TI TLE OF THE | NVENTI ON Par al | el Source/ Capture Architecture CROSS REFERENCE
TO RELATED APPLI CATIONS 5 Not Applicable. STATEMENT REGARDI NG FEDERALLY
SPONSORED RESEARCH Not Applicable. io FIELD OF THE | NVENTI ON The present

i nvention relates generally to autonmated test equi pnent (ATE) for

el ectroni arjigularly, to source and capture test instrunents
that can m&gmw&@qﬁon with ATE. is BACKGROUND OF THE | NVENTI ON
Wth an i ncrew&lgmgggﬂuggmcmtm@grat ion capability and higher anal og

pin count devices, there Is a need for ATE to include anal og
source/ capture instrunents that can sinmultaneously drive and capture

st r brereR By S RIS T RBLATERRRAAEATIONS 0 1V ng 1 matr ument .

Howevar, this st Ayflicable.ost effective solution. Providing an economi cal
way to perform nul'ti-channel capture is nmore challenging. 25 An econoni cal
approach for achieving parallel capture is to use a single converter wth

rocel vos STATERERD KpgaRHNG FARERATLA S ONOREIERBSEAREHY, T e e Phpu

to the conver t)gdt.Agpfieasi®y sharing the converter anong the inputs. As the
capture needs to bé performed serially, however, the disadvantage of this
method is the increase in capture time. 30 _1 There are generally three
rrark gﬁhﬁ %W&ﬁpture i nstrument system attenpts to achieve.
Thes Bh I gh density and | ow cost.

The present inveption relates generally to automated test equipment (ATE) for

electronics, and, more pa:tlcularly, to source and capture test instruments that can be used

in connection with ATE.

15 BACKGROUND OF THE INVENTION

With an increasing semiconductor integratio§n capability and higher analog pin
count devices, there is a need for ATE to include analog source/capture instrurnents that
can simultaneously drive and capture multiple analog channels.

20 ' |
One approach i to build a massively parallel instrument by duplicating the
-.architecture of 'exisﬁngginsu'uments. However, thIS is not a cost effective solution.

Providing an economical way to perform muiti-channel capture is more challenging.

- 25 - An economical alﬁproach for achieving ﬁarallg:l capture is to use a single converter
with multiplexed, parallel inputs According to this approach, a multiplexor receives
.multlple signals in parallcl and successively SW1tches the inputs to the converter, thereby
‘sharing the converter among the inputs. As the capture needs to be performed serially,
however, the disadvantage of this method is the increase in capture time.

30



Unfortunately, high performance, |ow cost instrunments generally do not
provide high density. Simlarly, |owcost, high-density instrunents
generally do not provide high 5 perfornmance, and high density, high
performance instrunents are generally not available at a | ow cost.
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per f or marata-lowrestt y- cost space. SUMMARY OF THE | NVENTION I n accordance wth
the present invention, a testing architecture includes a signal generation
core coupled to a plurality of channels. The signal generation core is 20
configurabl e t@.rRrR¥ings 18 FARS & d @hploR pehvidad shbGim1Ric? brtiitenmehist The
channel s, wherein réspectjve channels can sl ectively ap
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15  different positions in the performance-density-cost space.

SUMMARY OF THE INVENTION
In accordance with the present invention, a testing architecture includes a signal
generation core coupled’ to a plurality of channels. The signal geaeration core is
20 configurable to provide a cancellation signal to one or more of the channels, wherein
respective channels can selectively apply the cancellation signal to improve their
accuracy. Depending on how the cancellation signal is applied, different combinations of

perfonmance, deﬁsity,— and overall cost can be achie\(éd.

25 BRIEF DESCRIPTION OF THE DRAWINGS
The foregoing features of this invention, as well as the invention itself, may be
‘more fully understood from the following description of the drawings in which:
Figure 1 is a _graph showing different pf-ior art test instriuments regarding
performance, cost and density; |
30 Figure 2 is a block diagram of the test systemﬁbf the present invention; and



relation to performance, cost and density. DETAI LED DESCRI PTI ON OF THE
INVENTION S Fig. 2 shows an illustrative enbodi nent of the invention. As
shown, an architecture 10 includes a high precision signal source 11
coupled to multiple channels, generally 12a - 12n. Al though three channels

pr &?ESS‘." 10" TRER bt Aeh E%#%Qﬂa&%%iﬁ%%eﬁﬁﬁ” %ﬁrpfi’%t {iﬂgfﬁ%’f@'@ﬁ%ﬁﬂef’g via
. 201 : , . ,
SwWi t ches Wgﬁ@gﬁﬁ%‘%ﬁ‘%@%%ﬁﬁgﬁdﬁéﬁﬁﬁs “which are preferably formC rel ays

can alter I gh” precision source 11 to the channels 12a
-12n via external adjust 80. External adjust 80 is an optional,

user-specified circuit th C Iﬁ;mzthe characteristics of the is
si gnal prB@J&BEQSDEWSQN;@g i , in ways that are tailored to
a custﬁorrer' s particular application. In alternative enbodi nents, external

adj ust™ 80 can be omtted. Each channel 12a - 12n has a source portion and
a capture portFen.2 Ehews aar tlastpdivei enbodimentdef the Daentign. WS ShoWB, @8ed to
provi de signals tqQ g deyi ce ,under, t est,. 20 i tc h formC
rel ay, cofieciiTy IQi"é"ﬂ es e'Bgi? BEgsiRp ﬁlgf?f B‘Eﬂrfﬁji,\% “%%Tuﬁip% ?h%én%sévi ce
under te?%éne}fdm Pl 3, Anami hMhiddCetafheld aslsfiowt, it eoldbenindpstoditat, i t s
out put signa s conveyed to the output of the respective channel at node
152. The amyumnmsber pHehannels pardfeqravitied.i ncl udes other circuitry, such as an
output anplifier, but this circuitry is omtted for clarity of

il lusthation. 25 The capture portion of the channel 12 includes a conbi ner

143, which recei/EshdreciidfurstNHEls dodfbctédSidTthe Rbarmeibevid S@ittles 204 midvi ce
under test. Wth the'relay 212 in its "up" position, copbiner 143 also
recei ves 204DCThess sWitokesswhivhareprefavahly dorm-Rpislays.foag alttemaryay commest Bt put of
conbi ner

143 is.pravided.to,an,in f_ : | g2 al so
recei ves B Bﬁ&&?ﬁ"ﬁ?{?ﬁ%ﬂ%}%*ﬂ‘%ﬁ ]t%e ?@L@ %gﬁ [i’faeiéé\“ﬁog%g? ﬂ&?éer 161
80 is an optional, user-specified circuit than can be used vary the characteristics of the
15  signal produced by the high precision source, in ways that are tailored to a customer’s

particular application. In alternative embodiments, external adjust 80 can be omitted.

Each channel 12a — 12n has a source portioﬁ and a capture portion. The source
portion includes a DAC.91, which is used to provide signals to a device under test. A
20  switch 212, such as a form-C relay, connects a signal provided by the output of DAC 91
to the device under test. In particular, with the rélay 212 in the “down” position, its
output signal is conveyed to the output of the respect;ive chanmel at node 152. The source
portion preferably includes other circuiiry, such as an output amplifier, but this circuitry
is omitted for clarity of illustration.
25 o |
The capture pomi:on of the chamnel 12 incluﬂ%;s a combiner 143, which receives a
mgna] under test (SUT) at node 150 from a device under test. With the relay 212 in its
“up”™ position, cbmbinex; 143 also receives a DC baseline signal at another input, from
DAC 91. The output: of combiner 143 is provided to an input of combi:-igr 142,
30 Combiner 142 also receives a cancellation signal from the source 11 via an amplifier 161
and a switch 209, Thé:output of combiner 142 is provided to an amplifier 160. The
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and a switch 209. The output of conbiner 142 is provided to an anplifier
160. The -3 output of the anplifier 160 is provided to an ADC 130. The
conbi ners 142 and 143 are preferably analog adding circuits. In ATE
systens, the tester generally controls both the application of stinuli and

5 th f o ' ' '
ndor { c<PumGr e SpRR TRG EREtet B i ADICL e oRbERE PR AR TES

t he teste%rﬁge?%yé{,%ago%)ggg,gs&ic{ﬂ&i and responses, responses generally have

expect ed eris (e.g., frequency, anplitude, DC offset, phase)
that either match those of the stinmuli or deviate therefromin predictable

ways, based on e cted behayi or of the ' : tly,
10 capt ar od of BrATE RSt eaFe Rt confilaSialli EbphaBbo of AARERRY
char agt erg éh’ieﬁ&neﬁ;antdreea?b@egr 0fen, aiRAI aafeFigcegsaebﬁaaﬁeasamﬂwmtmms
configurable in different- capture nodes. In its nost a cgrtﬁte de, the
hi gh pr edieingretuned todhptesiauion measwrousnt c Baeauss the tefter SPRIFRIT be éf‘“‘gf‘é?@rabl y

oL L i S RAISHL otk O Pty Gl ot o
produces ECDQT%%_SI_%ASQ)E {Bdt Ol fer Lhitéh Nh&eecop My semuil or dbdateQhesefpanant of

the expected . The DC baseline signal preferably has s%gl%t antially no
AC conpormredictablenwaysobased @p cxported, behaXior o1 dhfedeytee. fSht COPSIFENSUT, and

t he cqonbi ner 142 ﬁgﬁ? f ondfics, ASSUM Ng no noi se,
di st olu(at [ &ﬁ?ﬁﬁ?‘ﬁ%ﬁ%&é@ma&ew%ﬁrﬁg gﬂétcﬁég’ %lta?%ttjt 0 s't he conbi ner 142
should ideally be zero. Because errors can never be avoi ded al together,
however, the qutput sjgnal frogm the comhi ner 2 has_.a spall, .yet non-zero
val ue. +This dnd élpfﬁénﬁfiﬁﬁbég‘w :aﬁﬁla}rf rture ,lsvﬁ?Pgﬁmﬂggf@rgﬁf@mﬁas
progra loBes. : Lbiad IRSAF PredisRhYsolRe 6O an YC t he ADC
130. A pr t?ls'egmrogaag('tli %gﬁsobﬁ%éﬁéccerro@a?’nm?he? i can St()hen%jge dgterm' ned.

Not e t hatcahdeilafihCsiSilal phitfpeefatably quanls dherA O compfonemttafche expasted S dhannel 12

hen TEhe AthareNtcrsgal hcubsanity R o sorPR Al sE APBvPRasErie "
basel i ne A @3 prbdidks b Dt!&L1HO ignal that preferably equals the DC component of the
" expected SUT. The DC baseline signal preferably has substantially no AC component.
The combiner 143 subtracts the DC component of the SUT, and the combiner 142
subtracts the AC compoﬁent of the SUT. Assuming no noise, distortiqn, ot other error in

20 the SUT, the output of the combiner 142 should ideally be zero.

Because errors can never be avoided altogether, however, the output signal from
the combiner 142 has a small, yet non-zero value, *Thls signal is boosted by amplifier
160, which preferably has programmable gain, to a level that can be accurately measured
25 bythe ADC 130. A precise reading of the errors in the SUT can then be determined.

Note that the DAC 91 preferably performs two functions. When the channel 12 is
used as a source, the DAC 91 provides an output sigpml at node 152, When the channel
" 12 is used as a captyre; the DAC 51 provides a PC baseline signal that is used for
. 30 canceling any DC component on a signal applied at ﬂode 150.



30 canceling any DC conponent on a signal applied at node 150. -4 As

I ndi cat ed above, the above described architecture 10 can be used in
different nodes to provide various signal capture characteristics,
dependi ng upon the denmands of the test to be perforned. In a particular

enbodi nent, the qrc_hitectdre Is used in thee nodes V\/nLch re dgjg.nfi urabl e
by way of the wslingicatedgbeysdtleaboverfescrbadoarehitspture L0 ganspe usad ip HereRt) | eg

by an instrurent dri . Whi. aLchi : ' nmode
(a7 T AR ook ol AR ekt b RSR for! e dbmdinec
Mode 1 opexefessStovbd pafdmrigriala patadhl ahbaiineiththeafrdiitecturhiés wednalthee
generation core is not required. In npde 1, all the S{ﬁnnﬁbs re

confi gur eanadss whisk sy gonfimrrahje by ways ph theorelays 299 8dy t HECTHBYS Aisi ti on,
and relays_ 209 ar f ' , . bl el itecAS S €0.

confi g%r apf%ﬂ_zblgIcﬁ%%a{eﬁgvéq%%&nu%%ﬁ{e%ﬁ%%ec%q%@E‘glurt educggl, prior to
nmeasurenment (via DC baseline fromthe DAC 91), but do not allow for
reduction of the AC component of the SUT. 15 Taking channel a as_an
exanpl e, a SUTAfﬁIéﬁ“mP%(IGe\‘/P@éei!lﬂdéﬁov{dé%{ilwéjc%gﬂﬂbgeﬂsgy t%ﬁ&@jﬁzﬂgﬁ.%"%ecause
relay 212,}S;.i4n_t " U MR i 14 : i el i ne
From tho Mo ey BiboB 3! BReeltiatiy RELrH o ek ebaabafeltt is 195

Rel ay 20fbquited:0lf ngideecl] 4lbthdi chanmubeate donéigiyed dbmsahé atayonRelaynal2 areom
conbi ner 142. The oufpyt of, conbi mir 142:i s f%d h& signal, anpl.i fi.er 160,
wi t hott ARTeEaRdepn £aq o W%@é@m%@tm&fpr FERA Talil iPMEr PRRE TS
coupl ed tep Dcc/iﬂag ura 'Hnss‘iﬁér’:?/ftgmet{onﬁmﬁéﬂb@ thEr ST tbhee d@iticeE pristefo t est

is 'receive ar co [

uration may be used with channels 12b-12n in
thi s modemecBaoansie (VhiDC bestiing fromi the DAT Gh), dunde ngt alloynfar redustion of fre | ow

cost per gg?nnel , tthi g}rgigf; Is especially suitable for nmulti-site testing
or ot her qoepgpentofthe Sl her e mul tiple, sinmultaneous captures are
needed. 25 A second node (i.e., "nobde 2") can be used to provide high

performance and |ow density. For node 2, all channels 12a - 12n _except one
are ctnfi gur edTaking ¢hanhel 12 as an example, a SUT from the device under test is applied to

node 150. Because relay 212 is in the “up” position, Combiner 143 subtracts the DC
baseline from the SUT. The output of combiner 143:is provided to combiner 142, Relay
209 is configured to disconnect the AC cancellation signal from combiner 142, The
output of combiner 142 is fed to signal amplifier 160, without AC cancellation, and the
20 output of signal amplifier 160 is coupled to ADC 130. In such a manner a signal from
the device under test is received. A similar configuration may be used with channels
12b-12n in this mode. Because this mode provides high density signal capture at low
cost per channel, this mode is especially suitable foir multi-gite testing or other forms of
testing where multiple, simultancous captures are necded.
.25 _ '
| A second mode (i.e., “mode 2”) can be used to provide high performance and low
‘density. For mode 2, all channels 12a — 12n except one are configured similarly to
channels 12a- 12n in mode 1. However, one channel, for example, channel 12n, is.
cdnﬁgured to apply signal cancellation. To effect this configuration, relay 209 is
30  switched to the “up” position for channel 12n only. A cancellation signal is provided by
~ source 11, through relays 201 and 204 to chaunel 120. In channel 12n, the signal from
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channel s 12a- 12n in node 1. However, one channel, for exanple, channel
12n, is configured to apply signal cancellation. To effect this
configuration, relay 209 is 30 switched to the "up" position for channel
12n only. A cancellation signal is provided by source 11, through relays

o o ovi vRes K vids fa paptiRerdl & ke onEe of dbpRREN a1 bidemaRlhce 11
through {eﬁy‘}%ﬁgﬁgg%ﬁ%gpm. e sighdl frddl Thed IR mBERat iNRceesd modatisl, test

i's receive and passed to the conbiner 143, As w th node 1,
DC cancel i pussed ® thpmombindsyi48heAs withisneder 1.12€ qaprellaion iy apnlied PYoke: he DC

b | . 1.n thi de, .h C | | at { | | . Th
output " ofésim L THE RORRAET 6L RS P e L 5 Rib Sndler ol ORE. T e
the C%ﬂcetl.aheél%aﬁen%& HBGprovid arheldufpuebf ddidbinért 143tib pravidedity edmbisiegii. t o

produce a difference signal, the difference 'signal rei)qrese t{i]n t he
di f f er encBombinené4d combines the vantelatignasignsh drom amplifiere] 01 with $0e FeRFHIEds r om

t he hi gh precision, sour Thi s _di {.f e si | I lifier
160 1o’ prURL4S PRER 4 Sterip i e GERRGeT IR bR Y diBitg 0
to ADC 13Quwddl the r6iebadigmiil GR@khd SanEeliatios tigdall Somlthe highDFedision Adhrce.
conponents, and should idéally be zerq, except to the exaent_th t,.errors

are presHhis difftrencer gnal de corpled do amplifer Lefhtq graduse B Fesidya);sigpa € In

this de (.i,. €., " lah el ad | bt hout

Si gna0 Cgﬁ%&?ﬁﬁé@gﬂpﬁ% p°\>’|§ (%f)gcfg ‘%ggg:;g' ghhqgu%gg}lgl\aﬁ? %{éjs?sn%goﬁ%ePtgta gg, p‘é\?t?orrrance
and hi gh DenadtAC compbidnss, axdsiduid ideklly bheerohawcapt (o thd @tent thatremoes are
configured to provide a signal capture using both AC and DC si gnal

cancel | atBm®¥8t..These channels are configured in a sinmilar fashion as channel
12n of node 2. 20 However, as conpared with node 2, where cancellation is
preferably highly accurate, cancellation in node 3 is no doubt |ess
accurat e becaue drbiitestne 10\Can baverfigueddiinn thirg nwidei §n thivuode figssmadet i pl e
chann}esl 8'3”)D§p;e>ar1]rglllglgmil§c% rc]:altatlr}ree \Evftﬁ tmlﬂg %riﬁ)ggtt si!gn'.sal cancellation is provided. Mode 3

thus provides moderate performance and high density. In this example, all the channels
12a — 12nare configured to provide a signal capture using both AC and DC signal
cancellation. These chaﬁnels are configured in a similar fashion as channel 12n of mode
2, :7 '
20 ,, . |
However, as compared with mode 2, whe%e cancellation is preferably highly
accurate, cancellation m mode 3 is no doubt legs accurate because the same AC
cancellation signal is used across multiple channels,: Depending upon the testing that is
being performed, the SUTs for the different chmnel; may not be identical. A single AC
25 cancellation signal may hot, therefore, perfectly correct all channels.

Nevertheless, mode 3 achieves significant %iccuracy improvement over mode 1
though the use of a canﬁe]]ation signal that is appro:icimately correct. For the best use of
mode 3, testing should b;.a arranged so that a common AC cancellation signal can be used,

30 ﬁm reasonable accuracy, for all channels. The cancellation signal may be selected, for

‘example, to b a best fit for all the channels, such as a median of ideal cancellation
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bei ng perfornmed, the SUTs for the different channels nmay not be identical.
A single AC 25 cancellation signal may not, therefore, perfectly correct
all channel s. Neverthel ess, node 3 achieves significant accuracy

i nprovenent over nmode 1 though the use of a cancellation signal that is

appr oxi mat,el orrect. For .the best . Of 1 pde X ; e

aIrOIroan)g(;lad g "hgi" aéle&’(?rﬁmne e JEgd, ;iﬁlg IP]%(}?Q%\GL h%sa{]abggﬁhﬁg%@ E%BHH\% ttgh

reasonabl lﬁPﬁﬁﬁféf@&}h% f R mlilsiteiaying| Sifferehe noaieAlylidéntioal dovipralararteytete
or

sel ect ed, exanple, to be a best fit for all t_he,l%gannel S, Such as a
medi an of siingdbartecuslycinl paalled msingsnasnigally ddemgieal stimuliy o These, sipli pIpdHse s ed,

Thi de_thus, has f bl L cat] b Sihgd eqhdvaliy b
mul 11 -1 caringyy e FeBisey CRPLshFAUPER drdext B lenlebie) Baddasy ek
si mul taneQuftiande, B &lrbiativalp lovcoappériebiningl.i denti cal stinuli. These stimuli

produce '‘nomnally identical responses (SUTs), which can be tested at high
density, relatively high .5 performance, and at relatively | ow cost per

channel . The ijaput t he; Lf) ' HOr a
Channal to-realteerup iyl 160Heed 08 Birtliglo Bl e tERABE"
exanpl e, GeiHCIHR inblovansmk id dsgRroicentdey. Bograinplenpdicing thehenplitqdeiofi er 160
by a factor of ten affords _a 20dB |ar39roverrent f%r § t. hat chanﬁel, whi ch
i s ot her he sigoalinpus de therasplidier I8y afactos afien #ffawls 8 2048 MROVEMERLAT o AC

cancel | at,j anisi . . channel can individually
prov;31 e aﬁ%icpg%&gﬁ'm@sc%\%&sﬁg@gﬁk{s%iagﬁgelgp'(i .e., DC baseline) by
appropriately programm ng the respective DAC 91. 15 Each of the channels
12a - 12n preferably is, provj,ded at h | r cost .th t hat t he high
preci si on souralthopgh made 3rpgHesAsingle @f’ﬁ@%_@és‘ rf?Feqqlgchagneji’tegémabl e

t hrough gcﬁgm?eggs ﬁgpﬁcmlal%r&ﬁ& £@ReRNt BU d&ﬂce?l'aﬂ@?éi%ﬂaﬂ ﬁmd,tm; bidetifie)byeci si on

sour ce. I gh precision source is thus distributed over the
nunber ofappivpriaelysprogranaming ¢he r2spettinee DACIHL | cost per channel. In the
pr ef e]rsr ed enbodi mrent, anplifiers 160 and 161 have progranmabl e gain.

Each of the channels 12a — 12n preferably is provided at much lower cost than
that of the high precision source 11. The high accuracy of these chanmels is attainable
through the application of the cancellation signal from the high precision source. The
cost of the high precision source is thus distributed over the mumber of channels to reduce

20  the overall cost per channel.

In the preferred ':pr'nbodiment, amplifiers 160 and 161 have programmable gain.

The gain of amplifier 16§0 is preferably variable to pi"oduce a large signal for input to the

ADC 130. As is known; ADC’s pioduce more accurate readings when converting larger

- 25 signals than when convérting smaller signals, becanse larger signals are less affected by
quantization errors of the ADC and noise. Varying the gain of amplifier 160 thus enables

* the ADC to perform at its best. The-gain of amplifier 161 is prci?crably variable to

" maximize the effectivenéss of AC signal cancellation.

30 Referring now to Figure 3, a graph, similar to the graph of Figure 1, is shown.
- This graph shows how the same tester, configurable into multiple modes, meets different
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The gain of anplifier 160 is preferably variable to produce a | arge signal
for input to the ADC 130. As is known, ADC s produce nore accurate

readi ngs when converting larger 25 signals than when converting small er
signals, because larger signals are | ess affected by quantization errors

f the ADC, | i £ it t8dt i adewlob th
ADC 1o periephrape piintlside, sOF aARbihety, BRI Rt ey

vari abl e high-densiiythateumicheisgirbvided, VWhaste téstends wnfpurcd sumeds 2.arhigh. ~ 30
Referring now to Figure 3, a graph, simjlar,to th h.of Rigure 1, is
shown.  Tpiegisignzng lovndensity trstef Fﬁeﬂcg%fﬁéét %dﬁ,3=-88‘i??r”%rap§5?‘§°?’% mul tiple
modes, megh g d| iréd CEIS tHePrésehtdbit 8 'térﬁ’cﬂﬁﬁd‘évhﬁgm&intﬁmﬂtilﬂad
density. %ﬁgﬁ%ﬂsesbﬁ%z?'nf%sgec?r a |l ow %gost, hi gh-density instrunent

i s provi deddes/bshtotprevideniitiplé fmctorsiay diffstnt eostdgrsity and PRETMNATES eci si on and
| ow density tester is achieved. In node 3, a noderate precision, high-
density tle¥elsr is configured. Thus, the present test system can be
configured into nultiple 5 nodes, and to provide nultiple functions at

different cost, density and performance |evels. Having described preferred
enbodi nent s of Haviag ideserided gefetredvembodimentscafothe imegapion dhvil Gophbeeems
ordinary skill in the art, that other ephodi nents, | Malok: e 10
concept s #RPTHE QS0 °€?ﬁ¢%#ﬂﬁé’,‘ %T%@Tgwggﬁgﬂ%ﬂw%ﬁg%@&%gﬂoﬁg} El nés%ncl udes
channg] s t%cEﬂEptE h&&'b@%@cﬂt ForS@fepfe, BibtnRainer dfsvioséd lensin inihides oharineks! v,
however, e channel's can provide capture fungtion only. As sho and
descr i bedthat previtaGotisoprosvand septareiEnefionsl Alsmpvelpdwweven thechpaugls cas po
of fsets in tfag ST o . per..channel basis. Alternatively, a single DC
s

source colf’y FY-adj ust the DC baseline for all channels
toget her. For exanple, a DC source could be incorporated into the high

Pho SLI TS. " Not 45 shiatn 6 deserihet GaiRAG 85 riouias 410k Dpeling Forepmeiey Hetover,
Decau RS M 7 Sy SURAA D Rk I il Db 20
provided to adjust the DC baseline for all channels together. For example, a DC source
could be incorporated into the high precision source 11, which would then correct both
AC and DC componenits of the SUTs. Note that this configuration would not be
preferred, however, because cancellation on a per channel basis is more flexible than a

20  single cancellation for all channels.

In addition, the foregoing description prescribes three distinct modes of operation -
for the architecture 10.; It should be mnderstood, ‘however, that these modes are not
necessarily mutually exclusive. For instance, certain channels can be operated in mode 1

25  (without AC cancellation) while one or more other éhannels are simultaneously operated
in mode 2 (with preci;e AC cancellation). Other channels ean simultaneously be
operated in mode 3 (with approximate AC cancellation), by applying the same
cancellation signal that is used for the channels running in mode 2. Thetefore, different
channels of the architecture can be operated in different modes, simultaneously. |
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In addition, the foregoing description prescribes three distinct nodes of
operation for the architecture 10. It should be understood, however, that
t hese nodes are not necessarily rnmutually exclusive. For instance, certain
channel s can be operated in node 1 25 (without AC cancell ation) whil e one
or nore ot her &W@{@%ﬁi '&P{'bé%&ﬁ@#@ll Witiieh at edditiomal soxicby pfovidihg pr eci se
AC cancel | ation). er channel s can sinul taneously be operated.in node 3
(Wi th appmexérmmoss Aditionat diighaprecision soprcep ity ito gvhidkiechanRels cé‘&rf@@ﬂ‘%ﬁ‘?on
signal that is used for .,the channel,s tunning._in :

di f f er entconBhn F@W@%é’f‘ﬁp@ﬁﬁ ﬁpgeﬁlﬂﬁgg pﬁ%%ﬁ%%’?ﬁ?%%‘?%ﬁ%ﬁ nodes,
simul taneaus! . 109 Adthe! hiapel: &l Saaiibls i<ighi @D exaels ae durbkt fufligh at
additional ¢ost, By providing one or nore additional hg;hgh E)r.em si on

sour c@s Jprecition wiircés. Buah ohdrmelocan beallloented tol qpe padicRlag hi '

advant ages of the invention,are preserv ] Livpft@al cost, as
| ong as tq;@ﬁm;gieqan&ps by ‘?“E\?cé%qi?foc‘ﬁﬁﬁea‘e%%ctggggﬁgegﬁﬁﬁ%er§lof high 5
preci sion sources. Each channel can be allocated to one particular high

precision source, or channels can be sw tchably connectable 5% di fferent
sources for griapetinglyeitiipsutimigied that that dhenigwention: shpuld nioh il Rt hat

the invengio hoyl d. no e lLmte ; I i rat her
should b eF‘f‘%"‘aé:&‘L{’c?af e’%ﬁlg?tﬁélh%%l}oﬁ%& g%g&ggg%ﬁéﬁﬁgsﬁﬁ%qup ndeﬁ(:jm%:l ai ns.
- 97 \pat abﬁeﬂde@icf@ﬂ&i s: 1. Atesting architecture for automatic test

equi pnent,; " conprising:. a signal source; and 5 a plurality of

source/ capture channels, wherein each of the plurality of source/ capture
channel s includes an input termnal configured to receive a signal under
test froma device under test, a conbiner having a first input coupled to
the input, a second input, and an out put,



10 and a switch having a first termnal coupled to the signal source and a
second termnal coupled to the second i nput of the conbiner, wherein the
switch is operable in a first position, for providing a cancellation

signal fromthe signal source to the conbiner, and in a second position

for not providing 15 a cancellation signal fromthe signal source. 2. A
testing archit ctlljr.egf.cpordi ng to claim1 wherein the testing architecture
has a first Bin the switch is operated in the first position for
one and only one of the plurality of source/ capture channels. 20 3. A
testing architecture according to claim2, wherein the testing architecture
has a secohd nodeteitingaedbiteqtire fanautophatit testoqueipatenticomprisivg: second posi ti on
for all of the pAHg&Ilg e 4(1 source/ capture channels. 25 4. A testing
architecture according to' cllaim3, wherein the architecture further has a

t hird notle wher ea plutatiey cfwbidrcdicapauroganadled in the first position for greater
t han one of the | ur al ihts% of source/ capture channels. 5. The architecture

of clai m 3 wher el"I*'84F ST?dqlur%]_éﬁiP %O“E%ﬁarpi“%%%}_laanfﬂj‘ grhudes- t o- 30 Anal og
Converter (DAQ) .ar thButbernfil® Bh&RirtEet MEGvOh sehal s ﬁéﬂeﬁtdngﬂ\l/ ] R under

architecture further conprises an external adjustnent i ce coupled
bet ween sai @Slsource and said plurality of source/capture channels. 5 7.

The architecture, of 4&lakm. i h,of,the pluraljty of source/capture
channel s further ‘Irq%(lﬂ ude@l%%‘){rr\%ﬁlsggt Cg)ﬁ@gl%%uﬂrléemﬁ%ta? %eéﬁdolp fgiadan erter
coupl edlt o ade out put of the respective conbiner. 8. The architecture of

claim?7 wherein eac f .the plurali of ,source/capture 10 channel s
further includes® %{}g ‘FW?gFSt E?B‘Hﬁ’lat%’“?lﬁ’dé‘é#‘ieé@nﬂé‘?%%ﬁldtarf@cmtﬁmm@f t he

coupled to the second input of the combiner,
wherein the switch is operable in a first position, for providing a cancellation
signal from the signal source to the combiner, and in a second position, for not providing

15 acancellation signal from the signal source.

2. A testing architecture according to claim 1 wherein the testing architecture has a
first mode wherein the switch is operated in the first position for one and only one of the

plurality of source/ capture channels.

20
3. A testing architecture according to claim 2, wherein the testing architecture has a
second mode wherein the switch is operated in the second position for all of the plurality
of source/ capture channels.

25 4. A testing architecture according to claim 3, wherein the architecture further has a

third mode wherein the switch is operated in the first pbsition for greater than one of the

plurality of source/ capture channels.

5. The architecture of claim 3 wherein said signal source comprises a Digital-to-
30 Analog Converter (DAC).
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respective conbiner and the input of the respective Analog to Digital
Converter. 9. The architecture of claim8 wherein the anplifier is a
variable gain anplifier. 15 10. The architecture of claim7 wherein the
conbiner is a first conbiner and each of the plurality of source/capture
channel s further includes: a second conbiner coupled in series with the

first conbiper, e ond c I.ne avi ng.an i.nput configured to receive
a baseline g'i gnayrlsle E%Ej%fmr ?hogng?@n?tg “frﬁ’r“eg"’lﬁ actffhétp?ﬁ“é ﬁﬁé‘frefm@%ﬁ B the
plurality oéxtemsir adjusphtirdvice haprllS btwetd efid R6kkdesdathi@UpRt 5 nal
configured to provide_ an tput signal to the device under test; "~ and an
out put anpl ?Q“F‘%(caﬂtﬁm‘il?én’&%-i nput coupl ed to the signal source and an out put
coupled to the output termnal. 25 12. The architecture of claim 3,
wherein each of the plurality of source/capture channels further includes
an out put térmi nbie awhitdichue eff damp3 ovtictien anclowf phd phirdinalof tsoutchasters ce
pnder L oSt chafiil And, il8IG Uah:t 00 IR el Eo ool s ueUP! &

output of the respective combiner.

8. The architecture of claim 7 wherein each of the plurality of source/capture
10 channels further includes an amplifier coupled in series between the output of the

respective combiner and the input of the respective Analog to Digital Converter.
9. The architecture of claim 8 wherein the amplifier is a variable gain amplifier.

15 10.  The architecture of claim 7 wherein the combiner is a first combiner and each of
the plurality of source/capture channels further includes:
a second combiner coupled in series with the first combiner, the second combiner

having an input configured to receive a baseline signal.

20 11.  The architecture of claim 3 wherein each of the plurality of source/capture
channels further includes
an output terminal configured to provide an output signal to the device under test;
and an output amplifier having an input coupled to the signal source and

an output coupled to the output terminal.

25
12.  The architecture of claim 3, wherein each of the plurality of source/capture
channels further includes '
an output terminal configured to provide an output signal to the device under test:
and
30 ‘a Digital-to-Analog Converter haviﬁg an output coupled to the output terminal.
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