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TRANSFERABLE TO OTHER SURFACE BACKGROUND OF THE | NVENTI ON Technical Field
The present invention relates to a resilient electrical contact el enent, or

spring coMYQ24960473#% naki ng pressure contacts between el eBtFUES B MSonent s.
More particularly, the present 5 invention relates to a structure used to

formthe spring cont FgtECEROFORM SPRING BUIIT GN MANBREDY contacts and
attaching the contacts to a substrate for use in probing integrated circuits

(1Cs) on a wafer, or as TRANSFERABLEED OTHERSUBEAKK ng, socket contacts,
or other resilient contact structure enbodiments. Related Art 10 Resilient
contact elenents or sprin f in a variety of fornmns.
One type of spring cont ac% GRGUND o TRE Mﬁﬁ\’ wafer is described in
U. S. Pat®&hnisal Field, 476, 211 entitled "Met hod of Manufacturing Electrical
Contacts, Using a Sacrificial Menber" and its counterpart divisional
patents, U.S.Tirspresent jyentiprersiatesze a resilienyelsctrioak coptact slsment, onsprimggontact by

it or confRERTRE MERE fortisl bR ReT ERORCR, coBlnoENh M ERableBPhiv, e prssent o o

Wi r e 5' stiaféntion refafds @b ats@icturd wsed té &irfi thalspiip eont®teaid ©Riethodfformeang tend
coating the flexible core element wth a "shell" of one or nore materials

t o ensur¥Priagresicts and aaghimgethe ceptapts 40 ¢ swestrate far ys¢ ivrprobing integrated |cirawifs

i ncl ude I\d. . EXx | ary. material n.the resilient coati L ngl .nj. ckel
and 115 GEPORTOGRE BLL TRRRY B Sk elsh BalkBine, e ABMeRE g BEpehfifu it

pr essur ecgnden Staddnire embedingingeen two or nore el ectroni ¢ conponents i ncl udi ng
bet ween a probe card and ICs on a wafer. Connection of the spring contacts
to a subgim@lago forma probe card, or other structure is described in

U S. Patent No. 5,974,662, entitled "Method of Planarizing Tips of Probe

El enEnt s of aRéxilidne cGistact edementb by Spring deinthctschge matGufabtredinandariety afi foriviat hi eu.

25 This patent describes a probe card enbly pnclyding resiljent spring
contact ORe BRI SPHREATEEFTT BSAPRPEbingIL PN ¢ WAk 6t feseribediiol st EateptNor or rrer
is a mul§uheyer dniiied O‘NT@EG& '&nMﬁUﬁéﬁHﬂgeEi%@ﬁﬂcﬂlg G&Eﬂ@aﬂjﬁng'%%ﬂﬂciﬁt a

first pitch,” or spacing ' on one surface an avi ng

et ween term nal

cor r esponéinber’t gidnitseduditetpap dbdddorail patefts CUIS] Patene No06,850,80ppasi US. Patend ace.
Space transformation is provided by routing lines in the |ayers of the
subst r at Nou 68498936+ 8ll byt gﬁxﬂnd@s-t c Rhesgr pasenth glisclase rmetheds ifers makingc resilignt he

seCOde pfnrte(%pdmle&io%seqeménqg b];' rn%aun?’lﬁg% fietxﬁb[fg %longate core element (e.g., wire "stem" or

"skeleton") to a terminal on an electronic component and coating the flexible core element

with a "shell" of one or more materials to ensure a resilient nature. Exemplary materials for

the core element include gold. Exemplary materials for the resilient coating include nickel

and its alloys. The resulting spring contact element is used to make pressure connections

20 between two or more electronic components including between a probe card and ICs on a
wafer.

Connection of the spring contacts to a substrate to form a probe card, or other
structure is described in U.S. Patent No. 5,974,662, entitled “Method of Planarizing Tips of
Probe Elements of a Probe Card Assembly” by Eldridge, Grube, Khandros and Mathieu.

25 This patent describes a probe card assembly including resilient spring contact elements
mounted to form a “space transformer.” A space transformer is a multilayer interconnection
substrate having terminals disposed at a first pitch, or spacing between terminals on one
surface and having corresponding terminals disposed at a second pitch on an opposite
surface. Space transformation is provided by routing lines in the layers of the substrate used

30 to effect "pitch-spreading” from the first pitch to the second pitch. In use, the free ends (tips)



1 WD 2006/ 047349 PCT/ US2005/ 038063 of the el ongate spring contact elenents
make pressure connections with corresponding termnals on an electronic
conmponent i ed or tested. A nore recent type of ' t act

el ement |§{?(Sé@g/r°iﬂﬂg§8 in US. Patent No. 6,482,013, enti??ﬂ&@%o%&o«%
"Mcroelectronic Spring Contact Element and El ectronic Conponent 5 Having A
Pl ural it 9f Gic Slongatg Poingacantdet clements' nimke Bprdssuchy epni@ctibes Witha nolrespomding

Mat hi eu, . incorporated herein by reference., This patent describes photo
li t hogr a}?ﬁmg’aka%e?‘?mﬂw ‘i‘?@lﬂﬁ’ﬁ?ﬁti’&n&l’é& iGiLd o fabricate resilient
contact el emept ford\sedtht Rypd8f peiig okt ¥lenfept T8 HeS@i¥edCin €.SMPAES Nohe

resilient contact elenments formed using |ithographic techniques include a
resi | i en6:48%0&3.i entitled UGMicneclentionisl Spmng iCostagt |Edsment TandnEiingiraric uCemponsnbbe

card, . or.10._oth bst.rat.e wt ilien t act Si ot al jt.hogr aphi c
t echrl quEaving M %@ﬁ'g@éogl%ﬁﬁ%won{]aﬁéggwptﬁgB¥§H ’sé’é‘#’g’ ?‘g?'?f&ﬁs By Mﬁtggeélur face
of a sacirichipotatdd heREt bt Rf&t¥ncR. SAhiscpateht bREAbes ipAGtoUHIHAdgraphi!t tafler Othan
deposi tion of material, applying photoresist, masking using )

phot ol i t W&eftagins] ¢echaigues ¢ dabricatedresilient peptacttplementy.i A with Bigbweshanisally t h
spring c ' t d ) f e
© et or Fune Finthd el A RSIER SR oS Gl B\l g Braphitie A fRECE |
bei ng princluded esilientspatesiall sagksisonioks! and iR ddloghe Toanshuficeiel d probe sprd, 6f
contacts &gn al so be used on an interposer. of a probe . card to flexibly

i nt e onf@er subsrate yilt regijisnteontagis dsine pEPtolithographicdschniges; inade SEVRAIMAL | udes
resii ent CRBhachiafls ¥ Withed b Bk MurBd 6P a PorftichH RRbLTHE by 2 scilll o klapel | V.
resilient contdcts can be anchored to a pa% or {erm nal on"a nunober O

ot h_erI elj'mc}udtng’ q»latdltg)omerﬂ?oaﬁonigsﬁr inlatbdla],'n fablpISjsingPa;ilxettireslilct, ﬁlaﬁﬁﬂg 488ng
entitled "l nterposer, spcket nad asse oy .socketing.an el ectroni g
conponenph%{ﬂhr%ﬁj&@%a AR AP | AC %gmf{;.la SehEra G s Comed 1S
serve 1 onth 8Ghifeiad bid ARAER oh erfiA om0 sphfl MAMAmAR TRE SRAIF SubsRike e
end, while maintarning electrical contact and absorbi ng conpressive torces

appl 1®£d then2émoéved. free end. El ectronic conponents on which the spring
contacts may be plied are described to inglude: the space transfornmer and

i nt er poser substqdiinstoRaing proxifed |98\AcSPace R & 8 ProRsr S rasiteny;spang
product i | ; : I o b1 :

El ement s ot S ARDBE usaE GG imelrBRls JTAIBEE card U5 o) MhtcrcHRePkliple

pl asti c spase kengeformehsybstrates.i dhe; ineensbseroimehadeo rasilichh €ontasts| previded onttatt i S
particul arly a{eéllgf icial when 30 a applied to silicon dies, because they

el i ni nat 89¢ #'4'®r having a sem conductor package.

20 Additiohally, resilient contacts can be anchored to a pad or terminal on a number of

other electronic components as described in U.S. Patent No. 6,669,489, entitled “Interposer,

socket and assembly for socketing an electronic component and method of making and using

same.” The resilient contacts serve to electrically attach to a pad or terminal and be secured

on one end, while maintaining electrical contact and absorbing compressive forces applied to

25 the free end. Electronic components on which the spring contacts may be applied are

described to include: the space transformer and interposer substrates described above,

semiconductor wafers and dies; production interconnect sockets; test sockets; sacrificial

members, elements and substrates, semiconductor packages, including ceramic and plastic

packages, chip carriers; and connectors. The resilient contact is particularly beneficial when

30 a applied to silicon dies, because they eliminate the need for having a semiconductor
package.

It is desirable to continue to provide new methods of fabricating interconnection

elements suitable for fine-pitch electrical connections, particularly methods that are

repeatable, consistent and inexpensive.



It is desirable to continue to provide new nethods of fabricating

I nterconnection elenents suitable for fine-pitch electrical connections,
parti cul am@200e04m3ds t hat are repeatable, consistent anBCTms20g088068c. 2 WO
2006/ 047349 PCT/ US2005/ 038063 SUMVARY OF THE | NVENTI ON I n accordance with

the present invention, resi Bb‘fvﬁ{[{ arﬂﬁ&&mare described that can
I

be manufactured by plating o rh-coht s on a reusable mandrel,
as opposed tp £ehidarde with %t;k‘és%ﬁt fQértRe, &@u@ﬁ%nidc%:ﬁlctdreyﬁweédm&d fHaf
| at er etched away and nust be recreated. In a first enbodi nent, a mandrel

for creatimhge mmfamnekhbemlammnafom somtacs istraetufes @hmgsaé»le mandrel, hoppased
|nserted t hr at rou substr e formhas a
Sort moe. 1Pt sRcBrdi Rmbd o harifigal ayBind AR e SistEA St BB cas

of the n’g@,lcgi;a{%l ng made of an isolating materi al to prevent netal from

attaching during platin To manufacture the 10 resilient contact, the
mandrel is inbes fiest embodinagnt, e mandsel for eieating the resilient camtacttrcture nsludes an

| ect t | | a f de t te.th
Feat 1 enforioidt B inSesfER hiayeR SoaBh iRl REFR o Fuobirhe i B B8 onfrase o,
the surf afeQidg 4 1S Esthé ?ésﬂwh@céﬁti&cﬁlth Eﬁ”t?burnﬁﬁi |dr@¢ﬂtonHé"hﬁ‘>Td bdiflg tfale of

substrat e. The mandrel is then rel eased | eavi ng the resilient contact
structuren aﬁoﬂamlgeuatemsl tonpravers guetal fromoattacking during plating: eTofroanufactareithe t he

resilient contac ude no a.or.f t .cont act
Ll o tes TR Efadue piaited i PRufroRR @ N in (e uberets, ohd piatsimidan o
form andel@&t}cﬂﬁzﬁhﬂgh& %WctrB&sé:(b'lHtﬁ&gt rokdse G LHe?fo%EJ‘QHtcrpﬁé rlﬁe 'r@ﬁﬁéﬁte&ntatchr ough
a substrate. The resilient contaCt structure in the second enbodi nent can be
attached stntpyure onttbe triohd) arga of et mandselsasrwelbas ou the subfacerafthe shbsirate qoeattfadt m ng
pl ati ng o m t he

P reend: g oSl fof @65t SAbtad. e el SR Mefefoed RRviAg uhe FRuteR

resili engoﬁmggggm&raqg&@a‘ on the rrandrel in the second enbodi nent can
| i kewi se be forned on the mandrel and |ater attached to a structure on a
subsi¥ate by In mmdsavhmhmente;dh@lmaindql forerudnting e tesiliegt aondastdocindesea

echeel ve gl o Aot Bk OBEE el o ORI RIS M ¢ o
a substr ataﬁdﬂavlsr&aﬁgu&uqb fértn 8 GiedchBe YSHH3 dwtacpgtrmm@gmmd Yeihp Viserted
adhesive. After attachnent, in either the first or second enbodinment the
resi | i enthroughtasubstrate.r Fhe sastitnt ¢ontaet StnssturollldtMrstQﬂd@mhﬂd@mmt cambe bitachedised.
Z,? ,[ atgﬁtegb;[/ rc]g"ntgcltlrnsgta s%%%a%g Sur a{jce%v Ot?le Mandrel add pe nef‘lrmgof;lapa 9 rf%rrn the con?act
20  structure of the mandrel, as well as to attach the contact structure to a pad on the substrate
surface. The resilient contact created on the mandrel in the second embodiment can likewise
be formed on the mandre] and later attached to a structure on a substrate by a means such as
soldering, welding or using a conductive adhesive material. The resilient contact in the
second embodiment can further be formed on the mandrel and released, and then later
25  attached to a substrate by means such as soldering welding, or using conductive adhesive.
After attachment, in either the first or second embodiment the resilient contact is released
from the mold and the mandrel can be reused.
For both the first and second embodiments, a number of mandrels can be attached
together in an array so that plating can be used to form a number of resilient contacts
30 concurrently. With such an array, the resilient contacts can be attached to conductive areas
on a substrate in a gang fashion, and the mandrels later reused.
A number of shapes can be provided for molds on mandrels to form spring contacts.

In one embodiment, the mold area is simply a sloped surface. In another embodiment, the



together in an array so that plating can be used to forma nunber of
resilient contacts 30 concurrently. Wth such an array, the resilient
contacts WP 2M6/04134Uched to conductive areas on a subst PETAISROSA38§6MQ
fashion, and the mandrels | ater reused. A nurrber of shapes can be provi ded

f K d to f t o nbod t | d
oy ea 1. PREHSE T dpeted pien. 1 A TuRERHERDimet AdRoreS NG Segi in te M
2006/ 047gdfacd 6T HSPORFolR atRhp iRvhifim ewg)dreaie@totﬁeelﬂeq c%ﬂta&tatip In a

further enbodi nent, a depression is created in the surface of 'a slope to
forma bunp i#tleas thrtmpess;fnnatgnah ean bajused fm@vumdmlcdmoaepmbb@;mem, theeast

two types of can _be us for ndrel t he
randr o TeSifeB b Ch Pl ot Bl rgith & e e oyrien LAl & TR e eq o
provigle m@forii)la%rngahé EHSllféhﬁédﬂ?ﬂ:tt hﬁaﬂo@@er |ehfb65mféﬂﬂttﬁ§ Inandife] ﬁkﬁﬁid?ﬁtff a metal
enbodi ment, the mandrel is made of a netal and isolation is provi ded by

sel ect i vandylsqiats@n isgroyidediby aeltctivslyopastiyatogzs surface os by fcastengn surfase witheanl at i ng
mat eri al. ‘F Tl'é @F#m (]X| de. BRIdEF DESCRI PTI ON OF THE DRAW NGS Furt her
details Pl %mﬁ Baet® YHVENT 8R%r e expl ained with the help of the attached

10 drawings in which: Figs. A -IF are cross sectional views show ng

manuf acturi ng steps for BRIEFDESCRIPTIONOFEHE DRAWINGSesi | i ent cont act

el enents by plating on mandrels inserted through plated through holes in a
substrate; Fi bgthezdc@[bs ofidhe presentrinvention and explaed svith thei hedp of the sttachedel to
for yar sous ped resilient contact structures; Fig. 3 is a
pernfpect g"\ﬁsér\'l\/w?‘}cl%mtratl ng a mandrel with a sl oped tip, the mandrel

formed with eFigherAa FCareabioss ¥BétRMARYiews! shoWiigimas@fictuthg Stepsh€orethecfirsof or m
area, or formed wth a netal structure having an isolation material coating

wher e pl embodimentite form resdiepbgontagbelements by plating ongnangireds pisexebihrqugh platedy of a
mandr el slo {eP: with only a portion of the tip coated for
pl ati ng @Fuﬁﬂgﬂfls&’bﬂ?‘gb%frta Fig. 5 is a perspective viewillustrating a

mandrel havi nBiga 28424 8How Pdlfeftlative Rmbolinents bf tips AT S BR@tieY @0 VoW vafiolihe
resilient cont act structure formed according to the steps shown in Figs.

7A- 7D,  ashapedresiligrt copmeysirugturessr oss secti onal vi ews shovm ng rranuf acturing
steps for a Sggo d eﬂb g«ltctrtrlgg:]\?%vt' 1{1111§§ra nllge m ncﬂelawnh a %ﬂ;%gcti ?1 gncﬁgl

pl ati ng on na & 8l
formed with elther a ceramic material with metal coating in the electroform area, or formed

with a metal structure having an isolation material coating where plating material is not
desired;
20 Fig. 4 is a perspective view of a mandrel having a sloped tip, with only a portion of
the tip coated for plating a spring contact;
Fig. 5 is a perspective view illustrating a mandrel having a tapered spiral tip;
Fig. 6 is a perspective view of the resilient contact structure formed aécording to the
steps shown in Figs. 7A-7D; and
25 Figs. 7A-7D are cross sectional views showing manufacturing steps for a second
embodiment of resilient contact elements formed by plating on mandrels and attaching the
contact elements without inserting the mandrels through a substrate;
Figs. 8A-8F are perspective views showing steps for an alternative second
embodiment where resilient contact elements are plated on mandrels and then attached,
30 Figs. 9A-9B illustrate the second embodiment with mandrels modified from those in
Figs. 8 A-8F to form a contact tip in the resilient contact elements;
Figs. 10A-10B illustrate arrays of mandrels connected together and used to attach

spring contacts to both sides of a substrate with and without pitch spreading; and



contact elenments without inserting the mandrels through a substrate; Figs.
8A- 8F are perspective views show ng steps for an alternative second

enbodi mrenWnen96/64784%si | i ent contact el enents are pl ated cPCHESMPFHOIS0GENd t hen
attached; 30 Fi gs 9A-9B il lustrate the second enbodi nent with mandrel s
nodified fro S. -8F to.forma, contac ip,Jjhn the resilient
contact el ene §* ﬁlft égB ‘i‘fﬁ%’a%?@lp&ém'}ﬁ %onéﬂ”Fsa%m&f’éIﬁLﬂ%detB fsing they

t oget herg coftacks befodd htichmesi?r i Ng contacts to both sides of a substrate
with and hout pitch spreading; and 4 WO 2006/ 047349 PCT/ US2005/ 038063
Figs. 11A-11B illustrates form ng SI‘I ng contacts on mandrel s and then

rel easing the spring Rbbaj i D DESCRIPTIO\IG:

THE | NVENTI ONLE A, 1E shi if “for_af nh
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I's provided with openi ngs ﬁ’%ate with a conductive material and patterned
to form bil@albfdntﬁng oligh shbﬂt@@ zlampwghwmmphnmgsaplmddv@ 8 canductiye material

i nserted strate ro et rrate ials s ha
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senmi Cond%‘é Wbsﬁ&%%ﬁh 8k f&%‘é@l ﬂ’&m%‘ Jakﬁ?fbﬂﬁat%iilé bt‘rﬁ]ﬂ‘ asl@rahie AU &oppn
support I Cs. Next, as shown in Flag B, multiple mandrels 6 are attached to

a suppor ntaatunuaungs@n&n ergenic materiabdr aisewisghductes matetidducthaotilitonasigeliium - A
seal teria d t]n? ﬁqﬁ’ft?”y provi ded on the support structure 8 around
t he hand? &% tt)ca[f}rs@ RAt *tShe flow of fluid used for electroplating or

el ectro-1ess Reat h'shdWn inhRig! ¢8I MuRiMe MARrEKR 6 are AtthEHRAAB d@ﬂprﬁ'sﬁuéﬁ@CU el's

are 15 preferable, it is contenplated that individual nandrels not connected
in an armugnnmdbbrougbohe Mated hroughglalesct. Arsealrmatartiald 2tis wptiorllytpronjdesion t hen

b f d Fi 1.Ct | t t act t
on Che ¢ eSO B b Axdingo e TangRlsobri6r PietFUsUE BBM POALIOMSHhIOH at ed
through Bekiesplatthglo? eﬁk&@-qgkstﬂfﬁl ?Qﬁ'tﬂé e8iliert @OhAEL. Nlﬂh@ﬁéﬂ’ﬁﬁﬁlp]@maﬁ_&l’@ls are

resilient contact can be an el eCtroform 20 spring forned by plating a single
| ayet5 of pmfarae, Ilt smontmt;ﬂatedvﬂtaemda\hdualmandmlmotlcomct@ameam arruytczah bamsed t s

al | oys. Alﬁt eF na vela/ .resilient contact can be a nulti-layer spring
formed b§HHeHFABEIRgHOL |ait§theayer of a conductive material selected for its
superior el ecppiiggtartieh BEb@ffbﬁﬁédCa% shéWh h B, BERE Forhf flsileRNEUAtdct Vhdctured OW

contact resistance, solderability, and resistance to corrosion, followed by
pl ating &0 baytmrtlpsfofrrmdreleﬁtas iveelleasioal otser elpesed potticals of the platcdahrbogtsholes

4 to attach the resilient contact structures 10. The resilient contact can be an electroform

20 spring formed by plating a single layer of a resilient metal material such as a nickel based
metal and its alloys. Alternatively, the resilient contact can be a multi-layer spring formed by
plating a first layer of a conductive material selected for its superior electrical characteristics
such as electrical conductivity, low contact resistance, solderability, and resistance to
corrosion, followed by plating a layer of resilient material such as nickel and its alloys,

25 followed then by another layer of material having superior electrical characteristics.
Although three plating layers are described, one or more layers can be plated depending on
the desired structure for the resilient contact. With the process illustrated in Fig. 1C, the
plating material forming the resilient contacts 10 contacts the plated through holes 4 serving
to attach the resilient contacts 10 to the substrate.

30 A number of materials may be used for the one or more layers of the spring contact
structures. Materials include but are not limited to: nickel, and its alloys; copper, aluminum,
cobalt, iron, and their alloys; gold (especially hard gold) and silver, both of which exhibit
excellent current-carrying capabilities and good contact resistivity characteristics; elements of

the platinum group; noble metals; semi-noble metals and their alloys, particularly elements of
5



25 followed then by another |ayer of material having superior electrical
characteristics. Although three plating |ayers are descri bed, one or nore
| ayers carVBa0§/04738 depending on the desired struct ur e PCBAUS2NS/088963 | | ent
contact. Wth the process |IIustrated in Fig. 1C, the pI ating materi al
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particularly elenents of WO 2006/ 047349 005/038063 the palladium
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their alloys is desired, tin, |ead,
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n
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6 back throu the. plated through holes 4 so that the mandrels 6 are

rel eas edaxferd@pped rater ebtmg sy pcmdemfﬁgcmtubermaé shocmo sepagate thel mandrels 6dromm Fi g.

1D. Rele n rforned u J b | Lng a
f orce. g‘rlfg’gt %%‘3 'lh wdﬂgt }#afﬁ?ﬂtép%te%g gtp ?“Ydéaf ES’X‘E é%ﬁ“% .
structur@&@&sm&egllgw&éﬁhag{dl%ﬁt%snay provi de sufficient thermal shock
to separate the -mandrels from the resilient contacts 10 allow ng the

di ff & ent nat Big dEsshowstthe rmhmgeﬂeslhentamtactegﬁrmqtems lowmtuchedstwthcm!atat 10
to expan at dj f.f er, the, resul ti n& qg
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bont ane " e b1 o btichiRe 7 2ncd Bie MEnERIE HAVE e teriay

subst r at gngnfB & Fig)a F'Gdhé Be Sudta¥®todL Siparfatd Rikeate 16 elec@rcall b&ﬂmectstbrthl&t ure
of Fig.1llE can then be attached to a separate substrate to electrically

connect platedhtbroughatodes, suchoagbn loipaes transfdrmees, ninderppseceor a arishg sulstratean
o som cbiksieo et Cabd doPacees BNt B By o B ICRURRBE | on
lcnl‘: the spadkagesr e of Fig. 1IE to a wring substrate 14 is illustrated in Fig.

Connection of the structure of Fig. 1E to a wiring substrate 14 is illustrated in Fig. IF.
Attachment of the substrate 2 to the space transformer substrate 14 can be provided by
heating to flow solder bumps 16 provided over traces 18 on the space transformer substrate
14, so that the solder bumps 16 attach to the plated through holes 4 of the substrate 2.

25  Similarly, attachment can be performed using brazing or a conductive adhesive. The wiring
substrate 14 includes traces 18 connecting the plated through holes on one side to pads 20 on
a different side having a different spacing between pads, and may be coarser or finer pitch.
The resulting structure can form part of a probe card with probes 10 used to contact ICs on a
wafer for testing, or other applications.

30 Figs. 2A-2D illustrate that a number of alternative mandrel tips can be used to create
various shaped resilient contact structures. Fig. 2A shows a mandrel tip with a sloped
surface, as illustrated in Figs. 1A-1F. Fig. 2B shows a half dome shaped mandrel tip to
enable forming a conductive bump as a resilient contact structure. Fig. 2C shows a square

shaped tip. Fig. 2D shows a tapered spiral tip for forming a similar tapered spiral spring
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Attachnent of the substrate 2 to the space transfornmer substrate 14 can be
provi ded b heating to fl ow sol der bunps 16 provi ded over traces 18 on the
space traf¥Pdrlét7349bstrate 14, so that the sol der bunpBCIAIS2005/38063 0 t he
pl ated through holes 4 of the substrate 2. 25 Simlarly, attachnment can be

perforne | ng. br 3zi o} | adhesive. The W ring...s trate 14
I ncl udes geceg'g%saébm’e@hﬁﬁﬁtlﬂgﬂ%l%a%‘@a (fdthh% g%ll?oﬁbtf gén%lﬁirég%g%% r{"&Pypads
20 on aotﬁérftfpeghgﬁés&i@epdmwdjg a different spacing between pads, and nay be
coarser or finer pitch. The resulting structure can form part of a probe

card with prdiigs3 ipwesaperspectivhvigwtof|aagangselwitina sloped 6p, asdnigsy 1 AokF andher

licatipns. 30 Figs. 2A-2D.i] h i dr el
(Tps cart b reBnsvisdap it iiig 24T St plaThnd SHERFOL B B bR HEplE  ©
Fi g. 2A @htsotimentBAEILI3, thePmahdrbl B Madensith divlecfrRCRatesia]l 22,|susk bat@dmidloi gs.
|A-1F. Fig. 2B shows a hal f done shaped mandr el tl‘&to enable formng a

conduct i glessphatpwilknet eleesraplaset andoia icaated avithue mptal. 24ringa regior Nhgee plating) i e

shaped tip, ki g D .shows, a..t aper,e I nal otip . for, form i ml t aper ed
piral SRt EtoiResaET RE RN frRadtn o LD Syl wah T
however , surfatd/g2 t@dt€d WithYanQéolatidnamatees or Pheyividick Bére eleRfroplatifigdis R0 desireher
tip shapes being possible. Fig. 3 shows a perspective view of a mandrel with

a sl-opedleavipg thgetallizedyregion R4 expased forplatings confi gured so that plating

t he. ned : f f ti.Qa . ' t f
oo OYEr B PURRR TG O5 g n BB PR P o By P BN
gl ass t haiffisiedtly thivk t6lpesitehOplatii®, ExdniblésSoftigsiatish wafefial thatlcah b 4sédtodohtegdi on
where plating is_ desirable. In another enbodiment, the mandrel is forned

wi th a nemgtal mandrel insludecstainless stegd or §n okidedparticelady edating: Htitapiums mandren

i al ' d_wh | ol.ating is. desired, . eavi h
ot ol 1 2 BhoB3Rai BYEAoI LB cResTORaRRIc PR GORY s o1 BT el o
coat a nmé@llic@athglendlthgbeleatfopliting! igtaluifinii € Anaéxamié of 2 metaflfd marAkl ¥

thick to prevent plating. Exanples of isolation materials that can be used
to cBat mandsghiaftitaniym osstainiessistes] withithe iselotien eeatingrbeingna thin gwide fermedan! ar | y

oy "3 e A b B B BERY SonBR bl offnch] o iRE e ¢
el ectr ophatal Plating RGN 5 Mingéen SoamTae.c AfthughtSdletdl CexaRiptds af mdteriBNdsre! s

titaniumor stainless steel Wth the isolation coating being a thin oxide
f ormed omandsgls eerdesenibed, thespare apt intended todedimidingal for either formng a

T2 el BRI BBl AR, by RS RS B e
are 7ot providnadpla@ngdsurficel Fig)-illustrates that the sloped tip, or other tips can be partially
passivated or coated with a material in region 31 that does not allow plating to create desired
spring shapes. In a preferred embodiment, the tip is passivated in region 31, while the shaft
33 of the mandrel is coated with an isolating material that is sufficiently thick to prevent
plating. With the mandrel being titanium or stainless steel, passivation is a thin oxide that

25  can be plated onto even though it is an insulating, or semi-insulating layer. Fig. 5 illustrates a
mandrel having a tapered spiral tip, illustrating how the mandrel can be passivated or coated
to form a tapered coil ribbon spring. Although a metal mandrel with an isolation or
passivation coating is described, a dielectric mandrel with a metal-coated surface can
similarly be used to form the mandrels shown in Figs. 4-5.

30 In a second embodiment for forming resilient contact elements, resilient contacts are
plated on mandrels that can be used to attach and release resilient contacts to a substrate
without inserting the mandrels through the substrate, unlike the embodiment of Figs. 1A-1F.
Two different manufacturing methods for this second embodiment are described, a first

illustrated by Figs. 7A-7D, and a second illustrated by Figs. 8A-8F.
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Fig. 4 illustrates a mandrel having a sloped tip, with only a portion of the
tip 30 20 providing a plating surface. Fig. 4 illustrates that the sloped
tip, or otWBRWHYHBRan be partially passivated or coat e®CIHYIR00H/038062ri al in
region 31 that does not allow plating to create desired spring shapes. In a
preferred enb t | [

33 of the nang&errg?e?émgbg e8 kl?o»hia g%al’% g%ﬁ??ﬁéﬂa d?ézllﬁt ltwkéssg'seh?&ni ¢ nt |y
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steel, passivation is a thin oxide that 25 can be plated ontg even though it
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with a netal -coated surface can simla be used to formthe mandr el s

shown i ndgscgled pregiously. Iﬁqlt}&)“ghé%ﬂlaé%b@ Fﬁeﬂlo“mo‘f‘“th ariartieplaregepometier shapmt act
el enents?%,rf?@lh%s@ rgg&rﬁ al%eh h@fﬁ}agé’%&hfﬁgp?& ndrel s that can _be useq to

attach a Strate w thout inserting the

mandr el s t hr oBgh. TAéllsstiasdsraafist step forkRarufisttetipos sprry cotackugiag nladddels 32 Two
di fferent manufacturing nethods for this second enbodi nent are described, a

first ithatarershaned likg aFﬂogé theymarydnels 34 haying adigsictop ispifage 3t per@vxsi}nga fesm fom- 8F.
per shot Do ATTEe Rt bR (ROkn i IR P AThBuatl M Rerrate, 1 e

t her eon #R6dreld IJcdnObd had&bgdmemltﬁgﬁ?pomtﬂiamrw tSimilagy, rmnﬂﬁg{ a drray of
contact structure 36 provided over a plated through hole 4 for attachnent.

The nandrandrgls is shgwmm Bigdy A} ndivigual mpérlelsanamlkwae h@usqd t@éamarﬁglyeattpeis ed
and CP””?@@hcoB&rctseiaecfcg ngabi*et érfbghmgﬁt a sec64%e§4r§6§1 élg'ga[cg%'adorf%e g@ dref I3g agéat al

mat eri al da pPassl va sur ce Oor 1S5S0 I ng, as

previ ouskgstedﬂntth@pnghdttm@ugmndlegh oBtheistbstaee®) With a particul ar geonetric
shape_ for form ng spring contacts, other shapes can be provided. Figs. 7A

i 11ubirates aTeiform thy spsingsrontasts Foaes Well ag tatashi thg SPRE etadisias ghonmdn el s
32 thatg BZB@BS% .# gé&o%édo%lgm%?odm'iﬂé ?Arﬁlﬁ? it é@uﬁ e! Je l‘bntﬂsqéﬁyé face

34 prOV|d resi ruc ureé

in Fig. ﬁﬁhdxel@l I2haaugél] ad oivthespallaee regidies ofahelplated tBdughiholes 4ol effet ety her
with a su port structure. Simlarly, although an array of. nandrels i s shown

in Fig. mac ithel rqsrltmapomoﬁ%qosthwtalllmg@nbe As; witht the deseaiptoR regagtingch
h
o) SRR I e FREcP ot SRR pBRRR DR SRR ROAGR SR 1

To f20 m hhaadepra2ngithoat metallizzd axfiee] while the ehiadtifg tibclaten isDEface@NfeaiS, as

shown in
uncoated.  Although shown attached to plated through holes 4, it is understood that

:!

attachment could be made to another metal surface such as a trace on the substrate 2. With

traces, connections to other substrates can be made by wire bonding to the traces.

Alternatively, the traces can link a resilient contact to a plated through hole for connection to
25  another substrate.

Fig. 7C illustrates releasing of the mandrels 32 from the resilient contact elements 36
after the resilient contact elements 36 are attached to the plated through holes 4. Release can
be accomplished by thermal shock, or other means to separate the different material types of
the mandrel and resilient contact as described with respect to Figs. 1A-1F. As shown, after

30 release the mandrels 36 are removed laterally relative to the plane of the substrate, and the
mandrels 36 can be reused for subsequent formation of additional resilient contacts. The
completed substrate 2 with attached resilient contact elements 36 is shown in Fig. 7D. The
completed structure can be attached to a wiring substrate to provide part of a probe card for

wafer testing, similar to that shown in Fig. 1F.



Fig. 7B, plating in perforned. Plating forns the spring contacts 36 in the
region 34 of the nmandrels 32 as well as on the netallized regions of the
pl at ed t hivAGHRGIAL 4 to effectively attach the resili BAT/USYNH/EIB06336 t o
the metallized region. As with the description regarding Figs 1A—1F t he

resilient contact f or ned e.met al 34 of the
20 mandr el 32% 1Pt ﬁidsﬁrre*gm ageﬂpeéﬁflfvg Jga\%ﬁcﬁ%nq H’éetpg(ﬂatf)n? ‘&8

sur f acesnjafidfeisnfor %ﬁﬁag%sméhtt mgrcoﬁtuemnat Haaloetheb® toltat ﬁi@eﬁéﬂr smigh@l es

4, it is understood that attachnment could be made to another netal surface

such as substrateeasdn Hige lg\;bEt rAs epposedite the method shownrindtigs. olfs-7Powberh dhe

substrates_ca Wi re the .tr ter I t he
traces cglﬁmﬁr P?kcogta:cf& VRSt B qbg@qe{égseg%gl mpwse ?ﬁ?’%ﬂ& Iﬁéjﬁ% % %ath el%?ﬁﬁtgct i on
to 25 aporigsrsAgbshe %{a‘ﬂdre'l_"dﬁes nét dohiaﬂﬁih'é%h@étrateﬁ&&@ﬁg MehcAmeht) ndpdledselis 32
fromthe resilient contact el ements 36 after the resilient contact elenents

36 are aaqcampbehesid:yt meving 4he mandrebtaggentially forvertially) away from the planscofithé shed
by therng| Sgl‘&o o ot her nmeans to separate the different nmaterial types of
t he mand?%q A aux;f%gr i ent contact as described with respect to Figs. |A-1F.

As shown, aftBig, 88 shewsas Grrhy6f fhe ehndtess AbattcRed @Wpﬁoﬂt@ﬁr@&@ﬂe'@ dnelith ve to
the plane of the substrate, and the mnandrels 36 can be reused for

subsequethe resilieni sprang eentagisiatei torbg| formees: | Fign3B skawse blowmmap we@o&ﬁiﬂr@tc&dhe

ol iﬁﬁ&aﬁ?f“kt@toﬁf}ﬁ? 5 538l 3¢ BRAEPSS nEhGEPR SR ki R PPMRg afhas0 O

part of J ¢ la@iﬂF qs edired\VHeGtharid2€1t40N€hn 15 forindd fioth bhiRdlectio\iatérial Mitha | F. 8
WO 2006/ 047349 PCTI US2005/ 038063  Fi gs. 8A-8F show an alternative -

manuf act metakgoated rrgion 46 forgelectroplaringer thg maadepl d0sandie 4 metal mepteriad Withest

sprin C [t r S n
s B RGh {ehi. 8isPiof S5lirerefiFe RRE i o G681 Vi TR Ahl”
mandr el StlﬁQi"élé’&ﬁc t&iing ehs be alphodsiat, &n EledteophetetR)sprBVdoating, i okt hiaterial ati ve
to the substrate, 5 in Figs. 8A-8F the nandrel does not contact the

subst? at as descrihed atetvmbbntAlthmhr @\leevmefqrsplatmgcéwbownea slgpeﬂwtmgnlme

mandr el tan ent.i,a ( ert I fr.omthe sub trate
ur 1 ace. PRRGR Og HE.sidhe P YGF piafi oler SRt s o5 oB uPLE S ol ety

structur ﬂ”hé%la(ﬁﬁgv\hé@ a6 ik hecers@ai to erbles Béritil ofahé aBicEneds & ft e RPrin@comdet, Fi 9.
8B shows a bl own up view of one of the 10 mandrels 40 of Fig. 8A As shown,

t he nmandeléiough recessingiths platingrarescd innetrequipadat i ng area 46. 1f el ect ropI atl ng
5 Seotred, B BEyc g 5 PRI 0 B G SaRh ki
mat e20 al régllieht eontact 48 covers the area 46 of the mandrel 40 having an exposed metal region.
Further some overflow of the plating material forming the resilient contact 48 is shown
extending beyond the recessed portion 46. Such overflow is not necessary, but is shown in
Fig. 8C for illustration.
Unlike the embodiment of Figs. 7A-7D, plating is performed separate from a process
25  of attachment of the resilient contact 48 to a substrate as shown in Figs. 8D and 8E. Fig. 8D
shows attachment of the spring contact to a surface 52 using an attachment material 50 such
as in soldering, brazing, using a conductive adhesive, or other means known in the art.
Soldering can be performed in at least one of three ways, including: (1) placing the end of a
contact element to be soldered in contact with a screen printed paste over the substrate and
30 reflowing the assembly in an oven; (2) applying a screen paste as in the first way but
reflowing by passing a current between the substrate metal and metal contact element on the
mandrel; and (3) by welding the resilient contact directly to the contact point by spot welding,
With attachment using a laser, in one embodiment, a material 50 connecting the spring

contact 48 is a powdered metal that can be sintered using a laser. With material 50 being a
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passivation region or isolation coating where plating is not desired. Wth a
nmet al mandr el the dielectric coating can be a photo-resist, an

el ect r ophd¥H@246/08T3#%y coating, or other material 15 as dRSEHUSHWE0IAEi ousl y.
Al t hough the area for plating 46 shown is sloped with only a portion of the

sl ope us latin her fid gur.as i be € Wwn
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not required. Fig. 8Cillustrates plating of the mandrel 40. As shown,
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Fig. 8C for illustration. Unlike the enbodi nent of Figs. 7A-7D, plating is
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48 to a S ' I; ' t nt of
iR {sa&r;&[cﬁ‘fdo g)%‘ségr¢19 r?élge}m Bftafl'4s ?F?ggcgg%tﬁgm eér’t’is4é)|afs51gfégééﬁ

the spring conta ace using an a ma such as
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the art. Soldering can be perforned in at | east one of three ways,
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el ement on the mandrel; and (3} by wel ding the resilient contact directly
to the cadtheugh plaingtcanybespisd tpefommngggion\y4 without thenevarflewi material 3% erThei n one
enbodi ment. ri ' ' tact 48 is a powdered
mocal ¢ rpliedsOFaRAsTs syt BOREE b MudrlF SO B YT ' 50 being & o w0

2006/ 047349 HGgd, UB29B $ilesadfomandzelb eydifivd fdra Zhae inBigsr 8 AI8F totfomra chfafteat ed
for attachment. As a further alternative, the nmaterial 50 can be an

adhddi velinvieature 63 inthe Fesienbeantast alements. dibergntagsrtip62shomicniFig 9B isifernedepoxy

at t achnaniad dEss5Rh iR it BaleATEIRN s BF AR 4o SR GRnabt) (s,
5 40 doeoWatas aqBéasgulirRrustibes talthéwsh t«'ﬁBde?ﬂé@idtﬁftﬁﬂ@be 48uriia Bqee, iagdled

after attachment by novi S%Fit tangentially or vertically away fromthe
pl ane ofortotfer shape e desiredr d'beigentaetdin minimizes tercaptact e Preventing cadtacs withhe

oot 11 omeidBRAE badisas, B ah ATBTrink O APY &f Ebad it BIoREREE o b By
Rel epse geur.be perforned as described previously by thermal shock, or other
procedure. As_shown, the o
Figs. 10A-10B illustrate arrays of the mandrels 40 as shown in Figs. 9A-9B used to
form and attach spring contacts 48 to a substrate 2. A number of the mandrels 48 are formed
as part of a fixtures 71 and 72 enabling multiple spring contacts to be formed together as well
as attached together. The mandrels are shown with spring contacts 48 plated and attached in
25  Fig. 10A. The spring contacts 48 are then shown released from the mandrels in Fig. 10B.
Figs. 10A and 10B illustrate that spring contacts 48 can be attached to both upper and
lower surfaces of a substrate 2, using separate arrays of mandrels 71 and 72.  The substrate
2 includes plated through holes 4, similar to that of Figs. 1A-1F described previously.
. Although plated through holes 4 are shown, it is understood that the resilient contacts can be
30 connected to metal regions on the substrate 2 not connected to plated through holes.
Connection to pads that are also connected to the plated through holes 4 is illustrated by
attachment using mandrels 72, where the resilient contacts 48 are attached to pads 76-78
connected by traces on the substrate 2 to the plated through holes 4. The pads 76-78 are

connected by different length traces to the plated through holes 4 to illustrate that pitch
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10 resilient contact 48 includes an extended contact region 54 forned by the
depression 46 of the mandrel. Overflow material 53 flow ng out of the

depr essi oNVAB080#13#Y pl ating is shown, although plati ngPEBUSHES/38e6s to form
regi on 54 wrthout the overflow material 53. The resilient contact 48 is
shown bonde %F?wgtothes bstrate 52. Fi. sié%A-gBillustrate
mandr el sSPHS lnlgr UL L0 9?“1’1?“(5 © §pang-confagts, diffSring center £ ponter
feature I in
Fig. 9B 5?3“*‘%35‘“% t“?ﬁ"*t bR 2 I e RO U cr ML "

t he mandizel 40. The contact tip 62 is shown as a rect angul ar structure,
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to conta occur. Figs. A-10B 1l lustrate array the man s 40
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connecte fraces o substrate ated through holes 4
padsl576- cbﬂtaat bas beenneeteasetl frpmdthiefrearednel. IEhgttdfmt campengnds bhewlpblattlmjsprmgough
holes 4 to ill Strah%ﬁt hat pi tCh 18{1X\D 2006/ 047349, PCTI US2005/ 038063

Spr eadi rhgnEsHs 458¢ rerﬁa@a © Ugehinelnag, hat a5 mohimitethio; @rsubsijaie,sug rafserqeng
center t ur, a as
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spring amermhectorsocimm;lr eést aadcetshersacrd‘ic&ds mmgnbdnsg eSemqmts ngnd ostlathtss;bef or e

attachrment. Fig. 1 JAillustrates formatio f the ring contacts 48 on
mandr el ssewrigtt%opar &R awi g Serapyigy a rrﬂaﬁtsrrenprq ages r HIBs CHEPBaAMg t he

formpd | Rghsdeial
Although the present invention has been described above with particularity, this was
merely to teach one of ordinary skill in the art how to make and use the invention. Many
additional modifications will fall within the scope of the invention, as that scope is defined by

the following claims.
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springs using a process such as thermal shock, described earlier. The spring
contacts can then be stored as a "bag of springs."” The springs fromthe bag
of springs can then re- assenbled by attachnent to a substrate using

sol dering, brazing, conductive adhesive, or 10 other procedure known in the
art. Although the spring contacts 48 are shown fornmed on a mnmandrel as
described with respect to Figs. 9A-9B, spring contacts can be forned and

rel eased fromother mandrel configurations. The spring contacts forned can
be attached to a nunber of different electronic conponents, either prior to
rel ease of the spring contact from &ZlnEiMis el or after the spring 15 contact
has been rel eased fromthe nmandrel. Electronic conponents on which the
Spring ¢Qehbs fod @RAGEhAEGhdElitht 08Hadl Baid $iREhodREMpEEng: PUt are not linted
to: a substrate such a space transfornmer, interposer, or wiring substrate;
semi conduct oformiag resiligpicrontaelsdy dspesiiineminierial ontep swsfaseef 2 mandel: the resifient

socket s i I A m conduct or
packagecs(mfzﬁgalv ﬁgggéggﬁ?gﬁgﬁé%p as?%%ngggkggggg ﬁﬁ?§“82?§|ers and 20
connect ors. ﬂmdhmu@hﬁﬁﬂenmmebgnoasﬁmeme|on has been descrlbed above with
particul arit t.hi teach _on f in sk|II in the art
how t o make %lr%s"llfs edrFlgl\%tent{hgreﬁﬁleﬂ}lacomaa ls q}eg(r?]%ﬁ‘ gfi ions wll fall
wi thin the s:emthémhﬁt&elltmﬂcemtalsemndaslltehedon&mpe is def| ned by the
following clains. 11 CLAIMS 1. A nethod for manufacturing a resilient
contact, said nmethod conprising: formng a resilient contact by depositing a
nateriai'@@h@ﬂ@d@gaﬁapp\ﬂk“ﬁlnandrel the resilient contact having a body
shape defined at least in part by the surface of the mandrel ; attaching the
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3. The method of claim 2, wherein the plurality of resilient contacts comprises discrete resilient

contacts.

4. The method of claim 1, wherein forming the resilient contact comprises plating the resilient

contact.

5. The method of claim 4 wherein the plating is performed by electroplating.

6. The method of claim 5 wherein the plating is performed by electroless plating.
7. The method of claim 4, wherein the plating the resilient contact comprises:

plating a first material; and

plating a second material,
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substrate. 3. The nethod of claim2, wherein the plurality of resilient
contacts conprises discrete resilient contacts. 4. The nethod of claim1,
wherein formng the resilient contact conprises plating the resilient
contact. 5. The nmethod of claim4 wherein the plating is perforned by
el ectroplating. 6. The nethod of claim5 wherein the plating is perfornmed by
electroless plating. 7. The nethod of claim4, wherein the plating the
resilient contact conprises: plating a first material; and plating a second
materi al, 12vivde ehie firdt Frxtekial ik a ipher dl@tricAb®néuckivigithin e eedond faleriglipaduct i vi ty
than th sechd nqéﬁrial, and . .t he seﬁg d materjal has a greater resiliency
t han t hiBe pgoprs maferial hasy greater rgsiligoey,than g AirstgReriabt uri ng a resilient contact,
said nethod conprising: formng a resilient contact on a mandrel, the
resilient contact having a body shape defined at |east in part by the
mandr el 8- Ameodifergnanyiaciugag Pfeé%llﬂﬁntc?@?fﬁ%tc%a‘dt'BethOds“ﬂ’B&’PF‘aS:e; and rel easing the
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formng the resiTient contact conprises plating the resilient contact,
wher ei nleashin partadyithegnandeely esi | i ent contact conprises: plating a first
material; a L NG .al..swherein the first material has a
hi gher eIecpg?gﬁﬁﬁ%%ﬁgﬁﬁgﬁgﬁgﬁq?ﬂgﬁgﬁﬁgag%cond material, and the second
mat eri al haselrasjregh¢ mandresifter theeyilivitanntadidés ditactet] totht ewlistiite, and wherein t he
first material is.plat as..a first |ayer to.the .mandrel ., and the second
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of claim7, wikediethe pldiig fher&llienbddntac@domipsisesel ect ed from t he group consi sting
of : copper, alumnum cobalt, gold, silver, tungsten and conbi nati ons and
al l oys thereof. PRINGRAATHIEARLE%d ¢l ai m 7, wherein the second material is
sel ected from t hg|AmpUReGAMfak}ibiNg Of :  nickel, iron, tungsten and
conbi nations and all oys thereof. 11. The nmethod of claim1, wherein the
rel easi ng i sWhsesin the st mejeriabhas pihiereleckicahgonduckiyigx thap the secongripatgriall andnd t he
resilient cOpl g éerial A6 SHERGTeRlent AL by HARKEL thd Ne aPPIying a

an I ent

thermal shock to the nandre the resi
wherein the first material is plated as a first layer onto the mandrel, and the second material is

plated as a second layer onto the first material.

9. The method of claim 7, wherein the first material is selected from the group consisting of: copper,

aluminum, cobalt, gold, silver, tungsten and combinations and alloys thereof.

10. The method of claim 7, wherein the second material is selected from the group consisting of:

nickel, iron, tungsten and combinations and alloys thereof.

11. The method of claim 1, wherein the releasing is performed by applying a thermal shock to the

mandrel and the resilient contact.

12. The method of claim 11, wherein the applying a thermal shock to the mandrel and the resilient

contact comprises rinsing the mandrel and the resilient contact with a solution.

13. The method of claim 8, wherein, after releasing the resilient contact, the mandrel is reused to

form another resilient contact.

13



contact conprises rinsing the mandrel and the resilient contact with a
solution. 13. The nethod of claim@8, wherein, after releasing the resilient
contact, the mandrel is reused to formanother resilient contact. 13 14.
The nethod of claim 1, wherein the attaching the resilient contact to a
substrate conprises positioning the mandrel proximte to the substrate to
pl ace the resilient contact in contact wwth a conductive structure on the
substrate. 15. The nethod of claim1, further conprising: providing the
mandr el 14nilbdmetbortlefaidimd , pbertinoimsatiachdngtbe residianticontasteo peubbiraansgmmisesr ei n t he

shape of the resilient contact .is fined by a canductive portjon of the
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f eat ur ecoptuctiestivesitd drethé subedtact .  17. The nethod of claim 1, wherein the

attaching the resilient contact to the substrate is performed using any of
sol dering, welding, brazing, or conbinations thereof. 18. The nethod of

cl ai m 15 whemehdd tiaifar fOriker Anipfising:i €nt contact on a mandrel conprises
plating the material onto the surface of the mandrel. 19. The net hod of

claim2, whereviding he magdre] wigh eondnaiiva pprtignsgmd neseendaetive pertions tdretsin the
plural 'sthxpeOJfthm{z?ge’n‘?#ﬁu&?%@ﬁ%ﬁ?f&%ﬁ%@&ébetio%'olf"ih%'xﬁJTMre?f resilient contacts

si nul t aneously e netho claim 8, turther conprising sinmultaneously
forming a plurality of resilient contacts on a plurality of nmandrels. 14

16. The method of claim 1, further comprising forming a contact tip feature on the resilient contact.

17. The method of claim 1, wherein the attaching the resilient contact to the substrate is performed

using any of soldering, welding, brazing, or combinations thereof.

18. The method of claim 1, wherein the forming a resilient contact on a mandrel comprises plating

the material onto the surface of the mandrel.

19. The method of claim 2, wherein the forming a plurality of resilient contacts on a plurality of

mandrels comprises forming the plurality of resilient contacts simultaneously.

20. The method of claim 8, further comprising simultaneously forming a plurality of resilient

contacts on a plurality of mandrels.
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