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fundanmental requirenent of automatic test systens is
the ability to neasure accurately electronic signals

from dexigigs NERSIrQ ﬁ%@;ﬁﬁ%&ﬂ&cﬁﬁcﬁ@émot Applicable.

t opol ogi es have been devi se or this purpose.
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approxi mately equal to an expec?ed differential input

voltage H - LO of the measurenment circuit. A sunm ng
circuit 114 adds a |ow side (LO of the neasurenent
circuit to VpED, ZBACEGROUNG ORI NN TIONr 110
measures the difference between a high side of the
measurenent circuit (H) and the output of the sumrer

114 (LC@;&L]?/E%?%HEEQ%E t of the differenti al
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si gnal ays ;alerBBRtdded Rnbtal fottheRQRMERI Btk Red in automatic test

equipment, and, more particularly, to measurement circuits employing accurate pedestal

SOUrces.

DESCRIPTION OF RELATED ART

A fundamental requirement of automatic test systems is the ability to measure
accurately electronic signals from devices under test. A variety of circuit topologies have
been devised for this purpose.

Fig. 1 shows a high-level example of a measurement circuit that employs an
accurate pedestal source 112. The pedestal source is generally programumable and is
adjusted to produce an accurate voltage Vpep approximately equal to an expected
differential input voltage HI — L O of the measurement circuit. A summing circuit 114
adds a low side (LO) of the measurement circuit to Vpgp, and a differential amplifier 110
measures the difference between a high'side of the measurement circuit (HI) and the
output of the sumumer 114 (LO + Vegp). The output of the differential amplifier is then
customarily converted to a digital signal by an analog-to-digital converter 116.

The measurement circuit reads the value, G * [(HI - LO) ~ Vpgp], where G is the
gain of the differential amplifier 110. This reading corresponds to the difference, or



The nmeasurenment circuit reads the value, G* [(H -

LO - VpED1, where Gis the gain of the differentia
anplifier 110. This readi ng corresponds to the
difference, or WD 2004/097436PCT/ US2004/ 013109 2
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and t he programred expected in%ut vol tage, VPED. This
readi ng can be converted to a measurenent of input
voltage, H - LO by and adding a nuneric val ue that
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NVENTI ON Wth the foregoing
b§%%g$%uﬁg&$$f%h it is an object of the invention

for a neasurenent C|rcuit enpl oyi ng a pedestal source
to have reduced errors. To achi eve the foregoing
object, as well as other objectives and advantages, a
measurenent circuit includes a feedback anplifier and
a differential anplifier, each having a first input, a
second i nput, and an output. The first input of the
feedback anplifier receives an input signal. The first
i nput of the differential anplifier is coupled to a
pedestal source, and the second input of the
differential anplifier is coupled to the output of the
feedback anplifier. An attenuator is coupled between
the first and second inputs of the differentia
anplifier and provides a feedback signal, which is
conveyed to the second input of the feedback circuit.
The operation of the feedback anplifier effectively
boosts the residue signal and therefore allows the
differential anplifier to be operated at substantially
reduced gain, reducing overall circuit errors.
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froma consideration of the ensuing description and
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nmeasurenent circuit enpl oyi ng pedestal source
according to the prior art; Fig. 2 is a block

di agram of an inproved neasurenent circuit enploying a
pedest al source HRRIGFERGMARY OF THBRWWENEIONI g. 3 is

a sinplified schematic of the nmeasurenent circuit of
Fig. 2; and Fig. 4 is a high-level block diagram
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| otve becgd thput of the feedback circuit.

The operation of the feedback amplifier effectively boosts the residue signal and
therefore allows the differential amplifier to be operated at substantially reduced gain,
reducing overall circuit errors.



The neasurenent circuit of Fig. 2 also produces a
"residue,"” i.e., a signal indicative of the difference
bet ween the input voltage, here H - LO and the
pedestal voltage, WED. However, the residue produced
VR 2449274% i s substantial ly larger than the r 1/ B§7Q04/013109
produced in Fig. 1. In Fig. 1, 'the differentia
anplifier 110 handles the entire task of anplifying
the residue to provide a | arge enough signal that can
readi |l y be nmeasBRIBF PESORIPTHON OFAHHE BRAVEINGS

however, the differential anplifier 110 and a feedback
circuit share this task. Preferably, the feedback

circuit, provides st or all .of t al n..for . .
o1t ARl vagdh e HoviiiFedBh f diEfovention il pecome
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circuit_ includes a feedback anplifjer, 2%8 and an
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siggeating o thheribeatback anplifier 220. The attenuator

222 has_a nonminal attenuation of 1/0, which neans that

t he volFiggds ¢ bigchdierrampiiap énpregeiyaedsirameny difcuit cmplgying a
V.pedestal source\ac¥éedinghe R inwenfid V_ are the non-inverting
and inverting inputs of the differential anplifier

210, r @ipads 2 sisplifiedévhematicod thef medsaremaphrircvip bf Bige?;iand
applied to an input_ of the feedback anPJifier 220. L.
Al so, 4L bighdevst blopledipgrpmiof ¢ faster fiat Inghudesdaepsirgmepcireuits
pedestial tobk idesicand applied to the inverting input of
the differential anplifier 210. By cl osed-1oop

operation of the feedback anplifier and attenuator,

the non-inverting (+) input of the differentia

anplifier 210 is forced to a level that equals- Il +
((H- (LO + VpEo)) * (0-1). Assum ng that the
differential anplifier 210 has a gain of one, the

output of the differential amplifier is thus VD FF =
V+ - V_=H + ((H - LO- VeED)) *(G1) - (LO + WVED)

WO 2004/ 097436PCT/ US2004/ 013109 6 = G* ((H - LO
-VPD)) = G * (Residue) This value is exactly the

desired quantity, and it is acconplished with the
differential anplifier 210 having a gain of only one.
After neasuring this value, one can conpute the actua

i nput voltage, H - LO, as VpED VDT? /| G Al

ot her things being equal, the errors in the circuit of
Fig. 2 are nmuch lower than those in the circuit of

Fig. 1. Because the output of the differenti al

anplifier VDIFF is divided by Gto conmpute the input
voltage, the effect of the differential anplifier's

of fset voltage on overall circuit performance is

negligi ble. The feedback anplifier 220 adds sone

of fset error, but it can be made negli gi bl e by

selecting a | ow of fset operational anplifier for the
feedback anplifier or by trinmng the offset of the
feedback anplifier to near zero.



The measurenment circuit of Fig. 2 thus effectively
transfers the source of offset error fromthe
differential anplifier 210 to the feedback anplifier

220. This may not appear at first to be a substantia
VABPMPEHEnt . However, many | ow.of fset op anpBCP¥004/013109
comercial ly avail abI e, wher eag nost differenti al
anplifiers have relatively |large offset error. Thus,
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324 has i nput and feedback
resi stors 340 and 342 for_achieving the desired
i nversion for establi¥hif€¥+tKe)8r oper feedback
polarity and providing additional open | oop gain.
Al wiers st indeV y aretttxendnrivesrting amltiopetinganpibieofihe tiffeckntial amplifier
PrAy 1%%%0 R, e R Uﬁ%éﬁp&@ﬁltig&ﬁéé%ppﬁ@@&%%t 3f e feedback
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Trawkifieea Adso, e Ifp gide of the mpptyoliags)is pddsdip g}w estpl voltage and
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arrpl eeffrﬂgd%l f(skt. ?é]ﬁlfe?gf?d t'ml ! fle BBn-H%ﬂ&gg%ﬂ% of the dﬁfgerential

abbve equatio ere

r rdifier 24088 cg@@rtoai@e%féatreag%t—or 330 equal s G- 1.
The integrator stage 326 i nproves the accuracy of the
measur ement circuit. bt {8l k{bOrt Visp)) dGailor s have
extrenmely high gain at DC. Therefore, the output of

t hﬁsshrﬂﬁgtmﬁ%@%ffég&éﬂ %ﬁﬂhﬁ%‘? bYo R %aﬁb’ofﬂn@ UhGoRTRLTIE

é%% 'S g. esired output voltage of

ﬁ?@@- IHBEASTIENS s 4 whole. This is |nportant
because the i nput stage 322 has finite open Ioop(galn
i.e., it caWoparW:ctangdlit(oub@ut VasoD f'dfe-lby- (LO+ Verp)
experiencing a change in voltage between its
non-inverting and inverting inputs. During closed | oop
operation, changes in output voltage thus effectively
cause the circuit to suffer from an out put-dependent

of fset error, which is reflected in the nmeasurenent
result. The integrator stage 326 virtually elimnates
this error by ensuring that the output of the input
stage 322 never nove by nore than m nute anounts.

Fig. 4 shows a typical test environnent in which the
measurenent circuit of Figs. 2 and 3 may be used. This
test environnment includes an automatic test system 400
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may be di scarded. Testing at this |evel prevents
manuf acturers from perform ng expensive fabrication
steps on defective devices that are destined to be-

. VR2AWPOHH Ry, and thus | owers oyeral | manuf acPalP§04/013109
costs. In addition, the test programnay be used to
grade devi ces accor di ng to their performance. Devices
neeti ng hi gher standards may be set aside and sold at
hi gher pri cesG¥i@H tMYse&/ppr f ormi ng to | ower
standards. Alternatives Havi ng descri bed one .
enbodi nent, SwAgRaEmeR! t ernative enbodi nents or
variations can be made. The neasurement circuit shown
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omi t t edMl ethet things rnipequall the euptsen Hwreirbet ¢fdipl2ede much lower than

di h&etih YhelcBediner 18k f1f eleBifsk ﬁ:{e ARt bf the ﬂlf@ﬂegﬁﬁja&phﬁer Vper is

iy @ﬁw%nﬁ'%e Besinfotiags ta i Sy Fiipk i Bapligers offse

ofvdlthg aeeveralli cngmtpezﬁmmhnqeesqnag;hgﬂ»let Wihs feelibaekla@plifieres?20 adds
C e QRN Y IR bt P tﬁ' ﬂa%e\ﬁg 1i5E 8y Ea%né Beowrbersit Gferatfhal

vi ce-ver sa. e neasure

RS A CTRA A T .
valebeggeo.(ei t her differential or S|ngle ended) nothlng
requires that the circuit be used for neasurlng on

vol t agddehregsnrement oirquit af fiie 2 thusffectively tranaiEist bwﬁfce ot offset
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begr Pais] hy h@ﬁéﬂeﬁa@mﬁnﬂwg@nb\bﬁﬁm idduaE¥ RrRAcEeved with

t red enb ment thereof, it wll be
uﬁﬁ@é’tag%}gagf%cmgrgmg "R St fn the art that various
changesyj QISH]f d tﬁja%%' d)eagﬁ%m@ﬁ c‘ff@tq?oitﬂg 628 ld%e'i' BQtton
departing romt e, spl ]zé\ng scope of the |nvent{_(9?f dal
9 Tepds; Sersthanthaiopelory ﬁé}lffﬁ c%‘BWB? P’é’fiﬁ grrotg gt ditterentia
di dinfpifierstiéral to &mpioid with g¢if, 19y dvenit ngpmvei asrischi as phey darnlthe
a c%%ﬁi?gfjﬁh@ Wor example, the common mode rejection ratio (CMRR) of a

conventional differential amplifier operating at a gain of 1000 is are approximately 35 dB
less than the CMRR of the measurement circuit of Fig. 2 operating at the same gain.

Fig. 3 shows a more detailed embodiment of the measurement circuit of Fig. 2. In
this exemplary embodiment, the feedback amplifier is seen to include three different
stages: an input stage 322, and inverter stage 324, and an integrator stage 326. Each of
these three stages is preferably implemented with a separate operational amplifier (op
amp). The op amp used for the input stage 322 preferably has a low offset voltage and a
high inherent common mode rejection ratio. The op amp used for the integrator stage
326 has an input resistor 344, an input capacitor 346, and a feedback capacitor 348,
which together dominantly contribute to the open loop gain and frequency response of



a pedestal voltage source (212), coupled to the first
input of the differential anplifier for generating a
pedestal signal approximtly equal to an expected
differential input voltage; characterized by a
Woetsaeanpl i fier (220) having a first i npul‘Cf'ff@?20°4/°131°9
receiving an input signal (H) 'to be nmeasured, a
second i nput for receiving a feedback signal, and an
out put coupled to the second input of the differenti al
anmeiféddback(aﬁnﬂ)ipr aihe inGaar siddedRd Atonpyt 2@ feedlonglo resiftors 340 and
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measurepent circuit ?25 recited in clai gw 1, wherein
Att enual T SEBHS FaER 326 mpraves the AESUERSH 06 e TEASTR ﬁlﬁ"‘ﬁt Asis
f i kgtwn) odepratom hhecextromelydigh gapudt DiF. Theeeférectiib autput of the input
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ditier e enent
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U i AL 35 SR 8t s v

r eBPEE kin@eredhan BV SESHES] npedance. 305. A measur enment

circuit.as recite

di f 1 er eI BRI W‘iaEPSt(eé‘Té‘jm’h%lﬁﬁ Vi P’eeﬁi“lf%.?ené Girgpit of Figs.

of 2 keI miaj heyuskd0 This test environment includes an automatic test systemn 400
having a test computer 410 for running a test program (not shown). The test computer
controls instrumentation, such as stimulus circuits 414 and measurement circuits 416, for
exercising a device under test, or “DUT™ 412. The measurement circuits include the

measurement circuit disclosed herein and shown in Figs. 2 and 3. Under control of the
test program, the stimulus circuits 414 apply predétennined'stimuli to the DUT 412, and
the measurement circuits 416 measure voltages and/or currents as responses from the
DUT 412. The test program compares the measured voltages and/or currents to expected
values. If the readings are within allowable tolerances of the expected values, the test
program. passes. Otherwise, the test program fails.

The test environment of Fig. 4 is useful in a manufacturing environment, where
electronic circuits such as integrated circuits are fabricated. To save manufacturing costs,
devices are tested early in the manufacturing process, such as before they are packaged.
Devices that pass the test program move on to subsequent manufacturing steps, whereas



6. A nmeasurenent circuit as recited in claim1,

wherein the pedestal voltage source (212) conprises a

di gital -to-anal og converter. 35 7. A measurenent

circuit as recited in claim®6, wherein the pedestal

WOl 208087480 ur ce (212) is progranmabl e to a vaPGEUSHeA013109
equal s an expected i nput voltaée of the neasurenent
circuit. 8. A nmeasurement circuit as recited in
claim1, wherein the feedback anplifier (220)
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i ngtandasis.gnal to be neasured and the feedback signal;
and an integrator stage (326), having an input coupl ed
to the output of the input stage and an out put coupled
r}g t?‘;rcsond i nput of the differential anplifier
5 providing high gain at DC. 5011. A

tmﬁ :S ;J ;r? Z—ﬁﬂ%&fék&rﬁ)% Bn@én]{og%&ﬁ S:lgirr_{%rdﬁk ahtdhARe eiggsﬁlﬁieﬂts or
AP AL peigalg. T3 A g CHHILEPPE S BE A Fpconfiured
Oubpeticivet diffieritiapinputstoigge HaSRZotrdHl inputiang a L Quipythe
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( F2sd. Tnila eyl el {Hdemn aﬂ*alt?eﬂta@g S 3% can be
( 36plct dirptlysethedifidrenial amplifieopl Gibie. 55 13. An

automatic test system g400) for testing electronic
devi cedNomioaiys theitHgideat drsrimunt signyl450premopitiss tap thed @ gide, but

t 8thiRE PGh&dEsign of the measuring circuit requires this. The LO side can convey
more positive voltages than the HI side, or vice-versa. .

Although the measurement circuit shown in Figs. 2 and 3 receives an input signal
as a voltage (either differential or single-ended), nothing requires that the circuit be used
for measuring only voltages from a device under test. The measurement circuit can also
be used for measuring current, for example, by connecting a shunt resistor between HI
and 1.O and measuring the voltage induced by current flowing across the shunt.

‘While the invention has been part1cu1arly shown and described with reference to
the preferred embodiments thereof, it will be understood by those skilled in the art that
various changes in form and detail may be made therein without departing from the spirit

and scope of the invention.
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10 a plurality of stimulus circuits (414) operable
under control of the conputer; and a plurality of
nmeasurenent circuits (416) according to claim1l and
oper abl e under control of the conputer (410). 14.
An automatic test system (400) as recited in claim13,
wherein the input signal at the first input of the

Claiffseedback Sanplifier (220) is a H side of a

10.

11.

12

13.

ut signal, the measurenent circuit

%mﬁﬁﬂ?maﬂgﬁw%rlg% "9 an adding circuit (214) coupl ed in

Se:m RRntd drbint A 0)RSRHE S FRlinpSQ £Rch@hpugddi ng a LO side
fa febiiabioilabedo@td (), cdupigitb thShird Al ofthe difiéientiyd ek@issk @i generating a pedestal
SI @ﬁﬁllappro]:@éi&squélno alskeoed diferettioigiputsyisdectirastenzedkyt ed i n
CI sipqrbatBamplifleg(E29) vitdrdirstittutferueaeidng 2o DPHB‘F‘Q“S*@} to Qia nfepguepg, a second input
é@fgwl@g@ grzg)sughaégndﬁ outpufcpynled toﬁ@ae@or@ rp plifier (210); and
u%g . a%%or The 81 aﬁéﬁ 12?1:0@? ’“F("f 26')3 d ﬂaﬁ% arg% ée{) a{)) and providing
node BT EE 1 8 °Re second Aput of the feedback
ARRL drdde @ GircliR Rited R BSIm 1, wherein the mput ignal & te GSIOMAGk of ﬂﬂ@?@dlﬁﬁ@aﬁlpliﬁer (220)
id 21l Qie &1 @ WilrdR@tiaRingut dighk, tﬁkﬁﬁkﬁsuﬁ‘eﬁﬁrﬂ iRGk fir@ertlcbpris@econd 1 nput
of the feedback anplifier and a 15second i nput coupl ed
t oa_rtah@ngfcir quis(® 14) prprigd inpferies lvith tl Heflastelspitrdeddr adtlinpp HP siderof thejdifferential input
Ansigagitdpreredestasgsy: syst emas recited in claim 15,

%Teésveérgzrttc?cgt as rec?ed %%81) wr%pe% the as‘-f\enu%l zgs)ealn gpf ﬂ Z‘n ces

rs eac anc

I €8st bnpBfafce PhogyhbVig b kistSibae! c&]ﬁ@@'@ﬂﬁ Butpubor b febdadk AR (220) and a second
t | FBRS cofiad 1R sedohdifput 4l e feBBhdk baynie (20d); shdhe second

i M eléna Oepedahcd. (330 hagingt 0 hide cduplsd to $1g Sécemh st of e fepdbakkjamplifier and a
c| seicomd @t copbiesitathairgt fngut @fiﬂfefd@qereﬁal praqﬁfeamﬂ) ifier (210) h as

a dlfferentlal a n of |ess

tﬁ'fcf’a}fg regifgd P‘@@PTW(S'?' pi Eth%ﬁfti ga% ’|e:\§:?1) 6%&33% imp gances are reSlS'tOTS each

havm arem ance the resistance of the first !mpe rtha the resistance of
g£ F ?? ac urlng steps on |-lh

tp‘Tseectronlc CIrCUIt and testlng the electronic circuit

A Read@Emdhikirduld @s pditetr |ﬁll:laim{1 ¥, v@EreiaB diff @@itiall erhpigr @108 38 ,a differential gain of less
twngdp®i n the step of testing includes applylng stimuli

to the electronic circuit (412) and neasur ng.

%aﬁtﬁﬁ%eé@w'f%fﬁc'aef‘ﬁ‘@mé»i“@er?F@?ﬁeeeSEPP'E%ﬁ SP“*CEé%?&’

converier

mprises a digital-to-analog
A measurement circuit as recited in claim 8, wherein the pedestal voltage source (212} is programmable to & value
that equals an expected input voltage of the measurement circuit.

Ameasurement circuit as recited in claim 1, wherein the feedback amplifier (220) comprises a compensation amplifier
for establishing desired dynamic characteristics of the feedback circuit.

A measurement circuit as recited in claim 8, wherein the compensation amplifier comprises an integrator (326).
A measurement circuit as recited in claim 1, wherein the feedback amplifier (220) comprises:
an input stage (322) for receiving the input signal to be measured and the feedback signal; and
an integrator stage (326), having an input coupled to the output of the input stage and an output coupled to the

second input of the differential amplifier (310), for providing high gain at DC.

A measurement circuit as recited in claim 10, wherein the feedback amplifier (220} further comprises an inverting
stage (324) coupled in series between the output of the input stage (322) and the input of the integrator stage (326).

A measurement circuit as recited in claim 11, wherein each of the input stage (322), inverting stage (324), and
integrator stage (326) comprises at least one op amp.

An automatic test system (400) for testing electronic devices, comprising:

a computer {410) for executing a test program,
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14.

15.

16.

17.

18.

1¢.

20.

21,

22,

wherein the step of neasuring responses enploys a
measurenment circuit (416) jpcluding a differentia
anplifier (210) having a first input and a second

i nput; a pedestal voltage (212) source coupled to the
first input of the differential anplifier for
generatlng pedestal SI rOX|nateI equal to an

?P#j@ﬁ%gggggge%;%;ﬁg; £ Eﬂde to clalmqgng sgo::? e un%r con rol ofil?e%colpl%ter (410).

Ah gtﬁ&l‘ia\fé 84 5y@8m '(ﬁﬁm Uk resiled m%lam 3, \ﬁ‘@{"éﬂ I‘}Q idpRRMdhar $t Qe ﬁrst input of the feedback
ahBES (790)RG Hisided ektiaShpRidihal, thd Rdasa@mentdiliturtid tHlp@ghgt O
the second input of the differential anplifier (210),
aray adring sitcbig®id pdoented (AR} withdhepbeedallsauroperidingeld dide skthegifigrential input
s extgon i temprigetd sigel- t he differential anplifier and

AR e oS e R el e P 1 ol ai m

18,4 rsmgé‘dgr\cg (3&&!} ﬁavﬁ& SRstQde Baedb g SutdufoPROBaBRK bkt @R and a second
I &R6H ddhieY BlthdQ8cohd iR of HEOBRR ampifcL@BNnCi r cUi t (416)

2(a sebonfiBiptiacte aB0)medigtadicht hode lugédTd he secvdd @p@ionthd felardbdwe Bmpllfer and a
C Omnd iggutyguptd tppigerfirshigput df e vitrantstarméied Wit h test limts

to determ ne whet her the electronlc CIrCUIt 412

g’@gctﬁﬁt syft%ﬂ] psdeq tetdén c{a@‘s‘@ henﬁ grst( S)ﬁﬁ % %) %%Erlcgsgare resistors

| ce, sigta f the fir edance is gt leas) imes greater thar the resistance

% ! ;;1%0 r{r@ = 4P EFR=TRY P LR

5%f eedback anplifier is a H side of a

Fﬁ'autcﬁn%ﬁﬁéli dy@bm dshdRitdd inSla@¥8) wherbil e ORAREAr HIBWEL(210) had tifferential gain of less

thadndoner conpri si ng: an adding circuit

(214) coupled in series with the pedestal source for

PHMTOﬁ@‘"‘a“UEG}'@‘P éee'%FO"Fﬁi@”‘HW@i“é'nti al input 50signal to
recited In claim

8::::3 Iug?hg ﬁ.%mt qi iciunrﬁﬁt 5}85:.){;% eggromc ::‘?’;c:;te ;S(r;d a

aving a |rs e coupled to

vth@u@m et Etﬂiﬁf tethg H&!ﬁeJ @ﬁﬂ@&ﬁrkultw didcir B ciaiitl4 @) $1@ 6edkching @el®nses from
theotspit @duit ddt he second i nput of the feedback

veorrpih thf tesrof mepsueding responses employs a measurement circuit {416} including

a differential amplifier (210} having a first input and a second input;

a pedestal voltage (212) source coupled to the firstinput of the differential amplifier for generating a pedestal signal
approximately equal to an expected differential input voltage ; characterized by

a feedback amplifier (220} having a first input for receiving an input signal, a second input for receiving a feedback
signal, and an output coupled to the second input of the differential amplifier (210), and

anafttenuator (222) coupled between the first and second inputs of the differential amplifier and providing the feedback
signal for the feedback amplifier (220).

A method as recited in claim 18, wherein the step of measuring responses includes reading values from the meas-
urernent circuit (416).

A method as recited in ctaim 19, wherein further comprising comparing the values read with test limits to determine
whether the electronic circuit (412) passes or fails iis tests.

A method as recited in claim 18, wherein the input signal at the first input of the feedback amplifier is a Hl side of a
differential input signal, the measurerment circuit further comprising:

an adding circuit {214) coupled in series with the pedestal source for adding a LO side of the differential input
signal! to the pedestal signal.

A method as recited In claim 18, wherein the attenuator comprises:

a first impedance (328) having a first node coupled to the cutput of the feedback amplifier and a second node
coupled to the second input of the feedback amplifier; and

a second impedance {330) having a first node coupled to the second input of the feedback amplifier and a
second input coupled to the first input of the differential amplifier.



a second i npedance (330) having a first node coupl ed
to the second input of the;{feedback anplifier and a
second i nput coupled to the first input of the
differential anplifier. 11 23. A nethod as recited in
clain122 wherein the first (328) and second (330)
edances are resistors each haV|n resi stance, and
2. At”ﬁ oG asice BieE 23punprRB i [T EROIM ReEpAn CE) Ieedgnooy EEystofsgeh having a
PSS 2GR P RHNE THEPYHE? *§?*éﬁ%2gé'?"ea%%*ﬁ%aeéhﬁ (e starioe fthe seoond

PR edance. 524. A nethod as recited in claim 23,

5 24, AMRBEEIscil B clind b Siherah ihdbireAdhih drhdifRF (2 {020 ) cifRAdhtiaRgain of less than 100.
differential gain of |less than 100.




