Attorney Docket No. 349886-995155 APPARATUSES DEVI CE. AND METHODS FOR
CLEANI NG TESTER | NTERFACE CONTACT ELEMENTS AND SUPPORT HARDWARE Jerry J.
Brox Bret A Hunphrey Alan E. Hunphrey James H. Duvall 5 Field The
di sclosure relates generally to a device for cleaning tester interface
contact el enments and support hardware. Background 10l ndi vi dual

sem conductor (integrated circuit) devices are typically produced by

creating a RAkbthd) bdcker¥No. 8468190 a siljcon wafer using well known
sem conduct or processing techniques that can include photolithography,

deposi tion, MﬁA&gﬂTUSB&,IQM wgDMEMODMCQEQNMEES'H}mmﬂERGAd gd to
createfullyfunctlon y A SUPR: 4 ARE at t he waf er

| evel . Eventually, the indivi dual I C deV| ces are singulated, or diced, into
the separate and 15 individual di es #PorPR%e seni conduct or waf er .

Si ngul ated | C devices are assenbl rH“f‘ﬁp 'Y conpletion in packages or

i ncorporation into electronic appéof valﬁ wel | known assenbly

techni qugs that can include die atf]ac to a lead-flwile, wre bonding or
sol der ball attach, and encapsul ation usually by various nol ding techni ques
to provide gieldody to the package with external electrical connectivity.

20l n practice, however, physical defects in the wafer itself and/or defects
in the processi rige disclosyee rpfaiegenerally to g dovicedr ofeapipg testergnisdiee coftact he di es on
the waf er bgkfgtaint Bpork Hiriwarf.Unct i onal , sone ol di e dies being
non-functional, and sone of the dies have | ower performance or the need for
repair. |t Bskpmownlally desirable to identify which of the dies on a wafer
are full X functlonaﬂglgreferably prior to singulation fromth& waf er and
assenbl Y0i nt o 23nHGFHelTFBYCoRRAE BLteERIEhoTUNALT B Are Y EHE PoPYPr BY mi ng, and
repai r abl e creating e pluchliyy of devde@s daa silnq@hy&fewdmgi&fllsmbwn semi¢dnducym peressioef ects i n
the 1C clr CldbihduBifil San BOMhoBRhEH rdgéo%%ﬂ aws;mf} értger&eﬁ IGLQT

pr ocessi ng tec niques are I to singu 1 on a pl’ ocess
cal | ed waf eprogesipapre frganded tgreaty ﬁrlbffm'@a' Wgﬁawd fﬁ@'talﬂ%%é@ ‘Wﬁ‘r‘é‘fa %ort").
Sorting, or leldlnmvéagually,thaiadivides 1@ HevidoCari\Eihgilatddedraliced,anito khdiseigratctintl he

product I]§ Cl 9@1 Iu.'!tl Id‘l:cls %'omvt\peesl;ar%lcon&lctgi: OQ%I S’ipg%qaﬁe%rlg%g\ﬁ%s Iaf% assembled for final

completion in packages or incorporation into electronic apparatus using well known assembly

techniques that can include die attach to a lead-frame, wire bonding or solder ball attach, and
encapsulation usually by various molding techniques to provide a body to the package with

external electrical connectivity.

20 In practice, however, physical defects in the wafer itself and/or defects in the
processing of the wafer can inevitably lead to some of the dies on the wafer being either fully-
functiorial, some of the dies being non-functional, and some of the dies have lower
performance or the need for repair. It is generally desirable to identify which of the diesona
wafer are fully functional preferably prior to singulation from the wafer and assembly inte’

25  consumer devices. Non-functional, lower performing, and repairable devices due fo certain
physical defects in the wafer, defects in the IC circuit layers, and/or defects related to the
semiconductor processing techniques are identified prior to singulation by a process called
wafer-level test (often referred to in the arts as “wafer sort™). Sorting, or binning, IC devices
at the wafer level according to the product's capabilities where the product performance is

30 determined by electrical testing can save the manufacturer considerable cost later in the
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30 determ ned by electrical testing can save the manufacturer considerable
cost later in the WEST121840239.1 Attorney Docket No. 349886- 995155
manuf act uri ng process as well as provide increased revenue fromthe sal es
of the highest perform ng devices. Once the device has been

si ngul ated, certain process steps during handling and assenbly can
inevitably lead to dicing defects, handling defects, assenbly and packagi ng
5 related dgh&ﬁ&ﬁp&ﬁ@&«p@@ggﬂ@glgﬁ i dentjfied electrlcally to bin devices
as fully-functional, nonfunctional, or potentially "repairable”. In
practice, asmﬁﬂhhﬁdgﬂmdmpﬂﬂkﬂgedeﬂahﬂmmﬂm&Wﬁmeﬁ&ﬂﬂ&&ﬂm&ﬂﬁmﬂﬂ@pﬂct to a
series of ebgﬁ) ingalvidgsting processes prior to their final conpletion or
incorporation into electronic apparatus. The process at package |evel or
frmal test prior OmebidenRnbs beBf Sibghfed, Mmlpﬁm&@&eﬂsldﬁ]lﬁgﬂdnﬂlﬁlgfaﬁstl ng of

si ngul at ed nggng@;&n?,{ewa%fy 1Q%rt$dagfn§detg‘c(?s, R%%tuf egecﬁs %séeﬁlﬁm‘ﬁ&? rig esting of

per manent),

the | C dévi rlsicdalefeets thaksan ppbejdensified elocitically foﬁ'atﬂea‘g@ ap @V‘é’rf“ﬂ%o’&b eohpl i shed
by nmeans of fuattoaiPdripbrehtsy “@W% Nh pl(aé\-EE,)aszféﬁ%Bfe& &wr;ﬂdcagacgambmbtw and

electrically for stimulatin nduct or erc t he
devi ce acco%‘&fcﬁsgar? biect t‘r’%se&g? %cﬁ&%p t?sgtégtpr?ceffﬁ ‘ﬁ'or ° ﬁed‘l f?"r??( g IIC%?H %I ng the
out put for inserpyationdnty Plgtp@nlc aprfaratust | 1w afocesy at package Igyel gufinal tedt priesito t est |

convent i onakhipnktneinéiades, ek d¥difiel &, Rsti r@roeaﬁguwd%w&e@ etk elte Bural i ties of
probe e match the | of. the device under test PUT) input /

| t t
out put (lﬁ;r?)ﬁr’]acgaéﬁ‘g%w{?i?'n%&’?’éggg:ﬂrv BB PYYeR |y, in the typical wafer

testing process,coldifnll QRGiEAES N &mpwﬁeeﬂes a@enﬁmbﬁh@%ﬂ@rqével anapgobe contact
el enments (si rrply referred to as%‘Brut Pro es") are brought into contact with

bondi ng pad$¥el Egreepaplished pymegagp Eiteﬁtlfﬁ‘ﬁgm?’ﬁff’f‘@?d igpyed mephegicgly t he

waf er. By eamdretectficallydortstimliairg til eplicasd@nievizts, tleecighigaheddvicp sccagiignst t he
bondi ng padg,, .: n connection is
achi eved al '?%r\?\n%%m e‘ejla%{o{f\)gtr"@ %?%H ﬁlhg{eﬂgtﬁmt@&@n%&&% pﬁ‘%kt ransm tted.
Repeat eél-"scﬁ‘ﬂ?i"’“ # ornation, and penetratl on of the probe tips against the
bondi ng pads, and/ 25 pr duc rls and

ol o
contami nants t h tWa)fﬂl}e%‘rm’e1 méthaong%ng'ﬁ'ﬁ% N orr:PdSwafeﬁsa d’ eem"comt eh? surface.
At package blusglities pErrpbe alements that mhtefat!ie et df the davicd ander estdPLUAR piét ween

aut omat ed t &ggue @A iphdELL cc(nﬁm Mdre gseaﬂ@hy,tue&&q@ﬁauvm@%smgaﬁ&essh@eDUT The
tester | oad board .conve t| Lgr i"a des one Co, ct or assenblies,
someti mes rBPEFESS PgY §§f° o f“"t‘fch‘f Iﬁlﬁ‘ rs‘% & (are)
i nserted Dlprdbe]) arbbrotght intaxgnigetodthdondiag pRUS wlwbﬂS@dlettﬁOBtbtmps firmaekd into
the socket chlythé &\@s &%@a@é’r ﬁ?&ehﬁEQOﬂtmhaj @%c&th@lpoift%prg&ﬁlﬁuéﬁ{s{ 8 of

testing. After insertion socket , ,.via the pin el enents,
is electri Ctéﬂnfhg)g quﬁﬁglgfré;allﬁqu{oh%old bumps, an’ electncal connectlon is ach1eved allowing

the power, ground and test signals to be transimitted. Repeated scrub, deformation, and

penetration of the probe tips against the bonding pads, solder balls and/or gold bumps,

25  produces debris and contaminants that adhere and accumulate onto the probe contact surface.

At package level test, a tester load board provides interface between automated test
equipment (ATE), or manual test equipment, and the DUT. The tester load board
conventionally includes one or more contactor assemblies, sometimes referred to as “tést
socket(s)" into which DUT(s) is (are) inserted. During the testing process, a DUT is inserted

30  or placed into the socket by the handler and held into position for the duration of testing.
After insertion into the socket, the DUT, via the pin elements, is electrically connected to the
ATE through the tester load board, its sub assemblies, and other interfacing apparatus.
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ATE through the tester | oad board, its sub assenblies, and ot her

i nterfacing apparatus. WEM21840239.1 Attorney Docket No. 349886-995155
Contact pin elenments associated with the ATE are placed in physical and
electrical contact wth the nmetallized contact surfaces of the DUT. These
surfaces may include test pads, |lead wire, pin connectors, bond pads,

sol der bafts, and/or other conductive nedia. The functionality of DLITs is

eval uat ed tmﬂgggygyﬁgﬂmy%ggk@g‘jﬁsyal i npgt s and neasured responses 5 on
outputs. Wth repeated testing, the contact elenent tip can becone

cont am nat eoutaétipinaidneenis adsecidetObittothe AlTBaterplicrd it pipjsiesland eledkicat ¢ontactgol d,
hi - product s, éml?étﬁh;ea bdtacEurt0XL GFife gﬁ%ulraesy&rffaéeg Fad BENMAES badlfiha

sem conductor evi ce manufact ur qlf? testin rocesses. of the
maj or chal | @Agedn ennpestas: Benddads soidepballs, ﬁ“?’ﬁé‘gheﬁﬁoﬂp@t’f’%g‘?‘i“ﬁg%f er Ievel and
package | ev@inktionalip BEDUTHY c@fiatederough @arlidub elddiri@Dinpacind heaseresphisescont act

Pi ns 255901 ahSlod? Wi olald SO BSL0LaGLENERL oA ANSLHANNAR LAY 200S of

the DUT. "I n ea r epeat epln cont act
el enents ontyleHalachgs ﬁwsum,wmsﬁeaéém soléﬁapr@ﬁucgemraa'mfﬂm org¥idski s and

ot her resi de@li§ingrbrh e GarRHdRERIcaElcte AR RIMmBAIERNI AL arkRBiAg prodtkra Of the pin
el ements. This debris may originate fromthe testing and handling process
itself, or may i@udafthe nrongiabienees ¢naountarssi withebofhrtynes oHE tekting (vafer teleli cat i on

and/ or assegiy packi:O ke aﬁm,@opééslréma@h%ﬁm&wa&ﬁshe contact pink st@di'éiédtl on to

t he pres nce Bf cont am ants r.epeat Edﬂéﬂforﬁﬁg}% el ect i cal rrent through
the smal tﬂﬁ‘é’f’%ff‘qt?'(? mﬁ“ts’iﬂ’ﬂf'?m'btfwtls st pll‘hgac i p(ﬂ‘éc & The
conducti vi t yepediat @otha thegin ostadfclcomnts aatb bendirfgpedsssoldenbadis afdargbidvgmpdae

internetal | 'd@brﬂ‘d@d dthe¥ %Q&l%ﬂ%&ﬁﬁﬁ&%ﬁk&ﬁh&ﬁéﬁ\k BdhtacHied JFene @GN @M nant s
accurul ate, coupled w th degradation of contact surfaces, the 20 contact

resi stance CemEdy W‘%‘@E"W orightate Gom;thitesting prddiandling propest fieslfy rapay

| ncr easi ng akthdemnsideturing ek Succityin thadadde fytiriedtibn amndkirassenblytpracessies)@as yi el d
recoveryste ses. Such erroneous readings can lead to the fal se
rejecti )cﬁ)n o%@?’%‘gk%%écg@good DUTs resulting in, often dramatic, yield |oss.

Sore yield reCOVlﬂ'h&'drﬂ'ﬁiMoﬂ@pﬂ%Sd ch“'c@ntﬁrh&@:ﬂ@h’ep%ﬂédw foldmgelebEisdl icigsnt however ,
retesting dgwc rr;esto,, i bad devi €0k L0 tain yield

Vel i
recovery 25850888 ﬁ‘%ﬁ i'?vg}l% I’c 5r8atic fﬁ{éenco}é%g PEEY d:%ﬁrcr Hhe gondygt
per f or mance cmys fifﬂonm&@faﬁ:se@e* af&ﬁ@laih@mg@tﬂ“évwhhw &g pr e&tfic@ir
t echnol ogi e&smgvasftwcm%ﬁm J&emﬂﬁmslcem%m rk G 6 HntE dpedeLHBL ACt
el errent vvlth redeterr@ﬂ%g ‘}E. a}l "{17 nec ﬂtFI catL erforma‘pce and
el asti c cof EEstancy “ﬁsié“ s Da R SR s+ BERREESY es have
uni que cont awstablyl GRESan gewreiald @d/oard timech sieldaedov@PteBigandrasest Buchaci | it at e
consi stent, o4 GREASRINEs caft Mld REtBDfafe ?JJ&E&J df%ﬁalsrw@éé%@&lbUTm:&fm toen

t echnol ogi es are constructed using a techni ques; while
others are fRBAH% Yeldoss; ?‘H""n"i“‘d‘i‘n’e&%"&%'ﬁ@&% %"i‘? 'i’fﬁ'&i‘l é“f’ 9% ques.
| nproved el Bowavis gkesting devices multiple times to verify a bad device or to attain yield recovery

25  causes the overall production costs to increase.

High performance demands for wafer level and package level test contactor
technologies have furthered the development of uniquely shaped contact elements with
predetermined and customized mechanical performance and elastic properties. Many of the
new advanced contact technologies have unique contact element geometries and mechanical

30 behavior to facilitate consistent, repeatable, and stable electrical contact. Some of the
technologies are constructed using lithographic assembly techniques; while others are

fabricated with high accuracy micro-machining techniques. Impraved electrical
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VESTU | 8402'39.1 Attorney Docket No. 349886-995155 characteristics of the
contactOs are also attained using various materials with inproved

el ectrical performance and resistance to oxidation. The contact el enents
are engineered to facilitate consistent oxide penetration while reducing
the applied bearing force onto the bondi ng pads, solder balls and/or gold
bunps. It is still necessary to make physical contact 5 with the bondi ng
pads, sol deraald HoaRtkOR4ekbdoHUEPS; thareby, generating debris and
contam nation that could affect the results fromthe electrical performance
testi g_g plr lO(‘oﬁd'hB’t&E;tics o{the-corﬁéﬂﬁ'ﬁé ils@atthih?j SHBEAIUE thaBDE wih mb §t|i to be ]
periodically,r ved fromthe.contact.elenments to prevent a .build-up that
Pauses | nor SEEH R ARl BT BB Tl Rl iFE B i 6. T et

i ndi cat i ons,faqfipie porisigientgride pensidtion whileredycfrigdheppljed bearing fapgeintdgheand.
subtsgaqluent idbﬁﬁdi@,aﬁaﬂ_ Qs&faawﬁuﬁa/mcgtaﬁmmps. %t is sﬁgmeéeessmflﬁl@ketﬁayidadecoafa&bl em ?TL
particl es adher 0 the n ele and. sypportin ar re, a number
of techni%quews'%ﬁ}éc\?% "%)’3%%8%%3%@?’3’68@8&"8)?%@ il %‘fré{g’h%" tE%r?F"dﬁé“V%s es cl eani ng
mat eri al s ceagamisgioyfthagcon]d afices ke resylihsem thigietsbtripal oufodnance testing piogedurss.

abrasive particles. |n addition, a cleaning wafer with unt ed abrasive

ceram ¢ cl eani ng%ﬁ‘ct?h’k thpcgencrted fepris neps o be ‘ﬁﬁg@ﬁ‘g‘?’ 'Wéedp'?‘ﬁ‘bng‘e ¥t es may be
used or a r glbents pairevient abuilrumthataguseeingreastd @!neet resithnee, bomtisdityGiilassend made of
gl ass fill erchlsqué Qldan%hkéﬁ%ﬁmm' @suﬁ%aﬂlﬁcﬁggll% Kicfd@&d’%{l&g cptqg(géagéi may be

sprayed or dipped in a l'oaning solution. In“another technique, open cell

f oam basi@d ErHFHCPRS device with a random surface norphol ogy of voids and
vari abl e heights e i n Al

cl eani ng pr ocess],nr;%émnggtggI? | nbé%?é&a%@%g?%@ﬁ?%é'}h%%ﬁ%ﬁ?%6%1&3%:6? Jru ?n5| r%g t he
cont act pi n&EEWEEAUEGERoA teckiausyipve been develnprdy y Ber exapiles oy teghpigye ¥setjui r es

slt oppi ng thelghﬁﬁé rhgtgimpﬁma&*@aﬁa gﬂ&emhbﬂenmwg?mh&ra rhari:PRF dbpdsive t he y

cl eani ng, and..possi .renpving the test int ace r.obe car socket
etc.) from¢t ﬁré'a e'z? aAed‘){nn\f’ln ’raocn%'ﬁ'g .“’a%m“s‘;" Her ﬁ"éec?e %F%‘&? %‘T&gmf%%aé‘h" ibg &nt debri s
renoval !&nd virigh isrgbbed agpiristtbe pngbef teedlesrhaydle aisedion g rupberimatrixagthgbapive t he
geonetric f @atibleemd AbnSHARRE L0 LARLss BbGIRL fay LRI 1R hAIGue, tBe t est
interface nuskﬁbe %el nsg al | e%dﬁg.d t he tles'r. envl.rognent reest abl i shed so
that testi ng AP EETREDe SPRY iPpoJR & clegning splien O aRgehEAPAvE98%T e oy ed,

cl eaned, andell foph desediclpaingldeviergwithna rehdowedudfabe oasghologyief vosls ambahadel| ed

equi pment  dguBid MRy bd ilefNOt her conventional nethod, a cleaning pad with an
abrasive surface coating or 30 abrasively coated pol yuret hane foam | ayer is
used to20enove flares gnvandbdmal contast esliear dlsaging probdig saroditcrbinatdresfdhisking, Adher ent
forei gn mat el e .. . A ACtod : ting

har dwar e byg{oﬁgﬁﬁ§%€%c%%%gsﬁ%§%ct e%%ﬁ%@%§%«€2ﬁ£ 8‘%ggnd possi bly
i nt o) requires stopping the testing operation, manual intervention to perforin the cleaning, and

possibly removing the test interface (probe card, socket, etc.) from the test environment. This
method provides inconsistent debris removal and may not provide sufficient cleaning action
25  within the geometric features of shaped contact elements. After cleaning, the test interface
must be reinstalled and the test environment reestablished so that testing may resume. In
some cases, the contact elements are removed, cleaned, and replaced resulting in elevated

costs due to unscheduled equipment downtime.

In another conventional method, a cleaning pad with an abrasive surface coating or
30  abrasively coated polyurethane foam layer is used to remove foreign materials adhering to the
contact elements. Adherent foreign materials are abraded off the contact elements and

supporting hardware by repeatedly scrubbing the contact elements against (and possibly into)
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WE STO 18402 39. 1 Attorney Docket No. 349886-995155 the cl eaning pad. The
process of cleaning using an abrasive pad burni shes the contact el enent but
it does not necessarily renove debris. In fact, the burnishing actually
causes abrasive wear to the contact el enents thereby changing the shape of
the contact geonetry and shortening the useful life of the contactor.
5Maxi mum cl eaning efficiency is attai ned when the renoval of the debris
fromthe coni@edey BLERERS. 386kR694ARS i Ng Bardware is perfornmed consistently
and predictably durlng the cleaning process. The process of cleaning using
an abrasi ve tpadkaiag pid. Uaé prdedss &fraearn@gnsﬁ@lah g6tadieayil €@aishes the cpitay | de

consi stent cleanivith addnldElescalill UL BB RORBCHE Blkuiifnd D POMOL! ¥
oriented and IREOHE T ST 8 FESM ST OFDs TRigRE Tasive wear
as well as beaﬂY‘é‘F@r torthg @Ptaﬁbka@w@ﬂmham&snath@sf@mﬂfétvtcow%ﬁwg‘/ eder eby
unpr edi ct ablsyorhiag Ghe DE:Fl1 Mg ShrRREntkor! he contact geonetry and nechani cal
performance of the contact el enent and support hardware; thereby,

unpr edi ctSabl y sh¥eximinrpatingeficieionis atiifel wifen thegenoiat efeitesiebris fromthe | n t he

i ndustry, i tohascRash mﬁﬁs%pp&mtha.tda&ehsep%h&heu %ﬁ&t&%ﬂ%&dm@&g deMpshet i ng of
a pIuralltyﬁg contact&&&enents as man 150, 000 test e el nts,

and the supfGPHngRO%sT Jhe Processef clegupe Yl gr?ﬂ@?fa?i‘ée REE GEnRrysted tRperpeied o) |
Pr emat ur e wdeam digt na povida ragistetwiatiog. | imic, frebumishing Retiop by te Fandénalaini ng
practices Cafefgual ﬁnJoQtrJﬁeh kdaﬁ@ﬁ'u&ljresl'éa&e%nhﬁﬁfﬁmp%ms@@ OIP.PREN ATE test

cell. Therefore, wt housands of test cells operating worl dw de, the
i npact t'@ t ®E ‘?’%15‘&1 ﬁb'aS‘H‘éWFPf&faﬁ‘E?é*a“meF‘éﬁle&‘éé H’éﬂﬁ?“'%%"[“ém@% thseshaney y
subst ant i al of thaodrinet geatnteyPid ntechahitilipef@menpe bf thh eort@nsandnt adalppprtobe

cl eani ng P 4G935e) AOLYSHQRBL 1 B P LARIANRINLd ed or unfilled

pol ymeric cl'eani ng na al to'renove 't reign naterials. Mre
speci fically, thmtpahauswy, ltmaﬁbebﬁseaﬁhhlgﬁﬁtedtﬂtiﬂmﬂw&r@ﬁdre&ﬁﬂﬁtﬁ:@'fofw th the

contact el enﬁpatl%io cc()anaecEcel enqegsrrlfl%élf%bgo%?é y etrnl?:rex ta&&XSL l¥ner and

sticks to the pol ymer  sur qce e CORPRET el ement s
and ot hdf t dadwiracahpestas mvﬁeas;swﬂﬁmr Aﬂfﬁtteetqeal Erema@mwr opri eefl dagagpdugt ai n t he

ovFrall lshaﬂan@iop&mn&aastmﬁ clean Rlofices BAWGYARS to naﬁi'oﬁ‘%&m%il% éwamn{t i he
pol yner | ayer 0 | Ci eani ng actl on e
geonetric f@%ft%'?%%“@?"gﬁ'ﬁ é’ 8"('} f'%i’&sta“ I°§f”r‘&h W“at'“%'\ﬂ'g Yefedlfi ng with
abrasi vel y fimpaced tf@m}t&bnaan%h«;e, adaerdaement easisaias bé fernwbeidngiel. have a
continuous, uniformsurface or a surface with randomy orient ed and

randonl y spaced Atfthengiempbioigipraxe upgp the sonyrrtionp! Paphe sleping recesidpflydss t ed
t hr ough 20edgs€ngi nékyabiasiedts filldder welladpdlgmeric cleaning material to remove the foreign

materials. More specifically, the polymer pad is brought into physical contact with the

contact elements. Adherent debris is loosened by the tacky polymer and sticks to the polymer
surface; thereby removed from the contact elements and other test hardware. The polymer
materials are designed to maintain the overall shape of the contact elements; however,

25  interaction with the polymer layer may not provide sufficient cleaning action within the
geometric features of shaped contact elements.

When cleaning with abrasively filled or abrasively coated materials films that have a
continuous, uniform surface or a surface with randomly oriented and randomly spaced surface
features, preferential abrasion is manifested through “edge pin” effects (for exampile,

30  peripheral contact elements of°a test probe array are abrasively worn at different rates than the
contact element within the array); or through “neighbor pin spacing” effects (for example,

closely spaced contact elements are worn at different rates than widely spaced contact
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30 peripheral contact elenents of a test probe array are abrasively worn at
different rates than the contact elenment within the array); or through

"nei ghbor pin spacing"” effects (for exanple, closely spaced contact

el enents are worn at different rates than w dely spaced contact

VEESI 121840239.1 Attorney Docket No. 349886-995155 el enents); or through
"nei ghbor pin orientation" effects (for exanple, spatial proximty of
contact el enBRbRy PBtkeLRYSRodRERDAENt i al gnd asymetric wear of contact

el enents). Nonuni form abrasive wear of contact el enents and support

hardwar e W lelem2hib)e 6 thiobgh ‘PEIphLRAF Pl BEEtEIOASIMREE (ToexaipIk, RathiRodiffity of

sem conduct QL _(gvi ce testi ng. a d c?%dd resyl.t i t ed ld 5 | oss,

clements can cause pre erentla[ an amnmé{rigrv%a{nl 812 (f%?%gtre% egg?ts)g: chﬁ,lé nt

equi pnent downt1 ne, and repair cos

.cl eani ng pr cedymabragive wedr of cantagielemanig ansbsshrofchatdwareiwill affact thgperfermanes

expensi ve f @bnsishficytieing! e IC SnliCRdlche JGRREREGALIN HBY relA8t il DFRPdcte@llefP! Y worn
away at cy ff abr asi ve- based contact cleaning processes.

erent. rates hy th 1
When usi Ag é‘g’?’aeg?‘ene’e"tﬁg?‘?’fq%'fee%“%é?paf8°esrf‘fti cal conposition and size, exenplary
test data (FI G typicahQnBctdt@lentbnih@brbeedes AQval BvaiQl pRkagt IVBRGRN A
reduction for cri)%pil cal ccﬁ)gta t cel_el ﬁ?\ © gz)rretari esccanplg)%]ggr arratilf:E;I ly

t
af fect ed by FEICAFPRRENS O thgerd-tsrriigs the cafisfassirmaiedingenyoliablyseam pvpyah o
conpl i ance diffeteneragbbythe elgasimgtbascd adntdcagiamning pedesseC Whee ating absasivand t hat  of

t he under-| J . : d rate at
whi oh the 1 EHLaE] Ao e WS Mg e ey QU St G RN UE raf

conpl i an@e dfFarqkordinensiopy) refystion ffosicdtiqakeonag; ofment agpmetiesrar kdramsticallyc ur ve
101 15 r epr efeniddy selaively sinainthangdt @pprakimadeiy@ito BES tottiecolnpiigss ofiear out rat e;
and Data curye.104 . i Qi j.an eri whi ¢ t he

hi ghest wear yrgsﬁ‘ge%%{rgmaﬁ % E&%ﬁﬁ%{éﬁ%gmg@%ghgé’%e@ r%sl,jt% }aﬁawﬁsnﬁtl’s pbrobers
and handl er 493 apbl04idpmenstiese thewiters which ghejrpgygiian in eontastelsmet lsngtlyodoyns a3

mai nt ai ni ng:rfgloeam Espiipliasce oEJh_@Bllgdiﬂn‘g %&i@ﬁﬁﬁfm&{;ﬂﬂ%&fe&ﬁé@&bﬂﬁé&vﬂ@ﬁ: "9 i
testing .can_be very substanti.gl .. e of these, net s. ade el y address
a cl eanilgg g@f/&f%’es%cﬁﬁpﬁ%'{tﬁlg%"?%fcggﬁsc ?lﬁgfséfyg%mﬁt'Eﬁeeaé'ﬁi%ﬁtﬁcﬁr&g?@{mst ruction
Wit h mul ti prepresenserigichdompllifnft araterial whichédns the highmit weae b mite aWith thypeands of s |
predet er ni nﬁﬂd@?&%ﬁ:{% b (SR WhERnd1BRFbpeMlif AR SHAWIRAHME TR as: tb fhe RIaBgHCt abI Y
control the_overall cleanin terial, performance. In additjion, the

equi prent  af™RALRIFNE SEE<o °‘F§‘B§'l‘t?w‘§ﬁ’dt‘?'é’BTt%é"e't‘fd’i‘ﬁ‘ﬁ‘é‘f‘%fe§“"§ﬁaa’lbanave been
wor n away byerasubstBntiabi ve 25 contact cl eaning process adds additional costs
to the tﬂck performed. Accordingly, there is a need for inproved nethods
and appdPat uses NUF ofthesgmiethgdsadaauislyrddrssiaslyanipedeyisn pudopetiqddbnt s. Bri ef
DeScri t ti onincérpbrimes Lkleaning@ad construction withhgjtifle laders biiierén® Giltedfltand Show ng
contact elepent .chitica i Lon. fungt | of 't ouchdown"
cycl es on a%?%tg?'\% p%é%@ﬁ?\ﬁﬁe%g% g‘gﬁ%ln%alrc %1?% & sé?"?es?ga%ﬁ avt\7|n ?nﬁs%ont rol | ed

di f f er encesPefictes conrobthe ayerallsippringimaterial pErmantg 4 fromidition, the qapiprest Docket
No. 349886- &35ddnbal labor to repair and replace contactors that have been worn away by an abrasive

25  contact cleaning process adds additional costs to the task performed. Accordingly, there isa
need for improved methods and apparatuses for cleaning and maintaining the contact

elements.

Brief Description of the Drawings

Figure 1 shows test data showing contact element critical size reduction as a function
30 of“touchdown” cycles on abrasive pads with a 3-um particle size, but with controlled

differences in the material compliance;
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Figure 2A illustrates a conventional exanple of a DLIT (at wafer |evel or
at package level) with probe pads; electrical contact elenents and an ATE
interface (probe card or test socket); Figure 2B is a schematic
of an exanple of a PUT (at wafer |evel or at package level) 5 with probe
pads, electrical contact elenents and an ATE interface (probe card or test

socket) ; Figures 3Ais a top view of a typical cleaning device with

cl eani ng paqmggp:%,bgg(e;pg %4%{5@551§§rface,_7_ Figure 38 is a sectional

view of a typical cleaning device with a cleaning pad applied to a

Zu bstrate ﬁu rf acelgurl QEI.mufraes%Qoh&namﬁaﬁamge 8f a DU Wit Ghfeflelel Pt £ plcksde 2 2 ni ng
evice with a, a gure is a

sectional vi ew o ?g%).dﬁl rlleﬁgﬁ%al I S%Egﬁ f"t%a"gg%%lgg%%ﬁace(é’mbef &Y Wedr at e

conpl ai nt nepekeDal I ayers bel ow a .cl eani ng pad | ayer; Figure 48

is a sectional v',ew ani rredl r re inger jate 15
rigid material | ‘ﬁ‘é’? {ﬁ"?im‘é? %%fwff‘g’(/@ f’lﬁvgg%'ﬁ%ﬁg{‘ﬁgﬁgggi
properti és; with probeEat{;Ln@trﬂ:@ cogtact ebmet!ts adah AlEawerfice aqubleeemiongst secdetlim t hat
has one or nore jinternediate r conpl i ant ma erjal t\’/ers beneath a
cl eani ng pad Iay@ﬁ“rﬁ?z’%’r‘séd‘&‘@? fﬁé&"ﬁ?ﬂﬁ@f"ﬁd@gce wilh e anigg "8 % a

secti onal viveferedrfage;cl eani ng nediumw th one or nore al ter nati ng
intermediate rigid and conpliant material |ayers beneath a cleanin pad
layer of 20 predBeweABirepiongaior oa typical cleaningieyige avith A cleanipg pad apnls vi ew
of a cl eani Rga skiekd sakfzds t h evenly spaced micro-colums of a predet erm' ned
geonetry constructed onto one or nore material |ayers of predeterm ned

propertiés; Figure 3¢ixp peetioB® view of a supicel dimaing deviopwith agleetingpnd aeplisdit er i al
with evenlytcs @‘%&I‘O 25 colums of a predetermnined geonetry constructed
froma conbination of one or nore internediate rigid and conpliant materi al

| ayers of predet Bgwe A8ds qeeapaaltviensqf a cleaning médiupthat lBf\otier moresniernediatd

sectional Vignoh: Aabie Rlids SRRELdediing'pla arumms constructed froma
conbi nation of one or nore intermediate nmaterial layers to attain a

consi stent cl eanFigge eBfis xaaionilviewr df b eleartny ragliunawdiforefor oteistemppdistoe;
30Fi gur ;60 ql E=Ta IR &gg.ced m cr o- pyram ds
vEneT 84030 ¢ Rl R AR E LR B sl BemH i bope

Figure 4C is a sectional view of a cleaning medium that has one or more intermediate

rigid and compliant material layers beneath a cleaning pad layer of predetermined properties;

Figure 4D is a sectional view of a cleaning medium with one or more alternating
intermediate rigid and compliant material layers beneath a cleaning pad layer of
20 predetermined properties;
Figure 5A is a sectional view of a cleaning material with evenly spaced micro-
columns of a predetermined geometry constructed onto one or more material layers of

predetermined properties;

Figure 5B is a sectional view of a cleaning material with evenly spaced micro-
25  columns of a predetermined geometry constructed from a combination of one or more

intermediate rigid and compliant material layers of predetermined properties;

Figure 6A is an enlarged sectional view of a evenly spaced micro-columns constructed
from a combination of one or more intermediate material layers to attain a consistent cleaning

efficacy into the contact area of d test probe;
30 Figure 6B is an enlarged sectional view of a evenly spaced micro-pyramids
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constructed froma conbi nation of one or nore internediate material |ayers
to attain a consistent cleaning efficacy into the contact area of a test

probe; Figure 7Ais a plan view of a portion of mutually decoupl ed
m cro-features using an array of "streets" for resultant second nonent of
area or inertia to control the resistance to 5bendi ng; Figure 7B is

a plan vi ew of a portion ef mutually decoupled m cro-features using an
array of "avugRHesnodkaind, Saiké-aeissecond goment of area or inertia to
bendi

control the resistance to bendi ng; Figure 7Cis a plan view of
a portion Okor¥t#hdiel floyn éi%ﬁﬁﬂﬁin&ﬁbfﬁh&cﬁr@n&@ﬁfeﬂﬁdﬂﬁt&ﬁdté}&l Ryersl@ afdif &y Of

di agonal s for %%C()‘:rl]gnlgo nt mmtﬁr ea or, Ln r¥elstartb(t)3 control the resistance to
bendi ng; flt e 18 P LR EYTESHATE V&R FOY % ¢l eani ng material with

m cro- col ums fofflg.fré Mmarwmtm &Q%ﬁﬁk ofdnﬂuﬁl&@azog%e&nﬁﬁﬂfehtbﬁy%ﬁtﬁ%t est
probe for wafer |evel “& Fegtl onal view of a

cl eani ng mafE® oI SHFE H%?ﬁ‘e%ﬂ’ltﬁnté?ﬂomﬂgm?%f’faé‘faé’éfﬁcﬁﬁ 3 ¢ #98HPact tip of
crown poisSnt bemdihgsi ngl e point test probes used for wafer level, chip
15scal e, and package | evel test. Detailed Description of One or Mre

Enbodi nent s Figure 78, is agag vfeyeqfa@ortien pHpytyaly perepRledBisro- Baressing #8 c| eani ng
pad for el eairsy cﬁ'aiveﬁlegtfop'bﬁillm sécoad mbrasne ofapdaton bikrtia kecatdlshanedistange to

predet erm ngd 4 %omatry (i.e., crown tipped spring probes, spear tipped
probes, etc. d support structures used for tester interface devices

utilized for wafmgurefdt E%@lan&ﬂad/ FapkRige of My HeSlpaDmicto-Ratureisigan car ds,
t est soq%et |nt rface nd Lt hi s

a |
cont ext fiﬁ?hgg&?@c ggﬁ?cém%m T8 %asoéﬂeg go f’g“ ﬁrFS' ce%brquéllggét ed,
hfwleyter, thath t hgg llﬁég@wa@&tmm efe\w?)'f§]gleﬂx§ié|n?a@enam a%;ob&,@lt ﬁhﬁﬁrgl’eﬁﬁﬂge; e
utility, as clea er other types o
sem conduct §F°8‘H"i‘ﬂ E%aréifg%ﬁt%ﬁmgffﬁ‘ipﬁ a&‘iﬁ&ﬁ‘izlé"s“ ?é‘?l ng pin ring .
interfaces, ZI FFF,g@%]@B {sa &%ﬁﬁa@vg%?&awﬁ ot w.&ﬁmﬁyamngemlcﬁm@nagonpl ai nt

cl eani ng rredl um w surface characteristics for havin ecif rasive
and debri s fE bR oS fip GESHeNn PRI and PRIl 55t RESheS BSP FO SreB eRhestiins. and
struct unes lsl@&dari‘d(packh@sé\ertesmterfaces devices utilized for wafer |evel and

package | evel testing (i ., probe cards, test socket, and other simlar
interface dB\é' es). } _ clean{ ng efficacy can be obtained using
appropriat e=riter m aye ] cro-features, and 30 variable

abr asi veness t haThed&piosyee is m@mu apmiepiéﬂmawga@ng maldé‘ortej,ﬂp@%m@t prbbep thabf

contact el egRRLEnRELIRGer i et apgse.q&bta er@»ofduspe@samgmobssy%;@& debris

to bere erVedpc:d %rrlgest th ) a\{l\t{gppor]‘i&s:t?c%u?)rgs used f'g\;[ tgs?gr Qtﬁé/rface gewces 1'1\|qized3 for wafter 995155

20  level and package level testing (i.e., probe cards, test sockets, and other similar interface
devices) and it is in this context that the disclosure will be described. It will be appreciated,
however, that the cleaning materials, device, and method has greater utility, such as cleaning
test interfaces utilized by other types of IC semiconductor device evaluation equipment, such

as spring pin ring interfaces, ZIFF male / female connectors, etc.

25 V The device is a complaint cleaning medium with surface characteristics for having
specific abrasive and debris removal efficacies to clean electrical contact elements and
structures used for tester interfaces devices utilized for wafer level and package level testing
(i.e., probe cards, test socket, and other similar interface devices). A high level of cleaning
efficacy can be obtained using appropriate intermediate layers, surface micro-features, and

30  variable abrasiveness that can be selected, depending on the type and shape of contact
elements being cleaned, the compesition and the quantity of debris to be removed, and the
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affinity of the debris to the contact surface. The contact el enents being
cl eaned can be any type of test probe, such as tungsten needles, vertical
probes, cobra probes. MEMs type probes, plunger probes, spring probes,
sliding contacts, contact bunp probes forned on a nenbrane, etc. In
nore detail, the cleaning material nmay be constructed fromone or nore

| ayers, each with predeterm ned nmechanical, material, and di nensi onal

characteri st tﬁ’ﬁif BHGH: 18 sdBeasbM@pess, dgnsity, elasticity, tackiness,
planarity, thic %ess, porosity, so that when the pia elenments contact the

pad surf ace,affiii® o8 dBAS todReLRNBA Juridl. THERBAtRY ciSGReing RRAMAREbeahe Cl eaned

such that the depris, and contam nates are renoved. 10The, . ni.ng. devi ce
may have a E%Pé’ P?Efté’fogf’ SpEss 5?’5%?1%’0‘}?‘5% YoLra p“(r’)ﬁgs’ncﬁ ’ae?'}“%sﬁ}"ﬁg‘e%ﬁ%&%"es* appl i ed
bef or e, . dur iphpger@robes speing plobesf diding centictsncoptagibumyp probegfpmed or a2 menkbfans| at e t he
cl eaning mategri al surface from contam nation during manufacturing process
and manual handling operations. The sacrificial layer is renoved upon

i nst al | atsi on i nt i nidnedesadimmihe claghirgtnotertabety legosgustphfiont ompd mes: lyssdeatlo ensur e

that the worlgnngqsiindiRa theBantcRCmbtb Sl Und GinlRliéal dhrakiSishiESGicREs | S any
contam nation that woul d conprom se the cl eani negﬁggrfor rragace of the contact

el ements by 2PREKHPenilyeiastisity, tackiness, plpnarify, thickn rofityy et 3Pen hEPR| eani ng
mat eri al nmaelebentsaohecthe gdlsindhce | tisiontag afes amisigrounging spporp bardwrss arepen cel | ed
or closed f%?e%e@@&cﬁﬁﬂaﬁh?déﬁ?@%nmﬁn Glelge rdntdbler s and both synthetic and

y

natural polyners as we as pol yuret hanes, acrylics, etc., or other known
20 el asti@neri ¢ npfeRldadhSdevikh thal Bive la 83Eificitlitof fibtetive AlpérRgmamii thatinayly have a

pr edet erm ned a i VENESS | ast.i, Ci t. density. and e i on
P anet or o PRRARA LD ARG Brarey B2 el poERSL Wodlih Ao A CalflE

el ast oner i ¢c murialsugice fromcepfavinatidpalutiedyniny faginringocesand mpnug keadiiiiet hout

danage to t RgerQRANEIHe ¥achicihiNSyef R Rnfvbd §of IBRAlIGIon M 1he sdnfibontikthd? Gestid}e
integrity of the el?\ﬁston%{i e maﬁ;lri . ZEThe#%I ee%ré]i n rratertil%llise}.leggf may have
a mul ti-I aySPEEMYE U TP R Rh e o B ST ES P rar TP Ry &S ar e
arranged3sor asy eoteméhation thattwaild campromibe thecheaniegpepfoamantd of therepitacy Rlempts f or mance
so that whepytR&iRimu&lements contact and deformthe pad surface, a defined

reciprocal force is inparted by the material into the contact area and
structures to i nThedmbddiahyes 6fitkd deasiytg abiteridlinglp bé mededfbolidslastodiedont am nat es

d - | ' udd ot - | d
are remove m\%@f@% Eﬁ,go@g%pe &ﬁe&{;rg?og%’maréglaml%htgba\m% dBAWBerdadiol - | ayere

structure in . surtace I'S popul at ec a plurality of
uni fornly syplstic sddaed polypery s golyyethanet Aindics; - F PRSFRIPYY . such as
M Cr 0- C@oUNREstodier mMtddMlsA Thélop lapér of the elearfinghat&ial mef huvah pieiidermirkeat ur es, of

a pre-determ ned pect VST 218 " De] ‘ -

340886. 0051 BRI e 6°“(ﬁ-‘|%§sﬁ%ta§‘sr?g“ owﬁ%'%’h %’Q'ﬁ%:(tr o8 %@%‘éﬁ?‘%"ﬁ"ﬁ SBUaT e,

circul ar, t dpfamyeidpenetrate the)elagtomeritnaterial to rprapvejtied debris on the contact area
without damage to the geometry of the contact elements, while retaining the integrity of the

elastomeric matrix.

25 The cleaning material also may have a multi-layered structure in which one or more
complaint layers are arranged or stacked to attain a predetermined overall compliant
performance so that when the pin elements contact and deform the pad surface, a defined
reciprocal force is imparted by the material into the contact area and structures to increase the
efficiency at which the debris and contaminates are removed. Furthermore, the cleaning

30  material may have a multi-layered structure in which the surface layer is populated with a
plurality of uniformly shaped and regularly spaced, geometric micro-features, such as micro-

columns, micro-pyramids, or other such structural micro-features, of a pre-determined aspect
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| oading to inprove debris renoval and collection efficiency. The

m cro-features nay be made of solid elastoneric material or porous, open
celled or closed foam materials that may include rubbers and both synthetic
and natural polynmers as well as pol yurethanes, acrylics, 5 etc, or other
known el astoneric materials. In other enbodi nents, the mcro-features may
have abrasive particles applied to the top surface, along the Iength of the

m cr o- featUA%rﬁ‘Q%bQé@tﬁé‘%@h%bégﬁgsthe mporo feature, or at the base of the
e

m cro-featur particular, "an average nicro-feature could have a
Cross-sect i Qgiovdithhé&er t@fxe:éht})c@@s@&mﬂ%ﬁam,\m&&m&nk}%hﬁh&c @&sd‘h@&sxpab@ﬂiclé ess and

an aver age br asl| ve arti C e I cal, abrasi ves
Phat o9 TuhR i EeRah drta i g sad e adiph elrofie” Tng et Ao
m cr o- f eat umsde afsplid elastambeic slagridl vuperonsi ehen celled pradasedciaarh mgdierialy thdt dvanond

al t hough t hg, @Rk Abby€ ardddoly sgﬁtﬁ&m mnamrago@ﬁe@w\%u WBblyurkishg) aabhiasi ve
materials with Mbhs Hardness enbodi nent s,

the micro-f&5ar ‘é‘geréf“é”’}ﬁﬁsf?&ef"i/m&é%ﬁ p{“é%'e&?fﬂquﬁ?eﬁﬁ&hw{cﬁ&'gatﬁ?%ﬁg’f erm ned
geonetry f ohaw sbesienphrinkseplied fo the top swofacd, plong thealehgih cithe migho-feltarer witliist ance

to 15 bendi ng d4g) Mh@xﬂxcﬁ)rféﬁ%e, at tRd sa@@mhe m&m&e nM%gmc&:& SrEE S
undesirabl e 1nteracti ons and ot her, cou fects and attain

pr edet er ni n&icretrusTEulddRyA ¢ Apssacclien wid E’f %gﬂf’r‘t‘ﬁ@’% Hithd E‘H@ﬁf’g&@dm act the
pad surf ace or Rsyaae ipsvempé atiive partidle sippatlidsethad y5.6-pe. Mypiedliabrasiveastiat e
contact @reg, m‘é’b Bhfda IR 9 %’% Clngalrt]e?{IﬁQ erd \A%H gﬁ&@-‘?&%&&e)é ma@ M3 ARRnbim

structures to rease t debris and cont ami nat es
are renoved OXTFPré"'r‘ﬁlﬁ ‘iﬂ‘éﬂ“f"ywﬂ diamepd é'awhsle%abrazwe patigieraay 3 beoBretdt er mi ned
di mensi ons kAoval dvdsive mateRsls aitkibloRs 13drahesdbfi7Qk gresiteci procal forces onto each
test probe within the contact elenent array and supporting hardware.
Decoupl ed mi cr o- hethetgnebodimeniscthe migro-Sainegzre myfualbydeceupled ardhfigrpdivdthiag]  ar e

formed to reddaemand gednud%mﬁta@eco&dﬂemah 0f a8 dr@feti.to conbIGhD@EIstRicB S paci ng”
ects her .aspect of the

ef f ect ne n.orientarion ef
cl eani ?\g‘ degf'bdé"glugﬁ% ?sgléﬁ%ra%ilaﬁﬁve%é\’/gmgvep‘ﬁ\dfm%? perashomRi af“gr m sur f ace
finish such Oﬂhmaunlhbeftvmbmmgtpeﬁdemumd@uqf@e cempiihas sofhahea gheiping t he

surface of tfafefb &ﬁ%ﬂﬂe PRQurfab0 G r&ifrb AL Rk Sinhrked 8P the MAkBANAS $heof T he
cl eaning materi al ;}yﬁga so contribute to the %lﬁl eani n effIC_I encg of the

wor ki ng sur FELE* &t yifar hFfORTT: glement tip geomqiny, 35 SUPRRTHHCtUESES 1q i tod, the
cl eani ng nedffigieneyay which ﬂaldekaislagdq@hamedtemmhnmpvedléﬁamummmmpé@tmmw pment ,
such as 53 V‘@Jaﬁ;'}esﬁ&m%édeﬁﬁmpmgn&% kv fle *a?eﬁféla% and hifBrnoioi Fo%&l%r@e!sm ned

| ocation so that pin elenents and surfaces wll interact with the cleaning
medi um per i G8Paah|tsFt prabe Wi e erotet ementiey aEFb%EHP"t"I‘@ hagesc Peeaypedces of
the pin el emb&aw&sh&uistm@nﬁf&sbﬂmb yieakifiy hal@iabate fonhal tb esticepind Bidminkta anot her

aspect of th 40 eLptcket No.
349886- 99515%?‘% eté‘hu“%ﬁ‘?’ﬁg‘“ Sgcbgvgﬁ%#ezﬁg S go%%%rjpv\m/a?}ee%tg%%oéer or package
device handler i aﬁHtﬁBr‘b&i:@d owaealeanmlgtdaacaatem&o&am%sln&@mmﬁmglai he

cl eani n% ma(tjuln onr;‘lnis{l]rac ehgl\@'h tt e I;‘/tegtlér e"%‘%ean g %&C%BCPI t(al g I n fa form
similar To AMEERSEES or wa a5|n °eq TR°gevice, ckaged 1 C
devi ce bei ngretc@smwpaéncrhp srerfagy fe:stmemgd metmmoﬁﬁwh@u@g mwlasmx*é@ vvl th

predet er m ngshirouly 0 BR cleb@fy A&y 86th@RbR Tz LEARS Polyrhé Glateriliar dness, t hat
clean the contact elenents and support structure. The nethod further

conpri ses cont adhiengaspdreoftixrhetbdd, thk elatipsmeditnin mbhise edngdlyi plgedreifhinthedur i ng

the nor nal Eﬁ%&t%&@%ﬁ%&i’ﬁu&h%%&ﬁ{ prBﬂé?G c@JgedD&Qi%@%dli?Yd ge handler so
that any debris 1s renoved fromthe probe e errents urln%ethe nor mal

operati dfl oPmﬁﬁ%’"\}v&f'éqwmnaﬁgwwelm&@é seréasesoal itetant @jth the cleaning

medium periodically to remove debris and/or ¢lean the contact surfaces of the pin elements

without excessively wearing out the test probe. In another agpect of the method, a method for
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i Qien the prober/tester is capable of detecting the surface of the

cl eaning pad, then the prober is able to be set into an automatic cl eaning
node. In the automatic cl eaning node, the prober/tester will automatically
determ ne when to clean the test probe contact elenents, |ocate the

cl eani ng device, clean the probe tips and then return to testing
operations. In another embodi nent of the cleaning device, the layers of the

cl eani ng maq\ °f“hgpx‘3(e€'\éc?£&§gj ;rom copjductive materials such that a

tester/pr obél" sur ace using conductance is able to detect

the surface RfnibdGe %ﬁ@éﬂn@ts%ﬁgm}prober or pacl& EM@J‘ &ﬂhndie@rs%%ﬂ:d’é@ﬂﬂ%xhor
testing system (shown i ncl udes

Sone Tpe atteaRea Sogm s UEI LSl meduup B oy Bppe o bepiasp gekide” | 1OES
- card or t esthagipelired foym sigiiitae & sepli@ndurtas Wiy, aaimgulateds devico or dwk%ed Kandl er

16. The el e‘&%&né&&‘ng‘%&{&%mgﬁmﬁiﬁ%@%ﬁ; hlw?in% Fhﬁ%c Wi terfinbd1i Nt he

tester interface extend fromthe tester ace to allow direct contact
Wi th t he SDUPropsticsHeyeh a3 dheasiypness, ?F‘hb%ff’%ﬂ%&‘“&é?ﬁ‘é‘&“f’mﬁ‘? C'ﬁla&frz%@‘éauﬁpeg) are
noved usi ng saatheeEl edyetine firther tompiides Contadting Thebatacietpmemsith therleanitdhe

appropri at e phys &,ﬁh%mg Ez,rh.ﬁﬂ&nﬁ &sz&,t;ﬁfn vwfagﬁobaaoq g?c&a‘%ﬁ%@aéewanaalsga{at bal I's

16 are in alignnent tact el enen e tester interface
12. Once m%"f’f BremepeimLthe pobe demeiedriag e Aamat wereiy AHHE el enent s
13 or the coribaddr padkagrriatice khddial e noved agai nst the DLTT 15 for el ectrical
testing. Wth repeated touchdowns, the contact el ements becone

cont am ridt ed. | nWhemide probarfister is aapabln gf detestingdlsy surfpreef the eleaningrpagteediheng, the

g | feam 39 e ghJuep @f\mator%eda{:@anrmmﬁu@mtn@me Oth thé idtor&healgalﬁm?glﬁzilgt r|3 Zal
efined contact el ene r Lhe n ti.n eratio

3B, and 3C M ffé‘fﬁ’eét ‘ﬁ‘?‘égﬁ"ef%f’%'gf‘“"d‘” egg? %f esggmo‘?co eaﬂelmn “devi ces
nmanuf act ur edecaletite cleagihedavicgleamtic gwbamplanét!:em @nmath@mg@nSa e materials,

di fferent Sigfine vhbddiiesshddidahi eéuwesm eémﬁééléh n@a.uwrﬁab@eroraed
substrate |3r§sorre gPeI i cat 21840 . At rne%iDocket

on
oo 300886, GO EEBITHIe el st S e e B3 e s
respectivel yblem@etactm¢u¢lfece@fsubmngree®3n and a cl eanl ng nmedium or pad, 24
secured, adhered or pI ied to a surface of a wafer or to substrate of

known geometry, HCi seraiconductprdesting Seem(Ehoy s ssigpatisally)in £1G-24 and 2Bl
gl ass, sili @@&auﬁﬁ&lams@orwwwwaﬁehﬂr a Sstichdil 1, Armbted intatface Em{ddl@rmwd a

Subst At e 25, MBXaRRY SRy ARGIPH dod alrAPBLRL IR T, G ASOERLINAP! (e

packaged | C deV| ce, ani n 4 1s attached
to the <Orfalemetsedd, |°ntgstwmea:nrﬁhla&e t@teemiase fend ﬁem %ﬁ%%@e tgatpw

suppor ti ng hpeslvaRR: w&iome D@TleQﬂJ']‘%mel diBulblell BeviRdS, oPpackipe@ 1dsnirer medi at e
conpl ai nt | %yeeds us'in?g aut%t%lg'tr seml-automatlc, or manual equipment into the appropriate physical
_position such that probe pads 14 and/or solder balls 16 are in alignment with the contact
elements 13 of the tester interface 12. Once in position, the DUT 15 is moved against the
25  contact elemerts 13 or the contact elements 13 are moved against the DUT 15 for electrical

testing. With repeated touchdowns;, the contact elements become contaminated. Instead-of

the removing the test interface for cleaning, the cleaning medium of a predetermined

construction will clean the geometrical defined contact elements during the normal testing

operation.

30 FIGS. 3A, 3B, and 3C illustrate three typical different types of cleaning devices
manufactured with a cleaning medium applied to various substrate materials, different size

substrates, different shape substrates or without a substrate in some applications. As shown
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in nore detail with reference to the acconpanyi ng drawi ngs and enbodi nents.
In one 10 enbodi nent (shown in FIG 4A), a cleaning nedium 220 nay be made
froma cl eaning pad | ayer 202 of predeterm ned properties, such as
hardness, el astic nodulus, etc., that contribute to the cleaning of the
contact elenents that contact the pad. The cl eaning nmedium 220 may al so
have one or nore internedi ate conpliant |ayers 203 attached to and bel ow

the cl eani ng, p ﬁgf’:')@éﬁ%h? 'gggssgggplfgatl ons;pf |ayers produces nmateri al

properties unav romthe i ndi vi dual constituent materials, while

the wi de varj eigs. 94 a ﬁbmm.xaglxeaswﬁanaai trispdBSely, Mg .&ﬁfaermabm& Blahows for a

product or structure that t o chogse .an opti mum onto mexi n ze
cl eani ng perf< W%%@Ed‘uwrgﬁ‘g?%ﬁc‘% etetly OF gPE 'r?ﬂf’raosﬁg?uﬁt i

under| ayers
beneat h a r isgbsthate bElamivn gednzeyrp respediigelp\/Brealistrath Rhmay ke plastis. nwhhlgbﬁﬁt eristics .

of the cleanifg,, @&Lrﬁfcoaény%hﬁrg..ﬁﬁa%%@n%mmm@ tswsﬁdaa@hﬁgh&@afor mance are
enhanced in ordér to exténd the 20 overall service |if % tge
3 eonetry.

el ement Wi t HERMRCHYSHAS PRIFTETHES t'eereéo'gﬁaf;% thspagkagrd (¢ grvicss °rt’?+éf
For exanpl e,cleafipt incdiinh oM is@ftachéibto #ersasicy Beafiig thie Coract elgtmnts@ifithe teat protgs d

pol yester fil pping filmtype cleaning material with stock
renoval chara an%g’ﬁlg{)%e%s&d‘g%d to create and naintain a probe contact

elenents with flabwwﬁaaﬁg medifd v@@@ﬂﬁ&ﬁdl&&tﬂteﬁ@@ﬂidt&é&dpﬁiht u&er; f3@esBrlrad
abrasive particle ZX’ ok v i nfate af i anhd&l ;tsl l.ed.pol ymer 25or

the "skin" df Feresee (r:"rf'?’:)re c‘f‘r’g)uts mrﬁamfué% mg a"drr!h1 ay & e5 mat eri al
Wi th prefler embpdinesidokn me‘ri!ﬁ\ﬁél), bameg:medim @2%@331‘1!9@%? é@zt‘laﬁba'a'iﬁtpad

mai nt ai ni ng I@yepf(ﬁb)? e fkd tsul‘fld dshandsa diabife r@cfdufi@ e, krafldior&ibaeNt act
area geonet

e ogver al ance of th nd a er
syst emat | cal“%/?ei"ﬁ@’i“t%f’fé*ﬁ cppet FIF’Q% t%'?} cprfach e p s"g‘af ?%“Wé’?zaz:o "23br asi ve
wear char actaebhmlms(noﬁore hermédimacongliar lagers 203 ditachad iotand beléw theclerrangt | ng and
mai nt ai ni ng p@d vl T%é &m%ﬁ:@ﬁcﬁa%fﬁyre%r&%c&%’éf pfo TﬁeR-eQ[u’i‘a%laﬂrg fidGndai Nt ai ni ng

a radius or se I Us contact area geonetry he cl eani rg medi um 220 may
al so hav¥ a ‘?déﬁ%fﬂ"ét‘tfﬁ“b’t“%té‘ﬁlsaéfhﬂea‘?%\“dEGf‘efﬂfeftmaf"?" phrsivVEIPREECH % to the
i nt ended us @g@nétﬂés allowd facd preduende Btrucbirednd hagitoichoosé dewpnhmml combiattentde

WEST121840239, tlé&?‘{“ng%/’ﬁ’%%léﬁt AN %ﬁﬁﬁ%@o@%ﬁ ‘gffé‘wj“ﬁ& fydl €ani ng pad

| ayer from no"‘millze e renpy g?ot ective | ayer
201 pr ot ect Penchth agigidaloging W‘fra*é%m(ﬁa"tah’@ﬂ&‘? wean PhagecisEetics affag cleagipe f r om
debri s/ cont axmtdaam:sreumed lmdt'dﬂ meebemin@g.eﬁemme ates:nlﬁaaaedyn brderheersswthef or

cl eani n a to%esrglg I nt e probe e ttvgialoﬁt%?)mﬂoa l{%l‘}lp s%a&el o‘?%&:&‘l ogﬁ%l ce is

ready t e TERLSTYE c anl ng Cl: room 5 the
renovabl e prcomte‘ttmwﬁb'awlexml&WC%@“P@MWW%@Q’@'OPW@TM ki ng surface

of the cl ea%@@m&@aﬂn E@M%"a 18§ping £l Syl Egﬁrﬂﬁgtﬁléi&ai MR EodBYmbR] dRdaciica known
non-reactive neric m nmat sgl al and rgrﬂaap‘loxtagtaageg ogme%egol yest er
(PET) film “ﬁﬁﬁ' ° f@'m%‘“ray AP £

Application of the same abrasive particle layer to the surface of a compliant-unfilled polymer

25  or the “skin” side of a microporous foam, results in multi-layered material with preferential

stock removal characteristics for creating and maintaining a probe contact element with a

radius or semi-radius contact area geometry. As the overall compliance of the underlayer(s)

is systematically increased (or rigidity is decreased), the overall abrasive wear characteristics

of the cleaning material transition from creating and maintaining a flat tip contact arca

30 geometry to creating and maintaining a radius or semi-radius contact area geometry.

The cleaning medium 220 may also have a removable protective layer 201 that is

installed prior to the intended usage for contact element cleaning in order to isolate the
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matte finish or other "textured" features to inprove the optical detection
of the cleaning device by the testing equi pnent and/or inprove cleaning
efficiency. 10lnstallation of the cleaning device onto the predeterm ned
substrate material is performed by renoval a second rel ease |iner |ayer 205
(made of the sanme material as the first release liner layer) to expose the
adhesi ve | ayer 204, followed by application onto the substrate surface by

t he adhesiv e ve layer 204 may then be placed against a
substrate ad 8?%”{)%% ﬁegﬁﬁgggﬁéé ce 2201%to the substrate. The substrate

V\”Ey Eeha 15\5@?‘&}9@&13%91% ped Tl E‘r%ﬁtnoﬁ%ﬁ'élhﬁdl &nﬁtﬁm@ﬂﬁc ﬂ’h@l@ﬁloi'dﬂletphgecﬁfddor ar L 4

i ch have different cl ea er cribe
above and t ilf’é"”(ﬁoéa?‘?feﬁé wﬁéﬁ’”f‘ﬁ%/sé’f%"ed’ég‘(? FIHY f g:la i ﬁgg’m?‘é\ﬂy %m%&st er mi ned
mechani cal , untiittigrdleahipg deviteds maiyse ervadd fomlqaamg e tasist lnt,esfa@oﬂ L ﬁeﬂn@%n ing .

material . F%heﬁmmmng &ebﬁ:e & RN IR uBATod RUBhg FRYteih@MAE th AlMaA SdoENESS
(descrlbed in nore detail belo , a specifjc ravtbﬁ%orﬁ(of arange of 0.75 to

2.27 for exé)??ﬂ?‘é?“a‘zlepm?‘é’llweﬁ E'eﬁ}"?&‘?}jit? Roge merutEst oftife density
t o the densicleynify padddyar20at Tie mednwclajmmay bempadeal o kagwngloasdaptpietpylyeic a r ange

of 40-Mra t Qilrﬁg-\g el aL@ére%%%eﬁl oti(a?r%?éét&?ﬁ@l‘)(ﬁlrﬂf The ﬁr@t@&ﬁ'e Q%r%&yi&re%oo grams

for exanpl e) anar | (a range between 25-um and 300-urn

for exanpl e)"“a“T fimishoprotheT “gnsipred i Foptuses 1@ YPIRVE “Peé*}’B?aé detegtipnf /82 conpl i ant

as descri bedeak®yehe whling é@iptheAtandosiaipidve dleditig@fficne combi nati on of
conpliant and rigid | ayers as described bel ow) may provide predeterm ned
nmechani c@ , mat elmjtallationefdhaiilsaping Heyirglonte Mierraedetermingd substrpts majgaldy egni ng

mat eri al . F%rf&?ﬁ@dw @mo¢ahss&&a: raeasérmee la!yéi'tzﬁfs (AL of e bamienaferialny tHarfvati de
abrasweness descrll2 ‘g‘f oggﬁ a s e Jfaéo%ogtowlty (of a
range of 0. 78oa%inst ’?e’)ftPﬁ"%’ﬁ% # S'Wfr T lr°av V'S the ratio of
t he densi ty safstrsthsuribeecbyahe agbesive 39en?0ér Theladhbsive lwe?@ nay ﬂ!ﬂhée deerdi ty of

water at a i i ] GMDa o
BO0- N f oF gg%&skf Qfatd @{h@wsrﬁngcﬁbéém%{hx lfﬂgtfraté"- memﬁnaémé,ob

tackiness ( of a range of 2 (ﬁgo rans for
exanpl )13 plvé’I'ﬁEF?f fergnpmatRTiRlsas df%"'i"’&ﬁ‘g@e B‘g‘f"\%é’ﬁ é‘atf’r ﬁgp%ﬁeshr n for
AL tsan O RIAR! Y3 U EASINER ko LB OGK AR

349886- 995155- 14- rang m Cropor es 8 i'nch for exanple) which
is an aver a@elowmerevw piséeternined mephypisal. ’Pﬁ“&hd’f‘% mepyRRBIFIPRYNEISEF N i n

Figure 4B, aneCheaming ﬁgteﬂi@de&&E&e R\ leing ud @ayEil 10dY rRoGdebnbingiepad | ayer 202
W th one or (égs)érﬁ)eé {rlltmeorrg&ga ?owr) a%pecxf{cag¥ I1:t§ (0%9 %Q@ &fq)"ésttl}% 27 for example)
20  wherein specific gravity is the ratio of the density to the density of water at a particular
temperature, elasticity (of a range of 40-MPa to 600-MPa for example), tackiness ( of a range
of 20 to 800 grams for example), planarity, and thickness (a range between 25-um and 300-

um for example).

The one or more intermediate layers (which can be compliant as described above,

25  rigid as described below or a combination of compliant and rigid layers as described below)
may provide predetermined mechanical, material, and dimensional characteristics to the
cleaning material. For example, the one or more intermediate layers may provide
abrasiveness (described in more detail below), a specific gravity (of a range of 0.75 10 2.27
for example) wherein specific gravity is the ratio of the density of the one or more

30 intermediate layers to the density of water at a particular temperature, elasticity (of a range of
40-MPa to 600-MPa for example), tackiness ( of a range of 20 to 800 grams for example),
planarity, thickness (a range between 25-um and 300-um for example), and/or porosity (a
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5 cleaning pad | ayer 202. For another enbodi ment (FI G 4C), the cleaning
medi um 220 may be constructed using a conbi nation of one or nore
internediate rigid 206 and conpliant 203 material |ayers beneath a cl eaning
pad | ayer 202 of predeterm ned properties. FIG 4D shows an enbodi nent
wherein the cl eaning medium 220 is constructed by alternating one or nore
internmediate rigid 206 and conpliant material |ayers 203 beneath a cl eaning
pad layer 202 of. HJ.RIRHSY sglggfgsproperu es. The cl eaning pad 202 and
under| ayers 203 206, et cﬁg have predeterm ned abrasive, density,

el asticity, radpdoP10 thASKMicRIPOREPer iRE for Bimpled Which Rldh Gvdrake @lRBdR bfibrdsiper cont act
el emrents wt, hchknown geonetrical configurations. Superposition of the

cl eani ng Iayer and internmediate material |ayer properties may be varied

acc?r di It ngl t he fpﬁ%%& eﬁl@gjlh%%ﬁ;v#nq}tﬂ rﬁ@&d |4gem&hrng eRliun@3h Hagse ,sa;det hle

cont ac el e rasl| veness, .o e C eanl oosen
o orbar GOEm AR R PRt I AR CLreR e Bearte PR Pl Al B e

vol unet ri ahdningse lajeri2t Fesinotheraimbadimerg (fﬂérmb cheadeaninfmedilon 320 mant@ss of
the pad can Bgayst lgamgta'cs.ai,;haemafo%&&kmmleemaﬁ.%stehgmrzwm Bhpfiaps@en the

probe tips. Typi cal rasive naterial and panicl e wei ght percentage | oading
within the cnaesial layyrshspeath agleapisg pad 1&>§h2q2aaﬁg@dﬁtwu§6%w‘§oé% R phome

percent. As aH%ﬁﬂod?ﬁérﬁbvﬂe;reMe@:kHamR@m&ﬁdirﬁQﬂnsﬁ@lstﬁﬂi&ﬂbblﬁmﬂtdﬁggb&odmbrened as
the wei ght Oftel% ltelrlgl %X M Ematel\'ll\aﬁllagfr% gbeReat’l%anSeaangE§ lLyQ?nge ght of

t he abrasive par Pl ca Pabr asrves I nc or-at Into the
materi al ¥ rm»yedptnwm@r@mns ritheclesiingerad 392 W@ndeelaxem @B, Z%EF“'@IW&HWW al t hough

the abrasi vq;rda&m{mealabﬁaye abrisiy, b@s@&ﬁeﬁw&e&&y erpamesmE afmtribatei®élemingl S. The
abr asi ve may, | nc ud

ati refere IStI‘I.bUt articles of

al unmi num oxi lEfeCO"tgctleF% s 3’56%“%"@ Eegper® g‘f%’n 1°f’ T\; Wiiilicd ﬁg%gt Fasieve
particl es ndsyerdnd intdreediath ewicriel| Hyckrensricsibrnbd warehrstardingths specifin Mohs
Har dness of ofnfhralbibliGhomdaRal foltlieesk it bohiadi@lehdfki ness of the cl eaning
| ayer will cause debris on the contact elenent to preferentially stick to
t he pad B&nd t her abrasienbs of hativdthgipad ydr262 wilnbesed and|shaweddbriel from prpbe he
cl eaning op (yrtel and/ or

5{'&&& Bbmertd] tf’é l% el %E%%rm%@ﬁ afid S g&&d&?&%&ﬁte DR,

the|nterma|ater|g|d I nterne compl i ant | ayers
(each bei ng the abrsivencysif theppdsanpe pystpmaticalinaffeod nprdesfq rquushor SEmen fi¥sed, wi t h
open or cl ogadbe Gpy. [TSpicsllabgéiodmiicertal SRl pafticka weightysecentage 1baidlgwdthin tibber s and

bot h synt het I o (& nodul us
of B anti ci RS Wy saEhucibl e E 30k, VR ctine A4 log Bl BN TS"
with a t%ﬁ’ngcb’e'ﬁ@tt pelynerdendingtitdefinedGs o aveieht qf@@b/mmhﬁd@du thepyeight @f ROWEF ange of
thic Ik ness OfpishR v&eagneéﬂhmyashle pRENEBPicdabRENesQNat FRY Be i&Mpdrﬁ&Emfohﬁdl‘l or

equal to 300- rial |ayer. nma aye S I ayers
bet ween 30 ﬁerlalsgaﬁmcm?ae uminym oxide, sxllc%xc(?g)ea/ @t%d%{lnonda ouqtﬁtﬂg% eam ng and
adhesi ve | aywtesialmeay atsa\beomelseqwme‘en plaasiye maferiplet eeahrasis@may igelgdespadly Each

el ast oner i ¢ oPprkfefeh@dily AR ibaf ja@&ﬁfﬁﬁhnﬂﬁ&i&?&l%ﬁ%%é ldr &aéAGRE&IAT Ned

t acki ness or d’@raSI ve arti csg}s)em%g ﬁkﬁ‘{ refer %L%Pd%% t;ee%ﬁ]u';]:g

within the B8 'af)'f’°‘f‘1’it
el asticity, oﬂ’émsgreayeraﬂaht@um Sucfacettahnes of tha clemingdnsr willrusedsbrigloh dw t he
contact el engpiseibded RIRLERREI, BRkE) A6 bRAITRE erefRE 6 b@bvel VB 1R Qe €NOVe

the debris on the contact el ement w thout damage to t he geonetri cal
features of "TG‘”BW@“%HT%&E‘T““@I"B?%?P{“ while retaining the integrity of the

elastomeric Ml intpo SREIHIL BlclRhyih &% Glraliad: &%ﬁm@,&ég%atsﬁ,gﬁdr@@st hi ckness

general | bet ween ess of each |a er may be
vari ed acorad ?Tg“tﬁll“l@d'ﬂﬁéemf’ﬁ“@t levses Gagh being E)‘r‘f“%S‘F"“E frgerprea be pge °fl‘3(§? ihyanpl e,
? thin mat et &hmlbb@a,ﬂh&goﬁ&ﬁtbz&kbsad cdlllg ¥Rftoieric- matérialshhat knay mhlhdmb&r&ngt ablﬁ )
or a "non-penetrat.in athic
mat erial cl %aﬁl ay"ce11 %?9 “‘“‘Qér‘%h%‘/“' '\]Ai%iifavg%fntg ﬁe)'g&% g?s%"&p
"penetrating” probe geonetry such as a spear-point or a pointed buckling
beam As on&EB¢'*%8¥'e probe el enments and supporting hardware of the tester
interface contact the cleaning pad during the normal operation of the

aut omat ed, sem -aut omated, or manual DUT handling device, a verti cal
contact force drives the contact elenent into the pad where the debris on
the contact elenents will be renoved and retained 20 by the pad material.

I n ot her enbodi nents of the cleaning nedium 221 (shown in FIG 5A and 50),
t he maxi mum cl eani ng efficiency of the cleaning material can be inproved
using a plurality of uniformy shaped and regul arly spaced, geonetric

m cro-features, such as mcro-colums 212 or mcro-pyranmds, of a
pre-determ ned aspect ratio (dianmeter to height), cross-section



25 (square, circular, triangular, etc.). In FIG 5A, the spaced

m crof eatures are constructed froma single |ayer 212 across a conbi nation
of internediate conpliant or rigid |layers 207 with predeterm ned
predeterm ned properties. As an exant of one type of micro-feature
construction, the square m cro-colums shown in FI G 5A can be created using
a conbi nati on of precision fabrication and controll ed cutting nethods

wher eby the nnj mensi ofx_of 100-m cron and the "street™
and "avenue’A 8% are 3295826?%&%550 ur nB The depth of the "streets" and

"avenues" | sv.ﬁqwg@b&%tnbyoré #A&n mia mem@aﬁmaa@rmhgegfai&adsgbﬁ he

t t f eat h
W hh 1o a SOPUT Sh P E o ST o T el SO PP PP Ehe. dept h
i s attai ned layet thohaveahardnpgy range ollghers NESIVE BUSIPRRA dr mokg angimoblp eRrsek®t No.

349886- 995155k & Thb gle&llxrﬁfaaﬂﬁ Me%@l?fe}s@ﬁaylhﬁ%earse@fcc fRporibbevebIEOC kayer (s) . In
CraqQrea

FI G 58, the evenl res be cons tedfrom ltiple

| ayers 273 J?OQ%t%FngEFf‘E‘Féw Sl |"%ﬁ¥?’eﬁfna’f"f' mFnpasha wglbaip’ﬁﬁi ped

pr e- det er mi mepklingss opabrasive partidiisaspatialpogmedergeialipdistibusdd within tie bedy-of hat ur es may
vary accor d'n&%nmh%aam&&&yﬁla; a&ga?agetémﬁ.@a aagncraf dénba@y 4n@ @&@é&é teRbiGTEN S tO

achi eve a pad renove debris but  wll not ff?g‘ t he probe
el enents. | ﬂ’apf‘ﬁéterﬁlﬂﬂ 'B*“f ”é‘ﬁfvd'i‘eé‘é’“‘&?‘é"’f“&’l“@@ He'éel“aft"lﬂ\fé'aftﬁ"‘?‘ﬂ"em ¢S el enent
geonetry, t hhdrembld thadbbeas &ethyc@fafc&aémehhe«ttmheaﬂnmo pegtanamaat Raturef oft he
m cro-fegtu N t he

) @gefcggtﬁc\?m 5%1@;@%, whifé &# ]fﬂxgthfe%tégthgy ?ac‘ aams%cqam; %‘ER%&EM

reci procal e I nsu I ent itate a ﬁgﬂ cl eani ng
ef ficiency tayervetboe apmisedtned bipmgssisaaamlily betrasnelrand P?/““lf‘ kmiT8s of eat ur es
can have seweméssby@emaya‘r e 6ERiried e@oﬂdmgltmdpagﬁch&(ﬂgy}amdarmq prélguiar es,

triangles, reCtxeairl;]t a in% ma rial ?e 1%&91%%“5? %r('-p%ﬂél'?”é%oixﬂ Fe%l S Of each

m cr o- feature my e greater an- or eq ua n an er t han
300-urn and* mnmmmmasmtmhﬁwﬂma@n@%é&a thigk fnete('ﬂéieg'mg lexstwi dt h)

that ranges (J:mtm%uﬂd bk Qvell Quitld fdr-a Eémtrmng* ProbeaRbriétsy sﬂ@%ﬁkﬁe}ﬁr—ﬁﬁh’t o8

adj usted durin nuf agturin cleanin | ayer such t
material caf” %db'éc 5" eeg'ﬁaéém Oﬁee?{abeeeme mgi °fthn§%1arcd SmO?fheEm% tips
151 n an enbduérfaeertontafytis W@adﬁdﬁ@ﬁ@csm @n#amlgtfwesae@ma@ﬁ#m\n ews of a

cl eani ng MabL@binake oWanhxamlg’f‘ Rarldaf aem& a(vBii6d1 Corfeft #4F08 Arivek FncAdhkact
m cr o- pyram gm 319 fe es_of t ﬁ)l eani ng mat er,

I
respectivel ¥ °'§I"ftﬁ8'ﬁ§ "lﬁ%‘itlef“g’éffﬂ? g cftasy %"lﬂ‘fsﬁv‘hg ?ﬂ'ﬂ?‘%‘taﬁéfd‘q’rgaul ar
geonet ri20al byéatpwmaterTame defl ection of a mcro-feature under | oad depends
not only on the | oad, but also _on the geonet of the feature's
cross-section. 28pethetguodi e“‘?ﬁ@*’ﬁf'&?“ﬁilﬂd’ﬂﬁdﬁ‘ﬁ‘r?%@ﬂ"ﬁﬁ’,F'@rSA;ﬂ“f’éﬁ),’ﬂ‘215; t he
area nonment nakimuftdldahing efficiefy of the @lRahiigNMerial &h be eprbved usihg £hiutabtyaf property

of a shape th SN

bendi ng and H%&é}’ﬁ ?pgﬁa"l@%%lm?hgarcgfé& &lrlleﬁmm&gs% eng %glé%ff“;ct %%Hﬁ;'ﬁl? efrz(r)redl ate
pad | ength 2rBicropyermitis of phrerletprayngd snsft r@tﬁédlnm@wdo BeighDpross1ssotione

pr gdeaerzm n@s@ua&@@ﬁ&ﬂurrtgmtghar, §€$Clnfl1l@ 5B0iRE wberdaﬁlbxeﬁgtefes E:Beorﬁsﬁﬁﬁtéﬁcﬁon&i errﬁnt .
and the sup ortin rdware. For i nt.e pear shape
cont act el e i“ygftzﬁga‘ﬁ?sé?8"‘3%1'15%088%%??@”?" ‘ﬁg [ dzloqé‘fnz'gm ng
features caldetémtmédlpmdttemmdmk‘omgs wmamnp@@mq@nwfwm make phy5| cal

contact wit t!mIsta@cns@ %e%a&m@h&;maﬁlﬁmtsqhm Fﬁ?s&kﬁfb@b{é&e@%ﬁﬁmﬁﬁﬂxaﬁiﬁbr I's
col l ection alon probe ti S exa a cont act

el enent i nt 8F#"¥ %°'tf§'%rf°§'i’1°"c?8§f"6‘t’ﬁ§ RFSuting B’ﬁ?‘g‘i‘t“’hﬁe@f‘r@ﬁf“a%°ﬂ3§’8 2(or pitch) of
125- m cr3éns dimensiamofdeprod@on 4ridhe “singt Tand fav886~ widths @re. less than 50-um. The

depth of the “streets” and “avenues™ is controlled by the cutting methods in order to attain the

aspect ratio. In this example, the features have a 100-micron major axis width to a 200-
micron depth (or height). In this construction, the depth is attained without cutting through
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30For the cleaning material, the feature major cross-sectional axis length
woul d be | ess than 125-m cron and the height would be at | east 60-mcron to
facilitate overtravel into the cleaning material. The features would

provi de a reciprocal force onto the pointed and/or WEST21540239-.1
Attorney Docket No. 349886-995155-17- spear shaped contact elenents to
initiate a cleaning and/or material renoval action. FIG 6B, the

M cr o- pyr am g Ry HedkesRAShddde06415p1 t ch, .Fl5 and the variable noment of
inertia 316 along the height, the cleaning pad pyram dal |ength 317, the
pyram dal frtb&dlétﬁh@&h@m lﬁ&&rnﬂmmtahﬂnﬁrliﬁt(@l INRGGB! thoévehlgapagecr o- pyrami d 319

are predetenpi n?eaturaéc: 1(1:19 / tgel c% égxg (f\i‘luk;?e l%ggfﬂig&lr u?tyn} laé cgrtt Igan?orqg tact

el enent and the Brra mul ti -
poi nt crown lwaﬁ@tiwebméetﬁmemém@es e sigg W@Wﬁf@}e g’éftﬁ?riﬁﬁ‘ﬁufﬁs MY such t he
cl eani ng Wﬁt\ﬂfylaaclorcﬁlfgﬂhtf dohfigMrdtidh Bnd rhﬁeﬁdl Bfke @htaétRRnen® W ichiowtaal thand make

physi cal cont | thQSC g&v{l{:mt "Tp%%l%e pr(s)t%tlt;ufhggmovvl0 emgés%%qér?g action

and debri’s ¢4 'F OR G an array of
mul ti - poi nt relnteymo bhemiadt mwpm@rEM@ adtcﬁelyﬂff%qttbwl@m"t&w@wag@orret ry is

such that theme tnﬁ?d]feﬁ‘tgref‘. ﬁ*@gtﬁilﬂﬁlaﬁ@é}o ftﬂetoonthdﬂelaﬁén\f\@&ﬂleuﬁﬁﬁk recW)r{)d%l forcet he
cont act el emaBgs as..vwel E@BF si.cal__contact wt tact el ement s

to provide cY’ i hcie f°cf?1°’]éf?f8a cRingHicdTey '§ANIVE A efeﬂteco's“ia S8 the
probe tips. The ét&ﬁ%y,‘?ﬁe .%f.atu&tgaﬁraaétecéatwemg@an&eésnmmgy the ker f

(i.e. "street wid and "avenue W dth and shap gp‘;%
preci si o cdetipdgs Eﬂ“&‘@%%"@g’* [FStapElEsy etf-n s SHe-SeotRspkizg i Halp Sf°f§a° asting
process i s ufsiad-feafise hiy tRireatcatipd eeqealmstmandehemmansm-mhmmddem gn could

have a {1 Nexlis il ARARLO Mbokllufo HOGNTO Y P BIE w1105 8061 0N, 1

exposed tin enent spacing (or pitch)
of 125-ni cr die ml%&ﬂtl%@?ﬂ*%@lawéaﬁtw%@ dyfing themanushring ofrel@ping la¥ert he maj or

Cr0Ss- sect i @ikltha He SnateBill@hib0ised Rchapd, Siabpeh 6aEfiFEshitR protsrclearet tippul d be | ess
than 125-micron to facilitate within contactor cleaning. The overall height
woul d bd3at | easkn ag@@badingnt K1G 6A 204 BIE 4B shaw enlerged seetippel |viaws b2 eleasing| eani ng

mat eri alh angmtpé’rwm Erﬁcr&ﬂa{ute@,'(xtﬁﬁﬁol—éoﬁfiﬁ:@bmzﬂqh nfz&?-ﬁﬁ'{ahmﬁmlbh?itdﬁ&ﬂohhepoh ?t
crown shape i C act e i a ean and/ or
material r eﬁt?@‘é{ '3%‘?’?%%4 5, ’es"e"“l‘?‘?gg‘er‘??‘%?"&g fsiécé‘ ‘ﬁgg"ea“aﬁii‘ﬁ'g. ve
particles apgeulaegeotmetritdl éeatuop e déftection afl origo-figlard t@lngtlwdoifepetnﬂsenot only on

m cro-f eat U 0a IBJ?hIQo6ﬂﬁe£)éaﬂn¥té§’$ftﬁ@ﬁat{ﬁie%ﬁzﬂys§-&@ﬁdﬂf_91 or at the base of the
mcro- 25 feature. |n one enbodi ment, an average micro-feature could have a

Cross-seoti on w RiFG 68fthdmidrogetlnn spaditg, onpitcl 2as;,lmiagéatm®iem4é}0nqnttator gre | ess
and an aver @&%n%g&ﬂ%% YRR Sl § o %tcé@nféfa s d;%§ el @R b}ﬁse idaict ! cal

abr asi ves that i ncorporated rntto and across t materi al |ayers and
m cro-f eat uF@WﬁWfﬁ%f@ﬁ&@eﬂWﬁM%Pﬁém grelcleaing pad loriet@17:dbd di anond
al t hough t hguehedisd yal 18R 118] 3 HEAYaBfEM JTehediibroloNRh 1K o YRIAMMaRE Ve
materi al s Wact:clgrdmg%e speclfd [} conf's guratlo:z of the contact element and the supporting hardware. For
25  an array of pointed and/or spear shaped contact elements, the micro-column geometry issuch
that the cleaning features can fit “in-between™ the contact elements as well as make physical
contact with the coritact elements to provide cleaning action and debris collection along the
sides of the probe tips. In this example, a contact element interface design could have a
contact element spacing (or pitch) of 125-microns for an exposed tip length of 360-mieron.
30  For the cleaning material, the feature major cross-sectional axis length would be less than
125-micron and the height would be at least 60-micron to facilitate overtravel into the

cleaning material. The features would provide a reciprocal force onto the pointed and/or

WEST\21840239.1



30 or greater. The amobunt and size of the abrasive material added to the

m cro-features nmay vary according the configuration and material of the
contact elenments to achieve a pad that will renove and collect the debris
but will not damage the contact el ements or support hardware. WESTIN
1140239.1 Attorney Docket No. 349886-995155- 18- FIG 7A, 78, and 7C
are diagrans illustuiting an enbodi nent of the cleaning material 224 and
324, respect AyRhy pobilde Mbi3abksk¥8s¥sCr 0- f epfures are nutual ly decoupl ed and
formed with a préedeterm ned nonent of inertia using predeterm ned arrays of

streets 351, spais etg@icomtact clembils i 1ﬁﬁ£tﬂﬁbl$an3@3n&/& rﬁﬂé]‘ﬁl/ﬁmtﬁmiaﬁlbﬁ alcesB,
i nteractions and ot her. cersed effe(t:cths attgll[ Ome ?91%&35%88% surface

the mld v pacmg, i and al i
COI’Tp| i ance SO t eolrg S confaarf surtace
reci procal ftbe whr @eucheplarlg @d pwmtdqblemh HT; the pxrm@altﬁwew@djhlwéﬁ&aﬁ‘éﬁw within.

the contact glaeeRat oﬁmepm&qumnwswaﬁqx&fd@mﬁéd addordifd tHE ﬁ)'écxﬁ@cdnﬂgtfrﬁﬂ)ﬁe t he
efficiency at. which the e{ s and tes are renmn {qwdths of
t multi

nt
the street s, THIFEATIRE Slemey Pg%‘ﬁ%‘frgngs ?@"afﬁay SR PFTRIE B A 4G
configurati oing Frdwirstaped @htagfeletiags, threahieroelyamishgeometay laelhhéwglcw-mecoupl ed 10

material surfage A fvmatle tHElYes o BR “RowniBnte& Bid Iﬁanéeq,%camnﬁme&neémt he

cont act el erIEnt and within th eonetrjcal, featu es ca? a}f bqe trrEnt tip

The street s, PEPERESE™LH P Qﬂ?"é‘ge Jige gRipn ﬂ!ﬁi\i’f@ brisP AR i f or m y
or prefer entpr@deltips CHos brt dray bBduldigoins govinshapddatbinact Elements, dtehncrb—feahee streets,
avenues, @ndge&hagqpakﬁthéghmakm@%ea{ube@ ol Firentddf: AREARIN AEBRAE 2l across

the w dt may vary accor g} confiquration and material of the contact
el enent s. nis pews| a5gnaks RhveiRg semiact RS e ARashele oS o RoYds UFAsies and -
col l ects adhaeﬁumhd pebrik mmbtaahabnémemdéshe‘ﬂe@rﬁbadbs dihe shapé ofaisdmiswpfsaurti ng

hardware su Joql?dqﬁ:_fjﬁgr}&i b B %@L Qg?&%ﬁwﬁf&?ﬁﬁaﬁagg Frﬁioﬁ%ﬁé& &ra%’ abé?ﬁ’ of

contact surface e insertio e cont Smente of the tas
i nterface i ritRsecipion|cutting pracesiy peed or Grsuph amoldetshaps if weastingmErgess istsel @s3A waf er
devi ce 23 lihexaml@ub&ﬁceélanaemieﬁ%ms.grmdxdmhﬁ a'iﬁe-d&lﬁﬁalspmmgﬂ wevi ce 22,

renbves adher elgct el% erg PHSS ]::rrogsmazg QXE)O%:B ealcﬁﬂli-lgfé)ﬁjas rgrlx’](QndS (?7?8& elle%ﬂpar dV\ﬂr €

wi t hout | eavin organic residu quen renoved with
an additi onabacammmem@f lﬁfmwtomﬁefopﬂvs@e«:«rs-feawmswﬁ@r: ﬁ'smg rpaigsiap theymaiqr

el ectri cal %P&§ e&a&{al xﬁﬁs' 1&@&%%%@%@@@ @&rﬁa@wsuxaﬂaxegs fiein 92D ARIrdroar €
unaf f ect ed; eded for high

al. | ectrl
yield and | lb%tﬁf”ég'f‘c oéffé ?Veé% "&glfﬁon?ﬂ“% 'f'hcoc'ft?or cl eani ng
a plural3ty fadlitge gtretrseblemtemegleamnb @%tppﬁd)mqu'lmseiﬂhleet rpdiprpcaberagénier i bed.

The net hod agoamly bm@M ii.g%aaqﬂofmé chRIEPUERGhsieh frithelihd Seahing BhBGNt act
el enents wi t hout rerm e tester interface fromthe ATE, thereby

i ncreasi ng t"i‘fé"'”ﬁ ‘B’E}ﬁ ’Ey of the tester. The cleaning devi ce, that may
have t he sane si ester,
e ﬂg@gﬁg& @L patlhSs ak;@heagoﬁl@%%&f&y aldR tHe

may be inserted |nto a c eanlng he c| eanj ng
material | ay@ethgf thewgcr&éw"é% withig %@avé?fémﬂﬁ@afeﬂwrefawe e thiHrEsT, and
geonet rixsal f&hﬁﬂﬂhbh@ﬁnb@dﬂ&hdhﬂl@cﬁbﬁm&ﬁﬂ&ﬂ@ﬁl&ﬁim Bdve aRthssa@ttdnivddthodf t he

I
&gg&i‘ga 82 OS }im oralggne S\Mg\pa € glhpgf 46@ quvé@ fefs aQAIi ah rl%ratgg v leIn@l'é tsi%: &t less

than 15. 0-um. Typical abrasivés that may be incorporated into and across the material layers
and micro-features may include aluminum oxide, silicon carbide, and diamond although the
abrasive particles may also be other well known abrasive materials with Mohs Hardness of 7

30  orgreater. The amount and size of the abrasive material added to the micro-features may
vary according the configuration and material of the contact elements to achicve a pad that
will remove and collect the debris but will not damage the contact elements or support

hardware.
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Attorney Docket No. 349886-995155-19- An enbodi ment of the cl eaning
material with the mcro-features suitable for cleaning the contact el enents
13 of a tester interface 12 for wafer |evel test such as tungsten needl es,
vertical probes, cobra probes, MEMs type probes, plunger probes, spring
probes, sliding contacts, contact bunp probes forned on a nenbrane, etc.
For this illustrative exanple, a 5 standard cantil evered probe card, is
shown in FI Q&A,eyiﬁe&egh@@mggggmtsgrl al 284 is installed onto a wafer
substrate 20 or a cleaning area substrate 500. At a specified interval, the
cont act el ement SFigr &, (Boad @0 atblhidagrainis @lustrainp amembvdinent afthe2R4ningmalediaten i n
contact wt ical. EElon. The
Spaci ng 215 hamaiepei IRk fiaG R ookl bihfiediRf

m cr o- col unTiéth@dFrdpgEiasd mepReatpfdfertiansing prefsteytpingd PW ofrfrestatddravatuedt the 10
cont act el erssntaad 4ifgbnalk nssttbrano@a&ﬂeﬁaﬂb hdt@ddﬁbﬁb(hn@btﬁ&&oﬁwaﬂdlﬁeﬁs an@s t he

cont act %l e rgﬁﬁt § Bl%g%ﬁm inéd g r%[:ec(!os e soqm;t Qv%e Clhe aqieﬁglemso%&i 4, debris
e

is renoved conta surtace of % cont ac as al ong the
side of t he swifgse.|agerireral fprve isdpnrsicd §y thg ewtedieligio “&W%F&% Wbﬁé'sescoe@ctt he
m cr o- col UMgfemefit t@tge&nén@aandtst@oﬁ SRICRFR ERincP4s8 8% BifRicAdY at WRicK BB task amd enent s

inparts efficient clea t and col | ect om t he_cont act
el enents. 15X YBURAHE 9“[‘30\%‘“’V isgftcfeaﬁtls’navenufséa‘%bd;afo%aﬁscstlfre B ifér when

t he cl eani ngeaelingthe ¢osﬁge¢t|09dmdm¢t¢ryl ofithe prbbeedinfents tn-achieverd deemvbled t r ay
positiongd WReleihl hfeSOMiR ALy RRVBMRE 8et£’i§ fib@thedidel Gﬁtﬁécfoﬁﬁ& eRfmefeREY time
fromthe wafer ssette, qr anytine e ATE_ executes a c nin eration
of the cont fdt"“éﬁ%ﬁ?ﬁ??f%‘c P ﬁ‘é’m(?f %%‘?"ﬁﬁp S R & éf‘f‘gﬁlg%%f 5,§¥ he

bur ni shi ng phetabrasivsgartisies ihiforolyea picfrgentigy dirittieg gcmstihel widiay (Tpwidth of any

way, the Op§fealh:dd)afhuds/Mad &Igmzlg aSWALH ttetteze%tﬁ.e%mc%at&lh@cﬁemgmﬂeI enents
is acconplished during the normal operatjon. of rer{estlng machine. In this

manner, the Wéﬁﬁ?ﬁ@’%ﬂ‘%@"?%"ﬁnﬂ‘é%é%ﬂ%o é'FFcP"B‘é‘f‘t °F&"Y-he contact el enent
to be clganed a e%k?@ng%ggm%éa&ﬂ@pgﬁtgmgrmsescmh@s&?ﬁh@gﬁnts or tester

i nt erface fromt w, anot I frent  of eani ng deV| ce wll
be descri beaatisglies fiambihneontasrAlmAnhsd surpPrting Bardyvars fiirfess fw malataifs the |
descri bed Wegipe kit debiictAOpropRiss loﬂ@mﬁ&\/shﬂ‘ﬁ:enmje ibertivs efthé eomtaet aammg;fcont act

el ements thal, 2o Yoed. 8 ASEL IGAL oterl 3 lIEes AR PRI Sl UaBiuchiagi Vi dual
sem conduct OF ‘device 10 er ’hacs een encap sul a m?o a material,
such as pl ag0:iRG 3Bisebstrio devies 2o ﬁﬁicmnpwym'@épi'yma@éad@Gﬁt a system
L hat tesls ltiafts\g%tnqgfcoafac%ewanmpsmdh@ﬁarmrawmm ne@g@ua; %@mﬂ@;feiﬁﬂue{)[] ior to
ei ng singulate nd/ or enca an a ackage n is
Ut Oy et B S FRRr s B ALy a5 P e BREE T L h o ATE
and tester fForthehaordlthemyemh dlettde thagctorisicaofdbe ¢ontactgiementdng the gedmesry@reC) . The

| C package QRifchiay: foRier, Mle NREIPIERE fekfomhanbEreded 3r hilyReT anB W Sonfit endi ng
out fromthe acka?e that comuni cate el ectrical signals, such as a power

signal, a gfg JF GFYFWEST 221840239, 1 At t or ney Docket No.
349280 995155 20,2l ity ral5) et 8 RS Ao The et er

|nterface in this case ca
will be described. The method accomplishes the goal of removing the debris from contact

elements without removing the tester interface from the ATE, thereby increasing the
productivity of the tester. The cleaning device, that may have the same size and shape as
typical DUT's being tested by the tester, may be inserted into a predetermined cleaning tray.
30  The cleaning material layer of the device has predetermined physical, mechanical, and
geometrical properties according the configuration and material of the contact elements and

supporting hardware of the tester interface.
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12, wll have a plurality &contact elements 13 (simlar to the probe card
tester described above) that contact the | eads of the package and test the
el ectrical characteristics of the packaged DUT . Commonly, the contact

el ements are nounted onto spring | oaded test 5 probes and a have
geonetrical configuration with single spear-like 403 or crown-Ilike features
wth multiple tines 402. Simlar to the probe card cl eaner

enbodi ment , Audthe D&M NG 399886085188y apprpximate a DLIT shape with a
substrate onto which the cleaning pad material has been applied 22 such

t hat contact el eArpmbodithent bifshd dehing owicddl with\theoniatodfedtures seitabledfamleaginp ad
surface per iggdiyfall elérlefls Hot Y RuclGB 2ol htF14vBed LR aOimdsldf piRDC

el enents. The size of the clea device may be nodified to fit t'he size
and shape of’°Riff PPRhPs: F P&?b"é’é\gﬁéﬁ typg Prekys, é’ﬂ)‘b‘&ﬂﬂ‘?’?ﬁ% gpring grofesyilifgons of a
particul ar centacteconkaet fuirg probes Prriicelhamethbembedi Ferthis silvswive examble, 8B, t he
m cro- pyrsamgd, gf§ &%Me?-ﬁi v B Ys BEwH ﬁaeﬂa"kﬁe rﬁik E‘leéa,ﬂg QR iGRliakgat u Les

of the cleani ng devi ce ve Sspacl ng eorre I’ brasi veness 1I's suc

that the relPrPrOCHr sPeeef a(‘iﬁa‘t‘?@r@éﬁP%‘Fs A agpectfied inteRdrthecoppeti ¢j ent
c: eani ng 2 8 gree.maeamﬁhea%?miclétab@ln&t&amuti}ﬁww ﬁllabmact #Rh fzhea&rﬁct of contact
el enent s C [0) t mcro ram truct Streets
350, avenues[e'é.’g'(it R |é56tovr?§ S PSY ﬂ’acm%l% s and 8 mrﬁ 916 Ha'ela

pr edet er mi néqzigtaé’é%pﬂhnglcrcawﬂws emﬂgwgdl based ortheerafiguiation |aed m@ﬁﬂaﬂ pthe ont act

el enent s,p TREntPAChHE 4@&9%34&%“@11%%5%&\4@@@@@%&& SdnGictBlereRes BN am ds is
such that the recjprocal ssure ont act

S S
efficient cPESATREFILHO M, ngarﬁﬁergggﬁg%nagﬁm%ve? F‘B‘Fﬁcf %S“E%?ﬁ gfﬁe el errent s.
Thus, the nuorvet elehenp acwgiicls wloeg the silksfitsd tip lempyte rihe apading,.gedractey, andcr o- f eat ur es

mey be cont bfthdifleds O ME %Ydr&'-&hﬁﬁ}{}tasr Rbkh @kt tﬁJVécl&‘éé‘di Bredsue3h e BRScr OEmEdE

cl eani ng devi ce as wel | he conpliance of the thickness of the cl eaning.

This multi- I"&erﬁﬁ'ﬁbtdﬁ'%ﬂ%‘w&a%ﬂ %’He"ﬁfiﬂ\ﬂsﬂ'émﬂée(f@étagleﬁgm‘tﬁl eaning for the
interiorsof the p&eﬁ&%e@‘%@v&ﬁﬁé%ﬂ% Ste g[glfna} &%nln% &PQWth @?ﬁ%u{ﬁ%ﬂﬁ’g@ and

appar at ud provi de one or S 1 nc
mai nt ai ni ng P?!Ioé!i’ﬁ“)b‘éﬁ?'lfé%Wéh%‘m“@bﬁfwmﬂm%md%ﬂ?I@%@%‘F”&ﬂf&ﬁf e has

been descri hfdrw srievéretine aaﬁehetv(aaf&eas‘saterbrlahﬁm&ttﬁa&me‘eamwmﬁg s, those

described h(e)re?lt%n%g'ﬁeconttacl én?c'?ugsewqwttk? ean.COI’lS qed allled?%o{gg‘l;urm?lgn%sense' For
exanpl e, var 18RS 6 ConDbT hat i ons o 't"%ps n hown and

descri bed myteb&aggé@ephmwwdewewm nc@aﬁwpmq%u@y,mﬁmm@fmeﬂ%o t he

di scl osype. s thOHSanMRSF fhk 6eHidcOISnARs &@&m@ﬁédl cﬂﬂﬁg R ndrhg! dpratithidralel ve
enbodi nents as wel hmas ot.her ad an%gﬂ irent,s of, the di §cl osure

wi |l be appSFulmanpen iy TaRRES ‘“ fs ‘"°AP‘E"6’P’?1”§S9 PEEUR &1 RY
349886- 9951 BlEmét to brkldaheslchnii/nr shiyed avithegut mymvmgelfe@pm elements brdestir mrfag%

descri pti on ARtk ATRI NMow, shdthdr SmbaiRGHSENE NahninkR8i&GANS: lschidg. di sclosure be
defined by the clainms appended hereto and their equival ents. Wi | e

the foregoi ng hasowessherenbodireénesfihcdedning deypiarwill balawritedbbeeintint  of t he

: nve th 'S Ex rrbgl an‘r{TH;eéndtevi%m%%r RG] B ELnldY SRS Qeidthd thit Grelubedlth Befidany Retme haNgeES
DUTSs wherein an individual semiconductor device from the wafer has been encapsulated into

a material, such as plastic. The above embodiment would be typically used for a system that
tests the wafers or one or mare dies on a semiconductor wafer prior to being singulated and/or
encapsulated into an assembled package. In this illustrative example, the cleaning device may
30  also be used with an ATE and tester for handling and testing packaged integrated circuits
(IC). The IC package may have one or more electrical leads or solder balls extending out

from the package that communicate electrical signals, such as a power signal, a ground signal,
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$ may be nmade without departing fromthe principles and spirit of the

di scl osure, the scope of which is defined by the appended clains. -WE 5112
L 840239.1 Attorney Docket No. 349886-995155-22- W Caim 1. A
tett probe cleaning material for cleaning the contact el enents and support
structures of testing interfaces used for wafer |evel or package level IC
sem conduct or device functional testing, the cleaning material conprising:

5a cl eani ng Qaghdy BBt NORRoSG-90P156 | Nt erggdi ate | ayers underneath the
cl eaning pad |layer, the one or nore internediate | ayers supporting the

cl eani ng padtd. agtmrtheadadmktawm@ ackagd 150 fThp testehcihterfideie thicdasr abiddaest sckats of t he
one or more 'z“&‘?tr txgngtycon Rot eﬁa%ntéifgsﬁﬁkﬁﬁkﬁe}réﬁ AR &Scrible C:c eani ng

mat eri al for enents an ?agort structures o
testing inteale @th!t'ect\PM?é?ﬂéWftbFﬁ?ﬁ‘%?ﬂ@‘?ﬁméFla‘éﬂ thagpergticsofifienge bet ween
more than 4Q:awagectmrﬁo(botﬂamwme bodtaayaémdaﬁsmanddmea Imes.ﬁmtgeammt 25-urn and
300-um a Y, ess. bet. QREe A, and
wherein t e |n e?"?rieg'aa"tgecmf’%méa?s ﬁurf‘t "w‘éﬁ%m ltpls egg a p SF%‘?‘”’% f? rasive
particles havﬁﬂﬁngulfaplwm%rdness of 7 or great er that are sel ected to

optim ze the clegni, mat erial for 15 a particu] ar. nt act el enen and
support struct url%l ‘@? otﬁlfs,pt“?bﬁéa"fiﬁt"@?’f%bé’gg‘em‘ thec{ & CReRRIRY at eri al
of clai ml|, DiEstepawithesubsimte@ntorvdtich thmlanmdadataeriaab@rbsenfaumltehéi mbnprl ses

one or nore (f mtdc@aémén%?ﬁé test socket m fwn&&%cfél@aﬁt‘ﬂé Bgi sqﬁ'ﬂ& E:@}Jdlchiy tGl aiml,

wherein the one or nore internediate 1ayers further rlses one or nore
rigid | alfer JemoxgAlebrigdropy thetinsof thagtobs ?‘%ﬂ‘e"&f The sipgRfthe W%?‘?{“"F meYBhe or nore
i nt er medi at enddified tefifthiy dideand shappsfiteaartiadlad seckst oranapprdximae hagieensiomgdofit | east

one conpl i a’l MQJ devite. THEheGhi ?r%%aﬂ%d’%ﬁ%@&dn?y’nt off wng:h%tcgké thé’%?‘élo%g&n&&‘e one or

nore interme | 'ayers provide one or rasiveness, a specific
gravity, an sgv%}m @ﬁWYWMWh@S@ the,geompeiiqa Wﬁ?fék‘tfé%méﬁﬂ”"a P6rosity.

256. The cl eapiciig, goBierry, and dbfasiOtrbs Tt Such iBRhEreEiprobu® prbsaritnilig: comakt| ayer

provi des 150N€

lements imparts efficient cleaning to remove and collect debris from the within the center of
contact elements 405, Decoupling of the micro-pyramid structures 326, with streets 350,
avenues 351, and diagonals 352, with widths and depths is predetermined according to the
configuration and material of the contact elements. The spacing, geometry, and abrasiveness
of the micro-pyramids is such that the reciprocal pressure on the contact elements imparts

20  efficient cleaning to remove and collest debris from the contact elements. Thus, the number
of pad/polymer/substrate layers and surface micro-features may be controlled to provide
control of the overall thickness of the cleaning device as well as the compliance of the
thickness of the cleaning. This multi-layer embodiment would also provide “edge-side”

cleaning for the interior of the socket and contactors of the prober.

25 The methods and apparatus provide one or more advantages including but net limited
to maintaining clean contactors and contact pins. While the disclosure has been described
with reference to certain illustrative embodiments, those described herein are not intended to
be construed in a limiting sense. For example, variations or combinations of steps in the
embodiments shown and described may be used in particular cases without departure from

30 the disclosure. Various modifications and combinations of the illustrative embodiments as

well as other advantages and embodiments of the disclosure will be apparent to persons
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or nore clan abrasiveness, a specific gravity, an elasticity, tackiness,

pl anarity, thickness and a porosity. 7.The cleaning material of claim 2,
wherein each conpliant |ayer is nmade of one or nore of rubbers,

synt hetic polyners and natural polyners with a porosity within a range 30
from10 to 150 m cropores per inch. WES-1121840239A Attorney Docket No.
349886- 995155- 23- 8. The cleaning material of claim3, wherein each
rigid |ayer AwridRsckefNQAfPsRE-0005e of ruhbers, synthetic polyners and
natural polynmers with a porosity within a range from 10 to 150 m cropores
per inch skilled in tH2.artd fidn GdfErauie I&ghﬂ&hﬁihgsahes&iptﬁh ahdeldims WA & ifteitied bhat

Dl ural 1LY Ol AR NE sRALLL UGS by D SONRELER.CONF 0k iRl IS o

parti cl es se roup consi s m num OX silicon

car bi de, and di avmnwlmeforegomgh&geeJm.ete@awtagpmxﬁe&babome@bﬁhénI wher ei n
t he pIurallt%, ar of one or

t rises a bl end
nore types 0 e'E}ﬁ)Ptlipvg ag%r ol dbd't P 5?6’9%;8 RS MRS num
oxi de, sidli @Wbeezmvdémutahwf@!@mnﬁe plif@!b!?*?#@mlteéqw ﬁtgclwateethv sehpeoff ¢l aim 1,
wherein the “p.koyr;@dcﬁﬁeabgftheaalgf,@aw@aua@rtl cles further conprises a blend of
one or nore particles that each have sizes selected froma size range
bet ween 0. 05-urn and 15-urn. 12. The cleaning material of claim
1, wherein the plurality of abrasive particles further conprises a blend
of one or nore types of particles selected fromthe group consisting 15of

al um num oxi de, silicon carbide, and di anond. 13. The cl eani ng
material of claiml, wherein the plurality of abrasive particles is
spatially distributed within the internediate materials | ayers. 14.

The cleaning material of claim1 further conprising a sacrificial top
protective |layer to protect and isolate the cleaning pad |ayer from
contam nation. 2015. The cleaning material of claim1 firther conprising an
adhesive | ayer attached to the one or nore internediate | ayers that secure

the cleaning material to a substrate. 16. The cl eaning material of
claim 15 further conprising a renovable release |liner that is renoved to
expose the adhesive | ayer. 17. The cleaning material of claim

1, wherein the cleaning pad | ayer further 25 conprises a plurality of
geonetric mcro-features with predeterm ned geonetrical and
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di mensi onal properties that are selected to optim ze the cleaning materi al
so that the contact area and surroundi ng support hardware are cl eaned

wi t hout nodification or danage. 18. A test probe cleaning
material for cleaning the contact el enents and support structures of
testing interfaces used for wafer |evel or package |level |C sem conductor
device 30finttional testing, the cleaning material conprising: WESTal
840239. 1 AtA%{n@fﬁM§4d§gﬁ_9%g§86- 995155-24- a cleaning gl ad |ayer
having a plurality of geonetric mcro-feature-s with predeterm ned
geonetri cal vaddaigi:mensi onal properties that are selected to optimze the
cleaning material so that the contact area and surroundi ng support hardware
are cl eaned withbut Adeitprobatieanimzaratedalforpieaning thahentast eleménts anfl sauppdthg pad

layer furthehuaRatitess iftertach ddbBibt SiferQfve PR HRKLMARAIC defmlcBRdubRYéR@e 2 MOl TS
Hardness of 7 or greater that are éel ected to optim ze the cleaning

material f oS UAFETEEI N C1enNe TRFE CUMEITE and support structures of
testing i5nterfac§§éan§lﬁga&g}emor more intermediate | ayers underneath the

cl eaning pad | ayer, the one or nore internediate |ayers supporting the

cl eani ng pad | ay@® ofuncrelrasrimadiata layat viakernpdtie the tlesnmiigpad lay€, bbaeat trere st i cs of
the one or npre i ' SLS: Lhiligze the

cl eani ng m{ﬂg%@;{:&% %Pé%gjggérﬁ?éctﬁ%géﬁggﬁtg&a%%g’?dztﬁlgﬁgégégﬁ sﬁ%polrt structures
of testing ichrrasteristice of thiypneras mereintamedinigdavers thet ag selested {p WEIZE theange bet ween
mor e t han 4QteMia: thaterOfdr Mpaticu®m 6dhtdcbdi@henBiaid fuphdit Slaess ol2ediemerid&s,ur n and
300-urn gnd_each | aver .har dness . bet ween 30 e 9 hore A
1520. The' | SRRPAG R Es Prafesl BrE1EReD gSRhE e o TUBIPE 1 BiMies Gl

m cr o- f eat ufayerihgs ahickepspbopvesch 2 e and 3RP-yneend caeh [gyeskns @ bgrdness between 3¢) . The

cl eani ng nakRért Alan®b0 SHord M ah8, Wherein the mcro-features cross-section and
the plurality of abrasive particles inprove debris renoval and collection
efficiency. wherein th@ interibiiate lapasfuriger cert@isesa plwblitg blabrasiv8partihar ei n each
m cro- f eat Uh&KiasmaR IBRAREGr 78r frékdr thaPldlseibole RHphARE 1R FAMAs ARERNr0f area

or inertia to control the resistance of the mcro-feature to bendi ng.
15 aparticular contact elements and support structures of testing interfaces.

2. The cleaning materigl of ¢claim I, wherein the one or more intermediate layers

further comprises one or more compliant layers.

3. The cleaning material of claim 1, wherein the one or more intermediate layers

further comprises one or more rigid layers.

20 4., “The cleaning material of claim 1, wherein the one or more intermediate layers

further comprises at least one rigid layer and at least one compliant layer.

S. The cleaning material of claim 1, wherein the one or more intermediate layers
provide one or moie of an abrasiveness, a specific gravity, an elasticity, tackiness, planarity,

thickness-and a porosity.

25 6. The cleaning material of claim 5, wherein the cleaning pad layer provides one
or more of an abrasiveness, a specific gravity, an elasticity, tackiness, planarity, thickness and

a porosity.

7. The cleaning material of claim 2, wherein each compliant layer is made of'one
or more of rubbers, synthetic pelymers and natural polymers with a porosity within a range

30 from 10 to 150 micropores per inch.
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22. The cleaning material of claim 18, wherein the plurality of abrasive
particles are applied to one of a top surface of each mcro-feature, along
the sides of each mcro-feature and on faces of each mcro-feature.

2523. The cleaning material of claim 18, wherein the plurality of abrasive

particles are distributed within the body of each mcro-feature. 24.
The cleaning material of claim 18, wherein the plurality of abrasive
particles ar,ﬁtog{ggﬂogg 14 3hd@ecasgsof eachy mcro-feature. 25. A

cl eani ng device for CT eani ng the pin contact elenents and support hardware

SPi n a selm' condugt or The slkinitg nedpRl SHclism 3 WiRrell Qe vigiglage ¥ figle@OSHRIOF S| Ng:  a
cleaning layer with a predeterm ned, configurati r.opr..at e r.. I he
par 11 cutar i Sueetbr RS s R Gt I8 o7 RBOSSE SR Stiehs

cont act el en®me 550 micropdyestnenineh havi ng a configuration to be introduced into

the testing apparatus_ during the. no | testing qperat|] of t testin
appar at us, wherern tﬁ&eéﬁaﬁ‘ﬁﬁéﬁ‘%‘agﬁrﬁgﬁ?ﬁ’ & eg‘%‘ﬂ?@@’g@?g*%gﬁ%gﬁ’gﬁa or Wa? er
or packaded furedepmpeiess ot dranard ldadsiof garticlsssricctaldoan el group ¢dneistingloft r at e,

havi ng pr edef ahilinn&dds NRLA Gk Sh §ambat cause the pad to clean debris the
pin contact elenments and support hardware when the pin contact el ements and
support har dwar el@ontThe tlednlirg npddiabaf claha i, wHeeinpheplality atsbrasive potitles and
support harg I | £ i | eration of
the testi ng%n@'%ﬁ?ongﬁs%(%%%n% eonémg{/‘lnglgg?g?p %ng#l%@%%ggﬁﬁﬁﬁ{egdﬁg%{sﬁ% one or
nor e i nt er mefpEPEumpridesilicppearbideogndgliamaid- or nore of an abrasi veness, a
specific gravity,, an.elasticity,. L hes l.angr ity | &) 5.and a

por osi ty'.()g . ﬁ? aﬁ‘é"gd“e%él“g}e%%*é Terar r?{eg'Gtse @\ﬂ%{rﬁ%f’#bt%e%?ﬁgﬁsﬁng pad

| ayer provi dethenspmprises pblend offone ar mére aarticlesthat gach havgsizes seleetedifrey pige an

el asticity, rmRekinend.osRkA@aMb5kh. thi ckness and a

12. The cleaning material of claim 11, wherein the plurality of abrasive particles
further comprises a blend of one or more types of particles selected from the group consisting

15  ofaluminum oxide, silicon carbide, and diamond.

13.  The cleaning material of claim 1, wherein the plurality of abrasive particles is

spdtially distributed within the intermediate materials layers.

14.  The cleaning material of claim 1 further comprising a sacrificial top protective

layer to. protect and isolate the cleaning pad layer from contamination.

20 15. The cleaning material of claim | further comprising an adhesive layer attached

to the one or more intermediate layers that secure the cleaning material to a substrate.

16.  The cleaning material of claim 15 further comprising a removable release liner

that is removed to expose the adhesive layer.

17. The cleaning material of claim 1, wherein the cleaning pad layer further
25  comprises a plurality of geometric micro-features with predetermined geometrical and
dimensional properties that are selected to optimize the cleaning material so that the contact

area and surrounding support hardware are cleaned without modification or damage.

18. A test probe cleaning material for cleaning the contact elements and support
structures of tésting interfaces used for wafer level or package level IC semiconductor device

30 functional testing, the cleaning material comprisinig:
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15porosity 28. The device of claim26, wherein the one or nore

I nternmedi ate | ayers further conprises one or nore conpliant |ayers.

29. The device of claim 26, wherein the one or nore internmedi ate | ayers
net her conprises one or nore rigid |ayers. 2030. The device of claim 26,
wherein the one or nore internediate |ayers further conprises at |east one
rigid | ayer and at |east one conpliant |ayer. 31. The device of claim 28,

wher ei n eachueREPbbRRING. 3)REs-bs5158de of ane or nore of rubbers, synthetic
pol ymers and natural polyners with having a porosity within a range from 10

to 150 mi cropor escl@fing paliyver Bvdig a Phealitiesfige@nendic mikwifeanas wither ei n each rigi d
| ayer is na ol Ty J ' Rai Y nat ur al

pol ymers w ?ﬁ’d% péroghngmv?n%taﬁ ﬂlmémr?‘g%g’go%}r[t%mﬂ%*tsg a o%fbli)%gggg‘gres per

i nch. 33. A €leaning myerighspjthas the gpntgct arghgnd guravadipg syrpsthasterearesients and -
support har e rrioﬂiﬁ&tﬁﬁﬁi?&ﬁﬁ%ﬁ%c&ﬁ&ﬁd d@nia@ panaletifsthdr ba@ng@ise&ani ng devi ce
conpri sing: 30a. cleaning er Wt det erim ned configuratjon

appropri gt epﬁ‘(r)a?‘l% f‘ei rf)sé‘feg’la?:%‘éavﬁ'igﬁ %@S %@ﬁﬁé{%.ﬁ frert [%lté(r)er%ﬁlee%&g%c ket No.
349886- 9951 Spyirgige the glpaning material farp particulgecontagtelements prd suppoairrdigeseipl ural ity
of geonetri gstimghihlereicealngr €s with predeternm ned geonetrical and di mensional
properties that are selected to optim ze the cleaning material so that the
cont act area ancdensgrmnoeintirmedige apess undameatiniiie cleaning ped layarcthe avechmore

modi ficati OfhyQmedlAERNSs ﬁa&mﬂ%@a&@ﬁga@pnhﬁaamanﬁviﬂ@gs& 8Rddeletihdaer conpri ses
a5 pl urallt%’&%f _abraf? ve particgles havin ﬁgwbhs Har dness. of 7 or greater
that ar d%seFRRACEESHE Ot PGeL Roteiermed *ﬁilﬁérgfs asr elerted BoPEmBEE I cul ar
contact el exeati rendiasoppertcubt carcitai@sntiand ppirmuetmeeofitatasintedacubst r at e
having a cogfLgiLaidaR0s $f%1a9c?cit& ﬂésfaqg.&g%%gww\t&oré f6n 25k Rs0B PR abpis during

layer has a thickness betwegn 25-um and 300-um and each layer has a hardness between 30
Shore A and 90 Shore A.

15 19.  The cleaning material of claim 18, wherein each geometric micro-feature is
uniformly shapeéd and regularly spaced.
20. The cleaning material of ¢laim 18, wherein the micro-features cross-section

and the plurality of abrasive particles improve debris removal and collection efficiency.

21.  The cleaning material of claim 18, wherein each micro-feature has an aspect
20 ratio and a resultant second moment of area or inertia to control the resistance of the micro-
feature to bending.
22.  The cleaning material of claim 18, wherein the plurality of abrasive particles
are applied to one of a top surface of each niicro-feature, along the sides of each micro-feature

and on faces of each micro-feature.
25 23.  The cleaning material of claim 18, wherein the plurality of abrasive particles
are distributed within the body of each micro-feature.
24.  The cleaning material of claim 18, wherein the plurality of abrasive particles
are applied at the base of each micro-feature.
25. A cleaning device for cleaning the pin contact elements and support hardware
30  in a semiconductor testing apparatus, the cleaning device comprising:

a cleaning layer with a predetermined configuration appropriate for the particular pin
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the normal testing operating of the testing apparatus, wherein the
substrate conprises a 10 surrogate sem conductor wafer or packaged IC
devi ce; and the cleaning | ayer, secured to the substrate, having
predeterm ned characteristics that cause the pad to clean debris the pin
contact elenments and support hardware when the pin contact el ements and
support hardware contact the pad so that the pin contact el enents and

support har dyRkRy Bb&keCNi& 3Rds-od1shout nogification to normal operation of
the testing 15 machi ne. 34. The device of claim 33, wherein each

geonetric mecoitact tledén;e i s uniformy shaped and regularly spaced.
35. The device of claim 33, wherein the mcro-features cross-section and
the plurality of  sbytestsi hpwingya panfisyrasion;tg b ineslugrd iRt the festnpARPRrERAYEBE | ect i on

efficiency. tl?&%ﬁnéﬁb@tu@ﬁ%kxﬁﬁxg@fﬂﬁk@hﬁ@aﬁﬁmatm%&blﬁtl%amhtrﬁbed’nﬁ;rteature has an
aspect rati Q, an r.es ant .seco t. of area or inertia to control

a DPRERL
t he resistante g?tesmwo “cor“fafetrﬁlépagké fo- fdél'afeljr 37. The devi ce of

cl ai m 33,5 wher eife Elbﬁ.u@lw%.ahécwd Q,fth@sl%smtevm&gbkuaérﬂﬁqeaelﬁraaﬁawcedxat o one of
a top surface of mcrofeature

ature on
B on 25§ S s patl sl feBrn B bl gt eSRds A s R PRR Al L D ALY
wher ei n t he cpitapt glemengs avfl sigrippr Birdwarpeantacttheprd ap thatthepin cdntackdlendntsithé t he body

of each m CrstpBﬁ%&vﬁ'e are cleaned, wAthout TGl f8NdnGS nétnaldpdlatBnd? the il N t he
plurality of abr asive particles are applied at the base of eac

ni cro- f eat ur@°hifE5 721840239, 1 Attorney Docket No. 349886- 995155- 27-
40. A mefhod for,gl egyl @&;&%@a&h%%ﬁ&nnpﬁL,ﬁgg&?m@mmau,w%na yBakdpar e in

a sem conductor testing apparatus as a rober or device handler,
the nmethod EENjsiEioBS Pgrorg aaPl?rgﬂ‘e?n?,SP SApeHly %W@@ekaﬁtctsy -takingE AR Y ober or
packaged deicessantl @iosity.Ne 5 cl eani ng device having the sane
configuration I C sem conductor devices nornally tested by the testing
apparatus, the cteaniThgdatiogicEdaim; wepraein the pleaninerpad LYSLPITYIdET TEEF BRI ned

properties tbhaiabedsiardss 5‘@)65“’9%@\/@' 7RGy, @éhess, planariGOthicRfidss & at he pi n
cont act lgl errents and support rdware with the cleaning device during the
nor mal st PRG B'peratl on of the wafer prober or packaged device so that any

debris 28. The device of claim 26, wherein the one or more intermediate layers further

comprises one or more compliant layers.

29, The device of claim 26, wherein the one or more intermediate layers further
comprises one or more rigid layers.

20 30. The device of claim 26, wherein the one or more intermediate layers further
comprises at least one rigid layer and at least one compliant layer.

31.  Thedevice of claim 28, wherein each compliant layer is made of one or more
of rubbers, synthetic polymers and natural polymers with having a porosity within a range
from 10 to 150 micropores per inch.

25 32.  The device of claim 29, wherein each rigid layer is made of one or more of
rubbers, synthetic polymers and natural polymers with a porosity within a range from 10 to
about 150 pores per inch.

33. A cleaning device for cleaning the pin contact elements and support hardware

in a semiconductor testing apparatus, the cleaning device comprising:

30 a cleaning layer with a predetermined configuration appropriate for the particular pin
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10 is renoved fromthe pin contact el enents and support hardware during the
normal operation of the testing machine. 41. The nethod of cl aim 40,
wherein the cleaning further conprises periodically |oading one or nore
cl eaning devices into the testing nachine when the pin contact el ements and
support hardware are being cleaned. 1542. The net hod of clai m40, wherein
the | oading further conprises |oading one or nore cleaning devices into one

or nore devig@mefDhbdkei190. 359488EL99  syvaf er ossettes and JEDEC trays, al ong
wi th sem conductor wafers having dies being tested by the wafer prober or

devi ce handlcartacs elethértd, thic bRarfin BRI MFind @ piueaBy Egorfdii Micioefthudes withy t he
testing pr O%Fe%&ergﬁ?f%gg%rﬁe%gca]\/dng Ef%lenﬁém%] ﬁ@é&%@ﬁl& Q@Qele%é{ {o gﬁm%%?’ The

t net hod of I'n con enen support hardware
remain in a-clepingfesierial g thaifhsconiadt erﬁgmd spraEqundige gepert h?édwarmr%agaégd yi el d
per f or mance with6it @R8ERatioR Or Wﬁnd%eﬂbﬁ\tmnﬁx@ bad lbﬁr mamuﬁaﬁﬁmﬁr 44. The

met hod Of cl iil m 4Q’abr\zli\'pi§er eartlcles Eavm a%oqqts (#T;Bts%p, aetrag'é % éélCh as
den5|ty and a S Venese Can E& et & ven pro enent

mat eri al or 08%15@11? d%gmv@owm@dc@wcwma aerbmwost SFfP‘émﬁsp?fn cont act
el enent s angksapapesdcediar dwar e reduci ng the anount of downtine needed for
manual cl eani ng, increasing the throughput for the manufacturer. WEST2t
840239. 1 a substrate having a configuration to be introduced into the testing apparatus during

the normal testing operating of the testing apparatus, wherein the substrate comprises a

10 surrogate semiconductor wafer or packaged IC device; and

the cleaning layer, secured to the substrate, having predetermined characteristics that
cause the pad to clean debris the pin contact elements and support hardware when the pin
contact elements and support hardware contact the pad so that the pin contact elements and
support hardware are cleaned, without modification to normal operation of the testing

15  machine.

34. The device of claim 33, wherein each geometric micro-feature is uniformly
shaped and regularty spaced.

3s. The device of claim 33, wherein the micro-features cross-section and the

plurality of abrasive particles improve debris removal and collection efficiency.

20 36. The device of claim 33, wherein each micro-feature has an aspect ratio and a
resultant second moment of area or inertia to control the resistance to bending of the micro-
feature.

37.  The device of claim 33, wherein the plurality of abrasive particles are applied
to one of a top surface of each micro-feature, along the sides of each micro-feature and on

25  faces of each micro-feature.

38. The device of claim 33, wherein the plurality of abrasive particles are
distributed within the body of each micro-feature.
39.  The device of claim 33, wherein the plurality of abrasive particles are applied

at the base of each micro-feature.

WEST\21840239.1



10

15

20

25

Attorney Docket No. 349886-995155 -27-

40. A method for cleaning the pin contact elements and support hardware in a
semiconductor testing apparatus such as a wafer prober or device handler, the method
comprising:

loading a cleaning device into the wafer prober or packaged device handler, the
cleaning device having the same configuration IC semiconductor devices normally tested by
the testing apparatus, the cleaning device having a top surface with predetermined properties
that clean the probe elements; and

contacting the pin contact elements and support hardware with the cleaning device
during the normal testing operation of the wafer prober or packaged device sa that any debris
is removed from the pin contact elements and support hardware during the normal operation
of the testing machine.

41.  The method of claim 40, wherein the cleaning further comprises periodically
loading one or more cleaning devices into the testing machine when the pin contact elements

and support hardware are being cleaned.

42.  The method of claim 40, wherein the loading further comprises loading one or
more cleaning devices into one or more device carriers, such as wafer cassettes and JEDEC
trays, along with semiconductor wafers having diés being tested by the wafer prober or dévice
handler so that the cleaning devices are coritacted during the testing process of the individual
die and packaged devices.

43,  The method of claim 40, wherein the pin contact elements and support
hardware remain in a cleaned state for a longer period of time increases yield performance

increases the amount of revenue for the manufacturer.

44, The method of cldim 40, wherein the cleaning material properties, such as
density and dbrasiveness can be selected for any given probe element material or shape to
remove embedded or bonded debris from pin contact elements and support hardware reducing
the amount of downtime needed for manual cleaning, increasing the throughput for the

manufacturer.
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