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ROTATI NG CONTACT ELEMENT AND METHODS OF FABRI CATI ON

BACKGROUND OF THE | NVENTION Field of the Invention
wEniwemssent s of the present invention general | BCT/8EBDB086667

to testing of partially or fully conpleted

Se RCTATING GONTACEELEMENTAND METHOD$OF FABRICATION

resilient contact elenents for testlng such devi ces.

Descri ption of ] partially

or fully conpl S PECOHEHE rmed on a

sem conduct or substrate such as |nt egrat ed circuits
Fieldof tHdmvehkién a contact element is typically brought

Into contact with the device to be tested - al so

r eEsnbedimestaef tedergiseat inveation generadly reldrg to feading of partially or

ruy 8RS TRy T ek Een o B ekt Paflb8fy” R dpsirent contact

elern@stBdol Batibg slchuevicdss el ectrical signals to
termnals on the DUT in accordance with a

DesFiSttsH gfmerﬁga{@)s)\ﬁng protocol. Wen contacting the
ermnals O , the contact elenent typically is

re&{\ljhere@estmgbm@"aaﬂmpmﬁ@w eomalesed @fermmrdhmtqrrd@dcemformed on a

serfffibEid 7 el SEEh T 10ierabO BB ARl B BREH Borsant tement s

typiddl fyhbrodight Ghientoritatr aitAnthet Geviddsie bdaesiedt aalscetefarBY to as a
to scrub the surface of the DUT in order to break

devickr éidg terk (IxPHE ) ale cantpcislemensis Bynicallyaparé of a probe card
oss L 1 8y SO0 AECEAA q R BB ettt
signa%aio: tehllnmaﬂﬁonm DX mga%d@edamewr\]/mralag)reﬁerelnmlr@dﬁestlng protocol.
simlar continues to. shr t here i ncreasin
ci Wh&tioby eGP bler SHneNe &t e L. dle SV Slegianadpically is
reql)'}’f'échtot El%ﬁh%ﬁrf) & aolfa yEPBf QH-E fORREE S g’le fé?ﬁfr?al%s I\A&&gydmgly, the

need | e ar | npr ove cont act enment
cont@iet @H@emuv&w ba]y Em ptassgd cagalrmttthelsemfane of dinel DRET Motthssufficient

rlcatl ar e ovi ded ,herein., In ogne e di t.
forcg angf B Fagee Sk Samtelf iAot R ing SufBa AIHAS d5Tin order to
bredH Hﬁbuéh dfie COOHS Iy dah® sabIRALa &eﬁ‘@bﬂa C@eétﬂcglecérﬁ%bﬁ%erewnh
and an opposi ng second side; and a plurality of
Howhyiesr e davineisceantixiednidi siyyirtly ansizie thecange of deotisin amailable for

s e RS REE S T SRR B SRRl MYSEPE Roreasing

the OPfUItGaRERBSERINGAEIiIAIE adinied] idontadt witkftae Reeface 9 efies DUT.
I n_sone enbodi nents of the invention, a probe card
asJBRIRIQre, dhereds @ predhin the art for improved contact element.

SUMMARY OF THE INVENTION
Rotating contact elements and methods of fabrication are provided herein. In

one embodiment, a rotating contact element includes a tip having a first side
configured to contact a device to be tested and an opposing second side; and a
plurality of deformed members extending from the second side of the tip and
arranged about a central axis thereof, wherein the tip rotates substantially about the
central axis upon compression of the plurality of deformed members.

In some embodiments of the invention, a probe card assembly for testing a
semiconductor is provided. In some embodiments, the probe card assembly includes

a probe substrate; and at least one contact element comprising a tip having a first
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sem conductor is provided. In sone enbodi nents, the
probe card assenbly includes a probe substrate; and at

WO e@sN8BE contact el ement conprising a tip haRCTYSA07/086667
firstside configured to contact a device to be tested

side%@f@ur?ﬂng%nﬁgcsamd:desﬁodﬁ temtetd ﬁnnlauraﬂ)%dgmgééecond side; and a
menbers ext endi t he secon i de
p'”@"tkﬂ Qﬂ?ﬂeé(\?r%ﬁjgéﬂe@@@[ﬁ %(t%EI\W arox he seepres Sidgnet éh‘ﬁ tip and

t t t
arrahgéd ddb%}ﬁ At &l %%Eg%gééf?uwrhélréﬁ%é tio @488 s‘a@%ﬁea%ﬂaﬁy about the

ormation o Ity of "deforne
cenfral amsmpelrr‘deibrma’nibs adfthe plurality efdetrmesal metteds.of

fabricatin t, cantact el erren

| s st dushdigRnls S7HBS BV Adteror s Magnogael fPieeting a resilient
confaR8id|érRBht %Obtf&ﬁéed?' elﬁeé‘émbnéﬂn%@ﬁnéﬁtgﬂﬁé MYetABd of fabricating a

assenbly having a plurality of member s’ arranged about

resilierd epontact plemeahdneladesgriovidieg t a1 cagganbly ehaging a plurality of

meiBHHR Bfpridb Lokl e Mg e PRFEL el Brg RS BGE coupled oo

furstmrwn‘&ﬁbaﬁw Sed¢shdleh@s Bolpedpb 4 seddnd laf ereimdeseparating the
and formthe resilient contact el enent. In sone

first s3fish SERRME gayﬁrstIpedeiwr@n{heoﬁlurglltyoqfamq%bqur@%ﬁorm the resilient
tS provided. In sone enbodi ments, the rotating
con%lc??faeﬁ r{el enent may be forned by providing an assenbly
haw sgme grhbodimdnts of te iMvensoar & aotgedg botdct @lereeantriglprovided.

axi s and having respective first ends coupled to a .
In Spiecerpag BooMndelaid panieen Blsmat 5oy S B medchproviding an
r n
assREANAaY R pIAARySSPACRIC difiged Bboftd gl fhis, pnd having
respee::tive ifiegitendsmauplecktceadingt. layer auhrespebtivk seaersd ends keupled to a
sechltf Tist Anc St He iR i s oSt AES 1o aipr the Dluraiity of

merhB&isi 41l foR®l tHE@EsiREVdoNtaG erBARE card asserrbl y
having at |east one contact el ement conprising a tip

haln sgme embodinents fdheiiguertion @ owined of éeﬁé\g gesengiconductor

devif ih oy RuP B AR 17 siv it { R hpleq poviaing 2

proidreatd assumiblgriangedt fzstione @gbdtadlemens Cbhﬁfrsm‘g, a tip having a
wherein the tip rotates substantlally about the

first &g Canfigeg tepqqmt@@n@.d@weotﬁ % tesied mngr an apposing second side,
and?ﬁéﬂfrg‘ﬁ rrrﬁed dth rts' é‘)&eﬂalng]ﬁ‘ﬁ?ﬁ tﬂgfs Shmé“@é o‘Pfthe tip and

device w h respec rve ti east
arrangad atioué laecarital axisdthereofi mhﬂgelortbedrp rmbmtesedwstantlaﬁy about the

signals to the at Ieas one te hr oygh the prob
cen Gl s L PP sSiE e Hif Gl AU S SFTOHE TReBwere cortacting at
Ieas‘f’ Gd'ﬂé MRAOBT ‘i'ﬁ%‘z”d?néeS vRfoYé tlvé "hp%oﬁ? e Qé}die%f‘to%e contact

he sem conductor device Is t by providing a
elermrdb@ndapr@wdlng one or more electrlcal S|gnals to the at least one terminal
through the probe card assembly.

In some embodiments of the invention, a semiconductor device is provided. In
some embodiments, the semiconductor device is tested by providing a probe card
assembly having at least one contact element comprising a tip having a first side
configured to contact a device to be tested and an opposing second side, and a
plurality of deformed members extending from the second side of the tip and
arranged about a central axis thereof, wherein the tip rotates substantially about the

central axis upon compression of the plurality of deformed members; contacting at
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assenbly having at |east one contact el enent
conprising a tip having a first side configured to
w@onsags4n device to be tested and an opposi ngPGEUSINI7/086667
side, and a plurality of deforned nenbers extending
least rame tdreninalcondhsidbvicy withe réspgecting tiosr afidleel atbieatt @ne contact
central, axi s, thereof, wherein the t rot ates ,
eleraefis @Akt PAVIdNGSH: OF lﬁféor@e%'?%'lcabﬁl%‘alﬁp%?}&%rﬁsr'%@%ti gpe terminal
t formed nenbers; contacting
thmg%eas Rioﬁr%@%rgr%éns%fq%gf the device with respective
tips of the at | east one cont act eI ement and
provi di ng ong

N T -

invenfloMtirehothees absybddebélb@dcdredbUirferstooting d¥tgis enmore CFartlcular
i nvention and ot hers descri bed bel ow can be under st 0o

desgriptipet @f the vaphien, gerieflycsHramagiage rageveomay be mad by reference to
emBoQi rﬁ?éﬂﬁggoﬁé 8%/\}0 rﬁé@ dsér*gaﬁeécf‘@f\’rgﬁ]ﬁgﬁ¥g$§d %?QKN%S It is to be

noted |hmr&er\@trethat rthi heppipped ddrdwitigsmling atel bnlintyb(cab@mbodlments of
hovvever that the gg pended draw ngs. illustr

ted
this JRYtioppAed 216 rbsEH REn Not Qencangidgesst [1BHingnar ip scoe, for the
mve?wh@ﬁ Sdr%ﬁtto?o%é%eec{/‘n%g'e@'f%ﬁ@eb Tdhﬂ@nt%f Its scope,
or the rnvention mt to other equally effective
enbaliregndepictsi ayscheMatitegide tvieva of alcomid it €lerndet atcndiaf to some
a _cont | ement according to sone enbodi nents of the

emBOAIaER Qfﬁs%m?%??t IENUPE 1A depicts a detail of a tip

of F'iq}ﬁecm“d@%ct@'aeﬁ@tﬁﬂ A ap BiBlet ritadEc|empdiadBdiding to some
resent invention. Figures 2A-2B depict top

embndavwsntswrthe@lregentm\arwgs section, of a contact

el ene C ome. enbo s of the esen

o e 2525 R 0 TR SR TR 0l B, B B Mact cloment
acch@iig® sorh€ ehnddithefRbfaRt présaimmtvertioar ding to sone

enmbodi nents of the present invention. Figures 4A-G

deﬁﬂgiat"es'\13 zﬂ?@@t%fa PEORE €ard @ssembly hayingi anesidignt geptact element

t ﬁﬁ% nts of the
acc%r]rdgrgf& Sdlrﬂ?/%n ﬁ% el‘ﬁtégg?‘%%% cts a'OEFow chart for
f aFigures i4%-G IdeprcﬁsstbgwtofcfabhaaﬂloreIoé@mésﬂemti coetdct mlement in

Fi %ures AA- G Figure icts a flowhart of a nethod
aCCQﬁd P@%W'Wgs%“%@ﬁgtqdaﬁén 4he sresait dGNIRNs one

| Caﬁt&eé@étstgeﬂ&ke&%ﬁ be‘VfEB‘r‘iéaQi‘F\g ﬁ’réerrésﬂé’ﬁtsbght%ct element

erence nunerals are use rern
deprd:m griaigares 4A-G.

Figure 6 depicts a flowchart of a method of testing a substrate in accordance

with some embodiments of the present invention.

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 DESCRIPTION OF THE INVENTION
The present invention provides embodiments of rotating contact elements and

probe card assemblies incorporating the same. Methods of fabrication and use of the
rotating contact elements and probe card assemblies are further provided. The

rotating contact element advantageously provides improved electrical contact with
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identical elenments that are comon to the Figures. The
i mages used in the drawings are sinplified for

WO 00898283t i ve purposes and are not necessari| yPOBEPEIDEER6667
to scal e. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The

devigceesndér itestentithoa pedwcete Ssceutboal roomtsaredl totaanvegtional contact
cont act. el enen and.probe card asse
elemeps, pMPEﬁqVﬁ@ ith?er%% C%?HB&EQW”MBF'PE%Q ingreiarmaviatageously

providied % 4198 édlﬁ Gtoé‘lbﬁw%tnt%' o dg’t Sn@NHeRIBRE rﬁ%ﬁ& density arrays of

assenblies are urther The rotat'ing contac
conkeictaelemerdslvant ageousl y pr ovi des i nproved el ectri cal

act ' hdevi ce der test, with uced scr,ub as
HER A relRG! chfRby el 10 JR Redahigaes with some
emﬂdwnéﬁisaéﬂ e El@é"eﬁﬂnv%lnﬁﬁﬁntﬂﬁ’é $@ﬂaﬂﬁ§%o‘h@écﬁ'é¥ement 100 generally
advant ageouslzv provi des for closer contact el enent

mchg;tgﬁmangaaﬁdm teadefotie, 104 @@gplaﬁemgqtpe@byagsre@ﬂlent portlon 106

aiseESBlbrEsBER! oo BHRE o'0R Frohstamy RbAblER: 6B Tnurea to o

subgiFgegBlch By ehbivdrn Flge3)rtotsabpba tie® Adtading ebarentlehtiéht 100 and to
enerall¥ i ncludes a base 102 and a tip 104 coupl ed

facﬂﬁg@e@quo ergot édfing B%e. porti on 106 di sposed
t hehehet V&£ MayT AR f’ %8? {ﬁéregc,%ﬁ?é&#ﬁm%%b@‘gneg I&Wer surface
S I'n Frg. 3) to

be secured to a Su uch as s
thersoppdine tighd Onoaradlongwe:cohmts él eraret gdridraiyndonfigured to establish

rellqbﬁiqlfbt@gré%é% tr,rlﬁ%lrl @toge ﬂgt “ 0 use ge,petéllltf%g%pe tegted (e.g.,

to b?é&kftﬁF&qm?ﬁ 8Rfde I%?@r ﬂb‘rr@ea% tﬁ@% acbrlﬁ écgéé&?ééhﬁdérl%st, or DUT,

are genera y con ured to est
whelndmrpugiat ymt@lceotact Mrewdhi aditlswontemplete;htrfaacﬂee gkotrtetry, number,
device to h an

and| SAOePOHRT (B GRS DDk BICess o patidiS gt reast for
prom tM‘é‘?éthﬂé’t&ﬁboﬂaW @Ie%ﬂi&a@@bnt‘aﬁ?%%éé@d %lbévé SFor example, the

con n&ﬁgtedt at the %eomstr er
Flgtmerb%g atively denictsomtlinci @4 Hevingajve sretasismdiduiormed disposed

oo Rr S 1Pl 45904, Gin 2t B0 I, bR ceomety o

conc@@lescoritémpldtedire 1A illustratively depicts a tip
104 having two contacts 112 fornmed di sg{l*sed al ong
opfﬂ?@l resilient eertion 10 geingrqmlnc@dﬁgra 1% algy,qfrgefpﬁn@qd,énembers

108N Ui rde porﬁfégﬁﬁé/ragﬁg:ﬂﬁv@%bﬁo@fns %rgiééts Rt ct-Bny)Ied to the

reS| eneral'l a plurafi
basef Oﬂeafrmi tmedipntde e Hedormidtemeedlmersd@8maap besodiéd rsegrally with

one @R EngierP 58 Derhc LAchs) Heck rd HGP & 108 ity £y hdy 2nd resilient

port|d?1t % 6# Eﬁé %ﬁthP@I%rrgégné W?ggmgg %6@?82%%‘9%e§r‘ Ileétﬁl‘éterlal or built
up of Iayers of one or more materials). Alternatively, the deformed members 108 may
be coupled to one or more of the base 102 and the tip 104 in other suitable ways,
such as by bonding, or the like.

The plurality of deformed members 108 are arranged about a central axis 150,
which may or may not coincide with a central axis (not shown) of any of the base 102,
the tip 104, or any contacts 110, 112 formed thereon. When the base 102 and the tip
104 are moved closer to each other, such as when the tip 104 is brought into contact
with a surface of a DUT during testing, the plurality of deformed members 108

develop a torque that causes the tip 104 to rotate with respect to the base 102. For

4



10

15

20

25

30

portion 106 of the contact el enent 100 may be forned

froma single material or built up of |ayers of one or
woreeos/oseteri al s). Alternatively, the deforned PENS2087/086667

108 may be coupled to one or nore of the base 102 and
exafnipée, tFl‘lg)urb@QA andiBedesiol 4 &p eieways, the votatiag doyitact element 100 of

bondi n The I uraI ity of def
CoNiAchiRle ei‘(tﬁs éﬁb\ aé‘{?(%q rc‘ﬁJt to; SeBM re by 'F&e”i%OOf the present
h
mveWﬂbﬁ Iﬂgtpe BB?!rﬁlﬁ{t c@éiﬂu&@ﬂqﬁ P’\d{;ﬁﬁé QAC‘é”ﬁOLE1 90423 fobPdeformed

shown se 102 or any
membensaZﬁSs« eﬁendmgzthiamfrmd aridealeanged/\hbnut hecendrae ax822504. In the

nd the ti ed cl r t her
TRRBhCeREter 1§ FH0T 2o SOBIRET P Be R eiadiateh rafi I 2042 with
threét’déféﬁﬁe@fmé‘m%'ﬂé 908} Mgl é'@outtéﬂ%eﬁfrblr akist¥50. Embodiments
def orned nenbers 108 devel op a torque that causes the

havingp a10aund ttmtfac@tammosersw@plngo betaegmsadjaoent rotating contact

clertgsS YORLF i SR 7 BAY B8 B b BB flf ufi rotetion

200'hé, baze0 rdsilasre postich] tﬁoaﬁelmn%m@@ﬂtﬁml‘dtétmg céritact element may
]present i nvention. In the enbodi nent depicted in
be fapgcatedofomathei %3@942( gifferaniupatesiely ABd MBYsenwrisgsone or more

elecwgd'ceﬁdﬁ%}ﬁfe S‘U&% 398fé'h . Ce'ﬁ){f@#pl%&“ 8f suitable

nent eplcte I 'gur e
conduativect meteriatnt wﬂﬂlﬁUeB hagals ranochd congu@inéB mlyﬂmetélreeln some
def or ned nmbers 208 B dIS osed about, a central axi

embagimentsg ihe HAEHCLV 6 ANARGRS MEYNECTPHSE JX¢Hs!t Gorper, ‘cobalt, iron,
gold! GRRY, SRARLMG B?Ittmég Ifagﬁléﬁlg?&?ué oh8ble"nétaldt a§ém| -noble metals,

él ements W t hout romany corners of
elerenipadtthe @atiagis mugmup; durzgstem. molybdeasre, beadliurheand the like, and

allo lieeeiT (145" s Vet Po LA e o PORERSvL h SN ahd spe tie)
nmaighbad e c@rﬁt%lrf%)’nméhﬁseopﬁero@étld@bént%b?%lérhérﬂ' &de depicted in
conductive and/or nonconductive materials. Exanples of

Figuses t BBl dt isoranienplatesathati mpsyi oibeu@enbediiestsampy be fabricated

- t] . W n odj
o ERHE B Bk MR Roel AR AP LR Surdf of ever cefommes
meralodal ay ibeoprovitidd] the lgbmﬁ‘retryed)rearﬁfameméntt oethel @éforded members
group, noble netals, sem -noble netals, elenents of

Ma lﬁ%Véaﬁﬁa@ﬁtﬁﬁ%ﬁagr?hapﬁrfﬁéh@rbasﬁotlgb%ﬁdwaﬁy coBtagts fasmed thereon
maf;ﬁ\g tblge\,EIrLal ?narﬂﬁe akd oys thereof (such as

al'l oys, copper-berylliumalloys, and the
| keure AB tdepigis a:qamta?e rTaedrzsse iy S00f uldizirag @hengr more rotating

con%ﬂ%pﬁt{si%@%@%@ﬁﬁg %{%ﬁé?ﬂb@ﬁgﬁéﬁure{@%@ewt invention. The
exe{@?&’rg &IQCHFd bigdrhgly 1300 |WuétFH9cé8||r‘?$ ré@ﬁ%ﬁgefﬂé%% test one or

reater”or fewer defor rs nma
morprefbmttmmic deweege@msqnteﬁ byirer dergegrendentest, los EdéToiiZ&)d The DUT

328tqagboeaﬂay 5{%&@8}& %%\flgé PBB%'&e? E%%Sgﬁste%pel\lon Ilmhtlng exarhples 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, refers to

one or a plurality of such electronic devices.
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may al so be varied, and the like. Figure 3 depicts a
probe card assenbly 300 utilizing one or nore rotating
W@ wBagas4El enent s according to sone enbodi nent BCDUS100E086667
present invention. The exenplary probe card assenbly
300 hel ;irobe roarek dissemblygB0@ géneratly ertsiae cart intdrésie logteveen a tester

o B T e ey o ot
syst%fd”tﬁﬁcéﬂy ﬁcﬁ%fd?@?esttlﬁg% éﬁ@ﬁlﬂd 32@!01& 'ekgPini)S ,%y%{ﬁ@bﬁ?g test data

a suita e one or nore
to barigpuigotcathedDEdn3 28 rahat temeivived and eyraatuabingrmsponse data generated

oy (35 BT AZE ey B Paedi ilon giie. Prale G B aRElpA00 includes

elecHi®s c@hﬁ@é’c@ﬁﬂ%m cénﬁ@ur%decb rﬁéké"é@ndﬁaﬂ"o@hﬁ@ctﬂﬂé‘ Wih a plurality of
one or nore nulti-die el ectronics nodul es, one or nore

compRunicatidnsi hannelsHiet 85owe) frarythet tasiert Ve rrpbe card assembly 300

alsoﬁ;émﬁgd;?%n%)rig g)?\/i §r% Pc{]igﬁrﬁ/ icgﬁ%{ Th%%@t@ﬁ%gﬂﬁéurléaet% be pressed

agaRrisgCam@nhgs dexke esmpbrarpr slbetricar doansaipisywdl0one or more input
enerally acts as an interface between a tester

andiy etyutasEMingés BRA o3 2HJT PR8. t e @?tat'mp@ﬂta@éﬁl%@é"gs 100 may be
sm{a‘?“fB%%r oz%?fotu% é@gﬁl&@;@@@ﬁé&%e& KPrLe‘?ﬁlajn)él Qr%n{}{gﬁaﬂé configured to

sting for exanple, by gene
corregsdndifd thet terraialpR0 of tHeoDUTe32Z8Jan328ay badrradgedvin oge or more
an(igl1 eval uat| ng response data generated by the DUT 328
arrays hayigAvede rqdh@g B8YY-data. The probe card assenbly

30 | ;
qhbgﬁng%%r& a§§érrnb§at0(93 H{HiﬁlﬁtEEJ'dg %ﬂ-ﬁr Al tré)a/ %g?@ﬁ'atte% configured

ectrical connéctions 'w
to suppon e apbhoectorhdbhelng madbtaim@/\cgntactodemwts 460eand to provide
probe card e or

| | d
clechial varieshivs PEHHEERE 1005 HPTGA LaPicon G dRsembly 300

sho@fiah F§ured® hab tHedBkeh se58RItas Yalﬂio‘é@hrlh(iﬂher implementations, the
connections with, one or nore | %ut and/ or out put
o

prohescaichapsersbly 390 Dam @ mie aroewer rybstateset In the embodiment

dop G B TR e S o Sa @y ot 13hEBY 5 ERRBEUBSEL 02, an

mte@ﬁséespbmtbCBGS‘I earides prolbé suBghatef 3241 e TRTwising subdtragy 302, the
be arranged in one or nore arrays having any desired

nlegga9RE BH5S AR 6B IBEIIOBS SuRBIgIe! fey Genelalibaede of any
type®'of '&; b%”?’@%t%ﬂa ftﬁg ér%tll’sr ed &P RURRASut! Rfita ion, printed  circuit

connectors dtrng contact el emen
boarls] ¢erapricssi deyaeicarr moaj;aruormatHrladmsam@emebbkeween combinations
exenpl ary probe card assenbly 300 shown in Figure
thergoﬁas three such substrates, although in other

| TCBI B | RErms BAIRIRE 621t PREBTINY A0BEAN a0 Fay incluce
oneiar rﬁbgﬂjaetn& ot hpesprelstecitonic aoswobkents3(0chmad Q@twlt@rs resistors,
and%éiliﬂg) %%%%tségto% g’%WeraQurface thereof, along with the plurality of rotating
contact elements 100. For example, as shown in Figure 3, a component 330 is
disposed on a lower surface of the wiring substrate 324. As can be seen in the
Figure, the rotating contact elements 100 advantageously do not physically interfere
with the components 330 due to the vertical displacement of the tips of the rotating
contact elements 100 when engaged with the DUT 328. Thus, the rotating contact
elements 100 may advantageously be more densely configured while avoiding

contact with each other and any other components 330 during operation.
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i nt er poser substrate 308, and a probe substrate 324.

The wiring substrate 302, the interposer substrate
w@®@gs/0sasd7 t he probe substrate 324 can gener al | RCDESI0TUE86667

of any type of suitable material or materials, such

as Elewttitallyt condudtdei pathsprinot etlonin) caret tgpeallys prowded from the
and t

conegars 504 dRBORARP SREOLR ST BBISteAd e JRIIIG, CortipGomlgments 100
For @X8RHIEER! e &RBoAMMER &e@slﬁqngbé §oglé&§’cdllgcédh%ctlve paths

one or nore active or passive eleftronic co ents
(not(shm*n)anaya}mprdvaﬂeﬂ froesthet cosnedos 30 trhrokjgm the spiosg dubstrate
al ong W th the plur

3023p & plugith o Eseiticall bt 380 Hypranapst sitidutes’a06. Oter
elecHity icBnfL &/ ;?ath@ WQHQW%S%V Sbéjlﬁr@‘?ﬁ)‘%@ %rﬁ the spring

| ower surface of the wirin strate 324. can
integs@Bneth strh@tur:esg&O@ threlegh dh@tlntegp@w\'t a@bst@t@r@& $0 1a)@lurallty of

cleHiol ERTDENS S i BREVER! ilnlcNrBe FLE ol ey gtectricaly

con@u@ﬁ/eorf)ath%STthshbWHE negnfatier &lee pRIVidedL BBMMIRN sﬁmgigﬂérconnect

t he the rotati ngl‘ cont act el enen

Strugf@oemaw APHIABE ISP HeSBIcS b o 1 @BHNG GAPESL Sloments 100
andi¥p' 89@%@%@ sC 986 acfhémeq%tﬁ%&ﬁéﬁﬁqt@gﬁdaﬂg tAfdifh the wiring

conponent during oper
substoatduB02y ¢eh@aintespdrat sabsivate 308, taywl tad | prope osulosicate 324 can

fromthe connectors. 304 through th i ous substra
compERBIROFHEaD RoNOUBcY o8I ERBR<Or e ey hal ZHRY ke disposed on,
e
it SRS (R El S psTale 305 Apd 'Bféé@@éfrﬁft%te 398, and the
probmwtmtlta’oeémam through the wiring substrate 302 to a
ality of [ | v canductive spr.
P itbRcuinnd iz & st hiafaseresibitAR. 08, and the probe

sub§teadugd Vrﬂa?%é‘%eﬁ@%?éﬂh@v\my BRE 8€ nidraV brMtets B0t BRd/or other
spring interconnect siructures 306 through the

suitableemesasr (Sghstasady BOBS.t §CEewWs, ubalathgr @Ultable fasteners). The

confisigton B ih¥ oFABE L ABs SR Job BT PUBRNE kL K R fBiary oniy
ands owirhplied ffor tdewde muetxrat@kad dndnaishesssa lam:l many variations,

I.nterconnect structures 19 through the %eobe
modifigetionst and additions rase rC@f‘BQmWQt%nF a exaneiee gt Rropgcard assembly

ma@@%ﬁ@r eﬁ&@éu X tﬂ’ée%ﬁs@é”tgs @“? I,Z% g% §ab%¥) Ryt Ltﬁé'&%be card

ro W T n e’ interposer
assembl&yt 3@a ehG@B in &ngureh& [#rsomothabekampe Igrob@ncard assembly may

navE e AR A OBE MHPSSBELE Gm Soh e e Gt Pidbecaigiptrate may
o IR SIS Bt PR G wr
multjge prolbe SuhsmtpSﬁe dindhasedandJ 38 States Platﬁr]dirﬁcpméacatlon Serial No.
11/165,833, filed June 24, 2005. As another example, the probe substrate and/or
substrates may have more than one type of contact elements disposed thereon. For
example, a probe substrate may have rotating contact elements as disclosed herein
in combination with other types of resilient contact elements, such as cantilevered
contact elements, or the like. Additional non-limiting examples of probe card
assemblies are illustrated in United States Patent No. 5,974,662, issued November 2,
1999 and United States Patent No. 6,509,751, issued January 21, 2003, as well as in

the aforementioned United States Patent Application Serial No. 11/165,833. It is
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substrate 324 may be hel d together by one or nore

brackets 322 and/or other suitable neans (such as by
whoioBs$28¢Tr ews, or ot her suitable fasteners). HAEEUS2007/086667

configuration of the probe card assenbly 300 shown in
conﬂéinmlatedSthbs vereus featyrasndfythenprobe cdrdrdgskiedliet ateseebed in those

of ill ustratl on and di scussion and na vari ation
patentsenA GRRlisALoN ARy Reidnplesrnted in g’% Eé%ﬁ Qcﬁssﬁmsb'y 300 shown

in @péeancﬁtr?étoﬁ“é Fisles %é %’%%%Eﬁéf{%'b%‘é%ﬁ@d"% the é‘fBF&nentloned

strates 302, an the probe card
pataﬁsamldl apmmnshmylberiéﬂglﬂnoen 3he use ahttcherveakeepesilieat contact

be c ssenbly may have nore than one probe
eler&ejgt&ql nghedeln 324), and each such probe substrate
may/n I@@era%ﬁp@rﬁ@e@ﬁaw? &anlt@étaaémenbm@bIerreterGgﬁ%mf@Ic@ﬁtact with
probe card assenbl'ies with multiple probe

the Eﬁﬁﬁmaléﬁé@ cirtiee ML B3 by mavingiat éeﬁs&oae@q;‘ ﬂP’%aQLhT 328 or the probe

card BB &b, Tub Raulne BUT 528, P peldineietl BF gioypre suppor

dispdebdtinatnes tashysyResrm (Mot shiohar) thae rﬁd\m% ﬂfe wrraszs into sufficient
el enents di sposed thereon. For exanp

contagh¥¥ithathe r@@t%@@nm a0 Rsp e iBUsals electrical contact
wﬂh%éﬁ%ﬂﬁﬁglshﬁ ICI'h'e r@%é@ét‘é %Més@ed’h?ﬁa e[f/ efbeeget%lned protocol

resilient contact as Ca
as comtaiaet |altheenmtamor9roft ime {eisker. PRddiexaomie, thentdsteri magggenerate

PowghPIB oSk SpeESHaeere BT BCORID ERe ORE ¢ PERTN,300 o the
DU'ﬂ%@% aR@sHBhéee% @a@é gfen@ﬁt@atb)}\"?he DIP9%2PIn rebpSNS to the test

January 2 I n the af orenentione
signiagts ar@dsmllatlg@a?mdemougipthe:anabencﬁdrasaemkldy 300 to the tester, which
i scont enpl at e

may; HaSip, A2 he o ESREEP e dua e e Ao o st g e "DUT 328

respm@eam@rﬂe%aglt@fhé@ét bRnbr! enented in the probe card
assenb shown in Figure 3 and that the probe card

as ¥énen ﬁ@/lrtgeﬂf@r Phdd32eta eentachiheretatingneantacitalementnt00 of the

profE el HrbSRAT S0P B, R <SR STl Rhula \qHfENE Yowards the

protsEpeart iaesemblye 300t @it il 60 tHeaedtatthg rovntsct 1€lenwnes 100 come into
brought into contact with the termnals 320 of the
suffigiemt WnFﬁS?\‘}lVH@ e tesagraly 38001 Duedo pe anbothrof the rgqrbghanarlty of

the E@%}‘écﬂ%?lggléf tﬁg%ﬁ-{ B &bt %n@qgéi?oﬁs@é%dtb@ {he probe card

a novabl eZsup ortelé I Spose
asseryublyeﬁﬁ)(b raoid tkieovm)attdmatofntmmelselghe OUhe3&8mimdle 320, the DUT 328

sufficient contact h the rota cont act . el ene )
may; B S RLTIHE Poirbiee BIRRE FPEnpoSTON AT RadTional non-
limitiry Eké‘rﬁb #?Qn gd o8 dBdl; 328 4Cﬁ*f1lst¢é68uf §§t4ed B ufh after the initial
pre-determ ned protocol as contained in the neho

contanbof tw drst rmﬁlngmﬂfcﬂmé element 860 do qmyec@éh@iaﬂ“é :ﬁ@@v@pmetlmes
est s are. provided.th h, . th

refeﬁfgadtt%sg%n%?%;ﬁlggﬁlsp o q,'eactual gniount - of S\EHravel %re%gﬁds on the

characteristics of the non-planarity of the respective tips of the rotating contact
elements 100 and/or the variations in height of the terminals 320. Accordingly, some
of the rotating contact elements 100 may undergo more deflection than others.

In cantilevered contact elements, the scrub of the contact element is defined
by the forward distance that the tip moves after contacting the surface of the DUT.
This is sometimes referred to as the scrub ratio when dividing the forward distance
moved by the tip by the downward distance moved by the contact element after initial
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DUT 328. Response signals generated by the DUT 328 in
response to the test signals are simlarly carried

WO kosigps4t he probe card assenbly 300 to the teRCBDS2007/086667
whi ch may then anal yze the response signals and

contdet avithithe DWE! Heowéver, PUhe32@sent perdtoh, ctbersecdlh wf thee surface of

e T 6 eGP ey B ed 5O rae s SELS Ad the vertcal

SORRRAYof 6 & OBk MBFhents 1
dis towar ds (t)hg% rr% ”%ﬁ%@ﬁ%@?é@ﬁ%oo un(tB}ElaII geff:o ?C nﬁpé ents 100
advamtageousgjycneduaetthel serehbt disted@ec@meraitio) an SIHG‘FGMrentMoreover the

rotaf rﬁ% at éﬂ g trﬁ]@ﬂgalcfvggﬁwqq?@ f@(ﬂ@tagq ocﬁqﬁ%?’ spacmg of the

rotafifg éﬁdnlﬂ&tcél@ﬁ%‘ts &b TERAL 8thkP brdics Bﬂﬁa‘i‘dccﬂﬁﬂérﬁ@wtﬁr gbecompared to
card assenbly 300 and the variations of e hei ghts of

cantilpeenegr maniae Fpementse Mebﬁsfamiﬁamth@nértdew% packing of

comfpdfiBhfiaid folpBhEefitits BRECed sHBHAS"°% o'y’ (opaut

25 Fér exad@dlgmdtatihy @ontdi eldméntglin @etbzihcefwithhsorhe fedtibodiments
rotati ng contact el enent 100 to contact the DUT 328

of ‘(@oﬁ%‘ﬁ fear hae 13 HiTRIEF ¢ Ay largestriEssceeaional dimension
1a’fo t%‘éeéil 6Y taﬁﬁ eOER e Bgﬁllmgg%%h@, h&ss Ban 1 mm,
I ps’ 6f the

€ non- planar| respectlve
or inocaradtheg noonimmng eémmpﬂbs | <430 thamdl /500 phe orain a@hoties mon-limiting

hei ght of the rmnals 320. Accordin sone
examela losa G, ADD Lroadhowsass, sepyanBbryistngr eontact Slements in
acc&%%h@é%@fbt{] é'érf%t{)b‘?rh?nts‘ i tﬁé”ﬁ\yérﬁ’bﬁrrﬁﬁé%g% At -%Q-tip 3pacing, or
I's deflne

el ement's e scru the contact ele
pitciyy of lire dner nandindiing exeepéatesshibani p movesr #f tagother non-limiting

exaf it Tpet W GOOTHE: SE 0 Bnotsr o AR IS, PG e eSS Than 200 um.

Moré@f/é\abﬁa%%&%@ﬁn@%ﬁ%ebélénh@wtbw a@Mor‘d'éﬂcQWW\@drﬁe embodiments
di st ance noved y the contact elenent after

of theninvealievmaychave aliptteeiDemacing wevtiscusisad iabevprie seiadial pitch, or

Plarb A% K P eREPY etec laiihisHhgy o051y shabfe sngn area. or

alorgf aheragiud ies@énding prawetfntrotitingheotatatalgrgesonéiaddompared to
el enents, the rotating contact el enents 100

lineardy Astrageibed fyr Gandleveredheorigel plementalace (or ratio) in
?Bﬁgﬁ}réQWA M) Sﬁlleé?rsr el Qﬁd t&P i g o?%%@ﬁ%c?'e?erﬁ?éﬁtslp accordance

er advan ous tate closer spacil
witht repmet embn;glrnemtsacdf Hheenpmﬂsent omeenﬂlbrotdmngarvarmus stages of

congiuitiont <F RCHe BeDoP e OGS EOR Gh AorisaHan €) tha st element
o, TRURELA OUSTRAPE L RERSORi Rpln Ao o
foIIo;\gm@robmxselom Mhsmgeemﬁlgmwsg4@f raflest ithe fabiicatiomagf a single
conpac}/ Iemenfsl rﬁ%tv%rg .(ao;r)atlt%lrj (resct:on ﬁﬁ?a |oSneC|{ I|so r&:%lntedrln;r)rlgped WMat contact
elements having other configurations or a plurality of contact elements on a single
substrate may be fabricated utilizing the disclosed methods.

The exemplary process 500 begins at 510, wherein a first substrate 402
having recess 404 formed therein is provided (as shown in Figure 4A). The substrate
may comprise any suitable substrate such as silicon, metals, conductive materials,
plastic, or the like. The recess 404 may be geometrically configured to correspond to

a contact to be formed on the contact element. Optionally, the recess 404 may be
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per pendi cular to the axis of rotation) of in one
non-limting exanple, less than 1 nm or in another
woesiosasitt i ng exanpl e, |ess than 500 mMm or i NPERUSIVET/086667
non-limting exanple, |less than 200 mm Moreover,
formeed mytheofirst stilbdtratg 40naa612 elTeeerdcess A Gdcmaly daenfoermadt in the first

sorme di ment s, f the inventjon have a
SUb%W%tet‘gfgo Bié %rb/a%lﬂ'P?ZD € B O%iiSSe ﬁ_,uc'afasa E%H“@gﬁ%ﬁh'ﬁ%dt pic§ processes
(sucﬁxé’éT’Bhﬁ( mlcﬁéﬁ]akﬂm%oégm%%@rmlcﬂorﬁﬁeﬁlh , 3Phé 'Ilflfé)t 'd?rgergmachlmng

exanple, less t or in anot Wér non
procesaapl (esucheas eleatrozlischange Mmaebwnarg (BB soofthe like), or nano-

fabrls N HENAORS (HEET Fs SRTPMFRES THSEY (5108 TRp), or the ke, or
combittetiond %r%ﬁcwmﬁﬂbp}g@rw A Bhrakd ted t@e of recess 404

pl anar area {e e rotating contact elenents nay
corrpepenading| {o s@ra@etynen afn cantac! be oﬁgrrmy pﬁtﬁrus}eometrles are

conERRES LS Thidfads S BB bR fle BRI cuer oo

CONEXE! ateb2Oeatisgt. lafegun 2sméptie femiedt osithle fﬁastdsatmate 402. In
views of a contact element in accordance with s

SOMEnGHRPHENRNYS 07 relgase lavs 05 may e aePreRitedren mﬁ‘f'@u§UbStrate 402
o 5P BB S ERUAE BT BT AEPAS SodyBRoRReilr o s
layeFidg@r ﬁemmeGlmﬁsobdhratﬁ 4(?2 imlpma c&)"m%idtlmmiffalmﬁcatlon of the rotating
i nventi on t hou e follow n i scussion wt
confagk sedpenlo ﬁJ‘egu‘?'@ S%f ayer 0% miay: RRIMPLESH FRRRE o f!lIGPN pXide (SI02),
or trid il e contact el enment having a particul ar
configuration, it is contenplated that contact

el émeone f&iiﬂb@tgmt&'-}racimﬁ‘d tayeat4@nsnay b pbpoaited wtegd the first

sub@&%p %ggelategﬁﬂt fazqoﬁggm%grg ggﬁr(légs atel_ §ee$h@yer 406 typically

con@ﬁ@ggla?trrﬁaﬂ@hapm %Qﬂ.t&@glmm@hoﬁ dfothemh@t gbfer@4iRr $hd may be
substrate 402 having recess 404 fornmed therein is

deppsitad dydciiersiosh@inphysicEl ganer agpositian $GNE patRViryatomic layer

aepf B (AED R, 1R [ NEr TR B8 HE oPEyRdd Beral for he seec

layeF e ekReie délsbarppaliadige niedniuealtlingstonf sigier ednd @ombinations or
correspond to a contact to be formed on the contact

alloyg thasaef. Optipraily (Re relpase taves 40bomaiHyneliaroasniite sged layer 406
(i.e. Lg Si rfgrlém %Eyel? #Rﬂwe otﬁqaez?%le%sé%nd 45%% Ié%ref%ﬁcﬁ(%s gayé

rst substr surta
pr éciss masic layas 40),8 hiayhiog rfaphéed oalntbheefmsh spbetrahasé@Z at 526 (as

sholh 1 Ridirevt): ﬂ"ﬁéé’s%a%”'ﬁ?%r 43} e Bl Rgker Sbsequent to

the Eéé‘&td T'beécﬂﬁéﬁ%r@ﬁéﬂ' Bhdi‘ ’dé?lheﬁbaepét'té"rﬁ)M(Péorrespondlng
nanof r| cation technol og | such as nano-inp
to the shape aptiye ficst layer 412ke)Theolmthéayerk4i)8 oray comprlse any suitable

a0 S B8 D YR s B 6 ¥ 818 may e
dep6Sitichatd batt&meddy el sGitdes pessyset ries are

The first layer 412 may be deposited into the pattern 408 to form the first layer
412 at 528 (as shown in Figure 4C). In the embodiment of Figures 4A-G, the pattern
410 depicted in Figure 4B corresponds to the first layer 412 depicted in Figure 4C
(e.g., forming a tip 450 having a plurality of members 452 connected thereto at
respective first ends 454, the members 452 extending towards respective second

ends 456 in a spaced apart relation to the tip 450). A contact 440 may be formed by
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contenplated for use in various enbodi nents of the
i nvention. Next, at 520, a first layer 4 12 may be

w0 ooosmsksan the first substrate 402. In some  PCT/US2007/086667
enbodi nents, a release | ayer 405 nmay be deposited on

the tdepositioat ofstHes firsttlayé02 12t inSth2 (ecesshodd. | Thé i fist aner 412 may

The rel.ease | a 405 facilitates releaseo
Comrpirg%t a) ;ierial o5 PP%}%\'W@W staderirls r (are lauess {ma material or

cor‘rfb‘ﬂ@'o‘ﬁtéf% féfrla s?@rﬁdl&d’ﬁﬁg%‘? Iéﬁcstbﬂ% Jrh& cbRguERAR rﬁ%’éerlals discussed

el enent e rel ease may conprise copper
abogé Iwﬂtnresmecdm E@mn 20rTh¢1é|rst|Ia§eer 4h2$m15ebe deposﬂed by plating,

cheffiat f 1 SEith SpDat doug3on (538 BLEVDoth 1 g ogtonaly, a firs

matéﬁ%l mﬁiﬁ%es&ﬁ%élt@bj%to"tﬂ@ rb)zf@$§4bh Yo WEH@@@nt@cM@%hé'a second
hat facilitates formation of the first [ayer 4 and

matﬁw ey bepstepiosied byereneen @ inte tfmwwn@gmgv@cpﬁon of the pattern 410
! iti ALD
o R AR A A (70

MmNt 2 Setond tdgerseEr mayse féhbed mbhl@h?e ¢|€Eﬂﬂ§j’/er 412 at 530. In
pal | adi um titanium tungsten silver

SOMBoRTOREITHS. 0. SAaNEy A0k SR 414080 Dah 4G maskelayer 416 may be
dep%& &fSfd 'p%Yt%FnerO?t BRY Jningsd gé‘s go?ﬂhﬁﬂjﬁgele'egg ang%econd and

ayer provid
thurdserma%kl layers 4%c4i©mﬁay ba depcditedeaid Ipayternemslmrmlykm described

abofor drqoﬁgﬂetc f|r Fgfr%%%lg[&}ez 40248’%1;26 oﬁ;@s Shgl%d mask layers
414Pﬁ‘|@ eﬁéra‘ﬂx @HEHE |&Pla§§?4399@al\/ gﬁ@glﬂy‘%%emngs 418 where

presént, a enera |nesaptt
it is cesired pohdve ghe dirat th@y@'tﬂékﬁeb@fconhected rtetth¢ sgeond: layer 420 (e.g., at

the FshelREs seRRd 5093 4B ot R ken R el oL i foRfe  patiern
intot WRichi aaéﬂoﬁaiYa;J@ m0§ltbe@e araﬂn@@ttAr ﬁ%‘t’eﬂib{ &N¥ombination of

sui tabl e process. first layer 4 12 may

mata@@issmays@el derosited IBEQ ther patierg providednby th;e SB@Qﬂd pagdhird mask

layefs 40185 0 TR R SBG Sl Pad o St (s SnRE P e <) @
desérﬂ)elpébeﬁ@ﬁﬁldﬂ’]d irsthaydn 4$2. | Aywugh the dﬁ@erﬁéla‘drmmg the second

ure 4C ( egag formngat|g450 having a plurality
|aye(514 RemBrigenetllymaelecied fromartbe Sage gEpeRh aterialy 38 for forming

the fR45a 39?24}]1 ;ifj%gﬁlﬁﬁﬁosséé&cﬁ%@@hﬁ‘g 55" e%?i ﬁcﬂf‘cﬁaeﬁ{tir‘é%ted from

seco spaced art rel a
the d&fp.métecialst act 440 may be forrred byt he dep03|t| on of

th fir r412| ther cess 40 The, firs
bbb e e SHEondoer Y20, N BB, apnarcled e, i it lver 412 via
f i o]
mat@ngélgcge%@si’ce&l Ichﬁl éﬁ%‘gﬂrélltg of%géﬂir%gsnﬁ 801c FPEEQ%@?% Clﬁ’:'t‘rclééfembodlment
depictackini Iagsreﬁ 443 4be fue&ida;eervﬁzqmc@dpeatup 65Ficgonected 20 a plurality

of rr-ll_ehr%bfe#sr 252|a?yr%§pé'ct%/2e FiRaY ekr)%sd%)ép ?hetr%gf b:%’ndD khaet sedond layer 420 is
coupled to the plurality of members 452 and respective second ends 456 thereof.

The first layer 412 and the second layer 420 may be moved apart relative to
one another to deform the plurality of members 452 at 540, thereby forming a rotating
contact element (as shown in Figure 4G). The plurality of members 452 may be
deformed by moving either or both of the first layer 412 or the second layer 420 in
opposing directions relative to each other. In some embodiments, this may be
accomplished by securing either or both of the first layer 412 or the second layer 420
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chem cal or physical vapor deposition (CVvD or PVD), or
the like. Optionally, a first material may be

waelesnsased i nto the recess 404 to formthe cone@US2M40086667
and a second material may be deposited thereover and

andi prooidirite arferee sufiigignd 1td imovedthé Hiestparid secord laadde¢54ne%6 of the

by the first k layer 408 to formthe first | aye
p'Ur@yti OthES?Enbeés ga §dﬂd>ﬂy S‘Q%thé‘g? b8 $FPeeNBRA qnﬁ% one of the
flrstflé)yirtéﬂz"%fe{hedfségorgf Ia§§ﬁ42b%§§’% SIBPl %ﬁgttﬁe f@rc%e&%wty may

ayer 414 an ird mask | ayer
be sdﬁnwmtttednw&jtmaencammpmlslr@amrmnnsm (as shovvn in
Figure 4 The secon nd t hi mask 414 16.
05 XIS 1 S0 paAr e Hiea e TROCAA BV L b e gftxed to o
secGRPYELIHAE 420SRFA2 [ SHswr il B uF@&Fi' @Ym@rse%@ﬁd 1A 420 may be
second and third mask I%%ers 414 6 generally ‘cover

affixedetor thesse¢ange pulastigte 441N ﬁ@yaSLpﬂabeam&%ﬂe@f ségre@isnR)s clamping,

brazgrég1 oﬁ@i@f esig qei(gﬂgd g)ls iiee %E@é?cé&(ﬁs%é&gﬁte 42{2%%@@3(@3 handling
of tHeehmR Gtages offabrdatfirlsf tﬁé&otﬁtm@%ﬂﬁ@é@émeﬁﬁ&)d nﬁa"}dcomprlse the

further provide a pattern into which the second
samgpgubpstrate Be WtUr hedused ﬁ%t%rﬁrﬁpeo@arélomﬁfﬁbyoﬁﬁw as the probe

r4-al F‘i’sfﬁ ted into the pattern provided
Subgt’%tt%h:”eﬁsczcpgﬁt dand ??’c} mask |ayers 414, 4 16 to form
t hé’ hedirshdetaye and 2Biramasktayas 408w 4, 4 16i rgay dedenaved at 544
(not?é} scribed above for the fjrst |ay

2. though t
WR)aPrigrotonFerRaAraHag ae difet ?%@/éﬁcﬁﬁg 'WSQL ¥ ngorm the
t f 4 et f
pIur?Iﬁ&ed? rﬁgnﬁb@%ﬁe frgé;gr}&rk%ger% 40BLLM4, ?41% g%%/eé;)% r%rnoved by any

mng the first he'firs
suitdllgemethods 2suetpas resbihgyarr the Irkabr@pﬁmnaﬂlyf trmﬁntshesmml and third

maskdeyee 105414 2)6ay B oyl oo alRbeifeddtnaieer 420 to

the BbetrR] substiglte @pgni ngs 418 For exanple, in the
enbodi nent depicted in Figures 4A-G_the first |ayer

419ntworlives weightp(nos shovtmaoa det affizegitartheifirgt spbstrate 402 at

546 R INGERsH 4T 2pel S TEP IR, o bl T Wi Y e red o the
firstseibbate 402 irnady Iseftpblet muaneg Gt by béfilngl BrRINgsihg, bonding, or

The first layer 412 and the second |ayer 420 may be
the Wfﬁ/ed apart relative to one another to deformthe

it abhley eflo ﬁ{s tﬁé%o%gsgd' ntBBteéfJe@( rftorrn'ggg?e_ %JTJH'EeCted to a

rot at| ng contac ément shown i n Figure
therpialipabcdss cdlfrlngemeed@‘oﬁﬁﬁtlmmpf bee diefralityed nbgmbensi 4@2 such as, for
er 412 or _the, second

bot h of h
exalplaesno;of Joegst APAlPe.AEIneRbar J82 G domoving the fist
and%te%ﬁd Iéﬂar§9f"f§ @E@%g)'aﬁe('fﬁrsexatrﬁblé H@he@ﬁn?‘}:%?ﬁ 'tﬁ@‘?ﬁ’ovmg of the

by securing either bot h of the first Tayer

firsttamel semlmdlayagsem21,24%dfopmamlmqﬁeﬁtMrwlr@ﬂefwmhon) or while
holot ing t e ?rstthaenJ !séc%n aoyl/e%e i‘fE%EBOIﬁ a4 éslred' 6pgceé apart relation (for
example, heating after deformation), or combinations thereof. The heating of the
members 452 may be performed in any suitable manner, such as by exposure to a
radiation source (e.g., infrared, x-ray, laser, or the like), passing an electrical current
through the members 452, placing the rotating contact element in an oven, or the like.

The thermal process may further comprise a thermal cycle of heating and
cooling the members 452 while maintaining the spaced-apart relation between the

first and second layers 412, 420. The thermal cycle can include raising the
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plurality of nmenbers 452 in opposing directions. In

sone enbodi nents, one of the first layer 4 12 or the
w@emensksiayer 420 may be secured and the forceP@f/US2007/086667

gravity may be sufficient to nove the ends in opposing
températuriel @wfs thd-omeentzerpl €52 to samterapbedineerthat ishgreater than a

secwlnd | ayer 420 ma b af fi xed to a second substrate

recrygiglligatien Jemperaty SFMAIPEala FJOMRHEING dREAeMBRES 492. The
merﬁ@@rs”ﬁ%ZbSa@ftﬁbﬁege ﬁbdl@@ t%e‘éof@nﬁé‘r%ﬂrreabglo@@%hénre%?ystalllzatlon
sui tabl'e manner, suc cl anpi ng, brazi ng,

tempenaﬁumgforsmledmatergals cnonnpbresmg Kbe Mmembeez @id@ wsihiletmatdaining the

desieg ppftnebhn of tan Bvroeas: fep EohellA endh Bl NaThe pigformed shape
of tHOMNISG 4B S5oF rérHB\?félrcﬁttﬁe%fwmhg%rdéseT‘hé RerAp8FAR may be
card assenbl%c (such as the probe substrate

helddépi x tleveli sufFtigatle IgY. torpseyentstne seeondl layer #8Drfiom becoming

sepgRln BT B SSneheure2d o Rl PR e s sylbyer 420

bonded 2to 4B btecsif osubsirfae p42r)al i Weoﬁhmebﬁclé5%ayﬂmmprlse a
mask | ayers 408, 414, 4 16 may be renoved any

temggraltlg@ '@rﬂ%ﬂﬁo‘iﬂ‘é‘e §ut@ﬁ‘%a%ﬁlh%d tigre end @ ,tqzr@perature ramp-down
Opt t [ [ S

i tobbiyat B haterEoaRioRl W sty o me

suffie@nd nd dll&y\epe#ﬂéhém défernsatmmdf shib stgrabers4232 when the deforming

tionall not s .m e affixe he
fmc%? dEMOYB tr ree p'&t( 'rsitee ho?c#an%égae@'ﬁ@dawpﬂsgae% a thermal
cycI% bgltl n%‘t’5@8@<‘! Vmaﬂ—@ Q)’@éﬁ%t I&ﬁlltz‘%ﬁlr'ﬁ@rﬁ

strate N an ui tab mann SUC
bquQMgexpdmnguthg memhﬂrag%brtotﬂhwe thekmal layckeona rotatlng contact

t th t t b
elerGty A0 iRy taetetis imept o8 Mk, St SR & 1aaihad het rese from the
f.rstcsfubts{frgteon@lz tigsn &4 sABWAahFigard 4@u0hh@$|rstf|gyerewmh@y be freed

heati ng of at |east a portion of the nenbers” 452 prior
from @M%tn@bs’ﬁ@tﬁé i402x buranys sgitatle |ragans, AP as4»0 etghing away the

preheating), during the noving of the
rele%%%) acy%)gﬁggsecond | ayers 4 12, 420 (for exanple,

heahengtating cuntdetf elemant a0D.is eowiady tbdielllrﬁlygetﬁwted as desired,
first and second Iaéprs 4 12, 420 in a_desired

for exaioRlg. dparrrobe|uosEaty forUS@XE‘rﬁﬂsgng e BUThg Asf disgussed above, a
pIur?ﬁ’cgfo?%tﬂ?cggﬁéc&%@éﬁé%ﬁ%&% ; ﬁé %%ultéﬂ%u@ﬁéﬁgd% a desired

In any su
configuraton esmiclattashéﬂ/t@meslusteatep sacm&d; atpmbesamsimte, suitable for

mplEfitaiar ok Prtii FERESSRPBUGN the members 452, pl 8! ng
theof Ahaihpile, FRIURCE &HEBN prBcss ®0BNforfestiR & ideniconductor
device, or DUT, utilizing a probe card assembly 300 as described above with respect
to Figures 1-3, according to some embodiments of the invention. The process 600
begins at 602, where a probe card assembly 300 is provided having a plurality of
rotating contact elements 100 coupled thereto. The plurality of rotating contact
elements 100 may be provided in one or more arrays corresponding to desired
testing locations on the DUT (such as the terminals 320 shown in Figure 3).
Next, at 604, a plurality of terminals 320 of a DUT 328 are contacted with
respective tips of the rotating contact elements 100. For example, the DUT 328 may
be raised to a point where at least some of the terminal 320 just touch at least some
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The thermal process may further conprise a thernal
cycle of heating and cooling the nenbers 452 while
woreiososasmi ng t he spaced-apart rel ati on bet weenP€T©852007/086667
first and second | ayers 412, 420. The thermal cycle
of thimarotatigd edertachietsments e nPhe DWUT 828 mialpether ideefusthéb2aised to a

poirt K Bl P1 S FoRTPRBRMaRS: 420 Gre tR ARt egrgact with all of the
des é’d"P(St'aﬁhggonb%t TBREhE 1R Tﬁgg) Fofte YT 8D&ith respect

e cooled to a tenperature bel recrystalllzatlon
to thesrgiatirg uoretatbelenlr&ntarﬂmmajsesctbemesmdmgettlpe thbemsoved closer

to it peeeecid habeRL b thinlBn e ldcPn o, Penae piftef rogribers 108 of

thensfé%lbécﬁ\fe Fiflice BB RIohsHUb. URQ@Ilsfc@lﬁ’s"é’@bb@i‘/e tth% dkfeRtioh Reuses the
force. The tenperature nmay heid to a I evel

tips sUf4 i toi eotats; thareby prpé@é?ﬁ thaeng@eﬁmmw@b iy @stakdigh reliable

eleczr‘?caqﬂgo@gaca&gﬁﬁr ﬁ‘ﬁefjeg Oé*)egls &c 98}1S§E§t Ll\gég 3§%p§f 8he or more

eIecﬁM@@r@iﬁJéﬁef@beld@a&b atTéE%tfoh@rtﬁﬁrhln@VBQ@ offthe DOMPB2&trough the
a tenperature ranp- a tenperature hold tine

rotaing canta@ﬁﬁ@r@@ruﬁé 004500 Bpart o tesfigat nefiR@Implganented in a test
systgﬁfﬁ\ﬁh ich tﬁ§ aT ?ﬁé pibbd B8 ?%g?ﬁcﬂ??ﬁ@{ e %oP%Itrﬂeeot)! e

ent ow per manen on O
meiThas s mébizodehepparta¢usistibaibie rfgr testing devicesmhaddg réduced feature

. exanpl e, i e enbodi ment delctdlnFl ure 5, a , ,
sizef ibapnarsI & 18RJCabe 6 Samehavs GopbrmravaaY nerais; g inventive
appélt?eﬁ%e'a%%&ﬁbo%ffa%ﬁl Srtﬁe“tégtlnq%@%u@l’?mld& WK reduced scrub to

rs 452 he thernmal cyc a rotating contact
the @Iuefaeatomtl@ m&ylcehem@ejyteﬁ drat edherNéadiljtatehendrer gampact contact
er 412 ma fr the firs strate 402 at
clera@S ard Ruthhen hergfy doakBihi d8sind B dIyER bilo (9dyd feature
S,Zegraeﬂqngf@aérﬁggfefdtlyr@g substrate 402 by any suitable
means, such as etchin the rel ease | ayer 405.
ThVhils: tes f@gegmm dﬁ:ﬂlr@tégéﬂtemwlmntﬁnw V@ameseat iwention, other

[ e
and ngﬁéﬁrgﬁéga cr)’rﬁlg‘nl}gﬁ thé ﬂ1evsetn?hn %&g&? de&%&?\g (g OIepartlng from the
basiglxope therglofirard the szfopeahaﬁedﬂ@ detatraitieded ndlsinfBat follow.
may be sinultaneously fornmed in a desire
configuration and attached to a substrate, such as a
probe substrate, suitable for inplenentation in a
probe card assenbly. For exanple, Figure 6 depicts a
process 600 for testing a sem conductor device, or
DUT, utilizing a probe card assenbly 300 as descri bed
above with respect to Figures 1-3, according to sone
enbodi nents of the invention. The process 600 begins
at 602, where a probe card assenbly 300 is provided
having a plurality of
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rotating contact elenments 100 coupl ed thereto. The
plurality of rotating contact elenents 100 may be
w@e@sioshsd7 i n one or nore arrays correspondi ng POI/US2007/086667
desired testing locations on the DUT (such as the
term nals 320 shown in Fi @CitAIMB. Next, at 604, a
plurality of termnals 320 of a DUT 328 are contacted
W th respective tips of the rotating contact elenents
1. 106 ORIGSRNBFEerREt SOMEBENGay be rai sed to a poi nt
Whar o davlnRstirsOsBedorifidBrd £ tdNcBAtacB 20 dbvies th B estbd and an
| east sonmeof the rotating contact elenents 100. The
oppOkimg 32gondgideha@ndbe further raised to a point where

al | of the ired termnals,320 are in sufficient :
coft L orapiTes b AR i nE i s S BT of the tip and
arrafbedemost dUantrihaxiBapetddINvABredh ttid6p Pbtate? 8ubéthhtially about the
respect to the rotating contact el enents 100 causes
cenfraleaxi® yper CPOWresgian QD%%@U%%@f defosmed meemhers:
respecti ve bases 102 through deflection of the
def ormed nenbers 108 of their respective resilient
2. poMheaieménbof éairdils dusisearccanonsing bhbasededued t® respective ends
causes the tips 104 to rotate, thereby providing the
of theekluEalify 9f defefiped MMYBPar PRIPSIEIN8kPe" el ect ri cal
contact with the termnal 320 of the DUT 328. Next, at
306, one or nore electrical signals are provided to at
3. | edde eleenardrai mEHiM320 wifiereire t/TiBA8rthénr cogipriske one or more
ot ati,ng . contact, el.enents, 100 {e.g., as part of a
con ?)ﬁtsﬂg'ggt f%tﬂi“?rﬂf B89 a test systemin which
the DUT and probe card assenbly nay be contained).

Thus, nethods apparatus suitable for testing devices
4. halihegelesariedf faainure wheeginaifé it Aotheroeomprises one contact

exter e F80A Sl of E R RediERe™ aci 1 tate the testing

of such devices with reduced scrub to the surface of
the device under test and further facilitate nore .
5. corfpacelessitaet claidmdntwherein dhacimdurtherecemprises a plurality of
confzRfd ékt[eﬁgi'nggrén‘?zﬁé ﬂ%tgfdeQHEréofhaV! ng reduced feature
SIzes an re dense features. Wile the foregoing is
directed to enbodi nents of the present invention,
ot her and further enbodinents of the invention

may _be :
6. deJnsectloMat ot C@éPart MIGreINof@¢hONSasl dhe Jlpelity of contacts is
; f : | ] t he
Al Pe ol P AEIAR) ol de0fhel PaRPely
el ement, conprising: a tip having a first side

configyred to. contact a device to tested and_.an
7. oo beblReal 8 G88 Jovndit s fioraeitfe Wi HRedhed members
are URAAR§T s extending fromthe second side of the tip and

arranged about a central axis thereof, wherein the tip
rotates substantially about the

8. The element of claim 1, wherein the tip and deformed members comprise at
least one of nickel, cobalt, copper, or beryllium.

9. A probe card assembly for testing a semiconductor, comprising:
a probe substrate; and
at least one contact element comprising:
a tip having a first side configured to contact a device to be tested and

an opposing second side; and
15
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central axis upon conpression of the plurality of
defornmed nmenbers. 2 . The elenent of claim11, further
W@ o9p0s8itng a base coupled to respective ends PET/UR®07/086667
plurality of deforned nenbers opposite the tip. 3 .
The el eagpitiratity of @éforrhed whembers éxtendling ffam ltHTesecond side of the
ri ses one or npre contacts exteﬂdln fromth

f||t t 38 d8TAREEEoRPOU @ fRBUAI Exshtingreal AYhAren the tip rotates
wh t h S n
xtoneAnk dout dhb BEnEATBSS BPoRyBeRNbR of ghe pluralty of
Thdet@reeemeontbecs.ai m 1, wherein the tip further
conprises a plurality of contacts extending fromthe
first side thereof. 6 . The elenent of claimb5,
10. Whahgi SsRashly as¥eci8fim td efupther @o‘rﬁphs‘iﬁ %Oﬁb%tc‘é)ubﬁad to respective
aligned with a respective one of the plurality
endg of gmluraiﬁyrb‘édgformed Mrer@bersearpesieftheltigi m 1, vvner ein
the tip and the plurality of deformed nmenbers are
unitary. 8 . The elenent of claim1, wherein the tip

11. anq‘héeéggerﬁbllyn@m‘@rarm gonpiersin fle tipagirtheneophprideskehe or more
cobalt, cop or beryl l[ium 9 . A probe card

CO”%%%?WW@JW@&EW figpt gidecthieR{duct or, conprising: a

probe substrate; and at |east one cont act el enent
conprising: a tip having a first side configured to

12. coffhactsserdblyi o daimb®, twhémth ahd Bm angpdise nYueioorod deformed
sj de; and Blburality of deformed nmenbers extending

merpbeis arfRdINd8bnd si de of the ti p and arranged about a
central axis thereof, wherein the tip rotates
substantially about the central axis upon defornation

13. of ThReagsembtdy of glaoh X evrarawdheditbend deftdmedTimembers comprise at

ssemhly of cla further conpr|3|ng a base coupl ed
loasf 315 28 MRl SO0 BHRoRRer: FEOFPUEET 1y *of clof or e
nmenbers opposite the tip. 11. The assenbly of claim?9,
wherein the tip further conprises one or nore contacts
14. extlbadssgmbivai elaen O rfutthei erpmprising @f plunatity offeentact elements.

assenbly of claim9, wherein the tip and the plurality
of deformed nenbers are unitary. 13 . The assenbly of

15. cl Jhen Gsserhiiyeoh cldie tup wheteihetiy phgramgnberconcmIPslesnts are
at
arranged to correspond with a plurality of terminals disposed on a device to be

tested.

16. The assembly of claim 9, wherein the probe card assembly is configured to
pass electrical signals to and from respective tips of the contact elements to a
plurality of electrical connectors disposed on the probe card assembly.

17. A method of fabricating a resilient contact element, comprising:

a) providing an assembly having a plurality of members arranged about a
central axis and having respective first ends coupled to a first layer and respective
second ends coupled to a second layer; and

b) separating the first and second layers to deform the plurality of members

and form the resilient contact element.
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| east one of nickel, cobalt, copper, or beryllium 14.
The assenbly of claim9, further conprising a
w@bkwsasisyy of contact el enents. 15 . The assenmdCTHU8L007/086667
claim 14, wherein the plurality of contact el enents
18. ar @harmathgedfiotritot 7,esiereth stepitb)dunther cdmprysest
te mnals di sposed on a device to be tested. 16 . The
as SEAMNY s g8y, wherein the probe card assenbly
is configured to pass electrical signals to and from
respective tips of the contact elenents to a plurality
19. of Tékeauethodadf otamn et tvanered §pp$edunblnert¢mfnp*risﬂ$e card

assenply. 17_. A nmethod of fa cat i resi

oo ABBBIG:? SFiiming Tirps o Brenrats Ui tiol Bnd seBina Bk
having a plurality of nmenbers arranged about a centra
axi s and having respective first ends coupled to a

20-fi T&e meihed fethimetpdutthercaapasiigends coupled to a

" agihd B ianitoRsSFBLor sk Rue Rlorth REFR) e

reS| lient contact elenent.18 . The nethod of claim 17,

wherein step b1 further conprises: heating. the
21. asﬂ?ﬁb’ﬂ?thoﬂ?@fcal"ﬁ‘eﬂré’t’fﬂﬁfé'rbffteﬁlbélf%ﬁ”ﬁr Cquérﬂﬁsn step b)

fu [ t ;
sopertie PRCEs Ay 0ghy Sna Sl Guhfigifo &, fesgt @ perios
wheoé tdraperaife ﬁ&rgrbetercmhmlal restrugtdring ngmpenatugit for omaterials
t he, as n‘?@y ase the deformng force. 2 1. The
COMPE RFLNE ! wialiyiR 1”7‘e Ehein step b) further conprises:
heating the assenbly using a thermal cycle conprising
at | east a period where tenperature is greater than a
22. r edteunetnodraf daa'lrrp%‘r dudher ¢amprisingri al s conprising the

P uPblltd BiseamIg o adaippA Lre bSSei ke g temperature for
the trﬁé‘@ﬂél%t %mph@in@WtHeh%ldrﬁ ?r SCErhP&rst RMRET MbIHt&infngf the desired
the materials conprising the plurality of nenbers

defoxpiation edithe aluﬁalﬁgon‘ﬁeeral@%rSr ed deformation of the
plurality of nenbers. 23. The nethod of claim17,
wherein step a) further conprises: providing a first

23. sulisierragtobdaficgmal 7, eciesrein steped futiesredompifisgsri ng a
first layer on the first substrate, the first |ayer
f i Proviging cfirebeldsirad@faving a recess formed therein;

forming a first layer on the first substrate, the first layer filling the recess and
comprising a body and a plurality of members extending therefrom; and
forming a second layer over the first layer, the second layer coupled to

respective second ends of each of the plurality of members.

24. The method of claim 23, wherein the step of forming the first layer comprises:
depositing and patterning a first mask layer on the first substrate; and

depositing a first material into the pattern provided by the first mask layer.
25.  The method of claim 24, further comprising:

depositing a seed layer on the first substrate prior to depositing the first

material.
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conprising a body and a plurality of nmenbers extending
therefrom and form ng a second | ayer over the first

wo 2008108288 he second | ayer coupled to respecti vePGEUSNIT7/086667
ends of each of the plurality of nmenbers. 24. The

26. mefThed mdthodl apimclim \#3er wherdimethset efepofoff frmimy 4 hsecond layer
first layer conprises: depositing and patterning a

COMYY'is€%: mask | ayer on the first substrate; and

de f t
0 CEROSY P i S gnd AERC R RS el RYfte socon
maskueyéredefronga slurajity déppeningagoarespeddingytertherseched ends of the

first substrate prior to depositing the first
plurﬁlétVé’&i é@rs The nethod of claim 23, wherein the step

of dfa@b@'hﬁ@ aﬂd%ﬁ%@t‘éﬁﬂnb %ytﬁirdQﬁzﬁm( ia ?@ﬁatdﬁ)etﬁ@%e*cbﬁg ndé¥k layer; and
patterning a second nmask |ayer a first layer,

t hdepesiting armnplap@lierlabmtmthﬂgp@ttwmrawdesi byfthesespngend third
maS:fﬁa %;pondl ng to the second ends of the plurality of
depositing and patterning a third mask | ayer
atop the second nask | ayer; and depositing a second

material into the fattern provi ded by the second and
27. t hiTlhé HrakRd| iR 23 7UrtheleCorBPRYATdof ¢l ai m 23, further

%ugqﬂ%% s{c{ol )kg’ﬁ% r@rtb*besé@fn%%d%gi to a second

avvelgtto irst layer to
seaﬁmxtge atweight tethd &iystriayeroim $dparatec thedfilshyayer feord the second
exposi ng the assenbly to a thermal cycle. 28. The
'ayeﬁ*egrﬁgd of claim23, further conprising: freeing the

fi 6Rbodi %955%5&%?{) pafcqé ate. 29. A probe card

cont act Ierren e nmet hod of claim 17 . 30.
A nmet hod of testing a sem conductor devi ce,

rising., providi robe card assenbly having at
28' 9’8%@%96ﬁ§§3 %?3H&H$rgﬂﬂﬁﬂ§§9ng a tip having a
fl m%teur@ e PNbiSUFreH the fiestdsirafe. devi ce to be tested
and an opposi ng second side, and a plurality of

defor med nmenbers extending fromthe second side of the
29. B 38e el 8RET T et G By ok MRASER R 12k <
upon conpr essi on of the plurality of
30. A method of testing a semiconductor device, comprising:
providing a probe card assembly having at least one contact element
comprising a tip having a first side configured to contact a device to be tested and
an opposing second side, and a plurality of deformed members extending from the
second side of the tip and arranged about a central axis thereof, wherein the tip
rotates substantially about the central axis upon compression of the plurality of
deformed members;
contacting at least one terminal of the device with respective tips of the at
least one contact element; and
providing one or more electrical signals to the at least one terminal through
the probe card assembly.
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def ormed nenbers; contacting at | east one term nal of
the device with respective tips of the at |east one
W@ ousAagI84El ement ; and provi di ng one or nore el BCT/USDAT/086667
signals to the at | east one term nal through the probe
31. caMtheanstodl of .chaidh 30, hehereirhste palf cohtioting Gurthdresaenprises:
step of contacting further cggnj‘jprises: nmoving at le

ast
on8'QNg Rk IgsshpEe Qfrthe K5l 6$S€i'ﬂ€'yo%rvtf‘§ngVdﬁe to establish an
i bR Bodbrid Bl R CiorhFAESs gl A Pl of ne
contlcketementsaanttd f urt her noving at | east one of the probe
card, assenbly or the devige to establish a desire ,
ol out, P 155t B8, TnbepEs: o0 GPSERM Raltbe ofevice 1o
esta%tjrl]igh @Hé&%@é%tb@ﬁpr‘e‘g(@ﬁre’\j\%eﬂﬁé%nctﬁ@t@GFaIiQJ SMRMthals &f tthe device

e nethod of claim , erein the resilient contac
anddhe tipaf theacentacl @geentsr ub di st ance when contacting
the device as conpared to cantil evered contact
el ements. 33. The nethod of claim 30, wherein the

32. coMhachetiorn®niainP30dugrréinrtibatsinenl comaobelwhrshts have a lower
contacting the device. 34. A sem conductor device

scrube dlistanasy Whes gentastingfthe| devieg@s compared to cantilevered contact
elements.

33. The method of claim 30, wherein the contact elements produce a rotational
scrub when contacting the device.

34. A semiconductor device tested by the method of claim 30.
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