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WD 2008/ 082847PCT/ US2007/ 086667 ROTATI NG CONTACT ELEMENT AND -METHODS
OF FABRI CATI ON BACKGROUND OF THE I NVENTION Field of the Invention
Enbodi nentwoabostobzs4pr esent i nvention generally rel at e troTiEVA7085660F
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the cént Rlemenisieniestingree) 9eviees.r equired to breakt hrough a | ayer of
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typi cal | yDescslioneting RgjaledArt t he surface of the DUT with sufficient
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signals to terminals on the DUT in accordance with a predetermined testing protocol.

When contacting the terminals of the DUT, the contact element typically is
required to breakthrough a layer of oxide formed on the terminals. Accordingly, the
15  contact elements typically are pressed against the surface of the DUT with sufficient
force and to cause the contact element to scrub the surface of the DUT in order to
break through the oxide layer and establish a reliable electrical contact therewith.
However, as devices continued to shrink in size, the range of motion available for
scrubbing the terminals of the DUT similarly continues to shrink, thereby, increasing
20 thedifficulty in establishing reliable electrical contact with the surface of the DUT.
Therefore, there is a need in 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

25 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

30 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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20 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

25 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.

In some embodiments of the invention, a semiconductor device is provided. In

some embodiments, the semiconductor device is tested by providing a probe card

30 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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20 Figures 4A-G depict stages of fabrication of a resilient contact element in

accordance with some embodiments of the present invention.

Figure 5 depicts a flow chart for fabricating the resilient contact element
depicted in Figures 4A-G.

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

25  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 io scale.

DETAILED DESCRIPTION OF THE INVENTION

30 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
3



Fi gures 2A-2B depict top views, partially in cross-section, of a
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The tip 104 may include one or more contacts 110 formed on a lower surface
thereof. The tip 104 and/or the contacts 110 are generally configured to establish
reliable temporary electrical contact with the surface of the device to be tested (e.g.,
to break through an oxide layer formed on the surface of a device under test, or DUT,

15 when brought into contact therewith). It is contemplated that the geometry, number,
and arrangement of the contacts 110 may take numerous forms suitable at least for
providing the reliable temporary electrical contact discussed above. For example, the
Figure 1A illustratively depicts a tip 104 having two contacts 112 formed disposed
along opposite sides of the tip 104. Other variations in the number and geometry of

20 contacts are contemplated.

The resilient portion 106 generally includes a plurality of deformed members
108. The deformed members 108 have opposing ends respectively coupled to the
base 102 and the tip 104. The deformed members 108 may be formed integrally with
one or more of the base 102 and the tip 104 (e.g., the base 102, tip 104, and resilient

25 portion 106 of the contact element 100 may be formed from a single material or built
up of layers 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,

30  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 fo rotate with respect to the base 102. For
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Figure 3 depicts a probe card assembly 300 utilizing one or more rotating

contact elements according to some embodiments of the present invention. The

25 exemplary probe card assembly 300 illustrated in Figure 3 can be used to test one or

more electronic devices (represented by a device under test, or DUT, 328). The DUT

328 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

30 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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exanpl e, Figures 2A and 2B depict a top views of the rotating contact
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def origed to support the connectors 304 and the rotating contact elements 100 and to provide
electrical connections therebetween. The exemplary probe card assembly 300
shown in Figure 3 has three such substrates, although in other implementations, the
probe card assembly 300 can have more or fewer substrates. In the embodiment
depicted in Figure 3, the probe card assembly 300 includes a wiring substrate 302, an

20 interposer substrate 308, and a probe substrate 324. The wiring substrate 302, the
interposer substrate 308, and the probe substrate 324 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.

25 Additionally, in some embodiments, the probe card assembly 300 may include
one or more active or passive electronic components (such as capacitors, resistors,
and the like) disposed on a lower surface 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

30  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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probe carfapssfebienetOd: efite haustRisE (4., so%r 3@31b324)atre$1 tHen pi‘(ﬁ@ card
enbodi nent depicted in Figure 3, the probe card assenbly 300 i ncl| udes

a wiring a5§881h58@0 spown arh Figyre i3nt 2% GHSRET §4BIPIeaBProb8 caéﬁmaseprpblmay
substrat qqa?e,%%omﬁawcfnlerwoﬁélaéﬁét?éts (892 3?42%&%5&%&%@ O@H@%hb@ﬁeﬁe m

308, and the probe substrate 324 can gener any type o
sui t & e beaingepandentlyradjestables, Nelnrd:umltmg emmmﬁeetoflnrcma gaicbassgmbliesemith
circuit

ke, or TANER:prpB 3UbGiReteS 8RB EaRE I RARN Sn e ElshE A BpiiBRBn il Mo
t he probe um@sas,sfaa@wnem E05. Nk Lo tiseTeexampley theaprobe esubistrpigsanofer

el ectronic onent such ca a itors t or and the |ike)

i Sposed WSEARaIarY Savs Hide fiact a8 na o priadt fiempets (RPapeq Shegpon. For
rotating &@ éﬂéta 9F@E§Ut%trh@ma§%a\/%xr®fﬁlln@ co'f\ﬁacfi RsRehts dsi @I8EI8sed harein
conponent. 330 is di sposed on a lower surface of the wiring substrate

324 3fs daropebination with tller 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 weli as in
the aforementioned United States Patent Application Serial No. 11/165,833. |t is
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30 Figure, the rotating contact el enents 100 advant ageously do not
physically interfere with the conponents 330 due to the vertical

di spl acenewD 20ds/08¥a7ti ps of the rotating contact el enmemcx/uddt7obeaer
engaged with the DUT 328. Thus, the rotating contact el enents 100 rmay
advant agemnsémplatedivae vdemsefeatures fof g ﬁcbbmmrd asomthlieg destribact inwhbde

each ot her d any her. co nents 330 i eration

5008/ O paPIBee I SRsEERY & Miters e in 43 P(PRBum CesBbgAGRshown
(not shown)F@n@ BYMd:Qhéthh@r@‘bbéeébrﬁrﬁ%tﬂbﬂe@%@@ﬁ&&f $n 3t afdremiéaboned
the various substrates to the rotating contact elenents 100. For

exanpl e, RaieRiieachBoRliGREAR B PEnel romAnguse of thel Byentivearasjlient contact
condugf i ﬁerﬁ’@ﬁ@sdéé?@é Fhaup) nry be provided fromthe connectors 304

t hrough the wring su strate 5 302 to a plurality of electrically
conducti ve sprinrperatios; ¢ neeting contatuelemedts 1 0Qane brelgt tinfocedrtget with

d i f i

e connBe8hiiRals A3h A MRBUT % B @Y dliact bR 0r iy BB orjpe pote

gllg r aISIt t lycabcﬂ taﬁlsamb:yl :ﬂfﬂ I Yy;lswn.cm@uﬂtedwtﬁma ﬁll:(l lﬁ)@tcﬂsmﬂﬁtﬁi a Shovstl el s@Sport
. | 0 er.electrica con cltl ve a SNO

Turthor | HISHSRO) ol st aTReT RPN e DT aPa B syfoient

through thsiddh alith mebﬁitém{gec&%éctt Seblddtd %@ttb rwoﬁ@@tréﬁau@'e%&iw cé%ct

and/ or any conponents 330." The el ectrically conductive paths roug :

the wiri ngltfstms&erratr@l%@%o f h@ GUht 828 searthen krstechper @@ae-datednmeg pe
substrat eaéﬁéntﬁﬁm’édcﬁnﬂﬁiél r%‘ém%b?%’f “[ﬁ&‘i’é%t%r C%?“ég}&ahq)éf‘et ‘éhé‘ste \Mger(?érate

the like sposed on hrou
subst r at @GR, artdhtesi mgmlp(blmztrare phavidexd tr@odh tl’mrpjobe\eafcﬁa@emtéy 300 to the

substr at The wr subst Lnte oser
subot r at 9028, ResRRS shsely ety B ans T it EERERRdp g test
one oI5 nugigndls arsitrilafy 2amied/throughhiRe probid edrt @ seBmbly :{mhhé?ceéwr whlch
bolts, screws, or other suitable fasteners). The confi guratl on of

pr obe " carBatdbenbPiageR 1R JRRPOTSERISHNAS Brids detesmieariicinry heZ(PLéFd328

s sl mplirbkgshde cchefy ® ttieltbysfiggh.on and di scussion and many
vari ations, nodifications, ditions are contenpl ated. For

exanple, a pr (Wéel&mfﬂ’l%@@rﬁiﬂ/ 32‘&90 lgantact tpaiotalingreentacs glesmends 480 of the
h 0) i
(e. g Op?rg\sé}’ Pé%&mtogﬁgpé ﬁ1ep behe Sﬁgrtggﬁglggggn%ﬁ’/nyﬁ%a@)s ﬂ';b‘\(/yg t'r?gvraéds the

Flgure 3 ano er ex prob
t han 20ne mob@e:asdﬂassembb' 3@10 gm‘ul 3L?_4>)‘ Jthandtading rcomtarh qlﬂmbretsstm‘st:om'eemto

T o 2o TG it Pl AR Sad o BupB et 53R R S ofh iy of

lszi t ggogttaé eés;ﬁihe@ttlpé\wltlhclé:@éttam;}; Senﬂagi el@ﬂgenlslh a@@@g/@ed fonl tgd ptobé€ card
r exanpl e t he (0] Sstrate and/ or su strates

o have aRSRETIH0 GRE DR BHORSAL 4 NERBIE Begleap et S e i hediU Tras

exanpl e, RapPCeRERLRSIoRE SoWBXsNRESHHBE %bfd‘ﬁs%l?%o%?%ﬁrﬁoﬁm%al non-
di scl osed herein 30 in conbination wth other pes of resilient

cont &t dindfieg exemplacy rarge ahabowyve ot nysntakeut éﬁémeﬁﬂg pro) afterethiei inidial

Addi ti on

T st - arertth ok i s ATRLABCO LRI 1035 tolBRE T DO € sqmetimes
1999 and refertesld t&t a$ eeva?aamﬂ The 6cth@bd,afbdunti eéwxdzrtﬂamuad@peﬁﬁs 2A0%e
as well as in.th nenti oned ed St ates, Pat.ent tion
aor ol nEharaiEiE LS FE Mob Pidjiarinh o e Sl BRiveT v&0 s Botstac ontact
cont enpl aél@dehtsatowmd/@umefmbtmrﬁémorie.gHﬂEbfnh@t@rrﬁméi 3a§smbﬂdmgly, some
described in those gatents and aogllcatlon may be inplenented in the

pr obe0c arQf the Elaiing caactalempnts i 0 rgay én@eraﬁdnqrﬁaeﬂ@ﬁt@rbthaa@th
assenbl i es deﬁﬁrcbﬁﬁlévéﬂédt@tic{]%é‘rﬁgﬁ&%' ﬂiéeécrasto%ﬁécaﬁéc@e@'me?ﬁﬁé 8Bfined

may benefit fromthe use o e inventive resilient cont
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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5el enment s di scl osed herein. In operation, the rotating contact
el ements 100 are brought into contact with the termnals 320 of the
DUT 328 bywovisngzsat | east one of the DUT 328 or the prarauseeu’@scss?
assenbly 300. Typically, the DUT 328 can be di sposed on a novabl e
support drtcmﬁmste:dtﬁ ihetDIETL &ﬁw@}ﬁstlﬂ hé padsepb wehtidh) dhe Bondsoftthe sDifdce of

328 into ent ont the rotating contact el enen )
200 10 orB6 BT & raghendl S dliet et Thitioen doqtinieen st Mg ertial

The DUT 3é4’§plﬁéé}néﬁteﬁf &rfestr@tétuﬁ)@rcoata@f IEIBERE THRE GotBfiRy RSAtacRlements 100
contained in the menory of the tester. For exanple, the tester may

generate WﬁQFGQ@ﬁHSWe@ﬂU% ghauseryth gistance farokationdn wRetatign. th@rp@‘(ﬂﬁe the
d 3

b 35" TN Bhee, Hfph] (e, FRORMASE RPN RRe RS Shaliigl i e

t hrough trotatpgotentact eleassiarts ﬁaefﬁ)(mtm@' oh&o Dﬁﬁremqmmnemls r&wcohwared to

- eapunaed RHITRR St BndlS, GRBEY, Woitdlg Chighels ki Rectis of

328 to ¢ netnteamd)t:@rﬁtw@el@mlm@cdn 2hrerzusstae. of the probe card
assenbly 300, éghe DUT 328 t¥$)l cal Ie%contl nues to nove towards the 20
probe card as MR relRfiny camtpclylemgats IgELEPGNER Wit SoME @meadisents

100 c@e dintee S|Hfléht¥6ne'?ﬁaf%v%0ta Widefeh€(dre1dryss %ro%%%ec%'ﬁalt 8irfdkion

or both of the non- g)lanamty of the respectlve tips of the rotating
cont act dvespendieuian hespéselrogtionhef iy ore neadimitingsexamgle Jless dan 1 mam,

vari at i Or@'OW aﬁ&'ﬁ P':ﬁ'oﬂgfrﬁi "?1(% etxg ﬁeerlg’sg%én | yﬁg%%?ﬁtgtﬁepmﬂn—hmltmg

conti nue nove e ‘card asse
addi t i onadxampie, 135 tham QoﬁngexemmIireoyerr gy sobf adntetlmg Jcontact:t nelesents in

(about 25, 102 after .t initial .contact of th i rst. rotat
Contact _cicnisancsoBM e fingodFaorls bl e SRRty hees bbbl egget:
over timav ghifch, Bifen a:meuabnammgt eﬁémpl%?ﬂégsaﬂﬁn depends dnatdtBer non- I|m|t|ng
characteristics of t he non-pl anari the respective tip

of
rotati ng ®EMRIRte8F dhath 80 160 Ay ﬁothﬁren%wlwmgowsammeh@ﬁ@Hbara)fmpwéﬂ
term nal Sl\flél%%ver"‘%‘ﬁ%w 'o'?%tﬁtmg’sé’émaé’t%lé’rfneﬁ@%ra%E@erHSe Wﬂﬁts%ﬁ'Fe &JnSHE

100 may undergo noreé | ectT on than others. In cantil evere

cont act ecpféh@m@nh@mé‘laycmay@ a)flpﬁmép soaciag tasedisgusaed pbovrein @é@dl@lypltcheor

f or war d t I Card
ddltﬁﬁ%sa ZQ% ttﬁ@‘?ottahlgq %Ntsgt @%Fn%@tscfﬁ%g:%r%(g%rggﬁ%&\‘gh@ﬁa‘h a

d| VI da(hg albmg famyvxmdiusjlesctemilr@ rﬁmdh@yrotamgt contaygt eleenatdywasacampared to

di st ance npv t he tac nt.a g initial WO

2005/ 05 28 PR AR08 B R IESHBHERNAR HERIRT- However, in the
present i nventmgmesmeaﬁémbt sifle tdhe @BYriiews o¥fa theallBlem@nt ¢ atisriahce
rather than |inear. l herefore, regardless of the vertical

di spl acentfit M ne K¢y BbriDEC Presesfe Mventiam Ldyrngarvierigus odieges of
el ement' s dpRirasiint RERAYS) (yem&sllécgrotce@s $00Ybr félb'ﬁbémﬁo{ fhre %&}%&)ene&ent

oper ation. Mor eover, t he rotati ng contact elenents
adv ardbagesnesinyinf RiguTest 446 acccs:gélngstp@@mmeo“nbodmentmoémmgtlmmﬁétbough the

el ement s 0 re.C e

canti | evefbg%ﬁﬁgkql&t' Sk ne{m,;[hﬁ'gg %ﬁetPeﬁgH%gc{iltsls{e% ng éa[{q%gugc’fgns E{ single

packi ng ofontaoipsiement hamgcarpatm:ulm eonfigusatam, &t ga mentempﬂ:aibd ahet cEmract

exanpl e, rot at{ ng cont ?h ? E I n accorq‘? ?

enbodi merft Igmen aving other con igurations or a plurali contact elements on a single
substrate may be fabricated utilizing the disclosed methods.

30 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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10 of the invention nmay have a dianeter (or |argest cross-sectional

di mensi on perpendicular to the axis of rotation) of in one
non-1imtiwg2eosaspie, | ess than 1 mm or in anot her noOrPATVURG07/086667
exanple, less than 500 pm or in another non-limting exanple, |ess
than 200 formed/im &y st sabstents 402 atdiat i Tige oemt;a(ﬂl(Mahayrbetfsrmed in the first

2ec0r Sone L TSR R T RT3 i pcesos

| ess t hanskchas ik mr@m@bhlﬂmgn@Orférkel’fh'ﬁdrﬂﬁaeﬁlﬁﬂ‘g' or theehice)! BBr AHhMIAg
or in another non-limting exanple, |ess than 2 m Mor eover,

arrays ofPTPEEIRESN{PUEBNBACE e@ﬂ'@ﬁ'ﬁﬁhérgien”'ﬁ@tiwflﬁhr(g@ h 107 §1ndike), or nano-
enbodigre E thlotnhc@chﬁﬁf Eé?éh H&*\édralngfrﬁftmfﬁo réeph?( %Pﬂ% ﬂ%ﬁaérthe like, or

di scusse ove in Sgﬂl al anar e rotatin
cont act eccmlmnatmrrsaweb@ofcl d‘étébygrsﬁ%igwesﬁﬂ-z& |lb.ts®"ate @ineztypal ofh(eceny 404

radi us ex o] ti a epent.. a r ,
linearly, éoi'[&bg'qulﬁé E]B J)(;r? c&h? g?ni%tcg(%t §%t %Erneegm&gj%f’”é’é‘orﬁ&n%g are
Fi gur Ss %ﬁdﬁlptenfosudelmmammt;cﬁmgem‘é of tieoinbactiorel enent i n
accordance wit orre odi ment s t he sent |nven |on uring

vari ous stagedy ﬁi@bﬁlgfqﬁﬁyer 1&uﬁ@ya&d§% so%lﬂiﬁ' %tfﬁ)tef@rz

f abrijgat 'éliﬂné’%n{bﬁﬁlnﬁém& 26 telBhSTRNEr 205 ﬁrﬂﬂ% U@pd@ltﬁbl rcﬁﬁthéﬁ‘rr& RBSRLE A8
to some enbodi ments of invention.’ Al though the follow ng di scussion

with respidi?2 @srshgines Rigurer43) elite EW%'BVB"C&@@ fﬁﬂltsatea releagg of the first
i
cont act ﬁéﬁ@gﬁ hoMl ﬂspéuﬁét%?bggﬁ% | SBHhAELGT of Fbricd |&PBf ﬂ{@;m%%

t hat con ements havi ng ot iguratrons or a p ura 0
cont act etosattederoenia Biagleasaulayer 40% meyycdreprisebcopperesilicdn dxide K§i02),
t he disclo ﬁg t hods. 30The exenpl ary process 500 begins at 510,
wherein &' f é 'substrate 402 having recess 404 fornmed therein is

proviibed (as shcmrme mnﬁbcgilmen’e%A)a sdée !@tdilsdlwﬁitrﬁaym\,e d@thee%t@pWhe first
suitable s bst suc% as. sil con tals ctive ter
ol astic. 23" (28 5hEVR on Elgpre ¢ oo mber SEsd 1aYoftos dhpicall

to cor resd&ﬁ\:‘}hsfe@ @ rﬁé’t@hﬁpihét%@lﬁtaiég f&%aﬂant&eth%ofﬂsﬂ%déﬂﬂ? Bhd may be
Opti onal | the recess 404 may be WD 2008/ 082847PCT/ US2007/ 086667

formed i roanesited oyt cherpiser af eohweizahvaBar2denusitione¢eYD a0k ViRly abamic layer
formed i '}:L d&gltlt)h N_DEHPE‘H MeS |IPMW@%6E[{IH (%(@Bﬂ SuRbRERBReriaf P th"?sé’é/d
p et'c as

l'i t hographi'c an processes (suc cromachi ni ng
mcr cﬁ@acHamn@G includeecdppes,) paladiven, titanihrmiturgg&]memc&hveesar(dscmhbuaatnons or

| d h i ke), . - 5
STEE T EN T TR TR A
! : Ike)t O{(:a égﬁed[mgie(laaygr pméﬂ:ﬂ%?ﬁrdmswﬁaﬁe@dub?gm&i@gOes 4A- G
illustra ,
contact to be’f %J?lsﬁéﬁ @é g@ Eotiee é%‘}%?ir%gr‘mgs%t 93P (as
various ejHaH |ﬁqﬂ$l§rleB )t hFhé ﬂ‘é?ﬁﬂabmhyeN%S ma’%} b@?&me@ 6r!dr%tr sh@y&:[ueﬂ@%

may be formed on the first substrate "402. In sone enbodi nent s,

rel edde Ita9éﬁed¢ﬁ5/$ré95b‘éh§féQfﬁﬁenécﬁné‘rgeﬂwlm deérneg @tmttem é1a@9rra$pcmmg
the i st Era i s ool 127 oo Bk 408 ek Atk e B sifle

fabri cat |maslorﬁg tnhagerialt sudhngs caophatosemtemer&mstTmeterie! easie liky @nd4®ay be

T oD SR8 e B R bRt o (B 11D O

The first layer 412 may be deposited into the pattern 408 to form the first layer

30 412 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

10



substrate 402 at 524 (as shown in Figure 4B). The seed | ayer 406
typically conprises a material that facilitates formation of the

first | ayewo4didiarsd? may be deposited by chenical or physiTae2007a86567
deposition (CVD or PVD), atom c |ayer deposition (ALD) or the I|ike.
Non- | i m tthagdepaaitiphesf tfe ﬂlsittla)tdre4‘rﬁatirettﬁ1alrscéssr4m4le HeedirstA8ydrag €2 may

406 | ud ad t i | d
Conbi nat 1ORUTE & reereharobimbiesfohrdl mAtetas i Byels i1, Br Masiakagr
functi on @snibibsticFesidnbryiak) Hfudingat zeastSdrrwdafehé 2yRdudve hategalb eideub sy

rel ease and seed | ayer functions i rst mask | ayer 408 may

be for mecekayetwith respect EQJBQur%fleZ 4J®ed‘trslslﬁser( 482 stompe .depmﬂ{ﬁ@r ay mtlng,
The fig I I n

seed | ayer%géal Wgsfb%ggée'%r @ﬁﬁiéﬂ%mﬁ ol P(le %g?ﬁ%ﬁ%ﬁtp |8n%§/0tahﬁrst
cor r esporrdaiegat may e @m@éeczbfmtome féaess 4Déyerfom_me qirdactesio arml/asedn sl

t
i B LR e R RN Sy CA
sui t abl e cg}8f|n$e$:§f thé'lﬂisﬁfnaﬁtla*ayﬂ% téi&mrttw4121°bettld52 pgrosiz ed into theF
attern 4 rm rs r own I.n FlL gur
B CIn the et mskbond e 42BURaWD, Torrries GBt ey aL B 2 gt
Fi gurg 4Bopgd bﬂmnﬂént&patslé%oﬁd skl @yérr 4114%naeé)'trﬁﬁc?ﬁwabk‘ @eﬁruﬁ% ey be
(e.g., forming atip 450 havi a pluralit nbers 457 connect éd

thereto epogigand patiemes alehtksans p341(As s WBem P Eigise 4 chi Agcond and
t d t
t ?‘3’3253) ftﬁi@?ﬁéék" 8l 43119' cf’ﬂgﬁafyor negpgs@@\a/%ﬁppgﬁéfntedrﬁnﬂéﬂlfgs Rsbftfed

cont ac
2008/ 08Z&bweﬁwl%mmt)%ﬂ'@?fmshmaﬁ(ﬂesert 405 dhetdesohdrastd thirdemagkl yers

Coeol ot i S0 gRNErAIl (Bbed Péiisiider e, fRR £ Bt bEhndtindy 418 where
e B e e e TToNRaOE 10 I SERIRY lapdrei20 (6.0, ot
o oot dosapaie Sehand S5ts HBaiardNe Sreriirs Mag). AKbBFNBLERYIdY 8 pattem

(CVD or Ryl whith HeesbédiRt | F'Wis' % ba folrhed. ”Rtr%té‘ial r&Yt:cn*i*l‘ib|nat|on of
deposited into the recess 4 4 to formthe contact 440 and a second

mat eri al halgriBle Map &S denpsitee iripvee paHam piayideddoy heeseriong assk thirdrimask
'ltQgefaza%%rﬁ]rﬂ@@ﬁ'snﬁadfo?% fesdddngt 1aJBs Kob 2¥ a6 iR LW Fidife T4H)Sts
20 described above for the first layer 412. Although the material forming the second
layer 420 may generally be selected from the same group of materials as for forming
the first layer 412, the first and second layers 412, 420 need not be fabricated from
the same materials.

Thus, the second layer 420 may be connected to the first layer 412 via
25 material deposited in the plurality of openings 418. For example, in the embodiment
depicted in Figures 4A-G, the first layer 412 includes a tip 450 connected to a plurality
of members 452 at respective first ends 454 thereof, and the second 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
30 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

11



Next, a second |ayer 420 may be forned over the first |layer 412 at
530. In 10 sone enbodi nents, a second mask | ayer 414 and a third nmask
| ayer 416 weyols@szhaposited and patterned at 532 and 53%drass:2eiToesss? n
Figure 4D). The second and third nmask |ayers 414, 416 may be

deposi t edarahdrqviating enfedces sufficient o awvddberfirtteahdibesandiends 164 p466 of the

the first ma | aver 408, _The secand and.third mask | ayers 414, 41
borer al 1P, SEHEMoErSast 15 PBGSA0 datuansy & S eratiBenSabns mhdne
418 wher efirsfliayet 413 ofl @8 §@sbriddapevazd hryfdd Sdcurdy ahd 4 fdree o grmyemlay
to the second | ayer 420 tgmee%ds at the respective second ends 456 of

t he menbeh&suffigient igqaoye, AR 8PPeRiNG djiegtioden i nto which the second
| ayer 420 is t ki iPAt =1 VA
be” deposi ted il PN Gag poe BhEdiRlent 1RPRRUANBIERT 20 Bl e g B
| ayer s 41second Gubstrate it idi@dessbownyeFigiee 4&). T86 scasndlayand2d may be
Fi gure 4E).. 0,de ' r. t I I r. 4 ho :
the mater fg?éq[ gor F]q%nggﬁ{@eg%@sg%égﬁggép %OL%%E%E%&%H %J%Eeé%sbyecg%@ng’
f [1 orr:c t he maﬂigggbmmﬁdgqrsommgi at hedikef mheamﬁhmgutb?taéé HQSEadcii!a?t%B ﬂbhﬁling
the first secon ers 412, 420 need not he fabricate romthe
ame. ot <Y F 478 Aiees ShiBDaealGA " a0 C g e Ba AR BdY CBTPHgS the
first1d aygimeé bdbktrate 85 Wit 68 I WeddRP@SpicdR bavdt BEsdPhtiy alsUEl & the probe
openi ngs 418. For exanple, in the enbodi nent depicted in Figures

4AA- G, t hesubstrate 324ydepided in FiguiRiés a tip 450 connected to a plurality
f nb 45 : i i
o T, 530 sy ool LT g s

| ayer 420 is couple e plurality ers
second er{dst 88@wvinhpterofo. saprasating fte firsy @nd Ak2oad dayeane 49@c dA0 tb aedorn 2t

may be no , relati to 3 n no r form.th lural it
of nenberéjﬁ%g@p@{%gq@??% hé?’el;@ef%?% ﬁag%és %’Q?’aﬁzﬁéﬂgoﬁ?%gﬁ " r'g%?ﬂtaby(% Y
showns n sEiri]tgbreeméttljﬁ)od s,T‘o*l]sca:rpiasl e];al_w ing yonf)fhenu?k@jf?‘n’é)stief&‘fa?a?r1 Mg firet, ﬁelt@mdre di l%ird
novi ng either, or of t irst |ayer or the second | ayer

0 opposi HESHIEvEEt T e 128 ey Bb reREHELPHGH 1 31X 56 168 SRERMA Hhk 420 to
this may the saesBlbsiaesi4Py securing either or both of the first

| ayer 412 or the second |ayer 420 WD 2008/ 082847PCT/ US2007/ 086667

and provi di ng Qticaty & weighti(@at shevmoTay theeafiked to el fisd cehatraleat02 at
Some. ool EhcRhtbh ptofls PRADRLP 5fol, RRPRRRR ik bolFoa e

some enbodi nents, one o rst sec

may 89 sdishsubsitate 402 irf eny suitdblenmariney, suy dseby bbltingi eamping, pondingher
ends in g?ﬁéng directions. 5For exanple, in some enbodi nents, the
second Ig@ *%20 may be affixed to a second substrate 422 at 542 (as
shown in Figune séfe effedimettsdtHeaystatink? Qontayt bienadit imag bieosiibjected to a

2 eor o, BB Goc S Bl B RgB T RS el s i (BA! s, o
faci it atg@ammadhéNmgodt dtheadt Hportinagemehehdfd 482 ipPBr & nidVhg the first

rotating contact elenent and conprise the 10 sanme substrate as

may . > :
wi || 25e (RsGsaoRnd lavasp d12a42D apaiAior pxarsnienpeshieatieg)prlutig Bempriagef the
324 depi Gfrgladd sELGHY Bydhs- 412, 420 (for example, heating during deformation), or while

holding the first and second layers 412, 420 in a desired spaced-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

30 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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The first, second and third nmask |ayers 408, 414, 416 may be renoved
at 544 (not shown) prior to separating the first and second | ayers
412, 420 twocedsasreit he plurality of menbers 452. The nmaxi/usagozmscsd08,
414, 416 may be renoved by any 15 suitable nmethods, such as ashing,
or the |ifempe@rtie nell Itt}e bmblers s452 steccandempdranhﬁer dhatask dgraptors thd8,a

414, 416 nma noved r|or o affixi t he secon ayer 420 the
Second ouBLHRIAIZa9 EMpBratHe st B anpisNel HeBRTIg Aot TKABRRRS Ao bl
affixed temerd i459t canltRbA A cﬂa%dato @%mgeraﬁ%e@élw e a@éﬂ/kl@ﬂlzat]on
force due to gravity. The vve|? ht may be secured to the 20 first

subst r at dePETaHre R b6 &natﬁr@ Sreametising bR membprs dbP| e Mainigining the
bondi ng, Qsikeh®irdhition of the mich @5@ RUIRR Y Saintitfn fﬁeatﬁéfaﬂpl%d shape

contact el ement may pbe subj ecte to tﬁﬁerma process %urln
def or mat ierthefmember]sl4ﬁ2alumaryrecmiomnbéiesdefaanlngdont):eas'l,'ha‘ @mp@r;atmpe ajay be

heatin t, | T AN f th S ni.or i h
first 25 ioid ocf dRteTafibeh il boSieER HE seodd I 44 TRt Heehiing
duri nlg tf%pmm/teﬂg'on‘f trtel”&éfbhd%bamie;zieeq&ﬁ dxa}mjle;,h vél'ibfhl : ,thé%ﬁcérlﬁ@rayer 42% is
exanpl e eatln ring deformation [ olding the first an
Second | Ayuiteds o o, JuB5ie € 4285 Nep LI Gt TeY rOmDrEE 3
exanpiee, t@ﬁ@b’rétgreafa‘rﬁpﬁ ugetfrﬁé n@ttérﬂﬁerat&e ﬁ‘d?ﬂmrrﬁ@bh@rhstérﬁt%rﬁﬁlfre rdfB-down
heati ng of the_nenbers erfornmed in any suitable nmanner,

such as HynexpEB@erf@efraalacy@@ QW%I 6PMBESeT @t (leag). a tentnesatete held dine
laser, or r}t'tBeﬁllomPﬁéﬁﬁé?%nﬁ'aeﬁJrﬁl%Bh %ﬁ‘lth%%érﬁ rstéfH'ZO%ﬂQn ttlh](?defcirwlng

menbers 4 aci ng t rotating contact enent I'n an oven
li ke. force i ‘Grren’tdvednd?orpamum indhie fernbdiimectbdgpicted i Ridweermla thecheal

L " . el :

Spaced: apde ey BErbA % B AEROT Ry Betinsfe BRIl pRRfeeAs 452,10

;888}1(%2?%& ah ggg?S|m@|tgg&pémbsrw952he We thermal cycle, 25;otz€t1ng contact
e era

Cenper at (AETEHLE00 Doy BGADY HeraRNE0. Dot 4ba ISt o 2 ampes Heapdrarpine

the mat erfirgl Sus@BRS 162 B9 5sbeasn§1mm h Fiadre 208 TREARL Saykp 4 103Ma) ﬂb%“frélé?j

cooled to a tenperature below the recrystallization tenperature

t he mat erfram sth@dﬁ%tr suhsigte HQQn%hﬁBY $uitgble\ppvs, ngldht as ﬁ'h/r@c'ﬂlﬁ@ @fvay the
desired q%L e(pqogf the menbers 452 to facilitate naintaining the
deforned s f the members 452 upon renoval of the deform ng
force0 The t eﬁlﬂr@rr@ltajmg cojadb@ldmeént 409 ia ﬂoewmadsdbfbeclrrmi&mgntbd\ﬂstchSIred

revent the sec | ayer, 420, fr mbecomn ear romthe se
P ber o JOG s3p i 35bod Shpkt AT BEGRDT hetfE S BUTD A MRS 868 =
t he secomumutyscbfrrateemé&bhtacfbbnﬁélﬁ #4ab rﬁ%y:‘)% sn‘ﬁthﬁgsly $erneedld a desired
terrperature ranp e re hold tine a enper a
A GowrP VIR Hgh B Biaeledc R SUREHaIEa UG &5 By RrCBe SabST e SalAbIS for

t enper at UpidiBbtation® $ pfdbedzpd hsdémialy] ow per manent deformation of
t he menbers 452 when the def ormng force is renoved. For exanple, in

t he &%bodi nentFQﬂe@iaémm@l, Figure @Jﬂepsts a ﬁmeﬁsnﬁoé)yfﬂreteﬁtmg BesemisoRguctor

548 to p r
exposi ng ngmrg%ﬁéﬁ tarlﬁﬂ Fé@rérga 6%2 0%8?% ng con ac{ESpeCt
el ement 400:|gw¢sthar atgpordiag fto rsoate emémdt,rner‘rheoflhesmveaty(m Ihe pragedse600
freed fr mt.he ubstrat 402 at 55 hown |
iret | ayoriyal RO wBHE BafoBs it APy oad BobylBo g eoplyrali of
sui t abl e rgeANG, comstt aemantet1oD C@J;ﬁé@){hér’@ﬁ) rerh?@wrbmyersf ASting? @dhtaict
rotating contact elenment 400 i s now rea ry i npl enent ed. as
desi ¥ elements 100 may be provided in one o more arrays correspondlng 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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for exanple, in a probe substrate for use in testing a DUT. As

di scussed above, a plurality of rotating contact el enents 400 nmay be
si mul t aneowslzgosioszared i n a desired configuration and atrcaiseah7ioes6er
substrate, such as a probe substrate, suitable for inplenentation in
a probe cairttie astatinglopnta2b Blementairip0e, THe DUTE3ZB chapithérs ba fortlveraaiseddo a

for testing a sem conductaqr device, or utilizing a probe card
hosenbly Bb SR abAf HitSanlek siinets aglidre b U kA Wien 8l B the
accor di ngddsre8 BRtIAGIRATE Rlctndtts 1106, ITHEEPSSitRihing BEtHer DOF3R86REh respect
begins at 602, where a probe card assenbly 300 is provided having a
plurali t yloghe @ttaﬂﬂﬁl ggnigshelgaients é%ﬁ@%seﬁo%edéﬁﬁﬁcé'detﬂﬁéﬂé’ﬂ&e TREE closer
Pl ur alg t YioOthel Ho3bé e iAo thrb R ScitiloME BSioRREY i A or
or nore arrays corresponding to desired testing locations on the
(such as thhis respeaciiveiresilgpd petions 106. Pisgliseussed above, thiseflectiont caaBes the

lurality,of rm 3 . 328 ar ct Lth.r eclt
!to i ps of %/?P% r@? aﬁ E@ai% nﬁ%&%yeﬁ)é%{jg O.ngﬁ%%%bzasr?g&e%t %%ta%f% %&%@‘6?9
may Ee ra?leadcalmmtmv\il\)mtzhomeheanowo gﬁ;%&é&ﬁ éf;%él?%'gfszs.hgd&?,raﬁ 368, 032001 mete
touch at | east sone rotatin
contact - <PEEAIS AR SROPORS dodl leds! aTeciRTa) dag Aeine L € 3a8 foudH e
poi ntqpmhepeatinl! coptadt Reerfges Med d(b.@[,”ﬂsﬁﬁéﬁ oB8Qeding roltise! frhplEm@Rted in a test
contact with all of the desired rotating contact el enents 100. The

posi t i oni $¥§tasn it waichire 28 and Arabegised aSsInbl angyolbaepginedht act

el ements 100 cgjise Ve il S
their respective bznséeﬂg&is(r)gaﬁcré%g I%g% fgg??dsgﬁﬁowt‘%g @e\@ﬁh%dgcéngﬁ%%tyge
108 of t hsites andpethadseofifelyidatiogthesame daye beén phevided bersire dTiad dwentive

this deflection caus th i.ps.104 I ot at t her ehby. .nrovj di t he
necessar yet (e A ERulneR hefne i I3uhEieh e RSl el (et o
ter m'1|rﬁa| tﬁaosw‘fac_tegefdfblél'déﬂiﬂle iviedetr, testt aB@G‘_urtmléte fan(i)l itatfer mﬁ% %ﬁrjﬂggalcontact
signals are provi to at |east_one termna f the

Chrougn |FHETROT #OH SEPRGSCHITGIDH At et E5He of DU'S hadMgataduged deature
testing répdd A% okl 8o RAtirBs.a test systemin which the OQUT and
probe card assenbly nay be contai ned). ~ Thus, nethods apparat us
sui table for t\félbﬂe?@f@éag%lsr@mcf@ pedinedts of Wedireesntdmenienhelbsr
of fabri ' ' i The i 1

appar at uccre e BrbRaRCH Br RRERY PR Y oidticta it BEBH Y From tne
reduc2éd deasibscapelibertcod andrthaseord theneofdedeteemineddry the staima thdtdolidver
facilitate nore conpact contact el enments and spaci ng, thereby
facilitating testing of DUT's having reduced feature sizes and nore
dense features. While the foregoing is directed to

enbodi nents of the present invention, other and further enbodi nents

of the invention may be devised wi thout departing fromthe 20basic
scope thereof, and the scope thereof is determ ned by the clains that
foll ow. CLAI M
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1. Arotating contact el enent, conprising: atip having a
first side configured to contact a term nal of a sem conductor device
to be tested and an opposi ng second side; and a plurality of
def ormed nmenbers lithographically formed in an initial shape upon and
extending fromthe second side of the tip, the deforned nenbers being
permanently defornmed into a deformed shape different than the initial
shape, the deforned nenbers being arranged about a central axis
thereof, wherein the tip rotates SUEEZEnéiaIIy about the central axis
upon conpression of the plurality rmed nenbers. 2. The

el ement of claim1, further conprising a base coupled to respective
ends of the plurality of deforned nenbers opposite the tip. 3. The
el ementl. of & ratating, contaot elememiecayppfisingher conpri ses one or nore

f Th
ooy S B s O R el P b0 A0k Lot SoFlRYof o
a cent geviet td be téstedtandiateofdrireodecond side apdenent of claim 1,
from the 11 Adurglliol CRETERR meberBhas aRbleaI loreRdinms, MRS EPR
one of ahB%xE&er‘ﬁd fréah tRE s%@&‘i@%% df%hé‘{u;b QH@@e’f’HrﬁJ&df}néﬁBBP&EéuH one Of

the plurality of" deformed ) el ement of claim
wher ei petrhanently @f@rmmlrm ard@fcirmedtﬂhawefctbﬁferedt hanilke initial @ham,tthey

conpr | SErTeR oGl b prdghe Hlaler e3R8 HEiGHh TER BRR Byotates
probe eabstaatalgrdabout the cérﬂrﬂ] BaRig LposIBnrasksict of theqaloralitysofriEforment obe

substrate;. and
members.

2. The element of claim 1, further comprising a base coupled to respective ends of

the plurality of deformed members opposite the tip.

3. The element of claim 1, wherein the tip further comprises one or more contacts

extending from the first side thereof.

4, The element of claim 1, wherein the tip further comprises one contact extending
from a center of the first side thereof.

5. The element of claim 1, wherein the tip further comprises a plurality of contacts

extending from the first side thereof.

6. The element of claim 5, wherein each one of the plurality of contacts is aligned

with a respective one of the plurality of deformed members.

7. The element of claim 1, wherein the tip and the plurality of deformed members

are unitary.
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at | east one contact elenent coupled to the probe substrate and
extending therefrom the at |east one contact el enment conprising:
atip having a first side configured to contact a termnal of a

sem conductor device to be tested and an opposi ng second side; and a
plurality of defornmed nmenbers l|ithographically formed in an initial
shape upon and extending fromthe second side of the tip, the

def ormed nenbers being permanently deforned into a deforned shape
different than the initial shape, the deforned nenbers being arranged
about a central axis thereof, wherein the tip rotates substantially

about fghe CEREAmEN St IR GAHRERSAL 4P Md dé?@rn@é&ﬁ@#ﬂﬁe‘a‘s%rr@ﬂ&@b[‘%@st
menbers. 10. The assenbly of claim9, further conprising a base

coupl e@ne®f nickgkcobele copasr,of bendliynur al ity of deformed menbers
opposite the tip. 11. The assenbly of claim9, wherein the tip
further conprises one or nore contacts extending fromthe first side
t hereo®. 1A prébe ca&isasﬁﬁnyblpifordbsﬁrrg & semfvznduatot,Fentprisirand t he
plurality of deforne %% s are unitary. 13. The assenbly of claim
9, wherein BREORE BUBHHEAG med nenbers conprise at | east one of

ni ckel , cobg} Feasﬁéﬁ@é‘énta@tr elBfewt bédﬂ!éd to thé: prébe sasSATE byid xtdidign 9,
further conprising a plurality of contact elements. 15. The assenbl y

of cl atherefromwing afilnastienetantastislgment eapmriséng:el enents are arranged
to correspond W ko3 R4y 2kitd: % cdrfihlidiabtolatP9%6MiRA & FEXhRENE :tor

be tested.
device to be tested and an opposing second side; and

a plurality of deformed members lithographically formed in an initial shape
upon and extending from the second side of the tip, the deformed members
being permanently deformed into a deformed shape different than the initial
shape, the deformed members being arranged about a central axis thereof,
wherein the tip rotates substantially about the central axis upon compression of

the plurality of deformed members.

10.  The assembly of claim 9, further comprising a base coupled to respective ends of

the plurality of deformed members opposite the tip.

11.  The assembly of claim 9, wherein the tip further comprises one or more contacts

extending from the first side thereof.

12. The assembly of claim 9, wherein the tip and the plurality of deformed members

are unitary.

13.  The assembly of claim 9, wherein the tip and deformed members comprise at

least one of nickel, cobalt, copper, or beryllium.
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16. The assenbly of claim9, wherein the probe card assenbly is
configured to pass electrical signals to and fromrespective tips of
the contact elenents to a plurality of electrical connectors disposed
on the probe card assenbly. 17. A nmethod of testing a sem conductor
devi ce, conprising: provi ding a probe card assenbly having
at | east one contact elenent conprising a tip having a first side
configured to contact a term nal of a sem conductor device to be

oL 0, RcORRESF T 0 oA B L Bk

extending fromthe second side of the tip, the deforned nenbers being

permanently_defornmed into a deformed shape different than the initial
shape, 'Phe” dBESASSERCHEIRAAE hbiwiprainian piaaby ol contackpiemantngissarranged
t her eof, HHESSINY Wk aldiRrali§id t&Pinal %ﬁs?&%bé'oh% 4ok 1d hietdeid.ral axis
upon conpression of the pldarality of defornmed nenbers;

contacting at |east one termnal of the device with respective tips

of the. at | t l.e t:..an rovidi 0 or, .nor e
o ectriiBa 315 aeempy ot dbiy &) GBI v Waps o HsRriil Doy o ess
card asteiiday signkfs to drel frdrh resharhive tips BF thé corigdtllemeéntepo afplurality of
contacting.further conprises: novi ng at | east one of the

pr obe G eRNFSIOG disRsedan e Rrebe sardASSEMbAR i nitial cont act
between the plurality of termnals of the device and the tips of the
contact elenents; and further noving at | east one of the probe card
assenblly. or Avmethgehdfdesting @semisionductar dewee cxpmywisingst pressure

bet ween the p ] i hal f i i of the
contact el errehwsv%hQé.pq%%%é& %%sgﬁbtﬁy E%\Qﬁgn%i}%a%\ﬁﬂ@élg?wta?ﬁ%lgtr%@fI i ent
cont acicoripeiskwtstipageing d firsesids configuled tanostashe ternimdl 2f bisemitdreductor
device as, c ared to cantil evered contact el enents. .. The net hod
of o1 a12V125.10 RRABSIE AFEANL OPRORAD SPEE e, A Blralty of SHfoERaH Mesmeiss
thﬂ gqqo@ﬁpm&lwenﬂ@aurpﬁa initfat shép® BFbE AR ekidPindevdmiend 88L&t Sie he
met hod of "claim 17.

the tip, the deformed members being permanently deformed into a deformed shape

different than the initial shape, the deformed members being 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.

18.  The method of claim 17, wherein step of contacting further comprises:

moving at least one of the probe card assembly or the device fo establish an
initial contact between the plurality of terminals of the device and the tips of the contact
elements; and

further moving at least one of the probe card assembly or the device to

establish a desired contact pressure between the plurality of terminals of the device and
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22. The element of claim1l1l, wherein a | argest cross-sectional

di rension of the rotating contact el enent perpendicular to the axis
of rotation is less than 1 mm 23. The assenbly of claim9, wherein
a largest cross-sectional dinmension of the contact el enent

perpendi cular to the axis of rotation is less than 1 nm 24. The

el ement of claim1l1, wherein a material conposition of the deforned
menbers conprises recrystallized material fromheat treating the
menber : claim2, wherein the tip and the base
are fa?'@ t'éég%%?fcomﬁg%%{%ef ornmed nmenbers are in the deforned
shape than whil e the defornmed nenbers are in the initial shape. 26.
The ass ,m9, . rein terial osition qf the

et or mad- e HeraS BB fait e nhgean e Haitns CaMpch S emaniare & I0uer ng
the ”E@Eﬁjbsdlstangé thhQ:d#EﬁﬁB lite Bbviet aks @o%aré@ﬁf SarftildePed bontabd t he
base are farther apart while the deforned nenbers are in the deforned
shape ©RiMeMAi | e the deforned nmenbers are in the initial shape. 28.
The nethod of claim 17, wherein a material conposition of the

def ormed menbers conprises recrystallized material from heat treating
t he ne@ers The:h@ethaiue)f oiirhdd, ewhediaithe dohtactrdldraenisqpducs agotatidred scrub
wher ei n , t he d (% mig nenbers connect the tip and the base. 30. The
net hod“gpncqoéﬁﬁ'fg GHSYIEPN the tip and the base are farther apart
whil e the deforned nmenbers are in the deformed shape than while the

defornmed nmenbers are in the initial shape
2 A semiconductor device tested by the method of claim 17.

22. The element of claim 1, wherein a largest cross-sectional dimension of the

rotating contact element perpendicular to the axis of rotation is less than 1 mm.

23. The assembly of claim 9, wherein a largest cross-sectional dimension of the

contact element perpendicular to the axis of rotation is less than 1 mm.

24.  The element of claim 1, wherein a material composition of the deformed

members comprises recrystallized material from heat treating the members.
25. The element of claim 2, wherein the tip and the base are farther apart while the
deformed members are in the deformed shape than while the deformed members are in

the initial shape.

26. The assembly of claim 9, wherein a material composition of the deformed

members comprises recrystallized material from heat treating the members.
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27.  The assembly of claim 10, wherein the tip and the base are farther. apart while
the deformed members are in the deformed shape than while the deformed members

are in the initial shape.

28. The method of claim 17, wherein a material composition of the deformed

members comprises recrystallized material from heat treating the members.

29. The method of claim 17 further comprising a base, wherein the deformed

members connect the tip and the base.
30. The method of claim 29, wherein the tip and the base are farther apart while the

deformed members are in the deformed shape than while the deformed members are in

the initial shape.
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