TI TLE OF THE | NVENTI ON Par al | el Source/ Capture Architecture 10 CROSS
REFERENCE TO RELATED APPLI CATI ONS Not Applicabl e. STATEMENT REGARDI NG
“FEDERALLY SPONSORED RESEARCH Not Applicable. FIELD OF THE | NVENTI ON The
present invention relates generally to autonmated test equi pment (ATE) for

. .electronics, and, nore particularly, to source and capture test instruments

t hat caﬁ-[t]_g g;-elq.m MVENTIOBt i on with ATE. 15 BACKGROUND OF THE | NVENTI ON 20
Wth an increasing sem conductor integration capability and hi gher anal og
pin count Md%ouf%&@“ﬂgﬁécm%ﬂmfor ATE to include anal og

source/ capture instrunents that can sinmultaneously drive and capture

mul tiple Anal og channels. One approach is to build a nmassively parall el

i nst r unERHSRRERER EXEE TO RELATED APPLECAUTONST exi sting instruments.
However, this is not a cost effective solution. Providing an econom cal

way 3t o perfoNnﬁ«&mhqab]@hannel capture is Mre challenging. 25 An econoni cal
approach for achieving parallel capture is:to use a single converter wth
mul ti pl exed, parallel inputs. According to this approach, a nultipl exor

recei VESTATEMENT RES ARBING FEDERALL ¥ISPONEGREDRESEARGHS Wi t ches the inputs
to the converter, thereby sharing the converter anong the inputs. As the
capture needgf’tt@liﬂ@ﬂb‘éfforned serially, however, the disadvantage of this
nmethod is the increase in capture tinme. 30 There are generally three market
goal s that a source/capture instrunent system

10 FIELD OF THE INVENTION
The present invention relates generally to automated test equipment (ATE) for

electronics, and, more parncularly, to source and capture test instruments that can be used

in connection with ATE.

15 BACKGROUND OF THE INVENTION

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

20

One approach is to build a massively parétlle] instrument by duplicating the

architecture of existing instruments. However, ﬂ{is is not a cost effective solution.

Providing an economical way to perform multi-channel capture is more chalienging,

25 An economical approach for achieving parallel capture is to use a single converter
with multiplexed, parallel inputs. According to this approach, a multiplexor receives
multiple signals in parallel and successively switches the inputs to the converter, thereby
sharing the converter an‘:long the inputs. As the capture needs to be performed serially,
however, the disadvantage of this method is the increase in capture time.

30



attenpts to achieve. These are hi gh performance, high density and | ow cost.
Unfortunately, high performance, | owcost instrunents generally do not
provi de high density. Simlarly, |low cost, high-density instrunents
generally do not provide high performance, and high density, high

- performance instrunents are generally not available at a | ow cost.
Referring ”0"%& HeQstinerally tBre8mdiRet Soaly Sl daBubluptag: insiranenrdystem

i nstrunents. e graph sKovvs where various existing test instruments fall
Wi t hi n attemptseto sehieme.defThesel oy High pperfasmanges ehigh efansity aﬁdoyyog(gs_t. For
exanpl e, _instr nt. A offers high r,f-or.nan [ : nd | ow
densi tqufﬂé‘fx}aﬁgn{“gg pﬁl"‘{?g}]%& ?o&ﬁgg%slf’?ﬂﬁ%%&s g?x#{%arﬂlf‘ P(r) glﬁ?lpg‘gvblggﬁ or mance
and | Odeﬁ‘di‘t?!. t im IR, MRkt Gigl-A6HsRy hetuniias géneraliodewmt provide higient C
has an assocCiated hi'gh cost and | ow performance. None of the |ns$ wmants
of fess pexormanee,f andrtagh densitygighl pedomance igtrumants gt gengrlly ot év8fithem i s
r econf ingurgbl e to occupy 15 different positions in the

per f or mBhE¥EYGENSi t y- cost space. SUMVARY OF THE | NVENTI ON | n accordance with
the present invention, a testing architecture includes a signal generation
core coupled to a plurality of channels. The signal  generation cqre is 20
confi gur abl e Referpnpudwdo Higsembel graph is pravigadeshoWinsnieor 3rt IREFENEHS. ¢

channel s rein.res 1l %!s%. : h iV,

cancel | nga'p ﬁﬁ%‘v%%vgraret\%ﬁﬁ%g@%tgﬂﬁ%& r g‘%@ﬁ?@i%&ﬁgﬁﬁrﬁ ﬁgﬂ%ﬁaﬁ%ﬁdtbge

canggl | pérferinapicgRhsitys and pbsteFor ekdnipde, énstruzmmb Anafifers highaterfopmriias; heince,
density, and overall cost can be achi eved. _55 FRI EF % CRLPTI THE
DRAW NGH 7 ihiglr enst god A rdsnsit: elnsumen; B ATONIES: {08 COss OSSP Mhvent i on

" yitsel f, § bl UREShS] t he Qe 9s8RhiRht on of the
)drawi nggé%r@%ﬁf%%& E'l“égéﬁe ‘is a gerglg&(gfgﬁglvé@gdéglgift*’grent elgri or art test
i nst r unkst & asgen@d tgtp esst anddowe perfonsancan Natensi thy insgomentgufierohigh a bl ock

di agram of the test systemof.  the present inventi,on; a
J performance, %?gh dgns}t’y, and low cost, and none of themi is réconﬁ'gurable to occupy

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 generation 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. Dépending on how the cancellation signal is applied, different combinations of

performance, density, and overall cost can be achieved.

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 prior art test instuments regarding
- performance, cost and density;
30 Figure 2 is a block diagram of the test system of the present invention; and



Figure 3 is a graph showi ng the different nodes of the present invention
with relation to perfornmance, cost and density. DETAI LED DESCRI PTI ON OF
THE | NVENTION Fig. 2 shows an illustrative enbodi nent of the invention. As
shown, an architecture 10 includes a high precision signal source 11

. coupled to nultiple channels, generally 12a - 12n, Al though three channels

5

are shown, i%@@ghﬁ ; Hgﬁ’&ﬁﬁ%%ddiﬁ’&%ﬁtma&é ofedysteseaf invhsivhalith can be

provi ded. 10 o] ecl sionh source 11 is connected to the channels via
Swi t cheseliith tanpdrfoftfiance [dvstadsdensityhes, which are preferably form C rel ays,
can alternatively connect the high precision source 11 to the channels 12a
--- 12n via external adjust 80. External adjust 80 is an optional,

user - speni A ' @Egtp OFHE ENVERT y the characteristics of the 15
si gnal gﬂfﬁ%%ﬂg?gt e HWQ% precigsi on sg%?:(ce, in ways that are tailored to
a customer's particular application. In alternative enbodi nents, external

adj ust 80 cap, be. omtted. ,Fach.channel,. 12a -. 12n.has..a so ri,Lon and a
capture portglﬁ'l.2 aws ot alusitghiys i 091%‘7[@009{5&5 B}K%ﬁg%‘ V\#‘ﬁol S tlids.‘ed to
provi de,Rhiadie f0%nBludeyh SRhUResSioh Sihal HuAR BMtdupledXbnuitipithchaanes,f orm C
rel ay, %‘%nnects a si Snal p?&ovi ded by%??\e out put ,c‘)? DAC. 91 to t&e devi ce

under t pederallyni2aar tli2gul Althongh three hanngls-are shown,it should hgprdetsiged thafn ¢ s
out put si gnal isfcgnve%;ed })o t he eﬁUt put of the respective channel at node
152. Th&® l&"é“ ﬁ e r?aﬂ 5%‘%\% Yy includes other circuitry, such as an
output anplifier, but this circuitry is omtted for clarity of

illustration. 25 The capture portion of the channel 12 inglud a_gonbi ner
143, whi ch rEbehighspracision gauice JA da comnested taithy g@mﬂﬁ%d@a i‘gg‘?bfeﬁ(;mém evice

under t N Lh the rel.a LA ) S UR' b C R&ineddiBeal SO
recei ve‘g(?&a ﬁgsﬁfgércﬁﬁse W@é@%&%ﬂh@;ﬁ?@? U?rﬁ%lgfss’ c%nl'r] giriﬁmDA 1. 'Ighe_ gut put of
conbi neg;gh pedistorscivéeiEiholthe cifmbelsURa of 28 eidxutemnalledfist 80. External adjust

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
particnlar application. In alternative embodiments, extemal adjust 80 can be omitted.

Each channel 122 — 12n has 2 source portion and a captute 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 rellay 212 in the “down” position, its
output signal is conveyed to the output of the respective channel at node 152. The source
portion preferably includes other circuitry, such as an output amplifier, but this circuitry
is omitted for clarity of i}lustraﬁon.
75 |
The capture porti_on of the channel 12 includes a combiner 143, which receives a
signal under test (SUT) ;t node 150 from a device under test. With the relay 212 in its
“up” position, combiner 143 also receives a DC baseline signal at another input, from
DAC 91. The output of combiner 143 is provided to an input of combiner 142.
30  Combiner 142 also receives a cancellation signal from the source 11 via an amplifier 161

and a switch 209. The output of combiner 142 is provided to an amplifier 160. The



30 Conbi ner 142 al so receives a cancellation signal fromthe source 11 via
an anplifier 161 and a switch 209. The output of conbiner 142 is provided
to an anplifier 160. The output of the anplifier 160 is provided to an ADC
130. The conbiners 142 and 143 are preferably analog adding circuits. In
"ATE systens, the tester generally controls both the application of stimuli
and 5 EAGHLG AsER- anEDEN30S tTh#Lombiiees P4D awd b4Xiartay
deviceshﬂﬁger tggyﬁﬁg%%gg)%gﬁﬁg retJ?ned to the tester for nmeasurenent.
Becaus epteierablysnalogadding olrevitsot h stinmuli and responses, responses
general ly have expected characteristics (e.g., frequency, anplitude, DC
of fset, phase) that either match those of the stinmuli or deviate therefrom
in  predict a| g TdMAtenRaBRMQE @XBRMYREnkS!S duitothe abplidatiodefistimulirdr t est .

Consequently, 10 captured signals usuyally have knqown, or at |east
expett ethe mémmreoteat pEtespanses. rOfens stk are pracesseshby aﬁ‘ﬂ?‘?s‘FﬂE"'&F@ﬁ%‘FSct ure 10

is confjqurable i i fferen C ' : de, the
hi gh prié%FgFeg\’an%gorﬁ‘g t%?%g?fg%gasan%e %%%Eéeﬁ @éﬁﬁ@ﬁéﬂﬁ&@%ﬁ@%ﬁfﬁgr ably
equal s fe3sors, GSPRARE Henahlly hvecspectc dhihbieristioe (4.5, A€quanyeitplituds si gnal
has substantially no conmponent . When capturin a'?f ﬁ%’gte}:)%e DAC 91

S

pr oduceBCa offS:th phasd)nthat icithen makdy thosefof; the ftim et ABnt  of

the expecgt SUT. ' j : or 1@l |y no
A conpaioie hys, HSedn BRREIIERaO Bt off EEARder Rap foensiBha v 10
t heyeongiphaed di4Rals apbilllydayskidven, ACarleas exyentedpdhardeterBUFs. Assumi ng no noi se,

distortion, or other error in 20 the SUT, the output of the conbiner 142
shoul d ideally be zero. Because errors can never be avoi ded altogether,

“)hovever  they O phfesion ?é‘gelgl;t,tzﬁg SFRLAR! 1042 QAR gara8IBPH disfginznon- zer o

val ue. Thi s Signa 00S anplifier 160, preferably has
pr ogr angsphire ngedes., Ihdtsambstvazturateamoda rthe bighcpreeisiv| spuresprodusgs arAGy t he

ADC 130. A precise adi ng of, the . erro in the S can t t er m ned.
Not e t Hefacel QDA%AE Féﬁgﬁrﬁwﬁ‘i%? fl'l'?_r OPMOF?}HC"E?{B%?FPE\?\%&E%E Rannel 12
o~ lsuseﬁC%%n@elﬁﬁHﬁ Conal 118 stRartihlIP he P 8Smpoheat!t MienSafit@ingal SUDBe 152.
When t he channe
DAC 91 produces a DC baseline signal 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 component of the SUT. Assuming no noise, distortion, or 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. :This 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 chanmel 12 is
used as a source, the DAC 91 provides an output signal at node 152. When the channel
12 is used as a capture; the DAC 91 provides a DC baseline signal that is used for
30 canceling any DC component on a signal applied at node 150.



12 is used as a capture, the DAC 91 provides a DC baseline signal that is
used for 30 canceling any DC conponent on a signal applied at node

Jd'ndi cat

ed above, the above descri bed architecture 10 can be used in

different nodes to provide various signal capture characteristics,
ng upon the demands of the test to be perfornmed. In a particular

- dependi

o oay Tor i RleB R SRR, 1 4ibyd WeritRd LRERCCtTRARP carby Gibddn iffirent

150. As

gur abl e

by way of th e relays are preferably controlled by
an i nst miReto Povidy varisi eignelonprued sharinteritics: idepentdingoupicm. the demends ¢lbde
(i,e., "node 1"), provides_a | ow cpst,  high-density.test confhquration.
Vode | dhsokat s aperiomots; b PegichEE ekt Bhnt He bty ffobed dHafee o
gener at 0k €Ok fich Sl Yon i RAM Syl b Beltekys 208 dilierichantnt selayears
configu ‘he'same way. ~Relays 212 are io preferably in the "up" position,
and sel ?yesferaﬂgr necledbeanibyurhent dhiver; uhioh copels thearchitepie d0.conf i gur at i ons
all ow the DC conponent of the SUT to be reduced, prior to neasurenent (via

DC baseline fromthe DAC 91), but do not allow for reduction of the

t foat : i ' | - i ibh, th
comonent o gy Sle (6 A3k gl et - s s sAtne e

devi ce

node 150. Because relay 212 is'|in t

AC

he "up"

posi t i oModednbperates tdthosidignah carwetitorpthertfarse tiensigtal gamerpiéonsesre IAR out put

ot i icH S hSab e e v PR

di sconnB&uirg

t he
manner

ut put "o

Fhesegecifisurasions talowdthei BE compenerk of the SUEE dpRsgreduoed, oy

configuration

b d_w t 12h- [ ' t hi
“node prﬁ\?f‘ﬂ’éi’"ﬁﬁéﬂmg%ﬁ:q%f‘ip%i 05@%%@&%?13,%@ owtldyggfogéwﬁgﬁﬁgﬁ%uts ﬁi s >

node isA@m@L&h%ﬁyésw;e for nulti-site testing or other forns of

testing where nultiple,

(i.e.,
15
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25
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"node 2") can be used to provide high performance and | ow
Taking channel 12a 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
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 for multi-site testing or other forms of

testing where multiple, simultaneous captures are needed.

A second mode (i.¢., “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 chamnel, for example, channel 12n, is
configured to apply signal cancellation. To effect this configuration, relay 209 is
switched to the “up” position for channel 12n only. A cancellation signal is provided by

source 11, through relays 201 and 204 to channel 120. In channel 12n, the signal from

ed to
of

conhj ne bSinfRE “he” bR, MaNkials @09 168 preferablglin tAE “dawntipositivan, and
rrJ%ZO re%c%lys‘P tglgg‘%gl iaﬁgl ifier fo S COE Iedbl'?o ADC 130..1n,such a

si mul t aneous captures are needed. 25 A second node



density. For node 2, all channels 12a - 12n except one are configured
simlarly to channels 12a- 12n in node L However, one channel, for
exanpl e, 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,

Lhr ough ob &8s i€ i2 oVl Rl fer 46N T ot of ampliflants1 amoviticktsougtal 1 om
he

source I'S provide to anplifier 161. out put of, a i er q%
provi dedelby 20Righcomteheryl 420 The sigpakfinm die dexio upser te5t e fVF #7948 150u1 ce

nder tes s recejved 0] As
primgiy £ FLE PRy ngﬁm%ﬁ?s“%pm%a% g CanEellafifn 10 TIATLY b
subt r acLhBirRf 143e (% fBERSHOAEHT the nmumsmp hn\ﬂﬁwenodﬂm@@&ncéﬂ ation

is al so provided. ‘ﬁ'he out put of conbi 143 |4§ grovr‘ﬁgq d to O”b'la? 142.
Conbs necarkslatiamisi alwsprowised.a Tbe orgf r® BT th the

receive t o i r &vanal
Fapr s R RERE B Gplelieh E@%‘ oA B %’ﬂ'éflg‘n"a"‘“‘;ﬁ‘n‘?}e%‘a
cancel | ANteShiddnte ar@mﬁ:h@ Siegdl, ticedifference mtgnalcmpresm tiie fdifferemee si gnal

I's coupled to arrpllfler 160 to produce . a residya The 10 residual
signal bstweln theraseived signsl amithezgncefiation F’&g?'d%‘?ﬂl tﬁ?g’r@lpff*%‘ﬂ%r%fc?&d f or

bot h C co r Cfitall oridhe

ext ent %&gﬁwg%gw ?gérﬁjmsgﬁghar cﬁ&]a {Jo;ﬁgc@l% %ggﬁzge %j(i)anf igured in a
t hi gl Madiual Sighkl is tmdpto(lid.eé 1o ADDAAO0. Mls&‘é}ldaalmgmll lissporngcsaddios dptture wi t h
and wi t hout signal cancell ation oyvi ded v derate
perfor niicand; WI@PP‘EBWS?’%‘{/Sh"I“m %ﬁﬁb’ RS 2G04 eécce%etf::ip% ﬁ%ﬂtpthgt +rg°%§f§ga; --
12nare %ggﬂgured to provide a signal capture using both AC and DC si gnal

cancel | These channels are configured in a simlar fashion as channel
12n of node 20 However, as corrpared with node 2, where cancellation is

Qéﬁﬂfé?te" ! LSS B s SRR e R, Tu BRI AR
chanpel g Pepentl Q&xékp%tﬁljﬂﬂvﬁl?ﬁﬁd Aothditaigras cancellation is provided. Mode 3
thus provides moderate performance and high density. In this example, all the channels
122 — 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.

20
However, as corhpared with mode 2, whefe cancellation is preferably highly
accurate, cancellation in mode 3 is no doubt less 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 channels may not be identical. A single AC

25  cancellation signal may not, therefore, perfectly correct all channels.

Nevertheless, mode 3 achieves significant é.ccuracy improvement over mode 1
though the use of a cancellation signal that is approximately correct. For the best use of
mode 3, testing should be arranged so that a common AC cancellation signal can be used,

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

example, to be a best fit for all the channels, such as a median of ideal cancellation



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 node | though the use of a cancellation signal that is
-approximately correct. For the best use of node 3, testing should be

-ar r angeg 5etst Akl dhe RARNRIS Sein@ 05l | This anodsi thnm has favoteblagppdicaonsuiar h
reasonabl’e accuracy, for all channels. The :canTeI.I atiOﬂ'si. nal na%ﬁ%ibe

sel ect etqultisite tessingp e mult-sife testipgsdifferept, ngminally igeptical deviegsare Iggtgd oo o
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t est i ngnolifdligrieaiticanesponsds (FUTYE ntiicatandevestaiat high devsitpde adyglyibigneousl y
in parallel using nomnally identical, stijruli. These stinuli produce

noni hal pyrivmeance.cad 2 elaBishdew oSS ChiFkh can be tested at high density,
relatively high performance, and at relatively | ow cost per channel. The
input to the anplifier 160 need not approach zero for a channel to realize
signi ficant THPipueEEheamplifieniiomeed actappamyh zerorforxehaphel toredigei ng t he
amplitude of the signal' input to the lifi elr Kjﬁﬁo bgﬂ,% %ﬂﬁ%ﬁéﬁ&f ten

af f or ds signifzas impse RS CRRIFTCASCIIREY. LHERAEPS RAPERE Se
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si gnal 3rSE%af&ggﬁe§nnee@|§‘?n§§gﬁo ha%ﬁgﬁ%ﬁﬁggdi Vi dualqllng provi de a

di f fier ethat Eanaelpodidhas bthersisg difficuli toeichiedC basel i ne) by appropriately
programm ng the respective DAC 91. 15 Each of the channels 12a - 12n
preferably is provided at much | ower cost than that of the high precision

ysource 11. T i ; £ i all dlbets. S buch Che
) n?‘h?‘ﬁ%{"g'gﬁﬁglﬁﬁﬂ%s% sildeAE GhamRab®sipaaldor 4l g g

application o ation signal fromthe high precision source. The
cost of clidnacldagtindividoally provisleardifferent DG sancsilation signad fi.-cnlab WPber of
channel s to reduce 20 the_.overall ﬁg@é er channel. In the preferred
enbodi nBAFOPRAHY ProssRumingthe fespyehye ggrogr ammabl e gai n.

15

Each of the channels 12a — 12n preferably is provided at much lower cost than
that of the high precisioﬁ source 11. The high éccuraby of these channels 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 number of channels to reduce

20  the overall cost per channel.

In the preferred ;embodiment, amplifiers 160 and 161 have programmable gain.
| ) The gain of amplifier lt‘;O is preferably variable to produce a large signal for input to the
ADC 130. As is known, ADC’s produce more accurate readings when converting larger
25  signals than when converting smaller signals, becanse larger signals are less affected by
quantization errors of the ADC and noise. Varying the gain of ampliﬁgr 160 thus enables
the ADC to perform at its best. The gain of amplifier 161 is prcferably variable to

maximize the effectiveness 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
for input to the ADC 130. As is Jnown, ADC s produce nore accurate
readi ngs when converting |larger 25 signals than when converting snaller

si gnal s,
-of the ADC and noise. Varying the gain of anplifier 160 thus enabl es

ADC 10 Refdrrlafihg b SerRRfimce] bost and dersfty.aMitien thectost i 1n medgpt.of lowassly
variable to maximze the effective esri of AC singnal cancel at ino . 30
Ref er ri idghhdeusity instrgment lspfﬁﬂ@dam{ﬂe% frqsigr 1§ oufigired o medg e, ¢ égre 1, is

shown.
nodes,

,ngc@mgﬁa 3‘"5‘5"*’?*‘-4@ o fsm@hﬁfaf SRR, 2 GRSl prabision] Righ- mul t

ren erra relating

Wien t heieh@fitedter is BomMeeedl , Thus| theposent, test ysiém dambs copfignzadrinieantltipls
provi ded. en the tester_is configur i n, no 2...a hi i sion and
P Gongiadss.capd e praveterpmitalpdanonane Rodetsnt o gt shiterBhgE' ° 00,

density
configu

tester is configured. Thus, the present test system can be

si gnal

because larger signals are |less affected by quantization errors

t he

I ple

o performance, cost and density.

tleév(fsrnto multiple nodes, and to provide nmultiple functions at
different cost, density and performance |evels. Having described preferred

enbodi ments of the_invention i t%%“rﬁ (IPdlglg‘\évtﬁgq%cdggeﬁqu?ﬁggp gvfj%h%ﬂ%ggﬁ&é)f

ordi nary ski Having deferibed proferre ese |0
concept g, n g hisEchr J liEiheldiOmarbiaey ampidicbes nsepbragiginesé ncl udes
channel s at” provide both source and capture functions. Alternatively,
howayer cohdeptsahaybehsedc For epaopledthe embodinent diselosashhespinynclpdeshanieland
described, the 91 provides a.DC bhasel i : GARE 5 - DC
of f set sﬁﬁﬁpf%dag@%héﬂ eﬁ'é‘i °‘iﬂi‘g AECHER @t&iﬁ{l‘gerlifgﬁ%g%,%a SI négi%g
~"ysource ?ﬂWi&E niRe PyiceBA ohly. adj ust the DC baseline for all channels
“together. For exanple, a source could be incorporated into the high

preci sion source 11, which would then correct both AC and DC conponents of

Lhe TS, oL i s L A OOt ebippL sty s

because cancéf

anne aslis I's nore exi

singke grNeMidini the ST orfd perhamieebssis. Altematively, a single DC source could be

20

25

30

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 components of the SUTs. Note that this configuration would not be

preferred, however, because cancellation on a per channel basis is more flexible than a

single cancellation for all channels.

In addition, the foregoing description prescribes three distinct modes of operation
for the architecture 10.. It should be understood, however, that these modes are not
necessarily mutually exclusive. For instance, certain channels can be operated in mode 1
(without AC cancellation) while one or more other channels are simultaneously operated
in mode 2 (with precise AC cancellation). Other channels can simultaneously be
operated in mode 3 (with approximate AC cancellation), by applying the same
cancellation signal that is used for the charmels running in mode 2. Therefore, different

channels of the architecture can be operated in different modes, simultaneously.

an a 20



In addition, the foregoing description prescribes three distinct nodes of
operation for the architecture 10. It should be understood, however, that

these nodes are not necessarily mutually exclusive. For instance, certain

channel s can be operated in node |I 25 (wi thout AC cancellation) while one

-or nore other channels are sinultaneously operated in node 2 (W th precise

Y

'AC cancel | at \gR)tions) NelibiibacaEbs ashieved) alttiough abadditionad cogpby aredding mode 3

(with approxi mate AC cancel | ation), by applying,.the sa cancel: ion

si gnal omear imporaseditiongl high mﬁ@ﬁﬁel@“}%ﬁﬁﬁﬁné’ i‘"ﬁ“‘h’oglé‘m?gﬁﬁ?@rseef%#@g’

di fferent._ chapnels of.th i Bt itetheiafidigoe4lt nodes,
si mul t afEPEE ! cﬁoﬂ%ﬁctﬁdgﬁ%%%l%% %ﬁ??%@ggﬁﬁégagchi%s’gd, al t hough at

addi ti opey, 543361'\15“&5( thé aMinben®f dharnals significaatiyliexicendal thpi apmbsr «fi Bighn
sources 11, to which_channels cap sglectivel on : . C

advaht apssision soreses.nHagh hennelcan EF éﬁ‘é‘ia@Féfot? °&é§ﬁﬁ°§$ﬁgh§§gﬁ?§ﬁon§ﬁ%’cost . as
| ong as_t he n kA ol Deofirces B Trédia fleninility. of hi gh
preci si %c%%agggbgﬁﬁ&%ﬁ%e e%'(l:%r‘.;g %e&§ I!(l)cgt ed tosg(r)ne parti cgl ar high
precision source, or channels can be switchably connectable to different

sources for greater flexibility. Accordingly,.it.is,s ] t t hat the
i nvention shgﬂﬁﬁdm& Blets| ﬁ“i'ﬂ’"ﬂ‘é%l gt ﬁ'ﬁ{e%edgg%moﬁes&omg?ﬁel%ﬁge%ﬁ’?ﬁf at her
shoul d Beclibi Lol Dhr hifier-obid befiirs oy Y tehpirit kmdapppnapthec ai ms.
What s erarned ie: TOSA testing architecture for automatic test equipnent,
conpy i sappgndedeclaingnal source; and a plurality of source/capture channels,
said signal source coupled to at |east one of said channels for providing
a signal cancellation signal for reducing an anplitude of a signal

recei ved by said channel 10 2. The architecture of claim1 wherein said
signal source conprises a Digital-to- Analog Converter (DAC).



3. The architecture of claim1l wherein said systemfurther conprises an
external adjustnent device coupled between said source and said plurality
.of source/capture 15 channels. The architecture of claim1l wherein at
| east one of said at | east one source/capture channels conprises a capture
Anal og-to-Digital Converter (ADC) capable of receiving a signal froma
“device under test. 20 25 5. The architecture of claim4 wherein at |east
one of said at |east one source/capture channels further conprises a
conbi neynhkibs elaithedisa cancel | ati on signal from said signal source,
receiving a signal under test, and providing a residual signal fromsaid
cancel l ation signal and said signal wder test to said ADC. The
archi t ect ur e ,qf |ﬁ|,"’!.|r§ﬂi i ' udneer@fcofidingt | east one
sour ce/capt uﬁgtesc annefégwﬂﬁ{o?hﬁet?ﬁfggérp&ra?iqegma conbi nlé]fg receiving a
cangel | ati ory sipgiadburte;@mlsai d si gnal source, receiving a signal under test,
and provi di ng an_output signal from,sai 1t i i id 30
si gnal undera plazality %’?ﬁﬂ"mf@%ﬁ reamqlf,é;?ﬂrsg@g %u%l%' dggﬁﬁaéﬁﬁbﬁﬁgﬁaﬁgl from
sai d CO’J%]EP n@lgqmpfn%‘ﬂcﬂlﬂfg sffal QaHcBlitiohGigal torAlduciTg ad eapdifwsiei afect ur e of
clai m £2%heFein at 1east one of said at |east one source/ capture 5
channelggpfalirectioed bpraidickawel.a first combiner receiving a signal under test
and a baseline signal, and providing a first conbiner output signal; and a
second conbi ner receiving a cancellation signal fromsaid signal source,
recei ving sa#lg fchfdonGOTi M ©uFIRvéin Shidndbnal ndupe cotmprises a LEgitdrta- conbi ner
out’put “Si gna

Analog Converter (DAC).

3. The architecture of claim 1 wherein said system farther comprises an external

adjustment device coupled between said source and said plurality of source/capture

15 channels.

4. The architecture of claim 1 wherein at least one of said at least one source/capture
channels comprises a capture Analog-to-Digital Converter (ADC) capable of receiving a

signal from a device under test.

20 i
5. The architecture of claim 4 wherein at least one of said at least one source/capture
channels further comprises a combiner receiving a cancellation signal from said signal
source, Teceiving a signal under test, and providing a residual signal from said
cancellation signal and said signal under test to said ADC.

25

6. The architeciure of claim 4 wherein at least one of said at least one source/capture

channels further comprises:
a combiner receiving a cancellation signal from said signal source, receiving a

signal under test, and providing an output signal from said cancellation signal and said

30 signal under test; and
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z0 to said ADC. S. The architecture of claiml wherein at |east one of said
at | east one source/capture channels conprises: a first conbiner receiving
-a signal under test and a baseline signal, and providing 15 a first

conmbi ner out put signal; a second comnbi ner receiving a cancellation signal

- fromsaid signal source, receiving said first conmbi ner output signal and

provi ding a aﬁ%ﬂ%ﬂ?é}%@iﬁﬁ% @it Gughut Shadom aaid cambinep| dndi prpvidingedi ng sai d
second conbi ner ‘out put sighal and providing a 20 residual signal to said
ADC. ThamnedhsdiédDC.e of claim4 wherein at |east one of said at |east one
source/ capture channels further conprises an anplifier receiving a signal
fromsaid signal source and providing an output to a device under test. 25

10. The, archmeeagé%{eg of 183 WhufeRi stilenspiond efzaid 2 deasboneswitbelepiuERst one
source/'capture channels further conprises a Digital-to-Anal og (DAC)
proyi di ng archomgifurther compBes:ce under test. 11. The architecture of claim

1 wherein said archj.tectur.e. i W) [ in&Sifal, WhepRiviiegch
channel is d’oﬁ‘fsf gftﬂlhfélaﬂ't'c?"%g‘ﬂi %rsgﬁgi%e?fégpgﬁdcggtﬁs?}%, Sach chgnnelw
conpri sj ;g - Anlihérduti@¥ighBigEnd ecei ving a signal under test and a baseline

signal, and providing a first conbiner output signal; . n nmbi ner
recei vi ng sa dedondstorshinen mseiving gueanseliption %ﬁ%ﬁ pﬂ?ﬂ‘;‘i ﬁlﬁgﬁga?s%ggc%d

conbi ner out put..signal ,:and a L3 b Yd hEinseeapst stgiabi ner
ot put Teseaiias Said S BbhRR Guth SR hd Flor e, ¥ecDid SatBinbPaap

10 to said ADC,

8. The architecture of claim 1 wherein at least one of said at least one source/capture

channels comprises:
a first combiner receiving a signal under test and a baseline signal, and providing

15 a first combiner ontput signal;
a second combiner receiving a cancellation signal from said signal source,

receiving said first combiner output signal and providing a second combiner output
signal; and '
an amplifier receiving said second combiner output signal and providing a

20  residual signal to said ADC,

9. The architecture of claim 4 wherein at least one of said at least one¢ source/capture
channels further comprises an amplifier receiving 2 signal from said signal source

and providing an output to a device under test.

25
10.  The architecture of claim 4 wherein at least one of said at least one source/capture

channels further comprises a Digital-to-Analog (DAC) providing an output o a

device under test.

-11-



10 12. The architecture of claiml| wherein said device is operable in a
second node wherein one channel of said plurality of channels is
.configured to performa capture with signal cancellation, said channel
conprising: a first conbiner receiving a signal under test and a baseline

. signal, and providing 15 a first conbiner output signal; a second conbi ner

“receiving a-gmancelkati ' I | skchitanat isoperetle in aduel midg sai d
first clgrrbi n@ir% %u ll[t)%%'lrg%%g%ﬂgngﬁgrg?vﬁ%gil ng a seco,ndpﬂcronbi ner ogt ul

signal ; and valersinpdach ichanmek tetonfigyred 4p eEond AdTBERIS FARRTBFASHC %‘?‘5 al and
providing a 20 residual signal to said ADC. 13. The architecture of claim
1 wherein saHoISEIE-tecture is operable in a third node wherein each
channel of sajd Q&,]}‘]P@M ¥eitingCapne iddriest aid b basetide Signpk rid providisgpt ur e
with signal cancelTati on, egch channel conprising: 25 a first conbiner

r ecgi vighirsecomigined outputsigngkst and a baseline signal, and providing a first
conbi ner out put signal; :a _second ' : LV : fr@na Si gnal
from sai d si&feend gﬂ?’%@’,e" PR Fﬁar@%ﬁ%@?@%ﬁ%ﬂ%f‘%@@ﬁ%ﬁfﬁg@gnaI and
pr ovi disg&r@mm&wg@ﬁﬂ;m put signal; and 30 an anplifier receiving
sai d second conbi ner “out put signal and provi di‘gg a . resi dctal ‘;,iﬂglgah to said
ADC. -12 14.anThmplifichireastiing saidf secrnd ORI OWPY Sigpy &8 B8 f ur t her
conpriseg,the, remaini channel s of said plurality of channels configured
to per fig® S‘rﬂ}ﬁlttf’ﬁla@%gpture, each of said remaining channels conprising:

a fj.,rst conbiner receiving a signal under test and a baseline signal, and

provi dllgg The architecture of claim 1 wherein said device is operable in a second mode

wherein one channel of said plurality of channels is configured to perform a capture with
signal cancellation, said channel comprising:

a first combiner receiving a signal under test and a baseline signal, and providing

15  a first combiner output signal;
a second combiner receiving a cancellation signal from said signal source,

receiving said first combiner output signal and providing a second combiner output
signal; and
an amplifier receiving said second combmer output signal and providing a

20 residual signal to said ADC.

i13.  The architecture of claim 1 wherein said architecture is operable in a third mode
wherein each channel of said plurality of channels is configured to perform a capture with
signal canceliation, each charmel comprising:

25 a first combiner receiving a signal under test and a baseline signal, and providing
a first combiner oufput signal;

a second combiner receiving a cancellation signal from said signal source,
receiving said first combiner output signal and providing a second combiner output
signal; and

30 an amplifier receiving said second combiner oufput signal and providing a

residual signal to said ADC.

-12-



a first conbiner output signal; a second conbiner receiving said first

conbi ner out put signal and providing a second conbi ner output signal; and
.an amplifier receiving said second combi ner output signal and providing a
10 residual signal to said ADC. 15. A reconfigurable testing architecture

. for automatic test equipnent, conprising: a signal source; and a plurality
- of channel s wherein said channels are each configurable into a plurality

15 of nodes, each of said nmde rovi.ding a di I \Y/ i sion
from arét herwﬂgmwtmﬁdﬁéé?mliz. TR, S is[eg%rl‘{}]g’dg;ﬁ% egi m 5!@ o e;m"gi n said
plurality of nggﬁs é}-%ﬁﬂélgﬁﬁﬁd ?ﬁﬁa‘lﬁy BPEImn¥b ebefigureb perfoan raetuitiple

1 |

configured e ma nu pre capture, each channel 20 conprising: a
first conbi Rg m@@@&wdﬁsgidaeﬁiai;mgchanmﬂscmﬂ@id a baseline signal, and

providing a first conbiner, output. signal: a, s [ /i ng said
first combi meﬁmbmnphltlersrﬁg%&mgérﬁg@a} w&a ?%ba%{l 2 Eésggﬂ% &gg%b%ﬁfe?{og@%%t

si gnal ; and . LflL.et receiving said second conbi ner, output signal
and pr&ff'ﬁﬁ%gn%ﬁ&roewéhf aéi gnal to an ADC. 17. The architecture of claim
15 wherei n saiddond ¢ombiney rafivimgl sad ifirst) coehing BERHREE A FEE BRREFEP T one
channel of said plurality qf channels is configured to performa 30
capturéewnleOQb@PféP“B’&ﬁﬁ‘é‘ﬁaﬂ n, said channel conprising: -13 a first

conbi ner recei Vi NARS PdRde Widesechod toomidihen dumtl sipmal sargin providingl $r ovi di ng

a first conbiner®output sighal; a second conbiner receiving a cancellation
si geal résidunl sighdl teisgidaADEour ce,

15. A reconfigurable testing architecture for automatic test equipment, comprising:

a signal source; and
a plurality of channels wherein said channels are each configurable into a plurality

15 of modes, each of said modes providing a different level of precision from another of said

modes.

16.  The architecture of claim 15 wherein said plurality of modes includes a first mode

wherein each chanmel! is confignred to perform a multiple capture, each channel

20 comprising:
a first combiner receiving a signal under test and a baseline signal, and providing

a first combiner output signal; |
a second combiner receiving said first combiner output signal and providing a

second combiner output signal; and
25 an amplifier receiving said second combiner. output signal and providing a

residual signal to an ADC.

17.  The architecture of claim 15 wherein said plurality of modes includes a second
mode wherein one channel of said plurality of chaunels is configured to perform a

30 capture with signal cancellation, said channel comprising:

.13 -



receiving said first conbiner output signal and providing a second conbi ner
output signal; and an anplifier receiving said second conbi ner out put
.signal and providing a residual signal to an ADC. 18. The architecture of
claim15 wherein said plurality of nodes includes a third 10 node wherein
. each channel of said plurality of channels is configureﬂ t8 Pen&orn1a

" capture Wit} gsiigBabimangeivin 4 senaleadtr tesiand & basdlsSIERh GO RITVPEE conbi ner
receiving a signal under test and a baseline signal, and providing a first
conbi nefirsswombines pgpuli sigidlisecond conbi ner receiving a cancel | ation signal

ftom said signal soq recel L bl sfonks tfromo shidn signalu sgee,si gnal
and provi di ﬁgseéc’%‘ic?gﬁgﬁiglé %ﬁéﬁggdu;égﬁt%lﬁg? gnzﬁn; and a& agﬁl.i fier receiving
said s gﬁ@hgﬁ_%@iﬂ}gﬂ’ cobipet osipghaignalnand poviding @ secopd SOBPHST UM t o an
ADC. 20 19. "The architecture of claim 17 wherein said second node further
conpri sigealf @l renmi ni ng channel s of said plurality of channels configured

to performa mul H{rff;e%erccéi@iﬂhu*ﬁa‘?d Bl 8dmBiabd otipumistgnaly and spreviding @npr i si ng:

a first conBt P&V ng©a signal under test and a baseline signal, and
provi did3finabsifndl & acA@. ner out put signal; 25 a second conbiner receiving
said first conbiner output signal and providing a second conbi ner out put
signal; and an anplifier receiving said second conbi ner output signal and

providipg arl ek bfBRIm 1S #RerdlACsaid plurality of modes includes a thir
10 mode wherein each channel of said plurality of channels is configured to perform a

capture with signal cancellation, each channe! eomprising: B
2 first combiner receiving a signal under test and a baseline signal, and providing

a first combiner cutput signal;
a second combiner receiving 2 cancellation signal from said signal source,

15 receiving said first combiner output signal and providing a second combiner output

signal; and N
an amplifier receiving said second combiner output signal and providing a

residual signal to an ADC,

20 19. The architecture of claim 17 wherein said second mode further comprises the

remaining channels of said plurality of channels . configured to perform a muitiple

capture, each of said remaining channels comprising:
a first combiner receiving a signal under test and a baseline signal, and providing

a first combiner output signal;
25 a second combiner receiving said first combiner output signal and providing a

second combiner output signal; and
an amplifier receiving said second combiner output signal and providing a

residunal signal to an ADC.
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