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| NVENTI @ Thbgol nvention relates to burn-in and testing of pgiratRlg@ein oni c
devices, specifically to contact assenblies used for connecting electrical
signals to integrated circuits during burning-in and testing of individual
chips and of full wafers. 1o BACKGROUND OF THE | NVENTI ON M croel ectronic
devices are subjected to a series of test procedures during the

manuf acturing process in order to verify functionality and reliability. The
testing procedures conventionally inclyde wafer probe testing, in which

m croel ectroni c devi ceghips t ] ration of each chip
15 before it is diced Tf@wﬁtﬁ@“&%@@fﬁﬁ’ﬁ@ﬁ@?ﬁk@ﬁ@ cards built of |ong
cantilever wires are used to test one or several chips at a tine at the
wafer |e i CEYT ¥ PP e found to be operable in
t he waf epﬂ%rsg%FSEF?s%I,er esuﬁ?%’ﬁn&g yi eF!jwﬁmgl?; t han 100% good devi ces.
The wafer is diced into individual chips, and the good chips are assenbl ed
i nto packagesThi) Applipatikagethidsevites aff eadyoapendinty dpplivationn dnyitiliedadi ng
into sock b - rds and electrically operating at a tenperature
of from Eéé?ﬁofp%ng%Bp\gAﬂﬁga burn-in period of 8 to 72 hours in order to

i nduce any defective devices to fail. Burn-in accelerates failure

mechani SEPEED%FWEQWEM‘NOND”?J" ity or early failure of the devices, and
all ows these defective devices to be screened 25 out by a functional

electrical test~before they are used commercially. Z 0 OCT 2005 )
This invention relates to burn-in and testing of microelectronic devices,

specifically to contact assemblies used for connecting electrical signals to
integrated circuits during burning-in and testing of individual chips and of full

wafers.
10 BACKGROUND OF THE INVENTION

Microelectronic devices are subjected to a series of test procedures
during the manufacturing process in order to verify functionality and reliability.
The testing procedures conventionally include wafer probe testing, in which
microelectronic device chips are tested fo determine operation of each chip

15 before it is diced from the wafer and backaged. 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 into 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 to 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.



%\ 0 01/96894 PCT/ KROO/ 00617 2 A full functional test is done zﬂ @zq@@ged
devi ces, which are operated at various speeds in order to categori ch by
maxi nrum speed of operation. Testing discrete packaged devices al so permts
el i m naW®OW/BBany devices that failed during the bUrn-i nPErdRI89%6IBUr n-i n
and test of packaged devices is 5 acconplished by neans of sockets specially
suited to the burn-in conditions and to high speed testing respectively.
Conventional manufacturing processes are expensive and tine consum ng
because of a repeated handling and testing of individual discrete devices
through a | engthy set of steps that adds weeks to the total manufacturing
time for the device. 10 A considerable %dvantage in cost and in process tine
can be obt ai ned fily furatiomal hestnd dest onfpackegedfdavides, wlsichtareopdirated aint o

di screte devices. A stiqaaI. savi ngs can be obtai ned by fggricatin chip
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In orderaccompdigpetiHus assisedl sacksts specinby syiad Jo tlae hroniy eopdidians ane!

burn-in . t - chi e 1 [ - Il 0to

i vi dudd R EEPERS ERIBEPERENT LBl FERUIRT rdRes 4R o

Sui ted t @xbansie and tineasbndesingngefusdesf aaspeatdd hanaliay arfdatstihgvelr wire
probes are too |long and bulky to allow sirnultaneQUS contact to all of the

evi cos dfiiidhal SISCrals HRYGRF Srausin a Sainy 2RE60S R Al AIGE weeko Fo
devi ces q?%‘? Hfauﬁr,\@: S{L'Ti"{d}?'ﬁg%"g?égﬁekﬁgg cantilever wire probes are not

sui tabl e ronal” testrn I'gh- speed 25 devi ces because of a high
sel f and nutual inductance of the long, parallel wires conprising the
probess 70 OCHWA to0Siderable advantage in cost and in process time can be obtained by

burn-in and test of the wafer before it is diced into discrete devices. Additional
_savings can be obtained by fabricating chip size packages on each device on a
wafer before the wafer is diced into discrete devices. A considerable effort has
been expended by the semiconductor industry fo develop effective methods for
15 wafer level packaging, burn-in and test in order to gain benefits of a greatly
simplified and shortened process for manufacturing microelectronic devices. In
order to reap these benefits, it is necessary to provide means to burn-in and
speed test chips before they are diced from the wafer into individual discrete

devices.

20 Conventional cantilever wire probes are not suited to burn-in and speed
festing of devices on the wafer. Cantilever wire probes are too long and bulky to
allow simultaneous contact to all of the devices on a wafer, as required for
simultaneous burn-in of all of the devices on the wafer. In addition, long
cantilever wire probes are not suitable for functional testing of high-speed

25 devices because of a high self and mutual inductance of the long, parallel wires

comprising the probes.



WO 01/96894 PCT/ KROO 00617 3 A small, high-performance probe that can be
made at | ow cost is required for practical application of wafer bH{)Umi ?ﬂggnd
test procedures. To be useful for wafer burn-in and test, the probes t
reliabl woaenpasts all of the pads on the devices under tesPtCERIR®/MAEy are
on the undi ced wafer. Probes for contacting 5 the wafer nust provide

el ectrical contact to pads on devices where the pads vary in height 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 nmake a reliable

el ectrical contact to each pad. Many approaches have been tried to provide
a cost-effective and reliable means to probe wafers for burn-in and test,

i o wthout conplsshall, higlegesiormancebprobef that tambicsniaaleeatdeancestiis detjvirgd ovi de
small, vertically conpliant probes for contacting reliably the pads on
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canti | evedeviSes upper testoRBiI® thépardorp iy andRiedmvafen cRrilRsd fdrastniddtin a
chip 23. A conpliant nenber 25 1s urged downward to nove tips 26 into

cont act wihehwgirlsmest prpvideuakastiinad x¢andactale padsropaigvices ywhsrekbe pgdshar p
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break through an al um num oxide | ayer on a contact pad, w thout an_ external

means of &ipbla epctitral ccoachdo ceafh InalerMamsrannreqshep diate beegl tigsl to
silicon, Q&%ﬁ@b%e@ﬁbﬁ%bﬂx‘za aﬁ@idretla%%sPr%&n%%ém@%%%&fér&fﬂm‘ Bu?’a@{n‘ 8H§ test,
configurations, wthou success In providin urn-rn probes of suffrcrent
f or ce jandwftheud dirhpleye s@bcdsd.| exi bl e nenbrane probe shown in FIG 2Ais
described in Flexible Contact Probe, |BM Technical Disclosure Bulletin,

%t f ES[ ;?Zzéuﬁaﬁﬁqﬁ%ﬁﬁﬁﬁ‘g&\%ébl*lgvg ! gcleee,r% t{r%ecd f‘t'ol rgrc?\%dfen%l#a l,esvér lrcg]hp al's
compliant probes for contacting reliably the pads on devices on a wafer.
According to the invention represented by U.S. Patent No. 4,189,825, to David R.
Robillard and Robert L. Michaels, a caniilever probe is provided for testing

15 integrated circuit devices. In FIG. 1, cantilever 28 supports sharp tips 26 above
| aluminum contact pads 24 on a chip 23. A compliant member 25 is urged
downward to move tips 26 into contact with pads 24. An aluminum oxide layer
on pad 24 is broken by sharp tip 26 in order to make electrical contact between
tip 24 and the aluminum metal of pad 24. The rigidity of small cantilever beams
20 is generally insufficient io apply the force to a tip that is hecessary io cause it to
break through an aluminum oxide layer on a contact pad, without an external
means of applying force to the cantilever. Cantilever beams of glass, silicon,
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



el ectrical contact with pads on integrated circuits. Termnals 33 are
connected 2 0 OCT 2005 WD 01/96894 PCT/ 9Q00/ 00617 4 to test elggtmpg@ﬁs by
means of flexible wires 34 attached to contact pads 35 on termnals X
Probes f aboiocassdd on a fl exi bl e polyim de sheet were descri PeWKRvo/00d16
Proceedi ngs of the | EEE International Test Conference (1988) by Leslie et

al. The flexible sheet allows a limted amount of vertical notion to
accomodate 5 variations in height of bond pads on integrated circuits on a
waf er under test. Menbrane probes such as that described by Leslie et al
provi de connections to integrated circuit chips for high performance
testing. However, dinensional stability4of the nenbrane is not sufficient

to all ow ¢oneacdiechranitadsy Afeahst of fiexib®l Rires W4 AhachH i chAtdcEPRAS HFIHR
cycle. 10 Fabrication of the contacts on a thin silicon dioxide nmenbrane is
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Limted vertical comliance of tbhe t est %P[:'? es .on silicon di oxide nmenbrane
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respectively. Prqobe 51 is a ﬁ%/r a{n' d attached to sem conductor wafer

subst r at e V6IELGUAPGE BAN-IHEEIRSRTLES CYE- r enpved from the seni conduct or

wafer 52 in order to isolate nmechanically the probe 51. A probes as in FIG

3A proy des a IHdRric@foMasfithe@lontButs Band tHinkiliconZoA88mBRTbrahé RYGISRAR §n ON
the substrate for wiring needed to connect an array of
FIG. 2B as described in U.S. Patent No. 5,225,771 by Glenn J. Leedy. A silicon
dioxide membrane 40 has better dimensional stability than polyimide, thereby
somewhat ameliorating the dimensional stability problem of mating to contact
pads on a wafer under burn-in test. Probe tips 41 are connected by vias 44
15 through membrane 40 to circuit traces 45 that are linked to an additional layer of
circuitry 42 above a dielectric filim 43. Lirnited vertical compliance of the test
probes on silicon dioxide membrane 40 renders use of probe airays unreliable

for use in burn-in of devices on a semiconductor wafer.

Fabrication of an array of burn-in probes on a semiconducior wafer is

20 described in U.S. Patent No. 4,585,991, as illustrated in Figs. 3A and 3B
showing a top plan view and a sectional view respectively. Probe 51 is a
pyramid attached to semiconductor wafer substrate 52 by arms 54. Material 53

is removed from the semiconductor wafer 52 in order to isolate mechanically the
probe 51. A probes as in FIG. 3A provides a limited vertical movement but it

25 does not allow space on the substrate for wiring needed to connect an array of

probes to test electronics required for dynamic burn-in.



probes to test electronics required for dynamc burn-in. Z 0 OCT 2005 WD

01/ 96394 PCT/ KROO 00617 5 An approach to providing flexible proQﬁf gp 0

devi ce contact pads involves the use of flexible wires or posts to g n%ggt
the testwaoitk@eistry to the pads. A flexible probe shown i nPET/GBRMAGIS
described in U S. Patent No. 5,977,787 by Gobina Das et al. Probe 60 is a
buckl ing beam earlier generally described in 5 U S. Patent No. 3,806,801 by
Ronal d Bove. Probe 60 is adapted for use in burn-in of devices on a wafer.
Probe 60 is held by guides 61 and 62, that have a coefficient of expansion
simlar to that of the wafer being tested. The probe tip 63 is offset by a
smal | distance 60 to provide a definité nodality of deflection for beam 60.

Al though bucklimeppesdeh &8 provdihgSIexiiE pgrebes 1bididd ebiiay phdddniaiear at ed
circuit chips, they are too expensive to be used for wafer bumin where
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buckl i ng_be robes is limted bhecause of the n r ir -adequat e
Flexur o BPIDIE: PhSamshate HEr G Honatie 1 &S ikatsht b €8z hdar K Fr o
48 as di i N o i 3 d
W Iliam ggﬁgﬁ&% élﬁ ' Eﬁ)r%é) ﬁg\?\gﬁj%‘e%ﬁl@gpr 0 ﬁél"s%ialriilyet h é}%rr%%fe X%ﬂ@%%'q@a t hat
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FI G 4C 6ass difsekt byea simalllitiStareat @hto Noovide 87def@dt: hwdBét) ahderladtionl fdri dge,

et al. The robe shown in FIG. 4C conprises a| probe tip 72 on _g. spri,ng
wre 71 DRATTIED it Heisdling | BESRBETs nef BT toaderieh kbl e
Wre bl irtel@it88dciF Ui ehip Sthedt fie’ thP¥xPeRSN¥eR] bRNasedv bR RFBE K{Rn-ifir obes
of the type shown in FIG
where thousands of contacts are required. Further, elecirical performance of
buckling beam probes is limited because of the length required for adequate

flexure of the beam.

Another approach using flexible posts is shown in FIG. 4B as disclosed in
15 U.S. Patent No. 5,513,430 by Arnold W. Yanof and Willam Dauksher. FIG. 4b
shows flexible probes in the form of posts 66 that are able to bend in response
to force on probe tip 67. Posts 66 are formed at an angle to a substrate 69 in
order to allow them to flex vértically in response to a force 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 to

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



4C require a long spring length to achieve the contact force and conpliancy
needed for wafer burn-in. Additionally, such probes that use ind'zgi@zafb
wires are WO 01/9689-1 2 0 OCT 2005 PC /KIR0O0/00617 6 too expensi ﬂér
use in wf@PLU/¥EPh-i n where many thousands of probes are r cRftl/KEOPA7 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, 5
such that termnals on the test head are electrically connected to nating
contact pads on the device. The electrical connector described in U S
Patent No. 3,795,037 by WllemLuttner utilizes flexible conductors
enbedded in an elastomer material to nfike connections between mating pairs
of conducioiovexpérmgids fohaiseaire wafes badh-imherentaoly thidusanbe bbprebed bodt om
surfaces of the io electrical connector. Many variations of flexible
conduct or€duierfer egchsvafefed wires, conductive filled polyners, plated
posts and other conductive neans in elastoneric material in order to form

compl fant | n SEAAREr hANELEneInE, ANAUERTI ot §7oBH0VFyBRtk ApRCTeal EIP! S

have been unsuccess inprovidi'ng a ert or ance pro atal 'ows

econoni catorBplismt myard iaRepdsdd Heontenfa rest hebdcandm clalfse dringrestedaf er
before the wafer is diced into discrete chips. SUMWARY OF THE | NVENTION I n

accor qanlc@m tlwtttﬁ@;maéﬁs entthe Aeeimaashareelepiisalysipinaaied §e speting coaiagé| osed
Lt acp 1SS gl P VPSR o) LindRsel AE%Ra, 1y IRPOEEISY (Y,

respect 3 GoBIGEBAUPPONigrg sutthreeutiies meaiftet condbmess veribiegidely it nan
response to the force of a mating contact pad as it biased a?ai nst the tip.

Mechani caflagiompei anpieral tormakprebwestippasbeiv@sty mafing i of coreEctvele
reliably oetuegn:the BraedModontact with the top and bottom surfaces of the
10 electrical connector. Many variations of flexible conductors including
slanted wires, conductive filled polymers, plated posts and other conductive

means in elastomeric material in order to form compliant interposer layers.

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 wafei 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.



correspondi ng contact pad on a mcroel ectronic device, where the nechani cal
25 conpliance accommpdates variations in height of the contact pad. @nolﬁiﬂ
2005 W 01/96894 PCT/ KRO9/ 00617 7 1t is an object of the present inven%l n
to proviwe casemtthod and neans for naking el ectrical connecthiCanR@/@®ert act
pads on mcroel ectronic devices on an wundiced wafer in order to burn-in the
devi ces before they are diced into separate chips. Conpliant probes
according to the invention allow reliable electrical 5 connections to be
made sinultaneously to all of the contact pads arrayed on the surface of a
waf er so that m croel ectronic devices on the wafer can be burned-in
econom cal |l y. Another object of the pregsent invention is to provide a

fixture for byf f%’%:ﬁ' dbject 4] %@Bk@éﬁﬁt%{/énﬁ&‘f i:t]& Proide %gﬂ% WRd ‘?ﬁ%anér s

fixture electrically connects' 10 contact padsS'on eac evice to drive

circui tryndkiag eleppicatsorhection talcostagtapads on inftrodectronicadeviegyisredndur i ng
dynam c burn-in at high tenperature. Electrical signals_and power are
suppl i ed upgicad wefer IROTERT Exbam-i ther devisembalaiedbey|dfe disRe Hipiseparate

conpl i angg: of Al Nt fi ceconmndat es..var Lat | ' hel, of

he cont S0iPSpaaerifr np Ehgs P e TR PERiddcaRly dRlabl, TR
i n cont agbnikthions o MRtmBge SAALIRGHepadlytBrAIlehpBt cdMgctt wieanhys@ odyibke of
the burn-in process. Yet another object of the present inventionis to

provi de &Hrfacecira waler gn 58 raigreriepdonia deviseh pgrhe peaiar cas bienugred-in
unpackag%rg @‘Offégﬁ‘fi ctronic devices. Small, conpliant probes as taught in
this di s€FB8AFE“A% used to make 20 tenporary connections to correspondi ng

pads on a device in order to apply electrical test signals to that device
and to neasur eAebibet rabfsdt of g plesdntanvémiddn isdevproeide T éixismalfor Isuumeinodf t he
conpl i ant ,g{ﬂoese al | ows hij

From t ne TABRECUPE o deVPBs <ot HHoNS WasEssi TBe “Pet clrrdecal” Bapaerisance
assoc{at eAndipadd nPERRLacfteUBearivd B8t #H3f stibblies electrical signals to
the device as required during dynamic burn-in at high temperature. Electrical
signals and power are supplied to all of the chips on a wafer simultaneously.
Mechanical compliance of probes in the fixture accommodates variations in
height of the contact pads and in the probe tips such that each probe tip remains
15 in contact with its mating contact pad throughout the temperature cycle of the

burn-in process.

Yet another object of the present invention is to provide an electrical
probe card that allows high speed testing of unpackaged microelectronic
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 eiectrical 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 buring-in, testing and operating microelectronic devices where

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



25 A further object of the present invention is to provide a nmethod and
Means for burning-in, testing and operating mcroelectronic, devicegg mﬂqmﬁ
el ectrical contacts on the device are disposed in an area array over a
surface WO OUHSHCT 2005 WO 01/ 96894 PCT/ KROO/ 00617 S the ReVIEWI0&Hy) |
conpliant probes as taught in this disclosure are used to nake reliable
el ectrical connections to contacts on the device, where the contacts are
arranged in an area array. Mechanical conpliance allows the tip of each
probe to nmaintain electrical contact with a mating contact on the device 5
notw t hstandi ng variations in the height, of contacts on the device both at
room tenperature and at the operating tenperature range of the devi ce.
Anot her othicedevise. t Kenak eewnplianvieipbiesnap dapighpiyihigedigciossire ayecksed flgr

burne i n, ek PR efchicll’ fidtliohf B “SoltabRu ol 64 b3yicd, SHEROAE®
contact i gohiBetd AreSafkAbedlin @%r@b%éﬁe%&ﬂﬁﬁﬁlic%ﬂwﬂfan%:ecéﬂcﬁqlﬁ?lg@liﬁ%ﬁ n

the socket. Mechanical “conpliance of the probes as taught in ]
di scl osur eagmgirbbe toetricdibin elestricdl cxintacbnithcairoating cdndacinde the devicgi d

hi ith mnjml o kagi ng. .Canp| i ant b di h
present | ROMHTBAMSINEV B REeT ORI Bt ShAPNIdCts dihiti Haticedont 8! fmoni p
scal e Paciéffﬂg@éra"iﬂfé 5R§ ok Doy tdmpiatREGARgEIct ghosRYiderein -is
significantly 1 nproved over conveﬁtl onal canti Qever probes in that it

provides a greater range of conpliant notion of the probe tip for any given
probe force andnmtibie objece of Ahe qrieeani onaniicanisi tceprrvid@raobenalssbekett & i n

the range_of motion. .t provides i,n response. to a given force the elastic
it of PRAErUE Migmted CieaR ien &3 SaTicRRel vl Felchincsss 960 BLs i o
canti | evefegpraheppetatonaintheatidg. omhehemslr §ias eobathereBat tdhietwert in rRker i al
at the point of flexure. The invention provides a greater range of notion

for al@i veeckgirallyshicsrsreechpreigtionoffpekip, mpaninddnthe sogkrbs Memhagicalt i ¢

limt of c&rl;‘\?)tliaﬁ%%fi tﬁle'probes as taught in this disclosure enables reliable electrical
connections to be made to a rigid chip with minimal or no packaging. Compliant
probes according to the present invention allow consiruction of small,

economical sockets for chip scale packages and for flip-chips.

15 The probe disclosed herein “is significantly improved over conventional
cantilever probes in that it provides a greater range of compliant motion of the
probe tip for any given probe force and probe size. A conventional cantilever
probe is limited in the range of motion it provides in response to a given force
the elastic limit of the probe material is reached. The maximum mechanical

20 sfress 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
for a given spring material and probe force, before it reaches the elastic limit of

that material.

The invention increases manufacturing efficiency for microelectronic
25 devices by providing test and burn-in functions reliably at the wafer level, while
at the same time reducing the size of the test fixture. The mechanically

compliant probe provides a large range of motion relative to the size of the



The invention increases manufacturing efficiency for mcroelectronic 25
devices by providing test and bumin functions reliably at the wafef0106V&005

while a time reducing the size of the test fixt . ,
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mechani ¢ | i ant probe provides a | arge range of no ive to
the size of the Z 0 OCT 2005 WD 01/96894 PCT/|1(ROQO 00617 9 probe. This
range of notion is inportant in making connections to a device wth contact
pads that are not Substantially in the sanme plane. The conpliant probe tip
noves flexibly to acconmpdate differences in the height of mating contact
pads while maintaining Sufficient force,of the probe tip on tile contact pad
to 5 assure reliable electrical contact’ therebetween. These as wel |l as other
obj ect s Hrokeelhigvangesi rationds imeertant ity Bakinaneprnegieerdei @ evieecwiPl i ant

mat or 1 al PR ARl ARE 5ot BubBieR BT IhE el et nEfle R MM SLOb8 e
at a pregpt mbvbﬁ%mw@n@@cdrﬁ@md@rtéQﬁﬁ@"enbb@ﬁnQﬂéﬁﬁtﬁ?hn@fTrhéﬁg eopeqdter s of
t he supports at each end of the strip. The probe tip thus SUPPO'ted is able

to nove Eaiglwhhe maintaininge stifficignt dioree 1of dhehyrober & emalhamenirsidpad ol exur e
of thethinrs erjal inyention is able to increase

manUf aCt GPPngt %I%bg 8@@"%@%@%@@@%‘9’%&% devi ces by performng test and

burn-in functions reliably at the 15 wafer level, while at the same tirne

roducing the sfizseohs sl d£stheriotjedte. of B RivdRERRE AT bEMErLY IfFolBMY AIGS The

novel reatures believed characteristic of this invention are set forth in
t he appemgealicaibhsonmi@ntnetaelicn prebe.| f Aaddrep| tigs iotdisposeht @ e§Nand
advant ag WL L wnd . il.ed 20
deseri pr e GHRER i Yt Fralt) MRS ShABE S L bR FRES ahB kB ITHE HPoui nos
wher ei n: iglpGsitlorgdibws A ppeddicomied idigiante afrganti teanter lipeokenndctidye thei or
t.

ar 10 centers of the supports at each end of the strip. The probe tip thus supported is

able to move compliantly in a vertical direction by torsional and bending flexure

of the thin strip of material.

The invention is able to increase manufacturing efficiency for
microelectronic devices by performing test and bum-in functions reliably at the

15 watler level, while at the same time reducing the size of the test fixture.
BRIEF DESCRIPTION OF THE DRAWINGS

The novel features believed characteristic of this invention are set forth in
the appended claims. The invention itself as well as other features and
advantages thersof will be best understood by reference to the detailed

20 description that follows, read in conjunction with the accompanying drawings

wherein:
FIG. 1 shows a sectional view of a cantilever probe of the prior art.

FIGS. 2A and 2B show cross sectional views of flexible membrane

probes of the prior art.



FI GS. 2A and 213 show cross sectional views of flexible nmenbrane probes of
the prior art. Z 0 OCT 2005 WO 01/9689-4 PCT/KROO 00617 10 FIGS. 3p) qpf /@B
show views of a probe fabricated on a silicon wafer of the prior art where
FIG 3A ¥Hd0EE9pl an top view of the probe and FIG 3B shovGT/ERe&6tG16nal
view of the probe. FIGS. 4A to 4C show fl exi bl e post probes of the prior

art. 5 FIG 5 shows a view of a conpliant probe in accordance with the
present invention FIG b shows a view of an alternate configuration of a
conpliant probe in accordance with the present invention. FIGS. 7A to 7C
show an enbodi mrent of a conpliant probe where FIG 7A to is a top plan
view, FIG 76 is a sectional view of thd probe at rest, and FIG 7C is a
sectional vi eWI&S.t & gucbBB stimen vaetwe dfup prolsy fdloicated .onFRGilidh siadas 08 vi ew

of an enbodi nent of a coppliant probe as its probe tip is acte on by a
fr. frce RN where E&Ln 92\ ﬁﬁ@fvssﬁsr ABRP t\HEW ek b’@‘gi)il%!“heéincf ﬁggpr‘?@be tip
of FIG QRO o force acting on the probe tip. FIGS. 9A
to 9C sh%’@ogﬁ’ %ﬁ%g@@tﬁé‘eﬂ}'{?&\gp%ﬂ%g&%ﬁeant probe where FIG 9A is a top plan

view, FIG 9B is a sectional view of the probe at rest, and FIG 9C is a

sectional vi eW|[0fS.t4% e Coshovh gl ittt edsupeshayyof ieqaidr.arkl G 10 shows a view
of an enbodi nent of a conpliant probe and its 20 connection circuit. FIG

11 shows a view of an enbodi nent of a conpliant probe with a Pround pl ane.
1.0 OCT 2005 HAG-PLFoREDA BEY RRAgUDBHaNt probe in‘accordance with the present

invention

FIG. 6 shows a view of an alternate configuration of a compliant probe in

accordance with the present invention.

- FIGS. 7A 1o 7C show an embodiment of a compliant probe where FIG. 7A
10 is a top plan view, FIG. 7B is a sectional view of the probe at rest, and FIG. 7C

is a sectional view of the probe when acted upon by force F.

FIG. 8A shows a view of an embodiment of a compliant probe as its

probe tip is acted upon by a furce F directed vertically.

FIG. 8B shows the deflection of the probe tip of FIG. 8A as a function of
15 the force acting on the probe tip.

FIGS. 9A to 9C show an embodiment of a compliant probe where FIG. 8A
is a top plan view, FIG. 9B is a sectional view of the probe at rest, and FIG. 9C

is a sectional view of the probe when acted upon by force F.

FIG. 10 shows a view of an embodiment of a compliant probe and its

20 connection circuit.

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

ground plane.



Il FIGS. 12A to 12C show an enbodi nent of a conpliant probe with its
circuit connection where FIG "'12A is a top plan view, FIG 12B is A UCTZUUS
sectional view of the probe at rest and FIG '12C is a sectional view o

t he proW® Qié#’+ act ed upon by force F. s FIGS. 13A to 13CPSEOWRYEIeH an
views of alternative designs for conpliant probes according to the present
invention. FIGS. 14A to 14D show top plan views of alternative designs for
conpliant probes according to the present invention. FIG 15A shows a con
<act probe head for wafer level burn-in of devices to with area array
contacts. FIG 15B shows a top plan view of a selected area of the contact
probe head of FIG 15A for devices with area array contacts. FIG 16A shows
a probe card FHBSwaARéy td e\l dhest iamgenfbodéwenkesf wi thnglieat @mobaywdbnitact s.

15 FIG 16B shows a top, plan_view of a selected area of the probe card of
FIG 16/t a@w%@mﬁm@r%@-aﬂ%ﬁ@m%@@ viave, Hﬁ-Aié%o\ﬁsaasescé'@ﬂ@ f or

2 Top. pi B, LA PrASER TRPEA NI 20 TE E sofdrl R pIB N Ces

wi th ar egctatingorciopfeees. FI GS. 18A to 18D show probe tips for use in
conpliant probe structures according to the present invention. 2 0 OCT 2005
WD 01196S94 PCT/ KROO/ 00617 12 DETAI LED DESCRI PTI ON OF THE PREFERRED

EVBODF MENTS | filG8cot3ante WG hshow fon rlap| wewss of halieigdivei designs fef

pref e 1 o AR RAL RooRiiRgTBlhEBreBbRR digiovn 1n FIG 5. A probe is

di scl ose
FIGS. 14A to 14D show top plan views of aliernative designs for

compliant probes according to the present invention.

FIG. 15A shows a contact probe head for wafer level burn-in of devices

10 with area array contacts.

FIG. 15B shows a top plan view of a selected area of the contact probe
head of FIG. 15A for devices with area array contacts.

FIG. 16A shows a probe card for wafer level testing of devices with area

array contacts.

15 FIG. 16B shows a top plan view of a selected area of the probe card of
FIG. 16A for devices with area array contacts.

FIG. 17A shows a socket for operating microelectronic devices with area

array contacts.

FIG. 17B shows a top plan view of a selected area of the socket of FIG.

20 17A for devices with area array contacts.

FIGS. 18A to 18D show probe tips for use in compliant probe structures

according to the present invention.



allows reliable electrical connection to be made to contact pads on a s

m croel ectroni c devices such as integrated circuits ((Cs), flip-chipsg grT 2005
passive devices, and chip scale packages. The probe provides fl|exi i bl'e

verti cal WRdH%%¥P+4of a probe tip 81 in response to a force o?\CT/MWWW”Thus
as a contact pad is urged into contact with probe tip 81, mechani cal
conpliance of the structure allows the tip to nake contact with the mating
contact pad at a force sufficient for probe tip 10 81 to penetrate an

insul ating oxide filmon the pad. Mechanical conpliance of the probe
accommodat es differences in height of the contact pads in a region of the
m cr oel ectroni c device while providing Yufficient force on each probe tip to
assure a DETAHLED PESQRIRHON Otk BiRBEERSED HMBODRIMENTSe

correspondi ng contact pad. Further, nechanical conpliance of the pad is

necessary to allow 15 the ti mai ntaln a connection_ to the correspondi ng
pad duri ng a ﬁ@stac@prcﬁm}q@'\ﬁf)hc G PHERIES A |?f'§| "é‘}'@'&i@?cﬁﬁ ﬁ@‘l} e %'gc‘g

varping_ ofnbBGinfient! 5€a WnBladilironR @UhPREHS. b1 A bfanis BEORSA] el 1S

supported”on-a | ateral extensidn arm o conduc

attached gliowan u@h@b@at@écﬁ iceXi bbensttidrp @3 nf Md@ortduaidm@ctnqiee:ts an a
El ongated flexible strip 83 is supported at each end by osts 85 that are

j oi nedst dnicEpAERUPEIBAeYiras Ghght 68 iteuipies. cirmdise (G, sﬁp -Ghdfve s PESEXE bl v
in respo% it %J&Eﬁ@;@ﬁ% %%k‘é a‘fﬁlalg%fi) g‘éb%@é ﬂ%@S;{a \Fe%{;%aﬂ%)sﬁg?% of

tip 81 depresses drm tors SEF I Tpr €ssi ng

a restoriagrdtes e onirt igzpdhse2d & mrtbe;mtm)mp anmthugr abea gbotua: Ip@dFils Grgé&d
posts 85 are supported on substrate 89 by pads 86 which are connected

el ect ri canfqconfagt withdpiobs R éd . srechmmieH %“F@W?@c‘?fe‘@ei #ryciure edowp dberi cal
(I;IC[I';: lli:Q})(r)y § Ogylﬁé?%t é%ﬁcﬁ%@%hﬁ?’é@{ng&?ﬁ tt 4y ‘%dnq% rF:J:]L?[gsur $ g‘@g}%h&%{ %cw t !? ayers
in substrét éo g@neBpie an inwilaisy obide fiks arethe pbed Médavanicalr cbmpliapcd bfi s
connect edtl %l per%E)giaCcaclolz moda(f' (c:llfﬁetrgnces in height of the contact pads in a region of
he microelectronic device while providing sufficient force on each probe tip 1o
assure a reliable electrical connection between the tip and the corresponding
contact pad. Further, mechanical compliance of the pad is necessary to allow
15 the tip to maintain a connection to the corresponding pad during a test or burn-in
cycle where thermal expansion may cause warping of the device and of the

probe support.

In FIG. 5, probe tip 81 is supported on a lateral exiension arm of
conductive material 82 that is attached to an elongated flexible strip 83 of

20 conductive material. Elongated flexible strip 83 is supported at each end by
posts &5 that are joined to terminals 84 on elongated strip 83. Probe tip 81
moves flexibly in response to a force applied vertically to tip 81. Vertical
movement of tip 81 depresses arm 82 and torsionally flexes strip 83 thereby

impressing a restoring force on tip 81.

25 In the compliant probe shown in FIG. 5, posts 85 are supported on
substrate 89 by pads 86 which are connected electrically to a circuit trace 87

which is connected in turn to electrical circuitry in substrate 89 by means of a via



in the substrate 89 that operate a device that is connected to the probe. In
demandi ng applications such as burn-in, substrate 89 is made of siRijcgT 205 a

s | ow ex ansion ceramc material in order to achieve di ”Epfjﬂm@?@ i’:\_/bl lity
over a W{i%e%%nperature range such as those used in burn &'y

tenperature cycle may go from25 Cto 150 C or greater. For operation at
hi gh frequencies, the electrical links fromprobe 81 to via contact 88 are
arranged to minimze the inductance of the connection to probe to tip 81.
The inductive loop is mnimzed by |locating via 88 under probe tip 81.
Wil e via 88 cannot always be so ideal);y located, the distance betmeen tip
81 and via 88 should be smal| in those appllﬁgééons t hat

frequenddp i Uﬁél‘”ﬁ‘tsl GHCUIEIGE 08 tBRcETasesOcEIFeH i ﬁd@ﬂ'bﬁgﬁt‘%ggonﬁy gﬂ‘ﬁ probe
wher e n&qﬁlkﬂvﬂe%m}%& byE! ﬁegt% @8”1 egll__&@?%é:teydrer C‘r“ﬁ%\ Ig Y cirdfiitsS haped

segnent an €l ongate n’’s 4~ on each end

of el Ongﬁttﬁé stbdtratehBetthd8 apberatei Melbvice pest B 86nnavied Mol thet grabd. ekt on
pads 96 on a substrate 99. Electrical connection to tip 91 is made through

sheet 93larsapding aaplicalints such @ssburmel, sebstmle &9 ﬁaﬂtﬂd%of Réicosr er a

cubot s andugbaRy g Herar i TR bR AL B acilels efnSi bbbl e T o "
support Qﬂud@%eﬁﬁ@e@ﬂﬂ@@aﬁ?@ tduen 82 tedse slReat ifBusial) wihate hhengssielreof

probe tip 91 is located at a distance froman imaginary |ine 100 between
posts 9xyale Bwvrgefi®af2oeieiyabedCiaiigiesttset 93. An initial vertical force
on probe tip 91 produces a torque about an axis represented 25 by l'ine 100.

The 101 que Cawaesch 863 |40aln hatuiSe0hel Aauakefilil fodiashe 4 1o Yl o

produces a count orce acting to oppose t € 1 ni . WO
01/ 96894ccmifct CKH' a?@Oéﬁ'rauﬁ’QEFd m@ﬂwﬁﬁ)@é7thé4ndﬁd:1@ncéﬁofsﬂhevmmmupha:t:o Wncm& from

b f f dj t f th
2 OV?OO spaSIl ' he m &LUS oog? is mmﬂmlzed by locating via 83 under probe tip 81.
While via 88 cannot always be so ideally located, the distance between tip 81
and via 88 should be small in those applications that require high frequency

operation.

FIG. 6 shows a second embodiment for a compliant probe where

15 conductive arm 82 of FIG. 5 is replaced by a curved or "V" shaped seciment 92
of an elongated thin sheet 93 in FIG. 6. Terminals 94 on each end of elongated
thin sheet 93 are joined to posts 95, which in turn rest on pads 96 on a substrate

99. Electrical connection to fip 91 is made through sheet 93 to pads 94 joined to
posts 95 resting on pads 96 that are connected by a circuit trace 97 connected

20 fo electrical circuits in substrate 99 by means of a via 98.

As seen in FIG.6, probe tip 91 is supported on the curved portion 92 of
sheet 93 such that the center of probe tip 91 is located at a distance from an
imaginary line 100 between posts 95 at each end of elongated thin sheet 93. An
initial vertical force on probe tip 91 produces a torque about an axis represented

25 by line 100. The torque causes a torsional flexure of elongated thin sheet 93,

which produces a counter force acting to oppose the initial force on tip 91.



conpliant probe of the type illustrated in FIG 6. A flexible elongated
strip 103 is nmade of a sheet of nmetal shaped to include a | ateral %tg .U
102 at the mdpoint of strip 103 and contact pads 104 at each end o r §§1
103. The® ‘B(‘)é%‘{eri cally conductive material of strip 103 i ¥CIHERUKWE
exhibit high yield strength and noderate elongation at ultimate failure.
Metal s chosen fromthe group consisting of berylliumcopper alloys,

col umbi um cupro-nickel, nolybdenum nickel, nickel-titanium stainless
steel, titanium and alloys thereof are suitable. One suitable nmetal is
beryl |l ium copper alloy ASTM Spec. No. i0 B534, with a yield strength of 550
mega- Pascal s. Anot her suitable netal i 44 titani um alloy Ti, 8 AIl, 1 M, 1V,
with a yield dilGenfrshoiws ibensga-\Bawcibs. abopeotie atfitpt Hoibetioemntiof HleG 7A

[ ted t [ 02 h t Jip 101 will d
L5 YRl UL T M AR R 2R e B
st on OlmaTCd MELOLHIRGH gL I d Bl Sl et €2,

twi sti ng rhidpo#itr ofp saiisl H03 cnmd goatant Likkid of depitesach teavhrgd sttipst 03t §hkD9. As
seen in the sectional viewin FIG 7C the vertical nption of probe tip 101
i s dued t ¢ledfacalpt icomdsictivet matedah gbratdRt 103 BnehEseR| tnhaxhitie higmgyighd strip

103. 20 R ip 101 | .d f ‘ L catai '
formed i 17201 By Rdetale BURREN S TEHhY ik et EholBa el B . o
54. 75 | gyrodet ecangisthdy dhebéddiimaoppal | Signaphi colphdnes, | tupirdintckel, The
mat eri al of ége tip.is tun(%%’en, .which forns a sh,arﬁ, hard tip that ig abl e
to break PRAYBAGAUTA NIAFHuMER-HENUPePRIYRSEISIRPh iATHEM A1 B0S Vigseehl |y
used on Zho SIS dufaBRY heaa) i BerrighPesyballisy | RSTIRIGRE Napd
probe tips is selected froma group consisting of nolybdenum nickel

al | oysy &FddnyitPadiyieid sirenghodifubdO mhegatPasddlsakinothen anigitlenmatal & | oys

thereof. 'ti¥\éoni8r1n/ gl?gyg%i,% 8!%02010\? wﬁ1 gr;//ie S rgggtjﬁ7of 910 mega-Pascals.

A probe tip 101 shown in FIG. 7A is supported on extension arm 102
such that probe tip 101 will depress vertically toward a substrate 109 in
response to a vertical force F. The action of arm 102 and probe tip 101 is

15 shown in sectional views of FIGS. 7B and 7C. A force F applied to probe tip 101
exerts a torqgue on strip 103, twisting the strip and allowing arm 102 to depress
toward substrate 109. As seen in the sectional view in FIG. 7C, the vertical
motion of probe tip 101 is due to the action of both beam deflection and torsional
bending of strip 103.

20 Probe tip 101 is a pyramid formed by replication of an etch pit formed in a
(100) silicon surface by well-known processes. The tip angle of 54.75 ° is
determined by the (111) crystallographic planes in silicon. The material of the
tip is tungsten, which forms a sharp, hard tip that is able to break through
aluminum oxide layers on aluminum contact pads typically used on

25 semiconductor IC devices. Materials suitable for making hard probe tips is
selected from a group consisting of molybdenum, nicke! alloys, osmium, Paliney

7, rhodium, rhenium, titanium, tungsten and alloys thereof.



15 Fabrication of sharp probe tips by replication of etch pits in silicon
is well known in the field of electrical contacts and is well descﬁjﬁgﬂ @? a
publication in 1973 by D. A Kiewit in Reviews of Scientific Inst [Z ;
Vol . 44, Vale¥sa741- 1742. Kiewit describes formation of pPEHERPWHsthat are
made by replication of 5 etch pits in silicon by depositing nickel-boron
alloy into the pit, and then renoving the silicon matrix material to expose
the pyramid. Kiewit formed pyramdal etch pits in silicon (100) surfaces by
treating the surface with boiling hydrazine hydrate. Strip 103 is supported
above substrate 109 by posts 105 that e joined to to contact pads 104 at
each end of strip 103. Post 105 is forned of an el ectrodeposited netal

pref erabl y choEabritaimn o ehgrpoplesotiss $vieglicktictact etahopipein siticerds well
cupro-ni ckel alloys,. and_hard.gqld. Electrjcal gonnectign of obe. tip 101
Lo crr cur Kaowiin uS k] o AlesdicA cpnirviS ik S welalrihedonauefbbrrtion ihon
arm 102, i | 3 AR o] C ctor
107 is an?ﬁégg @yiﬁléSEQﬁ@qéﬁ%%gﬁgységﬁ?cw th%?rcn)dnﬁ%r?tg’ Y%E ‘%gq’é‘%lﬁe??g is
confi gur eti74 Klswitndascebasd fomnitiop ofiprpos tipsl #rail rarermedetioy reslisegion of

i nductance and_thereby allow operation at the hi ?hest_ frequenci es gr data
rates. SFIeiSh Biksaly BiLan |0ys degpsiting giakat-epreietaliay fiMe Hierkih i andotnap

preferred I gent € i-gurat fon_ o whi Pk LRl 11 4SS ed by
a lateral refgggﬁgeﬁgéﬁﬁ%ﬁm ﬂoh%;u;l i\r%ps T ﬁeoimgng%x}e'?ﬁ]éﬁ}' hé?)\ﬁ?l @ﬁg{gfet ween
two suppopyranfidat sichlpits Forsdieor (d8p) esdascs iy (tddtidy tie deffaee titn bolliryT i n
t he verticyzﬂ_ _direccﬁj_i gn. The total deflection Sr of tip 111 shown in FIG
8B is a sU'BEINGRYH&S bendi ng conponent So and the torsional deflection
conponent. FIG 8B shows 25 the total deflection STin m crons caused by a

fl ig ce F in graggiRqoisng dffddredl Ao @ subsieRe 109 bé Bdsts FAI5 HfHtSyr8tjBehed Strip
is made of nol yhdenlumwith a thickness of 25 mcrons, a wdth of 25
m crong, tWngoatacingads of0LED eadr esl oAralin1203.s Pt AO6 kdermed of an
electrodeposited metal preferably chosen from the group consisting of hard
copper, nickel, cupro-nickel alloys, and hard gold. Electrical connection of probe
tip 101 to circuits for testing integrated circuits is made by conduction through
arm 102, strip 103, contacts 104, posts 105, contact pads 106, a conductor 107
15 and a via 108. The electrical circuit from via 108 to probe 101 is configured to
form as small a loop as possible in order to reduce inductance and thereby allow

operation at the highest frequencies or data rates.

FIGS. 8A and 8B illustrate in greater detail the operation of a preferred
embodiment configuration in which a probe tip 111 is supported by a lateral

20 extension arm 112 on a thin strip of material 113 held between two support
posts 115. Force F depresses tip 111 by a deflection of &, in the vertical

direction.

The total deflection &, of tip 111 shown in FIG. 8B is a sum of the beam

bending component &, and the torsional deflection compeonent. FIG. 8B shows

25 the total deflection &;in microns caused by a force F in grams acting vertically on
ni

of 25 microns, a width of 25 microns, and a length of 200 microns. Arm 112 is

4
1

study, strip 113 is made of molybdenum with a thickness

—+
(]

or

7

A
i.

probe tip 1



WO 01/ 96894 PCT/ b{ROO' 00617 16 100 microns long fromthe centerline of
strip 113 to the probe tip, as nmeasured in the plane of the strip. AJ (CT 2005
detail ed view of the second enbodi nent of the conpliant probe is shown in a
top pl amwii @aweeds FI G 9A. Probe tip 121 is supported on a "RMT/Erdbapad
extension 122 of elongated thin sheet 123. Extension 122 supports tip 121
at a position to one side of an imaginary |line connecting the centers of
posts 125 that support each end of elongated thin sheet 123. Extension 122
is thicker than the main body of elongated thin sheet 123 in order to
prevent distortion to the shape of the extension by applied force F. 10 A
probe tip 121 declines vertically toward a substrate 129 in response to a

vert | cal 40 gficlor@NBhbefohahk! denkérine [ORSBR! 1 #51b Ao Girobk RN HOhekrtrad

probe tip 121 is sho he sectional views in 9B and 9C. Aforce F

appl i ed tio th@pddres of thel@ltipexerts a torque on strip 123, t hereby twi sting
strip 123 and allow ng extension 122 to depress toward substrate 129. As
seen in the is S(Sctlonal view in FIG

' C, vertlﬁar tlo&of probe tip
121 is due to Hot®iapednyiger PEdbecse tecmep mgntpehdhe CaPPiaEn g5l 12 hi n
sheet 12 ed o] S 9: 1 e{med to
cont act %&?@nﬁﬁ al%épaaﬁﬁ o@Psﬁgﬂgt Q%Z&Lm%%s‘?%ﬁf% g?éuppé%%drrél?a* ggsts.
El ectrs thapmwémwemmﬂ?.Brdﬂzﬂomgaateaahm gheestl26i rExliehsndrmmmjgmons tip
conduction 20 through arm 122, sheet 123, ?'nt act pads 124, posts 125,

cont act p%%dhéa?osglorttq o fsm{ercafc@ 1pagingy aeﬁ%nﬁﬁng the centerergfRasts
circuit ffé%ﬂﬁ’al St Qo 8RE o’f%n aﬁeaocn i Qi'tfé]ere? E% dRA5n 998 ks RidiPP as

possi ble I'n or 0 reduce Ind and ow opefation at high
el ectri cahape’théonanﬂbedy I%if%ngzﬁedrtduﬂéheebv@&dd|drdernw pEH!Mtﬂldmszomtot he
conpliant, probe 25 where the functjo e extension armand the thin

el ongat edhg Epea?re[h@cﬁ?ﬁﬁﬂe'enlbﬂtﬁ)@ﬁép@(r?‘ﬁ ture. A third enbodi nent is shown

in FIG 10 wherein a probe tip 131 is disposed on a curved elongated thin
sheet ;0133 such A Badbd B 121 declines vertically toward a substrate 129 in response to

a vertical force F applied to tip 121. The deflection of extension 122 and probe
tip 121 is shown in the sectional views in FIGS. 9B and 9C. A force F applied to
Probe tip 121 exerts a torque on strip 123, thereby twisting strip 123 and
allowing extension 122 to depress toward substrate 129. As seen in the
15 sectional view in FIG. 9C, the vertical motion of probe tip 121 is due to both

beam deflection and torsional bending of elongated thin sheet 123.

Sheet 123 is supported above substrate 129 by posts 125 joined to
contact pads 124 at each end of sheet 123. Posis 125 are rigid metal posts.
Electrical connection of probe tip 121 to test circuits is made by conduction

20 through arm 122, sheet 123, contact pads 124, posfs 125, contact pads 126, a
circuit trace 127, and a via 128. The electrical circuit from via 128 to probe 121
is configured to form as small a loop as possible in order to reduce inductance

and thereby allow operation at high electrical performance.

FIGS. 10 and 11 show additional embodiments of the compliant probe
25 where the function of the extension arm and the thin elongated sheet are
combined into one structure. A third embodiment is shown in FIG. 10 wherein a

probe tip 131 is disposed on a curved elongated thin sheet 133 such that the



WD 01/961,04 2 0 OCT 2005 PCUKROO 00617 17 center of probe tip 131 is

| ocated at a predeterm ned distance froman imaginary |ine ConneCtZiUnWtfﬂﬁS
centers OF Support posts '135 at each end of sheet 133. El ongated “t'"h

sheet 193 ¢l/%ges torsionally and bends in response to a fdKdékRepploiled
vertically to probe tip 131. The torsional twist is due to the torque 5
generated by the force applied at a distance fromthe centerline of support
posts 130'. The anount of torsional flexure relative to bearn bending
flexure is dependent upon the off-set of probe tip 131 frorn the centerfine
as a fraction of the length of strip 133. Dependi ng upon the di nensions of
the device being tested and the materi’al properties of sheet 133. The

of f set igerterbepribe/iipetdteignocated at a Eredetermined distance from an imagina
0.05t00 5tit"' nest~ielengtliofstie(--tLI'D O The {)robe of FIG 10 includes

curved dheerconsgctingitheugpuers opratwart postss 185wal eachsend rafesheebrlRdt he

centerli of . s or t S 5 Electrical nnect.ion to the pro tip
"I s blaeis SREn e 133 3 es tiRioRel anak REAEF oh FshOosdilAdresL o
in turn hohRed veRiRO§t & pBSHE htt 188t TR ORI RMiSisldbelh arpneejesd to a
circuit trace 137 that is linked by a via 138 to test circuits in substrate
139. Vi agansaied pysheiforvedapplsd aeh disianee fronobwe cepterlinplisnpport pasts ni ze

e anges o RS Ay CORTSEHLAS, BRI 0 MLAREG IR

shield iéeﬁé&%‘ti WpdH e blisel Be phsied €ipof 3 Tlifom e iRplanlgs & aury&sbrPlget 20
143 that supports a probe tip 141 located Lit a position that offset from

t he ceniﬂfr lamﬁh @f Suippdpd. pemending urEnethe idbaknsionaeet (v dayiechdaprobe tip
141 i P14 . | G 144
are | of riedien ang 308 Shaigty pldboifids BFsnBaf ol ue bt neltR R bR cui

‘traqge 1403 foad.5ithned kRN oRsMbdt 148 to test circuits in a Substrate 149.
A ground layer 140 25 underlies probe tip 141 and shields the probe
electrically ITHeoggr% re (g'foFﬁZ%.hHS\fr?ciudes curved sheet 133 that supports probe tip
131 which is offset from the centerline of support posts 135. Electrical
connection to the probe tip 131 is made through strip 133 to contact ferminals
134. Terminal 134 is in turn joined to posts 135 that rest on contact pads 136
15 connected to a circuit trace 137 that is linked by a via 138 to test circuits in
substrate 139. Via 138 is positiched proximai to the probe tip in order to

minimize inductance of the link connecting the test circuits to probe tip 131.

A fourth embodiment of the compliant probe that incorporates a ground

plane shield is shown in FIG. 11. The probe of FIG. 11 includes a curved sheet

20 143 that supports a probe tip 141 located at a position that offset from the
centerline of support posts 145. Electrical connection to the probe tip 141 is
through sheet 143 to contact pads 144. In turn, contact pads 144 are joined to
posts 145 that rest on terminals 146 connected to a circuit trace 147 that is
linked by a via 148 to test circuits in a substrate 149. A ground layer 140

25 underlies probe tip 141 and shields the probe electrically in order to achicve

higher performance.



hi gher performance. Z 0 OCT 2005 WO 01/96894 POT/ KROO' 00617 18 A detail ed
vi ew of embodiment 3 is shown in FIGS. 12A - 12C. A top plan vi ew off 0FO(E. 2005
12A shows a representative configuration of enbodiment 3, where a tip 151
is suppd¥VPede¥4t he mi dpoint of a "V' shaped flat sheet 15BCHKRRYFHN¢Ig
material. The "V' shaped sheet 153 is supported by termnals 154 5 di sposed
at each end of the sheet. The sheet of this enbodinent is nmade of Titanium
alloy Ti, Al 8, V 4, although other high strength or superplastic naterials
woul d serve as well. The thickness of sheet 153 is between 10 and 75

m crons, and nore preferably the thickngss is between 20 and 50 m crons. The
w dth of the narrowest section of each arm 153 is between 20 and 200 m crons

1o and nore préfdetabeyg view ol ebodénpat Relsnsiddvand FASSy t28ns12GheAdioft ance
bet ween the centrq'i ggcj)f B st, 155 ert a f i*_gt end of sheet ‘153t agd t%te

cent roi d RIFN \I5W: Ol EE= o { 28n3hQUE GhPRIRSCB M eI E2TAT G RIPLOBENEY d000

m crons i t oy : vty t FRagi hs 250
to 750 m‘@?%‘%;g t%egggﬁge%P%{t%ge%r?gﬁg '%Iflbgﬁggﬁrém&gt ogaég&e{ tor ce é’ﬂéﬁnbﬁr obe
tip 151 isprintp matkdst.r alled "M BhgSed 12@aind522€, sehjpwiten) [y decninateal 154 ew of

t he conpl j.ant probe befor after e appljcation of force F. As shown in
FI G Prz%d'%o%g%é‘? RS cfggtﬂﬁ ﬁ‘ﬁ@iﬁ‘@f ﬁ@g@@?h@tw%@w%ﬁsw 953
downwar d ; - sybs evA59. Lithi heet., j Sob s-and
Sl oo« HEAREAD oy TROA BEVEE. allfibllit BifeE BBRCEARGH bor ShpeRARAET
sheet 153ngErElateslid seoenadewel0 Tloe ddcltineds opguss sl Fluis ttiedwedef 1®kendotd of

tip 151 LIt ted by, f E. Probe tip 151 i ted t
ol bt 1 cANEPREURT o BRGIADSES TtkeSs S hrbPeS2b g Hodd BR85S difed o
contact pgdeh brdh@harifRist %@%tio:ﬁ’ ¥leSachoarh 6813 isURALR’ I0 RMdS20@ nieRsid | oned

on substrate 159, where termnals 156 connect to a circuit trace 157.
Gircula taratenasyprefejaiindde twidéh dethdteeencBband Mp micronbst Taeedi3EIk®9 by a

conduct i Vbee'tWe%nlt?WSe' ceclpttrclﬂg %%léc}/s“t 1%9LPY Qﬁ!stp leﬁc';ll %t @%ep 455" 1;cheéj centroid of
post 155 at the second end of sheet 153 is about 200 to 1000 microns in length,

and more preferably the center to center spéoing is 250 to 750 microns.

Response of the probe of embodiment 3 to a force F on probe tip 151 is

15 illustrated in FIGS. 12B and 12C, showing a sectional view of the compliant
probe before and afier the application of force F. As shown in FIG. 12C, a force

F on probe tip 151 deflects the thin curved sheet 153 downward fowards a
substrate 159. Thin curved sheet 153 is both bent and twisted torsionally by the
deflection. Torsional and bending deflection of sheet 153 generates a counter

20 force that opposes further deflection of tip 151 as it is acted upon by force F.

Probe tip 151 is connected to electrical circuitry by sheet 153 that is
supporied by posts 155 joined to contact pads 154 of sheet 153. Posts 155 rest
upon terminals 156 positioned on substrate 159, where terminals 156 connect to
a circuit trace 157. Circuit trace 157 is joined fo electrical circuitry in substrate

25 159 by a conductive via 158. Optionally, a ground plane may be inserted
between the probe tip 151 and circuitry in substrate 159 in order to shield tip 151

from signais in adjacent circuit traces in substrate 159.



between the probe tip 151 and circuitry in substrate 159 in order to shield
tip 151 fromsignals in adjacent circuit traces in substrate 159. \}ﬁ
01/4)639-4 2 0 OCT 2005 PCT/KROO 906117 19 Variations in the desig chfT Zp[ﬁe
sheet sp¥PAy¥+t he conpliant probe are made to accommodat RCT/R&ROPELGLT

requi renents of specific mcroelectronics devices. Several designs are
illustrated in FIGS. 13A to 13C. In each case, the probe tip is positioned
off of the axis determined by an inmaginary |ine through 5 the centroids of

t he posts supporting the sheet spring at a first and at a second end. FIG
13Aillustrates a design for a probe 16Q where a probe tip 161 is supported
at the apex of a "V' shaped segnent '1 of a sheet spring 163. Segnent 162
i s positioned Yaiairahsoimettendiesigns of ithg shest sprialg bwthee soimpjiast probs priengs
necessary tﬁ achi eve a cl Ofe acti ng between probe tips. Posts llGE and 167
are posi tT8f8dq Feco8ImgHa @edﬁgat PRy ACHYTANPOW cPos e MY BFIECHRMICS

I ndi vi dU%%\ﬁéé?sbe\?ev.e%rc{%s%@ﬁ@%r@%ldﬂré&@&ﬁﬁ@G@d%é%@éﬁl?@% nﬁG@a&PcQQé’,%'erg

ends of sheet spring are matched to posts 1 67, respectively.

FI G 136 probesiy &t pssitioded iaffi of dne as dbterdiifedtsr anaimpagbant lips imbugh 15
supported_ _at the apex of a "V' shaped segment 172 of a_sheet spring 173.
Segment - 199 GO o1 biReRORi5VRHRP Y diva SHFELRBENT Hird APV ERY! Ebasiatond
nesting gfqsprings necessary to achieve a close spacing between probe tips.
Posts 175 and 177 are positioned in a staggered pattern to allow cl ose
spacing of the individual probes. Correspondingly, contact pads 174 and 176
on opposi ng enldiss. PIA dfutiades apissiyn 1833 arebent @haedhare pazvbeliisd 18rdisl77,

respectively. FIG 13C il ustratgs design for,k a, conpliapt prohe 180
wherei n siRAEE Bl L epaxs St ol cPRr THENERE0r Ok o aRvEh <oHagt TRr i ng
182. Cur vedysBht 182 i$8F0difosbanedizi@ dHd enwdnesspaty of 63 R6 i Ay MReaagasy to
achi eve a close spacing )
10 springs necessary to achieve a close spacing between probe tips. Posts 165
and 167 are positioned in a staggered pattern fo allow close spacing of the
individual probes. Correspondingly, contact pagls 164 and 166 on opposing ends

of sheet spring 163 are matched to posts 165 and 167, respectively.

FIG. 13B illustrates a design for a probe 170 where a probe tip 171 is
15 supported at the apex of a "V" shaped segment 172 of a sheet spring 173.
Segment 172 is positioned toward the end of sheet spring 173 to allow nesting
of springs necessary to achieve a close spacing between probe tips. Posts 175
and 177 are positioned in a staggered pattern to allow close spacing of the
individual probes. Correspondingly, contact pads 174 and 176 on opposing ends

20 of sheet spring 173 are matched to posts 175 and 177, respectively.

FIG. 13C illustrates a design for a compliant probe 180 wherein a probe
tip 181 is supported at the apex of a curved sheet spring 182. Curved spring
182 is shaped to allow nesting of springs necessary to achieve a close spacing
between probe tips. Probe tip 181 is offset from the centerline between

25 centroids of the terminals 184 and posts 185 disposed at each end of spring 182.

Unsymimetrical configurations of compliant probes shown in FIGS. 14A -

14D provide capabilities needed for specific testing and burn-in applications.



bet ween probe tips. Probe tip 181 is offset fromthe centerline betweeg ﬁ]
centroids of the termnals 184 and posts '185 di sposed at each end dfl Qf H&g
182. Un\s)%/rmetri cal configurations of conpliant probes shown in FlIGS _14A -
14U proVY8&Ye884bi 1iti es needed for specific testing and bifFAIFHOEI6L:
applications. Z 0 OCT 2005 WD 01/96894 PC / KROO 00617 20 Unsymretri cal
configurations facilitate probing of contact pads in constrained spaces,
corners and small pad pitch. Further, a ground contact allows ground
shielding to be incorporated into the probe structure. Conpliant probe 190
shown in FIG 14A uses post 195 and ad ioti onal s post 197 to support a
first end of flat menber 192. Additional post 197 is used to stabilize the
st r uct ur dJngyaametricalteandiguratiens fagiliigie ipsakingpet contctipady o cosstaingg nake

el ectrical contact with a ground,plape i hcor por d j flat r
T2 Poscepeget Sinathad sHoR B Fourh e DR ZPnlels 2ok oREREET 102
IS SuppaHi@dinBytoR®s irtokderdibdintd el RobedrLewanber 192 by termnals 194.
10 Fiat menber "192 supports a probe tip 191. Probe tip 191 is di sposed on

menber 192 at a position that is offset fromthe central axis 198 of probe
190. The centGamplrnt preban9rabbwar ip Flae 1dRAatisedrimst 9 padcaddifional of

osts 195 an 97 that, support t first . .en er 192 w .t he
entr ot d RSPt d e gPwar e R sheh ot fatan et B et 2PsY 957 i Rsrce
appl i ed g faikL: the s#@.&n%e%wﬁstln%i&at frese. aRpitioReINtdR!l1 oisSald8 §iskhat
causes nmenber 192 to bend and’ to twist torsionally. I'n FIG 14B, a

conpl i anttopnalreeEairical clardast withk Regousgd milane WPPHneogiwated iafndladmesulisor t ed

by contac nd_a | o rm,203 supported by ¢ ad 2 .The
Sheet spr 15 FRsb e & lamsebbeoBuuaging R HLBrAER BitnmBRhS R0,
and arm ZQppatted PPPbeIsOTOS Radt d4rs jeihbaed rhdomet No2agnteninale 1228 of probe
200. Centerline 208 is an imaginary |line that connects the centroid of post

208 e M T Bar 0B Slor BTG o frliy B AP BRSbe SoMSPR GBodSd ofoat o
member 192 at a position that is offset from the central axis 198 of probe 190.
The central axis is an imaginary line that connects the centroid of posts 195 and
197 that support the first end of member 192 with the centroid of post 194 that
support the second end of member 192. A force applied to probe tip 191 creates
‘15 a torque about central axis 198 that causes member 192 to bend and to twist

torsionally.

In FIG. 14B, a compliant probe 200 includes a sheet spring with a short
arm 202 suppoited by contact pad 206 and a long arm 203 suppotted by contact
pad 204. The sheet spring supports a probe tip 201 that is disposed between

20 arm 202 and arm 203 at a position that is offset from the centerline 208 of probe
200. Centerline 208 is an imaginary line that connects the centroid of post 205
with the centroid of post 207. A force applied to probe tip 201 creates a torque
about centerline 208 that causes arms 202 and 203 to bend and to twist

torsionally.

25 In FIG. 14C, a compliant probe 210 includes a sheet spring with a short
arm 212 supported by contact pad 216 and a long arm 213 supported by contact
pad 214. The sheet spring supports a probe tip 211 that is disposed between



about centerline 208 that causes arnms 202 and 203 to bend and to tw
torsionally. 25 In FIG 14C, a conpliant probe 210 includes a sheet s[t)pﬂngm
with a short arm 212 supported by contact pad 216 and a |o arm 213
suppor t 8408} *®8ht act pad 214. The sheet spring supports apﬁ%@ﬁ%ﬁwﬁi@@’zn
that is di sposed between ? 0 OCT 2005 WD 01/9689-1 PCT(KY: 100 ' 90617 21 arm
212 and arm 213 at a position that is offset fromthe centerline 2,18 of
probe 210. Centerline 218 is an imaginary line that connects the centroid
of post 215 wth the centroid of post 217. A force applied to probe tip 211
creates a torque about centerline 218 _that causes arns 212 and 213 to bend
and to twist 5 torsionally. A conpli ant probe 220 in FIG 14D includes a
sheet sprirmgd ahdanshdif ata m@ﬁ@néhmherdf@s@ttﬁy)mdﬂm a;emqﬂme 228 ainpirobict h a

| ong arm 3 supporte y. contact pad 224. The s spri pports .a

b et 1 3195 ComBTING 24 LA AGLEo BHE drah 999G 1P HPHEIRE! BROAIE on
that is t i i is an
i magi narg\;{hlsﬁg %%a’f&égﬁngc%{ ?[teﬂggﬁ,t%rsgégh&g t@ggste%l%,?%%é%c%g &22%'%&% d of
post 227 abbuf eeatedippl 248 thmtpeabssd igpma2218r eatle®138 (d dvaquk amblodd twist
centerli ne 223 that causes arns 222 and 223 to bend and to tw st

t or si onaltPipiong@H¥r eby generating a counterforce that linmits further
deflection of probe tip 221. 15 Conpli ant pral ses according to teachi ngs of

this invention @ﬁmmqny??ﬁbg%ﬂmm STCUET] Wﬂe% %Qiﬂé‘é’t@ﬂ?ﬂ\d Mtﬁg%%t%om in

circuits and ot mcr ectroni c devices. er contactor
FI G 15Aarmcm2)csuapes:eplr bjaesmm et @241 awgd lmth anbadi amemt223 suppoded ftace of

asilicons Ea f the robe 232 i, s .co cte totermnals
233 on” CORTIRE Goo 330y THE iR SRS SUBBA 2 Srobe 281 dhBtis aiwosps!
this examifeesalinCoIL bhduned 228 diep aatn@ﬁltﬁét 5 Qfrs ik %ee c@ﬁ@lﬂrhﬁ@ z@raow de
a thermal expansion coefficient that is matched to that of a silicon
10 of probe 220. Centerline 228 is an imaginary line that connects the centroid of
post 225 with the centroid of post 227. A force applied to probe tip 221 creates a
torque about centerline 223 that causes arms 222 and 223 to bend and to twist
torsionally, thereby generating a counterforce that limits further deflection of

probe tip 221.

15 Compliant probhes according to teachings of this invention can be used for
bum-in of wafers containing integrated circuits and other microelectronic devices.
A wafer contactor 230 shown in FIG. 15A incorporates probes 232 according to
embodiment 3 on a surface of a silicon substrate 231. Each of the probes 232 is
connected to terminals 233 on contactor 230 by circuit tfraces 234 in silicon
20 substrate 231. In this example, silicon is used as the material for substrate 231
to provide a thermal expansion coefficient that is matched to that of a silicon

wafer containing integrated circuits under burn-in test.

In performing bum-in, contactor 230 is aligned to a wafer under test and

then held with a mechanical clamping means such that each probe of the

25 contactor is biased against a mating contact pad on the wafer with a force
sufficient to assure reliable contact. To contact standard aluminum pads, a force

of 5 - 10 grams is sufficient to assure contact. The assembly is then heated to



waf er containing integrated circuits under burn-in test. In perforﬂlfgc 0
burn-in, contactor 230 is aligned to a wafer under test and then bﬂQE
a mechani cal cl anpi ng means such that each probe of the 25 contactor is

bi ased X&ng@Wgé mati ng contact pad on the wafer with a f oF &SR PG i ent to
assure reliable contact. To contact standard al um num pads, a force of 5 -
10 grans is sufficient to assure contact. The assenbly is then heated to Z 0
OCT 2005 v. W 04/96394 PCTIACT,Q0 /10 006 4 7 22 the burn-in tenperature,
typically "125 Cto 150 C. Electrical stinuli are applied to each
integrated circuit to exercise the cirQ?it and acconplish dynam c burn-in.
FIG 156 shows a portion of the probes”That_ are di sposed on the surface of

cont act ohe2Bon-inHerppeissuis, fediaaky 225 dqded! 3t an Eleeticat stipuli psg apsligdt ched

ip 241 Cecbliehufled TRUADD SRR I shPul BB o i Gl g AR 0
flip-chip. The dinmensions of probe 232 are conpatible with a grid pitch

spaci ng of befygen 551880k & 9ORiorNEr HR0piHbekomat ek Hisfdskd dh Hiesfface
flip-chips. Probes 241 are arranged in a nested pattern that allows each
probe t oof conipRtrsPae Hvapraiis dps iase Addngeshil anGicd @iy dwélis prajbed ar e

added to _the array to provide support. tq.th fer er, test in,local

Feqi ofs el & ehrobPREEN ek ears R Miocrhibd Fo pEAcRlt M BERS I 24738,
Probe tipssiddhecaf tdrobes 33 P4 ovbess ARG Solithac adront ke fERPSe Phe
breaki ng through any oxide on the alum num bond pads on the wafer Lander
test. i sdiP@iRions pi2amhes 282 spigseamastibisewiipex aitd pifch stvasty shbetye@a1 t hat

b31. Combep aRichEnSoahd SH0 iRl oh PrBBPUBChe R LT P ERE: PAGRsS A BBl o’
means t oairadtetliigha SReRdd ipHtegh ahatalows Wach peshause fiothd Bpatewnsdbbleand

mutual inductance of each Pr obe. A probe card 249 incorporating conpliant
probed | Addiionrb e neiignaliebeprasgasidatoioie aray &3 BEPYide sHPRPR A0 e ay

pattern QRs& under test in local regions where the average density of contact pads on
the wafer is low.

Probe tips 241 of probe 232 provide a hard suiface for the purpose of

breaking through any oxide on the aluminum bond pads on the wafer under test.

15 PProbe tip 241 is disposed at the apex of "V" shaped spring 241 that is
supported by posts 245 joined to contact pads 244 at each end of spring 241.

Compliant probes according to the teachings of this invention provide a
means to test high-speed integrated circuits because of the low self and mutual
inductance of each probe. A probe card 249 incorporating compliant probes is

20 shown in FIG. 16A. Probes 240 are disposed in an area array pattern on a
substrate 246 suitably for testing flip-chips with area array contact pads. Each
probe 240 is connected electrically to terminals 247 on probe card 249 by circuit
trace means 246 incorporated in substrate 248. Substrate 248 preferably
comprises a dimensionally stable base such as alumina ceramic material, on

25 which copper circuit fraces are disposed between layers of polyimide dielectric

material.



substrate 246 suitably for testing flip-chips with area array contact pads.
Each probe 240 is connected electrically to termnals 247 on probe) g8¢H /59
by circuit trace neans 246 incorporated in substrate 248. Substrate 248
pref er abloyoy/eempri ses a di nensionally stable base such as EIURRe&o@aram c
material, on 25 which copper circuit traces are di sposed between | ayers of
polyimde dielectric material. 2 0 OCT 2005 WO 01/ 96594 PCT/ KR90/ 00617 23
FIG 16B shows an array of conpliant probes 240 configured according to the
teachi ngs of enbodinent 1. A probe tip 241 is disposed at the end of arm
243 attached to the m d-point of elongated sheet spring 242. Support posts
244 are joined to contact pads 245 at2®ach end of el ongated sheet spring

242. 5 A chi prgackel shews 4 affa® oflddmpliant PRhe 9@@%&%29*&1 aﬁgﬁaﬁnﬁgr

testing, burning-in and operating flip-chips. Flip-chip 261 is

posi t i onionifpe twaashmnczeaf smblodirhant ¢adiprobeatigc?4 pisidispobed @t dhe pnaedf dsnmat ed
with a respondi ng, probe 250 aon the syrface of. sqcket subsfrate . Each
b obe- 2565 PLEBORHACH R DIGeOI Sl RIgaate YEarsRang S5y SPRELREEEERL: r ace
258 by tgQ.Ci i Rt BS 4 i i I ! or operating
fli p-chi%e‘égg@{eo Egﬁtrcgé eg t%c?%ts%ee{%ﬁﬁét? Oﬁ?loll Eﬂ‘?@éﬁﬁ%ﬁ%é@ﬁé rgrggns 263 from

electronic circuitry mnmeans 264. Cable 265 connects the electronic circuitry
264 to the syét el eockbuishoivm, it ¢36G. of 7 dgeoaidesna odlehbiiptabihe pn2éas ferG 178

shows a portiop of. the array of, conpliant obes Q0 in the 15 socket cf

f 17 AR ihgr Budinpgh 810 el SrroRiPs: RUPERTP G TaFnedab PRl W0t he
m d- poi nk,0hsebepoatef ﬁﬁlﬁegaéﬁfbc?\aaéﬁ%aaswp%ﬁ-oﬁgftz%*aZ% Rafed Qhi§dat O
contact pads 255 at each end of el ongated sheet spring 252. Probe tips shown
in. Fl Gong#pondisp piodecdnd iguthed siivace pecidaket sapplraieabdnd=4ch pesbéng and

burn-in. ese_probe tips and others are well.-known 20 in the inLegrated
circuit ZRdde Pyt RE EREE) ahoie RS e e RoBRet Bublatc68"B)
10 circuit trace means 256. Electrical signals suitable for operating flip-chip 261 are
directed to the socket by interconnection means 263 from electronic circuitry
means 264. Cable 265 connects the electronic circuitry 264 to the system for

burn-in, test or operation of flip chip 261.

FIG. 17B shows a portion of the array of compliant probes 240 in the
15 socket ¢f FIG. 17A. A probe tip 251 is disposed at the end of arm 2253 attached
to the mid-point of elongated sheet spring 252. Support posts 254 are joined to

contact pads 255 at each end of elongated sheet spring 252.

Probe tips shown in FIGS. 18A - 18D are configured for specific
applications in testing and burn-in. These probe tips and others are well known

20 in the integrated circuit industry, and the examples presented here are
representative of the many types of probe tip that are available. Methods of
fabrication are well known to skilﬂed practitioners in the art of manufacturing

electrical contacts.

A probe tip shown in FIG. 18A is preferred for probing aluminum bond
25 pads on integrated circuits, where sharp apex 273 is suited to breaking through
any oxide layer on aluminum bond pads. A pyramid 272 is formed by replication

of an etch pit in a (100) silicon surface. Pyramid 272 is supported on sheet



representative of the many types of probe tip that are avail able. Methods of
fabrication are well known to skilled practitioners in the art of 20 0CT 2005
manufacturing electrical contacts. A probe tip shown in FIG 18A is
preferr e @ BF94#bbi ng al umi num bond 25 pads on integrated ¥PERHEICIGher
sharp apex 273 is suited to breaking through any oxide |layer on al um num
bond pads. A pyramd 272 is forned by replication of an etch pit in a
('100) silicon surface. Pyramd 272 is supported on sheet 20 OCT 2005 WO
01/9689-1 PCTI KROO' 00617 24 spring 271. Apex 273 of pyramd 272 is sharply
defined with an included angle of 54.75 between opposite faces. A hard
material is used for probe tip 272, wh%ﬁ'e the material is preferably

sel ect ed dprovg 274. @r;mpoEbnﬁipstamtgi 372 iswhyboly rdefined widtbl an dxtude cﬁ’@d& ney

7, rhod titani t sten, [ ft
Lok o0 D B el AT e R P b 9,
b t t t b

S A g, 1 L SRS Rl g ey

thin di smmM)deanuppmﬂce{acbsmmum n%alaieypasuh@fﬁanulmpuaeﬂ htarsttmfettungs19|w| ng

275. Post 276 is ut b che cal etching t se edges of k 277.
Thin dfska'?;'fhffg é *Ppé ing et F@PEIC bré?&éﬂﬁ B Bet “F‘F‘brﬁh%@%‘roup

consi st i n&w@ftl'ﬁ%@n Bl dBRYreh b Jg)t Rled i r@%%ﬁé ly. @A %{ﬂgéfs éh&%\fﬁ?r &ypr obe

tip shown in i'S suite ctlngs der and ot her
mat er i al snafemalsnded netal tip 281 is supported on netal post 282 that is is
di sposed on sheet spring 280. Rounded netal tip 281 can be shaped by fl ash

|l aser nelting qof a, high te terial, to refl t he f a

sphor i cal  sect PonloGkeehaVE 7 B pE e B i ed Seftlh inie bastel Reiaet

ni ckel,  Phadi rwrmnuﬁ st wmy @UﬁJ;ﬂjdl’téfd(%ln al RS, pbsT 3761 4iBpesBP S ahkeys,

and Pallney 7. robetlgshown in FIG 18D is suited to contacting snall

cont ad® pIHI<Ng 27o Pacst 276 is undercut by chemical etching to expose edges of disk
277. Thin disk 277 is made of an inert metal preferably selected from the group

consisting of gold, Paliney 7, Platinum, Rhodium, and their alloys.

A probe tip shown in FIG. 18C is suited to contacting solder and other

soft materials. A rounded metal tip 281 is supported on metal post 282 that is

15 disposed on sheet spring 280. Rounded metal tip 281 can be shaped by flash
laser melting of a high temperature maierial fo reflow inio the shape of a
spherical section. Materials suitable for rounded metal tip 281 include nickel,

platinum, rhodium, cupro-nickel alloys, beryllium-copper alloys, and Paliney 7.

A probe tip shown in FIG. 18D is suited to contacting small contact pads

20 and pads that are spaced closely together. A probe tip 287 with a top edge 286
is disposed on the top surface of sheet spring 285. Probe tip 287 is formed
preferably by plating the edge of a sacrificial material and then removing that

maierial to leave an edge of metal 287.

Although several preierred embodiments of the invention have been
25 described, numerous modifications and alternatives thereto would be apparent
to one having ordinary skill in the art without departing from the spirit and scope

of the invention.



?0 and pads that are spaced closely together. A probe tip 287 with a top
edge 286 is disposed on the top surface of sheet spring 285. Probe tip 287 2005
is formed preferably by plating the edge of a sacrificial material and then
removi ng wieetl/9c%et eri al to | eave an edge of netal 287. Al t h@GFHISEVEH EI
preferred enbodi nents of the invention have been 25 described, numnerous
nodi fi cations and alternatives thereto woul d be apparent to one having
ordinary skill in the art wi thout departing fromthe spirit and scope of
the invention. 20 OCT 2005 WD 01/ 96, 894 PCT/ KROO 00017 25 CLAIM 1. A probe
for making electrical connection to contact pads on mcroelectronic

devi ces, said probe conprising: (a) a t M°n sheet of conductive material with
a top and a bottom s surface; (b) a substrate with a top and a bottom
surface; (@)ABNectrical term nals di sposed on the top surface of said
substrate; (d) conductive posts each of which is connected at one end to the
~0 bottom surface of said_thin ﬁheet the other end to one of said

and. a
el ectrical terriAal B'E ¢ I (BpKggr f%f@@g@aﬁsﬁ?ﬂn‘%‘ﬂw r i eCOnigEh PRA® ORk
thin sheeg;A ted.: ~6H .he top surface of the
. Substrat e?ﬁa&?ei%%’tﬁ’gﬁf&cﬁfingéaﬁ,I%gﬂicéf]@ﬁ??sgﬁiéﬁg}wth a base that is disposed
on the top surface of said thin sheet and with a top surface above the top
is surface of said t{ia Hiiecheathsr ebpdsclive trontesial fndde aofopt hedcandodomye
tip is suitable for electrically connecting to said contact pads; (f)
wherei P sai d coty Give tip is disposed on said thin sheet at a distance
froman imginary |line through each of said support posts

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

(c) electrical terminals disposed on the top suwrface of said

substrate;

(d) conductive posts each of which is connected at one end to the
10 bottom surface of said thin sheet and at the other end to one of said
electrical terminals on the top surface of said substrate, such that the thin

sheet is suppoited at a distance above the top surface of the substrate;

(e) an electrically conductive tip with a base that is disposed on the
top surface of said thin sheet and with a top surface above the top
15 surface of said thin sheet, whereby said top surface of the conductive tip

is suitable for electrically connecting to said contact pads;

(f) wherein said conductive tip is disposed on said thin sheet at a
distance from an imaginary line through each of said support posts
whereby the tip moves in a vertical direction by torsionally flexing the thin

20 sheet.

2. The probe of claim 1 wherein said thin sheet is a substantially flat
metallic foil with a longest dimension of between 150 to 1500 micrometers, and

with a thickness of between 10 to 75 micrometers.



whereby the tip noves in a vertical direction by torsionally flexing the
thin 20 sheet. 2. The probe of claim| wherein said thin sheet iSZ[?UC 5
substantially flat metallic foil with a | ongest di rrension of between Il%@

1500 micro and wth a thickness of between 10 to ers.
OCT 2005 V\g%? V554 PCT) KROO 00617 26 3. The probe of cl ‘?W@%\rfg\/ﬁzr ei n
said thin sheet is a netal filmof a thickness that is greatest in a region
directly under said probe tip. 4. The probe of claiml wherein said
conductive material is a netal selected fromthe group consisting of

nmol ybdenum tungsten, colunbium nickel, s titanium beryllium copper,
stainless steel, and alloys thereof. 5. 2dhe probe of claim| wherein said

top surface of Sg'ﬂ“«é;?‘c%éc kV@aitd R bperdRAR P ft.l.,ﬁ 11%,“# get%ct%emﬁt@ﬂnfrom

t he group consisting tungsten titan um  al oy, rhodium rhenium osmum
Pal i ney 7, mhickmsss ticdirie graaigstaind mdioydiretly unhessaidyrebe tibs. 10 6. The probe
of claiml further including a circuit pattern that underlies said

el ectrically conguatd \eodd Bradel % ShEFLR! GALI0brBO0ARFLBAChe: BaLA BN sheet

7. The probe of claim erein sal rrses a re of "a
shaped pit etkebed frmhdhagmupfmisbhgsufngﬂﬁoo@nyst alingsitén, amtumﬁume:kprobe of

claim1l wherelns orrprl es.a thin rojection 15 that was
pl ated or al@QM4T @P'FV: %{'I"‘leé‘aﬁ‘ée‘frj’l aé]dn%?oggg\\éreggl d thin sheet. 9. The
probe of claiml wherein said t| p conprises a spherical section of netal.

10. The probe of scita mdbewhamhm setigleihi RicC OPPLUrERe & d9Md Bohdldnveftipas har d
metal supported by a post that has been etched such that said thin film of
hard 20 met &]aq%ouﬁﬁ@{%met?bsﬁﬁﬁﬁgér%‘ BB% CHHPs e TSR dopT RENIgtenh tRNYT m of

hard netal . 5idy, Hﬁlaamﬁ Oberffm Chahrh, MRS 7, SRkE!, RFEMitn 2 aREAN09E of
el ectropl at ed et al
these materials.
10 6. The probe of claim 1 further including a circuit pattern that underlies

said electrically conductive tip and is electrically connected to said thin sheet.

7. The probe of claim 1 wherein said tip comprises a replica of a pyramid

shaped pit etched into a surface of single crystal silicon.

8. The probe of claim 1 wherein said tip comprises a thin metal projection

15 that was plated on a substantially vertical edge rising above said thin sheet.

9. The probe of claim 1 wherein said tip comprises a spherical section of

metal.

10. The probe of claim 1 wherein said tip comprises a thin film of a hard
metal supported by a post that has been etched such that said thin film of hard

20 metal is undercut to expose a bottom surface of said thin film of hard metal.
11. The probe of claim 1 wherein said post is a post of electroplated metal.

12. The probe of claim 1 further including an elastic dielectric material that
is disposed between said thin sheet of conductive material and said top surface

of said substrate.



12. The probe of claim1 further including an elastic dielectric materi al
that is disposed between said thin sheet of conductive material and gzm}q 05
top surface of said substrate. 2 o OCT 2005 WO 01/96894 PCT/ KROO/ 08 229
13. The wiooheeefs cl aim 12 wherein said elastic dielectric ®aTEREI006E
selected fromthe group consisting of silicone, fluorosilicone,

fluorocarbon, and urethane elastoner. 14. A probe for making el ectrical
connections to contact pads on a 5 microel ectronic device, said probe
conprising: (a) a thin elongated strip of electrically conductive nateri al
with a top and a bottom surface; (b) supports at a first end and at second
end of said elongated 10 strip; (c) an & ectrically conductive tip with a

base that is dismpre¢ropet BE cliigd BANReRIPssal dlagliendrigstist makzriflelsei n
said tip projects above said top surface of the el ongated thin strip; (d)

wher ei n sslectedridot theegitdyp cengoting iofradlicaae, duaresiicnre, filustocarkiod, findst end
and from sai.d secon? end of said conductive strip, and alsois positioned at
a di st ancdeth¥R SRSIMEI nary i ne connecting the center of said supports at
said first end to the center of said supports at said second end; (e)

wher eby sai d CPLD%%&H%@ fdi n%k‘iﬁg él’éc?ndéﬁr&éﬁ?éct@hée%'éﬁhtﬁ&\i Hédgxbﬂg asa'g

el ongated strip . The probeé of claim 14 wherein said exi ng of sai

el ongat edngroelpctron deldse t saidippobé chlhgxisigg:.of said strip around said

i magi nary |line connecting the center of said supports at said first end to
the center of said ?ﬁgxpﬁrwt\ Séigngdteddstnp of electrically conductive material with a

top and a bottom surface;

(b) supports at a first end and at & second end of said elongated

strip;

10 (c) an electrically conductive tip with a base that is disposed on the
top surface of said elongated strip wherein said tip projects above said

top surface of the elongated thin strip;

(d) wherein said cenductive tip is positioned at a distance from

said first end and from said second end of said conductive strip, and also

15 positioned at a distance from an imaginary line connecting the center of
said supports at said first end to the center of said supports at said

second end;

(e) whereby said conductive tip moves in a vertical direction by

flexing said elongated strip.

20 15. The probe of claim 14 wherein said flexing of said elongated strip
includes torsional flexing of said strip around said imaginary line connecting the
center of said supports at said first end to the center of said supports at said

second end.



second end. 2 0 OCT 2005 WO 01/96894 PCT/ KROO 00617 28 16. The probe of
claim 14 wherein said thin elongated strip conprises a thin CondUCt}N%Csz5
sheet, a thin filmof netal and a thin filmof dielectric materi al

t herebetween where said thin filmof netal is connected to a ground circuit.
17. The proB&® P ai m 14 wherein said thin el ongated stri%F%gﬁ%’l gds a 5
pl anar sheet of netal that is patterned such that said pattern is curved in
a direction parallel to said strip. 18. The probes of claim 14 wherein said
first supports conprise a first netal post and said second supports
conprise a second netal post 19. A socket for operating mcroelectronic

devi ces, each device having a 1o substantially planar surface with an array

of contact pads djRA8EH.HO% iy 15%%.5%0%@%.,,C.Oé‘.BF,LG%EE%UfFK PmBrsubatrat e

with a top surf ace an ottom surface; |'ur a¥ Ity o e probes
for maki ng ethéctondaltive seetta dns firo of sedtd @mhbatin pladsf dwterted ma’térmlpr obes

Gl oui t nand CHRRUETRANER saPantiE chreR i Begefie i o g rahE ()

m croel ectroni c devices can be operated when the flexible probes are
connected to sai dcUneasbbpadelaind)s wherel saieatih albngated stiexompesqy abes
conprises a thin elongated 20 strip of conductive material with a first end

and a secondPBRar WhpleCkBieiR el 8hFaPaieraes isHCh §h%fuﬁi‘i8r9¥@”ws &Nyealt 2one

post at the fifLSbneRcairith 84id stgast one post at said the second end; and (e)
wherein a probe tip 1s supported on an arm which is disposed at the m ddl e

of thin strip. 25 ) ) o _ _
18. The probes of claim 14 wherein said first supports comprise a first

metal post and said second supports comprise a second metal post.

19. A socket for operating microelectronic devices, each device having a
10 substantially planar surface with an array of contact pads disposed thereon, said

socket comprising:
(a) a substrate with a top surface and a bottom surface;

(b) a plurality of flexible probes for making electrical connections to
said contact pads, wherein the probes are dispcsed in an array on the top

15 surface of said substrate;

(c) circuit means connected to said flexible probes whereby said
microelectronic devices can be operated when the flexible probes are

connected to said contact pads;

(d) wherein each of said flexible probes comprises a thin elongated
20 strip of conductive material with a first end and a second end where said
elongated strip is supported by at least one post at the first end and at

least one post at said the second end; and

(e) wherein a probe tip is supported on an arm, which is
disposed at the middle of thin strip.

25



Z 0 OCT 2005 WD 01/96894 PCT/ KROO/ 00617 29 20. The socket of claim 19
wherein said array of contact pads is a regular area array of contggtmngﬁ.
s 21. The socket of claim 19 wherein said array of contact pads is a |1 near
row of contact gads. 22. The socket of claim 19 wherein said substrate is
made of si V@bt erial. 23. The socket of claim 20 wher it/ ERI%FY

m croel ectronic device is a 10 plurality of integrated circuits arrayed on
an undiced silicon wafer. 24. The socket of claim 20 wherein said silicon
material is a silicon wafer of thickness between 200 m croneters and 1000
m croneters. 25. The socket of claim 19 wherein said substrate is nade of
ceramic material. 15 26. The socket of e$aim 25 wherein said substrate is a
nmetal -ceramic nultilayer structure whereby each probe is connected to the
circuit neans for testing and burning in said mcroel ectronic devices. 27.
The socket of claim19 further including a ground electrode that is
incorporated into said top surface of said substrate in an area

substantially 290.%%%00 4 gf EIQHHS'W%%?&F] %gidsgrrréybf contact pads is a regular

area array of contact pads.

5 21. The socket of claim 19 wherein said array of contact pads is a linear

row of contact pads.

22. The socket of claim 19 wherein said substrate is made of silicon

material.

23. The socket of claim 20 wherein said microelectronic device is a

10 plurality of integrated circuits arrayed on an undiced silicon wafer.

24. The socket of claim 20 wherein said silicon material is a silicon wafer

of thickness between 200 micrometers and 1000 micrometers.

25. The socket of claim 19 wherein said substrate is made of ceramic

material.

15 26. The socket of claim 25 wherein said substrate is a metal-ceramic
multilayer structure whereby each probe is connected to the circuit means for

testing and burning in said microelectronic devices.

27. The socket of claim 19 further including a ground electrode that is
incorporated into said top surface of said substrate in an area substantially

20 under said thin elongated strip.



