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ELECTROFORM SPRI NG BU LT ON MANDREL TRANSFERABLE TO
OTHER SURFACE BACKGROUND OF THE | NVENTI ON Techni cal

whb@lsd47BIe present invention relates to a resi PCENE2005/038063
el ectrical contact elenment, or spring contact for

comonent SLRGTRGEDRN SPREREEDREE TR AR RER 0t on

relates to a PRANSFHUABEEITO OTHER $ORFAR'E NG
contacts and a nmethod of form ng the spring contacts

and attaching the contacts to a substrate for use in
probi ng i ntegr K| T er, or as
Techhfdf A&S for wafer |evel packaging, socket contacts,
‘OT_O'[EWET resilient contact structure enbodi nments.
ReTHé pi@seit invidasor featds to @antsiliént eleetrizal contict slemmeng or sprmg contact
ntacts are rmnu%actured in a variety of forns

for DeSURT POTRCH REHEES elgeieigal comnonenss- nyqre@aawu%%ﬂy, the present

1nverYe¥ﬁfn:5‘xiélage§ td %%%btg@uée%ﬁaéglcttﬁgﬁsﬁﬁgg %}xt%c?s} f‘l‘lch ?rilégir']otdaocf fgrmmg the

sprmgsqon@ca agd attadhiing the chbtabietd aanlstiatesfor osmineprpbing mtegrated circuits
di vi si anal

(ICs)U)nSa reﬂrt at ent ?%f&)g, vg% I?g\%ﬁ? Pag()ggwlgamiggc?oi%q?& gr other resilient

cont&@ﬁ@&&&e@hﬁ@hmtﬁet hods for making resilient
i nterconnection elenents by nounting a flexible

RelafflQ}pate core elenent (e.g., wire "stent or
SkeTeton") to a termnal on an el ectronic conponent
anBesgloent icngactlﬂerﬁﬂés( bbSmmgmoetaetsane ntanufactured ihshedriety of forms.

nore materials.to sure a.resilient. n .
one Bpsif Rafhe REd e hpRbHE L0 SRBR orsEpubE oy fatent No.
5,4762 eNTnditlyd MMI@hod | 6f MihufabRirin@SElec@iRhl Coatdchy WElkE U Sacrificial
nickel and its alloys. The resulting spring contact
Membkeenamt ity soungaepiart divisideaal patestsutS. Potent oi 6,852,881 yandrU.S. Patent

e electronic_co onents i Iud| bet wee
No. 88 6anll b ckiredStn  ThGRAr BHoT TSI RGE [GHIGE dpfomaking resilien
inter&ink&bnCAGh &Rt %ﬁ%@uﬁﬁ *a%te&ﬁn@ eioﬁgite %meaelahahe(e%gmre "Stem" or
or other structure is escrib U. S. Patent .
"ske15t09'7)4t06?62mnmﬂ |on|a@o|eleq®m¢o®mﬁonahtamdrqoztmg thi flexible core element

. wEleenents of a. Pr Card As El dr.i dge,. .
with & 331" SR B Jnct bl oo B R o o acerials for
the cofedBlement hcRds gold. \Exieplazgl hﬂ&eﬂa@ﬁfdr&ﬁ@&esﬂ[&ht Bﬁatﬁ%ﬁhal‘ﬁﬁe nickel

el ements nmounted to forma "space transforner
and ¥ aleyst ThaJeartng springacaptact ieleaieat iy Hiedr ioomake presshre connections
betw§éfpt§7$cfa gtt ﬁlo?%\éitegtgoﬁlg mnﬁ]&llegll sgingﬁl(afh gbeg\b/?%ac ggan d&ﬁ& %Hd ICs on a
wafec.or r espondl ng termnals disposed at a second pitch on

an_opposite
Corinection 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.
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

to effect "pitch-spreading” from the first pitch to the second pitch. In use, the free ends (tips)
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surface. Space transformation is provided by routing
lines in the layers of the substrate used to effect
w0 poosolzagpr eadi ng” fromthe first pitch to t hepGEUSIVS/038063

pitch. In use, the free ends (tips)of the elongate

of tRPEloR atQ }1@8 co%lta% enf@ K fake e;?‘réscsﬂfee cHRILRRG]S Qintﬁ %I‘I‘Jﬁpondmg
correspon term na S on an ectroni c conmpone

termiyalsrogp qmrahdm«tnmrcohwsned bemgr]mlmdroedmmd type of sprl ng
cont act elenen i s.descri bed ent, No.
6. Aot FeceBhRg 86 SPRIE, gvet HeBt i etan Ut Patent No

6,480 E3TEAtitRA ¢ NE| cPsel dc@Bhie W@Hiacﬁ@férﬂ@lt Andl Bleatroiy €3mponent
Sprl ng Contact Elenments” by Eldridge, Gube, Khandros

Havigg Rlurahtnle Spriag F-ppiesk Elemerts'eby E idgefGrubackhantrgssand Mathieu,

Ck.i,b to a a

incoRBlA hORRF by RierBlng ° rbls; BRACARLALLTRARD filBaphic raher than

mectalnmabmetchmqﬂss vo fabrichte resibibEtncanadct eldnoaniteed Asowithcthe mechanically
el enents, the reS|Ibent cont ct el enents formed usi

formed confact elaments, dhafsiligricconfac lgmests forgiad ustig WapeRPLF Techniques
includb Gredifiemt HlftBHala Bkt dsSniditel QS lts-El‘PloP@mFB R nde F&rﬁ}gﬁe card, or
card, or other substrate with resilient contacts usi n%
otherpwbﬁtmtc M@gﬁ%bmt@omé@h uhin@ ebotolithographierteahaiquesitin phe embodiment
the s?ﬂﬁ# an@l&gl ?echg-m[%ﬁ %tn t%% qﬁxqfac%nott %%c%#fma?%ﬁbs? ate P)O &i slgrles of steps
mclurllrgt i plagingy d‘emﬁﬁmmm Of tli’(aﬁeﬁﬁll alhpplgmgl )plhﬁ@;remst masking using
toresi st, maskin ot0|t graphi c
Phot&étg?mmueéechame%tae E@mgm & saerif W’g Pupstratpywith gpeing contacts is
then WahdfeS&] ATOIMERUE ST Rrinhals iR s%ﬁ@ﬂ?a(xﬁfd'rﬁl% apfl SRHBERsubstrate is
on termnals of a space transfornmer. The sacrificia
thensmmedat e is then renoved. In addition to being
ed on ace. ansf or mey a probe card oy .
S SRR SRt B0 E DA sl B R BreR G resitient spring
contdcﬂst EdnPASEDe QedPorPhP BRerpaded of @ proextdl Yo IRk BIE HMéteSinect multiple
mul tslgfpl e space transforner substrates. The interposer
spac fansfgeserr w9prtest The intamoserpinglideretesienb semaes daavidid on both
Additionally, resilient contacts can be
SldeSaOfsd%?)?geth??‘% 0 a pad or terminal on a nunber of other
el Additiomilly, cesiijpan eoritacta sardies endhbeed tora padSor tPahiaak orlNe number of

v S e RS oy SOl A AP S5 s,

sockéredhid RGseily Bt sOekehiapRn elebhBnit @SpbAdH aﬁd)ﬂieﬁﬁﬁ%fsn@dldr?g and using
to electrically attach to a pad or term nal and be

sames'e dliheaesibent sautagtn dervate Flectraalh aftashitg a@réor terpamal and be secured
on or?ﬁgée}}d?ggggggagﬁgﬁﬁ{fél%l&? @8&&&% Pgo%lﬁg\%ﬂz%gﬁes%x%«g fdrQes applied to

roni ¢ conmponents
the feqar el cBhdcaohis dvmponentapl whidhathe spasg rcoh@dist@ay be applied are
i.ncl ude: the space transfornmer and interpagser
describpgs {¢ Abcdudey e rIPRe TRBYOENCTS BRF CRIREAOESToPUBIHRIE? sdeggriped above,

semiCbRRictoP VAIHS T AN dieBt Efo‘&ﬁ&ﬂﬁc Int&OGHRES sodkBR! &P F6keRs; sacrificial

sacrificial menbers, elenents and substrat és,
membensi eloemdotstand qmbstkaaqese;mlcnnd@mrn@Ckweamnchdmg gﬁtramtq and plastic

packg%a)e%,t( %ﬁf %?%‘%%gs?ﬁf g{ﬂrnlg?tlrogs b r]cf,lganﬂzeC%Rﬁgﬁls pa fou arISy bene{'] cial when
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.
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a applied to silicon dies, because they elimnate the

need for having a sem conductor package. It is
waole®snaiske to continue to provide new nmet hods BET/US2005/038063

fabricating interconnection elenents suitable for

met hots that . ar e SLARMARIEPE THETRVERBIONT Y

met hods that are nd

| NBXRROdad & wihAPYeseht ihvntiohMEMTikAN ochfhcPRAREHFAIEE described that

with the present invention, resilient contact
can g mawufactureddyeplatingctoi fomm coniagt strupfutss omm@fl@@tmmemrﬂy as opposed
to ccﬂlt@cﬁrj s@t%cttu%)esf Rk & ARt Eltlﬁaglt iﬁg%ﬁértﬁgt 2 Biel & csh%g ! ay and must be
nan as opposed To con FuCtures $ornead on
recreagedl | f| CI al | ayers that are later etched away and nust

be recreated In a first, enbodi nent, a mandrel for
3 fiFsy embedimest. | aandrel JAE ereting the sesilicnt coptpgs slructyre includes a

t rt { 0]
‘% lssfrel iR a el MO nele B & SBshill? 1R 800 kB surface
provfdmlg 4 hld éwithe esstlieabodndast,, with sirramdinganetisiog tiar makd loding made of
e. nol d bei made of an isol at.i mat er i al
an 9P A FRRISiO PG A0S PR QB Elaige. 750 manufacture the
resilERNEIRdct URE nidAfrel eSinkéreattwagﬁ a%ole fn'Be YBEIAR), ah§ lated using an
i nsert ed through a hole in e substrate, and F
electraplatipganr elestolespiplatinggproeese|ie qrerforaed tpl caedterd @rrgeum contact
struc(ltjlaret% tfle Odj%rreg g? gk%eai‘%l% cfrge ol as avesq eLs' gnn%,}\}glsp athnt?x sttra{e to attach
the ﬁ:bllllﬁﬁtCébrmzfct ttbeth Whbdtiatd € The rairidaéihist then relsaded aezivmg the resilient
contact to the substrate. The mandrel is then rel eased
contach siyngigreraffachedsi | i ent contact structure attached. In a
se 0 I o]
regfﬁggﬁmc%%?gdg%e?%gﬁ gﬁg@é? for‘C %tg{gggiga glhtregtfe%ontact includes a
molding e&alﬁoe lﬁctmnmgmareslhentrcmntamr aructure loart| unitike tthee fiftst rembodlment the

he .mandr configured to forma .
mandip{ R gl 3 FTG Suhacach 158 PRSP TG Saay: being inserted
througﬁsaesrub@tgat& hrRYIERIIRnSddRCE fRRturd NEthe 88ddnld @R{boBRREMREAn be attached

structure in the second enbodi nent can be attached b

by cordantingtaj substeate siyéace aith theimandrel aick perfonmingeplating tOimdn the contact

struc?tﬁéfo?rglg%l%gp(?rleggag ) ltaos t]éoatrttnzzltépi patcﬁ gﬁ%ci?{g;{m ura% on the substrate

surfagé.r Thé wsﬂiehac@tmdre@&dtdﬁ&he ﬁﬁﬁ&ﬂeﬁtrﬁth@ gédond @mbbBEnent can likewise
resilient contact created on the mandrel in the second

be fosmpgd @n teshmapdrs! andcater adaghed top sEdCtBie ansubsiiete My agmgans such as
soldérﬁlgerweﬁlh %li]qgl 0y %oﬁ&lfcﬂ% lﬁpges% f?lat%yigf’t rﬁlteeregﬁe ({oln\t/aect in the

hs suc as sol der| usi'ng a con
second] hﬁﬁoﬂﬁnematoanl ﬁlttherTbce fommdl o1 nhe mmmﬁﬁadtandnreldaeecs eandnttien later

ne ca further f the mandr el nd )
attachEl Bt SUDSIEAFDY FEAN 458 oot ABRE A Igng, O Betf Sppugve adbesive.

AfteB@ATAmRHE rin 25th&OthE §irstsk bl BRibo@imeHs tHAOre SIBBAUSInkALE is released
adhesive. After attachnent, in either the first or

fromghe moltl andtbdmapdrel canberrerseli ent contact is rel eased

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
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
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fromthe nold and the mandrel can be reused. For both

the first and second enbodi nents, a nunber of mandrels
W@ 2a0v6le73ad t ached together in an array so that pdEUSI995/038063

can be used to forma nunber of resilient contacts

concurrently. Wth su r the resilient
mold e RIS % taRerse satr?lacﬁba% % GHHISTGR & gBrepp is created in the
surfa@é'@iszf Gto! tﬂr&-@ al ih AR ¥iRMsp gﬁﬁgrédﬂ@d Wiﬁ‘g\'}lﬁé § cbﬁﬁi&rtlp

euse A nu shapes c e provided f
onAnieasiteb sypies offmmrgm camcbecusad forttoe mamdterheln one embodxment the

0di nt the nol d area |
mandif) 8 AT S AGBIE RO WG & T T e Salliiodg rovide e
area ﬁﬁ"p‘]a'ﬁng tﬁé"re@ﬂxfeﬂf Edn@ict. e HER BinbodinféaR teS Mafidtel 8 made of a metal
créate he surface of aslopetoforma bunmp

in
and is¢latign mnroxggqad by s@c@gpbfcpag@vgm\g sefage ephy seating absurﬁqpe with an
lsola{\% %tep\/\ﬂfky m%h)g;gagr ials can be used for the

Iment, the mandrel is nade of a
ceram c or polynmer with a rml ding surface netallized

to provi de tMIEFdEES@REﬂE@Ni@THHEeDRASWIN@S]t cont act.
In_a odi nent, .t he .mandr el
an%urr SERARIIS (5 PreaCt JRHTEgn S8 SARIFDR] 31 Dabe; (A ph e ttached

fR&Bi@r by coating a surface with an isolating
erial. like alum num oxi de. BRI EF DESCRI PTI ON C]: THE
DRAgS. NGS- U ptehenossi sectional wiews hebopyings aranufagtusing; epsafas the first

embi et gt esshabt ot ARl BE B R R L B fypuet plaed

througBMefea G Wibdgratet eps for the first embodi nent to form
resilient contact elenments by plating on mandre

i nBigs-t 24 2@1.6’@% ﬁllﬁgmﬂé@ eﬂ}bﬂé@gﬂﬁt%ef &8s joh aan@aé"e?! rt%\tferm various
shapé:d Ig:glhe%o%%c Jernative enbodi ments of tips of a

orm varl ous shaped resilient contact
St Fige BUik &6 perlspative viiesw allmlaapgaat meedrel wwhl d bloped atpi ttg: mandrel
a. mandrel with a slo fgqtlth he mandr

f or
formed iy cither 8 cgiTHe Fafia ot Grating G n??{"} b or formed
w1theJ fifetal ‘%ftrﬁEtméaPE\ﬁng Qh i5QRHGRE matdral %oifﬁ%{wh&%r alinY Snaterial is not

having an isolation material coatin ere atlng
desiradst erial is not desired; Fig. 4 is a perspective view

drel Wit | t
O T3 35l e of g g o, Sy W porion o
thetx}p%oﬁte@%%ﬂ@tﬁ{%éfﬂ)rﬂlg%%ﬂaw ustrating a mandrel having a
apered spira Fig. 6 is a perspective view of

t hiigr &5 4 p@mecnmwawll@&maaeg amanis] havdnga &apeerdrgirelgip;
t hﬁlg.SB%J 3 p%gsmn)e nﬂé:v{' ar the 7eSifilht BRflct structure formed according to the

steps shown in Figs. 7A-7D; and

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,

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
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Figs. 7A-7D are cross sectional views show ng
manuf acturing steps for a second enbodi nent of

WO e®cliBme contact el ements formed by plating POT/US2005/038063
mandrel s and attaching the contact el enments wthout

er ! Lﬂg 1& lgman eirs ggv}lg\rﬁgrlilxgg.lhgq% %; bé:% rat Sqebsrl:angnthen releasing the

spri Jogfae@tgey&e§mﬁgngnbodi ment where resi I i ent contact
el enents are plated on mandrels and then attached;

Figs. 9A-9B illustrate the second enbodi nent with
rmndrel s MEMGWN@ETW forma
ti NCTe) e 1
S SHREL Aoy RSBl 50 SOSIRALS, P Fhin rstin

contm gseéxhafts dydplatiegl onomahdralshthap atenglsamit debsgh okestih a substrate.
a supbstrate with and w thout pitch spreadin
Imtl%l}ydlm Fgg lAuaAubst!aE? 71 I“l Iargﬂda@ @’étthPFWﬁﬁpgﬁﬂdl‘ﬁ eaﬁ%%flge material
and gﬂ e?i?éadtﬁ%ﬁnﬁ ewkﬁ%tfé%&&ﬂ*&l@%éto be inserted.
eore attac rrent AILDDES | PTI OF THE
The FMNSEEREE] c@hl bEifgsned ﬁﬁemlaﬁ/a‘sﬂet}v\sf matnnilasucnlr asngpraniepslufnioung, copper,
., first egoodl nent. for rm ng resilient cor] act i 1
Htangm RRESETRI Hfiean'f Hbat?ﬂ? PaAd @rcgnihms?r mtgrialsugh pelicon or gallium
arsefifé HdOEan St I¢s. @ substrate. Initially in Fig. 1A a
substrate rovided with openings plated with a
c ohlgtic 8§ v}eowmtleﬁgallBamltm mendrels G @refa(ﬁnadiqgll tataegipport structure 8
r
GRS 55 Sl HUD 1 MRS R roviaed o

the &ippoRt sthicalre & utburdls tike rantels 8l wnpfwamt aﬁpﬂew of fluid used for
titani um tunqst en, . an org ani.c materi

electsQAtiRIFACHP- IR AAGNg O iFIRSiEntSoTTagSn Aéﬂlog&h muifiple mandrels are
R8T ool G88 S BRRS Lyl Gopehy SRRV B b e
eithes togetteuoeo® mndimasert ed t hrough the plated through

ho 4, A _se ter 2 1 tignal_l r ded on |
T B st 1526 Br pettirecdes shownin FRe L CR oty BsepEecntl structures
10 oﬁ I/ Gy oftlﬂﬁadfrélgw aQfwell dé' o d%ﬁ&@xﬁ@ied%oﬁ?&{s Q)@'tl?é ﬂ)lﬁﬁd @Hhrough holes
el ectro-less plating of the resilient contact

4 to Atta¢to thghrestlienti gingactratmagtertes 18y eTher @Slélpatm@taqt tcan de an electroform

spnn&?f&%n?%b?é)zeﬂmtgga mélgq%)(etrr?g? rs'rﬁgx% Ft% nép Cgseéj mcﬂel based

metdPhad {t98ll®aN Allkaiativelyphe resilient cafiact Bavwbe a Ehdftll-@ayeﬂ. Efortxig formed by
formresilient contact structures 10 on the tips of

plating A dirg|1ayes of @ cppdyctiye materid prlpcted: fos dis gupsioriedpelrical chaggcteristics

suchPh@tefeltridal %%8&#]%'“93 164 t @onhct argﬁ%tﬁxn:% sgﬁfet)ébﬂﬁk, af@tRGktance to
structures 10. Tesilient contact can a

corrc!slicm;tfoklxﬁwmbg mizitinx 4 dayee dfhysipératmatgrial sichgiseniclesteandoifts alloys,
are as a ni ckel A base

mat er.i al ..
follofygla e Y | An00se | 13Y8 OR TREA)L B%P% SUPREOT, Elaohjegh characteristics

Alths fifde PRhPRyérs T Hésch@é@roné BF inftge 1R6RBGANIDE ;ﬂlat@& 'd@ﬂendmg on
i rst Iayer of a conductive material’ selected f

the dqsged; aieqturerfop thectesilical catiant.acWdhitbe prasess illustrated 1n 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.

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
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such as electrical conductivity, |ow contact
resi stance, solderability, and resistance to

weososizan, followed by plating a | ayer of respPd1/e81005/038063
material such as nickel and its alloys, followed then

l\{ anot her |ayer of material hayi gg sup ‘L %

the palladivmigzeup thalétaléwssttftgétenm?% Gt aRcerthgl teffafigry metals and

their 8ﬂ%}¢s gn%!i&s%ﬁ% %ﬁ r-1R8FinRh iFBESreli AN rléadcﬁﬁnﬂﬁl PAAER@nd their
ng on t esired structure for thé resilient

alloys omt @lsd be Wetlh Nwiel-polmktes sn pxampit: ofie gdod materigl fot brazinge

pl ati.ng mat r|aI f or |I| t co chts
oﬁf’%‘&& << ge pperfrgre hgg f;e% ‘ﬂ&c A5t 8 latipe, CVD,
sputthlf'l?g r&sh |sir§i‘IHr ﬁr@E@s@CtEleétEblés@ ﬁlﬁtﬂ)gs lsb%[catl? peffoﬂﬁ@@%mg plating

frat eri al s be used for the one or nore |ayers
matetlhl@ ngagieifragn omhclamti itstatloys ek as nwkﬁlathoaw@rw@ pwékqi deron. Other

mategﬁﬁﬂpglﬂmlnlgm Laz a?slo " Ona%gg{;]d db)?%geleét? 9c¥c%ss lc(cj)pper

( eop&cplatet ythé &ipi)oﬁ(?shd?ctu&rﬁic& He\/:ﬁbvedb@tphll@ﬁanﬁfﬁlsﬁl back through the
exhi bit excellent current-carrying dst?pabl lities and

plated ghyqugtvhelat # so ghat theinandpels A areicteapqdslromm ghe repidipifioatagt structures
I
10 ad hgl ?%1 e& rll'pg gﬁ; lf&%)eg?x? Ei? gr@tp;%}l'fg e%rg{ritgtlgé] g?hﬁalnﬁfo@lk Sor by simply
applyiag h doticaniThe oinpe wagtr irhwhich dlhd mysdrels lmgs!tremhenrcﬂoytadteﬂtmwtures 10
and .ot her refractor nd t | oys n.ca

are dipnes ahg’ Wal ey PREdS Toasion: Segmel ik B A, midRaRTs 6 rom

the Ikaklﬁ@%t Sontdctd i1 9 RIRAEhE BRI BifRldn®Ysatérdls df IRe btﬂmﬂﬁéﬂ% and resilient
Ni ckel -cobalt is an exanple of a good material for .

contgpt atzuthyes 2 m¢mn¢atrﬂlfferepfeqafeét med by either

eI I at | r ) ,
P 1B Y s BuB0L BT8R, BhBLL Moo PR U ida e plate
throdgﬁr Ecﬂémtbfws sutgtritead ong: tmtxﬁamﬁt:ls m’am tbdeﬁrremoakdal ’IHanesultmg
its alloys such as nickel phosphorous, or nic

strucise of Figor Fegan thanchs aifashed toca srapmip wptaateamelsptglsalt»econnect to the
afy &l b W‘ﬁn trat

plateﬂ&%dg ﬂ@t{ersugltlczlrgs %ﬂca§§%99££ o pu ?ﬁrpnsgngtge l's g substrate.

Likelvésekthie lstractgle ctahebetdoanmbdtbrsemgimnﬂuﬂtmswaﬂfesosddkats Qmmlconductor
mandrels 6 are released fromthe resilient contact

packagsSyctures 10 as illustrated in Fig. ID. Rel easing can
beCBRidAbABHhE 3trBGuieITFIRI 1 B0 AGKirin@ subtrafd MPisYllustrated in Fig. 1F.
applying a force. The rinse water In which the

Attachament elfsthe subsfratee2i toj thatspaesntransforsier (subsiraies liocaarl@e provided by

a4 BR85S AR B4 1 S ok B s s

14, PtHanehe sdiderabhrapd N6 dttach @ fecpardd MBduphi ladles dfoft the substrate 2.
mandrels 6 and resilient contact structures 10 to
Slmlé%(b’aﬁ@acé‘meét F‘t"el?eepﬁfqu@@éé‘smglbgam}@rs"n%ﬁﬁad“?%@ adhesive. WBC wiring

subsfr?t% 1l dﬁ?hd&‘tfh&@ii% (chsr{ng&h#g the gﬂagst fird gfl %Sﬁggn o‘ﬁetsni% to pads 20 on

rou once
a dlﬂﬁﬁaxdrsadshaﬁ'uigaa{ different spaciny betwe&'rln padsgand tnalyg)wtdamct or éiner pitch.
en be t t a

i 3 e o7 SRSt 1o Pt cons 1 o

wafetrtférocUﬁ h@t‘(ﬁﬁera%ﬂﬁ&hn%ﬁs on a space transformer, an
I nterpo or a wWwring substrate. Likew se, the

st Figst mam dhistrase that aanimbgr ohaltasnativeoangdrel tipagae be used to create

vanosus S %esd reosglle%?rgogtg(r:]tdutru flires. 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

6



10

15

20

25

30

packages. Connection of the structure of Fig. IEto a
Wi ring substrate 14 is illustrated in Fig. IF.
wa@rdoaokzent of the substrate 2 to the space tredEisI08038063
substrate 14 can be provided by heating to flow sol der
bunps 16 provi ded ov r tra n t he ace
surfage, o Ri@s o ARAD.AANAVPR  Busfipte " fe ROSSIAIG Pt s ith many
othergitptsggé}ji st s@brt ed through holes 4 of the substrate
|g3 attachment can be perfornmed using
brEigi Zhgmws aperspediet View oé@hnmdw_l wittheskaped tipy %ubgtgsal/é IF and

8 connec
24, aﬁcﬂoggg'ﬂfﬁ R éﬁ@lpjagmlg Cﬁ‘éfas?vﬁb goé) eg es‘fl &er eniflth% r}%ﬁ{dgé] tip. In one
embdﬂﬁﬁéﬂ'i@foﬁFiE 31 feehndrélas lnﬁwlebﬂTaV\&emcmdﬁateﬁﬂdZZmyclbﬂs ceramic or
coarser or finer pitch. The resulting structure c
glaSSftbathﬁlamt decteppiate ad da caated tithps 2foing % EEIH W ere Platmg is
. ep .f
s By RS T 1l gy i
surfaéd 2EEHéEd Wth ﬁﬁﬁwlﬂiontmﬂmaiam pbsivasddviare eleemoatirey iis motdesired,

shaped resi]ient contact structures. Fig. 2A shows a
leaW%ﬂ’Gr”é‘Pta Hized speton 24 expesd forRiftinge, as illustrated in

Fi 85 isoldffon lnFaterf dl 9sed4B c8RARetal ﬁl%cfreldéﬁﬂ%e 2h¢ Ps%ﬂatﬁ@ meht&lal that is
tip to enab ormng a conductive bunmp as” a resrlient
sufﬁmemt}ahtckstb Ipoevent palatm-'g gExmlmlatlcsqmaneealshbmmn be psed to coat

T MR Y e—

a ph&tOWEN R matkHllof bR leRc@Bphonelic Sprag\WoRafsi Al ﬁrefeiixfédf&hbodlmcnt of a
tips, wth many other tip shapes being possible.

metaBics¢natiog enplingpeleetraplatipgeify abFmiauian dnefXampia of as‘l“%"ﬁﬂ’& material
f [

manc{&al IP t@a;m%rgl or rsgii"né%slgr%teteL@ltﬁl 5 eﬁlaggrr? géggl ot% égt}ﬁlggglla@tformed on

eithef infetall %ﬁﬂber&ﬁ&@ﬂicrmﬂbnilomr Eitlgﬁr f3rminigea metad medndred orpaleviding a

meta} [ping) TR ES SHERIR i ifie AROIEE STAl NSO dpdgrials for
mancﬁ'ﬁlg [(}a@es&%do e@ﬁﬁgoﬂhﬁhwo'&lﬁlﬁﬁhg&‘m e. |In anot her

ment I s fornmed h anmtallic
stFugctlullastvatd:sha e deel taing EQQIOp@htIBdW\MIt ¢nlpnr pytidmof dhe tip 30

oo g B S AR o R A5 PR D BBl oty
passiRhted bP Boatéwith @l rAte@d] iMPdoRd 3 tHdB&6ksindt GIGW phutiBt@kreate desired
mandrel can be any isolating material that is
springshpesi dnalpyeferred kmbedigreat dh tip isapaspitjateion Fagiais3 lowhile the shaft
ol at i "
330 < man ehcﬁ (EIOC? da*vaI K ééglﬁ%%%te%??}a%q% g@%tgleﬂtlmﬂ( to prevent

platuﬁ%?aWML‘ tHeahhndrelomdingttagiubi bAsthintessrareel, @hysivation is a thin oxide that
oto-resist material

can becrlptedh gntomﬁra Hrowgh i35 niBuiae, lt"? g;&g&?@ggqﬁé oot did- ifustrates a
mancfr@?f?%\)u{% Efeld's Phlfrﬁadn gﬁ’us'trﬁtn?é HEW T nafiie EE&ANRY Sas@ilatdd or coated

teri rel 1s titaniumor stainless
to fatreel tapered dokleriblemi sprirgn Adtttouply deieta) mandrel wothi aie isolation or

s S oS LD 2 RS RN B Shrce e

similarly be used to form the mandrels shown in Figs. 4-5.

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. 8 A-8F.
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nmetal plating region is tungsten carbide. Although

several exanples of materials for mandrels are
wale@enitsesl, these are not intended to be |im tPEDUSIONF038063

4 illustrates a mandrel having a sloped tip, with only

a portjon of thet rovldln f
lgor roferamp i SOPARED 1V§|Vefai28fil § Ffﬁﬂaﬁpg% raaft%?lbgnt contact
elem&ﬂr%bfénﬂéﬁ gﬁef’édnyaceéﬁﬁigvt%ttﬁg staps SPP@@ 7 AD) VAt BleSharirel 32 and

I'n region hat does not allow plating to create
contage structute §[6rprngldsdh ap@sa platedthyongl éoke"d famiechmentt Thetraandrel 32
.assiva 31, whi,le.the shaf
can teifibeE vt 1ot Lol phvink et A goReP R by Heptating, or
likewi§e the hfah@ief B Be 4 Riefalk nfaterial GWtB Atpafdivdted\girfadé bhisblagion coating, as
mandrel being titaniumor stainless steel, passivation
descriliedzprevipwslpx Addouginthecupndsel 37 istshawa ith apariculas ggemetyic shape
| g g layer. Fig. 5
for f‘%‘ﬁ @% B a?é@g{aaag i gxrﬁhgrgég\?fl%gég}o?éiegr ed spiral ti p,
i Fxg§t7rAat1hmgatb9w firbtestepafod mealnufaamnlng apeq:smg\mhtadt msnng mandrels 32
coated to forma tapered_c i bpbon sprin

that age shapsd lika Adpel thmmwdaﬂs ?%gﬁ\a{%a gyt %algr&cg%%w&nga form for
platu%gtr Sferlt %ogﬁégg e 33 @h&\k’l? ¢ R @nd}\ﬁho Wht dho@n seﬁarate, the

coated surtface can simlarly used to formt
mandrels 32edan tehioah togetter gssth ﬂs@portrstlalcmaao::oﬁdnléarbo@lth@ugh an array of

or .fqrmn |ent tac resili
mandsEfiis, HarLind 1 B IHR LA S TTaReRisF Bouseaf gpgrately atach
springlcbAabts 38d T&érﬁﬁ&%ﬂh&ﬁhédt @%Ec&ﬂrﬂoﬂ@hﬁs&ﬁc@4§ dbsHermdRirels 32 are
W thout inserting the mandrels through the substrate,

rested phitheeplatad thrpugluhalest Ofﬂle pxpl@gateﬁ/\. 1F. Two different

gagﬁg If@ré% r Isn %Pgr%é{}tgg‘?| %S g)ezﬁﬁg ﬁérgﬁﬂ{gg&%ac%r s shown in

Fig. SBCﬂlating b paforatedd R]Mn@l @:sms 8- @lﬁngmbnfaefséi&mcme région 34 of the

f
mandre§ 301 AeeLE Y R T BHEFA FoBPns Of PR LW ghBIA beles ditpgitectvely
attach ¥hd REIIRAEOHRE 36 %he ﬁéfa?l?eg%%gnt h%sn@ﬁﬂ el dgs%nﬁirf% regarding

contact structure provi er a plated through
Figs. hbMIF4thkcres1hmta>ohtaetrﬂé 1s'|1b3n¢rhb13dpbtm§mecxantabenta a portion 34 of the

ielectric mate i al coatin osed d .
mandigh, 8 rish F oReeiet Sk WETE dhe (el TSR sitses remain
uncofiRl. beARhIBIALhdWRE Qttaded Mot Bla&dpﬂﬁéﬂg\hahél@s surﬂ‘t d§ eunderstood that

i sol ation coating, as described previously. Although

attaChmentrmuhirbﬁr made e angilsrmeipl riacpeichias @ taaceg@othetsub%rate 2. With
sha e f tact h
trace[%?r onsFI gsOtR% A§ rtrusfr gegg axﬁ?clle?g)pecvtu% Bgr?cﬁng 19 &1% traces.

Alteﬂﬁ&ﬂ%ﬁﬁ&h&l fradg can Sk ks catthctus arpgptmmks@hshow.fdr leatinection to
are sha&:d like a foot, the mandrels 32 having a first

anoai“éﬁ‘_l@slﬁa ce 34 providi ng a formfor plating a
re
Al ?%07@ Qflusﬁﬂ% qglgaszr? t X ga%}aén ?‘ﬁp@ tl?}g réésgl%:n% g&)tact glements 36

afterttbagmtilhent cuintdot alemupqs dﬁtaresattaahd:dmethe Platdd thrdugh hales 4o (Rgthease can

an ar.ra man hovvni Fig. 7 L.ndi vi dual .
be adFRmBIIEI e oTTa) P e o eDgOBgersdo Sefhipdaln HEteph Efieral oypes of
the rﬁﬁfd‘reﬂ Gin€ Q84i Rét Tom@ct %%e@&ﬂﬁh Qvif feBFdtiRNFigd. BRAPNUAS shown, after
bottom surface 40 of the mandrels 32 are
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.
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rested on the plated through holes 4 of the substrate

2. To formthe spring contacts 36 as well as to attach
WO b@o®pr3ung contacts, as shown in Fig. 7B, pl aPcTygs2005/038063

performed. Plating forns the spring contacts 36 in the

regl on _34 of the mandrels 32 as well as on

Igs| BAGRF sBgvoAR Bemafixe p%rt%ctwn&;a@qthwt%sms gA-TD using

man&%fseﬁ'fx&tx ghdifedh %Etﬁg r&ﬁtauseﬂﬁat 80HoRGike BB b8 ihifted through a
[ zedl Fegl on. e description regarding

subsfeatgsas i Rigs, 1 A-hE. r/’@opposcd tccdwtmctﬂloeehownﬁmrﬂtm Téy7D where the

man%eﬁrcog&ﬁ%@xasngt al gx{}ii ?rg d’%lgaiﬁt\ Ibglgnces\ﬁ%é) Ia hﬁ)ﬁ ?ﬁ%%eetlo tIgle2 substrate,

in Fil$. OS@BFQHe %hﬁr"é? @6es’ RItRoRtabi e 3tiBstrate IiriRUA RGN and release is
attached to plated through holes 4, it is understood

accomplishedthyamavisa the mandrebiangendelly foraveeically) swew from the plane of the
.2 trace on the substrate 2. Wth traces,

i'ons to other substrates can be nmade by wire

boRigl 84 shows hearriypctthe mahthelsiit dttached, totah;appdramutram on which
link a resilient contact to a plated through hole f

the resihgit sPriRg cersacknharerie be domrady étl& 8B-shpwszacblopin up vigy 3 one of the

mandrBls@R 18 Ha. L RE sg&W‘ﬁj "l Sandrel 4(Pchfu €4 glﬁjfz{c'e%th a plating area 46.
contact efenents ter the resilient contact

If elatephanhg i88esined, thetraartded 40ocante ﬁohaedaﬁonha digdéctho htagerlal with a

Rel| ease be acc lish shock
metalioRFA FRRGHS G ProRrsiP ROV HOF PR 60 (AP SF e fageial with a
pass@htié RegiBR6H 8blaBH ct‘SaQﬁtE'Wlféi*é pRERE ¥ hotddesHEs CWies ndtdlmandrel,

respect to Figs. shown, after release the
the diglentirie:renting can be p @h@t@e’qswtamwlactttqphpmtwpw qogting; @r other material
as d@sggg ed 8¥ev oug argggé l}{é&{g%f tg?% 2 H)? }ﬂ%ﬂ%&%& %hgﬂgn qgglolBgd with only a

portioR Sf kliceydépeCsadl dert flating) dtieo m&h@wﬁlcﬁxu ks baheedz aWslidwn previously.
attached resilient contact elenents 36 is shown in

The piaging7atea #hds deepstes; Odengble eqninod of he yaicknass ohdhe spring contact,
altho:(i‘\%? g%cg%szrgétbtlﬁggpa'ﬁﬁigtaféaﬁ%qy h&ﬁﬁc@ﬁf 4 of a probe card for

m | ar shown in Fig. |F.Figs.
8 AFigF-8 € hibustates platmgrdithes mandmld B c Asishoven, rpddtingdnaterial forming the

resign®pe Ao ts AT PothertButRcl o i ap §Rosed metal region.

Furtlied ' SH@NoverioR ST b %lﬁﬁlg hafekidb fordfingl the ASilRAPESMECt 48 is shown
the nethod shown in Figs. 7A-7D where the mandrel s

extensting beyondftke sgbssed apaioant$. sfushravedflove i mof ngesssary, but is shown in

|y .relative to the substrate, in Figs. 8A-8F
Fig. %ﬁg r@ %f?aéllo does not contact the substrate during

at Ualiketetembadindre lof 858, TA- m;qmmgl@ pedormednepartg ftdik a process
mandrel tangentially éor vertically) away fromthe

of attarcbméntdtf tb%@sélea%tqnaqc 48t 3 gebstratejag shawn §h5\g§ 38 aaqi Ry Fig. 8D
sho“%fa V\Elﬁnﬁﬁ%%rﬂ?ér Sﬁ,g Rhtadchetatficdss 48R AR a&t,auﬁtbdt Watéal 50 such

ient spring contacts are
as nf smldmhg, Firaging Ehwtg)wscoadtndtmdhpstw ew mrhetonmam‘ khdven in the art.

Sold%dé?glle@: %(r)@grlfnpgggatvtmsﬁ one MS glppc@'at&{,ﬁ%c (1) p]%cmg the end of a

contact element to be soldered in contact with a screen printed paste over the substrate and

substsr%ﬁ ﬁ%r‘i‘

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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If electroplating is desired, the mandrel 40 can be
formed froma dielectric material with a netal -coated

w0 egpoom734$ for el ectroplating, or the mandrel BOT/US00H@38063
a metal material with a passivation region or

i sol ation coating where plating is not desi th
soldefner dirazing, maéqnal,t éaﬂub& adafed) for ga&afhm@ calhs IBef%Qhef Aitemdlive, the

mateﬂ%lo.‘foocz{n | Gkl F&'ﬂgm &¢ hccoﬁﬁl[c@&e %gl }} 139 :a &fnductwe filled
erla as escri bed previously. t"hough
epoxﬁmta theofillel aiterna) ading ttaghnent strapgtdif weededonl y a

f th | |
COGABEBRE 18 £ 3 Gt SRRt Et Elas: 3-8y e mandrel
40 df¥satok @Qntﬁétetﬁe @@os‘tx‘ﬁter i1 2 %ﬁeﬂaﬁ&elewaﬁbé? Qéﬁaféﬁéd Sfertdi@chment by

t hi ckness of the spring contact, although recessing
movmg at fahgeritialy ar eartipglly gtvwamfrqmaqhn plede ofithp sigfgce where the resilient

con, WFHGRLES SRS, b9t ST T pERoeEons g 4 s rtne

leavif@WRIEsiliéif? cantaer 4boated fetheBilshtrate, 49ilhstvited F@n 8BEX Refask can be
metal region. Further sone overflow of the platin
W%s shown, the

performed @p sleSqribednigyieusdy bwh?m@htshev&moa@shem’r%edgw@

t
resxhgﬁ(t C%EFLSQV gf|§ 2&% o({%g ﬁégzg%ggf 55@5‘%& 15% %g \Atﬁﬁrlledsgf lthe degr?ssmn 46 of
the mdnkltefht Oatiflosw. mhietialkss ﬂdmemgrdut)df ﬁhemlbpmaﬁsuﬁl %dur‘r’nﬂg plRing is shown,
s B B BRSO, OBEE Rl 5. To
resﬂl@ﬁt CBHQWS R shoWs bo&@d%?%eﬁéial 5040 tlﬁ@uﬁﬁﬁ‘f@Sﬁt t achment

he spring contact fo a surface usi ng
at IElgs; 9#efB 1Hrmt1@tq mpndsels suashifiegsfrom tlimled@ F igSQSAtﬁFat@fﬁgn a contact

on ctlve a S vk
tip 165fpcE  fh 8RN e B BIBleN S GBS i B R g g formes
in thé BERESSWAYD, inithE tedelsediplated)regibRab 0@ tHehRarinel 40f Ene contact tip 62 is
contact elenment to be soldered in _contact with a
showacasererecisngwipresiruste.calboegh tralepisssien seud dadoynsk sepgrapyramidal
S 2
or oth I SR HRyfed, P RoRUET i il 1hE ke K SRV RRSE Bontact with
neighboting padd, e welllas trmmtmizhigtthé aren df mphdtlwhemﬂamﬁgeeluemwdmtact may
on the mandrel; and (3) by welding the resilient
OCCugontact directly to the contact point by spot welding.

W i gs alt(f/@‘f'b‘g‘?mstﬂdﬁ:' g@ off AEMandrBls AVCasIKB R4 1Hﬁ’?és 92-9B used to

rial 50 connecting the spring contact 48 is
fommmea@ﬁsmmgabnuana% dan stkstraterd. eAaymbsi ofthg maa@eqls 48 are formed

as pagstaq{h abtm}H t7 Z an? 2? ggz}t{llig ﬁ?}‘g{‘@g rs%grrlgdg}r%%c{tsﬂtg bma}Io e'cfj‘togethér as well

as atRch&Y t0éthae . THehRarRéIS hiedho®l Wi sgrigadnAci e8I plgted and attached in
mat eri al such as a conductive e ony or a conducti

Fig. 1A She sgsing,coniacts 481aee thien sgwiealeas¢dfrom g mgndrels in Fig. 10B.

R e T e

lowel’@lﬂﬁcelk ofid sutserater29 using sépaedte hnaysufinsdndadle? 1 amti72.he The substrate
dre] 40 can be separated af nen
2. inflpdesapigistt WEIUED BH1S% r SR ARG £ ol SR Proviously.

, Alth(t(n)j% e;ﬁé‘tt(e{ll %Su%‘f‘ﬁﬂ@s 4 BR shBwh! it indeRMRACthat e ?étsﬂ%h 86htacts can be

ere ent contact 48 I's attached,
conneetedirtel mé@l irsgiomd easthd 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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| eaving the resilient contact 48 bonded to the
substrate, as illustrated Fig. 8F. Rel ease can be
w@eoobou138el as descri bed previously by therml BEDUTK2009038063
ot her procedure. As shown, the resilient contact 48
i ncl udes an extended contact region 54 forned by t
spreadingr eansheopedfgmsy torronped dhe SPIingG, eQmtacssy Witk diffcdns Ssnter to center
[
spacm% g%gsgth?gﬁrfgce otf@tfe %S%ﬁ%gnﬁg%e‘}ﬁassdng %&ftg% g}itffr'eg%lt 'g?angrfls 71 and
72. Wi thout the overflom1nater|al 53. The reS|I|ent

contact 48 is_shown bonded by material 50 to .
gt e 53 Inpsiigle ToDRAESPIINg GOHPE 0 RATIFElT Snchiprplsgsing the

sprm% BfRdd ng)ré StchMent. Ei’&% 8 Al iPufPhs ﬁrrﬁﬁfﬂnadﬁthé é;ﬁlng contacts 48 on

eature In the resiftTient contact el enents.
mandrels tenfigurédintth array\m i Fig.Fl 1B them iliustrhtes nadensing thh éormed individual

orinfERESER §oB8 , b SRR LB, AL AP Bt ca

then 'b@ ChGBd bk 3 “Wdg’ &I bpHns.” alTthB apeiRgd MOnt ey B&S bOBpréid| ¢hn then re-

be round, square, pyram dal or other shape as desired.
asserffpled cbumtte@hmpmtptqw hbAtiates using: Seldpting tbraging, copdudisiet adhgsive, or
con h ne ori
o6l M R, MIRoRAERs Gt Ehtadl TR g med on
mandielcasrdesdﬂlﬂd .w1&ﬂzésp”b6BoiHi g9 OAFIB espeng ayitacyf cdniee fm&ndct atdsreleased
40 as shown in Figs. 9A- 9B used to formand attach

fromﬂﬁbﬁﬁ&‘“@f‘r’ﬂ]?%ﬁ%‘r%@nﬁ-o a substrate 2. A nunber of the
@ %oﬁtﬁfl 8 &P betlacRid ® ffﬁrﬂﬁ@rsoﬁ d&‘fe"i‘&ﬂ electronic
72 ena tiple spring contacts to be forned
compdmgmshﬁthea$nmetd redmsabf &xcrs@dng cgatattefrom Bhmandralerafter the spring

contqcﬁ %g? geenl eas%irp ﬂ%nx%glg 2 a ng‘algc gztrogl%{)ﬁ at t 1cﬁ(tihe spring

contzfc?sJ RASALd Hefih Zb%l@éif Btmdé,bub b nol GRitefit@S: suﬁ;@‘ht@ﬂd:h a space
illustrate that spring contacts 48 can be attached

transfcumgm intexperer, amdvmwv@ub%feﬁ sfeascaprueios st@rﬁ aand dies; production

using se t I h
e, SERRGE! Sl R RS, Syt B dRond Do s
semitéhdubRt Sdckiges mdlliﬁmg Feegtsicr it dplpstiev ipackalgys; Ahiphougiers; and

pl ated through holes 4 are shown, it is understood
Conng§ars- t he resilient contacts can be connected to netal

Ld

t i pRRest el Bh fas A AGANAREIRTe SRRty this was

meretpmmatlednet of biingy akididintthe eddiovhtsl meketand usd thesnventied. Many

ment Us, els 72, where the resilient
addicela] o HeAROs LA ATREHE 550pE 08 ARV ioB aruBRagORt defined by
ﬂmfémﬂﬁﬁgcQﬂnghe substrate 2 to the plated through hol es
. The pads 76-78 are connected by different |ength

traces to the plated through holes 4 to illustrate
that pitchspreadi ng can be perforned to connect the
spring contacts with differing center to center
spaci ng across the surface of the substrate 2, as well
as between the different mandrels 7 1 and 72. Figs.
1IA I IBillustrate form ng spring contacts on
mandrel s and then rel easing the
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spring contacts before attachnment. Fig. 1IA

illustrates formation of the spring contacts 48 on
worovdnelzgo configured in an array 73. Fig. 11 B pdiB0S2005/038063

illustrates releasing the formed individual springs

usi ng a process such as t%shock, descri bed
earlier. The spring conta then be stored as a

1. " bagmethod Roirpgising pHetRarinp fal MERrél o sibieqRAY fétafiBh bW echanical
can then r e assenbled by attachnent t0 a substrate
releasg phg SRIGIRIPMER}, brazi ng, conductive adhesive, or
ot her procedure known in the art. Although the spring
co r - - . : .
2. AP SRl L RSN AulRO 0 b, LORFED Wihing e
resilfent eantiach nampedes phating theomsitiedteontaendr el confi gur ati ons.
The spring contacts forned can be attached to a nunber

of different. el.ectronic conmponents,. either prior to
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the spring contact has been released fromthe mandrel.
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descri bed herein may be used include, but are not
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sockets; sacrificial nbers; el enents and substrates;
seni conduct or packages i ncluding ceram c and plastic
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present invention has been descri bed above with
pak. | ryi . 1 hi each _one of
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i nvention. Many additional nodifications will fall
8. wi Thé springeelauap dornfedtbyehé methot iofolaims$. t hat scope i s
defined by the following clains. CLAIMS 1. A net hod
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2. The nethod for manufacturing a resilient contact of

10. cl Ritéprdted vhafisifSrohed 6 HYafdrethe agbdrhed cirb Wil 8&kd using a probe card
conprises plating the resilient contact. 3. The ma%hod

of clgfm | ai m 2 wherein the plating is performed by
el ectroplating. 4. The nethod of claim2 wherein the
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for manufacturi ng spring el%ene
plating the spring el ement on a mandrel and rel easing
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step of releasing is perfornmed by thermal shock.

13. The method of claim 5, wherein the spring element is formed and attached to a region

on a substrate by the plating.

14, The method of claim 5, further comprising:

attaching the resilient contact to a metal region after formation of the resilient contact.

15.  The method of claim 5, wherein after releasing the resilient contact the mandrel is

reused to form another resilient contact.
16. A socket structure with probe contacts prepared by the method of claim 5.
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8. The spring elenent forned by the nethod of claimb5.
9. A probe card forned by attaching the spring el enent
woboosloaiznd 8 to a substrate. 10. Integrated cireOI/US2005/038063
formed on a wafer, the integrated circuits tested
using a probe card of claim9. 11. The nethod of claim
17. 5 Auemiconde@aihvaist pldeyiqeawt srptackscpreparechby Bieanethed efrlaim 5.
substrate. 12. The nmethod of claimb5, further
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clainThe nethod of claim5, wherein the spring elenent is
formed and attached to a region on a substrate by the
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of claiggson after formation of the resilient contact. 15

The nmethod of claimb5, wherein after releasing the

resilient contact the mandrel is . reused to form
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sem conductor wafer or device wth contacts prepared
by the nethod of claimb5. 18. A sem conductor device
21. t e¥hednandielgof lelaimpR) nepmpsisingca Mmotaltied magériag Wil an isolation or
nethod of claim5b. .19.. A package evi electrically
passRUSERPaRye 2B b AR PR et B RS RERFRL hoo
of claim5. 20. A mandrel having a surface enabling a

22. r eThd hmandret ofithAith 20cobprigingt or-b@1dactiveamdteriaM @it dhé Surface for
t.hat another resilient contact can be formed on the
enabfipg dhe resibent contachdd diceplatsd eqmaprising acwsislized niggign on the non-
condBiR thiterigfat erial with an isolation or passivation
coating 1 n regions where the resilient contact is not
to be forned. 22. The mandrel of claim 20 conprising a
23. nohhewandrel of/daim2@comprising h rechssed ardador fdrmingm atitiudipg contact
. the resilient contact to be plated conprising a
uPpW@PﬂP?ﬁ?éﬁ“F@ﬁFSWa%h t he nonconductive material. 23.
The mandrel of claim 20 conprising a recessed area for
24, f oARangy af piadtireldatiighedvigatbtr, hdh MandreOiavifg 4 B@&face with material
resilient contact. 24. An array of nmandrels attached
enablipgafesdient eadact tbroslestroplaiedigersor.ur f ace with material
enabling a resilient contact to be el ectropl ated
t her eon.
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