOU VDI A, X A, mldan

4 8 “Az = mi“{”A] (“1 )’“Az (“2 )}

100 u,, u, UNUAWITAVDAULA A, LAT A, ATNEIAY
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4 { v o 2 v o
cmmﬂg‘ﬂﬁ 2.11 UM InINNUAUNUT U4 A x A, mﬂlumimmmauwuﬁ
@ gt ° 9 It A 2 v 1 ) I~ a v 2
Aelugderl9smsdwnalayldnaguasidou Fazsuguesssdumsiiumindanng s

1 1 A 9 ey [ o
Tuusazgezidon lommezmniiafeuiufnon

A,
1 2 3 4
1 0.1 0.2 0.2 0.2
2 0.1 0.4 0.5 0.3
A XA, = A
3 0.1 0.4 0.9 0.3
4 0.1 0.4 0.6 0.3

51 2.11 uarasnwFuRLS Ao

o Nod $
2.4 ANNTNNUSHUY (Fuzzy Relation) [3], [6]
fmuald R duanuduiusidasomae A 1Ufs Aefiaa B
Taon A SuilsFoaluenawduins U

] = v o d
Hag B Wuiwdsa luonandunns v

2z 14N Rluxv)=AxB= {((u,v),},lR(u,v)) l (uv)EUX V}

M (u,v) = WL, x B(u,v) = min {].L A(0), ]J,B(v)} min — intersection

~ a wva a o @ { ~ [
1ae# min — intersection APMIURIAMIDUIMDSIIRTUVEsHd Tasvziindnms

'
b O

UfidAns fie wihmsidendssaumsiluaindniliaige fiogluvenaiifiosan

L% 4 1 = U U ‘é d' 1 lﬁ'
fedury Milinguisenquuilalszneudis wa A way e B fegluvenwad
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&National Semiconductor

LM741 Operational Amplifier

General Description

The LM741 series are general purpose operational amplifi-
ers which feature improved performance over industry stan-
dards like the LM709. They are direct, plug-in replacements
for the 709C, LM201, MC1439 and 748 in mos! applications.
The amplifiers offer many features which maks their appli-
cation nearly foolproot: overload protection on the input and

output, no latch-up when the common mode range is ex-
ceedead, as well as freedom {rom oscillations.

The LM741C/LM741E are identical 10 the LM741/LM741A
except that the LM741C/LM741E have their performance
guaranteed over a 0°C to +70°C temperature range, in-
stead of —55°Cto +125°C.

Schematic Diagram
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Absolute Maximum Ratings

If Mllitary/Acrospace speciiied devices are requlred, pl

pistributors for avallabliity and speclfications.

ease contact the National Semiconductor Sales Office/

(Note 5)
LM741A LM741E LM741 LM741C
Supply Voitage £22V 122V 122V +18V
power Dissipation (Note 1} 500 mW 500 mW 500 mW 500 mW
Ditferantial Input Voltage + 30V +30V +30V * 30V
jnput Valtaga (Note 2) +15V - + 15V +15V * 15V
Output Shart Circuit Duration Continuous Continuous Continuous Continuous
Operating Temperature Range -55'Cto +125°C 0°Cto +70°C —55°Cto +125'C 0*Cto +70°C
Storage Temperature Range -65°Cta +150°C ~65°Cto +150°C - 65'Cto +150°C —65°Cic +150°C
Junction Temperature 150°C 100°C 150°C 100°C
Soldering Information
N-Package (10 seconds) 260°C 260°C 260°C 260°C
J- or H-Package (10 saconds) 300°C 300°C 300°C 300°C
M-Package
Vapor Phase {60 seconds) 215°C 215°C 215°C 215°C
infrared (15 seconds) 215°C 215°C 215°C 215°C
See AN-450 ""Surface Mounting Methods and Their Effect on Product Refiability” for other methods of soidering
surface mount devices.
ESOD Tolerar.ce {Note 6} 400V 400Y 400V 400V
Electrical Characteristics (ote3)
Parameter Canditions D74 TA(LNGSIE Lt LAL41C Units
Min | Typ | Max | Min | Typ | Max | Min Typ | Max
input Offsat Voltage Ta = 25°C
Rg < 10k} 10 | 5.0 20 | €0 mv
Rg < 5081 08 | 30 mV
Tamin < Ta < Tamax
Rg < 500 4.0 mv
Rg < 10k 6.0 75 mVv
Average [nput Offset .
Voltage Drift R pvI°c
InpulOffset Voltage Ta = 25°C,Vg = +20V £10 £15 415 mv
Adijustment Range
Input Offset Current Ta = 25'C 3.0 30 20 { 200 20 [ 200 | nA
Tamin < Ta < Tamax 70 85 | 500 300 nA
Avarage Input Offset o
Current Drift 5 HALG
Input Bias Current Tp = 25C 30 80 80 | S00 80 | 500 nA
Tamin = Ta S TaMAX 0.210 1.5 08 RA
Input Resistance Ta=25C.Vs = +20V 1.0 | 6.0 03 | 20 03 [ 2.0 MQ
TaMIN £ Ta S Tamax:
Vg = 20V L fan
input Voltags Range Ta = 25°C 12 £13 v
TamiN € Ta £ Tamax +12 | £13 \'
Large Signal Voltage Gain | Ta = 26°C, R 2 2k
Vg = 120V,Vg= %15V | 80 v/mv
Vg = £15V,Vp = 10V 50 | 200 20 | 200 V/mV
Tamin S Ta < Tamax
Ry 2 2kQ,
Vg = *20V,Vp = x15V | 32 vimv
Vg = £15V,Vp = 10V 25 15 V/imV
Vg = +5V,Vg = *2V 10 V/imV
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Electrical Characteristics (vote 3) (Continved)

Patamaier Cenditlons LM741A/LM741E LM741 LM741C Units
Min | Typ | Max | Min | Typ | Max | Min { Typ | Max
Output Voltage Swing Vg = 120V
AL > 10k0 £16 v
ALz 2k 115 v
Vg = 215V
AL 2 10k N t12 | £14 12| 14 v
RL 2.2k 10| £13 +10 | £13 v
Output Short Circuit Ta = 25C 10 25 35 25 25 mA
Current Taminy < Ta S Tamax 10 40 mA
Common-Mode Tamin S Ta S Tamax
Rejection Ratio Ag < 10KkQ. Vom = 112V 70 | 90 70 | 90 ds
Rg < 50, Vo = 112V 80 85 d8
Supply Voltage Rejection | Tasun S Ta < Tamax
Ratio Vg = £20VioVs = £5V
Rs < 500 8 | 98 @B
Rg < 10k . 77 | 96 77 |-96 JB
Transient Response Ta = 26°C, Unity Gain
Rise Time 025| 08 0.3 03 kS
Overshoot 60 | 20 s 5 %
Bandwidth {(Note 4} Ta = 25°C 0437 | 1.5 MHz
Slew Rate Ta = 25°C, Unity Gain 03 0.7 0.5 0.5 V/ius
Supply Current Ta = 25°C 1.7 | 28 17 | 28 mA
Powaer Consumption Ta=25C
Vg = 120V 80 | 150 mw
Vg = 15V 50 | 65 50 | 85 | mw
LM741A Vg = 20V
Ta = Tamin 165 mwy
Ta = Tamax 135 mwW
LM741E Vg = £20V
Ta = TAMIN 150 W
Ta = TAMAX 150 mwW
LM741 Vg = 15V
Ta = TamiNn 60 | 100 mw
Ta = Tamax 45 75 mw
Rote 1: For operation at el d temp , thesa 0ovicas must be darated based on thermal resistance, and T; max. (listed undec “Absofute Maimum
Relings"). Ty = Ta + (8 Po).
Thermal Reslstance Cordip (J) OIP (N} HO8 (H) SO-8 (M)
84 (Junction 10 Ambiem) 100'C/W 100°C/W 170°CrW 185'C/W
6 (Junction to Case) N/A N/A 25:CIwW N/A

Note 2; For supply voltages tass than t 15V, the ebsolute maximum input voitage is equal 10 the supply voltaga.
Note 3: Unloss otherwiso specified, those specificabions epply for Vg = 215V, —=§5C < Tx < +125°C (LM741/LM741A). For the LM741C/LM741E, these
spacifications are limited 0 0°C < Ta £ +70°C.

Nota 4: Calculated value trom: BW (MH2) = 0.35/Rise Timo(ps).
Note 5: For military specifications see RETS741X for LM741 and RETS741AX for LM741A.
tote 6: Human body model, 1.5 k{1 In series with 100 pF,
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e
connection Diagrams

Metal Can Package

TUN/341-2

Grder Number LM741H, LM741H/883°,
LM741AH/883 or LM741CH
See NS Package Number HO8C

Dualin-Line or S.0. Package
\/

OFFSET HULL —

o

NC

R

[
~

HVERTIRG IRPUT

HON=-BYERTRG—]3 5
[N

Y —i4 $

= OUTPUT

= OFFSET KULL

. TU/HIO341 -3
Order Number LM741J, LM?741J/683,

LM741CM, LM741CN or LM741EN
Sec NS Paclcage Number JOSA, MOSA or NOSE

‘LM741H i3 availablo per JA38510/10101

Ceramic Duat-In-Line Package

o/
NG =1 14 e
NC =42 13 = NC
«OFFSET RULL — 3 12 ke
“IN~{4 11 f—V+
N =15 10 f=our
¥~ =16 9 = - OFFSET NULL
HC =47 8 —NC
TLMAXM1-S
Order Number LM741J-14/883°, LM741AJ-14/883°
See NS Package Number J14A
*also availsbie per JM38510/10101
**els0 availedie per JM38510/10102
Ceramlc Flatpak
( 10
KC [:: jo | ::. NC
“OFFSET KULL ::s - :‘ we
-mpur:‘ [ LM741W :::’ ve
+NPUT [:‘ ::1‘ OUlPUT
Ve Se=r f——1 -0FFscT KuLL

TUMH/G341-6

Order Number LMZ41W/883
See NS Package Number W10A
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Internally Trimmed
Integrated Circuit Multiplier

AD332

FEATURES

Pretrimmed to = 1.0% (AD532K) .

No External Components Required

Guaranteed = 1.0% max 4-Quadrant Error {AD532K)
Diff Inputs for {X; = X;) (Y; = Y3)/10 V Transfer Function
Monotithic Construction, Low Cost

APPLICATIONS

Multiplication, Division, Squaring, Square Rooting
Algebraic Computation

Power Measurements

Instrumentation Applications

Available in Chip Form

PRODUCT DESCRIPTION

The AD332 is the first pretrimmed single chip monolithic muld-
plierfdivider. It guarantees 8 maximum mubtiplying error of
11.0% and a £10 V output voltage without the need for any
external rimming resistors or output op amp. Becnuse the
ADS532 is internally timmed, its simplicity of use provides desimm
engineers with an stiractive alternative to modular multipliers,
and its monolithic construetion provides significant advantages
in size, reliability end economy. Further, the AD532 can be used
as 1 direct replacement for other IC multipliers that require
external trim networks,

FLEXIBILITY OF OPERATION

The AT532 multiplies in four quadrants with 2 transfer fune-
tion of (X; - XY, — Y3)/10 V, divides in two quadrants with
3 10 VZ/(X) - Xp) transfer function, and square roots in one
quadrant with & transfer function of v 10 In addition to
these basic functions, the differeatinl X and Y inputs provide
significant operating flexibility both for algebraic computation and
transducer instromentation applications. Transfer functions,
such #s XY/10 V, (X2 - Y10 V, £X% 10V, and 10 VZAX, - Xo),
are casily attained and are extremely useff in many modolstion
and function generation applications, as well as in trigonometric
caifcitlations for airborne navigation and guidance applications,
where the monolithic construction and small size of the AD532
offer considerable system advantages. In addition, the high
CMRR (75 dB) of the differential inpuss makes the AD532
especially well qualified for instrumentation applications, as it
can provide an output signal that is the product of two transducer-
generated input signels.

REV.C

Information furnished by Analog Devices is believed to be avcurate and
reliable. However, no responsibiity is assumed by Analog Davices fof s
use, hot far any infriagements of patents or other rights of third parties
which may result from its use. No license is granted by implication or
otherwise under shy patent or pateat rights of Analog Devices,

PIN CONFIGURATIONS

[14] o¥c
5l v,
[ 1
] vos
] aNO
5
[s]nc

Ve 4 U €Y,
NC 3 AD532 7 NC
HC ¢ TOP VIEW ¥ Vor

NC 7 {Not to Scale) 1 NC
KC © 1 GKD

gXggn

NC = NO CONNECT

GUARANTEED PERFORMANCE OVER TEMPERATURE
The AD532] and AD3532K are specified for maximum multiplying
errors of 2% and £ 1% of full scale, respectively at 25°C, and
are rated for operation from 0°C to 70°C. The AD532S has a
maaximum multiplying error of £1% of full scale at 25°C; it is
also 100% tested to guarantee a maximum error of £4% at the
exteriled operating temperature limits of -55°C and +125°C. Alt
devices are available in either the hermetically-sealed TO-100
metal can, TO-116 ceramic DIP or LCC packages. ], K, and
S grade chips are also avaifable.

ADVANTAGES OF ON-THE-CHIP TRIMMING OF THE

MONOLITHIC AD5S32

1. True ratiometric trim for improved power supply rejection.

2. Reduced power requirements since no networks across sup-
plies ore required.

3. More relighle since standard monolithic assembly techniques
can be used rather than more complex hybrid approaches.

4. High impedance X and Y inputs with negligible cireuit loading.

5. Differential X and Y inputs for noise rejection and additional
computetional Jexibility.

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.SA.
Tek 781/329-4700  Wotld Wide Web Site: http://www.anslog.com
Fax: 781/326-8703 € Analog Devices, Inc., 2001
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ADS32) ADSIIK ADS3IS
Model Min Typ Mux | Min Typ Mex | Min Typ Slax Unit
MULTIPLIER PERFORMANCE
n i [CYERCR S TS £ X XY Y (XX EY, Y
Traster Ponetion T g o
Towut Brror (10 VEN, Y2 +10\) £Ls *>2.0 et 210 Lirs =0 kY
Ty, = Min eo Max £21.8 £1.5 =40 %
Tout Error v Tempenirure H0.04 E003 001 *0.04 B
Supply Rejection (114 V & 1045 308 008 £0.05 WS
Nonlinrarity, X (X =20 ¥V pp, Y = 10 V} £1CH £ £ b
Monlinearity, Y (Y =20V pop, X = 16 V) L3 L2 L0z %
Feedithaongh, X {¥ Nulled,

X=20Vpp 40 Hz 50 200 EN 100 0 100 m\
Feedthrough, ¥ (X Nulled,

Y=20V PP %0 Hz) 3a 1311} a4 80 2 B mV
Fredthrough vs. Tempasatare 24 [ %] | %] mY pp*C
Feeddh h vs. Power Supply L1625 L1029 L0329 VN

DYNAMICS
Smmuall Signal B (Vooy = 0.1 rmsj £ 13 13 MHz
1% Amplirude Error kb % 4 kHz
Stew Rate {Voyy 20 pop) 4% 4 4% Vs
Serding Timee (oo 2, AV = 20V i i 3 s
NOLSE
Widehand Koise =5 Hz oo 10 kKHz PR 183 o mY {rmsy
=% Hz o 8 MHz 14 3.4 3.4 ey {rm)
OQUTPUT
Crumpur Videsge Swing LEY, £E3 E3 ] LE3 10 £E3 v
Canpur Impedance {f < 1 kHxy H 3 13 Q
Canpur Oifser Voldmge 140 235 2305 myV
Crumput Offset Vodmge vs. Tenpeniare w? (U} 20 =Y
Crumpur Offses Vadinge vs. Supply 35 £2.8 8.5 mVi%
INPUT AMPLIFIERS (X, Y, and 2§
Signal Voltuge Range {DIff oe CM
Operating Disf) £10 £10 L1 v
CMRE 40 30 s dB
Ingut Bins Cument

X, Y Inpuars 3 1.5 4 L5 4 pA

X, ¥ Inporrs Tyg vo Tagay {s} B B HA

Z Ingut 210 £4 =18 £4 =18 TEs

Z Inpait Ty 1o Togax £30 £2% £33 pA
Odfset Currenst EHER ] FEN] LR | pA
Drifferentisl Resistunce 10 34 10 MO

DIVIDER PERFORMANCE
Transfer Funverion (X » X3 10V 2K, - X LV ZHX, ~ Xy 1N ZEX - N}
Tout Ernor
Wy =10V, -1 VSV < +10 V) £2 I L1 %
Ve =1 ¥, -1V N £ +10 V) 14 E3 3 k3
SQUARE PEREOIMANCE . )
Trsaster Funcion l;\; ”’?“ : \: ‘ :‘“
Tawl Brror 04 Lud Lid %
SQUARE ROUTER PERFORMANCE
Transfer Funcinn ATOVE AOVE TS
Toul Ermor UV Vy S 10V 1.5 L0 £EQ ‘%
POWER SUPPLY SPECIFICATIONS
Supply Volrage

Rased Perfanmance L5 Ly L v

Operuting 0 1% B3] =15 x1a 12 v
Supply Cu

Quiescent 4 6 1 6 4 6 mA

PACKAGE OFTIONS
TO e ([ 145 AlVE3E[D AD332KD ADS3I2ED
TO-100 (H= i) ADARH ADATKH ADS32SH
LCC {Ea04) ADS2EERE IR

Sresificatioas subject to change without pstice.

Spwcificatons shewn in boldface are usied o all predienting uniss at final
eherrival test, Reselis fram those tests oe used to calosdate ouigotng quidiy
fevels. AR min and macpecifications ree guisnnteed, sithongh only those shewn

in boddfoce ane tested noall prodsction units

THERMAL CHARACTERISTICS
H-104: U‘g(; = 25°0W, Opy =1 SPCW
Be®oa: Oy = ZZ:C"‘W} 0"_‘\ = R57CAY
D-14: Byc = 22CAV; By, = R5PCAY

REV.C
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AD532

ORDERING GUIDE CHIP DIMENSIONS AND BONDING DIAGRAM
Conusct faciory for latest dimensions.
- 'll?‘;mpér aALure gtcmrﬁf g‘;i:-nge I¥imeasions shows in isches end (mez}.
adel Hges actriptions 0118
ADS32ID 0+C to WG Svle Bruzed DIP | D14
ADS3I2J v+ 00 tn 76°C Side Brazed DIP D-14 I e |
ADSIIKD 0°C to T¢C Side Bruged DIP D-14 1 W euvwrfl
ADS3ZKD+ 0°C  7¢°C Sade Bruzed DIP | D14 e {’“ i ———]
ADS3ZIH 07 to 7¢°C Hender H-10A i
ADS532KH 0C TG Hender H-104 - B
ADS32JCHITS 0°C (o 7°C Chip i
AD5325D ~55°C to +125°C | Side Broaed DIP D-14 (‘l’ﬁ;
ADs328Dv8a3R =55°C 1 +125°C | Side Brazed DIP | D-14 s
IME851013903BCA | ~55°C 1o +135°0 | Side Bruzed DIP | D14 .
AD532SE/BE3B -55°C 1o +125°C | LOC E-204 B £ 18T of '
AD5328H «55°C 10 #1350 | Hender H-EDA i i
ADS32SH/883B =55°C 10 +125°C | Hender H-1DA "' e Vou Tz
IM38510113903BIA | -55°C to +125°C | Hender H-10A
ADS532SCHIPS ~55°C 10 4125°C. | Chip
FUNCTIONAL DESCRIFTION
The functionad block dingrum for the ADS532 is shown o Figune
1, and the complete schematic in Figure 2. In the multiplying
und squaring modes, Z is copnected to the outpus o clise the
feedback nround the autpul np amp. {In the divide mode, it is A
upexd #5 an mput terminal, ) vy {xi
The X snd Y inputs sne fed to high impedanee differentiol y
smplifiers festuring low distortion and good common-mode -
reection. The umplifier voltage nffsets sre activedy laser trimmed ¥, s O
ta xero during production. The product of the two inputs is W{Y
resatved in the multplier cell vsing Gilberts linearied trans- ’ Yo
conductance technique. The celf s laser trimmed to obtain Xy =Xy ¥y - ¥y
Voot = (X - XY — Yarl0 volts, "The built<in op smp is vsed S G
1o obtain low outpyy fmpedance und make possible self-comtained WITHZ TIEDTO DUTRLIT;
operation. The residual vutpul voltage offset can be peroed oy . , )
Yas in critical applications . ., ntherwise the Yos pin should Figure 7. Functional Block Disgram
be grounded.
L — -
IR <11 Fa s {bn} et 2
o r"' Lae hd -l =Gt
Tk e
na | i e ] 2
Re OV
i v {2o Qé’ | L ’
I,Q~_w._|'tl q;,gl ol K11 ey Ex o, A {
§on [? F Rk
oM O -
j L 3R [ a3 - ouTRLY
e af—ylen o) 2 Yy S
Biz myg  FR [Em A
14 }J Wi
Ra I8 P R LR T ﬁu pae TR R2e
! &~y BN

REV.C
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Figure 2. Schermatic Diagram




AD332

ADS3! PERFORMANCE CHARACTERISTICS
Multiplication uceurucy is defined i verms of tutad errur oy
25°C with the rated power supply. The value specified is in
pereent of full senls and inchades Xiw and Yo nonlinearitics,
feodback and scale factar errur. o this must be added such
application-dependent error tarmg ss power supply rejection,
commen-mpde rejestion and temperatare cocffickents (fithough
WISl case eTTOr Cver femperuturs is specified for vhe ADE328).
Tota) expected error 35 the rms sum of the individual compo-
nents since they sre uncorredated.,

Accurncy in the divide mode is only a little more complex. To
achicve division, the multiplier cell must be connected in the
feodback of the cutpart ap amp as shown in Figure 13, In this
confipuration, the multiplier cell varies the closed lovp grin of the
op amp in an verse relationship to the denominatar voltage,
Thus, e% the denaminator 1 redoced, vutput offset, bondwidih
snd other multiplier ell arrors are adversely sfivcted, The divide
crror oned drift anes then g ¥ 10 VIR - X;) where e, represents
mmubtiplier full-sesde ecrir and drft, and (X,-X,} 1 the absolure
vilue of the denominator,

NONLINEARITY

Nonlinearity 5 essily measuned m pareent harmonic distartion.
The curves of Fipures 3 and 4 choracterize output distortion as
2 function of input signal kvl and frequency respectively, with
one inpust held ar plus ¢r minws 10 V de. In Figuos 4 the «ine
wawe smplitade i 20 V {p-ph.

8

—
[

PERCENT DESTORTION
-]

i ¢ ¥ 4 5 & 7 B 9 0 ¥ 13 11 54
PEAK SIGKAL ARPLITUDE - Wobix

Figure 3. Parcent Digtortion vs, fnput Sigas!

100
- ju e
: : o
% :%%- ¥ £
g i .
g — j’ e |
&3 o Xy AlRE x:x)s
/"JZ o) m
at il
10 0 1 1 10K e

T
FREDUEKCY - He
Figure 4, Percent Distartion vs, Frequency
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AC FEEDTHROUGH

AC feedthraugh 2 memsure af the mubtiplier’s ere suppression.
With ine inpus of 2ero, the multiplier output should be zer
negardless of the signal applied to the other input, Feedthrough
us a fupction of fregquency for the ADF3Z i shown i Fagure 5. It
i memsuced for the condition Vi = 0, Ve = 20V {p-pland ¥y = §,
Y= 20 V {p-p} over the given frequency eange. It consists
primarily of the ¢cand hormoni and is messured in millivolts
prak-t-peak,

1050

i e

§ 5 1117 ooy e

g (i S

ﬁ‘” mjﬁ ~+
o

3 i
o 1 [ “f0ak " 108
FREQUENCY —- Hz

Figure 5, Fasdthrough vs. Frequency

COMMON-MODE REJECTION

The AD532 features difficrentsal X and Y inputs to enhance its
flexibility ax & compuitationnl multiptier/divider. Commonmode
pejeerion far both inpuig s n fundtivn of frequency i shown i
Figuns 6, It & measured with X, = Xo = 20V {poph (Y, - Yo =
0 Vdeand ¥, =2 Yo 20 V{p-p)y (X, = ¥ = 10V de,

T
68 [ - : :
ol : h.“: P
5 IS Y COMMONMODE RES
\\1\ =X - OV
?aa : Nl ;
& : |
£ a0 Al x comupsaane REd RN L
o =Y =0y A
B N\
20 ' - .
ji3 ‘
;
[} i : i
10 I ek 160K ™

FREQUENCY ~ Hz
Figure 6. CHWAR vs, Fraquancy
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AD532

10 T 1 S I .
1] LN S Ll |
244:] B I 0 8
|21} ¥ L3 N 3 |
T} 2L €y - Tt
AL i
- ;
Z (% :
> iz
" Ry v 20 G gpF
Qas fx
o ALY ”:
X
g : 1}
[(R3E]
ok £2(¢ T

« "
FREQUEMEY ~ #z
Figurs 7. Fraquarncy Raspense, Multiplying

DYNAMIC CHARACTERISTICS

The closedt loap frequency nesponse of the ADS32 in the malt-
plier mode typically exhibits a 3 dB bandwidith of 1 MHz and
rolls off ut & dB/octave thereafier. Respaase through all mputs &
essentially the same as shown in Figure 7. In the divide mode,
the closed Ioop frequency respanse i o funetion «of the shsolute
valwe of the demminator wodtuge as shown in Figure R

Stable eperatren 35 maintained with capscitive loads 1o 1000 pF
in all mades, except the sguare oot for which 50 pF is a safe
upper il Higher cupacitive loads can be drven if o 1004}
resistor 15 cannected in series with the utput for jsolation.

W [ 7 T
t
] Vg o 045 Vg SNl |
> &
] ¥
u ; :
€10 — ok
é FI T N v = o 201
2 Sype
< N L7
N
N \v, SRV
o MBS
10 102k ™M ki<

FHEGUTHRCE - #r

Figure 8. Frequency Responss, Bividing
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POWER SUPPLY CONSIDERATIONS

Although the ADS32 1% tested and specified with £15 V de
supplics, it may be operated at any supply voltage from £ 10 ¥
18 Vfor the ] and K verswons, and £10 Ve k22 Vfur the

3 vepsion. The inpay end autput signals most be reduced pro-
portinnately to prevsnt saturntivon; however, with supply volteges
below £15 V, as shown in Figure 9. Since power suppdy sensitive
uy 15 nut dependent on external null serwocks as in other

eonventionally nvlled multipliers, the power supply rejection

ratios nre improved from 3 o 30 times in the ADEIZ

!

smmunnummt/
SWENG
/nm:xom'mmn

7 For i upaury

W

*
-
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"
Iz

I
”

PRAK SIGRAL VINTAGE ~ Ynks
”
o

4%

10 12 14 16 i& 20 b3
POWER SIZPPLY VOLTALGE - Vo

Figure 9, Signal Swing ve. Supply

NOISE CIFARACTERISTICS

All ATY532s upe sereened on 2 sompling bosis 1o nssure that
output noise will have no spprecisble effect on accuracy, Typic
cad spat poite v frequency is shown in Figure 10,

i

e B

g

BPAT NAISE - aWeHlF

1% vik
FAEDUERCY ~ Hx

10

Figure 10, Spor Noise vs, Fraquency
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APPLICATIONS CONSIDERATIONS

The performance and eose of use of the ADS532 is achieved
through the Inser trimming of thin-film resistors deposited
directly on the monolithic chip. This timming-on-the-chip
technique provides o number of significunt odvantages i terms
of cost, Tediability and flexibility over coaventional in=pncknpe
trimming «f oll-the-chip resistoes mounted or deposited on u
hybnd substruge,

First and foremost, trimmang on the chip eliminstes the need for
# hybrid substrate and the ndditional bonding wires that sme
required between thee resistirs und the multiplier chip. By trim-
FRE moee approprinte resstors on the ADR3E32 chip isell, the
second input terminals that were once committed to external
tnmming netwaorks have been freed to alfow fully differential
operution ot hath the X und ¥ inputs. Further, the requirement
far an input sttenuator to sdjust the gnin st the Y input has been
elmanuted, letting the user take full advantoge of the high input
impedunas propertas of the input differential amplifiers. Thus, the
AD332 offers grester flexdbility for both slpebruic computation and
trasducer instrumentativn oppleatioms,

Finally, provision for fine trimming the output voltege nflset has
been included, This connection 1% optional, howsever, s the
Al¥332 has been factorystrimmed for totsd performance s
described n the listed specifications.

REPLACING OTHER IC MULTIFLIERS

Exwsting designs using [C multipliess that require external
mmming networks can be simplified using the pin-for-pin
replacrability of the AD532 by mercly prounding the Xa Y2 and
Vs teemanuls. {The Vs terminal should always be grounded
swhen unused. )

APPLICATIONS
MULTIPLICATION

Xy O—] <
X o]

AD332  aur ek

e r
O - v,
b o R
=] T
(ORTHIAL)
prol 5
a el
e Hy

Figure 11, dultiplier Connection

For operation as & multiplier, the AD532 should be connected
= shown in Figure (L. The dnputs ean be fed differentinlly to
the X mnd Y nputs, or single-ended by stmply grounding the
unused input. Connect the inputs according to the desired
polarity m the output. The Z terminal is tied o the output o
cluve the feedback boop oround the op amp {xwee Figure 15, The
offset adzast Vs is opdanal and & sdjusted when both paies are
Zeru wolts ta biain gero out, ar D buck it other system offsets.
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SQUARE

Vo

Yy Hy Nog g

L2 aenane
0kl
Q Lel
Wy by

Figure 12, Scuarer Connection
The squaring circvit in Figure 12 s 2 simple vanation of the
multiplicr. The differential input capability of the AD532, how-
ever, can be tged (0 obtan o positive or negutive (UIPUE FespivRe
tu the input - . . o wseful fentune for control applications, & i
might eliminste the need for an additional inverter pomewhere clse.

DIVISTON

Wt
Vwﬂ’{’r:{-

E:L'

X —
X
AD582 Your
¥y
e RERY Sy
I 2 1K1
{56)
2akny A 13 }‘wua
ko
= O iy & 2
Ve My

Figure 13, Divider Connection

The ADD532 can be configured s o two-quadrant divider by
connscting the multiplier <ell in the feedback loop of the op
urnp and vsing the £ terminal 15 v signal input, ag shown m
Figuns 13. It ¢hould be noted, however, thar the distput emer #
given approximately by F0 V eg{X - No), where €y i5 the total
errur specification for the multiply mode; ond bandwidth by

T X (X = XN OV, where £, 16 the bundwidth of the muttiphier.
Further, to avoid positive feedback, the X input s restricted to
negative valoes, Thus for single-ended negative inpats (0 YV to
10 V), connect the input ta X and the offset pull o Xg for
single-ended positive inputs (0 V to +10 V), connect the input
tin Xz und the offiet aull to X,. For optimum performonce, gain
(&.F.) und affset (X ndpustments are recommended us shown
ansd eaplained in Table L

For practical reasons, the useful range in dencminator input is
spproximuately 500 mV £ (X, ~ Xz | s 10V, The valeage nffce
udjust (Ves), if wsed, is srimmed with Z at zero and (X, ~ X5} at
fuall seale.

Table 1. Adjust Procedure (Divider or Square Rooter)

DIVIDER SQUARE ROOTER
Adjust Adjust
With: for With: fors
Adijust X Z Vour | 2 Vaor
Scale Pactor | -10Y  +10N [0V | +10W ~1g¥
Ko (Ofser) | ~1¥ 400 <1V 400V =] ¥

Regal if reqquirel.
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Figure T4. Square Rooter Conreclion
The connections for square root mode sre shewwn n Figure 14,
Similar to the divade maode, the multiplier eell is coonected in
the feedbinck of the op smp by connecting the output back to
boeh the X end Y inputs. The diode Iy 5 connected a5 shown
o prevent latcheup as Zoy upproaches @ volts. In this cuse, the
Yos adfustment is made with Zig = +0.1 V di, sdjusting Yos to
btain -3.0 ¥ de i the output, Voo = - V10 V Z. For optmom
parfummanee, gain (8.F.) und offser (X sdjustments sze recom-
© mended as shown nnd explained in Table [
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Figure 15, Differential of Sguares Connection

The differential input capability of the AD532 aliows for the
ubpebrae solution of several inseresting funetions, such as the
diflerence af squures, X; = Yo/ 10V, As shown in Pigure 15, the
AD532 i canfiguresd in the square mods, with 2 simple unity
gain imverter comnected between ope of the signal inputs (Y)
und ane al the nverting mput ferminals (<Y) of the mulopher.
The inverter should use precision {0,1%) resistors or be other
wise trimmyed for unity gain for best accumcy.
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CQUTLINE DIMENSIONS
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