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A
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O($)Z.[coshn(L - x) + Z,, sishn(L - )] =V, [(1,Z, + Z,¥,) sinbnL +2 coshnL]
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cosh n(L —x)+ Z,Y, sinh n(L — x)
V (sx)= 7 - R (22)
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wnue x @ L—x 9w
cosh nx+ Z,Y. sinh nx
V.(5.x)=QG)Z s
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LND 42423

LINEAR FLOW POSITION SENSITIVE

X-RAY DETECTOR

GENERAL SPECIFICATIONS
Path Length (inch/mm) 0.75/19.1
Cathode Material Aluminum
|Maximum Length (inch/mm) 8.38/2129
|Eﬂ’ectivc Length (inch/mm) 4.0/101.6
IMaximum Width (inch/mm) 1.5/38.1
[Effective Width (inch/mm) 0.59/15.0
Connector Wire Lead
Maximum Operating Temperature °C 50
Anode 8 KQ/mm Pyrolytic
Quartz
WINDOW SPECIFICATIONS
terial Mylar
Areal Density (mg/cm’) 9.2
Thickness (inch/mm) 0.0005/0.0127
iDimensions (inch/mm) (0.59/15.0 x 4.0/101.6

ELECTRICAL SPECIFICATIONS

lReoommended Operating Voltage (volts) Dependent on Gas
Typical Resolution (%FWHM Fe**) 18
0.25

|Position Resolution (mm)
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LM118/LM218/LM318
Operational Amplifiers

General Description

The LM118 series are precision high speed aperational am-
pifiers designed for applications requinng wide bandwidth
and high slew rate. They feature a factor of ten increase in
spesd over ganeral purpose devices without sacrificing DC
performance.

Tha LM118 series has internal unity gain frequency compan-
satlon. This considerably simplifies its application since no
extemal components are necessary for operation. However,
unlike most internally compensated amplifiers, extemal fre-
quency compensation may be added for optimum parfor-
mance. For invening applications, feediorward compansa-
tion will boost the stew rate 10 over 150V/us and almost
double the bandwidth, Overcompensation can be used with
the amplifier for greater stabllity when maximum bandwidth
it not needed. Further, a singia capachor can be added ta re-
duce the 0.1% settling time 0 under 1 ps.

The high speed and fast settling time of these op amps make
them usehd in A/D converters, osclllators, active fikers,

&National Semiconductor

March 1888

sample and hold circults, or general purposs amplifiers,
These devices are sasy to apply and offer an order of mag-
nituda banter AC parformance than industry standerds such
8s the LM708,

The LM218B is identical to the LM118 except that the LM218
heas [is performance specified over a ~26°C 1o +85°C tem-
perature range. The LM318 s spacifled from 0°C to +70°C.

Features

u 15 MHZz small signal bandwidth

8 Guaranteed §0V/us slew rate

B Maximum bias cumrent of 260 nA

8 Operates from supplies of X5V to £20V

u Intamal frequency compensation

@ Input and outpul overfoad protected

8 Pin compalible with general purposs cp amps

Connection Diagram

Duai-inLine Packaga

BALANCE /COUPEWRATION 1
-

e

TJop View
Qrder Number LM118./883 (Note 2)
Sas NS Package Number J14A

InFuts
'

o e o fo T o -

F T o e o e
kiR

DI0OTTeA-24

Duakin-Lina Package
BALICIP ~ | ) L o -2
-t . LIV
et =3 s by
v L e pALTCOMP -
DROOTTEE-3
Top View
Ordar Number LM118J-8/883 (Note 2),
LM316M or LM318N

S8e NS Package Numbar JOBA, MOSA or NOSB

© 1999 National Semiconductor Corporation  DB007768

W, national,.com
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Connection Diagram (continued)

Mstal Cen Package
(Note 1)

COMPENSATION-1

SALARER/
COMPENSATION-}

LS00Y788-2

Top View
Order Number LM118H, LM118H/883 (Note 2),
LM218H or LM310H
Ses NS Package Number HO8C

Note 1: Pln lons shown on schamatic diagrmm and fypical appiications s for TO-5 packags.
Note 2: Availble per JM38510/10107.

waw.national.com 2




Absolute Maximum Ratlngs {Note B8) Lead Temperature (Soldering, 10 sec.)

H Mllitary/Aercspace speclilsd dsvices are required, Hermetic Package 300°C
pisasa contact the National Semiconductor Sales Offica/ Plastic Package 260°C
Distributors for avallabllity and speoifioations, Soldering Information
Supply Voltage +20V Dual-In-Line Package
Power Dissipation {Note 3} 500 mw Soldering (10 sec,) 2680'C
Differential Input Current (Note 4) +£10 mA Smail Outline Package
Input Voltage (Nate 5) 115V Vapor Phase (60 sec.) 215°C
Output Short-Gircuit Duration Continuous Infrared (1-5 sec.) . 2:'3'0
O Temgerstes e ORI = AT T ety
LM118 -55'C to +125°C surface mount devices.
LM218 ~25'C to +85°C ESD Tolerance (Nate 9) 2000V
LM318 0°C to +70°C
Storage Temparature Range -65'C to +150°C
Electrical Characteristics (o #) .
Parameter Conditions LM118/LM21H LMs18 Units
Min Typ | Max Min Typ | Max
Input Offset Voltage Ta=25C 2 4 4 10 mv
.Input Otfeet Current Ta=25C -] 50 30 | 200 nA
Input Bias Current Ta=25'C 120 | 250 150 | 500 nA
Input Resistance Ta=25C 1 a 05 3 MO
Supply Current Ta=25C 5 8 5 10 mA
Large Signal Voltage Gain Ty = 25°C, Vg = 215V 50 200 25 200 Vimy
Vour = 210V, R 2 2 k2
Slew Rate Ta=25C, Vg =216V, Ay = 1 50 70 50 70 Vijs
(Note 7)
Small Signal Bandwidth Ta=25C, Vg =215V 15 15 MHz
Input Cffset Voltage ] 15 my
Input Cffset Current 100 300 nA
Input Bias Current 500 750 nA
Supply Current Ty =125'C 45 | 7 A
Large Signal Voltage Gain Vg = 215V, Vour = 210V 25 20 vimv
- R.2 2k
Qutput Vohage Swing Vg & $15V, R, =2 kQ 212 | %13 +12 | +13 v
Input Voltage Range Vg = 215V 115 +11.5 v
Commaon-Mode Rsjection Ratio 80 100 70 100 dB
Supply Voltage Rejection Ratio 70 80 85 80 dB

Note 3: Tha maxitnum Junction tempsrature.of the LM118 is 150°C, tha LM218 ks 110°C, and the LM318 ls 110°C. For operating at slevated temperatures, devices
In the HO8 package must be derated basad on a thenmal resietence of 160°C/W, Junction 1o ambient, or 20°C/AW, Jinction to case, The thennal resistance of the
duak-indme packagoa is 100°C/W, junction to amblent,

Note 4: The inpuis ame shunted with back-1o-back diodes for overvoltaga f

1V |s spplied betwsen the inputs unless some limiting resistance s used.
Nots 5: For supply votages 1ass than 15V, tha ebsoluts maximum input votage s equal to the supply vokage.

Note 6: These spaciications epply for £5V £ Vg € £20V and <55°C 5 Ta § +125'C (LM118), =25°C 5 T4 5 +85°C (LM218), and 0'C £ Ty € +70°C (LMa18), Also,
power supplies must be bypassad with 0.1 yF disc capachors,

Note 7: Slew rate is tested with Vg = £15V. Tha LM118 is in & unky-gain non-Invering configuration. Viy ls steppad from =7.5V 1o +7.5V and vice versa. The slew
tates between =5 0V end +5.0¥ and vice versa are lested and guaranteed to axceed 50V/ps.

Note 8: Refar to HETS118X for LM118H and LM118.) milkary specificalions.
Note 8: Human body model, 1.5 kil in sefias with 100 pF.

Tharetors, e current will flow ¥ a difierontial Input voltage In excess of

www.national.com
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Typical Performance Characteristics wuiis, tmz1s

Input Current
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Typlcal Performance Characterlstice 1mi1e, LM218 (Continued)

Large Signel Frequenoy Opasn Loop Fraqueney

Voitage Follower Pulse
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Typical Performance Characteristics 1mais
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Typlcal Performance Characteristics Lms1a (Continued)

Input Nalse Voltage

Closed Loop Output Impadance
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Typical Performance Characterlstics tmais (cominued)

Largs Signal Fregqusncy Opan Loop Fraquenoy Voitage Follower Pulse
Response Response Rezponss
" 4 T u"‘ 'J 1 T : .!' n
" \\ I varsow - % --m'J m :
oo NI e (iF
E . ! ; 5 - N | st = - \ HPUT-od Fe-OUTPEY
. s H l | S u " 3 E ‘
E SRR 2 N 2 a
2 L En o 8-t v
. A i |t ot ) ¥
- ’ [ Vea 10V
, AT . N T ]
Ak TN IN B MM NN MM L BEITE I BC -\ll_“ a MO 1A 7]
FRERLRNGY (N ; FRAGUNNCY Dl TINE b
DEODTTS 58 DBNOTTEE 54 CE&o0TTO0.57
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Auxiliary Circuits
Fesdforward Compeansation Compensation for Minimum Settling Time
for Greater inverting Slew Rate {Note 11)
(NO‘O 10} W
5K | |
11
10K
o 10K
oureur  WPUT
DUTFYT
3
25 L]
BALANCE®
= DEMOTISE-8 = DE00TTE-0
*Bal ircult y for lr d slew. Note 11; Slew and settiing tihe to 0.1% for a 10V step charga is 660 ns.

Note 10; Slaw raia lyplcaly 150V/us.
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1MHz, Four Quadrant Analog Muitipller

The ICLBO13 is a four quadrant analog multipller whose
output is proportional to the algebraic product of two input
signals. Feedback around an internal op amp provides level
shifting and can be used to generate division and square
root functions. A simple arrangement of potentiometers may
be used to trim gain accuracy, offset voltage and

September 1998

Features

e ACCUIBOY. ..o vvnvs e Cesnrnsnsuses

» Input Voltage Range......... cana

= Bandwidth. ....

+ Uses Standard +15V Supplies
* Built-In Op Amp Provides Levet Shifting, Division and

ICL8013

File famber

........

2563.3

feedthrough performanca. The high accurecy, wide Square Root Functions
bandwidth, and increased versatility of the ICL8013 make it
Ideal for all muttiplier applications in contral and Ordaring Information
instrumentation systems. Applications Include RMS
measuring equipment, frequency doublers, balanced ":k;‘::" f—
modulators and demodulators, function generators, and PART SRROR nmaé PKG.
vollage controlled amplifiers. NUMSER (MAX) °c) PKG NO.
Plnout ICLBO13ACTX 10.6% 0o 70 10PIn |T10B
' icL8oi3 Can
METAL CA|
¢ T%’,, \L,,gw") ICLBO13BCTX £1% 01670 [10Pin |T10B
Metal
Can
ICLB013CCTX 2% 0t070 10PIn |T10.B
Metal
Can
Functional Diagram
]
Xm.—{ VOLTAGE TO CURRENT || BALANCED % oF
CONVERTER AND VARWMBLE GAIN AMP out
Xog—{ SIGNAL COMPRESSION |—{ AMPLIRIER
| [T
Y5 o= VOLTAGE TO CURRENT
Yog 0— CONVERTER
|
N
7 CAUTION: Thesa davices are sensitive to electrostatic dischargo; foliow proper IC Handling Procedures.

Copyright © Harrls Carporation 1898



ICL80T3 .
Absolute Maximum Ratings Therma! Information
Supply VOHBgE, .. ..o ivn i Veirineens ., 318 Thermal Resistance (Typical, Nota 1) B)a (°CW) )¢ (PCW)
Input Voltages (XN, Yy, 2N, Xos. Yos, Zos) . . +« VguppLY Metal Can Package .......... eians 160 75
Maximum Junction Temperaiure (Msial Can Package). .. .. .. 176°C
Operating Condltions Maximum Storage Temperature Range. . . ... . +.1 =65°C ta 150°C
Maxim d ture (Soldering 108) ........... . 300
Temperaiure Range aximum Lead Temperaturs ( ng 10e) "
ICL8013XC. ..... S ereres TN 0°C 10 70°C
CAUTION: Stressas Bbove ihosa Bsied in *Absolute Maximum Ratings”, mvcuopommdlmm io the device. This ks a siress only raling and opemeon of the
device al these or any othar condiions above thase indicaied in the op | sactions of this spscificaiion is not impled.
NQTE: .
1. 0ga i d with the component mounted on an avaluation PC board In free alr,
Electrical Speclfications 7, = 25°G, Vgyppyy = 15V, Qain and Offsst Potentiomelers Externally Trimmad, Unless Otherwise
Specifiad
TEST ICLEOTIA ICLaa13@ iCLeo13C
PARAMETER CONDITIONS MIN | TYP | MAX | MIN | TYP | MAX | MIN | TYP | MAX UNITS
Muiliipller Function . - XY - - XY - - XY -
10 10 10
Muitiplication Error 10 <X <10 - - 0.5 - - 1.0 - - 2,0 | % Full Scale
“10<Y <10
Dividar Function - 102 - - 102 - - 102 -
X X X
Division Error X =-10 - 0.3 - . 0.3 - . 0.3 - % Full Soale
Xm-1 - e - - 1.6 - - 1.5 = | % Full Scale
Feedthrough X=0,Y =210V - - S0 - - 100 - - 200 mv
YuQ,X=210V - - 50 - - 100 - - 150 myv
Non-Linearily - . - - . . -
X toput X = 20Vp.p 405 £0.5 10.8 %
Y=110Vpe
Y input Y = 20Vp_p - 0.2 - - 02 | - - 103 - %
. X=+10Vpc
Frequency Responaa Small - 1.0 - . 1.0 . - 1.0 - MHz
Signal Bandwidth (-3dB)
Fuil Power Bandwidin - 760 - - 750 - - 750 . kHz
Slew Rale - 45 - - 45 - - 48 - Vius
1% Amplitude Error - 78 - - 75 - - 75 - kH2
1% Vectar Error (0.5° Phaae Shift) - 3 . - 5 - - 5 - kHz
Setting Time VN = +10V - 1 - - 1 - . 1 - Ha
(to 12% of Final Value)
Overioad Recovery ViN = 210V - 1 . - 1 - - 1 . ™
{10 12% of Final Vaiue)
Oulpul Noise BHz to 10kHz - 0.8 - s 08 ) - 0.6 - mVaums
5Hz to BMHz - 3 - - 3 - - 3 - mVaus
Input Resistance - F - 3 o 3
X Input ViN = 0V - 10 10 10 MR
Y input - & - - 6 - - 8 - MO
Zlnput - 36 . - 38 - . 36 - k0

2 | parrus
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Electrical Specifications T, = 25°C, Vgyppyy = 115V, Qain and Offsei Potentiomelera Exiernally Timmed, Unleds Otherwiss Specified

{Continued)
TEST ICL8013A KCL80138 ICLBO13C
PARAMETER CONDITIONS MIN | TYP | MAX TYP | MAX | MIN | TYP | MAX UNITS
Input Bias Current . - - - - -
XeorY input Vin =0V - 2 5 75 10 MA
Z Input - 26 - 25 - - 25 - pA
Power Supply Vanation - - . . - -
Muitiplication Error - 0.2 0.2 0.2 %%
Output Offset - - 50 - 75 - - 100 mvN
Scale Faclor - 0.1 - 0.1 - - 0.1 . %/%
Quiescent Current - s 6.0 a5 6.0 - as 8.0 mA
THE FOLLOWING SPECIFICATIONS APPLY OVER THE OPERATING TEMPERATURE RANGES
Multiplicaton Error =10V < Xy < 10V, - 1.6 - 2 - - 3 - % Ful Soale
-0V <Yy < 10V
Average Temp, Coefficients . - - . -
Accuracy 0.08 0.06 0.06 wC
Outpt Ottaet . 02 | - 0.2 - - | o2 | - mvAC
Scale Factor - | 004 | - 0.0¢ | - - | 004 | - %/°C
Input Blas Current . - - - -
X or ¥ input Vin= OV 6 3 10 nA
2 Input ¢ - 26 - 25 - - 36 HA
lnput Voltaga (X, Y, ar Z) - = 10 - 10 - - 110 v
Output Vollage Swing RL 2 2kQ - 110 - 10 - - +10 - v
C). < 1000pF
Schematic Dlagram
v+
b3, 3 > R i s Ray
e ! Lo y Wy ° T
Lcor o o e, o % q“ﬂ}hFﬁLu J:a 3r
& X - ™ _ o Xoa
A » ‘.‘.’,Jh o . Q0 =t 2 Ry Efﬂu
X oK R‘ﬂa Ay ) 3 " {
Wb SRRy LN E:"M 3hn
CONNON o 029 b
n,.:g | - outeuY
Ifas QIE‘ 3 k~ay, Q42 Q30 r $Fn
0y
Yoa
Wi o
@ 12
:“‘E fe 3R | RS :ER?:, 3 Ry Pae3 P =E Ros
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Application Information

Detalled Circult Description
The fundamental element of the ICLBO013 multipller is the
bipolar differential amplifier of Figure 1.

PIQUAE 1, DIFFERENTIAL AMPLIFIER

The small signal ditferential voltage gain of this circult is
given by:

Vv, R
ouT L
Av a = —

N TE
1 _ kT
Substituting ¢ —=
9 e = on alg
R qle R
L e R
Vour = VIN[E] =ViNX—T—

The output voltage is thus proportional to the product of the
input voltage V|y and the emitter cument (. In the simple
transconductance multiplier of Figure 2, a current source
comprising Qq, D4, and Ry is used. I Vy is large compared
with the drop across B4, then

Vy
) 'F_!; = 2Ig and

qR
Vour = ﬁ.ﬁ;(vx xVy)
v

R
v, X (Vx x Vy) ka8 (Vx x Vy)
- - —
ouT 'x X Vy. KRy 'x x Yy

Ry
Your
Vv
O——

FIGURE 2. TRANSCONDUCTANCE MULTIPLIER

There are several dlfficulties with this simple modulator:

1. Vy must be positive and greater then Vg,
2, Some portion of the signal at Vx will appear at the output
uniess Ig = 0.
4. Vy must be a small signal lor the differential pair to be lin-
ear,
4. The output voltage is not centered around ground.
The first problem relates to the method of converting the Vy
voitage to a current to vary the galn of the Vy differential pair, A
batter method, Figure 3, uses another ditfarential palr but with
considerable emiiter dageneration. In this circu the differential
Input voltage appears across the common emitter reslstor,
producing a current which adds or subtracts from the quiescent
current in elther collector. This type of voltage to current
converter handies signats from OV to 110V with exoefient
knearity.

Vs

ng.&l‘ ‘lg-ﬂ
AVour
Al-—.‘-
v" b AA
Igl llg
V-

FIGURE 3. VOLTAGE TO CURRENT CONVERTER

The second problem is called feedthrough; l.e., the product
of zero and some finite Input signel does not produce zero

output voltage. The circuit whose operation (8 llustrated by
Figures 4A, 4B, and 4C overcomes this problem and forms
the heart of many multiplier clrouits in use today.

This circuit is besicalty two matched differential pairs with
cross coupled coflectors, Consider the case shown in Figure
4A of exactly equal current sources basing the two pelrs.
With a small positive signal at Vi, the collector current of Q4
and Q4 will increase but the collector currents of Q; and Qg
will decrease by the same amount. Since the collectors are
croas coupled the current through the load resistors remains
unchanged and independent of the V input voliage,

In Figure 4B, notice that with V/ = 0 any variation in the ratlo of
biasing current sources will praduce e common mods voltage
across the load resistors. The differential output voltage wib
remain zero. In Figure 4C we epply a differential input voltage
with unbalanced current sources. If [iz4 Is twice Igp the gain of
differential pair Q¢ and Q3 Is twice the gain of pair Qg and Q.
Therefore, the change in cross coupled collector currents will
be unequal and a differential output voltage will result, By
replacing the separate biasing current sources with the volage

4[7\:1«15
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5o

V-
FIGURE 4B. NO INPUT SIGNAL WITH UNBALANCED CURRENT
SOURCES AVgyr =0V
to current corwerter of Figure 3 we have e balanced multiplier
circult capeble of lour quadrant operation [Figune 5}, .
th
Al w]Zh

-
>

Yy Igd-di e

dv

FIGURE 4A. INPUT BIONAL WITH BALANCED CURRENT
SOURCES AVgyrm OV

S

FIGURE 4C, INPUT SIGNAL WITH UNBALANCED CURRENT
SOURCES, DIFFERENTIAL QUTPUT VOLTAGE

This circuit of Figure & still has the problem that tha input
voltage V) must be small to keep the differential amplifier in
the linear region. Ta be abie to handle large signals, we need
an ampiitude compression circuit,

rv+

R 2 AV =K (e W) E

vy
=

>3

¥y
"' 1
in "
|
dv
FIGURE ¥, TYPICAL FOUR QUADRANT MULTIPLIER-

MODULATOR

Figure 2 showed a cument source formed by relying on the
maiching characlaristics of & diode and the emitter base
function of a transistor, Extenslon of this idea ko a diferential
circudt is shown in Figure 6A. In a differential pair, the input
voltage spils the blaging current in a logarithmic ratio, (The
usual assumption of Inearlty Is useful only for small signals.)
Since the input to the differentlal palr in Figure BA is the
difierence in voltage across the two diodes, which In tum is
proportional to the log of the ratio of drive ourrents, it folkws
that the ratl of diode currents and the ratio of collactor currents
are inearly releted and independent o ampiitude, If we
combine this clreutt with the voltage % current converter of
Fgure 3, we have Figure 8B. The output of the differential
ampiifier is now proportional 1o the input voltage over s large
dynamic rangs, thereby improving inearity while minimizing
drift and nalse factors.

The complale schematic is shown after the Electrical
Specifications Table, The differential pair Ciy and Qi form a
woltage to curreni converter whoee output is compressed in
coliecter diodes Q¢ and Qg. Thase diodes drive the balanced
cross-coupiad diffarential ampiifier Gx0g Q94/Qq5. The gain of
these ampllfiers is modulated by the voliage to current
converter Qg and Qyg. Transistors Qg, Qg, Gy 4, and G4z are
canstant current sources which blas the voltage to curent
converter. The output amplfler comprises transistors Q4
through Q7.

FtGURE 8A. CURRENT GAIN CELL

5|74mus
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T
? V4 in= ‘!ﬂ ”
I3 1 lom e Yoo S Vour = 7
= = ¥ 000
Vour Vin 0= " —®
— ‘ FIGUAE 7A. MULTIPLIER BLOCK DIAGRAM
Vi v-
T ‘ Xou Yo
18 l zml_s_‘ . QUTMUT = -
v Xm o—-—' icLs013 o

FIGURE 68. VOLTAGE GAIN WITH SIGNAL COMPRESSION

Definition of Terms

Multiplication/Division Error: This i the basic accuracy
specification. It includas 1erms due to linearily, pain, and
ofiset errors, and is expressed as a percentage of the fult
scale output.

Feadthrough: With either input at zero, the cutput of an
ideal multipller should be zero regardiess of the signal
apphied to the other input, The output seen in & Ron-ideal
multipher is known as the feedthrough.

Nonlinsarity: The maximum deviation from the best
straight line constructed through the output data, expressed
as a parcentage of full scale. One input is held constant and
the other swept through it nominal range. The nonlinearity is
the component of the total multiplication/division errar which
cannot be timmed out.

Typlcal Applications

Multiplication

In the standard mulliplier connection, the Z terminel is
connetted to the op amp output. All of the meodulator output
current thus flows through the feedback resistor Rz and
produces a proportional output voltage.

MULTIPLIER TRIMMING PROCEDURE

1. Sel Xy = Yy = OV and adjust Zgg for zero Output.

2. Apply a £10V low frequency {<100Hz) swoep (sine of tian-
gle} to Yy with Xy = 0V, and adjust Xog for minimum output.

3, Apply the sweep signat of Step 2 to X,y with Yy = 0V and
adjust Yog for minimum Qutput.

4, Readjust Zog as In Step 1, if necessary.

5. With Xy = 10.0¥pg and the sweep signal of Step 2 applied
to Yy, adjust the Gein potentiometer for Output = Yy, This
is easlly accomplished with a differential socope plug-in
{A+B) by inverting one signal and adjusting Gain cantrol for
{Output - Y| = Zero.

1
Y I
5K T| o @

75K Xos You Zos

FIGURE 7B. MULTIPLIER CIRCUIT CONNECTION

Division

If the Z tarminal is used as an Inpul, and the output of the op
amp connected to the Y input, the device functions as a
divider. Since the input to the op amp I8 at virtual ground,
and requires negligible blas current, the overall teedback
foroes the moedulator output current to equal the current
preduced by Z.

z
IN
Tharefore |° = xlN'YlN -.l -2 "’le

102"‘
Since Yy = Vour Vour = e

Note that when onnected es a divider, the X input mustbe a
negative voitage to maintain overall negative feadback.
DIVIDER TRIMMING PROCEDURE

1. Set rimming potentiometers at mid-scale by adjusting
voltage on pins 7, 8 and 10 (Xgs, Yos, Zos) lor OV.

'2. With Zyy = OV, trim Zog to hold the Output constant, as

XN is varied from -10V through -1V.

3. With Z; = 0V and Xy = -10.0V adjust Ygg for zero Output
voltage.

4, With Z;y = XN (andior Zyy = -Xpy) adjust Xog for minkmum
worst case variation of Quiput, as Xy is varied from -10V
to -1V,

5, Repeat Steps 2 and 3 if Step 4 required a large initial ad-
justment.

6. With Zyy = XN {and/or Zyy = -X ) adjust the gein control
untll the cuiput is the closest average around +10.0V
{~10V for Zypy = -X |} &8 Xy Is varied from -10V to -3V,

s|7uuus
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X
MODULATOR
Y™
MGURE A, DIVISION BL.OCK DIAGRAM
. Xoe Yos Zoa
7T wT 01
- 1
XN e “w: OUTPUT = ;ﬂ
In T ICLA0IS -t—o M
Yp‘l d
o
‘ T S
‘D
S 7.8K
4
oL

FIGURE 8B. DIVISION CIRCUIT CONNECTION

Squering
The squaring funciion is achleved by simply mulliplying with the
two inputs Yed together. The squaring circuilt may also be used as

the basis for a frequency doubler since cosat = 'z (008 2wt + 1).

Zy

H-1
Iolll“-'lmzz T i 2
X — -
iy o Lo
Y

E—

FIGURE BA. SQUARER BLOCK DIAGRAM

Xt
QUTPUT -...17'-

Xog Yos Zou
FIQURE 8B, SQUARER CIRCUIT CONNECTION

Square Root

Tying the X and Y lnputs together and using overall leedback
from the op amp results in the square root function. The

output of the modulator is egain forced 10 equal the current
produced by the Z input,

lg = XX Yoy = (Vour)® = 102y .

Vour = -2y

The outpul is a negative voltage which maintains overall
negative feedback. A diode In serles with the op amp output
prevents the latchup that would otherwise occur for negative
input voltages.

SQUARE ROOT TRIMMING PROCEDURE

1. Connect the ICL8C13 In the Divider configuration.

2, Adlust Zpg, Yos. Xog. and Gain using Steps 1 through 8
of Divider Trimming Procedure.

3. Comvert to the Square Root configuration by connecting
X to the output and ingerting a diode between Pin 4 and
the output node.

4, With Zjy = OV adjust Zog for zero output voltage.

MODULATOR

Xos You 7os
7| 10| 0

=5 m’x... 14348 | QUTPUT = TRy
PRy IcL8oT

v..|—fl

AN AAL
Y

U

FIGURE 108. ACTUAL CIRCUIT CONNECTION

Varlable Gain Ampiifier

Most appiications for the ICLBO13 are straight forward
variations of the simple anthmelic functions described
above. Although the circuit description frequently disguises
the fact, it has already been shown that the frequency
doubler is nothing more than & squaring circuit. Similarly the
variable gain amplifier is nothing more than a multipher, with

7|74\nms
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the input signal applied at the X input and the control voltage

¥+

applied at the Y input. 3
Xos o—b’:'fmu You o—b%nu Zos O WK
s
AVAVEL — v
1
cowTROL |
VOLTAGE 5% FIGURE 12, POTENTIOMETEAS FOR TRIMMING OFFSET AND
FEEDTHROUGH
7.8 ¥os You Zos
PIGURE 11, VARIABLE QAIN AMPLIFIER
Typlical Performance Curves
100
0 0 g X 1 .
[~ W\ 1
. 3 -0 3 4
E PHASE 8 T T
w 10 20 r 1 _J TNPUT
]
15 -30 1 It -z
g 01 [— YANPUT
] -4
\ b 0.01
1K 10K 100K ™ 10M 100 T3 10K 100K
FAEQUIENGY {Hx} FREQUENCY (Hx)
FIQURE 13. FREQUENCY RESPONSBE PIGURE 14, NONLINEARITY va FREQUENCY
=10
20
— X0, YuiVpp
8
g -
B /
-0
A" Y =0, %= 20Vpp
70 | W
1K 10K 100K ™ 10M
FRAEQUENCY (Hx)

FIGURE 15, FREEDTHROUGH vs FREQUENCY
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