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Abstract

The Lock-in amplifier is a voltmeter uses for low level signal and low [requency which
have a great deal of noise it can measure signal from 1to 200 microvolt by maximum frequency
of 3 KHz . [f voltage is-more than 3 KHz, it has usc resistor for deviding the signal meassurcment

of DC has to be aceuracy periodic before measured by clectronic chopper of optical chopper. The
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4.1 NAgeYNININNYBI Notch-filter

Switch Capacitor
fitter
Input (Notch-fitter)
50 Hz

=
AITUANIVAN cutoff frequency

FuneUNIINANSY
% 4 d. - ) =
1. fouusaudInd UmMLIveIBUgn

output

' 4 A/ [ : [N
2. fleuanndniuquitedludaimunniiuiinesved switch capacitor Taznadh
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HaMINANSY

Notch-filter 11148 SO Hz ( Vin=500mV')

ANudnNILgN = 5KHz

= 20Hz Vo =500 mV
= 50Hz Vo = 20mV
f =100Hz Vo = 500 mV
f,=48.79 Hz f=5.28Hz
BW=f-F.
=51.28 Hz - 48.79 Hz
=2.49Hz
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Notch-filter ﬁmmﬁ 100Hz (Vin=500mV )

Aandinaugy = 10 Kiz

fin= 50 Hz Vo =500 mV

fin= 70 Hz Vo =500 mv

fin = 100 Hz Vo= 20mV

fin = 120 Hz Vo=500mV . .

£ =150 Hz Vo =500 mV

£, =98.5Hz f=101.25Hz
BW=f_-Fg

=101.25Hz-98.5 Hz = |\
=2.75Hz _
f1Q = 15 (AT0MUUA 14 lasmsasiaauvesnnud iy lulaey)
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(Honl ~ Hon2)

Hon2
Hon1

Gain (V)

Hon

>
f (log scale)
gﬂﬁ' 42 tmAnuTRUFHARD I8N 1R Y8 Notch filter Uk log scale
dle f  =na1i@ves Noteh filter .

Honl = 6@319010984M1318 11§ Nv813 Notch fitter
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4.2 NATBUYA TN INTHUI Auto band pass tracking
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f, =1,

Vin = 500 mV fooarey = 100 KHz
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fin = 500 Hz Vo =10mV ,-20 dB

fin =700 Hz Vo =20mV ,-16.98 dB
fin = 800 Hz Vo =30mV ", -15.22 dB
fin =900 Hz Vo =120mV ,-9.20 dB
fin =1 KHz Vo =500mV . ,-3.01 dB

fin = 1.1KHz Vo =280mV ,=5.52 dB



fin = 1.2 KHz
fin = 1.3 KHZ
fin = 1.4 KHz
fin = 1.5 KHz
fin=2KHz
fin=5 KHz
Gain (VN)

1

0.9 -

0.8
0.7
0.6
6.5
0.4 1
0.3
0.2
0.1

317t 4.4

0 500

Vo =60 mV ,-12.21 dB

Vo =30 mV ,-15.22 dB

Vo =25 mV ,-16.02 dB

Vo =20mV ,-16:98 dB

Vo=10mV ,-20 dB

Vo=5SmV , 23.01 Db
BW X 10Hz Q=32

+

VA . S e W WP RY

800

o
NI IAAIHAADUNUBINI N VDY auto tracking band pass

4.3 NAoOVEIUYDINBIGUANND ( frequency multiplier)
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Vin = (Vs.R2AR1+R2)

Vin = (2.88)(2.2) / (470K+2.2)

= 13,48 LV

= 13.2 UV

ANIIUNATAUANDY = (13.48-13.2V/13.48 *100%

- 2%

Vs S }.{dlﬂ S —- m AT e AR %iwrﬁuﬁﬁ |
(Vrms) (<9 (€2) (V) (L) QW (74)
4.7 1000 383 10.8 11 1.69
87 1000 A 23.8 22.08 7.7
4.7 1000 9.4 44.4 44.17 0.518
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1. LOCK-IN AMPLIFIER

LOCK-IN AMPLIFIER 60 TIME CONSTANT

3
¢ 5043 //\\
40 ¢B P VOLT
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POWER 0d8 \ J \4/
200 X
O O O O

NPUT 2EF OMTOO QuUTAYT

o

. s ' ¥
311 7 JUuernin Y UE Y8 UN T DS Lock-in amplifier fier 19T

1. o POWER

v

‘ swmthiidadeussduli 220 v 1#e¥i1 1 Look-in amplifier V19 THiaEHYAYIY
2. %2 BNC INPUT
; Lﬂuﬁfaﬁ’l%ﬁt”-'*‘*Jﬁouu‘;aﬂ"u5mgw7fﬂsﬁwmsi"ﬂiﬂmmmm'l%mﬂﬁ'ﬁ‘mhi 1-200 luTng
Taost saudigagn 3 KHz
3. SENSITIVITY
1 lun3d fumnsinis vo1uve 3393 Differential 1R IMazan MR IB Ity 18s
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30 dB T daussanluras  10-25 UV
40 dB TFinusanulurae  25-50 Uv
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60 dB 15 3ausaaulusas 100-200 pLv
4, DISPLAY
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2. PHASE CONTROLLER
PHASE CONTROLLER SELECT FREQUENCY
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3. CHOPPER CONTROLLER
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General Description

The MFS consists of an extrinely easy to use, general pur.
posa CMOS active filler uwilcing block and an uncommdtad
op amp. The fiter buiding block, together with an extemal
clock and a lew resisiors, can produce varous second ceder
lunctions. The fitter buiding block has 3 output pins. One of
the output pins can be contgured to perform highpass, all-
pass or nofch functions and the remaning 2 ouiput pins
perform bandpass and lowpass functions. The center ire.
quency of ths filter can te direcily degendent on the dock
irequency or 4 can decend on boih clock frequency and
external resistor ratios. The uncommitied co amp can te
used for cascading purposes, lor cbtining additional ail-
pass and notch funciions, or for various other applications.
Higher order filter funcions can be obtained by cascading
several MF3s or by usmg the MFS5 in conjuciion with the
MF10 (dual swrched casacitor fiter building block), The
MF5 15 functionsily comeatble with the MF10. Any of ths
classical siter comhigrauons (such as Butterworth, Bessal,
Couer and Cheoyshev) can ce fomad.

February" 1995

National Semiconductor

MFS Universal Monolithic Switched Capacitor Fiiter

Features

% Low cost

® 14-pin DIP or 14-pin Suracs Mcunt (SO) wide-body
packaga

= Easy io usa

® Clock to center frequency ratio accurecy 20.6%

R Filter cutol! frequency statilty direclty dependent on

external clock guality

Low sensdivity fo extemal component variations

Separate highpass (or rotch or sipass), bandpass, low

pass oulpuls

B {3 XQ renge up to 200 kHz

& Operation up to 30 kHz {typical)

Additicnal uncommuted eg-emp

Block and Connection Diagrams

v 7+ NI 81

Yoo
TLAYDE-1
All Packages
3P -1 U 14 b kP
HIMPIHP —i 2 13 fum ¥y
mV1—3 12— 8002 Order Number MESCN
$1—14 14— aaup See NS Package Number N144A
= Order Numter MFSCWM
S—q5 =Y See NS Packege Number M148
s i 9 e 557700
. LSh—7 LY k154

TLAVDEE-2

Top View
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Absolute Maximum Ratings
i1 Miltary/Aeraspace specified devices are regquired,
piease conlact the Natonal Semiconducior Saies

Ses AN-450 "Suriace Mounung Methods and Ther Effect
on Product Resabilty” tor other methods of ‘soldering sur-

Ottice/DAstributors for availablity and spectticationa. tace mount devices. -« :3 e
Swaply Yoltaga(v | ~ v—) 14V Input Voltage (any piay) Vo SV <V
Power Dissipation To = 25°C (note 1) 500 mw Operating Temp. Range T < Ta < Tigax
Storage Temp. 150°C MFSCN, MFSCWM C<T, <70C
Soldering Intormation: . ’
N Package: 10 sec. 260°C
SO Package: Vaoor phass (80 sec.) 216°C
Inrared (15 sec.) 220°C .
Electrical Characteristics v = sv £ 05%, v~ ~ ~sv 2 0.5% unless otherwise noted. BaidHace limits
apply over temperature, Tiy < Ta < Tiax. For all other limits T4 = 25°C.
Typical Tested Design
Parameter Condiions (Note ) Limtt Limit Units
) (Note 7) (Nate 8)
Suoply Voltage Min 8 v
v -V Max 14 v
Maximum Suoply Current Clock agplied o Pin 8 4.5 a.0 mA
No irout Signal
Clock Fdtar Outzut 10 mV
Feegthrough ™57 amp Cutent 10 mv

Filter Electrical Characteristics v - sv+ 0525, v= =.—3v + 0.5% unless othenmse noted, Baidface

limits apply over temperature, Tyun < Ta < Tiay. For ad other bmas T4 = 25°C.

i Typical Tented Design
Parameter Conditions — ?"(N)a‘:e &y Limit ™ [ Umht Units
4 B (Hole 7) (Hote 8)
Center Frequancy Max 30. 20 kiiz
Range (Io) Min Coor 0.2 Hz
Clock Frequency Max = \J L\ 1517 T o0 Mbz
Range (fcud Min Al 50_-... IBET) Hz
Clock {0 Canter Vaing — +5V w B 2 s -
Frequency Ratio ge—a:o Fotx =250 kHz so.xl £02% | 50.11 £ 1.5%
Uow /1ol Me V=T TETIAT 77 B
fode-1 <} Voing =—5V 104 = (L +
Fietx = 500 kHz 100.04 £ 0.2% 100.04 + 1.5% -
teik /1o Temp. - Vong = +5V ke
t o3
Coetiicient (£0:1 CLK ratio) 10 pem/
Vaing = —5V -
oy AN 3 220 /G
{1001 CLK ratic) \ eam
Q Accuracy (Max) Vong = +5V o
{Note 2) 'g_e_a:o Fitx =250 kHz +10 s
Mods 1 | Vomg = —5V 210 a2
Foix — 500 kHz - 7
Q Temperaiure 3 Vp,-ng = +5V
-200 m/~C
Coetficient (E0:1 CLK ratio) s FP
Voing = —3V
ping = -70 m/°C
{100:1 CLK ratio) R pp
OC Lowpasa Gam Moge | - - +0.2 a8
Accuracy (Max) At'= RZ = 10k i e
DC OHsat Voai C— 50 - mv
Vottage (Max) Vosz | Vems = +5V — 185 mV
Yoxa | (50:1 CLK ratio) +11§ - mv
{Note 3) Vos2 | Vping = —5V ~-310 mv
Vos3 | (100:1 CLK retio} ! +240 : mv
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Fliter Electrical Characteristicsv! «sv: oz, v— = —sv 2 0.5% unless stherwise noted. Baldtace
mits apply over temperature, TmiN < Ta = Tmax. For al other limds T4 = 25°C. (Continued)

Tested Deslign
Parameter Conditions ;’O‘;'::‘) Lim#t Limit Units
¢ (Nate7) | (Motes)
Output BP, LF gins RL =~ 5k 4.0 +3.8 v
Swang {Min) N/AP/HE pin AL ~ 3.5kQ +4.2 *3.8 v
Vping= +5V 83 . dB
Dynamic Range (50:1 CLK ratio)
(Note 4) Vg™ —5V 20 " da
(100:1 CLK ratic)
Maximum Output Short Cireuit Sowce 20 mhA
Current {Note 5) Sink : 3.0 mA

OP-AMP Elecirical Characteristicsv' = +sv £0.5%, v~ = =5v £0.5% unless olher nated. Batd-
face limits apply over temperature, Tyyy < Ta < Tyax. For ab other limits Ty ~ 25°C.

Typieal Tested Design
Parameter Condliions Limft Limit UnHs
(Note 5 Giote 7) {Nate B)
Gan Bandwidth Product 2.5 MHz
Oulput Yoltage Swing {Min) RL = 3.5k} =4.2 | %38 \
Slew Rate N 7.0 V/us
DC Open-Loop Gan 80 : oo
Input Ottset Vohage (Max) »15.0 +20 mv
Input Blas Curent 10 DA
;A:;m(;nc zmpm Source : 20 . nA
Current (Note 5} Sink 30 mA

Logle Input Characteristics soiaace imns appty aver temperature, Tum < Ta < Tmax

All other limnis T, ~ 25°C. .
o " Tasted Design
Parameter Conagttlons (Ny;e §) Limit Limit Units
(Nate 7) (Note 8)
CMOS Clock Min Logical 1 3.0 v
Input Inout Voitage VI = +5V, V= = -5V,
Max Logical “0"" Vi sh =0V ~30 v
input Vottage
Min Logieal 1" 8.0 v
Input Voitage ¥l +10V, V= = 0V,
Max togical 0" | Vign = +5V 2.0 v
Inout Vollags
TTL Clock Min Logical “1" 2.0 v
Input Inowt Voitage V1= 48V V= = —2y,
Max Logical "0 Visn = OV 0.8 v
- inout Voitage
Mete 1: Tha ppeal ) 4 themal (03} ©f @ 14 pin ¥ package & 160°C/W, and 82'C/W for tw M pacxaga

Nots 22 Tha accuribir o me O vaye B 2 UNCIDN of e Cote frequency (fol. Thie ls Musratad n M@ curves under the headng ‘Typical Parformanca
Charactansacs®,

Mote X Yogq, Yoea NG Vs fafer to Ma hiomal ofsecs 23 dscissad in the Appicanon infommaton secton 34

Nots & For & 5V suppree 0ha O range 0 282V s (4V peax) whar 3 the waenand naies ovar 3 20 Kz bandwedth is typicaily 200 pV mms for
e MF5 win 2 50:1 GLX ratio and 230 gV ms for thae MFS with 2 100:1 GLK rato.
Not-S:Thnsrmumsamcumntsmeaswa,mqmmr&hmmmbmmmmmymmdmmsnquha:mmm
e nagasve suoDly. TNe SO GrCUA SHK CUMONE is IERSUIIT by fOMTng 4 OUTPUL TNAC IS D8NG B I 3 MXAMUM MAGAVE VOAOR Swing 8nd en $norong
nat autpue to the postive SO, Thase ars the worst c2sa condbions,

Hote & Typxak ae & 25T and ragreeat most kkaly paramenic nom.

Note T: Guarantsed and 100% teetad

Mote & Giorartesd, Bt ACt 1007% Bstxd THose HTIES 208 NCX U56d 1D CAICUIAIR GRGONG QAR 'avais,
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Pin Description

LP(14). BP{1), The second order lowoass, bandpass. V 1{8),V=(10): These are the posdive and negative
N/ZAP/HP(2): ana notch/allpass/ hgheass ouiguts. The suppty pins. The MFS wdl operate over a
LP and BP outpuis can typically sink t mA ‘otal supply rangs of 8V 1o 14V,
and source 3 mA. The N/AP/HP output Decousling the supply ping with 0.1 uF
can typically sink 1.5 mA and source 3 capacitors is highly recommenced.
mA Each output typrcaly swings to within CLK(8): This is the clock ingut for the fiter. CMOS
1V of each sucply. or TTL logie level clocks can ce
INV1(3): The inverting input of the summing oo accomedated by sethng the L. Sh-q\:n to
amp of tha itar. This 1s a high impseaanca iha lgvels dascrinad in tha L Sh pin
neul, but the non-inverting ingud 1s descnpiion. For optitnum filter
iniernally tied 1o AGND, making INV1 rerformance a S0% cuty cycle dlockis
behave fke a summing junciion (low recommended for dock frequencies
irmpedance current Input). greater han 200 kHz. This gives each op
Si(4) S$1i8 a signad input pin used in the elipass amp the maximum amount of time lo
titer configurations (seg modes 4 and 5). sattle to a new samgpled input.
The pin should be ¢nven wih a source L. Sh{7): This pin atows the MFS to accommocate
imgedance ot less than | k2. I S1is not arither CMOS or TTL logic level ciocks. For
driven with a signal il should be tied to dual succty operation (i.e., 25V), a CMOS
AGND (mid-sucoty). oc TTL logic level clock can be acceptea it
SA(S): Thes pin activaies a swich that connecis {he L Sh pin:s tied 10 mid-sucply (AGND),
one of the inocuts of the titter’s secona which shoutd be the system ground.
summer o edhar AGND (SA tied to V—) For single supply oceration the L Sh pin
or 1o the lowpass (LP) output (SA tied 1o shoud te tied to mid-supply IAGND) for a2
V 4 ). This offers the tlaxibiidy needed tor CMOS iogic fevel clock. The mid-suoply
configuring the iilter 1 its vanous mades tias should be a very iow impedance
of cperanon, noae. See Applications Information for
50/1C0(S): This pin 1s used o set the internal cock to biasing technigues. For a TTL logic tevel
center frequency rano (Icyx7fg) of the cfock the L. Sh pin should be tiedto V—
fiter. By tying the pin to V + an {py « /1, which #hould te the system ground.
ratio of about §0:1 (typically 50.11 = INV2(12): This 1s the mverting input of the
0.2%) is cbrained, Tying the $0/100 pinto uncommitiegd 0o amp. This is 8 very high
arther AGND or V— will sat the (g1« /1. ampedance inout, but the non-nvaning
ratia o about 100:1 {lypically 100.04 = input s intemally ved fo AGND, making
0.2%]). INV2 behave hke a summing junction
AGND(11}: This is the analog ground pm. This pin (low-impedance current input).
should be connectéd 1o the sysiem ve2(13): This 8 the outout of the uncommitted op
ground tor dual suepty operation or biased amp. It will fypicaly sink 1.5 mA and
{o mid-suopty for single suooly ooeration. source 3.0 mA. t wil typicaily swing 1o+
For 2 further discussion of mid-sucply within 1V ol each suppty.
tiasing techniques see the Apoications
Intormation (Section 3.2). For ootimum
titer performancs a “cean” ground must
be prowvided.
Typicai Perfarmance Characteristics
Ceviallan of FC:‘K v& Nominsi Q Deviation ot FC:K *8 Nominal Q g:::;if?r;;u;:fzr:ie
.0 T T : 8 I @ PR Ty (R
[ ——— - AR 1 = s [Caausne ]
7 9 Hesn z il g e ; o BN R
3 ::[~ na o e r_",:&mu:t i i 5 -—Tﬂ
E -0 HH = : 3 nus t 2
R i s g HEL AT 3w N
- - o -as o primy I 5 e e
32 20 L e it g I N
Y S ARGl ALl 3™ '
-0 L -10 ﬁ : u o
01 1.8 ] 198 [R] 14 18 100 =% -3 0n s 18
NOMDIAL & NORWAL £ TEWPERATURE °C)
TLM/568-3
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Typlcal Performance
Characteristics continueq)
Supply Current vs Temperxture
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1.0 Definitlons of Terms

fcix: ‘he reaquency of the external ciock signal aophea to
oin 8.

1o c8er frequency of the second order funclion comglex
pole par. 1, 1S measwed at 1he bandpass outoul of the MFS,
and is the frequency of maximum bandoass gain. (Figure 7).
Thoteh: the frequency of mvmum (daafty 2er0) gam ai the
notch output.

1z: the center irequency of the second order complex ze
paur, it any. It 1, s different trom 1, and i Q, Is fugh, it can pe

coserveg as the frequency of a noich at the alpass oulput.
(Fouwre 16).

Q: “quality factor”” of the 2nd order fiter. Q 1s measured at
ihe tandoass outpul of the MF5 and Is egual to 1, diviced by
the —3cB banawidth of the 2nd order banapass fitter (Fxz-
ure 1). The value of Q determines the shaos of he 2nd
oruer tifter responses as shown in Figure 6.

Q;: ihe quality facter of the sacond order complex zero par,
i any. Q, is relatzd to the alipass charactenstic, which is
writtan:

s
Hoap (S2 - f + mdz)

Hap(s) ~ -
2+ i“)’—° + wg?

whers Q; = Q for an all-pass response.

Hpgp: ihe gan (in V/V) of the bandpass ouiput at { = 1,

Houp: the gan (in V/V) of e lowpass cutput as | — 0 =

Froure 2).

HoHe: the gain (in V/V) of the highpess oudput as

f = /2 Frgure 3 ).

Hon: the gan (in YY) ot the notch output as | — U Kz ang

ast — law/2, when the noich tiker has equal gan acove

and betow the centfer lrequency (Figure 4 ). When the bw-

frequency gan cilers rom tha high-frequeancy gain, as in

meass 2 and 2a (Figurss 17 and 8), tha two quantnios be-

low are used i place of Hoxe

Hownq: the gan (in V/V) of the notch output as § —» D Hz.

Hong: tha gan (in V/V) of ihe notch output as t — 14,/2.

1

-—a
u’ .
= Vit Hapls) - Ni”
B z ! s2-28 _ 2
FS iied 2 a
= 8.707 Hoer Y o P
kL \ E-s N T
.|
E l SE D
: LN i)y .
bW [ 2!‘3 Vizm
T
(a) (A0 SCAE)  Tusz0es-5 (v} (LO8 3CUEY  TLA/z000-8 1=ty (5 i \I (5 ’ - 1)
' &g = 28l
FIGURE 1. 2nd-Order Bandpass Response
Hupls) = —APST
4 2~ ;? - a2
g: g —— \ g_‘ ’ N 1 f T2
;l.TI”"J ) \ EadlC] “'(1-23)‘\.'(1—‘,’) -1
3 : | —
-89 | T fh=toyy'- 55
[ f ~Hop X
(a}y 1{LOS SCALEY  TL /Dm0 (b} HLDA SEME  TUMH/SDEs-8 Hoe = Ha A
aVv o aeR
FIGURE 2. 2nd-Order Law-Pass Response
Hompst
Huols)—
04 -2 2
i g a
¥ How | 2
S untiow - N W e J
: : o (o) T
-3 . . [ { 1 1
P o Pl N TEE
(3) IMOAXAMD T H/DE-5 ) HUGICALD TLAV088-10  Hep - Hoyp X
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FIGURE 3. 2nd-Order High-Pass Response
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1.0 Definition of Terms continuea)
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3 2
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FIGURE 4. 2nd-Order Noich Response .
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FIGURE 5. 2nd-Order All-Pass Respanse

{a) Bandpass . (b) Low-Pass - (c) High-Pass
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10 Tt " i E gES I o 0-3 i
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=t | o=t P2 e S 1 =y
s ! Ta8] s ° ﬁ?'“"— = ) Io=a 3
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g-" ! Rl W T S =" [“a-0s_|
AN\ -+ < i Q.2 F Pl a—&z_
-a Z{TEN 0, AN w7
i 73 a8 N -5 \;3 > /4
S )
. 1 WY S ! ',
2.t 65 v 2 5 o1 02 85 1.0 20 S8 @ gy 0 8513 7 % 1
FREQUENCY ity PRESUENCY (H2) FIEENCT (2}
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2 : e 1]
Y O=3)
0 " -8 ¢
Pt !
g ¢ N y sl g-m n
z -1 5 o —
H Rt 2 z 0z
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FIGURE 8. Responses gt various 2ng-order tilters
as a funciien cf Q. Gains and center frequencies
are narmallzed {o unity.
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AD334

FEATURES
Pretrimmed to £0.25% max 4-Quadrant Error {AD5341)
Ail lnputs (X, Y and Z} Differential, High Impedance for

(X4 =Xa} (Yq=Y5)/18 V) + Z, Transfer Function
Scale-Factor Adjustable to Provide up to X100 Gain
> Low Nolise Design: 96 uV rms, 10 Hz-10 kHz

Low Cast, Monoiithic Construction

I Excellent Long Term Stabitity

APPLICATIONS
High Quality Analog Signal Procassing

¢ Differantial Ratio and Percentage Computations
Algebraic and Trigonometric Functlon Synthesis
Wldeband, High-Crest rms-to-dc Conversion

¢ Accurate Voltage Controlled Oscillatars and Filters
Available in Chip Farm

PRODUCT DESCRIPTION
ne ADS34 is a monelithic laser trimmed four-quadrant multi-
slier divider daving accuracy specifications previously found
Fonly in expensive bybrid or modular sroduets. & maximum
. Inultiplication error of 0,25, is wuarniced for t22 ADS34L
¢ wit2our any external trimming. Excellent supely rejection, low
temperarure coefficients and long rerm stability of the on-chip
thin film resistors and buried Zener reference praserve :zccu:'nc_.
even under adverse conditions of use. It is the first muiticlier o
offer fuily differential, high imgedance ogeratior on 2l incuts,
pincluding the Z-input, 2 fenture which greatly increases its flex-
*ibility and ease of use. The scale factor i pretrimmed to the
standard value of 10.00 V; bv means of an external ragistor, this
y €an be reduced to values as low as 3 V.

T:‘.c wide spectrum of applications and (ke availability of several
gradcs commend this multiplier as the first choics for ail new
dcsxgns The ADS534] (1% max emor), AD534K {£0.5% max)
' and ADS534L (£0.25% max) ars specified for operation over the
0°C to +70°C remperature mnge. The ADS34S (£1% max) and
ADS534T (£0.5% max) are sgecified aver the extended lemzera-
Lur= rungs, -35°C 10 +1257°C. All gradas are available in her-
metically sealed TO-100 metal cans vnd TO-116 cazunic DIP
cackages. ADS34], K, S and T chigs are also avaiiatcle.

PROVIDES GAIN WITH LOW NOISE
Tae ADS34 is the first general purpose muitisiier capatie of
p*ovxc.mg gains up to X100, fr2quently eliminating the nead for
segarate instrumentation amplifisrs to precondition the inzuts.
. The AD534 can be very effectively emploved as a variable gain
difezzntial input amplifier with high cormmon-mode Tejection.
t The zain oprion is avaiiadle in all modes, and wiil be found to
simelify the implementation of many funcrion-fitring algorithms

REV. A

imormation furnished by Ana.oa Javices s detieved 1o ce ancurate ana
-@iaDie. FOWaVBY, 0 reSDORS. TIlY 1§ a8k . Tad by Araiog Cavices ior s
<88, ror for any infrings I 6f Salents of otner righss of mird sarves
wricn may rasult from its usa. No licansa is nran.’ad hy imolicarion or
omerwise under any parent or NAIE"T ¢ ignts of Analog Devices.
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PIN CONFIGURATIONS

TO-100 (H-104) TO-116 (D-14)

Package Package
X1 -
X1 {1l 1] +Vg
X2
- our ADS34
2 ADS34 0 - ne {51 TCP VIEW [12] our
TGP VIEW {Not To Scaw)  p—
[Nt To Scaie) <= E el 29
-
. \SJ NC |5 ) ﬂl 22
-Vg Yi|s B NC
217} 3] -V
NC = 80 CONNMECT
LCC (E-208)
Package
227y
3 2 1 o813
LT
: 2k Vs X8
NC 3 ; i ) 13 CuT
! ] J -
HC 5 ) AD533 Pz ne
o] I W il
sk a5 NEN {16z
it Ta Scate) e
MHE 7 :" 15 NG
NC 8 j 4 72

NC = NO CONNECT

stch as those used to generute sine and tangent, The uiility of
this feature is enhanced by the inherent low noise of the ADS34:
90 uV, rms (depending on the ¢ain}, a frctor of 10 lower than
crevious monolithic muitplivrs. Drift and fesdtisougn are also
substantially raduced vver sarlisr dasivns. ’

PREf‘ED ENTED FLEXIBILITY
TE.-. precise calicration and diderendial Z-ingut provide a degr
o1 ﬁe..xDlllt} found in no other currenty ava Batle mulnpn‘-r.
Standard MDSSR functions {muitipiication, division, squaring,
squars-rooling) are easily implemented while the restriction 1o
particuiar inputioutput poiarities imposed by earlier designs nas
22n eliminared. Signals may be summed into e output, with
or without zain and wirk either 2 positive or newative sepse.
Many new modes based on implicit-funcrion synthesis have
been made possible, usuall) muu.ng only extemal :amw: com-~
sonents. The ourpur can be in the form of a current, if desir=d,
fucilitating such operations as integration.

One Technology Way, P.0. Box 9126, Norwood. MA 02062-9106, USA.
Tel: 817/325-4700 Fax: §17/326-8703
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Sod
Soded 2 E e
i
SMULTIPLIER PERFCRMANCE . !
Trunaizr Funcion ; i
i . ]
& - s i - { 3 —a g
Toud Ezod (-10V <X, Y2 -10V) i ; =19 =05 i< =225, 0y
T T 3 max i ) H 1.0 : 0.5 5
'[‘“--._-?? Feuirvx Tengomture : +0.022 : +3.013 0008 %0
T Ezve é = { Lt - a,
13330V \Jn'mml)- | .25 E 0 . 0.1 *
Tempzrarur=-Cozciant of H » .
Wing vonage | £0.02 i £0.01 20,605 e
sizmun (RI5V L 1Y) ! +0.01 ; +0.01 =0.01 b
VX X'z Vpp, Y =10V =04 ; 8.2 =0.3 10 =02 4
\umn:_n.'. Y= Vep XS 10¥% 0.2 ) 6.1 =0.1 20.805 =0l %
Fabthrouah, X (Y Nuiicd ; I )
=20V o-p 30 Hs) ' =0.3 { 20,13 =03 +0.03 =5.12 ¥,

Femithruza’, Y (X Nutled, . ! .

% =0V pp 30Kz ! =081 i 0.0 =0.t =3t jo®
Oumdir M=t Voitage . : 3 =3n ! £2 =15 =13 | =Y
()uu:ut Or3et VoRags Daft ! 200 | 100 ;. uv=C

IDYNAMICS i i I
Small Signal BW (Vouy = 0.1 zms) i 1 ! 1 ! foMiz
1% Amplitude Ezor xL.uN,- 1000 pt; ; 38 ; 33 } 3G v Rz
¥ Ratz 'V, 20 pp! 23 R : 0 PoVas
Sexling T'ne' n 195, 3V, = 20 V) ! 2 2 ! 2 {ous
NQISE i / :
Nogz 8pzmambDends SF RS N1 4.3 '
SF S , [ R !
J:b.uld Nulsc ! =1 V) '[‘. ¥ > o i i i
f=10 1—;; on ! [¢14] ! an !
CUTPLT .
Ouput ¥obkugs Swing L Al =1 v
Output Impedancs (F< 1 kHD) ! 0.} 0.1 D.} P
Quiput $hurt Circust Current i

Ry =0, Ta = mun o max) : 3 30 ; 33 3 A

Ampiifier \.‘u:*. Lovp Galn {f= 32 Kz} ; 3 70 { e - . 4B
INPUT AMPLIFIERS (X, ¥ 20d Z)° i T '
Sipanl Voltoge R.age (DI or G . 10 +10 BN

‘),.‘:::'mzv [95+¢ i =1 +12 f 3
Off¥e: Voltagz Xo Y 1 =3 =20 2 =10 =10 !

O::}e.t R = DAt X, Y o3 50 i
Orfer Voitage 2 J 13 =30 £2 = ST
Ofset Vonags DAt Z i 250 s i
CMERR i 60 80 70 90 <0 i
Bias Curmrent i R 2.8 0.8 3.0 ] ;
Offta Curent : | 01 i 3.2 :
Diferentizi Resistance ! 16 10 |
DIVIDER PERFORMANCE f o (Ze= 2D LiZe-Loy . :
Trdnstzs Eunctivg (X, > X3 !' | 107 A ¥y 1WF A + ¥ ;
; ; '

Total Ezrur (X =10V, -i0V<Z<-10Y) ! { £0.35 0.2 =

X =TV, -l VSZSHL V) i : 10 =2, .-

’ :_.;.«u:cv -1 0VEZI Yy ; £1.0 0.2 P
SQUARE PERFORMAM ! s, - 7 AR I
mnster Function M’, AR 3 e f:l =2z, ‘f{’, :(.‘ =Z: i
. W \ G i W o

__Toud Bmur (-10V SN € 03 ; =30 : 203 i 0.2 Do
SQUARE- ROUTER PERFORMANCE i i i ;
Urgmzer Fuacron(Zy £ 23 , F{Za=Z = X | LI0XIZ -2y Xa L 10ViZy -2 + ;

Total Ezmoe! (1 VS Z 510 V) . -1.0 1 203 : 0.3 S
POWER SUPPLY SPECIFICATIONS l

Supply Voiuage

Rated Pegucmancs =13 +13 =13 v

Upentng &3 =18 +8 =18 +3 =18 ¥
Supply Cumeat i

Quiscent 4 6 4 6 4 g L LY

PLCKAGE OPTIONS ! .
TO100 (11-104) ADS34]H AD5HKH apsd !
TO-116 (D-14) AD334]D AD334KD ADS34LD )
Chips AD334) Chips AD334K Chips i |
NOTE-'.S Specificaticas shewn iz baldface are 1rared o il producnica nziic ot fmal clenined

"Figures givea are perceat of fuil scale, £10V {ie., 0.21% = 1 m\7.
“Leav oc rsduced down 10 3 V wimg eatatnad reastos petwern Vi ind ST
.:rr..m::*!: ITEIDenL ST {0 DCLMCUAY exchudes effect 2f offvets,

“leng eaternalresster sdinued to ¢ ghve ST T3V
"Sze Puncnooul Block Divgrum for adisioon of wetons.

5 . N . .
Sgscrffcanions mojeat to chioge withowt nerice.

test. Resultt {tom thore 1est3 are vsed to cslcolate Setyedg youny iovels, Al omuz and

max spesifisanens ste fuarsdteed, sithougn ooiv thowe showe = Seldfice siv teeted

ca sl predoiton nans.



Modcl ADS348 ADS34T
Min Typ Mux Min Typ Max Unio
—_
MULTIPLIER PERFORMANCE (X XY Y3), (X XY, Y.
T ransfe: Functiva —W—‘- » o +Zs
Towl Exor' (-10VSX,YS+10V) =10 =0.5 %
Ta = xtin tv max =2.0 +1.0 %
Total Ezor vs. Temperature =0.02 =0.01 % C
$caie Facwr Exur : o
(SF = 10.€00 ¥ Nominal)* £0.25 10.1 %
emperature-Cocdhicizat of ‘
T Scaling Yohage £0.02 . £0.005 - WG
Suppiy Rejection ((153VE1 V) +0.01 +0.01 _ %
Noalineadty, X (X =20 ¥V p-p, Y = 10V) +0.4 0.2 =03 %
' Noolineazity, Y (Y =20 ¥ p-p, X =10V) £0.2 10.1 =0.1 %
Fecdthroush®, X (Y Nulled, .
" X =20V pp 50 Hz) £0.3 £0.15 =03 %
Fezdthrough’, Y (X Nulled,

Y =20Y pp 50 Hz) 10.01 +0.01 =0.1 %
Ourput Offset Yoltage %35 +30 12 =15 mY
Ouput Offs=t Yoltage Drift 500 . 300 wree

DYNAMICS . -
Small Signal BW (¥our = 0.1 ras) 1 1 MHz
1% Amplitude Exur (C i = 1000 pE) 50 30 kHz
Slew Rate (Vo 20 p-p) 20 20 ¥ips
Settfing Time (tv 1%, AV =20 V) 2 2 -3

NOISE Hz
Noise Spectral-Deasity SE = 10V 0.8 0.8 pyivHz

SF=3v 0.4 0.4 u¥ivHz
Widsband Noise f = 10 Hz 0 53 MHz 1.0 1.0 mVirms
=10 Hz w 10 kHz 90 90 p¥irms

OK;TPL'T
QOutput ¥ohage Swing i i1l ¥
Output Impedance (£< 1 kHz) 0.1 0.1 Q
Output Short Circuit Curreat

(R =0, Ta = min t max) 30 30 mA
Amplifier Open Loop Gain (f = 50 Hz) 70 70 dB

INPUT AMPLIFIERS (X, Y and Z)*

“Signal Yolhage Range (Diff or CM £10 :10 v
Operating DifL) +1 +12 v
Offer Yoltnge X, Y +3 =20 £2 =10 mY

Ofset Yohtage Daft X, Y 10 130 u¥*C
Offset Vultage Z %3 =30 £2 =15 oy
Offser Voltage Doft Z 500 300 HYFC
CMRR 60 20 70 0 dB
Bias Cutrent 0.8 2.0 c.8 2.0 HA
Offset Current 0.1 0.1 pA

, Differcatiy] Resistance 10 10 MQ

DIVIDER PERFORMANCE (Z.-2Z) (Z.-Z))
Traasfer Pusction (X, > X2) ‘”(x.-x,)”‘ 10?-(-);;_—)5'«1’.
rTotal Errur! (X =10V, =10V <Z<£+10V) +0.75 +0.35 %
(X=1V,-1V<Z<+1Y) 2.0 +1.0 %

& 0.1 VSX<S10V,-10VSZ<10V) 2.5 1.0 %

SQUARE PERFORMANCE X g,

Hratetc Fuscuon Ca-X g, (-3 7,
0¥ 10F
Total Exur (-10V S X510V} +0.6 +0.3 7

SQUARE-ROOTER PERFORMANCE

Traasier Fuactoa (2, € Zy) VI0F(Z - Z)+ X, AOV(Z.-Z)) + X,
jTotal Egor’ (1 VSZ 510V) +1.0 0.5 %

POWER SUPPLY SPECIFICATIONS
Supply Yoltage<

Rated Pecformence +15 15 . Y

Opemting 8 =22 +3 =2 1’4
Suppiy Curreat

Quiesceat 4 6 3 [ mA

PACKAGE OPTIONS
TO-100 (H-104) AD3348H AD334TH
TO-116 (D-14) AD35348D AD334TD
E-204 AD3348E ADS34TE
Chips AD5348 Chips AD334T Chips N

NOTES Specifications sbown in beldface are tested en ail productica anits at fial edectical

"Wignites given rte percent of full scake, £10V (2., 0.01% = 1 mV]. test. Resahts from those tests are used to calculate outguing quality levels. All min 2=d

Muy be reduced down 10 3 V asing external resintot berwemn Ve und SP. max specificat tced, uithough caly those shown ia boldfics arc tested

Yireduchie comp doe to fineacky: sacledes ofect of offsets. ca all prodnction nans.

“Using external resstor adjusted 1o give SP =3 V.

See Pmcdonal Block Diagram for dfinition of sections.

S;;::iﬁun"ms tabject to change withew aotice.
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A534

CHIP DIMENSIONS AND BONDING DIAGRAM

Dimensivos shown in inches and (mm).
Contact frctory for latest dimessivas.

S
I;

ThermB! {254,52812
Thermal Resistance 8y = 25°C/W for H-10A

v
CAUTION

ABSOLUTE MAXIMUM RATINGS

ADS341L KL ADS34S, T

Supply Yoltage 18V 122V
Internal Power Dissipadon 300 mW *

Quirput Short-Circuit 10 Ground Indefinite *

Input Voltages, X, Xa ¥y Y2 Z, Z, Vs -

Rated Operating Temperature Range 0°C 1o +70°C -55°C to

) ’ +125°C

Storage Temperaturs Range ~65°C 1o #150°C | =

Lead Temperature Range, 60 s Soldering { +300°C *

*same a5 AD534] Spews.

OPTIONAL TRIMMING CONFIGURA'EIQE‘(

Ws
|

6100 254) ) sk e —

‘.SQQLE?SN LASER - TRIMMED CMIP FORM "

By = 150°C/W for H-10A e

8y = 25°C/W for D-14 or E-20A

8)a = 95°C/W for D-14 or E-20A

ORDERING GUIDE
Temperature Package Package

Model Range Description Option
ADS34]D 0°C 10 +70°C Side Brazed DIP D-14
ADS34KD 0°C to +70°C Side Brazed DIP D-14
ADS34LD 0°C 10 +70°C Side Brazed DIP D-14
ADS34JH 0°C to +70°C Header H-10A
ADS34KH 0°C 1o +70°C "Header H-10A
ADS34LH 0°C to +70°C Header H-10A
ADS534J Chip 0°C'to +70°C Chip
ADS534K Chip 0°C to +70°C Chip
ADS34SD -55°C to +125°C Side Brazed DIP D-14
ADS5348D/883B -55°C to +125°C Side Brazed DIP D-14
ADS34TD -55°C to +125°C Side Brazed DIP D-14
ADS534TD/8S3B -55°C to +125°C Side Brazed DIP D-14
JM38510/139028BCA -55°C 10 +125°C Side Brazed DIP D-14
JM38510/13901BCA -55°C to +125°C Side Brazed DIP D-14
ADS34SE -55°C to +125°C LCC E-20A
ADS534SE/8838 -55°C to +125°C LCC E-20A
ADS34TE -55°C 0 +125°C LCC E-20A
ADS34TE/883B -55°C to +123°C LCC E-20A
ADS34SH -55°C to +125°C Header H-10A
ADS5S34SH/883B -557C to +125°C Header H-104
ADS34TH -55°C to +125°C Header H-10A
ADS534TH/883B -55°C o +125°C Header H-10A
JM38510/13902BIA -55°C 1o +125°C Header H-10A
JM38510/13901BIA -55°C to +125°C Header H-10A
ADS534S Chip -55°C o0 +125°C Chip
ADS534T Chip ~55°C 1o +125°C Chip

ESD (elecrostatic discharge) sensitive device. Electrostadic charges as high as 4000 V readily
accumulate on the human body and test equipment and can discharge without detection.
Altough the AD534 features proprierary ESD protection circuitry, permanent damage may
vesyr on devices subjected to high energy elezrostatc discharges. Therefors, proper ESD

precaudons are recommended to avoid performance degradation or loss of funcrionality.
£

"WARNING!

4 &

—4—

TO APPROPRIATE
INPUT TEAMINAL

A8

O SENSITIVE OEVICE ©
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AD534

FUNCTIONAL DESCRIPTION

Figure 1 is a funcrional block diagram of the AD334. Inpurs are
converted to differential currents by three ideatical voltage-io-
current converters, each trimmed for zero offset. The product
of the X and Y currents is generated by a multiplier ceil using
Gilbert’s translinear technique. An on-ckip “Buried Zenar”
provides a highly stable reference, which is laser trimmed to
provide an overall scale factor of 10 V. The difference berwesn
XY/SF and Z is then applied to ths high gain output amplifier.
Tais permits various closed loop configurations and dramati-
cally reduces nonlinearities due to the input amplifiers, a domi-
nant source of distortion in earlier designs. The effectiveness of
the new scheme can be judged from the fact that under typical
conditions as a multiplier the nonlinearity on the Y input, with
X at full scale (£10 V), is £0.005% of F.S.; even at its worst
;.:oinr:, which occurs when X =+6.4 V, it is rypically oniy
+0.05% of F.S. Nonlinearity for signals applied to tee X input,
on the other hand, is determined almost entirely by the muiti-
clier slement and is parabolic in form. This error is a major fac-
tor if determining the overall accuracy of the unit and hence is
closczy related to the davice grade.
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v Figure 1. AD534 Functional Bleck Dizgram
The generalized transfer function for the AD534 is given by:
:

(X - X)) (Y, -Ya)
SF

Vouz-=A( —(z,—zz)}
/
witere A = apen loop gain of outpwt amplifier, typically
8 70 dB atdc
X, Y, Z = input voltages (full scale = £SF, peak =
E *1.258F)
SF = scale factor, premimmed to 10.00 V Sut adjustable
by the user down 1o 3 V.

In mést cases the open loop gain can be regarded as infinite,
and SF will be 10 V. The operation pc;formcd by the AD534,
can then te described in terms of squation:

¢

i (X, - X)) (Y~ Ya) =10V (Z, - Zn)

The user may adjust SF for valuss between 10.00V and 3V by
connecting an external resisior in series with a potentiometer
tcetween SF and -V Tkhe approximate value of the total resis-
tance for a given value of SF is given by the rzlationship:

- . SF

Rop =34K 5= F
Dus to device tolerances, allowance should be made to vary Rygs
by £25% using the potentiometer. Considerable reduction in
bias currenfs, noise and drift can be achieved by decreasing SF.
This has the overall effect of increasing signal gain without the
customary increase in noise. Note that the peak input signal is
always limited to 1.25 SF (i.c., £5 V for SF = 4 V) so the overall
transfer function will show a maximum gain of 1.25. The per-
formance with small input signals, however, is improved ty us-
ing 2 lower SF since the dynamic range of the inputs is now fully
utilized. Bandwidth is unaffected by the use of this option.

Supely voltages of £15 V are generally assumead. However, satis-
factory dperation is possible down to £8 V {se2 curve 1). Since
all inputs maintain a constant peak input capability of £1.25 SF
some fezdback attenuation will ke necessary 1o achieve outgnt
voltage swings in excess of £12 V when using higher surply volt-
ages.

OPERATION A3 A MULTIPLIER
Figure 2 shows the basic connection for mulriplication. Note
that the circuit will mes£ all specifications without trimming.

xinpur 15 Vs Sl
210V FS R
=12Y PK 7
S ) e QUTPUT, 212V PK
e = 5 N
I {(Ry = %) (¥4~ C3)
? — 622
SF z; 1ay
AD534 .
z OPTIONAL SUMMNG
2 ', INPUT, Z, 510VPKa
—y ! ~
YINPUT 1 &
£10Y FS
z12¥ PK Yy Vg p—— 15V

Figure 2. Basic Multiplier Connection

In-some cases the user may wisa to reduce ac fesdthrough o 3
‘minimum (as in a suppressed carrier modulator) by applying an
external trim voltage (30 mV range required) te the X or Y in-
put (see Optional Trimming Configuration, page 3). Curve 4
shows the typical ac feedthrough with this adjustment mode.
Note that the Y input is a factor of 10 lower than the X ingut
and shouid be used in applications where null suppression is
critical.

The high impedance Z, terminal of the ADS3+4 may te used to
sum an additional signal into the output. In this mode the out-
put amplifier behaves as a volrage foliower with 2 1 MHz small
signai bandwidth and a 20 V/ys slew rate. This terminal should
always be referenced to the ground point of the driven system,
particularly if this is remote. Likewise the differzntial inputs
should be referenced to thair respective ground portentials to re-
alize the full accuracy of the AD534.

-5-



AD534

A muc!E. lower scaling voltage can be achieved withour any re-
ductiort of input signal range using a feedback attenuator as

“ shown in Figure 3. In this example, the scale is such that Vour

+2 XY, o that the circuit can exhibit a maximum gain of 10.

his connection results in a reduction of bandwidth 10 about

0 kHZ without the peaking capacitor Cy = 200 pF. In addition,

‘he ourput offset voltage is increased by a factor of 10 making
em:rnal adjustraents necessary in some applications. Adjust-
ment xs made by connecting a 4.7 M resistor between Z, and
the slider of 2 pot connected across the supplies to provide
+300 mV of rim range at the output.

v

®
X NPUT Xy Vgl +15V
=1V FS
VPR y, OUTPUT , =12V PK
E ouT ={Xy = Xp) (Y4~ Y3
. 90k (SCALE =1V)
k “
ADS34 OPTIONAL
Z; 1k o= PSAKING
CAPACITOR
Cp = 2G0pF
Y INPUT "
=10V FS
=2y PK | ¥, Vg 15V

k
Figure 3. Connections for Scale-Factor of Unity

Feadback atrenuation also retains the capability for adding a
signal to the output. Signals may be applied to the high imced-
ance Z, ‘terminal where they are amplified by +10 or to the com-
101 ground connection where they are amglified by +1. Input
signals may also be applied to the lower end of the 10 K1 resis-
tor. giving 2 gain of -9, Otker values of feedback rate, ut
X100, can be used to combine multiplication with gain.

Occasionaily it may be desirable to convert the output 10 a cur-
rent, intd a load of unspecified impedance or dc level. For ex-
ampie, the function of multiplication is sometimes followed by
v.n.:egmtfon; if the output is in the fortn of a current, a simple ca-
sacior will provide ihe integration function. Figure 4 shows
how tnis can be achieved. This method can also be applied in
squaring, dividing and square rooting modss by appropriate
choice of terminals. This technique is used in the voitage-
controlled low- pass filter and the differential-input voltage-to-~
“'~quem:v converter shown in the Applications Section.

—6—
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= —1 Xz REBISTOR, Rg, 2kQ MIN
out
B 2z ——— e =y
ADS34 . N
Z; . Xy -XAMy=Ya 1 g
v > "As |
— . Ll
Y INPUT | INTEGRATOR 223
=10V FS, CAPACITOR |
£12v P Y, -vs {SEE TEXT) (\',7

Figure 4. Conversion of Output to Current

OPERATION AS A SQUARER

Operation as a squarer is achieved in the same fashion as the
multiplier except that the X 2nd Y inputs are used in pzrallel.
The differential inputs can be used to determine the output po-
larity {positive for X, = Yjand X, = Y4, negative if sither one of
the inputs is reversed). Accuracy in the squaring mode is typi-
caily a factor of 2 better than in the multiplying mode, the larg-
est errors occurring with small values of output for input telow
A%

If the application depends on accurate operation for inputs that
are always less than £3 V, the use of a reduced value of SF is
recomizended as described in the FUNCTIONAL DESCRIP-
TION section (previous page). Aiternatively, a feedback attenu-
ator may be used to raise the cutput level. This is put to use in
tha difference-of-squares application to compensate for the fec-
tor of 2 loss involved in genemating the sum term (s=e Figure 7).

—

ne difference-of-squarss function is also used as the basis for a
novel rms-to-dc converter stown in Figure 14, The averaging
filter is a true mtegraxor, and the luoo seeks (o zero its input.
For tkis to oceur, (Vpg)? - Voup® = 0 (for signals whose period
is well below the averaging time-constant) Hence Yooy is forced
to equal the rms vaiue of V. The absolute accuracy of this
technique is very high; at medium frequendies, and for signals
near full scale, it is determioed almost entirsly by the ratio of toe
resistors in the ipverting amplifier. The multiplier scaling veit-
age affects only open loop gain. The data shown is rypical of
performance that can be achieved with an AD334K, but even
using an ADS534], this technique can readily provide tetier Gian
1% accuracy over a wide frequency range, even for crest-factors
in excess of 10.
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