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MEMBRANE PROBI NG SYSTEM BACKGROUND OF THE | NVENTI ON The prestthAy 2003
i nvention relates to probe 5 assenblies of the type commonly used Tor
testing i weoueted circuits (1C) and, in particular, the prpgphisod fggenti on
relates to a nenbrane probing assenbly haying contacts which scrub, In a

| ocally controll ed manner, across the respective input/output conductors of

each 10 device so as to reliabhipvewpes chrastibeggurfmce oxi des that are
normal Iy found on those conductors thereby ensuring good el ectrical

connection between the probing assenbly and each device. The trend in
el ectroni ¢ pBAGHGROUNDhEF ITBEN INVENMEONI i ncreasingly smal |l er geonetries

particularly in integr d_gircuit . ol agy. el Ve | ar ge nunber
of discrete circuit el gﬁr?%nlp(syeef’%gi% a%f’ice(r:}g-tleo Orné’gfé én&cg %{fg}%{?rat e or

“waf er. "SAf t esseabliiest iodn thehitypkafeamuianld wakstl for cestimper of

rect angul ar - RIAPS 1 YAl s di1G®" her & ﬂ§£: ' S ngul ar
or ot her reg%?gg&gﬁﬁangeﬁéﬁi oﬁ é§§§||.zédgﬁg aé?h%é §Piﬁg%€gﬁré§§%g

i nput / out put 1BYBRELONOAS IAtE e .2 AYHVANIE KPS dssemkehy UadYingackaged

separatel y, tehtablisch@neh s¥wib t el ida Mathe &ictbiidrmBgnop each die
is pref 25 erably perforned while the dies are still joined together on the

waf er. One t #6FC3F e ARSI Y% IRUERRE \ERRFUEPES 1PH €_¢Rge or
"chuck"1and teviivee dchasnvafcerrdnahlyy wiie 2 lhdecihonsurfded i seidest he head

of the probinp S I t.hat contacts on_the probi assenbly 30
nove fron1di5g9% %ﬁgpf%¥§%8ﬁ'eéﬁﬁpg%(ghdga% rﬁ09§#$ﬁé§ﬁﬁgﬁkigb§@spective
syopal , poweenswd igco @RPd il tariccalirconnadtei g dbe rigeers selmd | prépbngt he

t i nst r ungRiatiaR, S snablddg&ach circuit to be sequentially

connected to the test Instrunentation. 35 One conventional type of probing
assenbly used for testiTf itHEH AP EeFIFPREC ppedyesienitagtBeehat are

configuned aghiead erddeadimfly THRSEL &1 RFeShEr r RBJFA MG BHERF (RULE 26)
integrated circuit technology wherein a very large number
of discrete circuit elements are fabricated on a single
substrate or "wafer." After fabrication, this wafer is
divided into a number of rectangular-shaped chips or

20 "dice" where each die presents a rectangular or other
regular arrangement of metallized contact pads through
which input/output connections are made. Although each
die is eventually packaged separately, for efficiency
gake, testing of the circuit formed on each die is pref-

! ) 25 erably performed while the dies are still joined together
on the wafer. One typical procedure is to support the
wafer on a flat stage or "chuck" and to move the wafer in
X, Y and Z directions relative to the head of the probing
assembly so that the contacts on the probing assembly

30 move from die to die for consecutive engagement with each
die. Respective signal, power and ground lines are run
to the probing assembly from the test instrumentation
thus enabling each circuit to be sequentially connected
to the test instrumentation.

35 One conventional type of probing assembly used
for testing integrated circuits provides contacts that
are configured as needle-like tips. These tips are
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formed in a probe card so as to radially converge inwardly an
t hrough t he openi ng. When the wafer is raised beyond that point

BT

where the

pads on tweonfmr first come into contact with 5 these ti pPCIWUSINIGHES f | ex
upwardly so as to skate forwardly across 2heir respective pads thereby

renovi ng oxi de buil dup on the pads. The problemwth this type

of probing

assenbly i s mbanteteaboutll e- Icekd reilpopetiiag Earmeid imar @rdloe geandt =P

exhi bi t high, i ngg%a&&‘éﬁ%&?ﬁﬁfg?g%

n
frequency neasureéenents na h ese s. Al'so,
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the manner othe ePaRing -t o#hess theeyalig¥e lac e ethdiayanss pdert vROpads,
thereby | eadjRgrk Ot B¥CHRMeY SRl ymee 35 sticomd QRN donEBERI {ie® t 0

the extent that the probe tips bend out of shape during use or

t herw se

fail to Xernth@®e EAPE c&hfoltiPsarte SthivbyaddidesSa RE 6 SHr St 9¥ones of
the tips to headlgoweroes teRid re@pddigive meaRethereBadsemdvtag it is

i mpractical to,ngount .these 20 tips | ess than 100 m cron center-to-center
83 P 2855 g anel el

spaci ng or iR*3

ttern so as to acconmodate the pad

arrangenment of nore nodéen probdleer widtsitthi sditggpe Afs grdiiirsy t ygpeemblyr obi ng

asserbly 3518, SRREP A Al MG RAHE e o BT GLANSO0!

i ncreases 25 Fhe icu stayi ng wi't hi'n

nore, which

probi ng ,a area.

In ordet0to gedmetriyndeetiiodtl duigds, inghurteaste mad bhedr sirghakcommodat e
smal | er devi aﬁsggmw 8% %@Se]ﬁg@ﬂmﬁr%ggngeﬁ%&{amn dnfidSpRaen

devel oped t hat uses a flex

, ruct'ure for supporting the
probi ng cont BBESUIMN thgise fdRehdl PlapadhasfeLiss a0 &G4 nBd &

®netry ar eC}

formed on ongagheiE R iarbing 6116 idisy) adipee ddddBs stiedias pol yi m de
or MYLAR "'. If se%arate | es,are.us d%rhesetlé)l i.es are bonded.together 35
to form for *ERRANISE VS BT Isté'iﬁé:re&yt L HDPRASRE NG RTr LR S he
central 1port Thd sobridkled [ exitdgnistiredtus eloy arbehtanhateacte condbet | ve

line is ter ”‘:E%tse%en%J%%g E%r%kgﬁ%dﬁ%@s@ or WMHIAAZE Fail to

terminate in a common plane which causes the more forward

oneg of the tips to bear down too heavily on their

respective pads. Also, it is impractical to mount these

20 tips at less than 100 micron center-to-center spacing or

in a multi-row grid-like pattern so as to accommodate the

pad arrangement of more modern, higher density dies.
Also, this type of probing assembly has a scrub length of
the needle tips of 25 microns or more, which increases

25 the difficulty of staying within the allowed probing

area.

In order to reduce inductive losses, decrease

pad wear and accommodate smaller device geometries,
second type of probing assembly has been developed

a
that

30 uses a flexible membrane structure for supporting the

probing contacts. In this assembly, lead lines of

well-

defined geometry are formed on one or more plies of flex-

ible insulative film, such as polyimide or MYLAR™.

If

separate plies are used, these plies are bonded together

35 to form, for example, a multilayered transmission line

structure. In the central portion of this flexible

structure or membrane, each conductive line is terminated
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_or contact-carrying portion o

3 ~~ ~r MAY 2003 PCT/ US99/ 16653 by a respective probing contact which is
formed on, andprojects outwardly from an outer face of the rrenbrane.T&iﬁf
probi ng contacts are arranged in a predeterm nedpattern that rm{ﬂc’neMAY
pattern ofyvd égo79evi ce pads and5Stypically are formed as upr gicgedsdoneess f or
probi ng theflat surfaces conventionally defined by the pads. Theinner face
of the nmenbrane is supported on a supportingstructure. This structure can
take the forby & oreseedtiveoprebingncantacpyvhit, ienfakmeld case ard

i nner 10f ace [ f e r i S¢S Orl6692 e
truncated eﬁ%#%%%ﬁ‘g%??igh? %ﬂf hgeﬁn%l?gfgga %‘g?t?gngngf Fn{ehe ,rrerIr%r ane are
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.UprightCOWDQQﬁﬂﬁérﬁh@ﬁaﬁaMaEHhéQUEHetBSt@@Qﬁ 8p the deviee LaWd hadespect
to the nenbrane,groﬁ*ﬂg asgenblg,%ust descri bed, excessive_ line inductance
i's elinithat edit &t ¥§ Seregdi A HREAESHePHYPSf LPRePFERATG AL and a
phot ol i t hogrghate gﬁﬁﬁ@éési soﬁveﬁeﬁfahh%ws@égmeaabyetherrpad@snt r dheover the
si ze, spacin andg20arr apg nt the.prohing contacts so _as _ta
acconmodat eht§iet %ﬁ%i?g gg%f?%ﬂﬁﬁ??%n%g ?BRB@EF?QaPPh8u§pr°rtlng
several di ff eserictores oThihki stpnobiimg assetbky theefbewnpfoposed,
difficulties eensenc i c-t}o0 th .S

asserbly in ?%%Mu-‘gll%g ﬁgdgmggﬁﬁgésggi.ﬁvggﬂ?gm %g “Plé}%bfégé églﬁoﬁléﬂ;ﬁrt he
oxi de 1Hyer faee ehchhef cenREeteppEbipadefsbhasnenbsasgr ésagepparted

el ec-trical gQnpgret teAnbgtwaeBnlingraspenblypapd Lheldevheemardidiest . One
conventional form of gifngrane obi ng30asséenbly, for exanple, i
c

! y S
_eléﬁnpl i fi ed B9rERE8e hey, RaRSt AYRUAEBWERN2WAY e T OPy FRENGERERE 163A2.
i’s device pastlibf genthabngoet theretot Be abeeb- tlkarnariyr apemehy ed
directly agalnst a r'};%i g S pFlort . uThi S_Ii ?bd suggort, in turn, is connected
by a resili et "HRRBGRI 35 Bﬁgr ??’nﬁ §ﬁ°élpgs FePPES 0P & eFleB’Il&?K to the
mai nbody5of t he assenbWgthorelpecthéonehbr membranet prbbiogatasenelyti |t of
t he device. k nt STl - UL sy b MAY
2003 W0 017 07357 1°BCH 0839/ T0053 4 /518 383 Shave 2 el fery raEST devi ce
wher ei n radi BY| gasgfukdvngelest ingr thgsopemerryveft f8gl 1ead igdswent of
the rigid sugpart whbi—_amtm?&taﬁhgci brbeeskt ikt pparegabhat udeey @ d s no
sl i ppage or "mF’?I I %gmsnt y e'. S %ont act bun%s.on t he pads and further
so that the SREPLE FEAGr SRENFCL O¥RT: £0§ PyREr ySPRSEAE 'h8f%Zontal pl ane to
" all onz0he apmbagesent," ofr ke acobdingt hentacespeot age tpadsdommadigre t 0
cl ear surface;qxide . : res bqt h Sey ces,
however, 10 Eégghgeagﬁgga%P ?2’? t}?@%tt%ﬂgf an(%gg%v%gr’ t gﬁlﬁh%%g%%g%?ont act
bunps are |iRéfferense fogmeg odc £§d&d PFebinBoRseematyvBaye BREY nei ghbors
and these repespededynas Flildulaleshereabsahn shashiatyredpa Wirnned 0 engage

t hei d th .l d th ds by the 15 acti
of “thel r et GRBOY 816k LRI FOFE SipBarENoY: thof RO 6y ERCMNAR Sy

rmv}errene 5i s pnowriciid@viimgt e lnmivier adfealihfy, offthéheontadies lwiyldr tfermin t o

fricctional ly_gling h JC ey perf e r in rement ,

that is, theF%?vIRLA Ig)lf %g%a%tegﬁggn?fﬁ%o%&t ﬁg’ ggdgﬁg}'&goat%%gﬁ%gﬁ %e:_Lr%E(; move in

uni son with tHécedncasnecdd s bedvweagatdet Resefbdyt agh the Settiqa-

nmovenent . WhghlRh--a&R%tscr ubbi ng action actually occurs depends on how far

t he pads can nove, which depends, i naégrn, on .t he degree of |ateral play
EiRadr &R

that exists as a resul O%6f ViFd 8 9% BE & RERIDFect i ve
beari ng3sur f ageendfl €y ehanipdad and exdergl i fiedc ®yt ihe derviboef ghesvat ane

probi ng assenbl a& es, not_ens reliabl e electri cal .connegt.i on, het ween
each cont act 15’?1? gh%u50§§ca5h?a§§r?\e?eﬁ%dn§%'f %lt’r’r%'g%:)’@éﬁbr Sprdc')ebl%:’alnc"ge 30
assenbly i s @eenpllid icetithyplt pputavdrc efsliten sheeBadd et imellepean Pat ent
Pub. No. 304.808A%q Thi:edley) cepnal des.ia exkle hacking hargiide central

exi bl"e nenbrane. In Barsotti, the
nmenbrane i s EURRAY, HarKe by i AEAGHRS By fedeed L t359™eE menber, in

turn, igsbackesenddifindd Girtd SLHRAMe S tdiatrubgeer thelcdhtt o/ aHeatn0ns bet ween
t he contacts or. pad an be antfbclommdat ed. It |sn%l SO0 possible to use
SUBSTI TUTE S (cF{iJLt‘é\ezé)sse Yy so that the membrane can tilt to

match the tilt of the device. Huff U.S. Patent No.
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negati ve-pressure air, liquid oran unbacked el astoner to prov &e ezp[ﬁ e
backi ng for thenmenbrane, as shown in Gangroth U S. Patent No.

4, 649, 339warai@z2zone U. S. Patent No. 4,636, 772, Reed, Jr. etp@tnuBdd/fgesat ent
No. 3,596,228 and Okubo et al. U S. Patent#No. 5,134, 365, respectively.
These alternative devices, however, do not afford sufficient pressure

bet ween t hepfoelilg 3€3ntEhems anFlhefelewekapedsdevieel VvEBEedEndaiae Ihe

oxi des that &Qi BNl nghe dad e p i théSe S€8PNExE 8T MoYemERitdIsme
pr obi ngassenbly, as ,indicate q<ubo, t he cont actg may b?I imted to
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a n ( .
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devi ce, and tpladse icomrgas tangllehr| asebace coxhéelevEremntheser piaderi | y

devel op nuch hi gher co > t LGE e way.
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into latera ve- nmen n those, contacts are placed into pressing .
engage- nent \?ﬁr;t‘iﬁttlﬁé rt‘?)a"'ale.eré?e@gtP%? ?’é‘ﬁa?ggsﬁsgéﬁﬁ??eﬁsm&’i% i
Evens U.S. Paiotnthale af,9itS &8 vdiyg hopisestani vot abl gnoaget eteduppards for ()
backi ng the e].astoneri mber, so 0_acco a Lt tween.the

contacts andt%géfe\ﬁég%@vév%gr,dfi%ﬁ E‘-\a/vé%g g’ggrlqc%ﬁle%rsggjggcﬁt ghtehef riction
cl i ngi ng5or ollaimcal rafadyheates ore behbons obar the 351 gédpadppetrtt. he Fogvbiher ar e
likely to cli Oéw%'Qfl{@ ct ) t.pi : zau t he
contacts tosr‘#%é'l ater al .@SUSSB%%?I?FU%O%&H‘E%%E IR%LEQEZJgjLaggﬁﬁ%_.%?%t MAY 200

Wo 0i i 0~zo~ GIEEUSHD/HEEE3 the ePreRcEsrwilof teBfyERt FEAST ienmdriahe

probi ng asserdligs 8 s Qs ide GiaNtNel. SerPatANt B0 cPudPindddnovRar sot ti
et al. U S Patent

No. 5,059,898 and. Evans et al.. U.S_ Patent .
% 975 638, 1| TR §hat k- ICER, BFLbobE | nEEROantYs SPEnsEre B e i s
resiliertdy Hleseleticea tfcmlrhqyestintuhédonowd:lthi cheusbngaztspsiongs \Wen t he
cont acts engﬁ'gegg{éﬁ'ihé ESPRELL VE£ PAAS, cbAEaSE! RLGARANESN! Shele! Ahy

retracts aga e spring to a parti’quy rel axe%ﬁconditl on so as t'o draw
the contacts $FFuRP¥RG | 2Ft 5% ACEHPRELY | BASUFEWEPESPRE e8ntew dRn Hee

nmenbrane. | n BHSGdn  meesh weIecRf depahast sihstavppobhedhy dedgrendoOf a
respective L;I]zagaepeand]earg] so_t hat vvheg t he contacts |(r§1 a rowlenﬁggegthelr
respective padcCite RHFY SBndPHISEFnffl BxEESHDRaPE POERE 1 AHEF r ow
of 15 cad actisetwedmnttehal tgspectubvsi bahtangouakyaaesoss thei prabespestdve }
pads. I n bot u nd tiish e i i i ween:
t he cont actshaar% %%C)g'evi%%ﬁg {:hiést?gn%%o{:’feh%g%gé%%t b&tokﬁ‘éi%{ %I%%révm cause
t he contacts dorp eebt| eseyretvel hableveéectyiscet ubonpergicme betiwaen hose
angl ed furthegz @ayonMRE€ONEE . phe shorter contacts will be forced to nove
in their scrub directions before they have hag t he gpportunity to _engage
their respective pads dlieSEeCPReCeBRERGRPPAY EFE‘bogcf‘PBﬁ?r@Pet RHQPINg
nei g_hbolr:iﬂﬂg CAHS ﬁﬁmyhfefaxérlnﬂid&eadbgntagedefviaé @lnew]@ Lihrﬂ wai@dnb'mﬁ. i _nI |
particular, is that t contagts ngarert .to center. of. the nmenbrane wi
scrub | ess t hah* YRoR ﬁ%&?@f ?BEf hgope P%hé%@%o thg\lssaﬁly&cgf T VeHess
will vary wté £bexiblepbscking. fbr Ehanseetrall. ol SonkRatorntcadoryimng3s5, 079
each 30 cont gﬁ{mg% tb%“&ﬁé 218R41b1d Hi%&gkakkarlge&n and..eaqh figger is

[ ed manre

mounted so as"T0 extend In a“can ever r “away “fromt'he underlying
menbr ane at amemedaneris' dikaetdlangbheked byi ve edasiiomearisr aembex FHnd | ar
config 35  this member, in turn, is backed by a rigid support so

that minor height variations between the contacts or pads

can be accommodated. It is also possible to use
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uration is shown in Hggins U S Patent No. S, 521,518, 35 It c 8O3,

however, to originally position these fingers so that they aII ernlnate in
a common plane, particularly if a high density pattern is required.
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Mor eover, these fingers are easily bent ost of positionduring use and
cannot easily be rebent back to theiroriginal position. Hence, certain ones
of the fingepsauelwbk@nﬁaaunanuﬂr(ﬂnmg&mﬁvmepnehemrenesrofli@eSﬁiogers,
and scrub press £ﬂ§ﬁ§. t e for-different
fingers. Nor%l§l % vans ac%lzéast q{cﬁeéieg‘g%a%dgi)ﬁxﬂé%e% gh;’% {_Qk LE
tolerating an&m@ranﬁﬁeﬁﬁ(ﬁhqwntlnxﬁ@ﬁgwptheUfSngéateaﬁdeadé AEPhaagh
Evvns suggeshsJoughRning ! hey i ags. of, 696hh 951 ngeeqt oginpLeve: t he

qual ity of eléctrical connection,this roughening’ can cause undue abrasion

and damage ttFe FaFen Mges SR« 228 (ARAPKAPS a8 aRt agl- B PAEEBRL act
fingers showmd.n shatda Bvgms ﬁybédttggwlsyl S Theééuahtérﬁg@weaasv,s@!slaect to
fatigue and ai | ure a&%gr q% éﬁﬁF veI "touchdowns' or duty
cycl es duet o PEFeETed Tt ét?% g}ﬁbeﬁﬁfB??Fﬁﬁr?ob?$E9 R th&scade
M cr ot ech, ImqufQBemrmam dncgone hdsvilegepagiedta pedbbabbgad 40

fornnuptingpg}nqugegg O@dﬁh{? @ﬁ@%yfégm $H gﬁg?é%éaéggggﬁgre t he

el ectri cal or rreance a par ar diearea Phe silicon
waf er 480 the high- speéﬁd|@h13ﬂ8¢¢¢m¢ fermndf omesbiraheeprobingni ssi on |ines

50 ofth : t t t t est
st r ument at PO s o A EnTa i ORIt O B ROLS Spl BE L o
O(klgports t he Mmléqed Lol TeutHEPNY BRepéndkésl &R srdey EHPrBEEVORS in

er to bri @'i%wa{g?éisa&i LT Engr Rfsh Nl §nREAE SHEEwWEEHAgRAERbn YA ERENE
contacts include

t | ower contactijn ortion ofthe nenpbr robi.n
el BOT R AR (A ATt o BB otn B PSR E T on R RL 8R4
data/5|gmalIsuppnﬁﬁ%undbfiy;m@ e aebadtoReteer nagbep FEGSix&8d3int he
menbrane probi xff é’hé‘%éﬂcit‘d %1§8p§8éfs,185r§”€8tinéénEOEHEd of

eria I'S

i nconpr essi b sucn~as a enent
det ach- 35abl ;ﬁtmmvéz:twt%—ams U}méemgnaelbf thaempnops ehewnpynodnfAl | en

screws 56 andy GOr rsfondigg, n¥t§8586$¢30h§§89&hﬂé§ée§stDiﬁggg @orééEQEt'Ve
attachment arm 60 of . SUBSTI TUTE. SHEET (RULE 26) 1

0i i 0~20~ 8 P I IsdNuB6e5PE hRt §@%%b9?'ePQWﬁﬁFr'aﬁ@cﬁu§%p3r§?€tﬁéﬂklng
el enent fi2 ev@ibyntliof rtblt essttgpitabpyngreseasubetwéehhehaceonsaousr the

entire back sife oo 'he,PUPDOLLANBnELETRLZ LY aggerdoags uLlneohis

det achabl e comih ion aV|ng #erent
cont act arr ardgNiese swikh dediprekly @aﬁgﬂppumedhf bngbachconhectasr%eded

for ' probingsgidd efenh Qﬁ&ééeﬁhléﬁfﬁfé'aﬁgledeG§y 3- ﬂhetB§m§U§stiem
el ement 54 includes a, rearward i? Ortl%@ whi.ch the attachl0 nent
Egd d4Yof

arns 60 are iMEFAIV{CRoFRRITE i ASPE WB 4BppBFPPERRNEALEBE s a
for war d Zuppopiib OrNel unger 3466a2 had pamrecmnouewahdthoﬁgnrmhhehéI at base

pork i on. ThIS for %993&89?E£ Fﬁé gﬂgksﬁggl %ggéﬁgpor e%omard a

flat support sur¥ So~as to grve fie sﬁape of a
truncat ed pyrmember Re$esuthgaal 50 nvgkl Ghe2coatalcem bheonkabenad vae‘serrbl y

P e | aeoen WhEnoLRBOE! cBhLEELBCLAG B1p0RAT Y OTRABSTha SLAGRIED:

pins 74 included on t ase portion l'exi b rane
forned by onemg@tnﬁ;éhpphggropaﬂﬁsu Yet another related assembly is

30 shown in Evans U.S. Patent No. 4,975,638 which uses a
pivotably mounted support for backing the elastomeric
member so as to accommodate tilt between the contacts and
the device. However, the Evans device is subject to the
friction clinging problem already described insofar as

35 the pads of the device are likely to cling to the
‘contacts as the support pivots and causes the contacts to
shift laterally.
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20 lative sheeting such as KAPTON "' sold by E.I. Du Pont de Nenmpurs or
other polyimde film and flexible conductive |ayers or strips 4ue d
between or on these plies to formthe data/signal |ines 76. Vhé?4 PRWOYUﬂF
support etay®mmd2é? i s nounted on the 25 upper side of the pﬁé’ﬁﬁsﬁﬁ& 3‘32 as
shown in FIG 3, the forward support 66 pgrotrudes through a central opening
78 in the probe card so as to present the contacts which are arranged on a
central region 80 of tYﬁtf@Ehébléonmﬂboﬁneoaseanhbyalnmembtahbe posi tion

for pressin rréaégl! h e Vi;Cg€ U r.te

Ref erring t%m%#%?ﬁg %a%%gagggﬁgl9ﬁlégﬁmggsbr§dlggﬁfn%xighdlng arm
segment s 82 S/FRS LY se%%lt‘&@é’éll bytiakardl§. cBateny ¥dges, 855, 88 gm@ t he
assenbl y { ngohapcofap. (91 5PepaEa88, Nande;tbggeeﬁ@gmf'ﬁ%%&&

inclined manner . 35 along the angled sides ereb clearlﬁg any uprlght
conponeft s SIRTHEINPHG PR Pha3. S'N%%ﬁhébléfm@@m‘a@@ pad§eselt1@nﬁhate t he

dat a/ si gnal diiss 6o S® fhal yWeepeSUBSd! Eb&[&u’%ﬁéﬁué%E 28pring 4 MAY zoos
WO 011 07207 PCT/ US99/ 16653 9 the SugnFﬁt el ement is rmounted, thése pads

electricall %o‘ﬁ?’é’éﬁﬁﬁﬂl fggee §i¥ oReFRASt hYVPALE ok ene aupper
side of the sm‘:f.&)ﬂ:}@@dl deent éhapotbtodatat sagosl hgaeﬁséBtn@ bb&mrg)bﬁa card

of “the. pr obiir AEERD) SE 58xbE b oBaEERER BE, AP oF S RERMnERE SORSARAS dhse
ar r angésfent nﬁctxml a@@r@ad@lneet1ansatgwandrrbhe oéntent aft thycl es in amanner

that brovi demgeneial | yifiehhabber el 6LELCRLIOONDERELEDDILIGER

contacts an n eac cycl edéspi e oxi on t
capablllty|h§k#hmc¢$@n°5fatﬁéspéﬁ§@Vﬁch§hapﬁdthémsappbhatewbwsnﬂﬂﬁﬂ

Sy-the 11 exidlie: devbr ancaassabhyad? gAditNebLoEBRNGE Obinal crpgnect on. In()

particul ar, the nenbrane assenb Ts15s0 constructed and connected to the
suppor t eIeﬁ%ﬁ?r?$Eﬁ? EoﬁFﬁcF%eﬁﬁstHBWﬁEﬁ%YaﬁEda§§EﬁﬁFytb?eﬁé%hﬁﬂ@ wi pe
orscrul,s i n conoset & yt@ODhtekhBUyﬁBBﬁﬁb, sLﬁhttahé&&uﬁﬂroaﬁkbﬁspﬁdﬁ:Wﬂen

br ought |nto ressin ene hesepads ed nechani sm
for produci iy 7%?%1: 96 gggbl ng a ?#g EFEm s@Pfibéar‘Fﬁ{:g& 8 CHT™Mi th the
const ruc- t|onfaNMYlhibtcmanpc&sentobeawpenfeheedonEabtanandsstbly72a as

best depi ct I a az ¢b o] r th
contral regl GeHef o7, flen Sipeoatehythofienl lntl EILEr GeL LR LT
the contact sti® ‘é‘?@tﬁ?Fﬁnﬁgalﬁﬁ §1§aB§FetP| kbBe. dﬁﬁa@‘?e?ﬁ §GFE1§>bI e for

engagennt WP ReBqtBAR- thisear angyeaefurehepadfa Refﬁéﬂe&?e%' S@HeO0 FIG
7a, whichrepresents a sectbona }X gﬁ %aken alonﬁPglnes 7a i nFl 6, each

cont act corrp‘cr‘l?%’é%e’é FePLeryE ¥t PyFadobRaNPYS IR Bﬁslé'nﬁcﬁfu ichis
formed a rigitireoniaosbbepo?2. thhy bemtabbdbthp bppbudesithereorngage

contactingpogf i pp ?éféébﬁQv%ogHﬁbséﬁeatB“Pth He%m&gsggrbg LG act

bunp. Using €l ectrop g beam I's orma I'nan- ovarlappi ng connecti on
with the endPbftheirerehs §9§éﬁﬂu§@ﬂ§écf-ﬁaceA7G§ereroﬁﬁrﬁéd}fénﬁta%eﬂfewth

This comgluctine trastyl Be¢@bkynehi pArvitilarback- phapecaenduatiave d ayer 94
effectively proyides a gontiolled (mpedance SUBsTl TTE SIEETI(RUE .20 10 )
~ MhY zo003 .B§BrBE~b2zbR®16 sc
those nearer to the periphery so that scrub effectiveness
will vary with contact position.
In Evans et al. U.S. Patent No. 5,355,079 each
30 contact constitutes a spring metal finger, and each
finger is mounted so as to extend in a cantilevered
manner away from the underlying membrane at a predeter-
mined angle relative to the membrane. A similar config-
uration is shown in Higgins U.S. Patent No. 5,521,518.
35 It is difficult, however, to originally position these
fingers so that they all terminate in a common plane,

particularly if a high density pattern is required.
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PCT/ US99/ 16653 data/signal line to the contact because its dinensions are
est abl i shed using a photolithographic process. The backpl ang Iw/ﬁr 3
preferably inclyudes openings therein to assist, for exanple, l\NI 391@
venti ng dwo sg7k@brication. 5 The nmenbrane assenbly is int eaamyeqa3 t o
the flat support surface 70 by an interposkd elastoneric ' |ayer 98, which
| ayer is coextensive with the support surface and can be forned by a
silicone rubb¥ereevipbuntihe8ehf ABIBERERYS SEECKYARENT made Afy RAtE Bopden

Conpany or 1039y} 94" dsd82nlY cRAWCEOEALREyOREPREREReNha bl £ £ WHRaUNd can be
conveniently applied_in a Egste-l i ke phaSe which hardens as it sets. The

flat support SHFERRR! BSSHFaPPousFENABAt CEFERIN ONe8deToft NendRAFSES bl e

‘material and 4réslpkeigrebl yoachandwd peg€eirei othesh caesPry 1iHd one or 15

gl ass. In_accgrdance w tH t he gbove-descri bed construction \cﬂ‘tfﬂ n one_of the
contacts 88 i S*BPBEGNt 2Pt §CpP s?irﬁﬁsgﬁﬁﬁgé‘ﬁgn IFARCE S &fectiRRt Hati® 100,
as indicated ba & Efe¥bntt ierr dififeregtoffingenter Nence ion BhenGt i gi d
beam 90 and b 2 r e_ca iwat or .tilt. .against the
el astic recovgggsgbr‘sé% g%%dgg‘ §§%§H§@§| g%t%?ﬁ;é’rgisg‘ \555 3@1 a}tsl 12 ng
nmotion is | ocaiheeddegrerecfehndad tt betweehother  ipgetrisoantOPagis t he beam

noves a great J n f t rf 70: t a
rearward ortggﬁﬂ?ggﬁo?g?hgvg{él%g%%ggmkg_ eléglg?lgcfﬁlés %3—3?%%3 ét%o rive the
contact tRto EaPERHI tOcAMBBPNE MFo\fe Al 140t 6Fs elpetyigads qumanhiieed in
EI G 7b wit hdahﬂg_sb@dghleﬁtapgn&awlda@sbeit _mﬁmllru%pra@%a@]gi@:ﬂh@lmﬁ fﬁa«‘a{@ga tthtseh g
egi nni ng an ndi nq posi_tions, respectively, 0 e con on the pad.
Ip this fashi GE‘,& Pﬁg PHSEPSESve FRdE bmta{?ﬁ gﬁségé’ﬁmﬁé@q é’aq?etrﬁﬁ/ed so as
l(g)ensure adegoataccoftiagersoshatreliac bottaEvansnecid tligggind1iE thstows,
in dashed lin LW, r ti : itio fth £ 8 ad 100
at the nonent %(1#5132’1{1%%[ igaglrgng\zg%é%e%%t tté)r &3@# o%r?%g%&%&ﬁlrf %oﬁaﬂl%ﬁpi%e
view, thdSe sazedasivednt donf nambegy @ft r'dmsichdoinieie opadiupy vitlasindeel 06

in a vertical @i reglla@rddieeling LRwREY it i9dBSTI TUTE SHEET (RULE 26) -~
4 MAY 2003 wo oi ~0~20~ 11 PCT/ US991 16653 fl at "support surface 70.

As
i ndi cated, the di stance ReEEEFING &l Ir dbbiGR§ Siife HERrate iy ddtgy of

dependent ont Beaverttiosnl cdelboec iz dfvellperbDnrl adiob?8 dad equifita- | ently, on
the overtravel dist.ance 106.noved hy.t.he padS10Q. nce,. since the

over L1 avel - SELREA TP TROREGHCa SO o E TP Zeagr O BUSA 12 be

subst ant RQl | yreassanee thai e editifigradn ey farmsingg foform wanitadtdwlasr idicant act

hei ght), the diglange jfcih@edl dn SHRRINEIPYRFEN L DY FACH I AL eqn the
central region will belOsubstantially uniformand will not, in parti cu}c_ar,

beaf f ect ed by g ted] dINES F&sianiPorshefiiaco eatss aifit dtieg 50 ©

r egi on. Because Heherelas iy iard ayemedftdd tracked iphidre dutpampresst 1 ef
support surfa 7Q, the el.as i.c15] ayer_ exerts .a recavery force on each
tilting beam %ea%&sﬁ:ugneggcrﬁ%%g’lﬁ{aécﬂ%%% 3 r%’ilrtfta}llr? é:c?‘r:ﬂqaect%/stsoe%bbgldy ’

pr essur e@d i n@rsk ruisbidimckAts 1t vhisansuppast st dee lwedteansrs cleyest in

acdonmodat es %6{1@}9@ef@ﬂﬂéﬁ%ﬁ;ﬂﬁr&ﬂf@t%%tﬂnv% acd Sor:ﬂé%&

referring to FI.G 9a, “when "a20r e ~shorter contact 88a Is situat
bet ween ani mediatRAGE Rff FdentdifRiarest Y QIRRRASI NG |InSagMrHc tWwid8h and

these taller oMy aidricades binpidied M0 WiWags@antodddadhield gaspest iye

pads, then, as_,indi C"I%t%?srad m%. 9b, defqrmation by the elastoneric |ayer

al | ows t he~~~ JEs RETAANG RLARITD 7P ht into engagement with itspad

after so®® further overtTlevagrdhe theadadds.iddluddd e mathed, cand t98 son

exanpl e, that et 104t L o) i l.qcal ol l ed, and
v\rrlji(}[cﬁ éﬁé ;%%é:}éll%}lﬁ epGL. £ o taagldt ﬁ%t 3 a{xyrag‘g#%cf

_the largercontacts are particular, I'ndepen y300f the
smal | er cont adteferting thd Eifal | 213 cdhactenkransg mrpduirichtas eyl 42

movenent until;id) [ass agtUgdddrd oMchiRchdon yrd$ Sd RefigsFd i e FI GS.
10 and 11, the'electroplating process to construct, such a beam

"struc-35tune, Bateciehetienidy anbawd ippiymer s, Thidg wlamatei Wt sHrashrol e
material H8 defnhIy nGohhec SePPes t - Belriser Os 2l dhe: I hstd i e-4md ey al

attached ther eggt)lrsgf{]er?sscrews 56 and corresponding nuts 58 (each

screw passes through a respective attachment arm 60 of

SUBSTITUTE SHEET (RULE 26)
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the elastoneric layer 98. Using a flex circuit construction PF@hM%Muam3the
fl exi bl e conductive trace 76a is then patterned on a sacrificlial substrate.
Next, a pWOQDIneMer | ayer 77 is patterned to cover the entirepgwysosgssed t he
5 sacrificial substrate and of the traces876a, except for the desired

| ocation of the beans 90 on a portion of the traces 76a. The beans 90 are

t hen el ect r ophat supEoRl & lemendpersindys isendra g haekirg| ejement. 62
Thereafter, f [RSI o 3R terdest, t h ce 10
of the polyi %v%g)iﬁ?'? %ﬁﬁ%&%ﬁ&%&qzﬁedﬁeﬁ%eﬁ ngs ?%rg?hghﬁegic?gajﬁaocat I on
of the cont a@VeBuimhe SALiTRe RS Sl RhH LI HRPORenNg| edepgpitat-ed M#t hin
t he openi ngs sickcrBianRiRotAtesitHid AeiactabIe-dHd OF £6H St AL F¥Rref} IS
renoved and a thicker photqresist layer 81 is 15 patterned to cover the
exposed Sur f RESPINGK %h "’H’éé'?/‘—’réﬂl TRERT O rOPbRCE B TESRESRE S
portions 93. chfe beorfARIK1YY sprdtiona 8 e ddein etketr apl akeded tfymn t he
openings in the.photoy.esi st layer 81. The photoresist layer 81 is then
removed. The%&’é’%‘ﬁ glgq%eﬁ?ﬁlstt rcge[velc?og1 ayer is removed and the renaining

| ayers are attached to Referstiagt drerfIGS ayerd 9&hdhsuppsrkt edgriesans 00,
contact bunp c ' i 9 r u el _
illustrated ﬁ'r?%l%—'iu 17, %a%\%d(fe}g }ﬁgeé iél)%}ple%(lje%? ‘?‘?I ‘?P%%ﬁarﬁ'g sg)r{:u atﬁl}lg
functi oA9 of mendk 28w\ araTsreantl Ly yloined af ohbaeninedudedost i i on
techni que 1 el & SidritCldy e aid hféwa/r&"w%%éf@' SrCPalAges Igd | Cs.

First, several "beans 90, contact bunps 92, a contacting portions 93

d
(each of whi dhataPuss e Qudarias %r%vtﬂ&%?)f]oﬁ*'éxbﬁﬂ?epéﬁ igfot hdhis

results in difdRram @iz Hhe HiTEd densdd ies whhbi Bohkerglectidwaiiatling (1)
bath, which in turn results in |ffe7r(§nces |nthe.he|gtsfof rnaréy _of t he ‘
beans 90, corft dottbHPYF, BTt ALt TRGF35 PoPEYBnERE3FOR¥AE D di f f er ent

densiti s of sippamnsche tdhiape hef a ectungd téd nogy bamhdandRéfarddmig also

variations i E? l ectr Bl o) resyl |,n i.ffer RCLS dd «

SoRSTI T BTE S Q%'REL‘{'E e ﬂglf lf\?%"# R &'olugulgﬁgﬁ jottathed to
the support after being aligned by means of alignment
pins 74 included on the base portion. This flexible

membrane assembly is formed by one or more plies of insu-
20 lative sheeting such as KAPTON™ sold by E.I. Du Pont de
Nemours or other polyimide film, and flexible conductive
layers or strips are provided between or on these plies
to form the data/signal lines 76.
When the support element 54 is mounted on the
25 upper side of the probe card 52 as shown in FIG. 3, the
forward support 66 protrudes through a central opening 78 g )
in the probe card so as to present the contacts which are
arranged on a central region 80 of the flexible membrane
assembly in suitable position for pressing engagement
30 with the pads of the device under test. Referring to
FIG. 2, the membrane assembly includes radially extending
arm segments 82 that are separated by inwardly curving ‘
edges 84 that give the assembly the shape of a formee
cross, and these segments extend in an inclined manner
35 along the angled sides 68 thereby clearing any upright
" components surrounding the pads. A series of contact
pads 86 terminate the data/signal lines 76 so that when
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PCT/ US99116653 hei ghts of many of the beans 90, contact bunps 92,

andcont acting portions 93. The different heights of many oftHe} WUE@,
contact bunps 92, and contacting portions93 is conpounded three fold in the
overal | haevgbinmér many5of the devices. Accordingly, many depéf899Mekss have
asignificantly different height than othef devices. Usingnenbrane probes
havi ng vari abl e device hei ght requiresnore pressure to ensure that all the
contacti ng pthei enpperiakd eae¢aGuatse meumteast, vihdre mdeseleevitealban

voul d10be 1 eguibed Ebrabbdi@dey it Roalady etabl; 8eh obh. ERE Ni oh
density nmenbrane”probes, such as 2000 or_noredevices in a Zma | area, the

cumul ate ef f BBPSBf sifde sddithe erabe)card e ridiil ridte idrt248H988Yi ce nay
exceed thet otahebouge cpeitliet RSHOcde IHFOhe] deaeh @) Pr ebsnétfeddtion.

The excess pressure ma%L al so result in bendi ng andbreaki ng of the probe

station, >t he 'BPoGETRESES SRd/dhe (IftFsiRr rRE P Bbi ng assenbly. In addition,

t he devices w ththe greatfesituiel @it tmy plesmuey tAssemsiby op2t he test de-vice
because of the igcre se ressuyr.e requi red .t o r@k_eZOSUi tabl e cogt a%t for
the devices WPPRCEHE PokSH HHERGMS S EMEVRAL 8795 1S ToNgEBrREs8t he

pi t ch( spaci ngpnbetuepadehewiaviacdange Inumbed df dcdretdaotshycbesi hg” aef f ect

of the el ect i r . Qver lﬂge%pg; olylm and
phot or esi st F“%%’%J [}g‘a;&n%%%}&lsﬁegé mushr onjlpén]glt‘ﬁgjf#)ec%/é%ggf%;i cult to
cont r ol 18nd~&sunestilierg baiweesl £he RINHIcthandaprd®oin coataAcEV¥adps 92,
and contacti agspakle QRS 3 buffliddls diei e widde bR Sfpabiei€pniack bunps
92, or the caqgntactingportions 93 are increased then the ™nushroom ng"”
ef f ect 30genedPGF10fc Pfaddie GMRALTHRE LRI NG the FHRRA B et aBEREpetri ve
foktion. The theciraasabiw didinsafarene fwetigbper 2| diyd resed + Smafinerwoder
overal | devi cetv\,hi ch_in tt.ur ni n;]{ eases the]Cm' ni num s%@g:i ng bet wer%?’ .
contacting pd‘rnt SETSPT A P n ’?\%W':l‘a‘é ?Eas?lh% T @ ﬁh?sg? P’Ig 18
beans359G, t e comsactudherpar8?, camneadieed ond ache nsuppott oate@8yentehall y
decreases th ' f N r i0g-_ e i ' decyea t he
m ni mum spac{%rr\l\g %Igt?l\}\_:/ceéé:né%el% Wﬁé}e(%{%ﬁ% Cﬁréﬂ?;:%?leﬁ%ﬁgoé‘}sm
0l /07207 14 BCHYWSIM 6655 Fhk A IR Dbk e@ oR3NDST , HoReSERLLYf AEKESEei ght
of the , contadd in@PAHeONSrAHiE! ity eptesshegr enPagéhyar beath98hese
sufficiently re ucegr t hen durin usetethe rearward (ﬁnd.of %ge beam %0 may
suf ficiently 8398 arfd TSI 1HE TeSPaPI 8480t R PANGHEcEBpRaBFEP"
| ocati o0 i . dainopfdcttinm contdescpiited inThondectionswidthf thel conetphat-e a
second netal J; Mol T ; fir I c

JitPTar TAH VeI OPLGL BelL ‘55%, talg ﬁgﬁﬂiaﬁgygaﬁéml& g

contacting portions 93 on_the contact_ bunps especl a en u
ni ckel . To pridd i PEhdeRiGked iheFESRt at 2aBANPR-92- and the contacting

portions 93, an interfaeesseedshayeraguUenl 88geAPPEEWOHE JPhE £éntgad to make
an |rrproved I nterco ect|

n.. Unfortunat el t interface seed | ayer..
s T he IR b enkt 88t Cadeatbive o8 | ot BREF efbER-
styengt lRof tient nterd acentages . 8&oare harappbyingnaaphguaresiskel ayer over

d mon-uni for e o] L - r i _ lting in a
non-uni form t %:*{(Jhlggsseﬁslf%?ﬁlf%ef%ﬁo%g%g:é@?;lgown% e?i gﬁﬁggge#.ﬁg%‘f erring to
FIG 13, the PHARILERERE PhyRadF9 (RAfeBIingvaiseheor BiSed7por Whéad of the

beans 90 tendsedwednddi gkeéct ieRal NoiBROLAKESI 8lohgdYindd §8DHa81h Over
the | ower portions ozﬁégg gol imde 77. In additjon, t ness ,of the
5

) he thic
phot or esi st 72FF arfy PR %IgttSOWEF}BGEpénH?ﬁEJtb‘ﬁei-}ietﬂéﬁgi F396f t he
beans 9030 Acaseath n@d yat regéoasdobft hriahnbsafierpeabe thaidhavatacdenser
spaci ng of devices,.,the.photoresist,|ayer 7 and_81) will be thicker on
_average t hane?%'% 0%23' ofTﬁﬁecﬁ%ﬁﬁF nguﬁﬁobgcif‘}g?sh‘égg}gof‘egscagkgggéﬁgci ng
of devices. 3woPuidmgo3 hehegbosompgraadseachiubgopr vhedsumgfubetheo the
phot or esi st | 81}t Re ' . t.he o depe t he
. thickness of t %%%%t%?@gfst,b%h?oﬁggflz?%b%?téﬁg\? fia g % %E“or?gs?gt%m%@
thickness it 13 ¥nfPYeularPéngr 6pERRYLpPBcE3Sht REepRBHOPESPSELEBPAGVI de
uni form open 35ndRgsivbEearer 7ekhect foRReh HeghenshekeRROLOr esirsli sl ayer 79
(or 81) will tend to.be %vereﬁgosed resulting in vargably il zed o %ﬂl ngs.
Al'so, the greBPRFUtheVeUBSTFFUTE SRREYCRICE ¥8fh @ back-plane conduc-

tive layer 94 effectively provides a controlled impedance
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~~ ~ MAY ~ WD 01107207 15 PCTI US99116653 phot oresi st | ayer tr ﬁness 79 (or
81) the greater thevariability in its thickness. Accordingly

of phot or esi st presents nany processing probl ens. Fifth, separate allgnnent
processeswo@TRe’Tessary to align the beans 90 on the tracesp@pasod/fgespnt act
bunmps 92 on the beans 90, and the contactlilngporti ons 93 on the contact
bunps 92. Each al i gnnentprocess has i nherent variations that nust be
account edf or danagisiiomg leddmepdra .tikRhecontagturbetzesef it heddmensachnisng
portions 93 Ls.deki I Ya t g ire ts and
t he maxi mum g?l o%ﬁ%ﬁdﬁﬂggd el?\i}s‘%)t%/ I%}E%ér%flﬁgh% é%ﬁfgn%?noélggg THe

t hecont act i npassPlieges Ieyen RIRFRTIRLY otng Hedey| epaniBgas| ﬁéﬁrghﬁeﬁlo in

turn defines 5ihg o NiFBIMSIAPHIRE, thece fad Shaet 3 rraﬁr% S@ablatation.
t he. contacting portions 93 ar deflnltelé constructed on he cont act _bunps

92. ThenPni num si ze of e Rhe Y 1% %?Eﬁ?ﬁ?nPﬁ§E8ﬁt§9tFH§

portions 93 %ﬂ‘&taf‘sﬁi@!ﬁﬁﬁmgsdﬁadélmd ofbpramcmwrpbseanem&stdméwes t he
m ni mum si ze .of th épeaq§639 s020t hat the contact are definitely
Ane"

constructed SRVFE /&Q%ﬁﬁl%@I§°e¥?ﬁp§ﬁ“%aY?gﬁ B?etﬁBpPSFEr ances
of the cont agurfianes 848 aguh the ﬁ@mactb«y\ga p@ili@@ﬁ@Srnbbset kempounid a

m ni num si ze Of 1 in n1de Si ze,
and thusZSde?%&%sne m’%fn%%“? %gego%tgﬁ? E§ﬁ§1€ &h es%r ed,

t her ef 080, | Sydgamrbridie lphrdbmdaermml oorperanione afbist r:crmpomdt hat
results in annig w'éas\%ng% ebolleade 2358 tépmagghsaéfe%%w ces,
maxi m zed | ateral strengt d geonetrlcs

al i gnnent . SUMASReRSE e I\Rﬂ\ﬁi o\ﬁm %}eeeﬁvppqa%nepeﬁasﬁer ggnp¥evi-
t heaf or enent ianad, dheyWesksd ofi hﬁa@él O6f Bhéolyres8Yblkenaaddbsuhshhd e, {
preferably constructed %LW g? terial.A tool havi &ge desired -
shape of t he IR RAT RN 2 %?dcgﬁ? ?Fﬁbccﬁﬂ?chspaaiYgH OP&sfrdevi ce
i s brouglt SWRIESTIUTE SHEET (RULE 26) ~ ~ MAY 2f1fl3 WD 01/07207 16
PCT/ US99116653 into con} c% £gaﬁﬁ ggﬁt ﬁ&e g@g gg Ly Eeareferably

?#% ?Re su ?raé

constructed of a naterla er t € so that a
depressi on carPmEt reeki oy, neden, OnﬁebélhheApgnbaecﬁrﬁé tenbubaghtejintgyer ,

that is 5 pregleé@é)iﬂ p@ﬁ@@éaeéntlﬁlsﬁpa%éegeemreepaab%bat 8s /fndl-
conductive material Ts_|Qocated i ons and then %irably

s
pl anari zed t F3epdvER ektBss’ ?ro%%FhEeFH téﬂgfagg GBRERE HPECECLR ENBayer
and to @oVi d:el@ldllaéamveoaéhdshnﬁxpcez Attuecarescpakesr bae @eatnheo

dielectric 10 Ia er .t he ; t ol vi Gy hen
preferably pa‘t”t e %‘goveipt ﬁégg glgl‘ gxgurggggugﬁ%gcop’ glf‘)%% A dr%éitrmved
by any suit abbe DM©ceé§?t¢herigngdlﬁ§ anaheshénlcbpecmpvegn ﬂ@aﬂ@ﬂ@é and

advant ages ofjthe iHV€HE'88n§e|EhEE angrﬁﬁéé'b%r%@oﬂnngsbgo@hﬁp%%am
consi derati on of the omngg det ai | é tlon of the invention, taken

in conjunctld%°V$%hatﬂ€eéE€B aﬁ§ﬁﬁﬁedF9WPﬁ BRﬁEPtDESERpﬁﬁléHIé@C?HE
SEVERAL 24 EVB7 &k BDRAVENGETrd0pbirGioh IlS4a0ﬁ€th&€@Tatn‘éeb‘élaﬁw ofrha nenbr ane

D P09, aSseribychel L adsiane B ghechsd aad A vRLEL SHRROALEL:AD @ chuck Tn )

scrubbing movement across the pad as is indicated in

-

FIG. 7b with a dashed-line and solid-line representation
showing the beginning and ending positions, respectively,
30 of the contact on the pad. 1In this fashion, the insula-
tive oxide buildup on each pad is removed so as to ensure
adequate contact-to-pad electrical connections.
FIG. 8 shows, in dashed line view, the relative
positions of the contact 88 and pad 100 at the moment of
35 initial engagement or touchdown and, in solid-line view,
these same elements after "overtravel" of the pad by a
distance 106 in a vertical direction directly toward the
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FIG 2 is a bottomelevational view show ng 25 various partg ﬁQnQngﬁéobing
assenbly of FIG 1, including a support elenent and flexible

assenbly, and a fragmentary view of a probe card having data/signal |ines

connect edy gifpr4@" r espondi ng lines on the nenbrane assenbl perAfkobAess3 1S a
side el evational view of the menbrane probing assenbly of FIG 1 where a
portion of the nmenbrane assenbly has been cut away to expose hidden

portions of fh@tsy@ppbftebaﬁfabe FoG  Asi snditapeg) e¥hbl dndtaticew fgan 35
exenpl ary su emat | ¢ si.de el evational views

Tt oy PR o el B s b e, By 2hnaE iAo LR Be bB PP ROTE SRR ( RULE
26)  ~~ ~ WMtWﬂaﬂ)ld@H@&ti%nPﬁﬂ £BEOL4653t a88eolly sapstaapabl ¢ of

enl ar gad {op STOVA( | Sar ot BhebrBietcBiFE4ROR aP8 e EEh pYo s RAT I on of
t he nenb&ane1005 agseﬂﬁbySéhCElGheZOVErGSaVéé dbsharceefpiroraichyi ews t aken
al ong |ines Zﬁm}t?é‘ct Nof! @he%@h‘&?&és?@ QOQOQE tbge%%:%tta?x Ghoown and

t hen showi ng e sane contact a down an SCru novement across its
respective pgae g@me Gvigh diffexgagasi érssaégvﬁsamsﬁamlﬁglqnﬁ dashed- 1 i ne

representati @gnth68€ RefbAeH ,0khkl @SstiAcébodt lEBErHQnEEB:u%l' tAre -
t ouchdown and, in solid- l'i ne represen t|on e sane Conﬂif after further

vertical ovePEPRVRY B§CPhEORLACT18TFFAS cg]t £ﬁ 5891 PRUYE € he
def ormei o on shbisbaneladtomanic€olay andt mmtu agtt, henCpah:aG.bSJ.lIaﬁ:t o lepnt act

with its pad, -El 0.,15s I | I_n on w_of th eV| of

ma b b pereshedll® che PUGITE Boe3 EILhOR pbRcBslE BRI £ o

1 is a norecantua&teegn©m0r|al vi ew of the device shown in FIGS 10 and
FIG 13 is a detai ha@@a\a's%wt tefi%s%?ﬁb%gufl : r23g A FhGerbl by

|IIustrat|ng t he uneven | ayers t proce55|n
the incompressible support surface 7 the elastomeric

15 layer exerts a recovery force on each tilting beam 90 and
thus each contact 93 to maintain contact-to-pad pressure
during scrubbing. At the same time, the elastomeric
layer accommodates some height variations between the
respective contacts. Thus, referring to FIG 9a, when a

20 relatively shorter contact 88a is situated between an
immediately adjacent pair of relatively taller contacts
88b and these taller contacts are brought into engagement
with their respective pads, then, as indicated in
FIG. 9b, deformation by the elastomeric layer allows the

4 ) 25 smaller contact to be brought into engagement with its
pad after some further overtravel by the pads. It will
be noted, in this example, that the tilting action of
each contact is locally controlled, and the larger
contacts are able, in particular, to tilt independently

30 of the smaller contact so that the smaller contact is not
urged into lateral movement until it has actually touched
down on its pad.

Referring to FIGS. 10 and 11, the
electroplating process to construct such a beam struc-

35 ture, as schematically shown in FIG. 8, includes the
incompressible material 68 defining the support surface

70 and the substrate material attached thereon, such as

SUBSTITUTE SHEET (RULE 26)



FIG 14 is a pictorial view of a substrate. FIG 15 is a pictorial view of
an exenpl ary enbodi nrent of a tool, and in particular a dinpllﬂ Pﬁ@l 0 of
the present invention. FIG 16 is a pictorial view illustratk 8

FIG 15 cog@arbdyt o contact with the substrate of FIG 14. fdfasificsss a
pictorial view of the substrate of 35 FIG214 after the tool of. FIG 15 has
cone into contact therewi th. SUBSTI TUTE SHEET (RULE 16) WO 01/ 07207 ~~ ~
MAY ZQd3 PCT/Hb$9 ¥ 16858neh8i | Iaye8 98. a §sthgonalf lekewiafoutite carbst rate of

FIG 14 with g t{é.ﬁ%ﬂq@y%@ &Eiﬁﬂﬁt%ﬁaﬂ@tﬁ&tr}a%f; %Z%t%éﬁ'

vi ew of the too to et er wt axi s st
secti onal vi @datdfennrd Xbs r%&%‘f-‘oﬁlqﬂf@ subgrrate . tral@ett lcmdmﬂt)hmlde

material in thgdepressd %t@é‘ﬂué’&‘%é'@&@érpg}lé' Bhe§ o awrf{] i FeG 21

is a pictorial 'view of the dewceo 20, |nverte strate
renoved. 510 Magribiqialy HREIERES %‘é‘@:t‘i’%n'&hevflﬁfc@ﬁ t%érC(ﬁ%%ﬁﬁq nePBorti on

of FIG 21. RiHe &kised m&w%m Cof-"@Mé' béaﬁn&r@bl B% ANSATTWYENELef the
devi ces of the present invention. FIG a schematiCc view illustrating

the 15 cont adt*®#fe% t%%uit aq’e%’%t%%t?ﬁﬁ EBFPl § e&ﬁ&%%@d‘@ iR of a
sol der bunp. HHeG opdninga n’uatrhallpd\lpimﬁdeallh?éliaﬂwe derdrea fdd, aa

I t 6 ft f FIG 25
S0 W th an olER ShIEReteR ST oS Fr PRByrEEe° prc BRET 1A i rrage
sol der buhp wi tkze pekyinidei 7 aand besubt 96f tbhd edoel opefirfgsCEoR5 and
26. FIG 28 i@ pbst éaaioé’é?%ﬁfofmﬁﬁgeﬁf)ﬁéa@:ltt% MR B prqg{éﬂg devi ce.

FIG 29 is a pictorral view o ternative probing device
suitabl e for GUMEREL HowpRS $2 @rgothenedpgeropdated withia kdieigpen-

ings in the photoresist layer 79. The photoresist layer ()
79 is removed and a thicker photoresist layer 81 is

15 patterned to cover the exposed surfaces, except for the
desired locations for the contacting portions 93. The
contacting portions 93 are then electroplated within the
openings in the photoresist layer 81. The photoresist
layer 81 is then removed. The sacrificial substrate

20 layer is removed and the remaining layers are attached to
the elastomeric layer 98. The resulting beams 90,
contact bumps 92, and contacting portions 93, as more
accurately illustrated in FIG. 12, provides the
independent tilting and scrubbing functions of the

25 device.

' Unfortunately, the aforementioned construction N
technique results in a structure with many undesirable
characteristics.

First, several beams 90, contact bumps 92, and
30 contacting portions 93 (each of which may be referred to
as a device) proximate one another results in different
localized current densities within the electroplating
bath, which in turn results in differences in the heights
of many of the beams 90, contact bumps 92, and contacting
35 portions 93. Also, different densities of the ions with-
in the electroplating bath and "random" variations in the

electroplating bath also results in differences in
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connection using the devices of the present invention. 30 DETAILED
DESCRI PTI ON OF THE PREFERRED EMBCDI MENT The currently enploﬂeﬁ MANsA0Bcti on
t echni ques for nenbrane probes involves starting with the flat rigid
substr at ewigporsppor t addi tional layers fabricated 35 theregprafshofgsaaease
the pitch and provide devices with increas8ed uniformty requires

i ncreasingly nore conpl ex and expensive processing techniques. In direct
contrast SUBBRLGLUTE STEMafiRUDE 2B8F beams W@y p@ﬂt&&h(ﬁﬁﬁﬁ@OQZlQand

PT) US99] 106adnkactn Cga&%%ntsegam q98e B EURHUUd Ll QYSE Spbhombine
"bottom up' Eon a su rtin strate, present. entors ca
realization £ th§9m§sﬁﬁg §O§GﬁFIabP@Pﬁo@Q:aaﬂﬂxﬂqnﬂﬁﬁ¢ﬁ@9b@otbiﬁed to

create the desi kadabaatindeantagkeb¥aEns: ﬁﬁ(hf‘eor&%fam kP&IéhQ“éf many
Theremai ni ng | ayers are then constr.uct ed p down" on thebeam The

substrate it9&l £hes IeNeFESst ePoFEFNEG Lief é}arIiYngi%lcr#%wahl havgbatrate
200 lSprfaf e(r]I @Qbﬁé@@.ﬂ&hgu@{t eldfffléQ@n@ (ﬂxllé(itglhte tﬂﬁrﬁ@tﬂieﬁ%{f@v?@%@m uvbﬂﬁgl
copper ea ium si | ver inum .or. tantalum wit

o Ckness: pr BEEPSBILBEGDER PAVITE Tania it GaTHe HRigRh CeRvbEee202

of the substr abee2@feissuref ebalehsprye mlkaartaraldnd:l—xmmm&m@ppofaioﬁbarl ty
to i nprove vi,ew a ri ferrln t a tool, and
in particul aPﬁ é&npfaﬁn%%%t oo:% |s coglstructtee @%vjac%eégaﬁl‘ﬁﬂ’égijng t he
desi r ed18hapéeofregua reds ulft iadd d—ém e viigreso iteat tsqup I hevenat hchepals .on t he
test device. F-Blie‘ilh@n'd%%stﬂ?ﬂ mehboa ?f{g'hgﬂ%%fé pr&l&?téé’”z@%l &P thPQECt

to20a di npling nmac e (not "shown). I'S sup-ported

ling macKieNe-CRist KTt Ke Sfedd 2E23r it éa-t“ﬁﬂc"kﬁﬁ% ?ﬁ%c‘éo%fa'ébewﬁﬂﬁlthe
t@osurface %Q%rﬁfl tﬁi@%@&ter wWad Hee th Hebri Se &) eéﬁ@éé’dC@Hét ructed
ofa material _that har der_ t. %ﬁ{&eﬁ % rﬁg} %gs(gthtZS ngle can be
readi |y nadetfﬁ§PE| X “SuiRBH: fal & JHFE2 AT SPT ? %8l e,
tool staeél, ¢amb1demﬂWXEXQﬂasamntsﬁuﬂanmhy'H&sqnméamledlﬂlhphdnggnanﬂine

i sa probe st At r t b
under st ood t%;rlt any o:éﬁfe?ﬁiew ta sg:g&ﬁ I nggd(}% é%lcneé rrl%"/a %émdggrbghﬁs d.
Referring torErgrare Hm#%lasﬁm\hléf pr@S@ﬂd#ﬁ@@on@h@tdﬁﬁtﬁeﬁh@ltbp

surface 2020f @ it atid 2t mRsHlddniihd 1t 4o 8SShoPhe 18Rt g8=1 ng the
shape of the tool 210 u O[]%get renoval fromthesubstrate 208 as shown in

FIG 17. The W68 PERRY FRrEASed RHRFSHTE yrorutEprebQi BA%S216 in
t he sub<tor at e2(iG atritec Moy ddte fesithed dmticea, witichtlas 1bwepat hetghhown in

o o SIS P R g, BT TR 20

substrate 200(aRaringndeiresn e Adeliess i b b*mlte@h}éYtébesUmﬂébe 202 of
the sgbstrat %&%}ggessefﬂfhédﬁ Q;(ﬂQfHe?lCélé%t%ﬂ? r@%;. ! EéQeBQSH{rEk?Qhén thel

same depressio chin e e o e too on its renova

rom the sub@UE® S0P AT B @nd ot Srests? TayBl bboahd

,') 25 81. The "mushrooming" effect is difficult to control and

A

results in a variable width of the beams 90, contact
bumps 92, and contacting portions 93. If the height of
the beams 90, the contact bumps 92, or the contacting
portions 93 are increased then the "mushrooming" effect

30 generally increases, thus increasing the width of the
respective portion. The increased width of one part
generally results in a wider overall device which in turn
increases the minimum spacing between contacting portions
93. Alternatively, decreasing the height of the beams

35 90, the contact bumps 92, or the contacting portions 93
generally decreases the width of the "mushrooming" effect
which in turn decreases the minimum spacing between
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Referring to FIG 18, a polyimde layer 220 is patterned aroung tg@h’
depressions 216. It is to be understood that any other suitabl 4 083 e
| ayer or 10 dielectric layer may |i kewi se be used. In the process of
patt er ni nfgotoha7®al yi mi de | ayer 220, it is sonewhat difficulpctosswasssse t he
polyi mi de fromthe depressions 216 durind4he exposing and etching. process
for the polyimde |ayer 220. This is especially true when the 15

depr essi ons QQﬁtaCelnelapnnﬂqnskﬁﬁyva¢wgv%mplyflthﬁlhmmghtdeﬁ the

Al ternativel y rAg Iface
202 of the s% 2{:??&:29 Ogﬂ ér?é,eq}ﬁ ﬁ%és)l%@%at gtdcpt Ité?el ngg\ﬁgtwghgggmsléof
depr essi ons Qqasuféleesmméw eed ¢ ekhen durbed 29® tkeusedrwardr e 20
the depressi gpStRd6pieRnt 2R Wtéﬁﬁ@%ém%ﬁt%%ﬂtaaé BEQVt@%‘i in

the polyimde |ayer ;220. This "alternative t'echni que el m nates

difficul? pr€€¥s§eoﬁna&éht§é’c‘?9%}5% WeRt i pol ye mi deEf e QQOtFP@rmthe
depressions g38. 25 It is expensive to manufacture masks for exposing the
pol yi mi de | ayer 220 th etoler c |C|e reci sel.,y align the
openi ngs for the depr egé\ld%?s/' cgfgb?&gtioto %‘b?rb nﬁ‘FFBHd\AX“Fﬁag

di npl i ng machaper ddmelrsla |cgnwbp oofhe ﬂtfmtalmémhtlwy\eﬁo stichnasof the
openi ngs tha ro osi chin de |l ave 20
with a rel at fgvéﬁég#%eép r?rsgltel%é SOfTEV\]ﬁ%Ié gl n%% re%‘?eé’%a% el:'ﬁgx'prlig‘saent

i nvent ot@ cady whenhagigwy indaakeh. t HBe pvouldeca bend opstwéenhbhensk, and
thus the Opeebﬁﬁﬁc'i:e%ﬂrﬂﬁdé‘%% AT condact 28 bor foﬁﬁeéé' vghy vel|

al i gned for purposes ing. Likew se, regro di st ant
from one anoihR&ETEASE rﬁﬁeq O-3XEF PRERVRE yCORPET aPF (@RUAf 4F BERSTEPUTE

SHEET (RULE gke an 1rm;l\ﬂ‘®<ze?d~tn&/&@éhﬁzaefoﬁl PEAE&POhA 66D pb_lhaoses of
di npling. Accordi &%\ﬂy autqc: tlcall%g |Iﬂ% ?e subftrate 2 g ? tch an
anti ci pat edpaf & A 1 HEH ?‘@é‘fﬁe’s YhgS 2882 gt 8EGRR. f FHREBAEANBENERE wi th
an accutht e dievildengiumcin nehe W bver esheebi straéegthnpt i nget mntenﬁace
accurately beiia ral igned withthe openings at regions distant fromthe
initial align-rment point. To inprove the accuracy of the alignnmentpxocess
the present inventors Eorrtly, tapplBANGzat Photazesise Havpki ayeraehi ne may

be realigned g mﬁﬁpﬁw%&%@e@l eaﬁdbntshee peéma%gﬁf&emen 220nature
different renotelocations, so ocalized re

rel ativel yacﬁ?rsé’tléll;?‘%ljrrgn%dno%ﬁlpeg??i@ SUeFIéPFSéFFg%ﬁeﬁF%ﬁ?%@EGﬁ'&ﬁ'fat
of f. | n2phi smmranerala icdal fvel JefaexpagstuvePASk DBy bReuphRdtdbPeéker ably

t he dirrpling d c - axk enen o_th t pth of
eachdepr eSS| s Pﬁsen{]igljecgl gfgrggégsﬁgét ?3?‘%?@%@%%%@%§%f g%‘?l QS 0 FIG
19, if suffi cﬂoemaqd%lcwrlaeetlzlekes theverhbat photnuvesasti Lapes fiﬁer{aaxd

al ternative Cﬂﬂp'dx}wlzoﬁﬁé" 1848rWhbbeaochul b tHeZp6%y§m§&8p7342

used. The z-axis_stop 2 is a gro | ection extendi hg outwardfrom:t e head 244
that cones t@dEHIgN tWéetBBl kresse6f the BBPYPERERSD2G90K2Rgp8dirface

202 of the sw&dﬁtwwaﬁheepeﬁ&mgstmptBéZdlaﬁsﬁzegrl bfoand pekfsr @ppect

t 025t he head 244 Syl hat _t he rogg tJqlept @bs obt a|rn§ %E %ng i nt o account )
whet her or ndt® cfchre OP VY i ﬁ%gﬁgfjgr 0 B‘F F8B§I9 B Ft &FR5d"BEFofe usi ng

t he dinpli ngtdmis@mspaeiagr oﬁgdeuilélas, 20e photnuasistelayeer 78l (25@& 30 is
el ectropl at e%ﬂ”tv%ifebﬁo{:%iﬁgﬁ 220 237G 5 Ebﬁh%ﬁt ggéggngh ebyefilling up

t he depressions 21 e conductive terla suc as ni ckel and
rhodi um . It imenkraee uptiebst bbatt haveary leshefengrt abreingchii §6¥168F -be

used t03|oocat19u ueﬁévexgas%gabnw te*&lcmhp peeeree§§hgnef3§haléhotf¢e
conductive materjal 2SO0 is then ped to renpve excess fromthe

top surface ofe¥hRt pbRYFHi dé | éFéir 82130 éﬁ‘& Flb‘rﬁltés’Pd@fatPFaPrS(?@lsél I
SUBSTI TUTE SHEderdd)lL&nl6he thickness of the photoresist 79 (or 81).

With variable photoresist thickness it is difficult to

properly process the photoresist to provide uniform cpen-

35 ings. Moreover, the thinner regions of photoresist layer
79 (or 81) will tend to be overexposed resulting in
variably sized openings. Also, the greater the
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~'1 ~t MAY Z~9~ WD 01/07207 22 PCT/11S99116653 surface. The preferred
|'appi ng process is a chem cal mechani cal pianarization proces ),AMANaQ@I@ZSZ
is patterned on the polyimde |ayer 220 and the conductive naterial 250.

The tracewdgi4opPreferably a good 5 conductor such as copppéT,Ug‘js,pqgggum or
gold. A polyimde layer 254 is then pattesned over the entire surtace.
Further layers of netal and dielectric nmay be fornmed. The substrate 200 is

then renovedphytaressuitt Aklye rPoERSGIesSUCHD apretgal)i Ntha dFedv@lF oglhk or i ¢
acid (HCL 15%) 10. ar. %\%f'uriiﬁ, aci.d (HzS04) . drochloric acid and_sul furic
pa £

acid are not VPEZEONETW i ¢ SRASES 1 a RO 1 i Ittt ve
mat eri al 250phstciresd st ghelseort s hediyuprddedssiric grobinstes st ood t hat t he

polyi mi de | ayer 254 may,.al.ter ivel.y . it | nsul at or or
dielectric 15 | ayer. Rél?rtrq'ng (?\%té ggf%%&c&ﬁ{gac%%%%gp%%i on 260 of
t he resubti ngpedesiseay $Ppradfigmaliihe drdaast &P tan Have tardame cbfm acthe

T esi stance sgoht&%tlstg%qzjzegr{i & itf/ece%&%e@d ,orér{@yt}pée %&}-ﬁbt he t est

device. Wile nic as are |'ow contact resistance; rhodium
has an even PORELAEENORON ddissRaRf@dnPuePsite r &ach antigmmertar t han

ni ckel . Accop@id@as Hate AR QRsridkl gL dHAT anadl beot@suidd a | ayer
of rhodi um I ng normal processin techl cwes, t he thickness of rhodiumis
'S

limted 25 t &S&pprbodirad washiRdOns. WE /2R Ricl udes an

ext eri onol ayeortfadtiodi Wwortarshd roPaid idet afed herivent B0f g §i0s t1 e 260,
which is then.filled w.th the renmainin ductive materd al uch as nickel
or a noncondd¢t i ereﬂqv‘\‘dlh. R S v%‘&naq%ﬁ i"ar - Head %’%OW%II t he
eplire depressimrentTiiend drermdmyoied “Thop-migwiture griste wef i e process

pLovi des nungrgus, advant i WETod headdAdidipador clpOIE QMR +Pn-PE OFFSSI NG
techni que of constructing |layers_upon a supporting substrate. These

advant ages aladld-InmENther iR tE YR $ i §Re grineiopde rekte mef delie celnwi th

| npr oved schanaderip £ S92 BBITH IV TEhSHERt 4 Ay A9 rtiond MAYaxH03 WO

01107207 23 definitely constructed on the contact bumps 92. The
minimum size of the contact bumps 92, in view of the
contacting portions 93 and accounting for the tolerances
in alignment, defines the minimum size of the beams 90 so

20 that the contact bumps 92 are definitely constructed on

the beams 90. Accordingly, the summation of the toler-
ances of the contact bumps 92 and the contacting portions
93, together with a minimum size of the contacting
portions 93, defines the minimum device size, and thus

) 25 defines the minimum pitch between contact pads.

<

What is desired, therefore, is a membrane probe
construction technique and structure that results in a
more uniform device height, decreased spacing between
devices, maximized lateral strength, desired geometrics,
30 and proper alignment.

SUMMARY OF THE INVENTION
The present invention overcomes the
aforementioned drawbacks of the prior art by providing a
35 substrate, preferably constructed of a ductile material.
A tool having the desired shape of the resulting device

for contacting contact pads on a test device is brought

SUBSTITUTE SHEET (RULE 26)



PCTNS99/ 16653 First, there are no limtations to the hei ghto'f1 éhMAYe}.“ﬂati ng
devi ces which were previously inposed bylimtations of photoriesi st
processing. The ability toconstruct devices having any suitabl e height

al so5rel iweoagobdpe |imtations i nposed by attenpting toel ectroTssoasesst o a
tall narrow openings in photoresist, whi is difficult.Second, the

el evation of the contactingportions 260 of the devices is extrenely uniform
becausel0il JdeliAed-ehety o' MinlOPitay PERECESO1MIICIABENaN cal in
nature. Diffierent Tocalilzed current densi-ties of the electroplating bath,
di fferent dershstescoedheli angabprinh theteliechropeat thgrbdthe and

~~r andom-~Vvag,i1ad 4 I ot | gc : hyar L

f r omL5i npacfél%}gé% _ %é%vg?af]ﬁaghgpgeégﬁ%éﬁ%?gh?af)lf bt@hge;ateisllql‘y?ﬁlagfjéevi ces. Wth
subst ant i al |§heRei0r m Bl e¥8le6RTEF {HRERIAERYE) | dayeror &&4ts Fquired for
the deviges §efBkepUeqpat eeensliacis Wstppbhtetiebly €8 eabMtiwdtei N A

turn, decreases éhe li kel ihood_of . bendi ng ﬁnd.géeak}: q the20eprobe st at gion,
the probe heSBPIRREIEF PRESHERDr ARet BrobPrgYas8eh g‘ Repregqgpens an

subst anti al | yheni ppefreebbig- planavizétietderemegedexcease £ ridwe thdketdhood of
damagi ngcont act S_.@n et I.C Lih cess| ressurge, Third, the
contacting p%‘ﬁff%%gz%g Bbgt ﬁ%gzgggﬁlggsf%%%s?géngér b%t;%(‘:’g'ﬁi:ée % hf;l%'gvi ceis
construct ed ofersihgburfisgegendusraaeeisapateirngdorn dhsosiiekeprotess
(equl L8 MOLLDLET LAR! Bhel BXARACLZPhaKLOYSLY! CAIHEAYkilad NayRl 1D ©
processi ng steps. I's permtsreducing the size of "the contacting portions
to the30l i n thehonreferpblifaPritiArpadr eNerdehsi eptimeowaif@drer ei FR€uri ng

testing and pgbsthatl RsMiResiheemnot,8aCByOhhRe shRkabiacipiodey®r s. Fourth,

t he shape of the resul{ing_devices areguston zabl.e tq effectivel r obe
different materials. 35.%:?5 EREFECSPS: AB dQ%?’SE ﬁg’Qeﬁg\}é’eﬁ'e %ﬁ‘ﬂ%@\grl

angl es, such aad8&addagteges wii thestinienpiowi éidd hecreiecatesidelmgt h,
stability, a i Lt h i S BRI : T 26)
A L iy RO RE R dmoH Babr iR ARRS s, R I R A TR B e
d~ arrangenefescyfipsion ofhéhgngnyeptipnepsadent inogoniimiataen Wwebhces to
be construct g WalenplanMshg@iatwingk .devi ces for increasingly denser

cont act pads ore1 t he P??t de\?i ce. I\/br%eof the sidewalls are not dependent (e.
g. the crystalline structure of the Fifth, the shape of the contacting
portion is kpawerpDEScRIPrIcANOF THENSEVERADe /mems deviTess  DRAWTHGer mts
uniforrrhgont act with tt%eI ontact p ds._of tthe test 10 device., Sixth, the

al i gnne of the different porltsl Sne 6 PERe lrvéasffllte‘l""néD deavi’%eem%lfaéneexact |y

uni f or m bet weerhbdad cesdibdauseldach tded proles headstandtteedvakéng the sane
tooling pr OC%%%gthtéa SR AN Gk [RER 1bh RYL 110ASH Bhg eBgh

devi ce (beam and contact. bunp) in relation tothe contacting portion, there
is no need t 5B AESRE™RIFiti onal | eeway to accommodat e processing
variations inherent in BRI & e H HIteeas sdevatd draleleidw asthaling

. A . the " h 1,.ng" f, 20 of .th I | at i
< ol nPRat ol AT AT SIS THET SRR e O ‘e dbui el o

al i gnnment vadirgpid isuppeductliamwntarthdy ifilteodlblel imemataren, asferdbiyer and

devi ces 300 all i gni figant d i t ; i sui tabl e
for contact %qd@y%fetrﬁdeag@s tles_t : eval ?g:rt Ea?%h%vﬁnlg%eg%e%@fgﬁga

Sevent h, the lsiigfe eANNeREGE MY MPFQAREE iRy Haasiort i apemb¥angr ovi de

optimal mechapigadpper f ormance. To provide the scrubbing function, as

described in the background portion,, f{he _device shoul d hav beam 30 and
bunp SCRRet ur e that t I upb SOnHES SHRYUAATE. JOF I | Gef ude an
i nclined sur a3 He hetoteny | dssdnblly A2 rrgl. tthevheard actpawgt pont oHn 260.

The inclined surface ' 304 i for._increase trenqt ng. i ons
e hesl omer it Refbrady MM P bl R R DG 80T Ragh
t hi nner than pastieas SO6Lhahsuprenjuee famarys. applied to the device 300

during the tilting procegs of {he,deyl ce A0 { &0 @ decteagg over the
| engt h of the device 300
35 exemplary support element.

FIGS. 5a-5b are schematic side elevational

views illustrating how the support element and membrane
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whi ch has a correspondingly thinner nmaterial defined bythe i gcjéim,é}‘d 203t ace
304. Wth a thinner tail 302 andmaterial proximate the tail 302, the tail
302 of tRegRYhfer 300 has less likelihood of inpacting the perUSI9Adessi ce i f
excess tiling occurs. The inproved shape,gfthe device 300 al so decreases
the anobunt of netal material required.E g%th, "l ook-up" caneras are used to
obt ai n ani mage of . the | I AN f. I I |Ddaiersmne the
preci se Iocagﬁgﬁmg %t ﬁer%\c/i\%\?' (%2)51%38% ?éllg?ﬁ%rgt)gé?%gpgg%teilﬁ pads on the
test devi ce. olflskhg" deokcgp'undgmetgstpernits automatic alignnment of
themenbrane devi ces relﬁtd.v% 4O Lhe FARLRES RS Seidialcdlonrldw d£sting
‘may be performed. In order to obtainl5an’image of the devices 300 on the
menbr ane pr obket kentask- WeY ieamefad oGeaatyr uatiory &3 it&ﬂ BEBYARF nat et he
devi ces 300. aggfeqﬁjtlgnqgfelm,g,t he traditional planarprocessing techniques

result in relatively flat surfaceson the heans,. cantact_ hunps
contacting portions, if2®P peideiti®df aﬁeccbﬁji%ﬁlat\fl(?nwst ot%q%éelfp"aflo%g&up"
caneras eachafiney cha+=f lactmErd.i ghtf baok dheowite "d codntgt dekeze The |i ght

reflecting back to,the "I " t acEse£ requently
results in s&?ﬁmélfirﬂvﬂ%i @gtg‘ée&gisng&{%(e&e%gegt oca%%%%gf the_lf:ont acting
port i ons 25260 oultteiowrt | anvk S SIHY auev SRRbfaqrRSHelh % LeBRRCE BYRISPRr ef | ect
i ncident, Jight away fromdower]y di sposestQ0kidd v Laresiéwing) | ent he
contactimng portions 306 tendto reflect incident |ight gaﬁ}s %o J(ZiO\_I\?é| Y
di sposed" | ookdagitedahinesreRTRFRNFRE 1P righ® CPHAT vk- Up®30c At
?(Li marily fromd hgomont ast i N9i P41 | OBscRAGws eand | sim sebsdpbieat i al
onfusion regarding the exact | ocationof the coptactin t] NLat h, the
in? tial poliSHPEEIEEARIPYp %‘iﬁ?f%%f&%o‘i"%’fa?ﬁeagﬁ%gt#% eﬂ%ob‘?ggh%g in a
mat chi ng smooshdpt paeel shyfabe pad.the pol yi nide |ayer 220
patternedt hereon. After hi YaonO LSe F88mat hegubgtrat e
200 t he f%wer surface OFf{;%é B%I% glke) %g{égégﬁ%ésT?ﬁr%TnaEggéH%ET RULE %6)
WO 01/ 07207 26hdi elafpomeeig E@VWUSQQMBBSSCQEOCP%‘:%%& AMERICPRESC
resul ting pol %Eghdgtgaﬁga_zzo is generally optically clear. Accordingly,
t he spaces between the traces and thg met El I i.zeg devi gegagogi%‘% Lel ajevely
optically transnissive £8CthaP 4f 8pdPRPSFUS HESi EFGRTRE T hé Gevice can
readi |y see theoygh blierdevi eée bet ween the traces and devices. This assists
the operator in manuall ositi oni ng r oR £t daekGes
whi ch ar%got herw se obs%&r&e’dl.ltll %Qa dic%?’gﬁ?ggﬁggggﬁgmgggr gkflaggleof t he
devi ces 300 ablfo®3Gt.hé .operator to 10 nore easily determ ne the exact
| ocation of the contactigig partijens mRrdt hveuratckhpicentaal pdds of the
test device, which were previ ousl&i bscuyred %y épe w de beam structures
(relative to the EEM&ER iSHPWort} ﬁ%s.' R fdrerring to FIG 22, the
contacting 15 portions 28@.0f13 He devietaidred priefweodbltyec desticge ts&®Wr t h an
exterior surface _of rhadi.um 3 i j ffhectdsyalyy pl ated
ti) bonly ag‘proﬁ’hﬁﬁ ‘ngl t%T&S%%sastV%‘gcg Hne‘%/ gfrno%ﬁ}s%ry‘ll% p]):%:tti%r?gt gtréoségss of
rhodi umis semuionf @redessing he resulting layer is approximately 20 5
mcrons thick in a perpengi cular; glid goldiit i Wiewferd eutsivesa52 and
354. The width of the to[_p 350 of, the contacti ngv.portif?n and etmh%haargpl e of
the sides 352 and 354 ofFtfe Yodts APIT VTt BF%s ST |l FHEHRodi um 340
pl ated on bot he@hstesmad? @tk Aoy edfed abt ypg ot ivulegetahatings ing ol a
v-shape. The remi nder of the device is preferably nickel. Wiile the
thi cknesS®f (He THORERTZH0 1EVSN S microns in a perpendi cul ar
direction, the thicknessFdé.the ihoaipheBa0iah aigveriehth id eingi Tt i on
‘fromthe top 350 pf _th evige.lS: gre ) 3 eces ek ngf y,
the contacti ngt%% t?%nﬁ\ll\gi c%gm%%xﬁ}sg%uﬁﬁg %%Z@?ﬁt ;ﬂfé%rﬁ;\?ﬁ | y perpendi cul ar
direction fronfi®e t6p 350 will last longer than if the top portion were
‘merely plated to a thickpegs 9% SsnhCpoBsopfal hodéwt the substrate of

35 FIG. 14 after the tool of FIG. 15 has come into contact
therewith.
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El eventh, the texture of the contacting portion ' 35 260 may .be selected to
provi de the descri bed scrubbing effect on the contact pads of7ghgﬂge t
device. In particular, the tool may include a roughened surface S%M?UTE
SHEET ( RUo odmorz07 ~——~ ~r MAY 2003 wo oii 0~20~ 27 PCT/ US99/ 1G&53usmiteessn on
the corresponding contacting portion topygvide a uniformtexture for all
devices.' Thirteenth, using the construction techni que ofthe present

invention is relativel yy@ui ¢ 9 §0BsEEYEhalheidqviges ecaussr2hekher
decreased nunber of processingsteps, resulting in a substantial cost

savi ngs. The BEGr ehBntibRed BBAYETLER] SAYEECRHPERE LAS JPIRNEERs sever al

advantages rel ated to rhe.shapesoh phedevisesvaichy iaind bgo0t Ber WIse
difficult, if_not10j ggossi. e, to construct.First, the tool nay provide any

desired shapt®sheAehEeE ¥ifiBi 8 BaAB Si FLAB-scrubbing action is
desired.$econd, the inglGnedosuppar tergisndds vikw el adie deubserdpet @ft he
contacting p ion,260, provideslSsuperi or .mechani cal_ -suppo for the
contacti ng pg#¢r02563}t§saogggggd F§“ﬁ8?§ﬁyea"ﬁ8ﬁﬁi dﬁgné$3I support ed
bya | arger cdepaetshonp. awd hdddthosapppoil yimidet Heiyent i izeredcdes, the
contacting portion ey phe SHR! Lerwi phauL, gk Ak toPeG0LT A0y daLaghed from

the device. 20The snal | er contactyng portion provides inproved contactwith
the contact BaG-oROrhdnvestedeywéshnwhibe shbsgarteetieneved. penetrate the

oxi de bypl dup on the swiacer0fikhe eeBhRGWaRAGedt cHl tiP8w biRerhal | 302
of the device m e substanti all %ﬁt hi nner "t han the renmmi nder of the, 3

y. b
25devi ce whi ERPBBELERGePEON RE| FiS0d 23+ the tail 302portion inpacting
the contact pad of theRIest 2deviscadgchegatdst vigwhicll dderdeyhge one

tilts. Third, _the_pr r rt t he .cont actin rtions_of the devices,(
given a pr edBf R ep%é%s%rfg?ggxg%tvgﬁegyOtfhghﬁ'r SB€ elgrd,l?gel\'/l FPRBI e by ()
changi ng thecenter of FdGati2énisf at Behgowitde. Vilew cehtwst vatiogatihenof the
devi ce gan be select ed By SalBELiAG 1! BeERAY fg}ct}ﬁcﬂ?ﬁ{i&ﬁdae t B%ia

| ocat i on?hei ﬁt of the contacti ngporti on el a?llg\? t her et o. Accgfadi n(f:]LIye) t he
pressures cahd3¥sE &£ écteddezs by@®-red, to match characteristics of

twodi fferent contact padss. S9BSH BUPEaSHREEW RAER&] ternadiVAY qeiRedO
01/ 07207 PCT/ US 9/16ga§ 28 Fourth, referring to FIG 23, a triangular shape

of the foot pFift 87 EHETPANS PTAN R PP h | ateral stability of the
devices while permtti IRIG @ecriease sidlet vaepi toth tHied véewnidevofeFIGIhes

contact yRjg 5?»13%{[ ia%n%l%%aci:fe bq.%é' %%1?:& Jpreferably aligned in a linear
or ads o es

ar r angenent many cont-act _ . devices. The triangular portions
of the device are aligid® i R 7alitfern®LickSaIBi adppoisivhge i @ e8Pl Eas. bump

with a mark therein as a result of the device of FIGS. 25
and 26.
FIG. 28 is a pictorial view of another
25 alternative probing device,
FIG. 29 is a pictorial view of a further
alternative probing device suitable for solder bumps.
FIG. 30 is a side view of a true Kelvin
connection using the devices of the present invention.
30
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
The currently employed construction techniques
for membrane probes involves starting with the flat rigid
substrate to support additional layers fabricated
35 thereon. To decrease the pitch and provide devices with
increased uniformity requires increasingly more complex

and expensive processing techniques. In direct contrast
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Fifth, the capability of constructing 10 contacting portions that ar
rai sed high fromthe | ower surface of the device, while still r‘laf}r{ﬂfa\?rau%
uniformty in the device height and structural strength, allows the device
to provi daye®is2ey Nng action while the | ower surface of ~the gg.rh}?ﬁwlrﬁg&ui res
little novenent. The 15 small novenent of the | ower surface o e device
to make good el ectrical contact during te%?ing decreases the stress on the
| ayers under the | ower surface of.the de\rzi ce. Accordingly, the likelihood
of cracking the PofyFRTTRMY ayeriniddePhal cGREFEENTE IPFadayers fe@licddie 20
When probi ng enopxbdeup ayeponna seupporbungs substsakder thal pre@remmaf ers that
are to be used with "flip-chjp" C hE echn y,.such _as the .sol der
Bunmps on the bPV%’flg(ar%i?%ﬂlgté(go%}ggégg%gg%%%Sg I%i-{égr bé(e\'fgll&ﬁe(? tsi‘rlé'?:e_on is
difficult to eblectookly pehetrate. m25 Ref epineg to Er@at24 thshéesired
contacting a Lti LNg r.l : pro onto the
Sol der bu%p, %)%%q%kl %’%@é@{%ﬁﬁ%étoagg %rbggggglﬁﬁrg%ggggl'de%unp 287

t oget her w t hreHeiedng atRYAYS pdF i bReRSIORESEMCERG ("§OR Fowin" on the

i nterconnect i gagamWiethaskliBseparventtaeak 38 Rerdld rRebesmRrezp! der bunps,
the needles tend to skate_on the sol ggr bunps, bg&g under within the sol der
burps, collect debris oRCFRETHBEAFRsFIF! aRé t Re SHEBEFEtENREHS HE surface of
the test devi peefepdbtyeaonsgrubeedeédba pr doetiile wamerderlswidig aand

t edi ous. regver . _need| pr I nons uni f orm probe .marks on the
sol der bﬁ%s.ayﬁ@ﬁnﬁﬁObFﬁﬁgggr dggggﬂrrggﬁgélénd SRS idps,sltq‘ﬁ’eerpr obe marks
left in the uppetipomiion banthdéumoel wethbanthicktssSUBSEIEBUEBISHEET ( RULE

2 WO 0110 : Y 99/ 5 (O N4 ei n,
vﬁ?)ch when heg’t%gczfetagngg 't%é&/g% F%%%%EICEEU egra %s,%c%)r s&)ltrﬁgrgvé LsQe(r)Zélreagroys,

t he i nter connébet pyRstreter ?nglﬁoPFPéS.ra@QYalﬂiaz@,r amqg melowded for

devi ceconstr ugbiarasutlaklieyf eb prRRoVe AlkdAmPUERS descEiBMy (1axBie upper
portion g%_ t he devi ce |§cl %des a pair, fsé%epl i n(i]| i ned sides t291 and 293,
such as 15 degreesof f VBFEFLAFTOWPh FiPet drabldy 5961 SR80 18 PAF WA i ned
si des 291 anda298ippéfiegdbkpofiolila ishaonstirge2eb witt i fze Head t2er eof . The
angle of the si 2 a I | egt W r t he fficient
offriction be Va\le%g?llgt ﬁieles?igjesgz%ﬁd St%ﬁ?%o%;\fdg%gn I%e%el{lgg]%ggrq%unlp{é sfo%(}t?hat t he
oxi de coated s@ntassingngder SOpLRFlr PR iode tdiongathdesiicieacedIhsf t he
sides 291 and 42381 i960tReNWR3® SRRARLGRMAY A d2Qti e 2Signd iHMdE Gy ried
onl5t he si des as .the device penetrates. a sc;l der_bunp.' Referring to FIG 27,
the subst&nti & TONIPT FREGETE BFEoFNPED ) for ThemaeY Ftlertd SiRer
contact that extrerdsadyr ahe diepdring enastlider whilp.thsubsequen2 hedtengeof
the ;, sol der RUMSHt QgRENRLAMR )i, it&%ﬁé@%'éﬁéﬂ%”ﬁ% LOeLing from

the sides of the solder bunp therebyavo etposm i y of “expl osi on.

In addition, th&sEF@te 3Q Orar FhieefOUn e isoIrraf sy iepnatituwitad Mfat ure
whi ch al | ows nRRfractidnehaef ittheaselderHiHmnd eageunitd afod he ey ting

marks in _their design. A sq,' ~ l.ess force is required be applied to
thed devi Cebec&ue MRS &?&’s%eo I&§3de %t ma&%gﬁ%i%%l degru%fh%er é’ﬁf&[]‘r?gln make
pressi ng cont aeir wheh ticled 20l0ders buigx: ehteaid 1ad | eroclurdtasd AGmybricleent s
slicing too de into I al | g;{lg) eqring to FlG. 28,10
pxovi de a | ar gcggc&c()nrﬁugldt agl?'iggﬂﬁ‘ag%rnt&;st i’I‘r%é;eb 0 dfeefglb%ﬁérrpslmfri\%al}gr I"éacpa 1”t%erlnématy
be used. Ref er rd mydahe Ft@tizg winicdl thaehdaur atesyizeihclargb sz acqrgino lof

projections 3kl and 313d haldeHdy @Y?e[tat%lr? A die KNAS 0 AL RIGRPS.
The spamaggbet ween, t he prgfpi ctions 311 and 31

3 1s preferably lessthan the
di aret er t R Y MAYU 3% e 4R ed RABSANEUTE ﬁfi‘l:"ET YRruttee)
,~1 ~ MAY ~fi ~~tooW2 10 113 e Sl USE 130 with' the top surface 202

of the substrate 200 resulting in a depression 216 match-
ing the shape of the tool 210 upon its removal from the
substrate 200, as shown in FIG. 17. The tool 210 is used
35 to create a plurality of depressions 216 in the substrate
200 matching the desired pattern, such as the pattern
shown in FIG. 6. Conversely, the tool 210 can be held
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Wth such an arrangenent the projections 311 and 313 wll strike the sides
of the solder bunp 3Z7 thereby not Teaving a mark on the upp portion of
t he sol der bunp 317. Wth marks on the sides of the sol der AY, 2003 5

subsequemyofdiwrzorsed will be less |ikely to becone trapped m,bsgg/ﬁ;@g mar k
and explode. In addition, if the alignnent, of the device is not centered on
the solder bunp 317 then it is highly likely that one of the projections

311 and 373 Wbk siiably Siid knd Rusalidare I dth 3. mBUEMI gHS HiRVi ce

construction techniqués resulted in devices that included contacting

portions tha®-fér&ctaier MElgdind R rurdage 199 asetirehal F‘lj}hﬁﬁﬁﬁt@f is

Referring topkkGsedl.intd feddtadtmifiaedt HRONSSS Lcs 1 @NrdSul €A gue e
present inventors cane to the reaI|€§§|on t hat nenbrgge probes_nay be used

to make a "t FEBe RERLSPTRhEMS TR BT MactPirs the teel ddfice. A

pai r of slevi aesn3itsantmbdhlarfaca itgiedudddrdthei206pndacshagnpant i ons 355
and 357 adjaﬁgﬁ qne another. Wth this 20 arrangenent one of the devices
may be the ce” 'vhile the other device is the "sense" part of the Kelvin

testing arrangenent. Bﬁﬁmﬂthm§I®r tionsa IB5L wini@&71aparal ot hes sane

contact pad ty i‘pcegﬂ i nal ysi s_of .KelLv _
connecti ons ?g %escrl rﬁ;gg%.%%,&é % ] ec%?o%ISCgOEﬁgl kglgl’es
Handbook, 1sstood édlat I\rtlerawvmr | S\HFAL X . lnqwreeclawreer pp. 17-25,

17-26, jghe ERleVic tRaUb | Bair GES7 11 BililseS bdal£8d . APPhi €RLI pRoSRigiAloNO.
08/ 86A, 287 bot h of V\/mc are Jincor orated b reference herein. 30 It is to
be noted t haP3&EEHN%IT ?ﬁPQ#%§@ﬂé% U b ab® aBRREWRFEbe present

in devices caigifivailad s cosmbiveglohd cpdnqrm@éem:omnmeetdepredeﬁzm@ ng on

the techni d d d st hi eved. 35 SUBSTI TUTE
SHEET (RULE 28f 2ur i iR P3G0S ShiSh Aad B ReRBATBF Ebfiet ructi ng oL)

nmenbr ane pr olpeloumpirdesi Yayex )2 b) Th@s(rﬁ d=gpedipl byi drug ahenbsheat e;
creatingsa fide i:tr ‘é%gfcg% | D7 V&Aéé"féf@éﬂvﬁé?%éé&%%lé Cé‘&égg g ﬂ%ﬁ&'
materi a mnthr sal epr essi on onnect nduc a 0 sal
conducti ve m@ig€sal ; Alternatlvely, the polylmlde layer 220 may be
patterned on the top surface 202 of the subgtrate 200
with openings located therein where the depressions 216
are desired. Thereafter, the tool 210 is used to create

20 the depressions 216 in the substrate 200 through the
openings provided in the polyimide layer 220. This
alternative technigue eliminates the difficult process of
adequately removing the polyimide layer 220 from the
depressions 216.

25 It is expensive to manufacture masks for
exposing the polyimide layer 220 that have tolerances s
sufficient to precisely align the openings for the
depressions 216. The tool 210, in combination with the
dimpling machine, can be aligned to the actual location

30 of one of the openings that results from exposing and
etching the polyimide layer 220 with a relatively
inexpensive, and somewhat inaccurate mask. The present
inventors came to the realization that localized regions
of the mask, and thus the openings resulting therefrom,

35 tend to be relatively well aligned for purposes of
‘dimpling. Likewise, regions of the mask distant from one
another tend not to be relatively well aligned for

“erw
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conductive material is |ocated between said nenbrane and sai
and renovi ng said substrate fromsaid conductive nmaterial. 2. The method of

claiml wRopeigro#i d depression is created using a tool. 3'P(R)€ ﬁﬁ%@é&d of
claim2 further 1 ncluding a step of press#fg said tool into con%act W t h

said substrate. 4. The nethod of claim2 Turther including a step of

creating a s r £ssi ; saj - T claim4
further includimg %&%tgg %?ﬂ%%%%ﬁg s%?%g?ggpg?gfe?gfﬁﬁggg?%€ize to said
substrate to @¥ertEngat e sedbaErdkpr 888 bA. metcirhanpghhbeipitedai m 2

i ncludi ng f orgd e An VRL thCRAN$t @BpLBsEabAst 996. distant MBdm28Re 31/2 7. The
nmet hod of claim2 wherein said tool has.a s %Blnaﬁgortlon used to create
said first depPREeebn, VLR TAR ABEHHACET ALPRL MY RRERERA: Ui H! shapRAG
portion Mas ingltheddsngeiay! scod. ndbeasetbadedf Beoht 1 Mpeeci wisai d
nenbrane i s i ed Rrior tg sai d trage. 10 ghe ng%hod of.c%aif17 wher ei n
sai d shapi ng PoT tTBRHAZ° A" AEPTRRE SUPFARE BHEPTebl®alPhFiehndt49Rsad. 11.
The net hod ofmeh@ai pp¥nther Bonimprdvehabengeparacpnofiasha dkbgnmedta tail,
and said tail_J LN [ 2 e d ' wher ei n
sai d substnﬂ%ﬁ?gégédggéi#geﬁgﬁgr?g?QEQSEé1§§£$h%gﬁ%€%088% f%?%?%#z wher ei n
said tool is thawether dinaliBgempahingamaysbRardatighad saitheudstuate. 14.

The et hpgl of oGbaiAYd LHr tHEr pe2YRRiakNYadest 8B00ht CHERELASNE SEMORE

depr essi on. locations, so that each localized region is relatively
N accurately aligned, while the overall alignment may be

(.} somewhat off. In this manner a relatively inexpensive

applying a nmenbrane to support said conductive material, whergpn
&Féugé?rgm@;

magsk may be used.

15 Preferably the dimpling machine includes
accurate z-axis movement so that the depth of each
depression is identical, or substantially identical.
Referring to FIG. 19, if sufficiently accurate z-axis
movement is not available then an alternative dimpling

20 tool 240 with a built in z-axis stop 242 may be used.
The z-axis stop 242 is a projection extending outward
from the head 244 that comes to rest on the top surface
of the polyimide 220 or top surface 202 of the substrate
200. The z-axis stop 242 is positioned with respect to

y 25 the head 244 such that the proper depth is obtained,
: taking into account whether or not the polyimide layer

220 is previously patterned before using the dimpling
tool 240.

-

Referring to FIG. 20, a conductive material 250
30 is electroplated onto the polyimide 220 and substrate 200
thereby filling up the depressions 216 with the conduc-
tive material 250, such as nickel and rhodium. It is to
be understood that any other suitable technique may be
used to locate conductive material within the depressions
35 216. The conductive material 250 is then preferably
lapped to remove excess from the top surface of the

polyimide layer 220 and to provide a flat overall
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15. The method of claim 14 wherein said first depression is zrbstantially
simlar to said second depression. ~ ~ ~a~ ~t~ 31/3 16. Th

claiml1 further conprising a step of patterning an insulative |ayer on said
substr at ewdl01/073d¢ve net hod of claim 16 wherein said insul ati peTi8YR16655
patterned on said substrate prior to cregping said first depression. 18.
The nmethod of claim 16 wherein said insulative | ayer defines an openi ng and

said first d@@feaaéon iTheCanifedraﬁ aab@cmt_:;i ProeelgL S ngi dgemith1sai d

i . 109. d nduct terial
g 0 peaBele Al ang e gt BEReRaR 0 X HHR i 352 o hl af m 1

further conppastagnedsbapthb poilyimgdan layeer i2@0 laxy®ertlod cdnduotioe sai d

ducti teri I
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process, such as etching with hydrochloric acid (HCL 15%)
10 or sulfuric acid (H,80,). Hydrochloric acid and sulfuric

acid are not reactive with the polyimide layer 220 nor

the conductive material 250, such as nickel or rhodium.

It is to be understood that the polyimide layer 254 may (;P
alternatively be any suitable insulator or dielectric
15 layer.

Referring to FIG. 21, the contacting portion
260 of the resulting device is preferably selected to
have a low contact resistance so that a good electrical
connection may be made with the test device. While nick-

20 el has a relatively low contact resistance, rhodium has
an even lower contact resistance and is more resistant to
wear than nickel. Accordingly, the depressions 216 are
preferably coated with a layer of rhodium. Using normal
processing techniques the thickness of rhodium is limited

25 to approximately 5 microns. The resulting device
includes an exterior layer of rhodium, and in particular
the contacting portion 260, which is then filled with the
remaining conductive material, such as nickel or a
nonconductive fill. The conductive material need not

30 fill the entire depression.

The aforementioned "top-down" construction
process provides numerous advantages over the traditional
"bottom-up" processing technique of constructing layers
upon a supporting substrate. These advantages also

35 permit the capability of constructing devices with
improved characteristics.
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"1l ~ ~~y z~~ 31 /4 25. The nethod of claim further conprisiqg a, step of
frorm ng said depression so that said conductive materi al has‘a M Y ﬁhm
substantially flat surface inclined with respect to a supporting surface of
sai d nenbpaye/@gu@port. 26. The nethod of claim 1l further cqgansdoigesd St ep
of form ng said depression so that said egnductive material is
substantially pyram dal in shape. 27. The nethod of claim1l1 further
gonpri sing a step of p@lijrsslmi,ngthi%ajed axb sior ﬁliﬁnjp:raitQirc_)ﬂ@ o6 eghé nﬁesfghg _
epr essi on. e [ ur r_.conprisin step o rm ng
a roughened s%,%r ft}%e fc%?@%ﬂé@cg% ué:{gls\%éjhﬁhciheﬁ‘feaﬁ% r%e.vﬁ%“gsﬁ%th °8ch dimil
wher ei n sai d lsinbistatdtanshad phatestesisy ginoceabisyy d dipe eslsi bithasoat | east
‘one substanti f RG] it Ly C al grain,
said surface Lg;rxl{?ﬁsry cc%/{ét_a . gragﬁ#d&?}}{l%%éaa\r@a%&ée%}%léey%%er ebet ween.
30. A pr&bi ngredsisaian \Ehood ipidistignen ismaaed daf afdvsemet Tr@pEPsi ng: (a) a
'support; (b) & JEdyang d RriReerd Waa ilatd tstipi Al S dpﬁé"@??égis(:?) a
plurality of elongate conductors supported by ‘said henbrane; (d) a
plurality of YHHsHyate HFfiE4E supported by sai d nmenbrane, each of said
contacts electrically cuumeeledHe allevafaidn off agpecédvea®Pengf said

conductors, pé?é&éﬁs]ig% 6fwiﬁgjé%vices ig extremely uniform because
10 it is defined solely by the tooling process, which is
mechanical in nature. Different localized current densi-
() ties of the electroplating bath, different densities of
the ions within the electroplating bath, and "random"
variations in the electroplating bath are eliminated from
15 impacting the overall shape and height of the resulting
devices. With substantially uniform elevation of the
devices, less force is required for the devices to make
adequate contact with the test device which, in turn,
decreases the likelihood of bending and breaking the
20 probe station, the probe head, and/or the membrane
probing assembly. Also, the substantially uniform eleva-
tion of the devices decreases the likelihood of damaging
contact pads on the test device with excessive pressure.
Third, the contacting portion 260 of the
( } 25 devices are stronger because the device is constructed of
a single homogenous material during one depositing
process requiring no interfacial layers, as previously
required for the multiple processing steps. This permits
reducing the size of the contacting portions to the
30 limitation of the maximum current density allowable
therein during testing and not the minimum sheer force of
the interfacial layers.
Fourth, the shape of the resulting devices are
customizable to effectively probe different materials.
35 The shape of the device may have steep sidewall angles,
such as 85 degrees, while still providing mechanical

strength, stability, and integrity. The steep sidewalls
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each of said contacts tilts in response to pressing engagerreng M/ﬂ ?ﬂﬂf

el ectrical device, and each of said contacts having at | east - &e
substantially flat surface inclined relative to said nmenbrane, defining an
acute angWo 01#72¢% ve thereto. 31. The probing assenbly of cpermsdficelser ei n
said contact has a tail and a contacting pgrtion, and said inclined surface
Is between said tail and said contacting portion. 32. The probing assenbly

of claim30 wagheith ek £bidie! ddedc84r £8CBei otstirderall sMititoi BGhs 33.
The probing assenbly of claim 30 wherein said contact is integral. 34. The

probi ng assefiYy HIITAATF FHPWLT LI AL SAPULEGR 2OF .J-§C§@@§[1d}ﬂl,3é|¢§,nser

pyram dal . 35rrEiﬁ5mam@goﬁssmbwt otadlsabm 8bewhesel @eSAldk COMGRES -
defines a foot rint_.havin

narrow end.. 36. The p oblng
assenbl y of 51 & 3“'61%%?%?1 %gcﬁhﬁf ségega@l&ﬁt 8EFs TRks IERERGRILG | v%
cont act i Ag pantdepancmm:)saomi Thhat atyehglpanei stsuateral icghecthe n | i near
arrangenent . %wobing assenbly of claim35 wherein each of said
contacts has a respec I ve contacting portion, said contacting portions are
aligned in linear arrangeheht,thadsbape @ﬁnthgtQOQtQC@mnguﬂQrQIpmkm& a

wide end of qug.af SALgsEON ACkAal $sadhaeBRh bRchedd RH:UL OfwRNOh her of

sai d 6 tontacts.
permits uniform contact with the contact pads of the test

10 device.

Sixth, the alignment of the different portions
of the resulting device are exactly uniform between ()
devices because each device was constructed using the
game tooling process. With exact alignment of the lower

15 portions of each device (beam and contact bump) in
relation to the contacting portion, there is no need to
provide additional leeway to accommodate processing
variations inherent in photoresist processes and in
electroplating processes. Also, the "mushrooming" effect

20 of the electroplating process is eliminated which also
reduces the required size of the device. The alignment
variability reduction, and virtual elimination, of
different devices 300 allows a significantly decreased
pitch to be obtained, suitable for contact pads on the

25 test device that have increased density.

Seventh, the shape of the resulting devices may
be tailor shaped to provide optimal mechanical perfor-
mance. To provide the scrubbing function, as described
in the background portion, the device should have a beam

30 and bump structure that tilts upon contact. The device
300 may include an inclined surface 304 between its tail
302 and the contacting portion 260. The inclined surface
304 provides for increased strength along portions of the
length of the device 300 which permits the tail 302 to be

35 thinner than its head 306. The torque forces applied to
the device 300 during the tilting process of the device
300 tend to decrease over the length of the device 300
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38. A probing assenbly for probing an electrical device conprﬂséd&@féMﬂS
support; (b)a nmenbrane in overlying relationship to said support;(c)an

el ongat e conductor supported by said nmenbrane; (d)an el ongate contact
suppor t ed W 05267 nenbrane and el ectrically connected to sapci/ussedéeessor,
said contact tilts in response to pressimngengagenent with said electrica
devi ce, said contact having an elongate portion and a contacting portion in
el e;/at i onalOI ruehgztrl ?mém@ &@rﬁ@éﬁoﬁ&ﬂm@]ﬁ}{retl}[wﬁﬁéﬁnma?ﬁﬂléﬁi deﬁ@ﬂéaCbgngTh
portion an ide a ortio egral. w eac e
pr obi ng asseﬁﬁ} gﬁ?% g réﬁ%?e?ﬁasal Eboﬁg%?énﬁﬁ¥tF6ﬁlhégg apé and
an inclined mmﬁexmabxpeoﬁSmatenghsatdlblmmgatEhpotanbn3aﬁdoﬁmahefron1said

tail. 40. The qgéngo@s gbigs lfkgifkgg mhgrehg g% kgggg%ﬁFportion

has an |ncI|ne STde rane e angle
IherebethendeM;Cahefp¢&©Eﬁg éséenGchoﬂralalﬁhQBlmpepeed shapecofit act is

substanti al | .y rdd gk - 368 al88 Héepé£9e38§§abgmoe£t059'@béﬁlwherein sai d

contact has a footprint having a w de end a narrow en ~ ~ "o~
MQY 200 31 / Materiapr68FRgT8Ssenbly for probing an el ectrical device

conprising: (a) a supporighth) &lBBI&bﬁﬁnechﬂeQHQVhi‘énﬁsé@ bl QBEBhR & said
support; (c) an eIongate Cﬁgductor

contact suppcriR&f byt saig Wﬁfaﬁ@rﬁﬁggeP CFPFCBF rEBﬁnBEPgﬁ Fé sald
conduct arq sadécteoninet thavpagcasdobovat by pfophecHEﬂgceEOBgateeuadge

hayi0 5 0o e 8oL Q0- 20, 85ULs, apal egbenghebucensgyd 11 doe 1 -

F suitable for Tt 'ng throu
.} The problhgoabsepﬁlyaméresapﬁrm3taheu90ma5acda@égnmehtspdeshp0|n to

form said ridggny %PeTHSVQEQQiQQé§§§9gb£¥ ekgckghgaé g@a&ege §§gq f'dge

ext ends substanti across sai d cont ng asse
claim43 mher%w%o@%FHCcéﬁﬁééﬂgfWﬁﬂhéﬁ PREFOHEEd, fF§t°§dFFa§@ §§§§épt|ng

said ridg®. an image of the devices 300 on the membrane probe the
"look-up" cameras normally utilize light to illuminate
the devices 300. Unfortunately, the traditional planar
processing techniques result in relatively flat surfaces
on the beams, contact bumps, and contacting portions, in

20 a perpendicular orientation to the "look up" cameras each
of which reflects light back to the "look-up" camera.
The light reflecting back to the "look up" camera from
all the surfaces frequently results in some confusion
regarding the exact location of the contacting portions

25 260. The inclined surface 304 of the devices 300 tends

e
Yo

to reflect incident light away from lowerly disposed
"look-up" cameras, while the contacting portions 306 tend
to reflect incident light back to lowerly disposed
"look-up" cameras. Light returning to the "look-up"

30 camera primarily from the contacting portions 306 results
in less potential confusion regarding the exact location
of the contacting portions.

Ninth, the initial polishing of the top surface
202 of the substrate 200 results in a matching smooth

35 lower surface for the polyimide layer 220 patterned

thereon. After etching away, or otherwise removing, the

substrate 200 the lower surface of the polyimide layer
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47. The probing assenbly of claim43 further including a plurality of

downwardly proj ecting elongate ridges. 48. The probing as§1qpm¥wovgmgain1
47 wherein said plurality of ridges forma waffle pattern. "49. "The "probi ng
assenbl y WO @0320h 43 wherein said contact defines an arch, PCRUS99466580Y
~~iD~ 31 /8 and said ridge is |located at2an end of said arch. 50. The
probi ng assenbly of claim49 wherein said contact has another el ongate
ridge at the28bhée em¢oth saidd tdvechressitiagmpiotiniiste plapeng22aa élsectri cal
device havingepd,ahay! bptdleiad. WildhAn QUAEAHIACE cKOMRELSLRY the steps
of: i (a) formng a Contact having an el ongate ri/dge having a pair of
inclined surPeE¥SeBelhfi f§FaaeSacit ity MeteHdrians Wasnices) 3@Pedfrical |y
connecting sakdaeRedst dp?idalast itihiimisedivel Go RIASST 29 §kdatbgge onto
sai d electrlcal_gad;, %% heaying sai d oxide _surface away frog1s i d ridge;
(e) penePrat PR§ISACH: 53‘_61 YIGE £ eGAAdY §k; TRANER) Ches g S d
el ectrical dpeétGeensichg sAatdeHidgidadess. FThisThesapsbodtné ebairm 51
wherein said %alr.of i_ncl i.ned S|%§3f%?|n. ?éi The et hod of clainb%}
further conpPEGEnd™ METSAIT Yo P AT £78 SEPERPRS P5oRS ofts ki
contact. 54. délve cesmt hird adf adeniobHelrWisd drsmand. sihy adédisien,othe
provi di ng an &h r.§ ngat i 1.4, contact T, f ai m
54 wher ein s%’ &‘%Imil ggs%glrag)% ao&gﬁzllfg%]léeml%e% YRf a1150§~s Pﬁe ngﬁgggt%r q:'o
10 more easily determine the exact location of the contact-
ing portions relative to the contact pads on the test
device, which were previously obscured by the wide beam ( )
structures (relative to the contacting portions).
Tenth, referring to FIG. 22, the contacting
15 portions 260 of the device are preferably constructed
with an exterior surface of rhodium 340, which typically
can be effectively plated to only approximately a thick-
ness of 5 microns. The plating process of rhodium is
gsemi-conformal, so the resulting layer is approximately
20 5 microns thick in a perpendicular direction to the
exterior gides 352 and 354. The width of the top 350 of
the contacting portion and the angle of the sides 352 and
354 of the tool 210 is selected so that the rhodium 340
plated on both sides 352 and 254 preferably join together
25 forming a v-shape. The remainder of the device is pref- E }
erably nickel. While the thickness of the rhodium 340 is
only 5 microns in a perpendicular direction, the thick-
ness of the rhodium 340 in a perpendicular direction from
the top 350 of the device is greater than 5 microns.
30 Accordingly, the contacting portion which wears during
use in a generally perpendicular direction from the top
350 will last longer than if the top portion were merely
plated to a thickness of 5 microns of rhodium.
Eleventh, the texture of the contacting portion
35 260 may be selected to provide the described scrubbing
effect on the contact pads of the test device. 1In
particular, the tool may include a roughened surface
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,1 ~r MAY 20~~ 31/9 56. The nethod of claimb54 wherein said ridges are

per pendi cul ar. 57. The nethod of claimb51 further conprising1bhd%$¥§pmpf
formng an arch with said contact. 58. The nethod of claim57 wherein said
ridge i s warapeeghrat an end of said arch. (- ~ s 59. The netdhqiugbngdsai m 51
wherein said electrical pad is a solder hynp. 60, A nmethod for probing an
el ectrical device having a contact pad, conprising the steps of: (a)

formng a pta{égteérﬁoeha%%_ QBri‘egBBHH@g%? cema%kqg%gc#éoifyoﬁoegecti ng said

pair of contacts to a testing device; ) pressin sald contacts
onto said coRYa¥idpad; UpdforBstri§uFsi o8| addr PEXI1a®Esi ce at sai d contact

pad using said testingrégviteentfl. uEhagmehlodadlstghaitN&P fekhieiue of
conprising the steg of p[OVIdlng a.pair of,c%ﬁductqr zgfported by said
menbr ane, cohREcPFREEBECHTOENSAPE dEndGlasriyely SiF HRRPEEUCENd
connecti By obReoOBlesdicdscbricatise bd che decyeadecdntintear SoBNPr668886Higng

‘the ot her of ld c o.th r..of .sai d_cqonductors. 62. The net hod
of claim#60 Fggpgérgg%%ﬁzﬁgfgnéht %e%il?%ﬁao lt%ﬁl %°r?§ each 01° sai d pair of
contacts when each of Fhied afsrementdomedc const vvakiight tietin paessahgo

el ectrical epgageERRl JWhita92LGvaRREAek R ated 't e\ shape of the
devices which would be otherwise difficult, if not

10 impossible, to comnstruct.

First, the tool may provide any desired shape,
(:) such as a simple bump, if no scrubbing action is desired.
Second, the inclined supporting sides of the
test device up to the contacting portion 260 provides

15 superior mechanical support for the contacting portion
260, as opposed to merely a portion of metal supported by
a larger contact bump. With such support from the
inclined sides, the contacting portion may be smaller
without risk of it becoming detached from the device.

20 The smaller contacting portion provides improved contact
with the contact pad of the test device when the device
tilts to penetrate the oxide buildup on the surface of
the contact pad. 1In addition, the tail 302 of the device
may be substantially thinner than the remainder of the

=N
o’

25 device which decreases the likelihood of the tail 302
portion impacting the contact pad of the test device
during testing when the device tilts.

Third, the pressure exerted by the contacting
portions of the devices, given a predefined pressure

30 exerted by the probe head, is variable by changing the
center of rotation of the device. The center of rotation
of the device can be selected by selecting the length of
the device and the location/height of the contacting
portion relative thereto. Accordingly, the pressures can

35 be selected, as desired, to match characteristics of two
different contact pads.
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31/10 63. The nmethod of claim®60 further conprising the stépioMAr{e ing an
oxi de surface fromsaid contact pad with said contacts. 64. net h of
creating a probe conprising: (a) providing a substrate; (b) overlaying a
pat t er nedybaysfopn sai d substrate where said patterned | aygrnosedngssgef i nes
a plurality of openings therein; (c) aligging a tool with respect to at

| east one of said openings and creating a first set of depressions within

sai d openings based upgsuitie, PRéterpifpg ab keast 2a parthanffuisatd
openi ngs; (d) real ﬁnl nég aid tool with respect to_at |east "one of said

openi ngs and®@R&:Ghd BE skeompriRt 8f BBBr 88¥i6Rs adilomien IoF digieni ngs
based upon tihg-f1ail edtaleilatyl eastha aevices ehilal ¢eepARtNIGE and (e)
| ocating conductive material _within a g%ur ity of said depressions and
t her eaf t er rcg?ﬁﬁﬁarﬁf sH dCRELRT FGP PR FBRPRAREVEGRGuCt IVE MAEASHINS5. The
met hod & clpprnihd W ohesf cohpr dsivhgecapaeptreig rabdgnadldignesi timce to said
conductive ter.al d_of claim.65 further. conprising applying
a menbrane ﬁ%igﬁ%%d%Epgg %mg%ﬁgﬁgfiW%nXaF8P?§Fé padS~Q§1%fg%ﬁ§ﬁiﬁgc§€lll
67. The net Itk dfrivdedwl 86 phrtéPnssafdthentesies sirapplliigrhesd tion
connecting sgjd, & eoéggggﬁéod%ggtgglﬁguctive material. 68. The

I d p

nmet hod of clalmo64 eretn ressrons are created by pressing a tool
into said substrate. 6Bifthe BBehearabidikiymods comsitadiotgnche step of

movi ng 191 d doladeiRgapbytighat tHatt Are ralded THRH TR th& RS Sai d
depreSS|0ns.SJ¥%aé;rb a&héb e gce, while still maintaining uniformity

in the device height and structural strength, allows the (”)
device to provide scrubbing action while the lower -
surface of the device requires little movement. The

15 small movement of the lower surface of the device to make
good electrical contact during testing decreases the
stress on the layers under the lower surface of the
device. Accordingly, the likelihood of cracking the
polyimide layers and the conductive traces is reduced.

20 When probing an oxide layer on solder bumps, or
solder balls on wafers that are to be used with
"flip~-chip" packaging technology, such as the solder
bumps on the printed circuit boards, the oxide layer
developed thereon is difficult to effectively penetrate.

25 Referring to FIG. 24, when contacting a traditional i)
contacting portion of a membrane probe onto the solder
bump, the oxide 285 tends to be pressed into the solder
bump 287 together with the contacting portion 289 result-
ing in a poor intercconnection. When using conventional

30 needle probes on solder bumps, the needles tend to skate
on the solder bumps, bend under within the solder bumps,
collect debris on the needles, flake the debris onto the
surface of the test device, and cleaning the needle
probes is time consuming and tedious. Moreover, needle

35 probes leave non-uniform probe marks on the solder bumps.
When probing solder bumps used on flip-chips, the probe
marks left in the upper portion of the solder bump tends
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(d) (e) zethod of creating a probe conprising: providing a substrate;
oVerlaying a |l ayer on said substrate and thereafter patterni @ggﬂﬁ er
to define a plurality of openings therein; creating a set of- %dﬁ

Wi t hin sawb operengs after said |ayer is said patterned; | oscdnisvd/16653
conductive material within said depressiopg; and renoving said substrate
fromsaid conductive material. 71. The nethod of claim 70 further

conpri sing coactd Nof BufOPREEELINE WRACK %Heﬁahéa'ééadla@hti&et@%ﬁb&%ﬁe 72.
The net hod of chﬂﬁn171 f rther co risin ggg ¥ nmbrane to support
sai d conduct iRt t%ﬁ?%? es,jox Q e:wmg Hdrgsry THEenéPHSHCBPnGFa|n172

wherein sai d gwswr anmeférﬁmdgled piger zsnaﬂatneg ani dmp@@d@at de@iteace to
sai d conductive naterij

E nPth od oﬂ cla % rein, sa
dopr oo one. AEPTEESTEECR, S0t eaRF R oTal  BsPb i as B fe cbkBen s sHewrrne
met hod ofS cl e Adpper| pdrogobhefstiee dévmoalmgc%addstaopahatefalIy

| ati t . A
eLative Lo SHZabSIRal fnld S1ABLEISE! dndoBLSSSLAR L0 auRLhRd of
of depressiomsfhiveérhicald wmbbtpacﬁebybbk'epgilhghadt sdHednt 0 Thei d substrate
where the depirfﬂcpinéal glaserml Qﬂd'§9§OB£éPEE291 Aok pAat s'h'%rBaE:t_Ld a

portion of said tool extend |ng out war d % t erefron1con1ng pressi ng
engagement wi3$5 sakdtBabsPrPatBetrfefebyT ﬁhPBB%PnSftﬁEecéﬁﬁﬁﬁu?ﬁé ekt i ve
noverment1 ®f spodl sybséiateewi Withespgetdt @osahd teelffitskntoedt i Ng

conduct | Ve, kel LEL U bk Te2al BrdeiSasl 008 B00Ldh U0 B0,
cé@prising camuept i ag ahaondhet bwéder aceted sardace tendscttiov@rimberiilat .
slide along the surfaces of the sides 291 and 293, or
otherwise shear away, and not be significantly carried on
15 the sides as the device penetrates a solder bump.
-Referring to FIG. 27, the substantially sharp ridge also
provides for a mark (detent) after contact that extends
across the entire solder bump. Subsequent heating of the
solder bumps, together with flux, result in the flux
20 exiting from the sides of the solder bump thereby
avoiding the possibility of explosion. 1In addition, the
resulting mark left on the solder bumps is uniform in
nature which allows manufacturers of the solder bumps to
account for the resulting marks in their design. Also,

T I
’
v’

25 less force is required to be applied to the device
because it tends to slice through the solder bump rather
than make pressing contact with the solder bump. The
flatter surface 405 prevents slicing too deeply into the
solder ball (bump).

30 Referring to FIG. 28, to provide a larger
contact area for testing solder bumps a waffle pattern
may be used.

Referring to FIG. 29, an alternative device
includes a pair of projections 311 and 313 that are

35 preferably at the ends of an arch 315. The spacing
between the projections 311 and 313 is preferably less

than the diameter of the solder bump 317 to be tested.
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78. The nethod of claim 77 further corrprl 5| ng applying a nenbrane to
support said conductive material. 8 , ~brr N~~1Y 2aﬂB€§1ﬁﬁ 068

The net hod of claim 78 wherein said nmenbrane is applied after connecting

sai d condwa@giws2dm ace to said conductive material. 80. 'TheporUk9gl16883 Cl ai m
78 including the step of noving said toolygdaterally relative to said
substrate to create said depressions. 81. A probing assenbly for probing an

el ectrical deyicee mraﬁla&adg?em@tsmrﬁm é&tfoﬁ@ﬂ@i@nﬁnan VLY Ng
rel ati onship to:@(al d ;suppo of el ongate conductors

a pluralit
support ed byS&& atrtﬁ Lﬁ’%-licf MR oht AckReE@pYoredd by said
menbr ane, eaqieaa;flrfgalad it acm sueé appgdE dz&tmﬁ\r@pteﬂet 8odteheasim@
respective o §€W9100n uctor%i and uralli¥ ofbsald ggpt cts
furt her corrp s7€d » Fi95t I}Fatse]r By SP+9eL: bUBR: 3
resi stance | ecdtsednedntt el wontsed iwigl Jpdsé |Inrssaf1"sla¢]jycnot decome (ii) a

second mat er gl oyt g, & 5P5a00 £NE AGla TSR RiANCe. TaNeLALE 80l O [ rle

resi STA ess t an sai d Seco act~ T eSrstance.
pr obi ng asse@@%gmﬁercﬂ Bintdie w&@\rmm s rbY |¢esmt¢m@roal the seddigntive

rhodi um 83. phe, py p})iﬂge@s&anpéyh aim%r"‘ﬂ%@'{ﬂnéabé $geond materi al

i's conductive nickel. 84. The; @g asse alm 81 wherein each of
sai d contact PEITG2LIPT ebbras tzi)]-%)r‘élslsl rﬁ;}tbl{éa%‘éﬁ%h? theh sedidee| EmR| cal
device. 19  317.

Previous device construction techniques

resulted in devices that included contacting portions ( }
that were rather large and difficult to assure alignment
of. Referring to FIG. 30, with the improved construction

15 technique the present inventors came to the realization
that membrane probes may be used to make a "true" Kevlin
connection to a contact pad on the test device. A pair
of devices 351 and 353 are aligned with their contacting
portions 355 and 357 adjacent one another. With this

20 arrangement one of the devices may be the "force" while
the other device is the "sense!" part of the Kelvin
testing arrangement. Both contacting portions 355 and
357 contact the same contact pad on the test device. A
more detailed analysis of Kelvin connections is described

25 in Fink, D.G., ed., Electronics Engineers’ Handbook, 1st
ed., McGraw-Hill Book Co., 1975, Sec. 17-61, pp. 17-25,
17-26, "The Kelvin Double Bridge", and U.S. Patent
Application Serial No. 08/864,287, both of which are
incorporated by reference herein.

30 It is to be noted that none to all of the
aforementioned advantages may be present in devices

-

constructed accordingly to the present invention,
depending on the technique used, desired use, and
structure achieved.
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~._'f ~ MAY ~~~~ 31/14 85. A probing assenbly for probing an electrical

devi ce conprising: (a)a support;(b)a menbrane in overlying rel qtjéqqlngﬂnéo
said support;(c)a plurality of elongate conductors supported by i
menbrane; (d)a plurality of contacts supported by said nenbrane, each of
said contactselectrically connected to at | east a respective one of said
conductors; and(e)a plurality of said3tddntacts further conprised of:-' -(i)
a first mterial |located at the contacting portion of said contacts

wher et HELABASh of said first material in a direction perpendicular to

sai dnmenbrane is greater than the depth of said first material in a

di rectionperpendicular to the side of said first material;(ii) a second

mat eri al supporting said first material, wherein said first Imaterial is
different than said second material. 86. The probing assenbly of claim85
wherein said firsl. Aenethpdiof renstwpiinga membrangdreha compeiingThe probi ng
assenbly of claim86 wherein said second material is conductive nickel. 88.
The probing assenbly ofa)cl aprovBinpBeulsstiateeach of said contacts tilts in
response to pressing engagenent with said electrical device. 89. A nethod
of creating a probe copgri SipRgiing ANirR'deeslifiowAnBURRI &iBLRite, ~ 4 MAY 2D03
31/15 (b) creating a set” of depressions wthin said substrate having at

| east one sidewal |l that .is independent .of the crystalline structure of said
substrate; (c) |ocati ng)con&féﬁﬁ%Of}‘é@PtéY"i‘EPteW‘t n said eREsHiasi ons; and
(d) renoving said substrate fromsaid conductive material. 90. The nethod
of claim89 further coffri scognectnmecendugtive Eansdo saif gendyctive magerialj d
conductive material. 91. The method of claim90 further conprising applying
{a fmenmbrane to support &9id aeppigingta membmhetd alppod 2aid Torduveivh athtafal Okhdrein¥hid
wherein said nenbrane is applied after connecting said conductive trace to
said conductive material. " cSdcRieniRbAPY |0l RAAASAINGLAIIAG hlSaiat ep
of noving a tool laterally relative to sald substrate to create sal
depressions. 94. A probing a S8 l'é {or probi ng an el ectrical device
conprising: (a) a support; (S@?S Cu rane in overlying relationship to said

support; . . . . .
® removing said substrate from said conductive material.
2. The method of claim 1 wherein said depression is created using a tool.
3. The method of claim 2 further including a step of pressing said tool into contact with said
() substrate.
4. The method of claim 2 further including a step of creating a second depression with said
tool.

5. The method of claim 4 further including a step of moving said tool laterally relative to

said substrate to create said second depression.

6. The method of claim 2 including forming a vertical stop on said tool.



(c) a pI urality of elongate conductors supported by said nenbr ane g ‘? 2003
plurality of elongate contacts supported by said nenbrane, each of é

el ongate contacts electrically connected to at | east a respective one of

sai d 31/16 ~ ~ May 200 conductors, each of said elongate contacts tilts
in response to pressing engagenent mnth said electrical device; and (e)

said el ongate contacts further charact3éf zed by: (i) a contacting portion

| ocated to cone into pressing engagenent with said electrical device; (ii)
a major portion of a body extending fromsaid contacting portion that

i ncreasingly decreases in thickness further distant fromsaid contacting .
portion. 95.7The mheméﬁ%@éﬁﬁﬂm Y whbref] §d1dﬂo%{1hél!h£§hﬁbﬂg$%ﬁfbn%le?’fo aeétte's% first
i ncreasi ngly decreases linearly. 96. The probing assenb alm?9
mherelndsald contacting portion and said body are |ntegral wi th each other.
97. The %V@ﬁl assenbly of claim 96 wherein said contacting portion and
said body are hono enous with each other. g 98. The probing assenbly of
claim94 wherein said elongate contact is substantially pyram dal. 99. The
probing assenbly of claim94 wherein said contacting portion is

substanti al I g, par gihkehethdd & JISEPE Gheteth Soad sShapBipioReh RRAAncRed sieivalls.por ti on
is inclined with respect to said nenbrane.

9. The method of claim 7 wherein said membrane is applied prior to said trace.

10.  The method of claim 7 wherein said shaping portion has an inclined surface between a

tail and a head.

11. The method of claim 7 wherein said shaping portion has a head and a tail, and said tail

is thinner than said head.

12.  The method of claim 1 wherein said substrate is a ductile material.
13. The method of claim 2 wherein said tool is formed from a material that is harder than

said substrate.
14.  The method of claim 1 further comprising a step of creating a second depression.

15.  The method of claim 14 wherein said first depression is substantially similar to said

second depression.



.9 ~ MaY Zao~ 31/17 100. A probing assenbly for probing an el ectrical
devi ce conprising: (a) a support; (b) a nenbrane in overlying rel a-!)i ozﬁll?i P03
to said support; (c) a plurality of elongate conductors supported 35 al'd
menbrane; (d) a plurality of contacts supported by said nenbrane, each of
said contacts electrically connected to at | east a respective one of said
conductors; and (e) said contacts fur8igr characterized by a contacting
portion located to come into pressing engagenent with said el ectrical

devi ce wher g ¢ he e tyi Riref j :

substanti al Iely6t| denti cg?lbﬁ?%?gggc}tfﬁﬁ?gﬁoﬁﬁg : OalﬁTﬁéﬁg%ggn% lgglgg% lfllygfon
claim 10(21 erein each of said elongate contacts tilts in response to

pr essi r‘?@‘ eﬁ\%g&g nt with said electrical device. 102. The probing assenbly
of claim 100 wherein said contacting portion is substantially parallel with
respect to said nenbrane. __ ~~ 103. A probing assenbly for probing an

el ectrical device conprising: (a) a support; (b) a nenbrane in overlying
rel ationshi piz o SBhémsthod @flclaithd) whepéid saildiihsuldive ¢lyengatatieod ot ehid sbstrate
supported by said nmenbrane; (d) a plurality of elongate contacts supported

by sai gq[rfﬁ‘?'ﬂp&%gﬁn%%&ﬁré?fde@f%ﬁoﬁl ongate contacts electrically connected to

at |lea a respective one sai d conductors, and

18.  The method of claim 16 wherein said insulative layer defines an opening and said first

i depression is created at a location corresponding with said opening.

19. The method of claim 1 wherein said conductive material contains at least one of

nickel and rhodium.

20. The method of claim 1 further comprising a step of forming an exterior layer of

rhodium on said conductive material.

( ' ; 21.  The method of claim 20 wherein said exterior layer of rhodium forms a v-shape.

22.  The method of claim 1 wherein said step of locating conductive material within

said depression comprises electroplating said conductive material onto said support.

23.  The method of claim 1 wherein said conductive material is deposited uniformly.

24.  The method of claim 1 further comprising a step of planarizing said conductive

material after locating said conductive material in said depression.



tl ~ MAY ~~0~ 31118 (e) said elongate contacts further charact ef1 jetﬂAMyZﬂlm
Having a first width proximate a contacting portion with said electrical
device that is less than a second wi dth proxi nate an opposi ng end of said
el ongate contact with respect to said contacting portion. |04. The assenbly
of claim 103 wherein each of said elongate contacts tilts in response to
pressi ng engagenent with said electrigal4 device. 105. The assenbly of claim
103 wherein each of said contacting portions are aligned in a |inear

arrangenent , 5 and m%&w@faanﬁrﬁnﬂm ﬁgl g%sieg]sa&ff&ghﬂ%g Raéf%ﬂagsl&%&

one of said cont acts |s adj acent to 0S| another sail
contacts. 106, The a ereln ach of said contactin
por t i onS2idpendpetius Hl gﬁ?%%%ﬁ*ﬁaﬁﬂ%lm gt e dalined Mg espectieiasuPRAing sprface
opposi ng end of one of said contacts is in an s ! overlapping relationship
t o sai dobypbsicmpranecsupporhn adj acent one of said contacts with respect to
direction perpendicular to said axis. .Al,Y.AFl . AF;

| . AE. AY3I . Af. Al f. AY. AF. AY. AhFl . A&S2. AF. | . AY. AY. ALE. AY, | . A
E. AlE. A2. AFE. AY. Al | . Al Y. AYH. A. AY. A2. Al . AY. AF*. AL E. Al f. AF AU

Joni Al U st es] Tﬁfﬁ%théﬁ &t 1% i ebiter oo ok ke et Bprsseion p o

calca c ca ca] cal c'a
Ica] cal !1001]1 ucllve materia 1s su stantlally pyra.n]ndal in shape.

{
27.  The method of claim 1 further comprising a step of polishing said substrate prior to

creating said depression.

28. The method of claim 1 further comprising a step of forming a roughened surface on

said conductive material.

29. The method of claim 1 wherein said substrate has a crystal grain and said depression
. has at least one substantially flat surface inclined relative to said crystal grain, said surface and said
(‘) crystal grain defining an acute angle therebetween.
30. A probing assembly for probing an electrical device comprising:

(a) a support;

(b) a membrane in overlying relationship to said support;

(c) a plurality of elongate conductors supported by said membrane;

(d) a plurality of elongate contacts supported by said membrane, each of said

contacts electrically connected to at least a respective one of said conductors,
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36.  The probing assembly of claim 30 wherein each of said contacts has a respective

contacting portion, and said contacting portions are aligned in linear arrangement.

37.  The probing assembly of claim 35 wherein each of said contacts has a respective
contacting portion, said contacting portions are aligned in linear arrangement, and said contacts are

arranged so that a wide end of one of said contacts is adjacent to a narrow end of another of said
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contacts.

38. A probing assembly for probing an electrical device comprising;:

(a) a support;

) a membrane in overlying relationship to said support;

(©) an elongate conductor supported by said membrane;

(d) an elongate contact supported by said membrane and electrically connected to
said conductor, said contact tilts in response to pressing engagement with said
electrical device, said contact having an elongate portion and a contacting
portion in elevational relationship to said elongate portion, and said contacting

portion and said elongate portion being integral with each other.

39. The probing assembly of claim 38 wherein said elongate portion has a tail, and an

inclined surface extends along said elongate portion and away from said tail.

Q

40.  The probing assembly of claim 38 wherein said elongate portion has an inclined side,

relative to said membrane, defining an acute angle therebetween.

41. The probing assembly of claim 38 wherein said contact is substantially pyramidal.

42.  The probing assembly of claim 38 wherein said contact has a footprint having a

wide end and a narrow end.
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and said ridge is located at an end of said arch.

50.  The probing assembly of claim 49 wherein said contact has another elongate ridge

at the other end of said arch.

51. A method for probing an electrical device having an electrical pad
with an oxide surface, comprising the steps of:
(a) forming a contact having an elongate ridge having a pair of inclined surfaces
defining an acute angle therebetween,
(b) electrically connecting said contact to a testing device;
(c) pressing said ridge onto said electrical pad,
(d) shearing said oxide surface away from said ridge;
(e) penetrating said ridge into said electrical pad; and

® testing said electrical device using said testing device.
O 52.  The method of claim 51 wherein said pair of inclined sides join.

53.  The method of claim 51 further comprising the step of providing a stopping surface

on said contact.

54.  The method of claim 51 further comprising the step of providing another elongate

ridge on said contact.

55.  The method of claim 54 wherein said ridges are parallel.
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56 The method of claim 54 wherein said ridges are perpendicular.
57. The method of claim 51 further comprising the step of forming an arch with said
contact.
58.  The method of claim 57 wherein said ridge is located at an end of said arch.
Y
’ 59.  The method of claim 51 wherein said electrical pad is a solder bump.
60. A method for probing an electrical device having a contact pad, comprising the steps
of:

(a) forming a pair of contacts on a membrane;
(b) electrically connecting said pair of contacts to a testing device;
() pressing both of said contacts onto said contact pad;

(d) testing said electrical device at said contact pad using said testing device.

61.  The method of claim 60 further comprising the step of providing a pair of conductors
supported by said membrane, connecting each of said conductors to said test device, and connecting
one of said contacts to one of said conductors and connecting the other of said contacts to the other of

said conductors.

62. The method of claim 60 further comprising the step of tilting each of said pair of
contacts when each of said pair of contacts is brought into pressing electrical engagement with said

contact pad.
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63.  The method of claim 60 further comprising the step of removing an oxide surface

from said contact pad with said contacts.

64. A method of creating a probe comprising:

(a) providing a substrate;

(b) overlaying a patterned layer on said substrate where said patterned layer
defines a plurality of openings therein;

() aligning a tool with respect to at least one of said openings and creating a
first set of depressions within said openings based upon the pattern of at
least a portion of said openings;

(d realigning said tool with respect to at least one of said openings and creating a
second set of depressions within said openings based upon the pattern of at
least a portion of said openings; and

(e) locating conductive material within a plurality' of said depressions and

thereafter removing said substrate from said conductive material.

65.  The method of claim 64 further comprising connecting a conductive trace to said

conductive material.

66. The method of claim 65 further comprising applying a membrane to support said

conductive material.
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() creating a set of depressions within said openings after said layer is said
patterned;
() (d)  locating conductive material within said depressions; and

(e)  removing said substrate from said conductive material.

71.  The method of claim 70 further comprising connecting a conductive trace to said

conductive material.

72.  The method of claim 71 further comprising applying a membrane to support said

conductive material.
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(c) a plurality of elongate conductors supported by said membrane;

(d)  aplurality of contacts supported by said membrane, each of said contacts
electrically connected to at least a respective one of said conductors; and

(e) a plurality of said contacts further comprised of:

(~ 2 Q] a first material located at the contacting portion of said contacts where
the depth of said first material in a direction perpendicular to said
membrane is greater than the depth of said first material in a direction
perf)endicular to the side of said first material;

(i)  asecond material supporting said first material, wherein said first

material is different than said second material.

86. The probing assembly of claim 85 wherein said first material is conductive rhodium.

o ————

)

87.  The probing assembly of claim 86 wherein said second material is conductive nickel.

88.  The probing assembly of claim 85 wherein each of said contacts tilts in response to

pressing engagement with said electrical device.

89. A method of creating a probe comprising:

(a)  providing a substrate;
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¥s9 (a) a support;

(b)  amembrane in overlying relationship to said support;

©) a plurality of elongate conductors supported by said membrane;

(d)  aplurality of elongate contacts supported by said membrane, each of said

elongate contacts electrically connected to at least a respective one of said
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95.  The probing assembly of claim 94 wherein said major portion increasingly decreases

linearly.

- 96.  The probing assembly of claim 94 wherein said contacting portion and said body are

integral with each other.

i 97.  The probing assembly of claim 96 wherein said contacting portion and said body are

)

homogenous with each other.

98.  The probing assembly of claim 94 wherein said elongate contact is substantially

pyramidal.

99.  The probing assembly of claim 94 wherein said contacting portion is substantially
parallel with respect to said membrane and said major portion is inclined with respect to said

membrane.
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100. A probing assembly for probing an electrical device comprising:

(a)
(b)
(©)
(d)

(e)

a support,

a membrane in overlying relationship to said support;

a plurality of elongate conductors supported by said membrane;

a plurality of contacts supported by said membrane, each of said contacts
electrically connected to at least a respective one of said conductors; and

said contacts further characterized by a contacting portion located to come into
pressing engagement with said electrical device where the contacting portion

of each of said contacts has a substantially identical non-smooth texture.

101.  The probing assembly of claim 100 wherein each of said elongate contacts tilts in

response to pressing engagement with said electrical device.

102.  The probing assembly of claim 100 wherein said contacting portion is substantially

parallel with respect to said membrane.

103. A probing assembly for probing an electrical device comprising:

(a)
(b)
©
(d)

a support;

a membrane in overlying relationship to said support;

a plurality of elongate conductors supported by said membrane;

a plurality of elongate contacts supported by said membrane, each of said
elongate contacts electrically connected to at least a respective one of said

conductors, and
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(e) said elongate contacts further characterized by having a first width proximate a
contacting portion with said electrical device that is less than a second width
proximate an opposing end of said elongate contact with respect to said

contacting portion.

104. The assembly of claim 103 wherein each of said elongate contacts tilts in response to
pressing engagement with said electrical device.

105. The assembly of claim 103 wherein each of said contacting portions are aligned in a
linear arrangement, and said contacts are arranged so that said opposing end of one of said contacts is

adjacent to a non-opposing end of another said contacts.

106. The assembly of claim 105 wherein each of said contacting portions are generally
aligned in an arrangement along an axis, and said opposing end of one of said contacts is in an
overlapping relationship to said opposing end of an adjacent one of said vontacts with respect to

direction perpendicular to said axis.



