;e3e;; <M6TvQ WD 01/968S5 1 TI TLE: CONNECTOR APPARATUS CROSS REFERENCE TO
RELATED APPLI CATIONS This Application makes use of co-pending

appl i cat I\#%%\l ﬁl tled s "COWLI ANT PROBE APPARATUS. " BACKS#FARbY/0068] ELD OF
THE | NVI e invention relates to burn-in and testing of

m croel ectronic devices, specifically to probes for use in socket
assenblies suitable for maki ng connections to integrated circ M
chip or wafer form io BACKGROUND OF THE | NVENTI ON M cr oel ect 3‘@\%‘\“‘“‘\ \‘Mﬂ“
are subjected to a series of test procedures during the nmanuf ur,l ngo.
process in order to verify functlonal [ uy and reI [ ab| lity. The testing
procedures conventional | YTHI Nﬁﬁ UyQ. I n which

m croel ectroni c device Chl ps are es det er m ne operation i
is before it is diced fromthe wafer and packaged Probe cards 3 \M@Mmﬂ“\m‘\
|l ong cantilever wires are used to _test one or_several chips at

t he waf erCROBS RERFRENCE TORELATER ARRLIGAH er are found to b&o®™
. bl t t I td | 00%
Good devi ces, e variPafeR idles | B89, O b efaliy” dbrlealiSie el s

are,, ﬁsS'eJOME‘IilANﬂ'CPm@B&APPARZNTUBG' packaged devices are dynamcally
burned-in by |l oading into sockets on burn-in boards and electrically

operatin at of _f 150 C for a burn-in period of 8
to 72 ho%&&@%&mb cﬁﬁ-ﬁhb@ tﬂg'% devices to fail. Burn-in.
accel erates f f a u [ d%h ailure
of the devi ce?mélar@/él?@ Fél g&rfrg@'t ?@% t%é@ﬁéces tfgﬁ%%léﬁté@’ggﬁtz%\h%essf out by
a functi cspecifidaliyt to cpﬂobeesn‘omejsm dnt sogketr @saee'dbllesmrt@blal fgr. making

PCT/ KROO/ 00620,, 5. PCT/ KRQO/ 0 2. A f functional test is
done on ﬁgmfrgggra%ﬁp%u@lg S %Wav%rr UUS speeds in order to

categori ze each by maxi num speed of operation. Testing discrete packaged

devi cq5 BACKEROUNDOF FTHEINVENYIONY devices that failed during the
burn-in process. Burn-in and test of packaged devices is s acconpllshed by

means of sockets specially sujted to the burn-in conditions and to hig
speed testing Miarpelectropicy devisaseata sykiecied dradt §eVieyy qfr instyese ‘t"’@s

expensi ve @ggb 8 Qhlit0 BN fLli8fiy g of
i ndi vi dua Tg?éeﬂ[?% é%ggtﬂﬁou %%%ﬁrgfcﬁe sét g‘&ﬁgt eg t hat dsyvvee ks
to the toThé testing gurocedungst cowérmonaﬂye ideludeewafer probe testing, in whlch
microelectronic device chips are tested to determine operation of each chip
15 before it is diced from the wafer and packaged. Probe cards built of long

cantilever wires are used to test one or several chips at a time at the wafer level.

Typically, not all chips on a wafer are found to be operable in the wafer
probe test, resulting in a yield of less than 100% good devices. The wafer is
diced into individual chips, and the good chips are,.‘_,assembled info packages.

20 The packaged devices are dynamically burned-in by loading into sockets on
burn-in boards and electrically operating at a temperature of from 125 °C to 150
°C for a burn-in period of 8 to 72 hours in order o induce any defective devices
to fail. Burn-in accelerates failure mechanisms that cause infant mortality or
early failure of the devices, and allows these defective devices to be screened

25 out by a functional electrical test before they are used commercially.



i 0 A considerable advantage in cost and in process tine can be obtained by
burn-in and test of the wafer before it is diced into discrete devices.

Addi t i onaWWOMiPB8§s can be obtai ned by fabricating chip sizBCHaRaHee00nN
each device on a wafer before the wafer is diced into discrete devices. A
considerabl e effort has been expended by the sem conductor industry to
devel op effective nethods for is wafer |evel packaging, burn-in and test in
order to gain benefits of a greatly sinplified and shortened process for
manuf acturing m croel ectronic devices. In order to reap these benefits, it
IS necessary to provide neans to burn- i # and speed test chips before they
are diced fromAtHell ‘fm‘mtlonahtestumdonemmad«mdmlmlIM|msh ate oﬁeraftedtatonal

Govi ces. oraIouS, ERERTE i Pt BRleaRazs, et by BerBRuibioed o srtgton,
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o, b e gt orGockeibsil .13 G1hSums mesh ARGt a0sbo s
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f or practlcal i cation of urn-in and test proce
usef ul forexm‘nsweband-tlmeanmSummg bebaugpe @m@renﬁtedehandhhg angntestingadfl  of

t he pads an th evi ces under t.est whi ey .are.on undi ce fer.
Probes far' QP{H&?@H‘% %\ch\%]i PU%QIGBQ@-\V%%OJIS&%Q%&?EIMB eaeéksv\% t?'5ads
on devi cestopdl@hantifaturim@stinvgarfyr ihe dwiigdit on the surface of the wafer. In

addition, the probes nust break through any oxide | ayers on the surface of

the contact pads in order to make a reliable electrical contact to each
pad. Mify approd@essidaigblenadiantagetn east ang/induogess timegan-beobtainad by

cuccoss. AuTABA I s et Berard il o8l Tots Ghersitd VIR AGERBNELT
conpl i ant Wcénrbecohtbm&d by famidaﬁhgwrﬁ;henwgict:?r?teéeoﬁ eaeq ggvgze\ém tag

According to_ t i nventio esent ed .

David R P¥Bler areaﬁtf @@ C[Ceq(/l"ﬁﬁéiﬁéet%d@maﬁ{ Aveansidergble effort hasded
for testi i I

suppor 15 Shees orPERSEELIINE SiebnaRALF RIS 1 davelop SRELING KRGS for
conpl i dft wsfﬁyelevespaskaglggd buowinvand test nmmdet i gadn |hemf|tamf ac grestiyh

o der to_ eI BbAEned ¥Rood, G2 dnatiBu i iorRiatBhR: tfedt o

pad 24. Therderdbdicay thesenBéhéfitsaitié Ir@c@ésb@ams prsvitie raeaws # lbvirn-in and
insufficient to apply the force to a tip that is necessary to cause it to

break t hr cRRAPhILH Q]HPﬁthﬁf‘é'Sﬁ they a‘&ﬁeﬂ"?@ﬁ' oL then vafern into individual gdiscsgieer nal
means of agalixidg force to the cantilever. Cantilever beams of gl ass,
silicon, ceramc material, and tungsten have been tried in various
configurations, wthout success in providing burn-in probes of sufficient
force and fl exi Gohveptiortal darftlever iwise protesaare pobbaltmm\nbu'rmierﬁd sdHeeids

descri bed j n.Fl exibl e Contact Pob Techni ¢ Di scl osure Byll etin,

oot obor 3 oiEating B deyes SH. A whtel: CantiEVat wire.praties &3 R 1P 25d bufitk o <
33 that arsll@ulénmdutbﬁeaﬁgldwmt@ét%t &ll GF theoabwieks Ve 1 Rafsr, s i lﬂﬁg 6
circuits. Termnals 33 are connect ed WO 01/ 96885 PCT/ KROO/ to test

el ectr olnl csimiiitanegus fburrf-!rmfbalb afi ﬂ'@fsldeﬂfwst @6h|§’d§ t\@afebnl!mcﬂdthrd's Bhgon
descr i bed SISV Wi BRn6S 48, A8 Rultpicfor sRbnAL A8 HEEr BBhrenestc
(1988) 2By Hévikés betadse oTEeh'Ph%é!ftdr@! edl indliGtaRce of ithe Il PEPAIR vifes

vertical motion to acconmpdafe s variations in height of bond pads on
i nt egr at edcempeaingstherprab@as er under test. Menbrane probes such as that
described by Leslie et al provide connections to
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integrated circuit chips for high performnce testing. However, dinensional
stability of the nenbrane is not sufficient to allow contacts to pads on a

full waf @o fiweckgs0 a burn-in tenperature cycle. io Fabri capicekrgobéx
contacts on a thin silicon dioxide nenbrane is shown in FIG 2B as

described in U S. Patent No. 5,225,771 by Genn J. Leedy. A silicon dioxide
menbrane 40 has better dinmensional stability than polyimde, thereby
somewhat aneliorating the dinensional stability problemof mating to
contact pads on a wafer under burn-in test. Probe tips 41 are connected by
vias 44 is through nenbrane 40 to circwit traces 45 that are linked to an

addi tional | aygr, i L LA i aelef 4t |1BW cbst kd Fa
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respective Y/'bgir obe Bl is a md attached to sem conductor wafer
subst r at etHe2 wafert aiust rovilet electicab8ontact dopasts on cdevicas where dhepads

fer 52 i der, i sol at hapi cal Ly t .0b 1. A b i,n FIG
3A pr ovi Q¥ FeiBEanBR IR Bl Bisoerdsut 1 POUBoR RS RS FoR B on
t he bst b \bid At oResT t
el ec;5 lrjofli E@Brﬁgl‘é]%{nly \g’(f l?%?a%ggg?npﬁ:ﬁegﬁr n- | n.&t twv%ag?%%%%%mPCT / KR%(?P%%%Z&‘O 5 An

approach ralighle\elettricalf tenxtabt éo mashepad.ocMinyi approachasthaa beenvisiedeto t he

f flexihl | .posts t t the t ' ' ds. A
(Tex?bi £ BrORES s atbon o PSR Bests W Brgherb bt R o ol I3
by ' Cpbi patheabcsiphite stcebss.60 is a buckling beam earlier generally
described in s U S Patent No. 3,806,801 by Ronald Bove. Probe 60 is

adapted for use in burn-in of devices on a vvaf&r. Gui des 61 ehnd 62 tpat
hol d probe 60 Wavirabebfi pliewipts drave hae dred; fa Ripvids Small, oyertigaliar er

bei t . ' ' f b | hndj Ot i d
2 et ni ¢ SOMRYARE B10BEE fdrPodutabing rofgbly hed paflR, bl LBURRS FofiCa! flaférov 1o
wel | sui t getcordihg $ thne invedtion deplesentedityel 8t Balteat Nouidt 185828, totDavid®R.e t oo
expensive tq be use(g éor fer.hurn-in whe(re thou%%nds of .contacts are
required. Herang QP?'%tAgal $nArcRNPVes RO PEQYIPRS Bésteﬁﬁng
limted b%@g?&ﬁafcirbbﬁ defAtesh lhqflG.rﬁQ;ahﬂfer\]/éﬁ%_ ottt tiRk 2dhabbeam

Anot her approdach using flexible posts is shown in FIG 48 as disclosed in
is U S Paieninup.contaalpadsd 24y onraathip \B8. Yaheompliantymember (2 liss nsged F| G

fesponse APW bR BrTSTBIEY 78 Tulo Sl RR et o4, S sRifirith Do RRE 1
fsg:aite r gtn etcfigpéé@ 24 igtekert byasHapwtiphzarirt orddrea male eleatrioal icontaet behseeno a

e O P8 Bl RCaTa ki S0P o9, TRl Sl aRStar Ban
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in FIG 4®reakphictgh anpalominurnpxide dayest apai contact pad,1 witheut ey &detnalo a

specific Srp\ggﬁs io a%rp?ﬁﬁgtfgréea% h'\et ac%re\tilfe{/ee?furc%ntiygvre? b7elar}\§ cjfogilg'sesc,I stil?con,
ceramic material, and tungsten have been tried in various configurations, without
success in providing burn-in probes of sufficient force and flexibility.

25 A flexible membrane probe shown in FIG. 2A is described in Flexible
Contact Probe, IBM Technical Disclosure Bulletin, October 1972, page 1513. A
flexible dielectric film 32 includes terminals 33 that are suited to making
electrical contact with pads on integrated circuits. Terminals 33 are connected



2s substrate 74 by a conventional wire bond 73. Probes of the type shown in
FIG 4Crequire a long spring length to achieve the contact force and
conpl i anoyOe8es88 for wafer burn-in. Additionally, such prPUBEKROOGG2USe

i ndi vidual wires are WO 01196885 PCT/ KROO/ 00620 6 too expensive for use
in wafer burn-in where many thousands of probes are required for each

waf er. Further approaches to providing flexible probes involve the use of
conpliant |ayers interposed between a test head and a device being tested,
s such that termnals on the test head are electrically connected to mating
contact pads on the device. The electriéal connector described in U S.
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respect théfBﬁdﬁHﬁ@%Eﬂn?ﬁn%éHp%?ﬁurér |gr obe tip nmoves vertically in
response to the force of a mating contact pad as it biased against the tip.

Mechani cal conpliance of the probe allows el ectrical contact to be nmade
rel i ably bet wedrlrisatipnsiiéhe santactoen edpimsilieon dioxide mepalorane is shown in

m cr oel ectg@ni ' r nj i.an acco at es
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t he devi cdogyse ybuim=in efdevieesion arsemisanducter wafen. gh t enper at ur e.
El ectrical signals and power are supplied to all of the chips on a wafer

si mul t aneousl y. I.C o) [ If ' | dat es
variations in h%él\%ﬁm@lp @h%‘&%ﬁ%‘é@?ﬁ‘éﬁé“%@?ﬁ c%rﬂéat gg%%ﬁ%?rg‘&é t hat
each peobalascpobednin hsS1SPatent din.a41585 991, as iltestraigdc imtRigs. BAdahdr 8Bghout
the tenperature cygle of the burn-in process, Yet another ohject of, the
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probes as tlaught in this disclosure are used to make 20 tenpo
connect i oris removed feegpdhelisemigentiucior wafés\bi2cia drdeptalisoldate neghaniedliythei cal

test signals,.t hat devi ce an o] asur.e electrigal signals fromthat
devi ce. TIRObRAT- 8 pESkEs" 8RN FIbp FRRioVRese mitediovaiea Tapiement bit i ca
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and neans for burning-in, testing and operating m croel ectronic devices

where el ectri,cal contacts on the device are disposed in an area array over
a surface of



WO 01/ 9G885 PCT/ KROO/ OOX20 8 the device. Small, conpliant probes as taught
in this disclosure are used to nake reliable electrical connections to

cont acfts“ﬂpmt/&g?gevi ce, where the contacts are arranged i Bcg/KRU0R8s2N I ay.
Mechani cal ~ conpli1ance allows the tip of each probe to maintain electrical
contact with a mating contact on the device s notw thstanding variations in
the height of contacts on the device both at roomtenperature and at the
operating tenperature range of the device. Another object of the present
invention is to provide a small socket for connecting integrated circuit
chips to electrical circuits for purposgs of burn-in, test and operation of

the chip. The | tyml
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material apgkups ePthd Béam, before it reaches the elastic limt of that
material. The invention increases manufacturing efficiency for

m croel ectroni c _devices by providing test and burn-i el i, ably at
the wafer |evelA nqmprapar%chtwgﬂﬁélbﬁer Restsd3 sePwy 'E‘R:é&spf (‘P@ edda;
fixturg, lefg BARAR NG 5¢]§aﬁelq}amncﬂaq)vev@rn%waﬂaa/\mnémr-aukmem Apti on
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maki ng constenws ﬂexlbteopmbdasvlndbevfptm quqsss;ﬁgﬁbatatmableatpebem INs(@sPoRRei al | y

in the sang plane. The cQ he t 85 b te
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sufficient on*d%rr%'? aflbwtthemProotsx vérically iheespons@td arfarte on tip 67 from mating
contact pads. Posts 66 have a taper 65 from the base terminal 68 to tip 67 in

20 order to facilitate flexure.

Yet another approach using flexible wires and posts is shown in FIG. 4C
as disclosed in U.S. Patent No. 5,878,486 by Benjamin N. Eldridge, et al. The
probe shown in FIG. 4C comprises a probe tip 72 on a spring wire 71 that is
bent to a specific shape in order to facilitate flexure. Wire 71 is joined tfo

25 substrate 74 by a conventional wire bond 73. Probes of the type shown in FIG.
4C require a long spring length to achieve the contact force and compliancy
needed for wafer burn-in. Additionally, such probes that use individual wires are



assure reliable electrical contact therebetween. BRI EF DESCRI PTI ON OF THE
DRAW NGS The novel features believed characteristic of this invention are
set forthyonibésssappended clains. The invention itself as RPEI/KROG0MSEher
features and ~s advantages thereof will be best understood by reference to
the detail ed description that follows, read in conjunction with the
acconpanyi ng drawi ngs wherein: FIG 1 shows a sectional view of a

cantil ever probe of the prior art. FIGS. 2A and 2B show cross sectional
views of flexible nmenbrane 20 probes of the prior art. FIGS. 3A and 3B show
views of a probe fabricated on a silicof wafer of the prior art where FIG

3A shows o@'éébéh@R/ercﬁ*"uﬁ it WRafer dgn-fndvHere maRy sthousamdss ef probes avée ew of
t he probe. A to 4C show fl exi bl e post probes of the prior art. WO

01/ 96885 mequikew forowsctowaterFl G 5 shows a view of a conpliant probe in
accordance with the present i nvention FIG 6 shows a view of an al ternate
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shi el d, mglpgpq%oglref&@q@dugtly% BHaPOlY Hgtﬁq@&félsadcg e%?ﬁ%‘géér Vi ew.
FIG 14 shpmnd |ﬁ%¢éét8ﬁ@rlc‘4h%naf |n36rdé+ tefoNRt barppRamagietpaserdayersconpl i ant
probe with an integral ground shiel WO 01/ 96385 PCT/ KI t 00/ 00620

The approaches listed above and other attempts have been unsuccessful
in providing a high performance probe that allows economical burn-in and speed
15 test of microelectronic devices on a wafer before the wafer is diced into discrete

chips.
SUMMARY OF THE INVENTION

In accordance with the present invention, a small compliant probe is
disclosed that includes a conductive tip, which is positioned on a supporting
20 surface in a manner that allows a tip on the probe to move flexibly with respect
to the supporting surface. The probe tip moves vertically in response to the force
of a mating contact pad as it biased against the tip. Mechanical compliance of
the probe allows electrical contact to be made reliably between the probe and a
corresponding contact pad on a microelectronic device, where the mechanical
25 compliance accommodates variations in height of the contact pad.



1Z FIG 15A shows a test head apparatus that incorporates conpliant probes.
FIG 15B is a sectional view of the conpliant probes in FIG 15A DETAILED
DESCRI PT, E PREFERRED EMBODI MENTS s I n accordance

princi plggmdg:? g; invention a first preferred enbodi nent \gfctrg(%dgir?gﬁoant
probe is shown in FIG 5. A probe is disclosed that allows reliable

el ectrical connection to be nade to contact pads on m croel ectronic devices
such as integrated circuits (1Cs), flip-chips, passive devices, and chip
scal e packages. The probe allows for flexible vertical notion to of a probe
tip 81 in response to a force on the tip. Thus, as a contact pad I's urged

10,20 26t S0 o o i brod VAR FERYRIE Erdtholl gt tor
. suffici enpaki arean«?célldbn&écﬁ@n mmhtaﬁtqom onsmicacteleqrmccﬂevicdsrmnrart he
contact pad. I\gechanl cal conpliance of the probe accommodates differepces in

C\EI ?ht of undiieed gvaf@mra@tdqﬁé@lburmlrathee@e‘dﬁe%befme they. prsefliced, Bl SeRRIGIR e,
electr | cabhBandabliatt, BRinds: =BiafinG 361 dRFedddh Hof” reidbie Sisctial ©

Furthers, pBshedtions todspiddengimuitanébesipad allsofrthe%atac,t padsaarrayedtdxethe p to
mai ntain a connection to the correspondlq/&\ﬂad durii ng’a? test or burn-in

cycl e whepurfaer ofrawaiepgadiamisgelesieal PeryoBthe Wafercabe baredring ¢ he

probe sup |G 5, probe tip 81 is supported on an elongated thin
spring of ggé'f\%mgé"gé material 83. Thin spring 83 is supported by posts 85

that are joined to contact pads 84 on each end of elongated thin spring 83.
Probe tip 81 i Ardther mb;eomfethéIpeasténtynventrmsisdnanovidea fixtroe faipirnda of
vertlcallyér(é)qeﬁ%é) 81. Vertical 25rmerre 1ca steX|bIe

bendi ng afd teanic glayicasn PR WiHicee W eéﬁchTé“ﬁgf{ fcally SRS ng
force j¢> loBRigRE $3ds06h bakh Hbvice #PAAVE Yeaitny ARt %Bgaﬁémagaﬂo%l sRyride to

conpllant probe own i n 5, posts 85 are SUﬁ ported above substrate 89
by term nihe d&ﬁnoﬂnasrrequmeatdmmegtd;amaml@cbwrbml at/high temparpturer aklecyical

@] tt 87 t ed t
50 by memsbTEs an paRen A Supplind 3 it Bt I ShinsBh o Wefleh SinfuldheRiaRl [ ot ©
tip 8l to I\ﬁeéhdrﬁelalt éomﬁlléﬂitﬁe whﬁbbééelnSme mxtljréeacécsmmodamse varldtwmsen
connected to t groe I n plications such g rn-in Bstrate 89 is

made of 5|th9$76er6 e&ontawt@ﬁgﬁ.%\ddn tB%P&ﬂﬁ’%t'HﬁtsHP atl@?CBer ett@ PRI e
di mensi n% ¢ i\?&p t'MtP( Vr?'n%tlﬁg ‘Qﬂoﬂ?aétﬁ:éﬁlbggﬁrtoﬁhﬁo&fﬂ%eterﬁly | Yydlé Unthe C to

150 C or operat’ion freque ectrica I nks” from probe
81 to vi atmndmpir@@éss% are arranged to mnimze inductance of the
connection to probe tip 87 . Inductance of the loop is mnimzed by

a0, Ve Y Shofiy SHSHCBL L e BRE mBABE 5L, Bl A S, ,
i's short fitph@pehics ahhPHiloWsahigte dpdedl hesting refduapaykayert ahlomielectromc
devices. Small, compliant probes as taught in this disclosure are used to make
20 temporary connections to corresponding pads on a device in order to apply
electrical test signals to that device and to measure electrical signals from that
device. The small size of the compliant probe allows high speed electrical
signals to be passed to and from the device without losses due to excessive

inductance or capacitance associated with wire probes as used in the prior art.

25 A further object of the present invention is to provide a method and
means for burning-in, testing and operating microelectronic devices where

electrical contacts on the device are disposed in an area array over a surface of



is FIG 6 shows a second enbodi nrent of a conpliant probe in which an
elongated thin spring 93 is shielded fromcircuitry in a substrate 99 by a
ground plypeiskesg! d 92. ' Gound plane shield 92 is insul apefik®Roeodens cal |y
by dielectric layers 98A and 98B. Dielectric layer 98A is sandw ched
between the top surface of substrate 99 and ground plane 92. Opti onal
dielectric layer 98B is an 20 elastoneric dielectric material that is
sandwi ched between ground plane 92 and thin spring 93. The el astoneric.
material of layer 98B is preferably selected fromthe group consisting of
silicone, fluorosili cone fl uorocarbon, gand uret hane polyners. Elastoneric

di el 8 I i . i
ol ot g aheiSlied® B LBt kot SE%audnt i B8’ Guaehts’ ife 1Rl ©
each end ahaké omjab@l éléntﬂcalplcbnge&ib:w do| comtadtst enptisé sdéfice, \Amheke i thet ur n

rest on pads 96 on substrate 99. Electrical connection to a pr obﬁ Ip 99 is
made t hr oudfintaets @re grangessntan ataa auay palechanical gporiangegdiows the tip of

PCT/ KROO/ 00620 0

connect ed FaTepihd & Bdintah Metfioa bk W°8 shaid Wnfactio fE dBigs
seen i ns Flfatwithstainarey Vagatidng i thes heiglbtl of cohtacts spr thegdévdcatbath at room
predeterm ned position along the centerline between posts, 95 at each end of
s el ongat deémparatuse andatdhe opeyaling tenperatide r@ﬁgs%me gdeyice1 causes el astic
bendi ng and stretching of thin spring 93, and deformation of elastoneric
dielectric layep, r

opposed by coun'?‘e?@‘%rrce (gr%fdﬁ?eaiﬁe%?ﬂg% gﬁj?’c{d r%%%a?ﬁg{antér ette ?f?]rg of
thi n spri ngpririgctingdntegratedocineuit ohlpsftoeelastrmmrcwtsafmrpmses(DbeuEn lﬁA

h | f bove of a first di f | f
he gener dest 258 PPPRURISLI G o 1% BRI gaPell eRT RIBPPIRPHEY Pt e

of a Shsetscsékemlawslw@%-sﬁées d,b@?ét&m oPAeRiplduhRIdRcthbsoRRED maehaﬁucbhe
sheet. The metal of thin spring 103 is chosen to exhibit a high yiel
strengt h aeempliancechthe prakesaas saught inlthisndiselostre an@blemeaablesel@ﬁtr@gl is

kol - 1 CANRsona 1 bt e i rBlf Enp ) bl R Blcisiy B o ShAERt

beryl I'i um:?mb%rs Adcoyding Tt SERS - phésenBS itvenitibhh aflow aiaihsm.rcﬁalt lbf 0§mall0
mega- Pasca Anot her suitabl e rretal is titaniumallo 1 M, 1V,

with a yi epeoramisabsecksits farchip gealedpaciagesand-ios hip- 9%98161 shown in FIG
7A i's supported on th| n spring 103 such that probe tip 101 will depress
verticasly ! onaThede SURRLI 8k w1 0biBofs SMABIRVA G U bbafbt bPhRSidingRP! | ed
to the probetlp vertlca epr essi on probe tip 101 1's wnln

secti onal wieshangallfl G3npliantirelegtdcaln Ffrobee whergisl i & dprobep tiph ds tdhppcma__d

bs 100, ” acbiliiae 4o oL Bas oot Bh, Bligidted Rih” e 1P {Exble HiREhar iR L ©
probe tip aRhgatedithin BpraY Wsapsoréd ab@{ze adsistiate bp pb@ﬁs at e¥éh 8Ad 9 88>
PCT/ KROO/ 00620 14 Probe trp 101 is a pyramd forned replication of an

etch pit f8priRg thﬁr%bxtalwmmtbgrt@rhocmpy@cﬁbexmly irbarvegmal &ttr@cbgn\lw hendingn
proces og?ggel%t%h%’ ﬁﬁ% fheoépr?n Fr{bteh%l determ ned by the (111 )

crystal h SI| con that formthe faces of the pyramd. The
material of tip 101 is tungsten, which forns a sharp, s hard point that is
abl e to break tﬁ'heugrotiehdlsslosednbere)mlde5|ga|ﬁeastlwnnproxnddnoneconnmntiqnmﬂs

typically used on se ond Qr IC evices., Material,s suitahle for ki n
har d pro%ecw eVoBIRee Moloh dupiavides prapatal Tayae G sainisRaelig) oFthe 9

rhodi um E%Bélﬁb bl ta%g ¢ivn tpfaaétfsrae aﬁa prob8Ysizd. hex %ehvemeu Qﬁht.@@eef _
sharp probe tips by re cation of etch pits in siliconis well to known in
the field pnbe is liteddedbeiraageiof molion 3t pubidesain asponse. tora giqee\/\fqrce n

25 the elastic limit of the probe material is reached. The maximum mechanical

| stress in cantilever probes is concentrated on the surface of the cantilever

material at the point of flexure. The invention provides a greater range of motion



Reviews of Scientific Instrunents, Vol. 44, pages 1741-1742. Kiewt

descri bes fabrication of probe tips that are made by replication of etch
pits in sidopfHedasdy depositing nickel-boron alloy into thepgrikrmndsihen
renoving the silicon matrix material. Kiewit formed pyrami dal etch pits in
silicon (100) surfaces by treatnment is of the surface with boiling

hydr azi ne hydrate. Thin spring 103 is supported above substrate 109 by
posts 105 that are joined onto term nals 104 at each end of elongated thin
spring 103. Post 105 is forned of an el ectrodeposited netal preferably
selected fromthe group consisting of hard copper, nickel, a cupro-nickel

cirouits 18 it spd Mg s pfohn Rk HeBls, B reHEhs he s hFELE 1o
.term nal s {if@materdlrcuit trace 107 and a via 108. The el ectri cal CI rcw t

fromvia 108 to probe 101 is configured to forma loop that encloses the
smal | est area possible in qrder to reduce inductance anfdo&t her eb aI | ow

-operation at hi g fln%%mm|l@@re@ﬁeaamwéa%ﬂn@ﬁf@@@epm | figregigclonic
configura de‘?ﬁb%s%a)e Pf&{?&hbg%spéﬂg%%rﬁ i fﬁiﬂ%s rQI attﬁé‘rv%afg{) ARy

configurations f probi'ng o el'y spaced
in |inear artrey saore itimegretiueihg ithe usize. of:dheatest fadisreo nThe deechanically
01/ 96885 PCTI KROO/ 00620 15 jntegrated circyits have cent tp- ce er
spaci g aCOmRliANt RI0BS PHOVidsSsa PRO% TaRge B et delalive <o thes s7ecdl tiobe

ds,
Bes: gne” sibigbey THE AR08 IR i hipdiEH mdki AP EShAelor D JYIc8IM®.
arrays of cmrhaetcpadsatlhat are not egbsdaatialdy mcumetsamelplénmsTbedmmplm pr@be
i ant b FI G 8 t b f
T ef ondi Bupves el dor acrasmaaten diiegracas,  fe hRioetoF ety 2anct
of prokg bbaRfs white riﬁamtﬁﬂm‘g gufr@térﬁ%rdé%ﬁﬂfé p?ob%ot.Fn&q Whé Neoptadtepdd o 111

di sposed tween a short séction 113 and a |ong section 112 of a thin
spri ng. tcasns@neaeitatqbaaleclrloalandtammembeﬁwem ded on the ends. of short
section 113 and long section 112, respectively. The spring is supported by

post 115 ugﬂgéd':pom ﬁﬂiﬁd\?ﬁ#?ﬁé%@@ﬂ\l post 117 under the l[ong section

112. Stagger I'oni ng ot pos 117 al l ows cl ose spacing of the
probes one to another. is In FIG 8B, a conpliant probe is shown that

i ncl udes an el oﬁlg;ahedelthbtureprﬁemgved chamcédmistic afdbisi invedtits arer setrfatthrig at
contact p 124, d a_lon Lon 122 ter natin at ¢

probe ti patg'ﬁl appep %ﬁ%o@léﬂngetﬁ&@eﬁm{ @nsété?{'noﬂs 1‘59 afd %tﬁ %@@FFOH" 23
Cont act;s pagivitfiadds SHBR&UT Gl e plS@ét &ﬁ&ers?&ﬂi N irafdrenad tb24hésdé!élﬂ88r ted
by post 125. By arrangln a 20 plurality of probes of FIG 8B in a |ine
with al terd@ﬁqfﬂﬁgog Hbgt f ,omdamj CPBWQCB@MWI%@G BRSOpIRAY INCh AEAWIBgBed i n
a closely ‘ﬁﬂé‘féﬁﬁl array suitable for testing integrated circuits with small
pad spaci ng FIG 8C, a conpliant probe is shown that includes an

el ongated thin spring 133 held between two contact pads 134 and 136. A
probe tip 131 iFEIG. 1 shows a sectional view of a cantilever probe of the prior ait.

FIGS. 2A and 2B show cross sectional views of flexible membrane
20 probes of the prior art.

FIGS. 3A and 3B show views of a probe fabricated on a silicon wafer of
the prior art where FIG. 3A shows a plan top view of the probe and FIG. 3B
shows a sectional view of the probe.

FIGS. 4A to 4C show flexible post probes of the prior art.



2s di sposed on spring 133 at a point mdway between a post 135 and anot her
post 137 joined to contact pads 134 and 136 respectively. Elongated posts
135 and w§©1/0d8896885 PCT/ KROO/ 00620 16 137) and el ongat edPCKReZ06AdSs 134
and 136 are oriented at an angle that allows the probes to be nested in a
closely spaced array as illustrated in FIG 8C. A conpliant probe in FIG
8D includes an elongated thin spring with a short section 143 term nated at
a contact pad 144, and a long section 142 s term nated at a contact pad
146. A probe tip 141 is disposed on the thin spring between | ong section
142 and short section 143. bl ong postsl0145 and 147 support contact pads
144 and 146 resnect stfdws aSHEW dfitAéornpRarit1BBE ik AtcBRIAMEWEh tHe predentel ¥
spaced array. The spring sections 142 and 143 are flexibly bent and

st r et ched imbantion cont act pad on a device is biased against probe tip |0
141. Probe tips shown in FIGS. 9A to 9D are confiigured for specific

applications i esti and burn-in of mcroelectronic Vic pr obe
ti ps and ot her g:lér 35[ \ﬁgawsk?lcYWicﬁ qm@{t?rrq@g%rcgpﬁgur %EEu?egi%ﬁH‘g$?@%ml es
present ed iﬁﬁd@o?étﬁd@@?&%ﬁj‘bﬁdevﬁiélﬂ.the many types of probe tip that are
in use. Methods 1s7of “fabrication are well known to practitioners in the

art of nanufacturin%electrical contacts. A probe tip shown in FLG 9A is

pLef erred for priGS.nif i URishaw Bormbrdimest of AcogRlag PR whets FWﬂe?/éb ;
Sads. A oy Ao Flad Vi I 7B IE R Sohal U bide Sobd UEfest o dnd G AETsDON

cryst ogr apheetidnal Qleveof theé Hrobe)when acied wor by forcBYt.am d 152 is supported
on a thin spring 151. Apex 153 of pyramd 152 is sharply defined with an

i ncl uded angl e of 54.75 between opposjte faces, of, the pyram d, A har
material is usedG®r Bﬁr'@oth shows E’Rﬁ@r\é’emeof‘rﬁitﬁmagll"gi %mgpgm@m a
sel ected f the: C 641 HRe oK ; aym  Pal i ney
7, rhodi unﬁs'%glse ﬁ%ﬁﬁatﬁ@gﬁ%w?ﬁégg@#wnd al‘?}gééﬁ{tlﬂ\e@@@# I n probing
soft contacts, materials such as osm um rhodium and tungsten are
preferned becauBKS$h&A tehld shawiprobettips sisadrin sampliahtprebe tstrugtwesal s.
WO 01/9688i _P /KE&Q@OOGZO '}J}z A probe tip shown in FIG 9B is preferred for
g fe; dovegt

cont acti ngacﬁﬁ% P PLBTR I A thin disk 157 is supported on a
nmetal post 156 di sposed on a surface of thin spring 155. Post 156 is

undercut by a cREI thkhews i3 vigwnsfaresmbbdineentafa eslgphantfprabek 157. Thin
disk 157 is made of an inert netal preferably

FIG. 11 shows a view of an embodiment of a compliant probe

incorporating an elastomeric encapsulation material.

15 FIGS. 12A to 12C show an embodiment of a compliant probe with its
circuit connection where FIG. 12A is a top plan view, FIG. 12B is a sectional
view of the probe at rest, and FIG. 12C is a sectional view of the probe when
acted upon by force F. |

FIGS. 13A and 13B show an embodiment of a compliant probe with an
20 integral ground shield, where FIG. 13A is a top plan view and FIG. 13B is a

sectional view.

FIG. 14 shows a seciional view of an alternative embodiment of a

compliant probe with an integral ground shield.



s selected fromthe group consisting of gold, Paliney 7, Platinum Rhodium
and alloys thereof. A probe tip shown in FIG 9C is preferred for
contacti \@ Gi¥eggy and other soft materials. A rounded netacTiKgnobbézoon a
metal post 162 is disposed on a sheet spring 160. Rounded netal tip 161 is
shaped by flash laser nelting and io reflow of a high tenperature materi al
into the shape of a spherical section. Materials suitable for rounded netal
tip 161 include netals selected fromthe group consisting of nickel,

pl ati nunm) rhodi um cupro-nickel alloys, berylliumcopper alloys, and
Paliney 7. A probe tip shown in FIG 9Diis preferred for contacting small
contact is pad n rSHARFS S YinESI§HR . i tip
167 with a topFIecg'gce*éfEGS I'S diiggéstegégﬂ ?Egs%égégﬁ% algg of gﬁﬁhfﬁggﬁﬁg

. 165. Probprabes. 167 is preferably fornmed by plating the edge of a
sacrificial material and then renoving the sacrificial material to | eave a

thin section o 167 oriented in-.the vertical  dir.ectj0 20 FIG 10
ehows o thira EigelfR s g ssetignalafiewich the Spipla BPé’%ﬁdnﬁ'g’ngQﬁed t hi n
spring 172 provides an enhanced flexibility due to a corrugation 173

oriented pETAIRED DESCRIPTION OFTHESPREFERRED EMBODIMENTSS of thin
spring 172. One or nore corrugations render spring 172 nore easily bent and

stretched, allowing for nore flexibility in response to a vertical force on
probe i p 171. I sacterdages i with 1the ipsincipless Pfoihe dpvertian o st prefarmdyat ed

of "ot ohi ngrRpait Y B cPlEirahE s SfoMAndr iR S 28 rdhs B AsERReaMARECTY
in an art hlibRs Fablidiet igkscifitaNottnectig® €3/ 9e8SnaBETHERMNAK2(patid on

Thr ee- Di nensi onal M_crostructures by the Anisotropi tgﬂi ng,of (~0Q) and
(~ 90) Si Migweleaitpnis rdavicess $ishsas intagrater, SHSUES i(Hrd), JHPENRS, RSBERi ces,

Vol'. ED- 234, fas éﬁd o Qa@p?@%ﬁ;e&%e é?‘gbéuéiﬁzfv@sofb? fPéx‘?oISWﬂé‘é{ fsHss! L1 ng

metal stripes I'h I'rectron sverse the lTong axis of the etch pit. s
I n Fl Go 10f at proentip S11iv response Hoeandoroé @ they dipe dThhs,nas gr conjadt7padiis

one ! SubeRd b Sobfath BB WcHT SelfaPlel BRABNSR MG bR
connect ed all8w§|tlﬁ%ttlf!5l gh}%{é g&ﬁﬁabwitpitﬁéhﬁéﬁﬁg Rohtt Packat brferdd siffisiept 177

and a via 178. . , pro p 171 is disposed on thin spring 172
at a io pfedereberntipdditet peretrateoant insulatings oxide film eeit Hhengoriack I@dgat ed

t hi i 72 i cal i . t; . i 172
Lo bend antedtaricdaerhblae, ¢/E 7y 8ba HERhadars HifkRienEss i reigR or e O
173. Hei glonedct pridsLiBicd région 6F the mietowigdtratc kigvicenwhile! progiding suffidlent so
that it dges not touch the top of a device ynder test. is FI 11 sh8¥\5 a
fourth enfie@en¥heash ROk 1Pl toAmsuR aueliaple eetircalcennedion %%N@ﬁa tQ,f1 ace

of a subsgr@tef %@%sgétnﬁlfng;t@&ﬁtﬁﬁ ﬁdggiharﬁ%ﬁsh;&f@yca%smaha@bf%pbaag s

sandw che sprin 2 a 0 surface of substrate 189.
Encapsul amece8sanyr tot aiow thgaiimdo rosintainiaconndctien tarthe ortkapagdinghpad

g nst o GHIGR teBhoR BRry S VBT Bl expefish e daula waliing H1an 7

el ongabed thBidevide Al of the Pbedifppoft, "ore corrugations 183 with an
orientation that is transverse to the long axis of thin spring 182. Spring

182 is supported at aﬁredeter_n‘i ned hei ght above substrate 189 by posts 185
joined to ternilnaFkS18u wiebeatin &hds ssupposieganadannelengpiachdhipssaming ddost s

185 rest 0 . 6 rel oL GLELELY N
subst r at o SWERRHAE mARER) BS ThAC o BR I8 3ERpE AN Byinasts 8 fatark itibet
to contact pads 84 on each end of elongated thin spring 83. Probe tip 81 is able
to move flexibly in response to a force applied vertically to tip 81. Vertical
25 movement of tip 81 causes flexible bending and stretching of thin spring 83 such

that a compliant restoring force is impressed on tip 81.



PCT/ KROO/ 00620 19 A detailed view of Enbodinment 3 is showmn in FIGS. 12A -
12C for a configuration incorporating two corrugations 193. A top plan view
in FIG MAYHI8E a conpliant probe in which a probe tip IBI/KBO@I®pOsed on
a thin spring 192. Spring 192 is a cupro-nickel thin filmof Mnel alloy
K-500. The thickness of s thin spring 192 is between 10 and 75 m crons, and
nore preferably the range from25 to 50 mcrons. The width of thin spring
192 is between 20 and 150 microns and nore preferably the width is between
30 to 75 mcrons. The distance between the centroid of a post 195 at a :
first end 194 of spring 192, and the ceRtroid of a post 195 at a second end
194 of spring 192hescarhplidntdiiobeshowrl iIWFIBI & posty 85! aegsimpdied above
preferably, the center to center spaci ng between the posts |s from250 to
750 mi cr o8ybstialedy by terminals §6 oviish @re seppectedielectrically to eiseyit baceddrce F

is illustr | £35.: 12C ] egt | Vi e, probe
before anéﬂ %C?‘?e{rrgggeéﬁﬁ%ﬁcﬁgg? ?%rq ﬁtqr@?@‘é“e%%t%aﬁscgrtechﬁﬂﬁ |r#|é&%‘§’£r§%td§ Pgrce F
acting onnpearzeof ivia 881 The seidsof inkddessitied @abb98 cbntReRplobe W 81 ao
substrate 199, Spri ngp192 is bent and stretched el astically, thereby

gener atsi n§IrUESIMmthe Substrate8Rin erlasite Apergtesp deviee sameanted tetheprohsn of
tip 191 ag,itnd d )k Cce I ggalal ce,. compl.i ance
by i _nc_reazri] néd)élﬁgﬁg)brsefgﬁ?rrlégsb?rllfg'qt"ﬁesgtésr;[%}%ggrgrpﬁ ﬁﬁd%?&s%fr“?% @9% rmb
Speci ; i caldf?}ansnrrwgmlomfatéesl memtdeetoaagmév$ @\n?eﬁﬂonal ?mbilm_go&@?g 2\/&}&':3D o
significa relieving stresses ca y, retching of spring . Probe
tip 191 ige'l%ﬁ@é'f%ﬁa@ véV%'E?ITM am ﬁ?&!‘?ﬂﬁé ®Gsed to operate a device under
test. Probe 191 is connected by spring 192 that is supported by posts 195
joined to conta i : > ] i i~ Post s
05 Test upon | o1 B anlo it ReAuEREEe e BERER TS HOTGREOE | (e

ter mi nel s @ntadi@8are awanged minimize inductancer efdbe tonnebtivn tepraldetip 81 0
electrical,_circuitry. i,n substrate,999 b copnductive yi 8. tipnally,
a ground dp‘g‘r\%’(aﬂﬁﬁ %fe!“?%i%‘?ﬁ a% TyRizer 5}‘.303?% Vig ﬁ°f§a§a%§ qqp%)%qtp@mi try

i n substrajrRietYrobe 8pdT. tWhiki @lkdsg idanhdt élmgs asegri@ééﬂg Boadbafer ithe
circuit traces in substrate 199. VWO 01/ 9G885 PCT/ KROO/ 0 20 FIGS. 13A

and 13B sKistance hpiwesnt tipddpand nda 8% is/shed far lapwlicatinns thatdeavireai high f or
hi gh perch; vt rbﬂ of integrated circuits. F(G 13B shows a secti onal
view of a cé%ﬂgn probe in which a probe tip 201 is disposed on a thin
spring 202. A return ground path for signals in spring 202 is provided s by
a nmetals | ayer AlB.tBahows arsadomdedmbodiment ohe GspAphantapbbel imctvhich bayer

211 dwi ched t bet v .Both .th i | at . be ti dth
o500, ar e gt DY SPGB 17 SHIRGEG o6k Breuill 4R e Substidla by & reun
respect i Veplghé GHidla 92 aGilel prine 248id @qQQnéalate%Pgﬁcg%é‘éWWfofrae&ﬂca

supporting post 205 that is joined to a contact ~o p 4 0n spring 202.

Post 205 riayers 8B8Aaandr RBRal Dielechim layere98A dsasandwighed: batweerothe Hap i s
around r ot s e R Pl S8ASbictui bty 38 ool sidPErEORVSEREE B8, 1

rests om aelastomerid digldctrio natetigithtab iscsaiidwiobed batwedd grodvad plaha 92 andn

connected to g{)oun% cLrcuits in substrate 209. ~s FIG 14 shows an
al t er nat i VBIN 8PHNG: 930 FHE; @lastopissicamatarial £ aven R85 i preferablycselestedsiemn i n

FI GS. 13A ;apd Jcnfs I &kl S any b an
el ongat ed tﬁ%l H@‘gh ng i%%%tf hé]lsl%r%ésﬁé%ﬂlolgg'gs @%’r ?fgggéééglﬁéﬂ?%fq tsuar gﬁ%@%r ted
directly qbol@mtei‘s.gﬁl&stdrnemsﬁdl;eﬂlﬁﬁ.I?brpﬂ;\&ﬁér;\&ilate@&hiﬁ spring 1g3clrech gmé.mest
circuitry in a _su rate 229 | hks_though spring 222, contact pads 224,
20 posts 2@5?9%”6@‘? ﬁslﬂ‘éﬂr@ %@%‘%%ﬁ?ﬂeﬂ?’éMe&'ﬁaﬁY-t he test circuitry in
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01/9688S PCT/ KROO/ 00620 21 FIG 15A shows a test head apparatus that

i ncor porates conpliant probes with ground return el ectrodes. The test head
provi des a neans to test high performance integrated circuit chips. Hi gh
performance el ectrical contacts link pads on the chip to drive circuits 259
that are linked to the input/output s channels of a high-speed chip tester.
Each probe is connected to a channel (Sl1, S2, S3, $S4, ...) of the chip
tester by circuit traces 258 ending in termnals 257 on a ceram c substrate
249. The test head is built on ceram c substrate 249 that provides
mechani cal and thermal stability. Each conpliant probe includes a probe tip



io on a thin spring 242 supported at a predeterm ned di stance above the
surface of substrate 249 by posts 245. Probe tips 241 flexibly nove in the
verti Cal}\ﬁj(ﬁﬁ)&&dson to accompdate any differences in the permrooois2eont act
pads on e chip, while nmaintaining reliable connections to contact pads on
t he chip. Mechani cal operation of the conpliant probe of FIG 15A can be zs
under st ood better by reference to the sectional viewin FIG 15B. Probe tip
241 is disposed on thin spring 242 that incorporates corrugations 243 to
increase the flexibility of the probe. Contact pads 244 on each end of

el ongated thin spring 242 are joined ta3posts 245. Posts 245 rest on

term nal s, 246 i | : : Uil fotelebificakbsirmdtsi ve
circuit tjroﬁileeds% t%?gs%ggﬁggﬁéeﬁéﬁ%ge%ﬁ%%%npl i an?aprobe shown in FIG

. 15B i ncor ppsiiistaite o9rmuadircait trace 55 on the top side of spring 242. Gound
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Another suitable metal is titanium alloy Ti, 8 Al, 1 Mo, 1V, with a yield strength
of 910 mega-Pascals.

20 Probe tip 101 shown in FIG. 7A is supported on thin spring 103 such that
probe tip 101 will depress vertically toward a substrate 109 in response to a
vertical force F applied to the probe'tip. A vertical depression of probe tip 101 is
shown in the sectional views of FIGS. 7B and 7C. A force F applied to probe tip
101 flexibly bends thin spring 103 allowing tip 101 to depress toward substrate

25 109. As seen in the sectional view in FIG. 7C, the vertical motion of probe tip

101 is due bending and stretching of strip 103.



PCTI KROO/ 00620 24 3. The probe of claim1 wherein said thin spring is a
nmetal spring that contains one or nore corrugations oriented transverse to

t he | ongegl ¢ljoggyasi on of said thin spring. 4. The probe of peirairvodosroer ei n
sai d conductive material is selected froms the group consisting of

beryl | i um copper, col unbium copper-nickel, nolybdenum nickel)

ni ckel -titanium titanium tungsten, and alloys thereof. 5. The probe of
claim4 wherein said top surface of said conductive tip is made of a hard
netal selected fromthe group consisting of copper-nickel, nickel, osm um
Paliney 7, platinum rhenium rhodium tangsten, and alloys thereof. io 6.
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consisting of hard copper, nickel, a cupro-nickel alloy or hard gold. Electrical
20 connection of probe tip 101 to test circuits is made by conduction through spring
103, contacts 104, posts 105, terminals 106, a circuit trace 107 and a via 108.
The electrical circuit from via 108 to probe 101 is configured to form a loop that
encloses the smallest area possible in order to reduce inductance and thereby

allow operation at high frequencies or data rates.

25 Several alternative configurations of compliant probes are shown in FIGS.
8A - 8D. Certain configurations facilitate probing of contact pads that are closely

spaced in linear arrays on integrated circuits. Contact pads on modern



connected to said contact pads; (d) wherein each of said flexible probes
conprises a thin elongated spring of conductive material that is supported

on a bot kagyHeksksce by at 2s |l east one rigid post at a saipgrfgrosloosded and
at a said second end; and WD 01/9@885 PCT/ KROO OOX0 26 (e) wherein each

of said flexible probes includes a probe tip that is disposed on a top
surface of said thin elongated spring at a predeterm ned di stance from each
of the rigid posts such that said probe tip is noveable. s 13. The socket
of claim 12 wherein said substrate is made of silicon material. 14. The
socket of claim 13 wherein said mcroel@gctronic device is a plurality of
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of probe tips 111. The configuration includes a spring with probe tip 111
disposed between a short section 113 and a long section 112 of a thin spring.
10 Contact pads 114 and 116 are provided on the ends. of short section 113 and
long section 112, respectively. The spring is supported by post 115 under the
short section 113 and by post 117 under the long section 112. Staggered

positioning of posts 115 and 117 allows close spacing of the probes one to
another.

15 In FIG. 8B, a compliant probe is shown that includes an elcigated thin
spring with a short section 123 terminating at contact pad 124, and a long
section 122 _terminating at contact pad 126. A probe tip 121 is disposed
between long section 122 and short section 123. Contact pad 126 is supported
by post 127, and contact pad 124 is supported by post 125. By arranging a

20 plurality of probes'of FIG. 8B in a line with alternating short sections and long
sections, the probes are nested in a closely spaced array suitable for testing
integrated circuits with small pad spacing.

In FIG. 8C, a compliant probe is shown that includes an elongated thin

spring 133 held between two contact pads 134 and 136. A probe tip 131 is

25 disposed on spring 133 at a point midway between a post 135 and another post
137 joined to contact pads 134 and 136 respectively. Elongated posts 135 and
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10( 10(20 an etch pit in a crystographically oriented (100) silicon surface. Pyramid 152 is
supported on a thin spring 151. Apex 153 of pyramid 152 is sharply defined with
an included angle of 54.75° between opposite faces of the pyramid. A hard
material is used for probe tip 152, where the material is preferably selected from
the group consisting of molybdenum, nickel, osmium, Paliney 7, rhodium,

25 rhenium, titanium, tungsten, and alloys thereof. In probing soft contacts,

materials such as osmium, rhodium, and tungsten are preferred because they
react slowly with solders and other soft materials.
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A probe tip shown in FIG. 9C is preferred for contacting solder and other
soft materials. A rounded metal tip 161 on a metal post 162 is disposed on a
sheet spring 160. Rounded metal tip 161 is shaped by flash laser melting and
10 reflow of a high temperature material into the shape of a spherical section.
Materials suitable for rounded metal tip 161 include metals selected from the
group consisting of nickel, platinum, rhodium, cupro-nickel alloys, beryllium-
copper alloys, and Paliney 7.

A probe tip shown in FIG. 9D is preferred for contacting small contact

15 pads and for pads that are spaced closely together. A probe tip 167 with a top

edge 166 is disposed on the top surface of a thin spring 165. Probe tip 167 is

preferably formed by plating the edge of a sacrificial material and then removing

the sacrificial material to leave a thin section of metal 167 oriented in the vertical
direction.

20 FIG. 10 shows a third embodiment of a compliant probe where an
elongated thin spring 172 provides an enhanced flexibility due to a corrugation
173 oriented with a direction that is transverse to the long axis of thin spring 172.
One or more corrugations render spring 172 more easily bent and stretched,
allowing for more flexibility in response to a vertical force on probe tip 171.
25 Corrugation 173 is formed by replication of an elongated etch pit formed in the
(100) crystallographic surface of silicon. Methods of etching elongated pits in

silicon surfaces are well known as represented in an article Fabrication of Novel
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CDt DDDE} ~?teee-Dimensional Microstructures by the Anisotropic Etching of (100) an
(110) Silicon, by Ernest Bassous in IEEE Transactions on Electron Devices, Vol.
ED-25, No. 10 (1978) on page 1184. Corrugations are made by depositing

metal stripes in a direction transverse to the long axis of the etch pit.

5 In FIG. 10, terminals 174 on each end of elongated thin spring 172 are
joined to posts 175 that support the spring at a predetermined distance above a
substrate 179. Posts 175 rest on contact pads 176 that are connected to
electrical circuitry in substrate 179 by a circuit trace 177 and a via 178.

In FIG. 10, a probe tip 171 is disposed on thin spring 172 at a
10 predetermined distance from the posts 175 at each end of elongated thin spring
172. A vertical force on probe tip 171 causes thin spring 172 to bend and to
stretch elastically, as enhanced by flexure of corrugation 173. Height of
corrugation 173 is determined by controlling its width, so that it does not touch

the top of a device under test.

15 FIG. 11 shows a fourth embodiment of a compliant probe where circuitry
187 on the surface of a substrate 189 is protecied by an elastomeric
encapsulant 188 that is sandwiched between a thin spring 182 and the top
surface of substrate 189. Encapsulant 188 protects against corrosion and
mechanical damage while allowing thin spring 182 to move compliantly as a

20 probe tip 181 is urged against a mating contact pad on a device under test. '

In Embodiment 4, an elongated thin spring 182 has one or more
_corrugations 183 with an orientation that is transverse to the long axis of thin
spring 182. Spring 182 is supported at a predetermined height above substrate
189 by posts 185 joined to terminals 184 on each end of elongated thin spring

25 182. Posts 185 rest on contact pads 186 that are connected to electrical circuitry
in substrate 189 by a circuit trace 187 through a via 188.
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A detailed view of Embodiment 3 is shown in FIGS. 12A - 12C for a
configuration incorporating two corrugations 193. A top plan view in FIG. 12A
shows a compliant probe in which a probe tip 191 is disposed on a thin spring
192. Spring 192 is a cupro-nickel thin film of Monel alloy K-500. The thickness of
5 thin spring 192 is between 10 and 75 microns, and more preferably the range
from 25 to 50 microns. The width of thin spring 192 is between 20 and 150
microns and more preferably the width is between 30 to 75 microns. The
distance between the centroid of a post 195 at a first end 194 of spring 192, and
the centroid of a post 195 at a second end 194 of spring 192 is about 200 to
10 1500 microns in length. More preferably, the center to center spacing between

the posts is from 250 to 750 microns in length.

The response of probe tip 191 to a vertical force F is illustrated in FIGS.
12B and 12C, showing a sectional view of the probe before and after the
applicétion of force F. As seen in FIG. 12C, a force F acting on probe tip 191

15 deflects thin spring 192 downward toward a substrate 199. Spring 192 is bent
and stretched elastically, thereby generating a counter force that compliantly
opposes further deflection of tip 191 as it is acted upon by force F. Corrugations
193 enhance compliance by increasing the stretching and the bending motions
of spring 192. Specifically, corrugations 193 reduce axial tension in spring 193,

20 significantly relieving stresses caused by stretching of spring 192.

Probe tip 191 is connected to electrical circuitry used to operate a device
under test. Probe 191 is connected by spring 192 that is supported by posts
195 joined to contact pads 194 at both ends of elongated thin spring 192. Posts
195 rest upon terminals 196 on the surface of substrate 199. In turn, terminals |

25 196 are connected to a circuit trace 197 that is joined to electrical circuitry in
substrate 199 by a conductive via 198. Optionally, a ground plane may be
inserted between the probe tip 191 and the circuitry in substrate 199 in order to
shield tip 191 from signals in adjacent circuit traces in substrate 199,
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FIGS. 13A and 13B show a compliant probe that provides a low

inductance required for high performance testing of integrated circuits. FIG. 13B
shows a sectional view of a compliant probe in which a probe tip 201 is disposed
on a thin spring 202. A return ground path for signals in spring 202 is provided

5 by a metal layer 212 that is insulated from spring 202 by a dielectric layer 211
sandwiched therebetween.

Both the signal at probe tip 201 and the associated ground return are

linked by short electrical paths to their respective circuits in a substrate 209.

Probe tip 201 is connected to a supporting post 205 that is joined to a contact

10 pad 204 on spring 202. Post 205 rests on a terminal 206 connected to a circuit

trace 207 that is in turn connected to test circuits in substrate 209. The

corresponding ground return on electrode 212 is connected to a support post

215. Post 215 rests on a terminal 216 connected to a ground trace 217 that is in
turn connected to ground circuits in substrate 209.

15 FIG. 14 shows an alternative to the compliant probe with a ground return
heretofor shown in FIGS. 13A and 13B. The probe in Fig. 14 is mechanically
robust because an elongated thin spring 222 with stress relief corrugations 223
is supported directly at both ends by posts 225. A probe tip 221 is connected to
test circuitry in a substrate 229 by links though spring 222, contact pads 224,

20 posts 225, and terminals 226 connected to a the test circuitry in substrate 229. A
ground electrode 235 is insulated from spring 222 by a dielectric film
sandwiched therebetween. The ground return path is from a ground electrode
235 through post 236 to a ground terminal 233 on substrate 229.

A ground return 235 is attached to a separate post 236 attached to a
25 ground terminal 233 on substrate 229. Ground return 235 is msulated from -
spring 222 by a dielectric film 231 sandwiched therebetween.
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high performance integrated circuit chips. High performance electrical contacts
link pads on the chip to drive circuits 259 that are linked to the input/output

5 channels of a high-speed chip tester. Each probe is connected to a channel (81,
82, 83, 84, ...) of the chip tester by circuit traces 258 ending in terminals 257 on
a ceramic substrate 249.

The test head is built on ceramic substrate 249 that provides mechanical

and thermal stability. - Ea_ch compliant probe includes a probe tip 241 disposed

10 on a thin spring 242 supported at a predetermined distance above the surface of

substrate 249 by posts 245. Probe tips 241 flekibly move in the vertical direction

to accommodate any differences in the height of contact pads on the chip, while
maintaining reliable connections to contact pads on the chip.

Mechanical operation of the compliant probe of FIG. 15A can be

15 understood better by reference to the sectional view in FIG. 15B. Probe tip 241

is disposed on thin spring 242 that incorporates corrugations 243 to increase the

flexibility of the probe. Contact pads 244 on each end of elongated thin spring

242 are joined to posts 245. Posts 245 rest on terminals 246 on circuit traces
247 that are connected to the respective circuit traces 258 in substrate 249.

20 The compliant probe shown in FIG. 15B incorporates a ground return 255
on the top side of spring 242. Ground return 255 is insulated from spring 242 by
a thin dielectric film 251 sandwiched therebetween. Ground return 255 is
connected to a ground terminal 253 by a post 256. This configuration avoids
transmission of mechanical stresses in spring 242 to ground circuit 255.

25 Although several preferred embodiments of the invention have been
described, numerous modifications and alternatives thereto would be apparent
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1.A probe for making electrical contact to contact pads on a
microelectronic device, said probe comprising:

(a) an elongated spring of conductive material with a top and a
5 bottom surface and with a first and a second end;

(b) a rigid substrate with a top and a bottom surface;

(c) electrical terminals disposed on said top surface of said rigid
substrate;

(d) a plurality of conductive posts each of which is connected to

10 the bottom surface of said thin spring and to one of said electrical

terminals on the top surface of said substrate, such that said thin spring is

supported at a predetermined distance above the top surface of the
substrate;

(e) an electrically conductive tip with a base that is disposed on the
15 top surface of said thin spring and with a projection above the top surface
of said thin spring, whereby a top surface of said conductive tip provides
temporary connection to said contact pads on said microelectronic

device;

(f) wherein said conductive tip is flexibly moveable in a vertical
20 direction.

2. The probe of claim 1 wherein said thin spring is a substantially flat
spring with a longest dimension of between 150 to 1,500 micrometers, and with
a thickness of between 10 to 75 micrometers in the thinnest portion of said
spring.
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of said thin spring.

4. The probe of claim 1 wherein said conductive material is selected from
5 the group consisting of beryllium-coppér, columbium, copper-nickel,
molybdenum, nickel, nickel-titanium, titanium, tungsten, and alloys thereof.

5. The probe of claim 4 wherein said top éurface of said conductive tip is
made of a hard metal selected from the group consisting of copper-nickel, nickel,
osmium, Paliney 7, platinum, rhenium, rhodium, tungsten, and alloys thereof.

10 6. The probe of claim 1 wherein said electrical circuit pattern underlies
said thin spring and a circuit connection to said electrical circuit patiern underlies
said electrically conductive tip.

7. The probe of claim 1 wherein said probe tip is a pyramid that is a
replica of a pit etched into a surface of single crystal silicon.

15 8. The probe of claim 1 wherein said probe tip is an electroplated bump.

9. A probe for electrically connecting to contact pads on a microelectronic
device, said probe comprising:

(2) a thin elongated spring of electrically conductive material with a
top and a bottom surface, and with a first and a second end;

20 (b) a rigid substrate with a top and a bottom surface;

(c) a plurality of rigid conductive posts where at least one of said
posts is connected to the bottom surface of said first end and said second
end of said thin spring so that the thin spring is supported at a
predetermined distance above the top surface of the substrate;
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top surface of said spring projecting above said top surface, whereby the
projection is suited to contacting said contact pads;

(e) wherein said conductive tip is positioned on said conductive
spring at a distance from each of said support posts whereby the tip is
moveable in a vertical direction.

10. The probe of claim 9 further including an elastomeric materiai

disposed between said bottom surface of said thin elongated spring and said top
surface of said substrate.

10

11. The probe of claim 10 wherein said elastic dielectric material is

selected from the group consisting of silicone, fluorosilicone, fluorocarbon, and
urethane polymers.

12. A socket for microelectronic devices where said device has a

substantially planar surface with an array of contact pads disposed thereon, said
15 socket comprising:

20

25

(a) a substrate with a top surface and a bottom surface;

(b) a plurality of compliant probes for making electrical connections
to said contact pads, wherein the probes are disposed in an array on the
top surface of said substrate;

(c) circuit means connected to said flexible probes whereby said
microelectronic devices are operated when the flexible probes are
connected to said contact pads;

(d) wherein each of said flexible probes comprises a thin elongated
spring of conductive material that is supported on a bottom surface by at
least one rigid post at a said first end and at a said second end; and
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predetermined distance from each of the rigid posts such that said probe

tip is moveable.

5 13. The socket of claim 12 wherein said substrate is made of silicon
material.

14. The socket of claim 13 wherein said microelectronic device is a
plurality of integrated circuits arrayed on an undiced silicon wafer.

15. The socket of claim 13 wherein said silicon material is a silicon wafer
10 of thickness between 100 micrometers and 500 micrometers.

16. The socket of claim 12 wherein said substrate is made of ceramic
material.

17. The socket of claim 16 wherein said substrate is a metal-ceramic
multilayer structure whereby each probe is connected to a circuit means for
15 testing and burning in said microelectronic devices.

18. The socket of claim 12 wherein a ground shield is disposed under said
thin elongated spring.



