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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 2 measurement circuit that employs an
accurate pedestal source 112. The pedestal source is generally programmable and is
adjustéd to produce an accurate voltage Vpgp approximately equal to an expected
differential input voltage HI — LO 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
dufput of the summer 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
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differential anplifier is thus VDFF = V+ - V = H +
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where Vy and V_ are the non-inverting and inverting inputs of the differential amplifier
210, respectively. The HI side of the input voltage is applied to an input of the feedback
amplifier 220. Also, the LO side of the input voltage is added to the pedestal voltage and
applied to the inverting inpuf of the differential amplifier 210. By closed-loop operation
of the feedback amplifier and attenuator, the non-inverting (+) input of the differential
amplifier 210 is forced to a level that equals—

HI + ((HI - (LO + Vpgp)) * (G -1).

“Assuming that the differential amplifier 210 has a gain of one, the output of the
differential amplifier is thus

‘ Vpier = Vi = V_=HI+ (HI- LO — Vpep)) * (G-1) — (LO + Vpgp)
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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 dominanily contribute to the open loop gain and frequency response of



changes in output voltage thus effectively cause the
circuit to suffer froman out put- dependent offset

W@QJ()Q)'OQ74‘Q@| ch is reflected in the neasurenent pcasu2b04/013109

The integrator stage 326 virtudally el i tAtivaaysDodkiesNo. 1776-PCT
error by ensuring that the output of the input stage
322 never nove by nore than minute amobunts. Fig. 4

?FE%?%F‘@?M Rﬁﬁ‘% Ui é@?’ L Eagn%g i \mtnaé{& ftsgl%agl@aasmtors 340 and

Bai2sfot acHievéiyy ihe aesivdtinvensiby ﬁﬁﬁasahhﬁmtgmiaﬁ)r@ef Bgtiback polarity and .

PSR iR B O b . SRABHLESy. Mcpl e BB kP gmitted,
iprevidedrthat Bieiigputs toubhingst SegedN2iese rdvmaul tosmdinthimthe proper sense

@g@yf ABRL Ci rcwts 416, for exercising a device
under test, or "DUT" 412. The neasurenent circuits

i ncl Udﬁletd?ﬁnumg Rprbby implRehaseh bpsie bf’re@i@to‘i's 328 and

showp in Fi 3Unercon ”
.35 eratt%% t&%ﬁﬁﬁ%ﬁlﬁ%rs ¢t &, gadn aﬁé@ gﬁﬁeb@ckmnaa@ieéf i niem the
%bbmléquah@né) hehdpeltheddido ofwReistol D23 fERSIE BENEqUAlI G U It S
416 neasure voltages and/or currents as responses from

the [UE idtkgratoflstage 836 impprogsstie eanpmyes tHehresermenecircuit. As is

@é@ﬁ%ﬁegg it &'ﬂ’% Xéegr-réﬁ%{}g;tg@ |g§-1>ﬁtpagﬁe($gme\é§floge$ ﬁ{cﬁlé&putt Ofthe input

etagedi? deadainlmmovts hg minge amonoig taestydsh esy d@ited owipsbyoliage of

- ﬁ{éefe&ﬁfaiék angﬂﬁ@fgsf bhole, THE 14 rﬁﬂﬁ’ﬁéc?ﬁyéﬁ%m?ﬁt dridd-373 has

IS . useru a nan acturing ernvironnment
dnite PPYHIOED ERMG is7-+ 1 can ey ABaTigatis gutpub HOlgE byickaerignging a change

ti@mt t 'b@ﬁklfeeﬁ Bts %@M—@n @@:Md rifl BPaisS Durdg 1368 10dpdperation,
eS ar ur.acrurin rocess,

B]é@’@?%mtﬂ@)y A’PE %?atg‘}%%\ tivel Mﬁl%?gég FiFCHt 1 § ert$F§nlaE§f1tP“t‘
peaded ofvicerfor, Which Eth&ﬂema:nin tﬂaﬁideﬁﬁﬁéﬂiént Bgsulil dbs integrator stage

%@@s RESV\[LTOOM 43%%@%5%% g}a %31 8 @tsti:?pun st¥1ge 322 never

wioye by dewte tiRasninnig aatountsi s | evel prevent s
manuf acturers from perform ng expensive fabrication
st epsFiga4@beesa txpicaliov gwironngat inmdichetbe imeasireeyeircuit of Figs.

3 bhd %@"lﬂz\’use@ Nt BALS ek RNBIEnPeuatd aﬂ‘ﬁﬁéﬁlﬁﬁ; gt s?&em 400

costs. I'n addition, the test program u
- RpviRe2 trstsonaater 410 fon Maning ates PFO%@MW%%@@ 75@@\;?% ggmputer

émblsf‘iﬁsti’mﬁéiﬁﬁtmlﬁ L‘Iﬂ:lﬂd.ia sEGuR GirbeitsSHY aad Iﬂ&s@eﬁeﬁ‘&ﬂlﬁsuﬁﬁ 416, for
exegclsing grdle%%g’ u1t1 er tes% or s‘BI;&e’rt{ 19.r %ﬂ %easurement circuits include the
measurement circuit disclosed herein and shown in Figs. 2 and 3. Under control of the
test program, the stimulus circuits 414 sipply predétermjned'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



standards. Alternatives Having described one
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1np ut second. T nput,
more pos1t1ve 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 L.O and measuring the voltage induced by current flowing across the shunt.

While the invention has been particularly 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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differential input signal, the nmeasurenent circuit

flur t harmeRmRiient fitcuitaboragiia circuit coupled in
series w.th the pedestal saqurce for . adding.a LO side
of "t nb el P e B frne SOtg b2 Aet bl el

Si gnah pedstabsomeasunupled g thei firsiinputad theatifferedtizlmngllifientor

rein,th ttenuator conprises: a first
émnﬁggla %é’eg%\s\t/ﬁﬁl %al?fi rst node coupled to.the output of

t he fafdtback amphifier hiving afivst tnpub s meteivieancisnpl dehal to be
) _ e
fn@gsu?e?‘,: g ngogg %’c ﬁJr ré&?nﬁg?? ?&ﬁﬁ&k%gﬁﬂai, ah& bn oét?gt (?)rl]xgied to the

second’ | npe aving a first node coupled

sseoshapitipiihe ¢fferqnial aaddisscedanpl i fier and a second
in th_t arpailtéf _ ﬁ{izﬁéir édﬂpleﬁ%efvirée‘ﬁ:thé ﬂ]@ﬂﬁn?sfecéﬁlﬁnﬁiﬁttﬁ ﬁ)eﬂﬁnﬁff'alemial
a i e asur nt. cLr.c as, reci in claim
Bk e mroviing e Bee B Sty ths rREteR et
resi stors each having a resistance, and the resistance
f the first inpedance i.s.at.l.e 100 tii [ r
Phan ERicerEenehtRELT B Relrd BetRES v elRPu U &' first
inpasitieneedback moplifierds atHoidead aidiffeteniahinput vigoslethe nidagurement

IR A T ifier has a differential gain of
ﬁq‘lé’gfst than,°%8. 2004/ 097436, PCT/ US2004/ 013109 10

At t oraRelding et rerplad/tpeeresTvite thepededal spene fr adiing s kO side
Fhd @tRtal iip@lsiing b thepedesialsikhg. pedestal source

D

3. A measurement circuit as recited in claim 1, wherein the attenuator comprises:
a first impedance having a first node coupled to the output of the feedback

amplifier and a second node coupled to the second input of the feedback amplifier; and
a second impedance 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.

4, A measurement circuit as recited in claim 1, wherein the first and second
impedances are resistors each having a resistance, and the resistance of the first
impedance is 4t least 100 times greater than the resistance of the second impedance.

5. A measurement circuit as recited in claim 4, wherein the differential amplifier has

a differential gain of less than 100,



conprises a digital-to-analog converter. 7. A

measurenent circuit as recited in claim6, wherein the
wosslapbAaks source is programmable to a val ue tf@atys004/013100

equal s an expected input voltage of theawsasyTRIERANoO. 1776-PCT

circuit. 8 A measurenment circuit as recited in claim

1, wherein the feedback anplifier conprises a

conpensation anplifier for establishing desired

dynam c characteristics of the feedback circuit. 9. A

6eas UAaREsreRhant luijtr$uia@s reeitidtif dlaim 10 whb@irbthe Yo&istil glbéir&ﬁ
td 0 i.fier onprises an integrator. .
%@@%ﬁ%@%&%ﬁgﬁ@g g%nvlﬁégg.t ed in claim1, wherein the

feedback anplifier conprises: an input stage for

ecei \i ] -S| 4t t .
Cednacl litinenPhittyiCls3adlad f ity BORUE AL i soppoe i
Piegtamraglp fetivalse thabegualgam expectedhipihynitage bhihe resaskrament
Stdgput coupled to the second input of the differential
anplifier, for providing high gain at DC 11. A
measurenent circuit as recited in claim10, wherein
8. th e fgm@m?aﬁp&&&ﬁt% re(ﬁﬂéltfl 'ilhélﬁu'nf ﬁ,rmhértémltl@fbfem?aéﬁ abripRer
stage coupled in serie e .he .ou of, t he . .
s € Bpeushipr b R 6 SRERREAE AR SimShis Baragupristios of
the feedbackesimentt. circuit as recited in claim 11, wherein

each of the input stage, inverting stage, and

i ntegrator stage _conprises at |east one op anp. 13. An
%ut orhincesuremenigjrsti as fesited sselaing8,ovlertin de eonywusation amplifier
CORPPéSIndiegrAocOMPUt er for executing a test program

a plurality of stimulus circuits operabl e under

control of the conputer; and a plurality of
10eas UL fiedtirerBbnitGitclis adRRItADINGIMBOE fwlfefsth iR fe@dbabh 8mplifier
cg&ggg%@r, each nmeasurenent circuit including

an input stage for receiving the input signal to be measured and the feedback
signal; and '

an integrator stage, having an input coupled to the output of the input stage and an
output coupled to the second input of the differential amplifier, for providing high gain at

DC.

11. . A measurement circuit as recited in claim 10, wherein the feedback amplifier
further comprises an inverting stage coupled in series between the output of the input
stage and the input of the inverter stage. ’

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

13.  An automatic test system for testing electronic devices, comprising:

a computer for executing a test program,
a plurality of stimulus circuits operable under control of the computer; and
a plurality of measurement circuits operable under control of the computer, each

~measurement circuit including—



WD 2004/ 097436 PCT/ 11S2004/ 013109 11 Attorney Docket
No. 1776-PCT a differential anplifier having a first
wb BfMlooARg a second input; a pedestal source gRuUPhL604HR3109
the first input of the differgntial anpy\ittf)hﬁ?]jd@ketNo, 1776-PCT
generating a pedestal signal; a feedback amplifier
having a first input for recei ving an input signal to
be neasured, a second input for receiving a feedback
signal, and an output coupled to the second input of
the differ entiffakntidiptplifieriavaigh Ant ablemdat sz:boxtdaimplﬁtg

HEREE - S R e

and agetaratingpksestalsignabivi di ng  the feedback si gnal

for the fegdhagk, d?éﬂr%ﬁﬁffe'r ﬁ5v1%%§ﬁ\1/'ﬁ'}nﬁﬂtf&‘lﬁéélﬁnggﬁnput signal to be

syst emas recite
si gnameaguredha seeandgaput fpnreceiving ﬁéeqc@e@lba@kalaam apfougprut coupled

i's a {d thelse@n@hinfht Gf{hfe%if?é?&ﬂtﬁ'l Hﬁ&r gh@nal , the
measurenent circuit fuyrther conpri si ©oan addln

circuit coffpftaupier bapngrshand secppd §P‘&?le‘§’€?@?f€9€v¢d to the
addi nfirshatdxesbinpafs of e diiféreptisl ra}rlpﬂﬁeir Al tsikdAede fhPproviding

ocr L0 et or g B R ABTEL cruat or Compr cos:

a first inpedance having a first node coupled to the

B8 o1 g Btckidfe REE AR o BUR | Bl W AR REE R Sfi0 it o the

ﬁnﬂblmau%@}ibﬁ Eﬁedmyét@mi&léehiawfﬂgsl@ ofi @ffema@l iopuisigedl, the

zh&e:,m%%%ﬂguélﬁpfﬁhhgj eedback anplifier and a
second put .coupl e o e flrst i nput_ of th
di ff ng circyspyplpdin Sew with e ;ﬁéﬁﬁhlaﬁometf@qudmg aLO side

af\thd diffcpsiibE@bliedorantocthepiedid] sivhr ei n the first and
second i npedances are resistors each having a

resi stance, and the resistance of the first inpedance
% atAh eaemaiotst sysiem ayredtediin thian 18hwheresi the atamaot comprises:

rec) i SongPBR G it 00 AT e by SPiRE AU
agmﬂﬂef ared a second node coupled to the second input of the feedback amplifier; and

a second impedance 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.

16.  An automatic test system as recited in claim 13, wherein the first and second
impedances are resistors each having a resistance, and the résistance of the first '
impedance is at least 100 times greater than the resistance of the second impedance.

17.  An automatic test system as recited in claim 16, wherein the differential amplifier
has a differential gain of less than 100.

18. A method of manufacturing an electronic circuit, comprising:
performing a plurality of manufacturing steps on the electronic circuit; and
testing the slectronic circuit to verify the plurality of manufacturing steps,



has a differential gain of |less than 100. 18. A nethod

of manufacturing an electronic circuit, conprising:
woesdepfipg a plurality of manufacturing stepsp@iydlogsoisioo

el ectronic circuit; and testibg the el egiddsyi Docket No. 1776-PCT

circuit to verify t he plurality of manufacturing

steps, WD 2004/097436 PCT/ US2004/013109 12 Attorney

Docket No. 1776-PCT wherein the step of testing

i ncludes applying stinmuli to the electronic circuit

and rekareinithgstee e Plestirpsinéindes appbyieg etirhuldwi the eletieaniid ¢ircuit and |
' th;.@;s sponses enpl oys a

rreasure Fésébﬂg?sf%ﬁﬁﬁﬂe ?‘fﬁ% &d&ggﬁcfferentl al
anpl i fYharein g sigp of measuring mmnsamnployea oredsuremertt cirauit
Redesingl source coupled to the first input of the
li.fier for generating a pedestal

di fferenti al
signal; a %ﬁ%& fial smplifier bavings, firs input andsa secomdinprior
receivi n g arpelledtaltsodicd B&hpledito 1BE 68N thjuP BEkhe Hﬁferentxal amplifier for

rece| a fee C nal, and an output coupled to
thes %tmg' #381 d|fferent|al anplifier; and

an att e nu aﬁd‘cedbedpdtmpﬂlﬁmﬂm;Eﬁg atfiret ifpputsfor mmivmgcaﬁ ﬁlﬁiaut signal, a

o't Secind bnbf flbobc o b ATl o ARG ol o the second

net hoﬁlpééoffbéldt ential atnplifieri@d wherein the step of
measuring Bﬁﬁﬂ?&ﬁﬁﬁj?co@&i %@%ﬁgﬁrﬁ%ﬁ%é&gg %qu(tﬂee

nmeasurepent, circyit as recit arm
19, Entiak pplkas apd ppviding thedaedback pignalifer tho &redbesk
read mhphfigrest limts to determ ne whether the
electronic circuit passes or fails its tests. 21. A
met hod as recited in claim18, wherein the input

B3 gnaA nagthodhas ittt inictyimt] 8pvherain thé ergbdelcaaiivlirtiphses
Ihéluaeﬁ'eaﬁh? @aﬁgs ﬁox? thd RleERt LRl RRYE Sional, the

nmeasur enen

20. A method as recited in claim 19, wherein further comprising comparing the
values read with test limits to determine whether the electronic circuit passes or fails its
tests.

21.  Amethod as recited in claim 18, wherein the input signal at the first input of the
feedback amplifier is a HI side of a differential input signal, the measurement circuit
further comprising: _

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

22. A method as recited in claim 18, wherein the attenuator comprises:
a first impedance having a first node coupled to the output of the feedback
- amplifier and a second node cbupled to the second input of the feedback amplifier; and
a second impedance having a first node coupled to the second input of the
feedback amplifier and a second mput coupled to the first mput of the differential
amphﬁer



further conprising: an adding circuit coupled in
series wth the pedestal source for adding a LO side

wohosdw78kf ferential input signal to the pedesg@dus204/013109

signal . 22. A nethod as recitedsin clai My&SmeyMIRER:MNo. 1776-PCT
the attenuator conprises: a first inpedance having a

first node coupled to the output of the feedback
anplifier and a second node coupled to the second
. knput of the feedback anplifier; and a second

" i #pedadpeutewiticgest sjfswm tas reoited moolghet, twhekdig t}fe&'ﬁ@t%d second

f en and econd in
o P oafes s BEH HERL b Ry B Bt B he firt
ammdﬁﬁl@rls awlcm@@amw g@ﬁtePﬂiEh tiB26RKINIB4 DB & ond impedance.
Attorney Docket No. 1776-PCT 23. An automatic test
Ségten1as recited in claim18, wherein the first and

AT BRoE LA dest Systea petgrikedinslaimcts, Wéwreinythe differential amplifier

ries iasdifgaestial dfesshiesd 8t ance of the first inpedance
is at least 100 tines greater than the resistance of
t he second i npedance. 24. An automatic test system as
recited in claim23, wherein the differential
anplifier has a differential gain of |less than 10.




