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METHOD FOR FORM NG PHOTO DEFI NED M CRO ELECTRI CAL
CONTACTS BACKGROUND OF THE I NVENTION (1) Field of the
wo poosfsisen This invention relates to a nmet hod POT/US1DE4/034963
manufacture of miniature mcro probes or electrica
contacts for use in testing sem conductor chips. (2)
METESDIHGR FORNING PeIGRed BERNAT MICR OEKPOTRIC AL CONBACTS
of testing probe cards for electrical continuity to
perform such tests using probes made by nechanically
formng a st to a desired
shape so as Fﬁﬂ%§§§?§ﬁ$§ﬁ§;E§§§§§§$§ﬁ§#§e and sprlng
(1) Fidlds e IfvieiSon 1- 3 show a conventional "Cobra(tm" probe
test . head produced by Weptworth Laboratories, Inc.
BHy® ioveRlien relaiisie amethad fosm?ﬁnwéwrﬁ ehmdniayrrmigro elrobes
opp05|ng first
or ele 6%%5 (ﬁgﬁgﬁggggg%ng %ﬁ |es. Each probe has
opposi ng upper and | ower ends The upper and | ower
(2) Destiripgiod 3f théRelatad Aitn patterns of hol es corresponding to
spacing on an integrated circuit contact pad spacing
dl%%é 1&{&%@9 tlliheéfr%f‘te?cﬁlgl ﬁw&r ca@lasefoh @ﬂe@tr@ﬁtcbﬁﬁﬂalﬁnt@ PHBR% such
di e hole pattern. The ‘upper end each of the probes
tests upigg p@tba$ mede by nt@hleamwié fomiag h@trelgbtam@@mf fingryeire into a

of e of the prabhe SS h,th
desived G sty B0 eep b 8 1R Bl B oy =
conveﬂidhaldr@db@ame pRdbRats head proficdebyt Wpntwbtth L abefagirRedac.tod

g there is illustrated the additional i ncl usi on
Brook’éqﬂ n%wwpwtf SHeh nrgbqheadé PRSI T o priavIBiPrObes 514)1}%(1:%9‘[‘1’"9‘3“

oo TR B0 M 0%l e

lower €ial3r dht nppdridng lcpme:rhbs 42 Bé cd)n:tmrpattems bf)h(despatrteepumduxg to
.offset from.that |nthe §I§?§ %e 42, ﬁnd.th ofrfsdsef‘1

spacing on{ap infgeraied g cyil OHRG Ba signgtad herepns lawerdip hglg

paﬁem?arﬁimlpgglg%w RefWaRbRY THR @b&selldjef %ach"mﬁ‘e bd®ed ﬁ%&tal"ﬁ@@g}q the

I nto contact "Wt a wafer to be tested
upper digpete pa‘utdm;ﬁnql the lpwerendrod n:m}n@f the pupbes pms@ltbzrough the lower

die oo gnp s B Pk o BHREORASS FARRES EDe g i

refereYRItb &id, QBSthéﬂé 19ﬂﬁllé’@atb&ﬂﬁtaﬂdltﬂ@ﬁ@ldn@hﬂﬁl@bf fnyuntedpcriives 3o .
t opogr robe is typically formed by swagi ng

a
Mountrg @m&w@ t:eplgql afpgmd fipma suiialle pelumeric Hislesdids yush as mylar
"l e $ p
and hlfs) at{ﬁ? e%ﬁ@c?aﬁrg%é‘sds i § Jﬁgle ¥y g@x‘a v S pb{ht% G&38 die hole
pattenpfsQﬁﬁeﬂ flom gk in the uppdsrl diey 42, and elsd dif%t i‘sd‘bmeedpﬁto tie probt such
obe def] ectiaon. The | ower an ogé?\’qfer ends

that thg @g&)@@ct&r kg aPERe. pRgt\l}ngg F’r’%gﬁr ndhg test head 1shbrought into

contact with a wafer to be tested, the upper end of the probe remains predominately

stationary, while the lower end compresses into the body of the test head. This
compliance allows for variations in probe length, head planarity, and wafer topography.
The probe is typically formed by swaging or stamping a straight wire to produce the
desired probe shape and thickness. This swaging process flattens and widens the center,
curved portion of the probe in order to achieve a desired force per mil of probe deflection.
The lower and upper ends of the swaged area also prevent the probe from
extending too far through the dies. In a conventional probe manufacturing process, the

probes are formed from a straight piece of wire, typically of beryllium-copper alloy.
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extending too far through the dies. In a conventional
probe manufacturing process, the probes are forned

WO c@s0435%4 r ai ght piece of wire, typically of PCT/US2004/034963
beryl I ium copper alloy. 1 \Customtooling is used for
each probe size and design. The tooling stanps and

Custohpfoaﬁng Reusee %leeraclp?{ dbk Qfye @hd &RV TIR tb@m@gﬁalﬁﬁ@aﬁd%ms the

desired shape and thickness, thereby generatin
centemtwle af therviregtoraghisve thietdesiresk hepm ﬂh@kﬁcsg, ther hem@ratmg a
des1red ulstr ted cross sectional renderings of a wre used
APHAR P or art to produce probes. Cross section 90

| Wis tefadefise folTRg IEMefeak ilVustrhied btods sdefibial@bndefgs of a wire
pre-stanped wire. Cross section 91 illustrates the

used lgéh%laraml 3yt @I nrpgude@apbesh Spess section0dHpeeniesibe gensradly circular
T S
form W B0 540 SR B R B B o
a stanWetirand ecﬁcﬁedawue The cra3s se@xenillaMS Qiboﬂhmmsstseamc%\und €ross
rmng the e has dth 95 of a oXi 7
sectloﬁﬁl a(r%ﬂg)spﬁnp ]é)q |s§m9 }feﬁq;ﬁl}ceéﬂ 8r0‘§g E&a‘[lﬁﬂg? gtge gtpmped wire
I I
iSO AR b S gy MR L 0 S
height 9hof a@e@amatal}o ih.8eil sneWihen h@elpblﬂzdan ntpyobefhepd obrdiguretie it is
ead. . As.a r e

preferflet SreRieR iy T804 1 AL S pbhin betReer I P Roock pehes psgd in

the proBEM&EHAL '@sﬂ@fes@l‘“t ebesdtR9k %@ﬁ@@pbﬂ@xﬁnﬁé@%ﬂ@@ﬂl @ &iring a 1 mil
typical ly spaced one probe every 8 mls. The wire Is

separatipan cenyentional raeh arrangediih e prbsiheadiatgrippieally paepslomeprgbe

every AL YRR i Hn S0 Undl S DG ird16rch O UG ground

on the &QlZof th8prd S Ehé |Un)16ran5e érothe logergd I@gvlaof the dmished p@bes is +/-
,probes for proper testing, the probes are assenbl ed
.0027; ﬁeea%e g Eﬁetoﬁ é%rae awarumé ‘betirgep @rolies & REPPe3 eskag theprobes

are assERPEA irkB a &‘%ﬁ’/e%d%nﬁ'% eSontid £rfY; f%g@&%‘ id %Bgé Ik a}%&'% a more

reference ere Is | trate ard
unifomnnpmbesalgﬂmom to the art and the etched probe of the

pr, i nventi.o th fer ce t there is

PIVRE FtareBis b Sob e Sulifumit St bibe 13 hofe by b ar
and t&%&ledﬁar@bé@ﬂ &t th¥ Blederith@¥dntion dmtmfe@a{ce%p 1S Ethere is

connected to probe shaft 5003. Probe shaft 003 is a

111ustrg‘@|dtthcybm ¢amppnsRisad peobst. Probe bessd0d is @ selathvty short and

s PR SPatled R ROcs B s SO L@y b

exparls® oP thel26beesll, 8 Chay Rhimafelin HePEhaedH00S eﬁﬁ@ﬁeraiﬁmdltﬁs)probe
form probes, often result in residual stresses in the

end 5QQ BB CRiAgH cREfRCAiiE Eherdigy édibs Betedue |ife. Because
”t%%%e (EHafItt glﬁlﬁﬁqg ﬁé&e‘és‘es%éh ﬁ'@ﬂﬂg a%l §5ﬁéﬁf9§ 1t F120E%E

in pro e sti may ari se tron, anges
stresses in the probes which may cause reduced fatigue life. Because these residual

stresses can change over time, changes in probe stiffness may arise. In addition, changes
in the requirements for probes require retooling. Such retooling contributes to a high cost
for probes manufactured in such a fashion and require a substantial lead time before such
probes are available. It is also the case that mechanically fashioned probes are more
difficult to redesign as their construction is closely tied to the mechanical means by which

they are created.
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in the requirenents for probes require retooling. Such

retooling contributes to a high cost for probes
worewsoest4ur ed i n such a fashion and require a PCT/US2004/034963

substantial |ead tine before such probes are

available. It is also the case that nechanically

f ThBleQANQEfRE BRISE atHeBd FBamthbd bEMbhhufhGuii@HQRh PRORS that
their construction is closely tied to the mechani cal

avoidsrihgrpsotdgmehich ariserom meehanigab hrmation These éfiortheraiogd or

an for._a. et hod .qof f rhn be at
such o3RG siRlelE Rk CRRL AL Blob B P! Q3ERs b6Rhea
protrat R Fetbblife prodesse is further a need for such a nethod

substantiaFIy anmenabl e t o produci ng probes of

di fferent desi?ns absent a protracted retooling

process. BRI BRIGUSVMBYAGY GHETHRVNNENRNODhe aspect of

the instant invention is drawn to a nethod of

fapricating.,a.plurality of mcr r ohe ri sing the.

PGS ite: BEnifemetindisgh R R R0 of Hisp g Dpliey
of mic¥d s @bmipBik g MSHtsps oFRfiNinB FhshaPey Faqsihndtityl of phdHes s one

and second opposi ng sides of a netal foil, overlayi n% i
or moghagee TN aeohatosesist i ity pod sasgnd pprosingiifes e o pgtal Toil,

ides O f Qi ' ] i :
ovrt i Slach U 5 s by FIPREL 19 LEBRRS AR ik By,
exposfHpothe pRstosdsist teelight ipagsed throudh ish of tHeheaspb)aleo¢loping thet 0
expose a portion of the metal] foil, and applying an_ .
photoasishdpmpBIng PSR afctae BRotprraishioraPose Rortien pithp instal fail, and
ooty EREREAPR b0 FMBEHERI RiPLIC A e Rlnithation
produoet Ipbotalitfy of pootiesati ng a plurality of micro probes

i Si he, st f: definj h f. a.
ARG e58kst OEE aEhs Sl Al et h b e
pluralit9 ﬁnﬁ&ﬁé‘)‘ﬁor@%es%ogﬂeﬁr%%ng"fﬁé gbpsrstaftélaéf}rﬁhg' th@‘éﬁe%ﬂe@)ég lEl glusaitfl of

mask on said si said ne irst material; _ .
probeerpaviaslk; amplyinghohapresistio & 9d¢ pighfirspmsiabmataniab wyerlayangisaid

masic JF i R R B B Sl R P b g

througfeéaad ni¥elk:efelvalopingl seidlt photcRedidtNg ndvERcoftisiebidaidpicesredbt to
on said exposed portions of said first netal material;

exposgdorévtbel Jifl St metdb eviraiahelegrofarming asecerd petdmeterigl on
said e?éb%rﬁg)'vc\)n%tffc%n%fof RELARES mANGhAEfa12 Ino‘a&gtsgﬁ deBYRNh R Mmaterial

0 a mcro probe manufactured-according to
to proddbee aphraitgof probesl met hod wherein the mcro probe

conprises a probe base having a generally unifor .
{ RO $5P35 B e 5yam 5 it 1 TfH0 @tpedmafpaciured according

to the S¥&ERLhASNddHheBod WhSseAihE Rhikdd HbbAE@Yrist€RGEdbe bRscPhaving a
pl ane, a probe shaft connected to the probe base the

genergllyheiform thickness bounded by a plurality of edges and extending for a

a

substantially straight length in a plane, a probe shaft connected to the probe base the probe
shaft of the generally uniform thickness, bounded by a plurality of edges, and extending
along a curved expanse within the plane, a probe end connected to the probe shaft the
probe end of the generally uniform thickness, bounded by a plurality of edges, and
extending for a substantially straight distance within the plane the straight distance being
approximately parallel to the straight length, and a scallop running substantially around a

periphery comprised of the edges of the probe base, the probe shaft, and the probe end.
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shaft of the generally uniformthickness, bounded by a

plurality of edges, and extending al ong a curved
wexpanssdm t hin the plane, a probe end connectRCI/US20041€34963

probe shaft the probe end of the generally uniform

t hi ckness, bounded by a plurality of edges, and

o . Lol . . ¢ i

CRPARLRT opfiot 3 FRSTG B dinat TpRbl Lol Mgt i
die coppriaéd ef fitsbardwecand eppghing lpbamgt fyrfaaecitha fisst did fopthencomipniying

s panAg LA BTSN, GRS DBy SR 250 e Ml o
both o IRPErsEAH sE8En PPN fAGREL $ecBhd 8RR opPYSEH dfARird SndoRnn
to a probe test” head conprising a first die conprised

opposifg (flames surangs Shecseehdofip erthey cpmprising s prtters of sached flierholes

cortefRaT4 )€ rBETEN oI ApREh Shtp il

secon®@ledanil Givdction twheRoh theahird PRnkid dusfac@RArargdnd pidnaneontact
surfaces, a second die conprised of third _and forth

. d :
with thpprsendplapprasvaiece tohdha dhe sreonddis halegpes affiet fem the first die
0 ey i: j
hotes O RHBLIM AR Rclln SRS, R kaRs CRE LRI bes
extending éndugigonedufahghirst e Imdsand ode ef the stdoaddiie kaed tha probes
. Wherein the third planar_surface is arranged.in planar
having g sprieqe tiwﬁhcqrﬁ@e%ﬁ%mﬂ% ¥ime b fosed E&gwﬂmgat t he
second die holes are offset fromthe first die holes
in a substanti ' ﬁ[ﬁr j t I%IW lurality
of probes one %ﬂgﬁ%?s{: e r}?j(g{)ggiie}gt]gn [ ng@(t}gr ough one
FIG. lof i$ heefpecsive dilesthtibrest apdbe st fadtkinews éc dreciridi e hol es

t he probes having a surface finpish.conpensurate wth
FIG. 25 a5 RECBBRHVP PRI Okt st t5e iy perToPeceRy P (RO pin the
THEDRAWNGS FIG 1 is a perspective illustration of a
probe test head known in the art. FIG 2 is a
FIG. 3peris pewiss sestiohlofig poeiongn aghrobe testdwad kewwn wrthofrta probe
t est head kno inthe,art. FLG IS a cross section
FIG. 4 1%12‘3[8}1??’18}?' Og?a pég?)ef%%ge Preeg?ntﬁ%vaegﬁﬁ jown in the art.
FIG. F! @& a4ideSidv bf ®ptobioEeGireRnpinobgioaf the present
invention. FIG 5 is a side view of a probe of the
FIG. G ds amisometrenyiewof aprebe & theprgsent §9%BEOY- ¢ vi ew of a
rq [ |.ON: 7 is a photograph
FIG. 7t 98 R bip R BT ERk ot S B Blon, [ %7 21
FIG. hdt apheipbraph of astaadatdrpdoter latoevnkin obvnart imd dphcao-defimad mobe
phot o- defi ned prqobe of the present invention. FIG 9
i s Of the BEeend EMEPHA i | | ustration of a probe known in

FIG. ¢ N&s alchos 9 dtioREl iR 8raA08 08 bRSbe TGN - art both before and after

machining.

FIG. 10 is across sectional diagram of a probe of the present invention after etching.

FIG. 11 is a perspective illustration of the tip of a probe of the present invention.

FIG. 12 is a perspective illustration of the configuration of the masks, the photoresist, and
the flat stock of the present invention prior to etching.

FIG. 13 is a cross section of a portion of a probe test head of the present invention.
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FIG is a cross sectional diagramof a probe of the
present invention after etching. FIG is a perspective
WO kdosms3sat i on of the tip of a probe of the preRenUS2004/034963
invention. FIG 12 is a perspective illustration of
the configuration of the masks, the photoresist, and

the flat stock of DEHTAIRPERISRSCRIVEWN On prior to
etching. FIG is a cross section of a portion of a

t. ' A -
SRR SR PR bl B BEa SN ERARTROby g vy g
prov1d)a‘s 1m@m11fea®hiibmmgy whidb &svering ahemynifhcttiripg eost dﬁﬁhe probes. The
probeg, Gy R0 RoEE PratFss bl he o feR BkerAEdncds g
“phot@ d@fiﬁ&? ? | Hlea \(fj(@’t}ﬁlbﬂltetlﬁsﬁéd%l% e & the Efb‘%@lscﬁgt CfB@ﬂﬁecBé(s

i ne I's neant that the desire ape o
imaget llnegrm}mbﬁxm snd thesmagpmaciséd ednals aamaslqimgmgl mregeeammpattem of

the dqfs‘”iheoﬁﬁﬁrt Er SPRgpk P tiben AR P RS e Ahef-

etchnf%ﬁ hofo-ddiRRd %&%ﬁoﬂrﬂﬂ% ﬁ%éé@s FafPBOthar 8 Hictharithl 8tamping
toet chi ng or photo-defi ned el ectrof or m ng process,

proces%nmmlenthlaﬂleeartrecham cal stanping process prevalent in
th n
1tﬁ‘{erf%rterelc to f‘rlg theag |1r%§ érate?loabémtﬁs H?@ ed rﬁobe 8]t of the present

1nvent161V eMhé evired bl&apé&ﬁ’ Ithdéﬂobé'lisrfﬁ'st(ﬁpettlfied W @ihignaig® if gﬂ’a@luc form,
speci fi ed as an_i ma?e in graph| c form and the irmag
and thedmage i ysed famekea glags Markala by TeRgRtiRermaperaql Abe desited probe

f
proflP 7 b 5514 8 QB8 Mo 15 it it
of probe mhatpae &d andl darkpdpaceal?ilt Wheﬁar@edhepesWépieﬁn@ﬂleamhsdar k
sp es 7 r 72 defjne th
corresRT 8 5o i T B G PRPE O e FieR Y 08 epf gipgnstructed so

as to ﬁ[ﬁ ﬁQﬁt th BY&YubQ RS Lﬁ'ﬁtﬁﬁ)&ﬁﬂ%ﬁl’bﬁ@i ﬁ@b@ §’ha§§s 7@ Elnlk%Waces 71
i ght "to pass substantially uni npeded through probe

extené mqﬁemumtly Detvkeenpaetmesshiapeseit aeldcseme dal @mstaahalllsydlﬁfemeeﬁq one

es J2.and serve subs tially
prObec?ﬁTf‘l? ?éﬁ? aetagh 8H’§r B‘Pi’s éha@‘? On?‘ﬁasﬁ(r m each ot her probe
shaRgirtZnBddiBé&dt of e prisedt fnivefione tHeqeiskEBts Gdedtill@ process
present invention, the mask 73 is used in a process

wherqm diecirpbestid ase eished fpm thingnetal fatstackHypicalbt of BenyHum-Copper

alloy 2108 Kocohd BnfBlilnenPle B hy‘slseﬂtlfme%eﬁecfstfﬁnlegsysteell thefdrel is
econ resent Invent 1 on, a

formestf \&iny the mask ¢8| amlﬁhﬂpﬁibes &1 frerimadn ekctngfotrhal omttke nrdydrel

and the probes are |nt of ormed on the
from ggygmetals tygiea yPﬁNﬁFkﬁk? k?e]fg&@; 130Yof Ni ckel or

Ni ckel - Cobal t al |l oy. Enbodi nent 1 - Etched Probes Wth
reference to Flg 12, there is illustrated the probe

With reference to Fig. 12, there is illustrated the probe configuration 1205
employed to produce the etched probes of the first embodiment of the present invention.
Flat stock 1201 is a predominantly planar sheet of thin metal having opposing planar
surfaces. Flat stock 1201 has a width corresponding to the desired width of the finished
probe. A preferred width of the flat stock 1201 is approximately 3 mil.

A photoresist 1001 is then applied to both opposing planar surfaces of flat stock
1201. Two identical masks 73 are then fastened to opposing sides of flat stock 1201 with
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enpl oyed to produce the etched probes of the first
enbodi nent of the present invention. Flat stock 1201

wo go0&/0psedom nantly pl anar sheet of thin netal PaTEUS2994/034963
opposi ng pl anar surfaces. Flat stock 1201 has a width
corresponding to the desired width of the finished

one sﬁé @P@ach%&keifﬁhrc%ﬁ‘ta@ﬂ \thl'i‘t}ﬁfphbf&)@esiét 3bo ﬁ&&%ﬁnéggﬁlgle%lde of flat
oxi mately . A photoresist 10

;
stock é & i Ebb e mmslﬁ 76@@ shgtgd sheinthat anyrdng depturofin fitleer nwask 7k

hen tened t.0 0Si n
correspbRin8 §0'h4 {pu Surtn Mol Sk 23 4ER Skali SUBRRER o hgs on
axis pefpefdidtia to the eRpdrke opthetplinasistacd O 14 eivek 1D, aL hﬂg kigen

side of flat stock . The two masks 73 are ali such

appliedigeaghipagn® eldeative so pxpose the@hotesesist 780 k@wcesg% beiheiy each
mask ‘7? aﬂ@ ﬂhﬁ&@ék %1 Teth WSkd 75 4D eheRlsl a{r fn a;?r Pé cﬁf uration

NENt "across an axis per
1205. eAﬁE]ﬂS@O@Lﬁre tolff ehepplaviaresistlioD b cekiglnf the h)h(btoﬁsrsc kOO Z0 Heveloped

h li ed h k 73 eff
and n@%%’ots%s 3 ’F?téu ﬁ%{lgﬁaéieeétvg%@%@éegﬁg é@@k@%@éﬁ%ﬁ%@?ﬁ@ve
shapea@%nf ﬂl%kbﬁ I‘Eﬁ{(d]gri's%]ide@fbt iy %%th%g B wiife Lﬁl@fﬂbséc?g??ﬁleﬁﬁgf

rom probe configuration 1205 t'er exposure
photomsmt b0@Iséatesp@Bling ty 4 daghspact Aé iphoted odBafsind DOOAS domtact with

dev ped and rinsed. As a result of rinsing, exposed
ﬂatStBﬁ%f}oqaesi st corresponding to a probe shape 72 on nask

7 A1 QERr AStheR APSI AL R shbstntialPile sde limeNditoth HRYRQTETht

portions of photoresist 1001 corresponding to a dark
stock é%@b eThqetplsr,errheg@édo gispoleg flafrstpcJ20bin ¢ dinecdion ewiening [fepm the

ovter By R, K RSB e BB SBAA f

stock @20herd diegidiSintof]atissehl 1201 fioai eash 0pfosing Plaslir kadhde0 One
extending fromthe outer surfaces of flat stock 1201

attribye gh gpl%lwngﬁt@eb@ pRIPesistAtliYes! e pipbivRpiradk eorder tgfdissolve
the mya%ub%ﬁ&’t‘é ﬁ‘l@ rgéeﬁ@ecéfetgldéf‘ctuﬁngt ste@‘hgr %r?egmc?e?(lg{r%ﬁg%qgfers

posi ng pl anar surface ute 0
to theetemh:acy bbaraetp]tmtapph&i wtdisblve xmﬂaltto) deviatetfeim subishedatath
strate |.s

extenélggg)rgg}%édltgglagﬁ gl ﬁﬁi“ieqﬂ évlﬁigtlhﬁ Eerh\@?searpﬁiied tgr?eciﬁcally, the
etcher ﬂéﬁ&’setbcéﬂetn'drlﬂltwﬁﬁfag ’itstrefveB ihidghd @BEENcy of an etcher
applied to dissolve netal to deviate froman etched

pa hh eoferenek W lge}(}g dredié tsullastrated théreffent oh godercwtingipe the

i. f t
otehed B055; SR Al ReRRARLRR, FEPIG4 4 63 erhiT yEbE oy EREE
probek 6f ﬂfegﬂ@@nt @vehttbn ddr applging thesetthdrU alsicah Belsdehethefetfcher has
on_undercutting on the etched cgr obes of the present

effectiyeheremayid thy getal comprivng HggtockdeP] &iu the pesy bordersteby
underfyCleRd o BRATRY 1DOF RE SRR BRC-AR 1904 BleRRRL B0

e seen e’ et as e
exterivesmoiaed of flet stetkal 20d dowaids itheginfeliat offlaickockrl@6i .t Neteghsta
underggtr 1%%[5 ed%vﬁ%/es slightly from perpendicular axis 1009 running perpendicular to the
surfaces of flat stock 1201. Etch limit 1007 is the boundary designating the extent to
which the etcher removes flat stock 1201 up until the etcher is neutralized or otherwise
rendered incapable of further etching. Because the etcher etches at a substantially constant
rate and follows a path along undercut 1005 deviating from perpendicular axis 1009, the

resultant etch limit 1007 forms a gently curving boundary. By controlling the amount of
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undercut 1005 and etch limt 1007. As is illustrated,
undercut 1005 extends from an exterior surface of flat

W@ L@sk435201 towards the interior of flat stockPdR082004/034963
Not e that undercut 1005 deviates slightly from
per pendi cul ar axi s 1009 runni ng perpendicular to the

time tﬁh'tr th8eRBeat ekpbd & ﬂ&t‘%to%%qlzm L“;{ fé'bokélﬂl'etto 3RQucd the ERSs

boundary designati ng t he extent h”t he etcher
sectlon@merstltyloafteadtpmhe 4sthlllsth@edmtl?1g lt(he et cher is
tzed or_ ot F e rendere e @17 h ther
'fﬁ%‘ A RerRasifR o %RPO@P%ﬁ ch Iy pEY AR F| y
presem-rt&tsmtp prétrgsidiahrisedllopys068 daéddiad e&Bﬁnthth Rergmbted O0&ch
devi ating from perpendi cul ar axis 1009, the resultant

etchedpratbel Net thabide disianes remyseatloy basarll B %ufpmtap yO15gprms the
st HORRERH 111 iR SBIE . ke KR SRS pe B iew

ofa ptdhe cal 3995 .S A6 ichw ba beepeswativy YOUK exearls apral eheaalge 1107 of the

illystrated in Fig. 10. The resultan uper posi ti on of
etched m%sﬁadgqlﬂgmgwbeﬂmﬂ 104 fwer or ilq5ﬁs Qeater OB SRPRANE

sides ;&L e fEARIRK RDOT Ech?bﬁ?ﬁﬁ egﬁgrb‘bé;?g %tétQQ ﬁgtﬁ?eéétfeﬁg%ﬁtg ﬁgﬁx%"ég dnd

e perineter each
5005.dPsxbaripel 101 oan be sdendp ektasébd;@mﬂ outer pobeltipd 105 ps & msutt of the

sl B0 e epRectP o Bpsiets obSGPE R oR00 phises i Sipgion of

probe‘%) £an Béﬁoﬁ&&!ﬁer proBé hg R1899%vexdoe Bé’t&r%f)@tbi&dmﬁhﬁe&ﬁ&ﬁ
7 of the etched probe including probe tip Quter

circuipy when ¢trlpdigebs 81 isdsased on opposing sides the flat

AT he FRBRIOSE) B8PSR BR ARy B olch®s b IE R oir op

end. E’h& efigly bEYrobek i0 lﬂﬁeﬁﬂchﬁihﬁbﬁyﬁobﬁshbﬁ&n@pla@ed[ e Ipkotet ateltBen
scal l op, 1003 extendi ng around the term nus of

remosqlfre i fatiriockdSOi endhipadied dprsassembly nﬁp 3HREORe; h@aé gTﬁle tops of
the p@ﬁgfﬂgﬁnﬁgtﬁé a& 2 Ifyrf%:rhl tpég walib @e}i’gitHJ gﬁe %}eglérgﬁci@ri}ttggtél.at

rlca C en

surfadéeotwving ghd prebemtexbosadt leegthl results in an array of
probes attached at their top end. The array of probes
is then chemically polished and plated. The probes are

Embgd@ggntrgenp%@@ofgﬁggapﬁ%egl at stock and readied for
assenbly into a probe head. The tops of the probes

fdn mmconvbemb@bmbngpfah@pﬂem@p guvendion, she haskt i3per @ne:—gatlve of

r.ef er edtoafl t surf t
the ik T3, LEHE0 Rt RaPissn Shr 3RS Sof Bedh bGPtk AR Ry of
probeB8QD &S tHiglethBedinRan APhehattt fsl%@)bh&i toldiR spie@F@Rtainless steel
i nvention, the mask 73, or negative of the nask 73,

platejand {aerasko’3 rapphedver Fhee@@tcg@% | Light dft tbpn aplieg de thegnask
and egflggs%g &)Hf)t% e@]s@ gT Iﬁ{t&gylst% A& (%5%? aﬁé rinbdll EAR ]aaette(r)l%ed open

oreS|st 1S a OOI’]GS
or expdsad ateas sn ﬂ‘teemdmless steel plate corresponding to the probe shape. The

patterned stainless steel plate can now be used as a mandrel for electroforming.

During electroforming, the mandrel is placed in a suitable electrolyte solution bath
and the production or reproduction of the photoresist defined contacts are produced by
electrodeposition of an anode material (e.g., Nickel or Nickel-Cobalt alloy) onto the
exposed (cathodic) portions of the mandrel. The electrodeposited material is subsequently
separated from the mandrel as an array of probes attached at their top end. The individual

probes are then removed from the array, ready for assembly into a probe head. The tops of
7
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plate, and the mask 73 is applied over the
photoresist. Light is then applied to the nask and
we2penetIphot oresi st. The photoresist i s devel POEUSENG034963
rinsed | eaving patterned open or exposed areas on the
stainless steel plate corresponding to the probe
the prgmﬁenmﬁg ChePRsBPIYGEe Fa‘p?éd%k/ﬁiffesthé kipe hremeﬁi REGETA U, BSt
used as mandrel “for electrofornm ng. During
surfac@tgbrmg)ﬂ@mwb@ tOffh@esan@rim%h is placed in a suitable

{ bat h
;O TG B304 1 gt B BEvele g TRBHSE  RRosBidetingepprobe
of the ébéhlﬁﬁdelbﬂ)n@s Qfdnﬁﬁiéﬁﬁ@@udimg)ﬂt}@f thRRtaNas: d@tRfdraling
Ni ckel or. N ckel - Cobalt allog) onto the exgosed
methode a\% ih aeferenesototiign® agthag bpen gasraibed. therpleoto-defined probes 81 of

e FUEEHASAERLLEBLEN €l LSS BAROUBIL KR PR i
stampidgedrrotherprevedses Witch chﬁll}d teatilt jar mbldaala;tress"eh pﬂeserm haothe ghrobes

fromthe, a‘ra r ead assenbly into a
1. ApgEeq %eagmo{re# Wl sf bl e&%ﬂﬁ@SS@%@ﬁ&%ﬁ’%ﬁﬁar@uﬁ ST plasti

defonhé‘ﬂ?cﬁle dcivehGortal Srotb%’&nﬁ "c@ cdifdif ré’s?cfu%l’ @cfb%?ég rtt:s%ltﬁhgf t‘r@ﬁ the

surface to bring the probes to the sanme |ength
mechanaded sampeng andrngehinidg 6mpidyed & ¢reate hidesitedgtreid arhes- ®h1acp;re

Thesentgﬂal‘aﬁ ég‘aﬁsggseef einﬁg 1@ t?l'r?eﬁ;m%t}%lh]zttyp ! eﬁlg\pe%lponﬁ prc];'bie(s) th feast

two pRhREE WaYQ FTish dedlBiid) 8ttessW dalisd @nPERTHRE] $robéy 18 exBibitdSn-
has been descri bed, the phot o- defi ned probes of the

unifor eesishve fareRsrinrespoRTedo FAlgsaconsent deflectioas pdraistered to the
probe%%lf a g&ﬁ&f Aﬁﬂnﬁ bﬁ? Q&es f{/b%?élﬁﬂ)ﬁl@ls}gr%@s' U384 Pégpﬁh?%rver a period

processes wh nresidu

of t1m|e l’cﬁ&ﬁbtsufﬂar e degmldeﬁor&lin thidir ablird thaipplynconstagsiesistate forces
stresses"” refers to stresses that rerml n.as,the resul t

to unigrmyfeileetionsdminisitadayer EBFRRY Rl %Pﬁ%é@n’t’f‘éﬁ‘en% Probes
compﬁé‘é'?lhd?fi r@sﬂtfa? seluals SELRRS ﬁﬁel§7 ?@b’ﬂeﬁl& At deﬂectlon In

ani cal stanpi ng and nmathi ni ng en oyed to create a
contrade she ﬁd)tq»-deﬁnmedq:robﬁ- @eﬁthe)preseﬁln eventiasird axhted tfroms ge stching

eftolimt unctionalit onventi onal
or elef) b Ring prodEet whiEh dogSons Sy P LicIRAGnS PoShchinine to
achiewd dRRSE Sros R4 BoRARKMARELAARE. AL ARERIL the @f&ie@ 188 dBQdt contain
uniformresistive forces in response to seri es of

any rasisiugl sémssed elﬁdL@ed pomsesal of machiving@r tsT@mtpm probe over a

2@ 1158(% eI‘elél\,/ gfleldAEreg e %el#?rs 1o ﬁl%ng(gpﬂ %léju@?reotg %%ﬂgc‘ct

yield, dﬁglp@&ﬁtmﬂzﬁﬁlyl lﬁletamrdfctlab inihed Y fé10e isua@phyd whilstetdihing the
resistive forces to unjform defl ectjons adm ni stered

abilitytpaietugn fofts oféeiagl, Remrdctlosicd siade absgrivbhanriisaionigblesce. The
greater ?lg!;ilkﬁles‘?reﬁ%th 0?5 (5‘1%' tlﬁ cge %?QQEe Ahdar ﬁ@ﬂ&:ubh i }ﬁa&%e exerted

inre pons ection. cont rast,
upon theqtrabed@idrne dlepp‘robm&adhng heyipldgsemt whereeprn the pm‘oe w111 not

e R A RSB L ST g BEPSS5S or e
preserf@RMnfioA §xAiBit increased yield strength compared to probes formed from
mechanical processing. Specifically, Applicants anticipate that the photo-defined probes
may be deflected a linear distance approximately 20% greater than that distance through
which a conventional probe may be deflected before reaching the yield point.

In addition, it is anticipated that the photo-defined probes of the present invention

will possess improved spring force uniformity over probes formed in the conventional
8
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achi eve desired cross sectional characteristics. As a
result, the probes do not contain any residua
W@ R0080$3%4 | nduced as a result of machini ng or BCEDRI004034963

As used herein, "yield strength” refers to the
property of a probe to deflect, or yield, in a

manrif.e A9 WkPItréiM, *spRAE Fordd T R Bth sthgf r@gi&ﬁfe'ﬁrcég%ér d in
while retaining the ability to returnto its original,

a proheo Wwhisdfis deflestedthequgharsisance: Rpecifignliyc Bt amicipfated thaitioe .

. ter.the vi.eld strengt f r.obe,. th reat er
maxxif{if HEEREL ol B sitife Forfs AFTAED oot BuriRRG s s i
probfesiiad iwild be bPploREn REHRO% ReChhn theinh kil HFBRh&Y in the spring

wher eupon the probe w |l not return to its origina
forces gmgngst Ao theasonzentipnplprabasdn e similarpsohsrest deab anparadus.

pr e [ [ LRt A S

P PG TeRlorkOfy PIoPE el B Ptk sTihal ¥ Abbh 101 PRAFR SRS 1019,
Dept]nﬂaﬁhbi_”sitypibalbqu a;mﬁirm@llqy Spﬁkg ivih:ileaiéiﬂm 103}99& ty(pﬁﬁltl)y‘s approximately

.anticipate that the ot o-defi ned prohes may he
1 mily 3@?&&@3& el menhes §F s G Radstor st adimepsionsy . Brcatse dhe

ot ! :
photd-Béifh il 831 e ALRuch d:ChrRe R0 EMAdERY RERRRr than
converdidnal mbesi 83, whennssembiradtied prétathend theghiotmdefated pesbes 81 may

v R RS e ST O SRS Erh B
typicS1BNR6Ed ARbxiBIARIN BVery Amilts Bbch®ethdlcentsRichies difs%hé‘@l;etween

refers to the opposing resisti've force generated in a
the photetslefipgd probpssoldbe prserd dnventiomigiserablgildn apeabe head can be as

small3REGh{1L Qa@'o&a%‘%se%{tﬁoe {hz:paﬁp%ogﬁk%@l&%dmhggetﬁgérgg 8%)1(18?&{{%%1 probes,

I'fference Fces a

the phdtoidefided proeek paybe asddtoteptinpendlRs intdgadd WirkditsHeherein the
oximately 20% | ess than the maxi mumdifference in

. .appr ¢ L L1 ! .
dlstaﬁ%@eé‘ﬁqnﬁ@n%%@éh%%w@?d girquitoyalenis as spal A prnfaximately 4
mils.Probes in a simlar probe test head apparatus. Wth

reference to Fig. 10, etched probe has a depth 1017
ard addiiods beci@:eD. plDafitshofi photoydefmet Ipyotep Bil deddastadmddyfr@n a

singl N GO BF GBS TS MR oL EO MR g clspy piaine procts (n
the c#kk 0B @&Eﬁ@ﬁ)rmg%? asiag atcbﬁmﬂﬁ%%kd@f(irpﬁ%eg F&J@ﬁ‘ Sadi&iei§hobe

_etched or electroforned) are considerably nharrower
81 is pistantieHy similag imits physinescledictanistios mesembhdelernothemtdisd

]nb§§@d t he photo-defined probes may be assenbl ed spaced
p approximately every 4 mls while conventional probes

83 are typically spaced approxinmately every 8 mls.

Because the center-center distance between the
Example)l 0- defi ned probes of the present invention

assenbled in a probe head can be as small as 4 mls,

asThegpHewihgtexamipte depplspaiametat pregerable 4o pequéingen ethbodiment

R TN MR A X
materidl§reparation, photo masking, etching, chemical polishing, plating, and a process of
individualizing the probes thus formed. As used herein, “DI” is a descriptor meaning de-
ionized. In addition, as used herein, “UX DI” refers to ultrasonically agitated de-ionized
water.

To prepare the material out of which the probes were to be formed, BeCu 17200

Flat stock was cut into squares with side lengths approximating four inches. The flat stock
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35

di stance between contacts on the integrated circuit
wafer is as small as approximately 4 mls. In
w@owsnism because a plurality of photo-defi nePCPpUSIve$034963
is fashioned froma single flat stock 1201 (in the
case of etching) or froma single electroformng
s B B S O C TSl B PR HET L
IL (St Mm) ).aThy swwiack lofitheiflat stbek phythen alr bdth diytamdithd fesslting

to ea d ev other etc ed r obe he

packaa g HhsR heas SR G 6 41 DORBlY by ehap &t ¢ T
PINRKE, 1B F,g paRd aiHRQH MO ph&h ntaeeedo r’ﬁﬁ&%m?féﬁ%ﬂﬁﬁo masking,
Pr ef er ab . there is £ract|ced a plurali st eps

the mamlahdamamlemedlmﬁr loair @ttraeﬁ}plv()meraéMIn/glL (UX ISme
y! l hi
e L YL S

ShlpléseSEZOm 1)Dthinded t& 36 %ﬁﬁsle@ta@m neamhe that@1a0RaZ 8kn dridd for
addi tion, as used herein " refers to

approgmataly GYiraiantey a9l ?%ﬁ@aalhéﬂqddﬁ p@@lcﬁtmﬂeﬁempmwepéere
condlilgffs %gﬁé%argg% ggr's_;}ém r&l@%{@n&&@? gﬁxlte%fe {ht% C})trgpapgd surface of the

matervdl was skplesedl engpiphexiapgelyo k00milij tillgs ananonmtee Svav&']&ﬁgﬂhlIaV light.
stockwas the C|. aned W th sov (. tra Solv
The spifecepippasitia e ightyas AR 7aruor?><19a 0'sephe
ShipR308@8vabpdrhey §hiBleyIhO HF NRTor! N1BSadtise @WL% th
( lp&lze resYJ [t ﬁgﬁypaclgage was then heata hgﬁde% r? Eﬂjy ©
prepaveslcudiaed was ripysdox cansadihy DI waten dor 15 minued Ghaa, auNelmWn drinend
repared material was photo masked. To acconpi sh the
hot o masking, the material was again cleaned with

Cineaif) efdhing@waPpetformed bigiel 8 Abesdco Méd WEEED2 MR- MQrsed?ﬁﬁE of

the material was provided a dip coat wwth a w thdraw

Huntipgios Hspc§ aifeeais, Hi anﬁed QIrcsﬁuetqh@r;g wberoparformg rl}lﬁ’];élﬁ Rhgbro-
Tech Bt Se o oy ol 08 i B “lontBE b IR e

at ro"ﬁafmpezauuﬁarﬁttuTgelzsrdéng(}mndl’/tdieyw‘ﬁ) of greater than
fi ftypmpgpd@a@@hpﬁhﬂlves%}@umpt% 7hext, the pr epar ed
sur f acenRfyot heogyt eri al was exposed to approxi mately
100 ”ﬁ)kdﬂl&to% /ggalljanorreter wavel ength W light. The
surface expos to"the Ilght was t hen developed for

A fm%%’tb(i)excle r‘rYaait% 1;101&2[ v\f g) g aﬁ@g@%{ ltlgoggﬁj t \ég gg c r']f'he <.¥1tical

dimenssitsloy xhetxeﬁlmhemfse@lemrﬁcﬁﬁ elewaﬁ tédt pRe€ weft BasfReduie and
DI water for mnutes then air blown dry and stored.
adjustments made if necessary. After adjustments were made, the remaining foils were

store

run through the etcher at 30 sec. intervals.

Next a chemical polish/bright dip was applied to the probes formed from etching.
The probes were submerged in PNA Etch in a 2L beaker at 145-150 °F while stirring, The
solution was comprised as follows:

Phosphoric Acid 760 ML of a 98% solution
Nitric Acid 40 ML of a 69-70% solution
Acetic Acid ~ 1200 ML of a 60% solution

First, the etch rate was established using a test piece of material. Next, the probe material

was etched to remove .0001” Next the material was rinsed in hot DI, in UX DI for
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Next, etching was performed using a Marseco MdJ
CES- 24, by Marseco Inc. of Huntington Beach,
w@20065/043504 a. Hi -speed circuit etching was thenPCT/US2004/034963
performed using Phibro- Tech Hi gh Speed Circuit
etching solution wth the foll ow ng paraneter
: C 7,

appro§§ﬁ§télgg§ mmldtr-%g Hfgcgée Bg Uésgﬁtﬁegfo%%llﬁﬁz uf %%te?)gg rrggﬁl#%? ﬁ/% /the
probe@@m\mymdrléda@/b00-° (Qguilldiyat i on (Normal) A foil test

pi.ec henrm d.to carrier and_run.thrq

AR R b TRl e b e T i R B B s

solutiBRHySTehfid 18 of CeMstoARHoak Is1dRES hndh P& GctiRlSR 2t5%=§b1uuon
measur ed and adj ust rent s nmade P f necessary. Aft

manufpgjunest biehedmigelne. anddeY ertrplesobusnhbn Dngoxft &i lucsomdecw ofh .
Wllmh{yto% % atvxgl? eh%w I%E)beastwegrg theh welglgﬁ]t Sy ziaeni \geltgﬁtg rfﬁ,os%eéls The

enrt ca

probef oeretied wameatlﬁ merwertrmemhoﬂﬂa p&@km&@lp B gffuted) NPYA the
Etch in a 2L beaker at 145-150 vv(lglle stlrrlnﬁ&5 The
probeg yietr igssd W1 EbRder enegmingterand|inpd 0% PndiiEe aeid solgion fogwo

i R A0 S ARy Dl e

for 3(t ﬂeeor&ls din thedfeehiia P destiedibr sidedce sganyriasedds DIHEctor 80

seconfig yERFETO BT KSRV ESERaP LT BTG QUG R Hetign Rofladium

while sﬂrrh% s@wlfyofmskg%ﬂﬂf 1RRhiRB A 1Y, O R RY. %@ pfotel weRsShat -
for approximately 2 mnutes. Lastly, the probes are

Welgh@d@ndd‘:euremelahtSI‘ﬂ!@rctedunt|I dry. Next t he probes were

patdu3|n a si on |l adi um 5 %
O B AR T BT A ety e or

six prals& 3 16 Ao trhahsle the?&Yems of tHsisﬁOe g edetaldedithivi each of the
Technic Inc. and a Vertrel sol vent by Dupont

probegpihen dptlestrdcirem ope W ¢ightigillinctendn appmellinfs ipprepenys. The
c

result%’rglrl gréés Q&Eﬂrtéég‘? lg%ﬂﬁ%mgﬂﬁ)eg Hﬁ l{lstt%féd%g?[fc‘ip%ﬁ Of ergs%lt-gg? the test
were a@ﬁrt@ Agsomtthe ynifovmity of lﬂheel&obé‘dexéated fiemphe bﬁs inke4leflat stock as

sed |n D for one nnute and in a 10% sul furic '
well 9§&P FIBHY foiesitge PrapRTtees Thepro wewemﬁ B i Vilgand febeled
with i St Bafilt BfenkidnDl The probes were then imrersed for

0 seconds I n the Technic Pd activator and once again
rinsed in D for 30
Table 1

Sample | Dim. | Force |1mil |2mil |3mil |4mil |5mil | 6mil | 7mil | § mil
1st 1st
Touch | Touch

0 .0050 [4.80 |9.80 | 1295 |15.63 | 17.86 | 20.10 | 21.41 | 21.72

.0053 |4.50 |880 |12.23 |15.21 |17.80 | 19.81 | 21.60 | 18.02

0051 480 1990 |13.60 |17.00 | 19.70 |21.30 | 22.31 | 23.31

.0056 | 491 960 |13.92 |17.70 |20.30 |22.80 | 24.80 | 25.41

0045 |5.80 |11.00 | 1490 |17.30 | 19.60 |21.72 | 22.22 | 22.50

AWM=
(=] [ fan] Ko} L)

0053 [4.82 [8.66 |12.23 114921730 |19.50 [ 21.26 | 22.15

There is therefore provided herein a process for mass producing miniature micro
probes or electrical contacts for use in the testing of semiconductor chips having the
following advantages over the conventional probe manufacturing process. First the
method of the present invention provides improved uniformity and dimensional accuracy
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seconds. The probes were then i mersed for 45 m nutes
in Technic imersion Palladiumwhile stirring slowy,
WO 20vSeeB5% t h running D and dried. The probes WeCEUS1984034963
rewei ghed and their weights recorded. Lastly, the
probes were individualized. A sanple of the probes,
betweBh BeSiraBsY Thi: ¥fisOhadl Fet@iftR&She béom &St Fdhd ProBE& Bliffhaging
the grans of resistive force geferatéd wthin éach o
mechartieal patdness bdiwrerdibe pmbes dA$ rossubinthe soffedsglof the probes are more

£ mllinmeters %@gon mllg ter increnents. The results
untorny, a ﬂ‘éﬂ%gtfgﬁa ceal"%tﬂc TS AGIPEE Y RY ustrated in
Tabh&lidon, e AR T st8ssef indhgedtiB $he WBHE HERG HHIiABSEISulting
.. the uniformty of the probes created fromany one .
in imprayed prpbe stegngtrandlendurangst Thegonventienahbtamping nieesiss redults in

i RSLH S5l MR PALHRR T RSN bl LR s
changBh M prbbs stifhigsd, 2 mil 3 nil 4 mil 5 il 6 mil 7 ml 8

m| 1st 1st Touch Touch 1 0 .0050 4.80 9.80 12.95
13 heg prepentgpvention proyides fordqwercost nd legsstimg immaguiggturing.

! Qs 4 .
Manygfgfs picmiyietg sy hafrifg dud s 1 gofipn) Y bl via the
etching. 0 tle@tr6forrhtgqRockeds rathe? thad s 2XoBOW-4 pddke2Estél. Bhelpolishing
0045 5 80 11.00 14 90 17.30 19.60 21.72 22.22 22.50 6
and plgting gipgessessare glsg ogosiulianeoysly 7 30 19. 50 21. 26 22. 15
H}ﬁgﬁob@déslg%rcﬁft@ﬁe@hpﬂm%n%ﬁ% RadlyRhOGESE. WHerd Bfing is
produci ng mniature mcro probes or electrical
used, therspring gaté ean beseontralledhey vaswing e atwabnisebieduettotheglisps

having, t he .f ol | ow advant ages,_over hLhe conventi.ona
masicg B0 e RfhBin s g R0 B0 QT W SRR B vsec
the spBihg 828 tar B/ €diiolled by GatyHERShd Aok ekafedtd dredtdtHeygl@8ehask and
di nensi onal accuracy 1llbetween the probes. The gl ass

by coﬁggﬁpg]@péhim(mﬁég of qhg e]@g‘@my Ipeither eassy aye gesigns can be made
by sinﬂé}ﬂf g}eﬁﬁh% F?e@?ﬁ%gn g‘ﬁ%%: is'f h&pﬁlﬁ%ﬁgﬁﬁeegh& Jﬂ‘ﬁe %r%kaﬁr?ng re-

ares S ness o es are nore
toolingni form allow ng for a bal anced contact force across

the array. Ip addition, there are no stresses, | nduced
i 1 b PishReborcFoiaip TRas Probie P%S’n‘?}wfide‘%ﬁﬁi‘? PR the Srcsent
inventiPAONE e RERDE vk 8 A v3NEe RYHHERRATess NEs a result, the probes

conventi onal stamping process results In
can be placed closer together, allowing for a denser array.

12



resi dual stresses, causing reduced fatigue life. The
stresses can change over tinme, causing changes in

wEe@be43vi f f ness. The present invention provi dBGI/I/82004/034963

| oner cost and lead-tine in manufacturing. Many probes
are manufactured sinultaneously, and the tip geonetry

What¢@RikRgs:made via the etching or el ectroform ng process

2.

rather than as a followon process step. The polishing
and plating processes are al so done sinultaneously.
Thempthob ef trbsicapmend plutaditypofosiend pliobwsemrmmrsnmhe bteps of:

" ar cooliaiaine cies O G Y f PELEEThe seRt U280 1 o

cr eaéﬁ)l}hﬁ?a 911&@1%5@??'@01)%6@ sﬂé (ﬁ' Q%irEﬂh&léﬂﬁﬁ’énﬁ’lf (1208;
flat nmetal stock sel ect'ed. Wiere el ectrof orn1ng 1S
usedverlhging pmd mepsk 410 omasnlduedeoqfrsmddlrrstgaetbymmnyh #g0bHhe

cont PePHHR§Ee hEoBlsERL AL i BB RREb R smash 7

EItftEVeE)@ﬁig salliepHottRedignso0agn be made by sinply
creating, a new mask. There i s no need for expensive

and ltem‘?ém@@rgqm@lh@f seid phedprpsig (10043 to gxposea Dettioned saj first
el.eeh ks %obes produced by the nethod for the
present 1 nvention do not require a swage to achi eve

t he ¢lemoforadngs b sédcone asetal Amtaial es wditl expdved porioas ofaid fisst

pI aced clo ther allowing for a denser array.
€n¢m7?ZL%b?gm- A met hod of fabricating a

pl Ur @riok o QhidBedri rﬁét@f)ﬁ&teﬁﬁ%’ Eafo%l‘uegaﬁyhﬁalﬁ& %pgro%s 81}

defi ning tghes hapes (72) of a plurali of %8)

as a nmask (73) applying a photoreS|st (1001) to a
over | sai d

iR afbes R RlarTice Bnd eGP s B RS biobe

compfisig@l) ; exposing said photoresist (1001) to light

passed t hrough sai d nask (73% devel opi ng said

phot&Piebe b@se((i@m}wvmé mmxgl >aurpfsm thirkofss dapeiled by a

rrgﬁﬁ i%ﬁ%? a}l(% &%ﬁc}iﬁfg g(ﬁ r I n{g-ﬁl];lgﬁsec%tfléIE gré anF
mat eerpxabe dmfs(éoos)empﬁmﬁ tp@mtllpmstﬁe ke 6300d) $aid pltobéreltaiﬁ

T N S TR A

me%ﬁdlﬁé IR %ﬁﬂfea%ky&@g vABERLH fEnd,0 the method of
claim 1 said mcro

a probe end (5005) connected to said probe shaft (5003) said probe end (5005)
of said generally uniform thickness, bounded by a plurality of edges, and extending
for a substantially straight distance within said plane said straight distance being
approximately parallel to said straight length; and

a scallop (1003) running substantially around a periphery comprised of the
edges of said probe base (5001), said probe shaft (5003), and said probe end

(5005).
A probe test head comprising:
a first die (42) comprised of first and second opposing planar surfaces said first

die (42) further comprising a pattern of first die holes extending through said first
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conprising: a probe base (5001) having a generally

uni form t hi ckness bounded by a plurality of edges and
weziosndisng for a substantially straight | engt hP@TUS2004/034963

pl ane; a probe shaft (5003) connected to said probe

base (5001) said probe shaft (5003) of said generally

Upjef i U reakdd

e o b pRong P

pbateees;a probe end (5005) connected to said probe

shaft (500 i d pr.obe d. (5005) of sai ener.al | .
o PR B R RS DR, e it Pla i Sitsaces. seid
apstosd aﬁqdigmnﬁ&rcoﬁlpmb@aqﬁh&ﬁi dPkeddndaiighdle i cHeapiRling to
within said plane said straight distance being

gl oRitarmp it piarhaldseaid wogad diediolesieytending iyoheh saidisegond
sgal Q03). _runni ng. s ptial | round a ..

- 57 R S i SR AR bl RO A aecd fn plonar

( o&Rot withasaldl set@tdepl s btrf{deGUSN thatwiild sl Pie ®BR:s @Roffset
(5005) .. . A _probe test head conprising: a first die

( Frowm auhiist digholss i ¢ pubstaatalls waifnm dpssBengdpl anar

! Y Sed o g_P
ot (ERIBALbreeh T, bR be Ml pREEs FTBERAG touch one
f bf stid fistiie hol’ pnd onaofkaicerbnhdipdofrsndidpuitas ahdhbdtda
s dinshicBmategruntin i AT rep OGRS e ot ¢

surfaces, said second die (44) further conprising a

pattern of second die holes corresponding to said
4. pdhe prabe tdfst héadoif chiine 3hwharein egeli off watplnwhlit ef frobes(81) is

o R SR B0 R e L8 o o s

(81). arranged in planar contact with said second planar
surface such that said second die holes are offset
fromsaid first die holes in a substantially uniform

di hon; L ural 4ty , f
5. LISESHERTR Bl BEGRT LA ARG
probesl (&) xolitlsin 2002 inctes of lesaihen seagnthadioge bbdapbplasility pff grbes
and having a surface finish comrensurate with having
(1) peen f or med by el ectroform ng. 4. The probe test head
of claim3 wherein each of said plurality of probes (
) is substantially uniformin shape when conpared to
6. edbhpoibhdest band oftclagmiSdvindreinahe tepgibfof padbefsaid plurality of

probes (81) is within .0005 inches of every other one of said plurality of probes (81).

7. A method of manufacturing a probe test head, the method comprising:

defining shapes of a plurality of probes (81) as one or more masks (73);

a step for fabricating the plurality of probes (81) using the one or more masks
(73);

disposing the plurality of probes (81) through a corresponding first plurality of
holes in a first die (42), the first die (42) including first and second opposing planar
surfaces and the first plurality of holes extending through the first die (42) between
the first and second opposing planar surfaces; and

disposing the plurality of probes (81) through a corresponding second plurality

of holes in a second die (44), the second die (44) including third and fourth
14



(81). . The probe test head of claim3 wherein the

| ength of each of said plurality of probes (81) is
wWowakiogss99D02 i nches or | ess than every ot her oPEI/U82004/034963

said plurality of probes (81). 6. The probe test head

of claim5 wherein the |length of each of said

PhpRIN 'gtpYarﬁf sﬁfa‘%@@ §nc(tﬁé— ﬁecbﬁd }ﬂuiranitff‘ of Q&ste)it&’fd L1%th9cfu_?h the
every other one of said plurality of probes
neschididie {(44pehretiveant the thing aad fewbeonposing méads SLtrfaeesmat hod
conprising: defining shapes of a plurality of probes
(81) as one or nore masks (73); a step for fabricating
8. Uik Rlethodlof tMiR 7, WheRSthé & ﬁ) fatShekatifg t lﬁrtﬂul‘aht}i@{f@bes (81)
Y

masks (73); dlsp05|ng t he urality o probes (
using thﬁroéi@@hm@ffb@ﬁﬂ@sp@h@ﬂsng first plurality of holes in a

f d
e aRalE  AfttoreliRT 10003 B8 of &y ki el S, 20
pl urcakildying®thelvakt @8 nexd Ak 176 )tdarthel gide bhtheffirsishetali :iBaterial

(4%b between the first and second opposi ng pl anar
5bes and di sposing the plurality of probes (

t hr '
LI S8 607 SRS 1 PN RLUL A o ol i
a(@);f ourth 14opp03|ng pl anar surfaces and the second
plur li.ty. of hqgl es ext ing through the second die
(44)%° 5%1956@5 etﬁ@??rﬁ?%%é?é\bﬂbﬁ fourth opposing pl anar ,
sur fra@8%ing 8-poftith d}&h&gﬁ&&&&l (ROOM) fo cXAHRE 8 ?Brﬁdﬂ%f%ﬁeeﬁ’rst
for fabrlcatlng the plurality of "probes (81) using the
om@tabmatmab(lﬂﬁ Xs includes: applying a photoresi st
(10 ' . imal
overtRyPRRRLE SoBha i paterBEREine pSish BorishE R fbe g
t hetall idasdria€ial );aad er i al (1201) exposi ng t he
phot oresji st (1001) to lig passed through the _ one or
nor deRAYRE thepgrondyagial @pﬁeﬁgl t@ EOdMsB A @M@lﬂtgtof prabeg §31).
renmoving a portion of the photoresist (1001) to expose
a portion of the first netal material (1201);

9. eThetetiodrofichimd, sheeindhesteplforfabreatial tlenplttaétyeodjposied (81)

ﬁlortl ons of the fi rgt
using the one or more masks includes:

applying a photoresist (1001) to first and second opposing sides of a metal foil;

overlaying at least one of the masks (73) on each of opposing first and second
sides of the metal foil;

exposing the photoresist (1001) to light passed through each of the masks (73);

developing the photoresist (1001);

removing a portion of the photoresist (1001) to expose a portion of the metal
foil; and

applying an etcher to the surface of the metal foil to remove the exposed

portion to produce a plurality of probes (81).

10.  The method of claim 7, wherein each probe in the plurality of probes (81) includes:
a probe base (5001) having a generally uniform thickness bounded by a
plurality of edges and extending for a substantially straight length in a plane;
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nmetal material (1201); and renoving the second netal

material to produce a plurality of probes (81). 9. The
woredohoesef claim 7, wherein the step for fabriPEl/Uszyo4/034963

the plurality of probes ( using the one or nore masks

i ncl udes: applying a photoresist (1001) to first and

sec [ [ :

oot OREAR GRS KR8 B R (00R  he bbb (5003)

anfiths gemarallysid Esmahickhess ntetuatied by & pluestippsf etges,ad extending

ot oresi s 1001) .to lLight passed through each of the
ﬁﬁ Rgaf?%??e ?gﬁ%ﬁﬂkkﬁgmﬁﬁotoresist ?%001);
r enMirBe é1dAB00%)nREctdd® tROSIBE §1§Jﬁ5(f50(§§59@1@?1pr5% BYRIFR)

a Eortlon of the netal foil;" and apﬁn£Jng an etcher to
t heths gefeally wiifarmethivkiness, Havinded by 2 phialidy ohelges,pod esttending

Rt Pb ol SR ol frl i BBC e ot ey

ofproghRgely Bichllélne kmighaleﬁagmb endase (5001) having a
general |y uni formthickness bounded by a plurality of
edgesscaliep dR0Drunpige substantigliparonnd p apiighesy eampyined of the

I ' ' 0,

¢ PR BE 1R e AREs0he X 886 S0 Gt D kB aRERhe oS,
general Iy uni formthickness, bounded by a plurality of
edges, and extending along a curved expanse within the
pl ane; a probe end (5005) connected to the probe shaft
(5003), the probe end (5005) of the generally uniform
t hi ckness, bounded by a plurality of edges, and
extending for a substantially straight distance within
the plane the straight distance bei ng approxi mately
parallel to the straight length; and a scallop (1003)
runni ng substantially around a periphery conprised of
t he edges of the probe base (5001), the probe shaft
(5003), and the probe end (5005). 16
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