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DEVI CES USI NG SERI ALLY CONTRCOLLED | NTELLI GENT SW TCHES BACKGROUND OF
THE | NVENTWwONood4ed3d of the | nvention [0Oool] Enbodi nent cafud2t/077586
present invention generally relate to wafer probe cards for testing
sem conduct or de\WEEHCEINANDAPPARILIS FOR TESTING DEBACESYSING

erformance of wafer SCLI Nt | el d Art

I[OOrT] Testing is an i rﬁ%mfgbggﬁﬁﬁrﬁé 'B&Eggﬁéﬂiﬁﬁ-@'ﬂégonductor
devices for use. Typically, partially or fully conpleted

senm conduBACKGROUMNDEOF FHE ¢RVENTRONbr i ngi ng termi nal s di sposed on an
upper surface of a device to be tested - also referred to as a device
under t eskielcbef thgTipventiano contact with resilient contact el enents,
for exanple, as contained in a probe card assenbly, as part of a test
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of devi caerfaiaancanf wefer @sehaicardsparal | el . Unfortunately, the number
of DUTs per wafer has typically outpaced the devel opnent of test

system CO@%&#&%«ME&"%?@E%H |y, avail able channels are typically

| nadequate for testing s on a wafer at the sane tine.

[ 0003] Ongogeag hni Hiegingas RECAPBREAL Step & tHBroalicHANPORRESH ARicF WARS for
with a limted nunber of test channels is to fan out a signal froma

test syst4S® comicayi Sartialy t ore iplyopemelated segucasidycios davieesphee tested by
transm ssi.omidd i o] t,,Sd r§|5{a[§r I oM a_
single Daéfﬂ@g{rg ﬁﬁ?%aﬁ?ésdgé?dfooﬁ %ﬁl%@[ﬁge g ﬁét gﬂ%ro gggg{r;%d also
assenbl y.refiiies tee@lnt qlayicsanndgrateise (o Tg-dhtoanontact edtsewsiiienb eonatt
Eﬂﬁng%'é@m@n@[ '?(9.1 Sxérﬂb'l%r]%g%nftﬁﬁeg irf1 'ax%gobrt]au ggl%r aggerrtatﬁ?,t aés ypsétrteg% a test
system. A test system controller with increased test channels can be a significant

cost facior for a test system. Test system controllers have evolved to increase the
number of channels and hence the number of devices that can be tested in parallel.
Unfortunately, the number of DUTs per wafer has typically outpaced the development
of test system controllers.  Conventionally, available channels are typically
inadequate for testing all DUTs on a wafer at the same time.

[0003] One technique to accommodate testing of components on a wafer with a
limited number of test channels is to fan out a signal from a test system controller in
the probe card assembly to multiple transmission lines. That is, a test signal normally
provided to a single DUT can be fanned out to muiltiple DUTs in the probe card
assembly. This technique can enable testing of an increased number of DUTSs during
a single touchdown for a fixed number of test system channels.

[0004]} To better assure test integrity with fan out, increased circuitry can be
provided on the probe card assembly to minimize the effect of a fault on one of the
fan out lines (e.g., a short to ground through the DUT). A fault in a component
connected on a fanned out line can severely attenuate a test signal for all DUTs on
the fanned out test system channel. One solution involves the use of relays between

the channel line branch points and probes to reduce attenuation caused by the faulty
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[ 0004] To better assure test integrity with fan out, increased
circuitry can be provided on the probe card assenbly to mnimze the
ef fect of WO24MW®2Bh one of the fan out lines (e.g., a HITWR00G8H77586
ground through the DUT). A fault in a conmponent connected on a fanned
out |ine ekmpewdr daghaelay mequiresaattleast opegephratelinalfior duTslliog itshedate. A

fanned o S y a . {] L nvol yes th eof
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attenuati mmnisatemnhrt@/sé\feealftaumandsaﬁ mplapentncl e se@ér@b’thg@%dseéf @introl
| east on ' robe car

rate ne,for controlling its state. A
asserbl y,| 5\@98?“”94@19 ihecrss ke ipBe ras arer bl s hodPiaaRoR terms of
poi nts, ripaybflifd seveindlintdaisandst of relays. Including several
t housands of control |ines for controlling the relays on the probe

card assenbly is undesitable in ternms of the required area and in

terms of EYSI. [OECUFRELIMAENAS amaed iBxhe st r edgthod andeapparatugfor
a met hod @Qﬂw@%fc@h&@ctﬁpﬂe\ﬁ@éﬁhﬁga bheAB et gwéjﬁg’lbﬁﬁsthé%%remennoned

attenpts to overcone at |east the aforementione I 'Cl enci es
SUMVARY (IefCigRCIESVENTI ON [ 0006] Errbodl ments of the invention can
relate to a probe card assenbly. In some enbodi ments, a probe card

assenbl y sgmmALYWE TREPINVENTIoN ©f 1 ntegrated circuits (IGCs)
serially . the chain coupled to at | east one
serial cqotoep! | Epodiherits dfhﬁenhwmﬂohtaermelét@std a%ragé%afﬁdv'a%ga%fy In
coupled to test prgbes, each of the sw tches being %rarrma e

responsi VOM® e&nt&ﬁ‘ﬁ“?ms §i grRbe eard; Aesennbly cqest 'r@h@esér aralisoaf igegrated
line. [ 0%@@@% @Er“él@l Iﬁﬂébeto' BMR & Ctﬁg chﬁ’naécﬁipiég t% détefééstrone serial

assenbl y , a test assenbly can
wi ring bondol Wi, weheang the pheality 0§ IGoincitidea settches toupled to tesSpereneaqh

probe nedt] e SHIHE b Bret R ieRhoh o ko 8eB0fE iR gPREA oot one
circuit (dedpl canipl édeto the at | east one serial control |ine, the at
| east one | C including switches coupled to at Ieast a portion of the

ot b i, 2B RblE BT ARGRC B PRI ol SRBRBRI 58 Some
serial cambadimehtse. a test assembly can include a printed wiring board including
connectors for connecting to test instruments, and a serial control line providing at
least one control signal; a probe head supporting test probes; and at least one
integrated circuit (IC) coupled to the at least one serial control ling, the at least one IC
including switches coupled to at least a portion of the test probes, each of the
switches being programmable responsive to the control signal transmitted as a

sequential bit stream on the serial contro! line.

[0008] Embodiments of the invention can relate to a method of testing
components on a wafer using a probe card assembly. In some embodiments, a
method of testing components on a wafer using a probe card assembly can include
serially shifting a control signal through a chain comprising a plurality of integrated
circuits (ICs) including a plurality of switches, the plurality of switches being
programmed responsive to the control signal; and communicating test signals
between test probes and test instruments through the plurality of switches to test the

components.



[ 0008] Enbodi nents of the invention can relate to a nethod of testing
conponents on a wafer using a probe card assenbly. In sone
enbodi ment WO 40HWEREd of testing conponents on a waf er REKUSRES/0G5TB80e
card assenbly can include serially shifting a control signal through
a chai n cBREF SESCRIPTIQN-OF T} WINGSt ed circuits (1Cs) including
a plurali f switch the pluraljt f switches bein rogr amred
reg ponsi V@qui t hgoc@'ﬁfi%? eayIE N ‘é{h'ﬁxcﬁ%ﬁﬁﬁv@aﬁqagtfsgg” ‘g? Q%é'ﬂ% various
bet ween t @dbo@infnes ofthé hrésént iNGNtIMESHd NhabISbddR dBtall. & fnble gérﬁcular
switches to test the conponents., WD 2009/ 042731PCT/ US2008/ 077586
BRI EF DES¢$3cpriienobther inveptigmiiedy urysgtsed abeve aed witare deseribad below,
t he above | f pat . A ' : £t

b9 e Hhf BRlIREA 18 geggeéq%ﬁn% SBRRALFEHicH Yre dm?snaiegqswhe

i nventi on can be underst oo a hore particul ar escri i on
of the i nappended drawingg! Yt is torbamiotest] habever, dmat thé hppsnabesdraivrer iliustrate

bel ow, feren .0 .enmbodi nenf s one, of Lch are .

Tl st r at il AvPIER e pRE R 6 4R 15PN Y B BEMIofe. a0l ko Deviasicered
that the lapifiegded it aebpgs for libst ihadmtiomniay yadril toepaest MLy Affective
this inventjon ang are therefore not to be considered |imting of its
scope, fofMPAEMENTntion may adnit to other equally effective

enbodi ments. [0010] Figure 1 is a block diagramdepicting a test

syst em acoefofi NgFigars ANk 8rhIeek BRIgESm AdedidtRigl Avest s@item| Swaldihg 4b Sofne

depicts the probe card assenbly according to sone enbodi nents of the
i n\eent i Orﬁmbgdiments of the 1nvention;y J

&1 =%

[0011] Figure 2 depicts the probe card assembly according to some embodiments
of the invention;

[0012] Figure 3 is a schematic diagram depicting an IC configured to provide serial
controlled intelligent switching according to embodiments of the invention;

[0013] Figure 4 is a block diagram depicting a control word according to
embodiments of the invention;

[0014] Figure 5 is a circuit diagram depicting components on the probe card
assembly according to embodiments of the invention; and

[0015] FFigure 6 is a flow diagram depicting a method of testing components on a
wafer using a probe card assembly according to embodiments of the invention.

[0016] Where possible, identical reference numerals are used herein to designate
identical elements that are common to the figures. The images used in the drawings
are simplified for illustrative purposes and are not necessarily depicted to scale.

DETAILED DESGRIPTION

[0017] The present invention provides methods and apparatus for testing devices
using serially controlled intelligent switches. The intelligent switches may be included
in 1Cs, which are coupled to form a serial chain of ICs. Each of the intelligent

switches may be independently controlled using a serial interface to the chain of ICs.
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[0012] Figure 3 is a schematic diagramdepicting an I C configured to
provi de serial controlled intelligent swtching according to

enbodi ment WOR¥ M3 nvent i on; [0013]Figure 4 is a bl ockPCK/BSp028N77586
depi cting_a control word according to enbodi nents of the invention,

[ 00141Fi gtifés, 5 Bigle eefialrantrgl Hee amaibpiusednly euwpbaemulipbcityt dieinteligeat

o or oS S8 8 ARl 5 AR R, B0 e

conponent as erseguealiarbiustremn di.@s tlaeswited bisbpbit). y The dotedigegt $witches may

nbodi f the i tion. [OpniWh i bl e, nti cal
Fof er enceXputes dP el ISECAEHEIRA Tb GERe S R AP G et dest 2
that are glornpn of devitesf | Jheetse W1ea i IIMPE Scondf ihB fohes Qv '&g§infié1e ICs

simplified for illustrative purposes and are not necessarily depicted
to scal e.SUsstentieppressesititerpeber of control lines required on a probe ¢ard assembly.

These and other aspects and embodiments of the invention are described in detalil
below.

[0018] Figure 1 is a block diagram depicting a test system 100 according to some
embodiments of the invention. The test system 100 can generally include a test
system controller 102, test instruments 104, and a prober 106. The test system
controller 102 can be coupled to the test instruments 104 by a communication link
108. The prober 106 can include a stage 110 for mounting a device under test (DUT)
112 being tested and a probe card assembly 114. The DUT 112 can be any
electronic device or devices to be tested. Non-limiting examples of a suitable DUT
include one or more dies of an unsingulated semiconductor wafer, one or more
semiconductor dies singulated from a wafer (packaged or unpackaged), an array of
singulated semiconductor dies disposed in a carrier or other holding device, one or
more multi-die electronics modules, one or more printed circuit boards, or any other
type of electronic device or devices. The term DUT, as used herein, can refer to one
or a plurality of such electronic devices. The probe card assembly 114 can include
probes 116 (also referred to as test probes) that contact the DUT 112. The stage 110
can be movable to contact the DUT 112 with probes 1186.

[0019] In the test system 100, test data can be generated by the test instruments
104 and transmitted through the probe card assembly 114, the probes 116, and
ultimately to the DUT 112. The generation of the test data may be controlled by the
test system confroller 102 (e.g., a general purpose computer). Test results can then
provided from the DUT 112 back through the probe card assembly 114 to the test
instruments 104. The test instruments 104 may transmit the test results to the test
system controller 102 for analysis.

[0020] Test data provided from the test instruments 104 can be divided into
individual test channels. The test channels can be linked by connectors 118 to the
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[ 0017] The present invention provi des nethods and apparatus for
testing devices using serially controlled intelligent switches. The
intelligenWOMWY¥HRBE nay be included in I Cs, which are REIWE20$/07T586
forma serial chain of I1Cs. Each of the |nteII|gent swi tches may be

| ndepende@f@b? ceshessimidy 104 AeLosvectars 11 wey deanysuitableddsanactofs, such

i ol O RIS AT s 2B 55 SOl o e
E i %;nalt S gmea Brer padbeczant! ra:altsiﬂgblyefl Thegarbfant owtreachtdfdide &t shamgpiend malltiple
it stre

i.e., trans bj t The intel ligent swtches
my be. uodaoEs T18n T SobE e SstrEby H S ot lrer il Jor enabing
conf i gur efletfan toesd and Rrlisalatihy fAflisdsyireean dginEse Ir?fsoﬁxesérﬁ%@ments the
cont rol Ilne for a(?I ven chain of |Cs substantially reduces

nunber of 8eFRET 129 fa%y INclisls @ Blyrality af iptedigent awiichess datops ofﬂwsust%dmnt
other as p@ﬁ%&e@%ﬁ?@?ﬁbl@ﬁféﬁ?&@usﬁ%ﬁ gﬂ‘!ﬂ%’a é;&ﬂlté‘g%sfe‘%ﬁé \rﬁaﬁgér{s}tswitches

detail below [00I8]Figure 1 1s a I'agram cting a
system 10@rab,e@mirthltﬁbd&)USIogmraw@DMDrmaemalcﬁontrblehnersvehﬂ;permts offthe ineditgent

system 1 de a test systemcontroller 102, test
|nstrurren{?N@gﬁ%?gﬁé@éa{l%fjobgéﬁwl%. The test systemcontroller 102 can
be coupled to the test instrunents 104 by a conmunication |ink 108.
The probdpo2iD6 chigurenc? udiepicts sthegerdid® dard amgmblplgmﬁldamticmmgndfrsome

152 can SRR TEECOr B BHABTC. TP wiats EBET PR ddrtpnerall ac os an

Non-I'i m tihtegfaes avgivesn cthe atestliinstin®enB T 04nghdidRe ODIGTOT 1 0N EndligghedTcard
an unsi ngul a}”&?ﬁ 3? conductor wafer, one or nore sem conductor dies

si ngul at é4PSF agy iInclider algeiical conaetara Rl configused &y reake elecirical
si ngul at %nﬁ@@ﬂlﬁ%”ﬂﬁﬁtaoPlu%lﬁ? of itsRAFRANLR Qggg@péw #Bfn ﬁ’\tehf%%t ﬂ%&ﬂm&ts

device, one or nore nul l'ectronics n one or
print ed c’i%uﬁheM@b%i§ar%a8%ﬂwblmt1ﬁércarypkgooﬂclede@memﬂ mormmsd@nbrcontact

devi d )

ol ur al 137 S eREAPC Y et ris R Fedhier BBgleEh lordchu 286 Sk qaniouses
i ncl ude godigepresséd @ghmst, raptlethusdnal@ wsnpgoaty @eaheal)cdrﬂmatttmmtortéﬁer
probes. 118004 BebF el el dplRERRIged 4rcBe BLiTa1Con Dl genbPat cany
the test glembntsnzad srel@picany config&ad td edriebpaptd @jélﬁrdéirﬁéhﬂirﬁﬁ;r 920 of the
assenbl y({?l]'}ﬁf”%ﬁél trobes 116, and ultimately to the DUT 112 he

gener at i dirady be AfTANGRY & BhIPE: a@aysc@a\trmgaatd@are%gg@r@mw
controller 102 (e.g., a general purpose conmputer). Test results can

then provbsted frome tﬁ?@bwarélgsé@ﬁthyt 1 pughy t ReluBE 0Bke C@Hf thare S siftMates

114 to the test instrunments 104. The test instrunents may
transni t GOREgYrEsttosEppett she gornactars A04sgryt e r@@ﬁ@mkﬁqr@actfdmﬂems 226 and

gga{jﬁ: S dol [p%\ﬁajéf BRICR31 BorHYbAStherEINREBR. HRElexeRRidrY Trile cd Q% E8Mbly

114 shown in Figure 2 has three such substrates, although in other implementations,
the probe card assembly 114 can have more or fewer substrates. In the embodiment
depicted in Figure 2, the probe card assembly 114 includes a wiring substrate 202
(also referred to as a printed wiring board), an interposer substrate 208, and a probe
substrate 224 (also referred to as a probe head). The wiring substrate 202, the
interposer substrate 208, and the probe substrate 224 can generally be made of any
type of suitable material or materials, such as, without limitation, printed circuit
boards, ceramics, organic or inorganic materials, and the like, or combinations
thereof.



i ndi vi dual test channels. The test channels can be |inked by
connectors 118 to the WD 2009/042731PCT/ US2008/ 077586 probe card
assenbly 1W0200ME2Bbnnect ors 118 may be any suitabl e corGRAGI2008¢778€ch
as flexible cable connectors, pogo pins, zero insertion force (ZIF)
connect ori902%r t Additiprally, Thre pbsirerd asaerablyetidl nay dacledmonanr mare @ative

T4 can | RePiRR b FIRPRi s SRRy FRped REs PaaRiyB S g AT HRE). n

i sol at i ngsdrag letrdoaimertits, intelligent switches 230 cavbre dispoedd warths witiesubstrate

el ectroni 120 n incl uyde pLur.al it f intelljgent swtches.

G oups off(f%ua%’i1 r?&@?rl ?@gﬂbj' ?sf’c_ 3§”@_&9%BESWH%!‘%?T%8€HG3{JE%AJSPOS% on the
i nt egr at eidteppdsuti 468.( 1St diheri dhBodin@aRy, thdl ih@NRBnEaWittBes 230 may be
controllabl e using one or nore serial control lines. Aspects of thé

i nt el | i gefBPRIRGXhES Ripke geksirate ed4 pangnvith texeptipgiscatact glgments 226e In
probe carghaseapBlinehts! tRE FREHE 8 ' f inati

i nvention. The probe card asse ysR:@t&Q%?ﬁé??ﬁﬁi;@%éiSegsoﬁa%%{ cr:ﬁrgplpgg%n
bet ween tofeoneor merst olutinenwisingOslibstrdte B82,AUE bistpoSdresyistate 268,dand the
assenbl y Logl4ade el ectrical connectors 204 configured to nake
el ectri cﬁé%%gg%ﬂ{#gr%qwth a plurality of test channels (not shown)
fromthe test instrunents 104. The probe card assenbly 114 can al so

i ncl ude deegdpr nbleetrically Idoaductvenpatbs (ebdeskowrs) 226tyaicatle sroyidebdem the

h il | 226 b fi b
Toainer. dciepfnE 2R BLERE fadetR LB RRs ek ohd SricReS RE g e
nor e i nputesitiodt untadtteimhertie 22eNFHos eﬁaﬁf)@‘, it the ébiodidént déiSictesh FigRié 2,

ically configured to correspond

contact elements 226, are t ) to
dosi red tReGFAINSCOBYCHYe PABSHOR showvahadie preovideddryadne sopRecters 204

nor e arr apfoudRY tHd wiritke SSub8HaBe20R Y o [::QJ‘P%IH T@e@&?i&%%%@ﬂ?@?ﬁfg@bﬁng

114 may include one or nore substrates configured to s
connect origtepenngatisirirtuiessd06. e@thes erciically conguttyedsghs bt isboynp miayebe

|l ectri - ' . |
toonbl v G EBRTOR MRS ARECITER: o u BB AR AR TnERbSar shistrale
;)t her ingﬂmamlm?hwi?]ﬁﬁecujcgipecmt dti@e_sstprmg yntéiig@nnemt s*.ztamtaJhre@rzaggrStill
ewer Ssu a . e ,e odal n cted I n Kl qur A r.obe
ot aodihed SRyl [ RGaEaREHIRA o RuSHES o Bty G peiiack o the
as a pri rgpeidgvintareghrizesthictufss P19 efirpagieths Wishe alipst?As, 22ang tePreabient

substrate 2@2);213 %?I so referred to as a probe head). The wiring
subst r at EOPERE! BETRENTR 2P p oSS elgetrsalgndbigtive pallsitheugh die Wiingssyastrate

224 can 92%)??%%%' Mt&%o%%u@étra’%@)@é&{Pﬁn@fthéyli%iog | SuBBRLRE 184 %n comprise

materials, such as, wthout limtation, pri circult boards,
cer ani cs,elestdeailyconeuctiverdemitacaatarthalike, thaldnanbeldispesedon, within, and/or

[0023] Adh rahal ey e, “HPSHae 205" HE el S RE R, 2pay et prove

nor e act isudstrate 224. The intelligent switches 230 can be provided on one or more of the

wiring substrate 202, the interposer substrate 208, and/or the probe substrate 224 in
the path of at least some of the aforementioned electrically conductive paths to
enable fan out thereof, as well as isolation of the fanned out lines from failures on the
DUT 112.

[0025] The wiring substrate 202, the interposer substrate 208, and the probe

substrate 224 may be held together by one or more brackets 222 andfor other

suitable means (such as by bolts, screws, or other suitable fasteners). The

configuration of the probe card assembly 114 shown in Figure 2 is exemplary only

and is simplified for ease of illustration and discussion and many variations,
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or passive electronic conponents (such as capacitors, resistors, and
the like). In some enbodi ments, intelligent switches 230 can be

di sposed oWOH®/M#Ting substrate 202. In other enmbodi meMEBYS2008677586
intelligent switches 230 may be di sposed on the interposer 408. In
still ot heedérgiinsmend additiessiane epnegwiatedwiFioc kssmpio anggbe eatt agesuly

h I I
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b
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Zortner | et Tet Yhitla el En g e Briten e s rblen EsUbeg in those
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226. The el ectri cal I% conductive paths through the wring substrate
202, the Nntigpigodednd it hat Rropescard rrpsenblips slescbesk in dhe aforameationed

conprise & &%Erdnﬂaéépﬁcﬁﬁmp#g BERetit fidm tb%%@%\'.tﬁé i/ tn{é ﬁeih%@%m{@%es

be dlspose on r throuh € Wring substrate
mterposeﬁncbtbbrftcﬂaﬂguratb@js mﬂtrlbhéhprMe substrate 224. The
intelligent switches 230 can be provided on one or nore of the wiring
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illustration and di scussi on and vari ati ons, i catlons,
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r obe strate, nma neenn abl e. [ in
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di scl osedpurpoddai dfethardy ®yee3<aﬁﬁﬂ@rﬁnlm@ 1h@ﬂtgeﬁﬂs§ﬁéﬂ asz‘rqu sﬂaé%ﬁ%dé?aﬂ It

filed June 24, 2005. Additional non-limting exanples of probe card

assenbl i &3 (P8 UndptRieediihed epph Bﬁmeelﬂteiﬂt%nﬁwﬁ@lﬂ@n 02 .thrpugh 08ebmay be
i ssued NQ@fidigedidetit2ly Q@Qh@n?t{%lﬁgerﬁts% ﬁ?% Nt Nyt ﬁ:’n‘r’%ﬁ\jﬁé@w gnly four

i ssued January 21, 2003, as we in the aforenentioné

St at es Pamt@wgempwﬁt@msl e SavnalthedC 300/ 1§, gderallytinclsde ondrengrl lese than
t hat varl @S features of the probe card assenblies described in those
patents and application may be inplenented in the probe card assenbly
114 shown in Figure 2 and that the probe card assenblies described in
t he af or éen2m} i or@br’paf’élet|stedirg®napwltc}m;t3@mmm&yjebetweftetmmamrmetlgnatee ‘Al

of the i Q?‘fr%?rtér\rﬁnélytaﬁtljl f_%gflsetcorsk\fvI tér?nqﬁasl) arEdac%hef the ln elllg {g\gvitghnes 302 may
also include a control terminal, as discussed below. In the illustrated embodiment, the
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serial controlled intelligent switching according to sonme enbodi nents
of the invention. The I C 300 can include intelligent swtches 302-1
through 30%0LW%YPT3ectively referred to as intelligent REWUSNSHTTER),
a shift register 304, and control |logic 305. In the gresent exanpl e,
the cont ra¥itahogficeit3i8 caarneliee asingle gplst singiedbmwa B3 Bhswitth. dn tiapelosed
Each of t

310, deboél}ﬁcéer&%[‘]arll hélglgr%08Mé %Fe&jugé?@n S%e%@%wg%ﬁtaca?:wévg% rt%ghﬁgr:]é Wlt
310, the clﬂ:blﬁu&ﬁe lloghe Gdeh statel little arumo @nrrresemsws bﬁt@eenytermlobuﬁeand
varioust es f ci cu'ts.an | pgi c_conpone such.as transj,stors,

| ogi ¢ gat m i &%ﬁ?ﬂ&? r GPBIR' %fng]e i fcl‘réﬁ“é%1 ntfiay he
like to pascmmeheto attebtemburdéwend HHE biHeRakint Maldes gkl &ﬁ@bhh@if&htnsmcﬁmy be

purposes of clarit exanple, only the intell |%ent switch 302-1 i's
shown in %&Piﬁq to @i’eﬁf@r aiake sesbersemily-cAtRough hreswitehetincngeip is

swi t ches @O2rRed *arsoamép%%sﬁ.tmh&% sian &Utrh%dzhrt Péb@gl:*ai/e H%tttf}ﬂ?swn?h

intelligent swtch - addi t1on, thoug ur 1ntelli
swi t ches elmuts’i‘l@vmay gateerlat[y Bame naq ogewee ableg annlainm moreethoows, emng with

Lor mi nal <hecUERaidh RiurbBFol BhfinglsiBTa SWhEOS” (SCoond ter mi nal).

Each of the intelligent switches 302 nay al so include a control
term nal ,[08&8] di s¢be smurenélsewsor 314 hean Ibbusmnf@mee;d éobroeaseatcurteme flbwing

2ut £ R 88 BB LG P S B G Pl B s

and curr ethtestiahl ¥alosv(¢ br,ahgleutrbat saMdoe 312idetstts adldverdutréni@oRdBdn). The
state, little or no curtbent fl ows between ternmnpal A and tern nal B.

As descri BEEFHSCOTPT ek bE i Fagher dsimiedl 4 iandulermseb Brafhgcurrent
coupl ed tgemaof 8%4 c”aﬁ%FQgré}‘H%eﬁhﬁ[tH’bWrrénﬁﬁFeEﬁéidGﬁon‘i % Eéi‘hﬂ*cﬂ"io 305

circuit 310 may be cou to a test probe probe car asse
Al t hough “f-‘F?é"’@ﬁﬂ[chﬁa@hr@ﬁlthe:%[\@ﬁ'[il@r@e%\tltqr@éd?’ag By SPSTeaniiguesd to hors@

skilled ifcthenal iow lpmgmn?fdi@t&rrtgh?tle\}ehe $HL LG et B H'séll éi’g r\ﬁﬁg\?ﬁlso

general ly ﬁave one or one or Nore LN ows
the corr e‘ep@ndlarrgzllh[a’memgﬁal fremthealostroldogie 306 thehesh bé Oswest] fBhealibrate the

current 4 ¢ configured to asure cur fl aw

Chrough. LRy BBRoCE M 16 byl Sl ATE" 3y o e i Plech ST delrigpwn
current etectaﬂql@ea The eahrehdsarmon 814 engy furthee réasi \fsaﬁtseﬁgé\%ﬁéb@]s‘ﬂgnal from
detects B ove ren% % nﬂ’&tl on The cyrrent sensor can be coup

to each Q7d } epablenzonal G be disRYdP eneble gk dﬂfeab[e

progr amTQg;iJr,\ynt ge@,@bgemC@%@%gﬁg& 4140om the control |ogic 305.
Accordi ngly, each intelligent switches 302 may be confi gured

to open responswe to a programmable current |evel. The current
sensor 31802%hy al 3% CHEER| §@1%0rcHi4 BAACTIYA (B8 glekrunes iagind120ova rasl output

| ogi ¢ 30%eihAbI. C%@@o gd 16 8abidhb Rr G

current sensor dt@ ?br ateeg Eglqu 'élﬁpﬁ%ﬁgﬁ te&hrréﬁégggh%:n

current §be.§lme annan’QyThatr lShéhe debaince Ieglseﬂé’ere@netbltbe swgmll'reht oondition

cont rol n n used.to.e

di sabl e cur en? pgte%}pﬁrgeﬁggaﬁ%% ?ﬂ ?Jgﬁ%&ggﬁgg@r@%gfor[ 6%@5‘39@? Bﬂ‘rer B?HOd

sensor 3Xfefemed t by &d¢brrindebtmpl elflivgbeerdlizen coriitiopldxits fdrehgidedbunce

The debo nce | ogi,c 312 nabl eﬁ quaé,f fication of the _overcurrent

condi ti oM, period, the de ounce oglc 312 can cause the switch circuit 310 to open.
Accordingly, each of the intelligent switches 302 may be configured to open
responsive to a programmable current level existing for a programmable debounce
period. The debounce logic 312 may be programmed with a debounce threshold
from the control logic 305. The output of the debounce logic 312 can indicate
whether the switch circuit 310 is tripped (opened) due to an overcurrent condition
existing for the debounce time period and thus provides a “trip status.” The trip status
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the tine domain. That is, the debounce |logic 312 reports the
overcurrent condition onIy after the current sensor 314 detects
over cur r enWOrZ8P94283kr eshol d tine period (referred to asPCTHEROWNIES6

tine). If the overcurrent condition exists for the debounce tine
peri od, t$ignadpavhePrPUgee it eanio 519%3@51eTB9\ﬂdﬁbﬁUmer legict capnioe coupled

open. ACCIS’étWe@H'aycorﬁi%(F eriindi R thé‘%ﬁ;ktéﬁ EﬁEﬁlt § l[%rrl’)]f%l p?the current

configured to open responsive to a e cur
exi sting $ensoa prograrmabl e debounce per| od The debounce | ogi ¢ 312
may be programred with a debounce threshold fromthe control |ogic

200t on', B o URASBRLSFo LOREEL HA6 R ATEGRHE VI E okl on

condi t i onsvelidhstantrgl Signalt Highedetitohnmomitriol signalenawte asxkivdilisorntioy toleteol dogic

"trip st aédhs Li_h(-%r g?wttcﬁ cPrcSﬁ %HSmaBy report its open or closed status. The switch status
may be provided to the control logic 305. The switch circuit 310 may also receive a
trip enable signal from the control logic 305. The trip enable signal can be used to
enable or disable the trip capability of the switch circuit 310 in response to an
overcurrent indication by the debounce logic 312.

[0031] The intelligent switches 302 can be programmed by serially shifting a
control word into the shift register 304. Control bits at the “data in” terminal can be
shifted into the shift register 304 in accordance with a clock signal at the “clock in”
terminal, for example. Bits at the end of the shift register 304 can be shifted out at
the “data out” terminal. The clock signal can be provided at the “clock out” terminal.
As described below, the data out terminal and the clock out terminal of the shift
register 304 may be coupled to data in and clock in terminals, respectively, of a shift
register 304 in another IC to form part of a serial chain of ICs. The bits in the control
word can control operation of the IC 300.

[0032] Figure 4 is a block diagram depicting a control word 400 according to some
embodiments of the invention. The contro! word 400 can include control bits 402 and,
in some embodiments, data bits 404. The control bits 402 can be processed by the
controller 308. The controller 308 may obtain or otherwise analyze the control bits
402 in response to a control enable signal. [n some embodiments, the control bits
402 can include a command 406 and, in some embodiments, a header 408. The
command 406 can determine how the registers 306 will be utilized. The data bits 404
can be processed by the registers 306. The controller 308, responsive to the
command 406, may cause the data bits 404 to be loaded into the registers 306 from
the shift register 304. In some embodiments, the controller 308, responsive to the
command 406, may cause the data bits 404 to be loaded into the shift register 304
from the registers 306 (e.g., in case of readback). In yet other embodiments, the
confroller 308 may cause some of the data bits 404 to be loaded into the registers
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WO 2009/ 042731PCT/ US2008/ 077586 signal nay be provided to the control
| ogi ¢ 305. The debounce | ogic can be coupl ed between a control

term nal oWOME/MHI3MAch circuit and the output terni nal RET/UIzE088I7TBENt
sensor. [0030] The switch circuit 310 can al so configured to be open

or cl osed3®afem the shibvipgicter 364t eot otieyreflthe Haéa bits #OA to diet loatied injadhe
e o it YESIsteE 302 1B $81E6Rlers 386° 1P 00me EAROUIERE, Rl bidd64 can

may report 1tS open or ose at us
provi ded MOIudhefIQthM@l corgsponddig. tofree smietligbnicswitchds 302. nhy ttad peesent

receive a tri abI from ntr | ogi c . 3 The trip,
enabl e si Wﬁg’a ﬁgoélg ‘fd& Ch"d%r égbé t?‘?%‘gf'r ‘?)EO 669;95@5’?@‘?@)”%@
the sw tCﬂheGmtémgeht silifthed 30esPPRGR)i 3088, Rpeaienent indi cation by

t he debounce Iogl c 312. [0031] The intell i gent swi'tches 302 can be

program*red into the shjft

aI I ti n a, control
regi ster HB8% gl?l”{b? eth’eocé’cr%{“?ﬂd 49%%*\@@@5@%’83@%"@«58 set
into the éMéﬂouh@Q' GérRyd Web@n as¥C Hed FERg et Qwﬁcﬁ%so@.bZS' R eBImpIBe in

"clock in" termnal, for exanple. Bits at the end of the shift
regi st er G0ROGEENEE were ttag @lﬁja kits ¥R mawasdiﬁtlds 4d Ontora¢sponnimge oo dhe

signal c Qv d r

Del'ow, ¢ neVaes ooy Bfth BF e Reldglaf ind ol B g 1A e Eoppoe
regi ster mmdrfalya vesmotipd edeb{)tmmae]hgenaa\dltmﬁasc?»oz nintserma mbedlments the
respectivel art

f hi f h
seri al chalrﬁmgﬁd |4@§Sm?,¥]gn%ll? %ﬁﬁr%?tﬁgc%%ﬂ? 7 o raergélareé ﬂlp 3btn O tfe

oper at i onntdllgtehe siWicR@ 30RO0B3} Eixgrhite, 4ini mBolihiepks itees Qﬁédﬁﬂé WitsNgo4
a cont roIIB¥P gg according to, some enbodi ment s of the inventi on,

The contr %ﬁorf%%n&@%%meo?wm% AP easd, ofi hedlialds 410 may
enmbodi menhgudelad f’\/alllké Sihé’toéontﬂ-cﬁ@ tﬁ@”élﬁrPéntb!h‘i'ésh‘J)Q)? rg§é¥§ g @ﬁr‘?@ﬁsﬁqu BY a

the controller 30 he control may ob or otherw se
anal yze t"ﬁép‘iﬁi'ﬁ?me @cthg 'W@@'QEW $Vél§1b1@ﬁ§’e92t dnesmerrtbbd@mms dheiagmahand

I

|1 20T SRR o ES AR Al iy RE <A1 o L AN S LITRR 65, s

how t he rwell 8% cetsie@dBtake limfobreatidn fromettie iteligeat awiiies Y Eanebanple, in
d t troll 8,

Command. ASECdr S HbEte e ta B 4630 Poef detsa il S roREna o e

regi st er swikfes BOR) edh ohthbthieldsod 1Y médeé Gné @ﬁho@é‘b@l@b@ﬁlﬁﬁt%onirﬁﬁone

controller 308, responsive to the comrman cause the data

bits 404 ¥INYE $talesl 2 FRpectve eng of ﬂ}?e@’f@kl@ntﬁwtcm%ﬁoz heIGhegs gn @néoff

Come 51 Dy me iy CRAOR o KBS PR TS Sgch f e

t he regi Jeldss41WOPODGYEFELEONOUSIOTE)Ie Ditsg®nfigured to convey one or more
status values in a respective one of the intelligent switches 302, such as switch status
(on or off) andfor trip status (tripped or not tripped). In some embodiments, the
command may include an instruction to calibrate the current sensor 314 in each of
the intelligent switches 302. Although the command 406 has been described as
having a field per switch by way of example, it is to be understood that the command
may have less fields than switches. [n such cases, a field may apply to more than
one of the switches.

[0034] The transfer of data between the shift register 304 and the control logic 305

may occur according to the control enable signal. For example, if the control enable

signal is asserted, the data transfer occurs. The control enable signal may be applied

to each of the ICs in a chain such that data transfer occurs in each of the ICs. Once
10



306 fromthe shift register 304, and other of the data bits 404 to be
| oaded into the shift register 304 fromthe registers 306. In sone
enbodi ment WO 200004231 a bits 404 can include fields 410 cCROTES2pEINATNaE
to the intelligent switches 302. In the present exanple, the data
bits 404 tansfenislconwldteclhgscontrol anatie sigohl Mmap-be desassesiednditisgch dntehbits

intelligent ' - . ively. [0033]]
oo, e SR kR P e SRREEL Mol HOSRE AT
debounce pelockdighat atetheliclotk infieermina| [Mheats ramy be BABted @At inF@dch of the ICs
exanple, in gﬂ‘godi nment s, wher e_”tgg% (c:i]at a 4 includes fields 410

bits 4 | . .
corr esponlli H§EH PHRECOHACRAY 88'&5‘915‘@?1 HEerq'efkagionalo’s Rigvidae & dae

a val ue t4pdckeit tefthimal Nk BRDABAGE, BETH AbobRiePWIRSREFidING R Rihed B82
intelligent switches 302. In sone enbodi nents, the conmand 406 nma

Ve, . . . ay
i ncl ude  al@si Welt pathemintalliagat switees imethenres alithe fabringagichoss titie status
intellig e 2 Ry j
bits. 404 TRLPLHECT e el e B BB vl R SR e b i
of the fields 410 may include a value that controls the current
t hr eshol dop3sdt s Flgere r e dnclip)didgganma depigiiagt carepomantsfort fee probe card

ot ude aseritly £ Bect¥ing 8 sprEe fROATIRIOGpe inEnFRTET F st ihsitnents
SW tlclhes m,caasgimrblgyammlmter iaeplenreﬂ}t;atcﬁ teof msrgrrrd:em (Qdﬁ@ltyhmfﬁrre% to as
intelligent swtche . _For _exa in.e i ments ere the data
bi't 5. 409 TERRNEERES 3 PePl4oam00RS, CRLUH -t of it CSTPENdEoEIBCUERCRY
of the fignmisindtidh oBYoliage! sIfphORROOFceRTRS YFDAE FoltdlR! toCPB MO Ome oRjit

|
nore states in a respective one of the intelligent switches 302, sucﬁ
as an on/"6ppureesthatosunphe digitet sianelsrtedne RYH, 1% pee/asansieg regeyreas fhat

enabl e. 'éhp%@déﬁél Sigﬁgﬁﬁo%e Dufr §42l 45 ékjew el Bf F&%ufb’l%gsﬂ%‘r’g{rgugh

writable brts con to convey one or re‘status va
r espect i V@2oNggenenahy réferre| tb gsnesewices HO2) 30 showidh Figars ), twdiere Naisuan

on or of. ter| at i d.,or. not_.tri ne
rboa e ol Hisler il ePea M e PlarBRE o Rl B bshE b8 ot 8P4 Menydses =
cEr rent m;sﬁgeﬁiﬁés i584elaﬂ1n01mjh fﬁﬂt):BM (yafdﬁkélg&@ferﬂaf@! toCéEl ; devifés 5?4)},]%1&%[) M
t he comman as been descri be S. havi ie er switc .
uny of B e GBI BE sor T0B0. HELSW Rl 120 RRRES Ry igvies! sies
fields thapviews tcbesostdd). such cases, a field may apply to nore than
one of the switches. [0034] The transfer of data between the shift

regi ster 304 anth he control éo ic 305 may occur according to the
control dP98] e sTighapSOUEErs &2 r‘F%Inet?e iaﬁs?q’iéteéo‘ﬂtﬂﬂ dne gpyispe WrigihgpughsICs
assert ed,sddnetr#abgu FE?'TS nieﬁé}lgl#%%rneahé #3005H6) SNREHe & & S RkedBRYyr&%er

applied to each o ain such that "data tranzg?er occurs
in each dhangera. eactoatihell®s 30tamey de implerpapedsénilartie the KT P60 desatibes
si gnal i t j LS h ' '

308y TR0, AR BB iR 8 7ol 2l o B Y e S Bl
cl ock si garelpregratineable by serially’ lobdingianedntrol merdbirite ansyft begistér, fasadsotithed

in each of_ the,l in _a chain, in,accordan ith the clo signal ..
The' o ocranavBr i e bbsBol Sihie. A EESEE R0 & b uples @ ietigent
nmanner, dafighas $ach af etk W64 H0d.hothert &f lihe pstousadst S0Temayd be daipleteid othsr
ot her int.el hi:ggent switches in other 1Cs _of the chain), such as trip

status arBietitaLpvihes B lhe |CHalo wearsdalianaarne: (usk coanecsipns are PrBRd
the shi f tfor gatigh.emhdQftelllGBRBRLEAHRYNS R 1Ss 806 'chR Wel in PoRIh G AN Rt Bk
conponents on a probe card
devices 504 through temporary pressure connections 505. The temporary pressure
connections may be effected using test probes, as described above. At least one of
the intelligent switches in an 1C 506 may switch a test signal applied to one of the test

probes by the test instruments (e.g., application of test signal to a DUT). At least one
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assenbly 114 according to sonme enbodi nents of the invention. The test
instrunments 104 can generally include a plurality of test resources
(general | yWOSP&YHER 1t 0 as resources) and at | east one CRSIRYLBPIBHTTBOS.
The resources i ncl ude any conbi nati on of voltage supply resources
that suppbiyth @dntei{l@@nt gwitekesanran 19 50§ @amw'tcbsantﬁsg@mah@pph@qam {he test

o191 ol ek e (Hic WA ool @ eokagck Exul Rol 5h U0

t hrough 502-N (generally referred to as resources 502) is shown in
Fi gure 5,[0047¢re N ihe present expmplgr et istelligeah suriehes im thieelCe&@B)l @an be in

v ough soAEp s Wi o ing LysR Goa°Eang BliaB ORISR B I e gcan

i nt eger dgredt eonrhamcabive whhato ite deviee GR-2,13nd redd baes Immitis i rphendre stie

associ at A DR LReT 680 RS HH oD AR e WO 204 nf SRS e devices

(gener al | 504 affig asb hmr,%curﬁélﬁ(@@) a Bhee®t Yreaferafah ¥ @4eEhEH eﬁin%ht) the
than zero. Each of the |Cs 506 may be inplenented simlar to the I'C

300 descriesrapdog intelgent syvitcdde Hﬁ%corfwonwgm ofdbeilae POBsan be set to
plurali tyn@faddﬂrﬁ] g fs@%ﬂ% tﬁé“o‘e?f&%?f{érﬂ%e%e@o@rcggéwa ﬁ% Jwe?etﬁé\f?éelsy can

| oading a contr nto a shi regi ster, as descri above

t he preseaﬁntleuarh@re;;el\tmﬂaertesolunce@lma wnthosnt shenstionalgifeet! The aonfiguration

intelligent i e t he_l ers_of the resources

502 rmy B0 SOUHIER {60 PHd MR PIEn I SHr chds el BXebE SBhe notger

simlar rtmmﬁgnra(nsusre ceEDLecH nmySbeaceu;ﬂem td esbreahag loagitesminalldean IC (ie.,
in comuni cation with the

intelligent switches, in.the | Cs 506

devi cesgsaarec fﬂam}? w@wﬂgﬁwtsﬁ &eﬁf@? Eﬁ‘ﬁé’&% GRICs8y beneoupisghier mee
pressur e paRReet Ve fiRy/ %r@ftfﬁ@%ﬁé |Ht%|||@@ntt g@ttcrpfrpaﬁac Ay Qﬁ%ré Rffle
above. At |east one o he i nt el | igent swtches in an 6

switch a davige)silfese MaypPs apre O BFS repounges et 1Gs, @cﬁv@lsthage g ttee@pre or

i nstrune cation of test signal to a DUT). At |east one
of the |ﬂtés§ff(%%ﬁt d%\?\nl%%}%hes in an I1C 506 may switch a test signal

applied to the test instrunents by one of the test probes (e.g., read
back of t[6e%8] si ghte €% GRGacanUiorm ROEERIA| Ichainhef [Fsesdhe eondmier508 lvan be

the devi CoUBR &% Fiet et e ey (R sBgQARLE 1L il o

comuni catfitioa IQ50B-1 cart be cdapledeo a(Rkrid| inpotiosihedl. 5082 t & beriatanutigut of the

t he resouylc 2-1.can b istributed,a evices 504. |f any .

bne of HE Shead g2t B Bfedio™ SerRatirEie BEPEdG 6 5o 88 of o6 st 1 Beria
great er tdhai.aThé cesthslled 5olrdaﬂrr1rix/e tﬁ@ehgmrcﬁa@@wm é\@omﬂii @idria0812t loads a
swtch in the correspondi ng one of can be set to trip and

t hus i sol@NEot wardyiply each pidpedae 5p§s cﬁﬁr%cﬂbéd abovg, dorya given d@vﬂ'@e@”tro'
can cont g dad dRel Mﬁer%hSn b?ﬁ%“ltceF&UéMplé“ thg hirBiR& 58 rﬂv\ﬁlproduce a

effect. The configuration of resources, eV| ces sho
FI G 5 i somypksignaiespt teycurent ti'tl‘ﬁﬁwldzmﬂﬁm@mt%ltlgemgzwﬁah&aem(naom)fmICS

ol | g S EfiIRE 5BBday bRl eor panay st R AERARE S dor

t han one tHe\vnteltigént switchmasria ¢dvhnofoihe I0st @(]JG | g‘euet citiolleh 508 nadiy boduey a

drive a si devi.ce Ther € e SS s than |

ond ¢ hor SRR BT AP Sebing St FRdaciaiiago! et FubSapsinot: dneg i
forma sehiplregBabackothd @%ntrEh@gG@ﬂtffc% ltaE  &%fin can 1de sopURd Q%Rmeastate
serial input of the_ IC 506-1 through a serial interface 510 seri al

out put ofiNfofBalien.50BIUE. casingle conpPedne ccaa berysad i pantrel diskdution and
506- 2, @ﬂéﬂ.qﬂ gg‘%ogé%oeifc shepd &nﬁﬂ&;ﬁ? %@?ﬁgg g@&%ﬂ'tﬁg ESL?T%?erewé‘é of the

i nput of SO on to cha
cont r ol | eing@@oniwl lihei o‘ml sllrte“atam.ilym reﬂude@hewwm’oea ojcmtumng ressogrmb rcedton

| oads a Ctﬁé“ r(%e ngrad aé 8 hco%{ro such gsstr% ?on and |sof¢;.—1"’u' beg tﬁe resdurces

502. This in turn reduces the cost to manufacture the probe card assembly.
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[0039] I n the present exanple, a single chain of 1Cs 506 is provided.

I n sone enbodi ments, nultiple chains of ICs may be provided. In such

enbodi nent WO 200048t rol | er 508 may i nclude a pluralit yPEHUS2608/057586

interfaces 510 for serially controlling a plurality of IC chains 506.

| n ot her @A rrﬁhﬂtﬁ pteh?@n{@sampiestar &lﬁﬁh‘—‘t cshalrmmf nag 306cisuprevidedt i Ipl gome
controlle V, | n Qt t

one or m‘%@bé@n I@P@p?@élﬁé of (rfdg\%‘l p{r§| %é'selﬁi%%hi %&ﬂ@%ﬁ% The
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(bl ock 60 e rea
(fourth bits) can be loaded into the shift register of each of the ICs to cause calibration

of the current sensing capability of the intelligent switches. In some embodiments, a
combination of the aforementioned operations can be performed at block 602.

[0041] In some embodiments, a readback signal may be captured from the chain
of ICs (block 604). The readback signal may include bits (fifth bits) indicative of
status of the intelligent switches in the ICs. As described above, the readback signal
may be captured by shifting bits out of the shift register in each of the ICs. Test
signals may be communicated between test probes and test instruments through the
intelligent switches to test the components (block 606). In some embodiments, a
readback signal may be captured from the chain of ICs (block 608). The readback
13
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scope thereof, and the Scope thereof det er m ned

fol | ow. @r@nﬁrﬁfﬂp capaiilify- ob%wwrbyéwﬂéhrmwrenédmt “tfy‘eﬁ@tblds can bg used to
lurality,

Chai . ¢ 1RrCLentUSF R REGBER [indererPand 1 |Gt oot St proBlcedoy e

pl ur al i t y[ntﬂltgleﬁl_sswmtdietsdnag bewehd sk doap tredchain béi{ts pmmbthe segiat interface.

the swt C‘ﬂﬁ% s@ﬁbﬁ-ﬁyps&\gﬁb%%%\%eéaega%%f 'c\ellﬁ atsglsfa lnc%%t 5r%cess gp %ult |solap ion

at | east
among the devices under test.

[0043] While the foregoing is directed to embodiments of the present invention,
other and further embodiments of the invention may be devised without departing
from the basic scope thereof, and the scope thereof is determined by the claims that
follow.
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wherein each of the switches can open or close a circuit through the
switch; and wherein each of the switches is configured to open
If a current |level through the circuit exceeds a threshold val ue,
wherein each of the switches is configured to open responsive to a
programabl e current |evel, and each of the switches is configured to
open responsive to the programmabl e current |evel existing for a
programmabl e debounce period. 2. The probe card assenbly of claiml,
wherein eagli@f the plurality of I1Cs includes a shift register
configured to store bits of a control word provided by the control
signal. 3. The probe card assenbly of claim2, wherein each of the
plurality,o udes gpntrol logic, the shift register driving

the contr b PB eéaﬁ@%?%@}a P RE"BMdral ity of switches. 4. The probe
card assenbly @blu‘ﬁélﬂyBTlhte%Ql‘éﬁQilr@uﬁéﬂbs%eﬁéW d&hgrealtbtfarwé dh@.rﬁ the

I ncl udes at nost four Swi t ches e card assenbly,
conpri si nghain coupled to at least one serial control line, the plurality of ICs including
switches coupled to test probes, each of the switches being programmable
responsive to a control signal on the at least one serial control line;
wherein each of the switches can open or close a circuit through the
switch; and
wherein each of the switches is configured to open if a current level
through the circuit exceeds a threshold value,
wherein each of the switches is configured to open responsive to a
programmable current level, and
each of the switches is configured to open responsive to the

programmable current level existing for a programmable debounce period.

2. The probe card assembly of claim 1, wherein each of the plurality of ICs
includes a shift register configured to store bits of a control word provided by the
control signal.

3. The probe card assembly of claim 2, wherein each of the plurality of ICs
includes control logic, the shift register driving the control logic to program the

plurality of switches.

4. The probe card assembly of claim 1, wherein each of the plurality of IC's
includes at most four of the switches.

5. A probe card assembly, comprising:

15



a plurality of integrated circuits (1Cs) serially coupled to forma
chain, the chain coupled to at | east one serial control line, the
plurality of ICs including switches coupled to test probes, each of
the swi tches being programmabl e responsive to a control signal on the

at | east one serial control line, wherein each of the sw tches
conpri ses: a switch circuit having a first termnal, a second
termnal, and a control termnal; a current sensor coupled to

each of the f'éEhrélfﬁ%Bﬂﬁ?éegrrm na@#&agggeg?geﬁaqge@f!gugled b6t Wdhait. the

sensor having a nce-l'ogi ¢ coupled
bet ween t tteic coupled td> at lsasboneo$eridleontndltiivie, ﬂier@urailtmfdcehmlmlhgut

term nal of. the cur sensor senbl,

a print ed>Wit eﬁd3°HB 'tﬁ%ﬂﬁﬁl?% %8“9@&[%?@'?%%8@9%@% est

i nst r umeniegpordive o §8bhbl SGHHI balthé | 'aﬂﬁ—;a@f v Qem c@nﬁentrfeobvh%r&ﬁ%bch a
pr obe head supporting test probes; and | east oné i nt egrat ed

circuit (9 @B‘eéwﬁh%‘ﬁc@ﬁﬂpﬂ% seri aI control i ne the at least one IC
i ncluding switghe gcRJ r?goétrrét%-@fmé\ Q%%Ebr?ci‘te% Hiei‘ ﬁaee?"cor‘?trr&bes
each of the switc es el n rogr amma

esponsi ve & TSRl
si gnal trtememat;t ed as a sequenti al bit stream on the serl al control

| ine, where each of .the svmtch IS t Q open espons ve to
a programabl & QYT RENPRY GqURs Eot‘??f%‘ ‘?r}ébgﬁ 53?%”5}'5%?&9 the §e6eifhce
peri od. térmﬁqaﬁ&h@@drr@rﬁt ée@r%bl‘ﬁ@wﬁ@ﬁﬁ@ﬂﬁdﬁt%e@rﬂnél wafer using a probe
card assenbly, nprisin serially shifting a control si gnal

through a Chalq?b@b'ﬁﬁ? mlfhgoepl@ﬁ bebyaentheicoptiekigrmatnebiotihesitc dreas)
i ncl udi ngy tFPileLHLﬁ‘ﬂ)uttt&rf%alswtﬁﬁr&Eﬁ {%SBLural ity of switches being

progranmed responsive to the con signal

6. A test assembly, comprising:

a printed wiring board including connectors for connecting to test
instruments, and a serial control line providing a control signal;

a probe head supporting test probes; and

at least one integrated circuit {IC) coupled to the serial control line, the at
least one IC including switches coupled to at least a portion of the test probes,
each of the switches being programmable responsive to the control signal
transmitted as a sequential bit stream on the serial control line, where each of the
switches is configured to open responsive to a programmable current level

existing for a programmable debounce period.

7. A method of testing components on a wafer using a probe card assembly,
comprising:

serially shifting a control signal through a chain comprising a plurality of
integrated circuits (ICs) including a plurality of switches, the plurality of switches

being programmed responsive to the control signal;
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comuni cating test signals between test probes and test instrunments
t hrough the plurality of swtches to test the conponents; and
wherein the act of serially shifting conprises loading first bits of
the control signal into a shift register of each of the plurality of
ICs, the first bits selectively enabling a programmable current trip
and a current sensing capability for each of the plurality of
swtches. 8. The nethod of claim7, wherein the act of serially

shifting furtheym@PRRGSE st signals BAREER %ot SrOEE B %stns#rt]ﬁﬁg@%"tm'
signal into the shift register of each of the plurality orf ICs, the

second bi theoygholfeamwrality of suiitchesto telst tshnsingparfenthi@ngr ogr ammabl e

current trip f Q r kel it s.. 9. Ihe t ho f
cl ai m 8, vvhgr e\{aﬁe't%ﬂﬁmgc%a t(())fI S%rgérlligaﬁfbﬁ%ﬁ?ﬁ) ﬁ%%s @Eﬁmefﬁs%%ﬁqui %5‘99”‘9
| oadi ng tignal ibtiotzsstuft rediste @fibach obihgradralitytad IChetheirdtibitsegiestiesly of
each of the plurality of ECS th? t hi rc? bits programm ng.a debounce
time of t%atﬁFB&%{ Daply RNt i 39 8 cuUEsRhsYTsintheaRARiity forigachof
swi t ches. the HlrallfyofRidpgs of claim 7, wherein the act of serially
shifting conprisés |oading bits of the control signal into a shift
regi ster of each of the plurality of 1Cs, the bits causing

: . _ . T ¢ the ol i
o sw ¢ onorte bRl SEREEAMAEABRL of {afifl sk Binnbf fPeises Y
capturing a rdeadiaglsesoghbits bf e doheroLsighal intoltRe sRHiCrelitdr Fiegvhlof

i i i i.ndi i f h of the plyrality of
!SCMC![ gﬂ;g gthglptlusralitrg}dcgf(f&g,l t}qg s%]::or% Ellltsl'.J Srog?ém%?r?g a current th?es%old of t¥1e

programmable current trip for each of the plurality of switches.

9. The method of claim 8, wherein the act of serially shifting further comprises:

loading third bits of the control signal into the shift register of each of the
plurality of ICs, the third bits programming a debounce time of the programmable
current trip for each of the plurality of switches.

10. The method of claim 7, wherein the act of serially shifting comprises loading
bits of the control signal into a shift register of each of the plurality of ICs, the bits
causing calibration of a current sensing capability of each of the plurality of

switches.
11. The method of claim 7, further comprising:

capturing a readback signal from the chain, the read back signal including

bits indicative of status for each of the plurality of switches.
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