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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 varicus 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-
functional, 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 dies on a
wafer are fully functional preferably prior to singulation from the wafer and assembly into

25  consumer devices. Non-functional, lower performing, and repairable devices due to certain
physical defects in the wafer, defects in the IC circuit layers, and/or defects related to the
semiconductor processing techniques are identifted 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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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 "test
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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however, retesting 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. Improved electrical
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requires stopping the testing operation, manual intervention to perform 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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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 example,

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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to the taskprpemfscamgethonmbmmem@l \yl;uch hasrthe hngheat \meedutfrme i\bmln theedndsstfhods

and appar a.u cl ea nt.ai nin ggct el nts. Brief
Poscr pti R BT e ngaly frptoer 4 et et A Fioe bimagh &G Siwg
contact elfremainGiniid & cdhtag etdﬁd:mstwwhﬁutq_ﬁerﬂatﬁrﬁ b ¢t d&Opftesting wattdown”
cycles on abragl ve, pads with a 3-umparticle size, but with controlled
di f f er ence€Di Wo¥#iakmt eri al conpl i ance; WD 2011/ 069114PCT/ US2010/ 058971
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20 None of these methods adequately address a cleaning device and method that
incorporates a cleaning pad construction with multiple layers of different material and
mechanical properties, predetermined geometrical features, and surface treatments to
predictably control the overall cleaning material performance. In addition, the equipment
and manual 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 is a
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;



Figure 2A illustrates a conventional exanple of a DUT (at wafer |evel or at
package level) with probe pads; electrical contact el enments and an ATE

i nterfacewQpoabeonard or test socket); Figure 28 is a sehEmselo/0s897an
exanpl e of a DUT (at wafer |evel or at package |evel) 5with probe pads,

el ectrical contact elenents and an ATE interface é‘gr obe card or test
socket); Fi gur &#gusMRA Blusirates cphesntional examply ofal DET éah miafey ledehor elepagkagh

cl eani ng apnl i tq. . far f : _ i _ i i onal

Vi ow of " E7b g rEfetaly sl colbeRiRue apd oy T e i GG S

substr at e ssehet)ace; 10Fi gure 3C is a sectional view of a typical cleaning
device with a cleaning pad applied to an I C package; Figure 4A is a
sectional vi ewFijure2R isaaniargticeflinaxatpieiof b B&ITofaewaltr 1awal or atiphckapeldva) e

laint materjal | bel I I d. | ; __Fi 4B
S ENE e T A T——
15rigid terial | .S bel a. cl eani . l. f det er.m pned
157198, T et ald e b 3 SRR PSR e

has one orwdfersarfhdet ernedi ate rigid and conpliant material |ayers beneath a
cl eaning pad | ayer of predeterm ned properties; Figure 4D is a
sectional Vi ewrgdureBEisQaBdtdealVRK 68 tyhitd) cRAEnOdeviteWathal di@hingphd\gpplied
internediate rigid and conpliant material |ayers beneath a cl eaning pad

| ayer of Z0pseksEatesvfased properties; Figure 5A is a sectional view of
a cleaning material with evenly spaced m cro-colums of a predeterm ned
geonet ¥y const Figuredf isasectiond e efoyteripa cleaning devigpayith agvieaping giad anphicthed
properti €Sy an IC packagel ! 9Ur € 5B is a sectional view of a cleaning materi al

wi th evenly spa eé i cro-25 col ums of a predet er mi ned geonetry constructed
froma combi nati ok A isg%@ct%amv@om%m@%@m fhbQlad RN @B R drRBAjaABRE €T i 2l
| ayers of predeterm ned properties; Figure 6A is an enl arged

sect i onal opmplairdimateriel/leydrybedpra eldaningpad-layst;urms constructed from a

conbi nati on of one or nore internediate material layers to attain a

consi st ent cl edigungtBeisfaisectiopalivinvooftanleaping mediunawishonsf oranare interpedidfe

SO gure 6B, = AN, 0L ANaRd, SGELLANA LAY pRlicBmRHE Ybpetiped m or o- pyram ds

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 a test probe;

30 Figure 6B is an enlarged sectional view of a evenly spaced micro-pyramids



-8- constructed froma conbination of one or nore internediate materi al

| ayers to attain a consistent cleaning efficacy into the contact area of a
test probwQ 2011/06911Fi gure 7A is a plan view of a porti onPcofi/usaainasdoyl

decoupl ed nicro-features using an array-%f "streets" for resultant second
nmonment of area or inertia to control the resistance to 5bendi ng;

Fi gur e 7B cosstaucietl fmma combirfation efont pomorsfintemmedétd ryatchiad daypils eelattairca o- f eat ur es
usi ng an arr f,. ave s'.for resultant second noment of area or inertia
to controi’j‘m{1 lée{en(r%glg?@?%%gao (')nt%gﬁ&f”ﬁtﬁ?taﬁfé’ﬁ?%s qfes a plan view of a portion
of mutually degoupl.ed. m ¢cro-features usin n 10 array of. di agonal s for
second mormont S 5oy Pt Gon TS gicunBleh Rerk b B GHR e o

Fi gur e 8A aray af ‘seedts"dbhadesultastwedind odleatdtiafg orbicial takontdol the Résistadectol uims f or
cl eani ;g the contact tip area of a cantilevered test probe for wafer |evel
test; and ™M Fgure 8B is a sectional view of a cleaning material with
m cro-colums for cleaning the within contact tip of ¢cro oi nf and single
poi nt test pro%@é‘%@ﬁ%@?‘%%ﬂﬂ%\mq “B%‘faﬁy f%cé’gﬁlF‘if"‘céﬁ%gﬂg‘??Wéﬁ'gaPevel
test. Det Qirfa@ef lR&fbd bl REuIGht se¥td Aot &F akalod tHeFRItb Sontrol the reskl@csioscl osur e
is particularly applicable to a cleaning pad for electrical test probes
that have H6B#B%ct el ements with a predeterm ned geonetry (i.e., crown

ti pped spring probes, spear tipped probes, etc.) and support structures
used for testefFigum ¥&r Bagangdny eleasporiiqn qf muually decpypled miqp-Sprressme giickage

| evel feesti ki S iAWk Nt er f ace
devi celtsﬂ) aahgg?fdl?%nialﬁR{r%%?n%gﬁggﬁtt&fﬁﬁgf §?lﬁlgﬁ?]| goaﬁggtgggégﬁapfétg‘géﬁén ¢ri bed.

It will be appregi , E o AN, At el vi-ce,  and
et hod has, gr LIt (4P O e S0Rleah A ned AL RO bl Sror R, B

ot her typdbe a@ntacGisaed darvdudeereddesy pobe &y alafealaveltesticpndprrent , such as spring
pinring interfaces, ZIFF male / fermal e connectors, etc. 25The device is a
conpl ai nt cl eafigug §fediaseational lviesuoffaaxtmniop antecinbw it miccs-cdlamnhfav éleapingpeci f i ¢
abr asi ve d bris removal eff.icacies.to.clean electrdcal. contact el enments
and st 1 ol wlRR et B78Y Gorf popf PR RS s S DB e Tevel
and packagealé,avépackagetlevefteft. . €., probe cards, test socket, and other
simlar interface devices). A high level of cleaning efficacy can be

obt ai ned using appropriate internediate | ayers, surface mcro-features, and
30 var i ablRetaled Resoriptiesef @iead nEmmbodiments t ed, dependi ng on the type and

of Gebri s 0. bVt SNIVSH: FaRueI R raErShie b Ru iSRRI ASFiA e

have contact elements with a predetermined geometry (i.e., crown tipped spring probes, spear

tipped probes, etc.) and support structures used for tester interface devices utilized for wafer
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 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



-9- affinity of the debris to the contact surface. The contact el enents
bei ng cl eaned can be any type of test probe, such as tungsten needl es,
verti cal woabaseInebra probes, MEMs type probes, pl ungePCprushes/,os89pri ng
probes, sliding contacts, contact bunp plobes formed on a nenbrane, etc.
5In nore detail, the cleaning material may be constructed from one or nore
| ayers, eadfinitiaftheplebiitetodhendontack surfadsa The edntachelementabsingeierned sporbsiannal
characteristi such a rasiyv : it i Cl ' S,

ol anar i ¢y, St 3ok H6C sEB SR RSERE ver i Bhont SR ok P ML BB HERY (e
pad sur f aqgyngehgobe dpaitg prabeasl it cohtact eonthctGbusip ppubed fomedinbd meabeng | eaned
such that the debris and contam nates are renoved. 10The cl eani ng device
may have £Sacrificial top protective |layer of material that may be applied

before, during, or after the fabrication process rotect and isolate the
o ean: 1 mat o1 Mo el e PR BHE T B GO r PR AR PR R PR PHbcess
and nmanual wiflpgreddidrained fledlidnRAE matbhig!, Srdimbnsidnal chhRYefistics, siémved upon
installation into the sem conductor testing equipnent_and is used to ensure

that the ibFaRivaRpss dprsielasticipnigckinesamiangrivrethickest. Prosity sethgt whay thegin

cont am natdiQhnthtalieht FhaGRIRENE Sfitdclref AR BThARG shiSHoRBRRR RS arf he cont act
el ements by cleaning materi al. ~The individual" I'ayers of the cleaning
mat er i al redgangsbsupinthet thé dehnisiand edntaminatesrarcremavesk i al s or porous, open cel | ed
or closed foammaterials that may include rubbers and both synthetic and
nat ur al0 pol ymeTye glsaning devies may hgyeracsaerifivisl tfopaeetpétive dayeraianaterial thett thasrbek nown
20 el astonglj.c terials. The.t r of th i . terl may have a
or edet or m R AR bR oL dRE e HrleRH prifend B Pyt A Bl St 7

par anmet er snitérdil suatace fioih lkentpinilatiornt dupiag mandfétoring mocspadeianaildandiiag

el astoneric teriial ta.renmove.the debris. on the.contact. arga W thout
damage t o PREUGS,FAE papiGFiaL AT is Havet YBPR RSO i i SFRicardiFg st
integrity &fiphlast sl fSisedRY dnSuriaf th workb iarfide@ M fHeteant alateiial i his@ofmay have
a multi-layered structure in which one or nore conplaint |ayers are
arranged diny serd@Rigefianghagwoy|dtomppymisrdhe flaanigesiornancs ofBesantashrlep&ts or mance
so that whgnid.hiae Rafrigl ements contact and deformthe pad surface, a defined
reci procal “force Is Inparted by the material into the contact area and
structures to e jaRiSial AferebfhCLERRG Mliailina) ol ARaCGbfiEcRAImGRNT am nat es
are renmoved. Furthernore, the cleaning 30 material may have a nulti-I|ayered
st ruct ur e matenigid aripotcus operr fedled ol cgsed faam matenialptheidnayi indlude rpbherseangd bgthof

uniformy s ) ; ] _ L.G:m ¢ro-f , such as
m cr o- col usﬁﬁtgaﬁ%ngg %P 6@%#@% ,Xs ‘g@ﬁ%ﬁﬁg r gig%t’ é‘%rglbcg{%r"aqr Oﬁ%%ﬁeat ures, of
a pr e-et e:ﬂasionm_dc asipeials. THBoﬁ(th.q’ cﬁﬁ&ﬂdem[ﬁﬁlnt&mmhﬂmibrqd&ﬁmmw io
e e s oy 515 558 bHPok BN FarmSbS HaPhtond ok BRI R0 S0

and abr asi
deform and penetrate the elastomeric material to remove the 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



| oading to inprove debris renoval and collection efficiency. The

m cro-features nay be made of solid elastoneric nmaterial or porous, open
cel | ed orwol2osedofieam material s that may incl ude rubber #Can$2d05893ynt heti ¢
and natural polynmers as well as pol yuretlfanes, acrylics, 5etc., or other
known el astoneric materials. In other enbodi nents, the micro-features may
have abr ashtie(dimretdr ¢d kxtgha) plossestctian (square; ciprubmrtfiangslar, zlcdrigd abrasiveepragtidie of t he
m cr o-f eat,ur Wi.t hi n_the body. of .t lcro-featuyte. .or .at _th se of the
T or o f oat it Pigiels s B¥ONafng (fecbrbneie Rt 48 mick sl R

Cr 0SS- secthaie offkdlidrasinetic thatefinlosr porig open dellediotvdosgdh foatf ma @@t ety | ess

and an average a rasivg arthcle ai ze j)f | ess thglp l5]0%f‘é"tm Tl i cal

abr asi ves ip¢{ade rHbRersigyd g  SHREBFHS P Pétﬂra ?ﬂlﬂ?‘aﬁﬁs e OIS i & * layers
and m of o-diealr BiREkATR dRMEAE matcrllsNURLMY dibodmidntsCHB nfigbléflaes mad di anond
al t hough t he abrasive F)al’tl cles may al so be other well known abrasive

materi al s Ve sbradvespaptistes prlied &t thy taprsutfacsedleng the length of the griprerfeaiipotithient s,
the m cro-f eal 4@ fheiSrofefttiR) Aorgn fie bR 8 mBd.dRuaRH [Wrﬁclﬂ}aﬂ aRafdsgeer m ned

geonetry for a’second nonment area or inertia to control the resistance
t o 15bendimigradfsatmg caniddryes/crofs-seeionddibs ofaln@tnmay erve svithtadeigbhef\A@0-um

undesi rabl e i nteractions_and ot her ¢q f o1 . i _
pr edet er m'orll'eIe 3 %'bd;q’naa(‘:/ & %ar%r) & grélcié‘os Izteﬁg[eg%%nfﬁﬁg%bméﬁgfeén@%ﬂ § gglgtn Lt the
pad sur(f ade,in@rpoeaedincat atrossabe mstefigipaetsadd jcro-fieturest reay iadluderdlionintre

contact area i.t hi n.the coptact ement tip. geonetr nd s or

struct ur es¥% %‘Eﬂ“é’&? qﬁ@%q"éiaﬁﬁqy&ﬁ%e%ﬁ?'gﬂpm e%‘éﬁ’?*ﬁ%"d@rf’gﬁéﬁ'ﬁham nat es
are renoveagowhRBraiiv matelidls &RRWRIhE Blafineds @f 7 3Pgregat ur es have predet er nined
di mensions to provide predictable and uniformreciprocal forces onto each

test probe wi t Iy BhbheneeiMeAR] the e Maniés Y mandl SR 4Ad foraied With @.
Decoupl ed mcro-features across the surface of the cleaning naterial are

formed to Aredstremingdgecmeiniforarsecond anpeept of arcaror nertis to coriol RS G¢sisHNEE @paci ng”
ef fect g ?&%iﬁ%ﬁéi%e il o ét?%at“h&ﬂﬁesﬁw@ﬁb% udd@sin%ﬂflétiﬁ@actﬁ)%ﬁ’?ﬁ of the

cl eani ng devic ro-features may have a particular 25uniform surface
fi ni sh sucither konpladesfepss atsbatiaincapredetatimined surfase eampiiahee softha shercthie iy t he

surface Ofel%nbe%tscc{oﬁt%ngai;}ﬁegwa%%grfac-ghaeregig{o]ccﬁ(fgrc% ﬁg&gﬁgﬁ’g%g&#% fxo thgf t he

cl eaning materia So contri eto ng e Iency of the
wor ki ng s unhtactearga0ivithin thenahimctiefdment tip geometry,ciné sigppe ctructdred thénonaatdwhe, t he

cl eani ng i.um e . mgnual |y placed wthin t aut ed test equipment,
such as a TEEEY B WS 5 Aot s HET R RO e Ry e BB aFiheo

| ocat iz SeathldahaveipRedete@MBEL Emamibns W pra¢ies pielliclable ah€ i flrm\edifitoda forés €ani ng
medi um periodically to renove debris and/or c|ean the contact surfaces of

the pin el WHEseER toff Rroksuyithds the sentact plpmgt grmay gndyypparting hasdyarg,  Beseurled, anot her
aspect of L. fELROGro@ HELIAL drdte c1difing i 3P AHRET loYSRRL UL ke - 11- -

cleaning the probe elenents on a wafer prober or package device handler is
provi ded wiedgegiin® affeets impighlpr pirapading etieca dnd neighborpie anentgioneefifagth i nt o t he
waf er prober or package device handler in a formsimlar to a sem conductor
waf er, a si ngullmansther Spdeswi the clearing dgyinskthg acrp-Gagues raey Haae agartieddared and t he

cl eani 79 rﬁ%m&ﬁi‘éé AfisiRsucR thab ik B%%@r/t%ér*he%@ E%E;%i@ dJt ﬁgtecting the surface of

the cleaning pad. The surface texture and roughness of the cleaning material may also

coniribute to the cleaning efficiency of the working surface polymer material.

In one aspect of the method, the cleaning medium may be manually placed within the
automated test equipment, such as a wafer prober or packaged device handler, ina
30  predetermined location so that pin elements and surfaces will interact with 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 aspect of the method, a method for



S5properties, such as abrasiveness, tack, hardness, that clean the contact
el ements and support structure. The nethod further conprises contacting the
contact everment®wowmith t he cl eani ng medi um during the noPERIUSR@SFIIFL
operation in wafer prober or package delilce handler so that any debris is
renoved fromthe probe el enents during the normal operation of the wafer
prober or gkaskgge mieheictumentindlasrafer hikesr nablegpdcymmhmﬂettieprow'sled:ababihe of

Cot o ht 0% ahe SRl iR 10k Ge FRMME R G RR shlG PROE S pabRel s ©, pe

prober/ t esfafdlenth alfordikiait@it & strhiyordatter mfeneawhgnatb@lccti@we érhapatiegéd Ky obe
contact elenents, |ocate the cleani n%hgevl ce, P eﬁrobe tips and then
?Wbt PE

return to 9e%ies beipe tsied and; thndeaning madiy V“é%ﬁfBBF germpigedni ng devi ce,

the |ayer sr@fertcd Gued K3BtRTAEs tdémHlﬁiﬁeJ%ethﬁtQ:'léﬁﬁ%eJeﬁﬁtra&réle@&HQléﬁ& baporat eri al s
such that a tester/prober that detects a surface using conductance is able

to detect stetursyThemethed further compaisgsiegntaeting the contact elementsyyjthcth cleaping
sem conduGh i Sidglfe rmtﬁ@at{ng 3pus egn%&t bioBlr of phdk ga&évlc@ﬁmm s& Bt

typically Ihctudes Ssone 11, a tester

i nt erf ace ab? d¢teisgs rempw:dﬁsomﬂlewmhe eleawnts dutingthy nomh@mcatloebétlremaﬁcr 13, and a
waf er or device h g q_l a'he el ectrical contact 20elenents 13, or test
pr obes, vm*’c’%*teﬁowt‘é tga ?‘g‘f‘e M€ face extend fromthe tester interface to

allow direct c a ) J ) _ n e

packagih 1 os) © SPiehibs Mbbetuso S s Brgled e Be bl Pletn B A s

equi pment pretepistabl tap@sed pitd atz&ltqadwﬁictha:hing)msdd [ nnhsmndimith:aﬂeaﬁﬁngbe:d@ahks 14
and/ or solder balls 16 are, ‘H[}ﬁ% nnent h the con act el §nents 13 of the

tester i ntRsphextestenwill afpmatic ing yheq t?éﬁqﬁwthefgst POYRENAST HETFHEL ¢ he

25cont act |8l RALIBantnt RVick,Mfeakt BRIpASHe tiph BREERESredudn ﬁ"té%:tlﬂ%\éﬁéﬂatﬁﬂ@' mst the DUT
15 for electrical testin Wth repeat ed t ouchdowns e _contact el enents

beconme corwathprrmtl@élmqnh tb%le@fngtdqew, éhﬁivxermoftthﬁeclta@w mediust may ke fogped
cl eaning, ﬁmc@dg&pl i Q'sumtﬂttaqesttr ﬁauavdae&ssgmceugtg%dm&ee ean

the geonetrica ontact el ene ring the normal testing

operati on. abmﬁ-ki@&ttl&&prf&&of&mtle@@ngmedmm ate three typical different types
of cleaning devices manufactured with a cl eaning nedium applied to various
substrate nateA 1apisal IG iSém'eomuctosteztexgssmm (shoes schdinptficatlpint FiGhapend2Bst r at es

861‘1"} nglﬂﬁa@%b el 'ﬁ?%? % SB8% hé’aﬁsn s W ace e (e.g., probe card

or test socket), contact elements 13, and a wafer or device handler 16. The electrical contact

20 elements 13, or test probes, within the tester interface extend from the tester interface to allow
direct contact with the DUT 15. DUTs (wafers, singulated devices, or packaged ICs) are
moved using automated, semi-automatic, 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 elements 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



in FIGS. 3A and 3B, cleaning device 20 and 21, respectively, may include a
substrate 23 and a cl eaning nedium or pad, 24 secured, adhered, or applied
to a surfwoeoafosarwaf er or to substrate of known geonet PETI/USespastITvel y.
The substrate 23 may be plastic, netal,-1gtass, silicon, ceramc or any
other simlar material. Furthernore, a substrate 25 may have a 5 geonetry

t hat appr driFie8.84 antd 8 Bgdeambtardevioé 29 arel 2Jackpegtretly, @agténclgle a substre/23 agd

wher eby t he  cl eani medi u 4 i|s,attached t e swface bearing the

Cont act el TR MSALhe® PR felB FehGE. Stblied B M0 8RR R &

cl eani ng Bt afkhdwOgDNRry,Tedpectivelye The slibatkate ZDMpPY B Pplhsticayanlsglus, descri bed
in nore detail with reference {o the acconpanyi ng drawi_ngs and enbodi nents.
In one 10 HifBBFeREYS oK oWEr similanmeteorie). FuthemoseasubsiaigiZaMayI8veiy be made

from a <l eaphBgy MathphR%RRatedWe ;&Bm@(rﬁ@ﬁh@ﬁd&é‘%ﬁ' IQHARK! bif BET, BUAL@S the
hardness, el astic nodulus, etc., that contribute to the cleaning oOf the

cont act elcgping snedhin 24cis attacbed tofilee gurface beaingdheeantastelproentuphtirdest pegbesl so

have one q ' iate conpliant |ayers 203 attached to and bel ow
t he cl eani#llgg%@gningg]g{d% he conbi nations of |ayers produces nateri al

properties unayal . . .15] ndj vi ) ] At whi | e
the w de vari e;%ﬂ/’“Jog Qiﬁcgl}l{'é ﬁglg%svééi0\?8gt)l\zé?%iq?Fgge?&}ndggng’gagﬁ%%ﬁ%ggsa%# 89\/5 for a
product orin sforauddtail eith Réterbar thoacchopagingdrapbgsrmdeabadimess.i lnone 0 maxi m ze

cl eani perf Qrmance. B [ onpliant or, m croporous foam underl ayers
omont 1 Fetaf el Ghow ) FG e daihe ki Sy R pag M LGP IEPa | o es

of the cl aankpe sfpr&kichhinad Frop&Hisc adh adkkir@ess, BRstici odmhg it ghpebhtebinNce are
enhanced in order to extend the 20 overall service |ife of the Erobe

el ement  witp s Heagioapf BRPAIRG clements haprontet thepad (THA clsrnipgwedign a8 Mayeonet ry.
For exanmpl fuo 30Plde R o inRimédifie A 3hiE, RT3 afikdhed RYARE bOBKAnelEdntigd

pol yest er m creates a lapping f1 pe cleaning material wth Stock

renmoval chmddayererihs combinatimd of loyars pradusesimaterialipmpgities angyaidabée feomthact
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used to create and maintain a probe contact elements with flat contact area geometries.
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 area

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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mat eri al , tehev daynensido paieterndnedonechanidal, omtdrial, eirbdiolepdoniahcharmatedsticake  For
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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 to 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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of 7 or greater. Controlled surface tackiness of the cleaning layer will cause debris on the

contact element to preferentially stick to the pad and therefore be removed from the contact

element during the cleaning operation.

In one embodiment, the cleaning material layer, and/or the intermediate rigid layers,
30  and/or intermediate compliant layers (each being a “material layer”) may be made of a solid
or foam-based, with open or closed cells, elastomeric materials that may include rubbers and

both synthetic and natural polymers. Each material layer may have a modulus of Elasticity
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height). In this construction, the depth is attained without cutting

t hr ou R thopadl s ek 4 PCT/ US2010/ 058971 16- the cleaning material |ayer
or into the underlayer(s). In_FIG 5B, @ even[é?yh spaced microf eat ures may
#
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determined predetermined properties. As an example of one type of micro-feature
construction, the square micro-columns shown in FIG SA can be created using a combination
of precision fabrication and controlled cutting methods whereby the major axis has a
30  dimension of 100-micron and the “street™ and “avenue” widths are 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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-17- spear aped contact elenments to initiate a tleaning an mat eri al
renoval actidaping nﬁtﬂﬁa&M Smrmachvﬁlxjyalﬂmugh m@htf@xursqwm qogld bgranypotherh, 315 and
the variahle moment, of; erti.a al g theh cle ni.n
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hei ght of th&badnborajsqxwtamg@n&ﬂr@oﬁﬂhefqatwadetrexsmea&ﬂl accordl ng the specific
configuration 5 of the contact el enent and the supporting hardware. As an

exanpl®, for amn RGO &Y, thd mitd-Eolumn spacing, or pitch, 215; the area moment of inertia or the

second moment of inertia which is a property of a shape that can be used to predict the
resistance of features to bending and deflection, 216; the cleaning pad length 217; the
intermediate pad length 218; and the total length of the micro-column 219 are predetermined
according the specific configuration of the contact element and the supporting hardware. For
25  an array of pointed and/or spear shaped contact elements, the micro-column geometry is such
that the cleaning features can fit “in-between™ the contact elements as well as make physical
contact with the contact 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-micron.
30  For the cieaning 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
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particl es Aot wed a8 meke pliysist)cpniagt With thgpniagielerasngt ta Peyvideisleaning

m cro- f eat4dfign aﬁenaebﬂigboﬁlbﬁiohfaﬂm%m‘e IR oMhEpidbd Bl UM shapk ofthe hikGoRagiRe Of t he

mcro- 25 feature. In one enbodi nent, an average mcro-feature could have a

cross- sectwend b difined bf the kerf fienystreet wddth andyshape”aande iaygnue pidta erol shapel) ér | ess
and an ave e.: Y L6l | f cal

abr asi ves é{lﬁgcﬁsn?rlg%/ﬂ@{@ H?%cc%gil%)ggrég? égﬁtﬁﬁpgmﬁ%ﬁ?&%@a %ag%r%n%r?‘{eérsﬁ %—?{Qldé?}gr s and
m cr o- Fieatanregsampleya dontakiedenent inrrfacadesign deyld Baveiagme-te-tindipdeing wiibindhcanond

al t hough t he abrasi ve rticles ma so . be ot wel | known abrasive

Tt or 1 al's GTER ARG S isEng in FohsR R P ERr AT o A REATERS of ¢ he
abr?_si ve ngphdig @gpmwsﬂ12rslc1nic$ws.hni?&rt1@bzﬁﬁat-ﬁatleiﬁesmamevaﬁrnngaﬁ_e:ﬁﬁﬂj tngmtajdme ]
configuration and material of the contact el enent o achi eve a pad that
will r eno\féosa-ﬁeptw'|ﬂé@t‘enﬁmf&§=awr>@-f§%wwmﬂ %urfﬁe&Wﬂiﬁ}a@lsssttH@ @E-rm'& | enent s
or  suppor t ;A AGEAWATHN con%o??l@é{il%gﬂé@gﬂ@ YRPRU] least D80-micronto FI G 7A,

7B, and 7C are diagrans illustrating an enbodi ment of the cleaning nateri al
224 and 3Xacilivagyyedneye) intg theicleaning aateripleandprovislepsuffigieasresipcghiergainia,

decoupl ed A0l rll dhafkalp S SRS nTERRES fyichle hOBEd %, 443P

predeterm ned arrays 1, avenues Iagonals 353 to
renove undeaenadnovalhacdomct i ons and ot her coupled effects and 5 attain a
predet erm ned surface conpliance so that when the pin elenments contact the
pad surface, a Theciippdeatires nadchave sbrasiyegrattistesapplied ¢o e taprsuefhce] along thte

contact angg, Wb B L Ry SO N AR i EhETR e BrodERTE d s BBk AR Lre.
structures ]E I NCrease e e I Cl enc a I'ch € debrrs and contam nat es
ar e r exov efdaturth @ sedibsdiafent, heavetdge atiqo-faviea cwdd hand cthissgetion widdisaE may

;2[]%/(33 gcgr g@g%r&%%‘g{hla %{g E &&%Oirr}]dorqgs%rrlé gnl av%IagtE. abF z\reop%?tic?el SO0 Eesés to
than 15.0-um. Typical abrasives 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  or greater. 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 achieve a pad that
will remove and collect the debris but will not damage the contact elements or support

hardware.



| O material surface to uniformy renove the debris fromthe sides of the
contact elenent and within the geonetrical features contact elenent tip.
The streewe20oavwemues, and di agonal s may have abrasi ve pa&criusk@s/ossyrf orm y
or preferentially distributed across thd8width. The width of the streets,
avenues, and diagonals as well as the size of the abrasive material across
the wi dth may FiyAa@.endi76gre disgraonilligating aroemtndimentofthe eleandig radteriatont act

el enent s. Th eani ng ,syst nd cl eani n ad nat only re es and

col l'ect s AAGPEATH BAMCDGITAT LT B imErcc BT af i ahotlch SETRR{ g

har dwar e switl @agredetertniied inighab M ifertid Bsifgd el term thed @OAR LF stfeeRBEPNEHES Of
contact surface. The _ insertion of the contact el enents of the tester

i nt er f ace 33t 3dgiagrralinIgo sravqve dndesipbie igteractigns fad phgcotplsdpttscts G 3A waf er
devi ce R20; atthinG pp&leirhRmbd lrfacd@mptBnet ko tiR0dnhél (e Bl AN BRGk AGGadevi ce 22,
renoves adherent 20 debris fromthe contact el ement and supporting hardware
wi t hout | esatfResga eeiprasalfaree és impaitedhy theyaeterig) dnto e contpel atpaewithiy theeaodd wit h
an addi { | ligherPlp bdohfeud! andShioh BudtirlE TioredSu i BRICIURE Fac vt /G b

el ectrical characteristics the contact elenent and the geonetry are

unaf f ect edsonfaoivertos are reevedy dhavidtle of tliersireets, apenubo ambdiagonale eide thay wary hi gh

yield and | ow,contact.resi stance, i.s r.ecovered. 25Now, .a t ho or cl eaning
2 ol ol R R Eh e Eion o8 gt g BB TR Semep R iaile FRESB b oc  bed.
The metthodnaeidd sifhcs amifolitly gandve @ie deBRDffom thelsides dethe tentdct elememahdict

el ements w t hoyt renovi n? t he teste[ interfﬁ%e fromthe Q‘é\lﬁ th«?reby

i ncr easi ngViHR 5 EERMTIEETA) RIS CORIAR CEBCHIIP: TR ST R AYIHT: MAIREENa HAY nmay
have the splBabrhsh® RRRIES ARG mRSor prdtteMtial Pk itaRd ABrobans RRY ThORiduest er
may be inserted into a predeterm ned cleaning tray. 30 The cl eani n%

materi al |HByErecliaveres.dad disgonaliss pel gathe sire abGe phipdycmpterishaemiheyidth and
GEOMB i C 3y PYAPRELER tRELRTEUrA o bHE mERALI T WicAbh@R MtiafiRL erial of the

contact el erfent’s an upportTng hardware of the tester interface. WO
2011/ 0RO114PCTAYS2AI04 DEB9T L na Wdaning pad nofShif R TR ofRerstadfer i eani ng

mat erigsl W th thg m;rgrgg- eat SI’ esal}slrﬁ%?aaﬁoggwgr cl e%% n% tchge&l ccgnt act elenments
13 of a t gmttenlaiefronfthe eontdet flomentalidsupp@ting hardsare swthesabuttmainjsingthe need| es,
vertical probes, cobra probes, .NMENs. t . probes. .. pl er. ring

or obes. s kA e BoPeriior EPm REs DlRORR R e N Ron Rl SR 3P
For this itht testeriatetfue igtsargdaning devhsd artas the davitds lskovar iRFIGB3Abeafaralkdice | S
shown in FlI G 8A. The cl eani terial 224 is installed onto a,wafer

subst r at e ot 3B sybstale fevice é@ﬁééﬁwmk“gﬂﬁeﬂc 1o EMAVERSHEYr val , the

cont aciy el RBBNfrSm WeLofla8RNSENIRARUH LR HRARN ROV ARIuBlehAhg &4 brgapictEdiRN | N
contact with the contact elements to sone pre-set vertical position. The

spaci ng 21Bat msheaubssausnty remaeyed wish an pdditiopalen-linstf of- 1 @rasesst he

m cr o- col i : n i i i t he
Tocon aot - e RRE WHHKE SRERC Rk AR ol Uen R arBih oot Phr 12

cont act elwnffertesl; HOGevar theawerll eleticil perdorranceicedediferdrighatield iand logxentaglebr i s
is renoved_cqnt act éoQ%_eéurface of the contact elenent as well as along the
gt h.

side of thé& ?“ﬁel‘séﬁ The spaci ng, geonetry, and abrasiveness of the

R R Ay T B A

i npart’s efficieéent cleanin or cont act
el ement s. WiBAe ddesibed. bithd nadiimdaccoirplishes kiegpalng rat@fngrhy debeis fiomaiohtagtr when

S e il e B S R LS00
productivity of the tester. The cleaning device, that may have the same size and shape as
typical DUTSs 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.



interface or every tinme fromthe wafer cassette, or anytinme the ATE
executes a cleaning operation of the contact elenments with the cleaning
mat eri al wo=bdldeed4ont o t he burni shi ng pI ate. Use of thectliusamoposodevi ce
does not interrupt, in any way, the open8tion of the ATE 20 since the

cl eaning of the contact elenments is acconplished during the nornal
operation of t e endodimegt efthdlerninginmatetial withthemaicro- ﬁ:aw‘es:héfabibn‘igctﬁawihge is
i nexpensi Y m e nt .t ne d/ or .shaped
Wit hout r erﬁr‘?)(\'{j/10 ﬁacP?Ei me“&solr?t%%ttgse en%rr%rn 8 hf:{%}3Waﬁ:"tr gerv Qﬁ °$§5 g‘"igge"ﬂeteﬁg *ATE.
Now, anot h@mcemwlﬁsrmbnta pmcibeh heENSs epaiprofed plahgee pmbk:d sﬂnﬁlgqﬁamglsheldg Now,

anot her enbodi ment. of ng devi c w | wherein the 25
c1 eant ng. GBURHE SRagHpumA Babe BIME! W GO el LR LTS TR useq ¢ o

el ect riscalskanddrg ShntildVereBdiche WA/ i€ klibwalih FIEAY ITdelabaniritha el e Rlinstid ce from
the wafer has been encapsul ated into a material, such_as plastic. The above

enmbodi nentom‘f‘/éfelb%lbﬁt?fﬂ %!’aﬂ"lafle\ﬁ%‘éﬂaﬂe@)ﬁ“bat@?@‘bﬂttWQCIﬁ%ﬂ@Wh@%F@ts or
one or mDre%g%%%r@&eﬁe&%ﬂéﬁégl%ﬁrg(mmm&2Pfs'd9(:er¥ﬁ&ﬁh&%&.'t@&h&&@d and/ or
encapsul ate nto an asse age his 1llTustrative exanple, the
cl eani ng césnens toreymGPe-attsertical msnadn W hetspaaing/IB, mpuientes inertiaf2d6, and bl ng and

testing p rate circ (1 C ve one or
mor e o eCtPICEATY Al MGGt S et ands BB Rio iR el e et
comMunj(c at@ni@étetdmchGaAN0,5h BiddaSe caﬁul@heracsprabmles shgihaont&t geeritsl4cn gnal ,

WD 2011/ 069114PCT/ US2010/ 058971 -20- etc., with the die inside of the
package 15T epeEcised inte theclepripg 5‘6@“3' 224, dgbuis is zrrmoved poriagt the syrface eftbe 12, will
have a pl Woahddelenftht £Q0BE hicR) AFRIYE Df thd tninfténglﬂ Whe%%cin@ega@ﬁﬁ{?? af@rd tester
descri bed above) that contact the |eads age and test the

el ect ri calabrsiyeness efithasmiceascaipmasie swéh@ég@aewa pregstTeoml the cantst ddemenstt

el ements ﬁ@gﬁﬁ{]&ﬂc@ 19gl%%rh&9éalng%%g%&e%ﬁgfr§rﬂr ﬁ%ﬁ? nfknfldve geonetri cal

configura singl'e” spear-11 or Ccrown- eatures with

mul ti pIISe tines A%ngs‘crlbed aboves't !:Igc{mrgcjﬁgtphﬁ 0919%1 é?'rvﬁeﬁ; %[Egﬁmgmc%' frent, the

cl eani ng devi ce may appr oxr’ ma e a & SubStrate onto which the
cl eani ng nmdodrmllgnmswuedh&emblmcieaamgltragdos&@msdmﬁdetﬂatcontmibbotenmbéwﬂts of the
test socket cont act | eani n ad surfa iodically to 10 renove
obr i o 1 GNP <f PR e B 5 SRE BReiBs af iR REESRUE Atttk 1 Govi ce
may be nodiptiatish $fQhd ddntach@erfdntOwittiite SRA{I mate:ﬁélensrwled bl‘ﬂ:U Itt&rbummlh@t or to
appr oxi mate t he di rrenS| ons of a particul ar device. o-featured

th
enbodi mentPholse piiheslegndns deyiged ‘PﬁSGPH“tSWEFrﬁ“an?é f"’rahélf"lﬂpéga"?»‘?ﬂ the$ The used

wher eijy t g0 BRIRGAIMS BF thE 6@k aémerfts Isfaecoﬁipﬁaryd RUrifemE ﬁ@mﬁw&rama@fmg,
geonetry, and abrasiveness is such that the reciprocal pressure on the

cont act 13estiagrmaehing. rip s wawster. ith clesning |devie in dnexpensiverpRdedean s 'zbgpcpré@t debr| s
from the vydluhp, tda%le&%taﬁgfgpih bV ke l%}n%vﬁgg%cé% eI%ﬁfeH ok febtgr 1

m cro-pyramd structures th streets , avenues 351, anﬁIe agonal S

352, with ﬁmdthlas%TindJa}epmbtherlembpdlmdett@rthnqlmdmgdc\dc@ivirlidwtdosmhai configuration
and material of the contact elenents. The spacing, geonetry, and

abr asi veness oﬁ\lowvhmqnﬁeccmbq:;ymameﬂﬂleicba@ug&ewmawilltbhéescébddpvlwc@l ther essure on

the caontact elenents inpart ef.fici cle | | ect
e L o 2 ealig T b Rk rof el EhEB IR fre Bed ETRUEAAaNS °F1
| ayer s and)gpy Wieg€in & mdmdlﬁasteuﬁmdm dedcchoh tiel vbﬁef Ha@be{th@lﬂaﬂﬁnlatﬁ]hfool of

: Eg over alaI szthll ksrdghsgs plastic. h'Fhecalbg\%némrL%d%e\rll‘lt x(\:!gulg %e typlcally useé rtJoer a%y? nll {hﬁnce of

tests the wafers or one or more 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,



t hi ckness of the cleaning. This nulti-Ilayer enbodi nent woul d al so provide
"edge-side" cleaning for the interior of the socket and contactors of the
prober. 250helwsbhiads and apparatus provi de one or norePaINBRIQHET1

i ncluding but not limited to maintaini ng0cl ean contactors and contact pins.
Wil e the disclosure has been described wth reference to certain
illustrat ietce veitthibel digemstids, oftﬂeqmdcageti:rThethdnéneifawe,ain thinaise ¢alﬂ3ét¢desdclteo be
construed var,i at i.ons F‘%t i ons of

Soaoe o et e phide S e e IRy Biar Rl Hoe Rl QERBRL L o

cases W t hdie) depadntdst e ida@d IR Rekdbe asd Q&uﬁ@elec\af@dal mmﬂgticfs bf@éti ons and
conbi nations of the illustrative enbodi nents as as ot gﬂ%dadvant ages

and enbodinsgknged BE Ty nEommenlyothe pentsst elements afs gouaty Oretas dned
2011/ 0691 1ARGT b2/ 9&@&5&1 c&&igul%ﬁéri Jvﬁudsm,%le thear-AKd 403 bPeRwhake rans& to the

draw ngs, ‘description,” and clains. I's intended that the scope of the
di scl osureWlﬁ'emt!ktzlfiIﬁrﬁleléls‘ﬂ&iz the cl ai ns appended hereto and their equivalents.
Wil e the foregoing has been with reference to a particular enmbodi ment of
t he invention, Similagte theln@bap@*ﬁ@bamemb%ym@ntdbeclsmmg deglick may pepreximatetgat

changes iy [ gtn‘% hf 9
principl egb aﬂéﬁ?gﬁﬁﬂg gﬁ&%‘ﬁ%ﬂf%y otggglgan g'?:aéqupgz{stbvﬁ%é) I%SE 2?? ned by
t he appe ndhst contadt I&Ement\i\ﬁf ﬂh@ ield ookt MPGB'dt&dSﬂ@ t&hﬂﬁ@ﬁﬂﬂsurfﬁ&-peﬂﬁdiéﬁllaitm
1. At r obe rial cle Eﬂl} ntact el ements and
Suppor {0 st PBtRAeRes Gom Pyl A5 e Arobr P REERS LS HeH CRAER e 60r BT Backage
I evel | C sesdifaNdetelsize ayd $apd oMEd paisalar bkl i@ agphRkifdte aRidigenihest al
conprising: 5a cleanln? ad | ayer;
a particular device. In the mlcro-featured embodiment shown in FIG 8B, the micro-pyramid
structures 324 may be used wherein the geometrical features of the cleaning device have
spacing, geometry, and abrasiveness is such that the reciprocal pressure on the contact
15  elements 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 collect 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 not 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



one or nore internedi ate | ayers underneath the cleaning pad | ayer, the one
or nore internedi ate |ayers supporting the cleaning pad | ayer and having a
set of prwdevavesbnied characteristics of the one or norePCHtuSeomaisATE | ayers
that are selected to optimze the cleanm2hg material for a particul ar
contact elenments and support structures of testing interfaces, 10 wherein a
nodul us ofskiled §t the artsyupoa seferencang the detwirsgsndesaription,baad cldbDadVPais irmerdedthiPa, each

oy aneas. Bk taes a6 Srtrurereas e e %mi%%sﬁ%e% o & Wy tiferfe
internedi ate | aye rt her c ris | urali br.asi v articles
v ne s b Ol regn i ngs beRn il el Spatiufenbatien SR 1 oo tne
cl eani ng nrdeatibrlit Wille lﬁﬁe@ﬂéd lb)CtHbs%rski(Il@dlIn&Bé areihmaﬁg&s andisebpdifnent
structures of teSth@% i nterfaces he. cl eanlngenaterlal of claim

1, wherei MaHs eads OW@WW&@%&.P&P@W&%S@"FQF tRdclestipthseeredie or

nor e COWp|W[ﬂa{.ls|d@ﬁﬁ%B%ythe ap endgd cldifg. cl eaning material of claim1, wherein
the one or nore internedi a ? | ayers further conprises one or nore rigid

| ayers. 204.The cleaning material of claim1, wherein the one or nore
internediate | ayers further conprises at |least one rigid | ayer and at |east
one conpliant |layer. 5.The cleaning material of claim1, wherein the one or
nore intermedi ate | ayers provide one or nore of an abrasiveness, a specific
gravity, an elasticity, tackiness, planarity, thickness and a porosity.
256. The cleaning material of claim5, wherein the cleaning pad |ayer

provi des one or nore of an abrasiveness, a specific gravity, an elasticity,
tacki ness, planarity, thickness and a porosity. 7.The cleaning material of
claim 2, wherein each conpliant |ayer is made of one or nore of
rubbers, synthetic polynmers and natural polyners with a porosity within a
range 30fron110 to 150 m cropores per inch. WO

2011/ 069114PCT/ US2010/ 058971 - 23-



8. The cleaning material of claim3, wherein each rigid |ayer is made of
one or nore of rubbers, synthetic polyners and natural polyners with a
por osi ty wotzhimegairange from 10 to 150 m cropores per i RCH/US2010/05871 The
cleaning material of claim1, wherein tfé plurality of abrasive particles
5further conprises one or nore kinds of particles selected fromthe group
consi sti ngWeflamum num oxi de, silicon carbide, and di anond. 10. The
cleaning material of claiml1l, wherein the plurality of abrasive particles
further conprides aAbtspobbetlearing matenin fa cleppieg thefcoptast elegients apdsuppered from

08 S 0UP SRSl B bR SR AR

1011. The al rern ep abrasi ve
particl es fhndtiohat testing) e ctaging niakegiateoadprising: or nore particles that each have
sizes selected froma size range between 0.05-um and 15-um 12.

The cl gani ng matckaniag paflaghrai m 11, wherein the plurality of abrasive
particles further conprises a blend of one or nore types of particles

sel ect ed from bheogheyintaaiRdiatktlayacs uhBerheatt thatkeanimgpaddsgyer, she dne onmorr bi de,
and di anond. ) 13. The cl eapin terial, of. claim.l, wherein the

ol ur al |y AR YRS SRPeTFing € Cloanitg, et I8Yer gnciALing PSRHOLAIHFERITEL ne

i nter medi ahgrabBliRics 6 the b)Y hidre intermediatd fhyerd Bt &b SAeUdAdo BBiRIE e Of claim 1
further conprising a sacrificial top protective |ayer to protect and

i sol ate t Ivécagingaaianig! f9na partigar coptashelenents ahchippehstruzbines of krsting igtgrees
materigl Qfnefdifth Modulfibddiflici Bet@BendRE fHal S0MOEH 6B MIGhEEh t O the

4 GRS g
one or nore Internedi ate layérs that secure the cleaning material to a
subst r at e.layer has a thitlnessThetwesh@animandi@f-em ad cadh lgyea han allfrdnesstbisbyeen 30mpr i si ng

a renovablg rel ea iner. that is renoved to expose the adhesive |ayer.
17. The clszlgﬁﬁ’%anig{éel}of%’l[\“ claim1, wherein the cleaning pad | ayer

further 25 conprises, a.pluralli of. geonetric mcro-features wth

predet er m ned. Gesieat P ik de e SR E st sth el F R et eci et 1o
optim ze tHaeingladduhis Mardiedsarri7 al grested thattard delecied i @timizy thaclaanthgshiatertul fdi Ng
support_ har dvvarﬁfare cl eaned w t hout nodi fiﬁati on or. damage. 18. A
test pPobe RAFTEYRF FYachelemerls andSHPRATSIHEHEES PHESIIE &S| enent s and support
structures of estigg interfaces u Ci‘g f or  waf el | evel or, pacaa e level IC
seni conduct or devi cEieRieangmaseriaf of claim; I yhereindheqne.on more injemedialg layers

Conpri si NGurther 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.

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



WO 2011/ 069114PCT/ US2010/ 058971 -24- a cl eaning pad | ayer having a
plurality of geonetric mcro-features with predeterm ned geonetrical and

di mensi ornalD 2prigperitti es that are selected to optim ze thecCtitsamongsnat eri al
so that the contact area and surroundi ng3support hardware are cl eaned

wi t hout nodification or danage and wherein the cleaning pad |ayer further
conprises a 5 Bl ur alh¢ gleaningaimterinl vkclgand, wbbrein cachviigid laxerNpmgdd-Bfradmess of 7
or greater_tha e selected to optimze the cleaning mterial for a

par o1 cul arm B At bR BT SO A E e Vet yiRd PER PG et Bofaces
and one or10meN&0 mitk@orR@eeiheh | ayers underneat h the cl eaning pad | ayer, the
one or nore internediate | ayers supporting the cleaning pad |ayer and

havi ng 3_ set ?)1'9. premﬁi]ﬂéaﬁ-dgeﬁht&fhcbﬁmgmtle%%jnaﬁeﬂﬁraﬁm-f?msiwpmma A
intermediate |layers that are selected to opti,m ze the cleani.n terial for
a part isculf{’i'l‘th"éﬁ%'f’ﬁréstes ATl ‘ilﬁJOfé’ﬂB'ﬁfﬁFf"?%qd[ﬁﬂ"h?‘@g“’HP "?’Eﬁ'flgﬁmant erf aces,
wherei n a Jpgidhi xRk, Sicdf thbidk YanBdfnmdnd.ange between nore than 40-MPa to
600- MPa, each | ayer has a thickness between 25-urn and 300-um and each

| ayer has a hangnesshdataaninaiabbeamA, MekeRQhShonbiyAf aBadd paiglgl eani ng

material of claim 18, wherein each geonetric micro-feature is uniformy
shaped andurlsygeraprisgs & plgadef one or more typps offpasticlesesgleptad framitles graup copsigtingi m 18,

wher ei n t hg  m.Ghdi fgfgg‘%gﬁ@gn o dle} ’hgﬁﬁg%gﬁ_and the plurality of abrasive

particles 1nprove i'S renova ection efficiency. 21.

Jne clgani ng My er! fhe GlanflgdhdBritPor MR ChReBRR HLGHQ o BithiN RN aspect

20 ratio and a resultant s€cond nonent &f area or inértia to control the

r esi st ancdurlier cérepnises a blefidcaft ame er morelyariitien ghat each have sp2s seldged dtogamsing
material of cl aé' m 1§ wher ilg the plurality of abrasive particles are

appl i ed t GAWELBYCRIPEIMAI ATV ot “each micro-feature, along the sides of
each mcro-featyre d,on.faces. of _each. m crao-feature. 23. The c| eani ng
material of o dfm 1o iBmEEo iR YORSh W Efy of Rl

di stri but efirthdr thrpriseh£bloadiyf b oEMER tiies bOpdrtadsielReted from the gidup chliistiigeani ng

material of claim18, wherein the pluraljty of abrasive particles are
appl i ed atof plymingy axids, S’c%‘ﬁ%“ﬁ?‘é‘?&“?%‘é‘f’&?de.

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

spatially 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 1 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 comprising:



25. A cleaning device for cleaning the pin contact elenents and support
hardware 30in a sem conductor testing apparatus, the cl eaning device

conpri si YO 20062011/ 069114PCT/ US2010/ 058971 - 25- cont a®@CTAISeMeN58971 a
substrate having a configuration to be #Atroduced into the testing
apparatus during the normal testing operating of the testing apparatus,
wherein the substealdngparﬂamh&\émgaaplsutitym@gecmletmmirm&ammsrwiﬂmfer or packaged
| C devi ce; ani ng. Iy secured t e sub i& havi

br edet er mmRCnErSEr i Y8 maRoR it it B ARG A Y (he pi n
contact eldpsaming asonidl @umlwetcohaétdwmraﬁd Mmundlhgs@pm agtdtvare tarecll@n@nt s and
support har, mare ntact he I n_con t elenents and

t.hat
Support  harive BodRERRr angthel i Wi isioeT BRPRLAE ST SRPTBBG: at | on of

the testi nEurhMg b ARasivePRRickS ﬁa\d@g/d KRhOHaradhedh 6T 2ér drébidr it alc QEBdESbNg Oone or
nore internediate |ayers that provide one or nore of an abrasiveness, a

speci fi c diPHyizefhe gepningaaatqrial foyap@raewrf@g@ct elameAtand Supper sEYeHESCfand a
POroSi tY. testing interfacs/ and! N€ device of claim 26, wherein the cleaning pad
| ayer provi dleé one of nore of an abrasiveness, a specific gravity, an

elasticity, tagkiB&qsre lﬂéﬁ@&ﬁttlé&erstlﬁﬂ&ﬁ&me 91@5’111 réagﬁgfepﬁet&ﬁe ormore 28. The

devi ce of claim?26, wherein the one or nore inter iate |ayers further
conpri ses inteem agiateiayess soplingithe cleanieg pad layer and hagidg aTHtef desdétemningd cl ai m 26,

W_he_r ei Ilrbayer graa ésgiﬁs (ﬁﬂﬂee o) If:nc;[r ?nrorl‘?ﬁ{e%rgdlat@%lgéé VI\}%{J ar% ;fectt %%fB 11 rﬁ?g th%ne or nore

rigid devt {8 arm e or
i nt er medi ailﬁningyt&l‘efslaf ﬂofibﬁﬂcnﬂnmpmaaehmahtsheamppmnarucugesd)fteammmfdcea,t | east

one conpl i vice of claim28 rein conp] i ant
hyer 15 et MR SRR f e bavehih e A pORERE Mo Rt o
pol yner rs] ViheP hddaMhidkheds RROKERI25 Vi \rid B00-ufh dndRaeéh 1hyed Aask hatdhessHRtwEeh BOPOT €S
PEr TNEN: ghore A and 90 Shore A.

15 19.  The cleaning material of claim 18, wherein each geometric micro-feature is
uniformly shaped and regularly spaced.
20.  The cleaning material of ¢claim 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 micro-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



2532. The device of claim?29, wherein each rigid |layer is made of one or
nore of rubbers, synthetic polyners and natural polynmers with a porosity
wi t hin a warga/fépam 10 t o about 150 pores per inch. 33. RCTIUSa0m0/0689dEVI Ce
for cleaning the pin contact el enents aré support hardware in a

sem conductor testing apparatus, the cleaning device conprising: W

2011/ 0691 komaT/cly8ROO/ 058971 -26- contact el enents, the cleaning |ayer
having a plurality of geonmetric mcro-features with predeterm ned

geonetri cal and substratadringh configpration tede itimduced énte Hiedestinglapparappstduringe t he

cl eani ng teri 0o thal..the. cont. ar . r i rt hardware
are cl eane I\‘/ﬁrf"ﬁotﬁﬁmgrga? t’|’n(gaat(%ithoe(riestk)“ra}g %ip ha%agl%’ gﬁ%elmrsgﬁgte%gmgﬂ%g% ng pad

| ayer f ur tsheogatosemidondictar waber pt packbget YC déviabr asi ve particl es having a Mhs
Har dness of 7 or greater that are selected to optim ze the cleaning

materi &l for atheaddahingllaer, s@nted od the keiseate,haeing pedgpartedsharactrnistiesthatf
testing interfaces; supstrate, having,a confiquration to he intrcoduced
hto the CBSTHP I F GRS Pionat Yot Rap PP oL L e 38 MERHG of -t he
testing apRakéticenitiand Qippott AedFbSbiitadt theGAIBE thaBifie PinkOntaét lfef@ats @nd

sem conductor wafer or packaged |IC device; and the_ cleaning | ayer,
secur ed t GUpRast hardyers ae él,ea’}’?ﬁvwH@“WB@@P%WW%W“&W@E’?%?ftg? 88 hat cause
the pad tq,ghgan debris the pin contact elements and support hardware when
the pin contact el enents and support hardware contact the pad so that the
pi n copf act el egent ¢, a04;c3 WS 2NBHANRbAPALIRE GleRR R inthh Ot 1ay@eikd cation
to normal operation of the testing 1l5machi ne. 34. The deVvice of

cl ai m 33, prwddedne oeaore of@pabrasivaness Tpscifie gravites ah slaghivity.gackiness plaparily.and
regularly tﬁi@%%?ganda orosit 35. The device of claim 33, wherein the
micro-featUres cross 88cti on and t he plurality of abrasive particles

i nprove debris,ceno | i fflGL V. . | ce of

cl 5 m 33, wher &/ i iEoE ApiaERt WRBe hé LR 58, piBhigekiRe BEHOER, O
second nondEah alhsiwnes, ospetifie ptaviy, tao elastivity, ahckiness, plasdriy, ahicieetsanbendi ng of
the mcro-feature. 37. The device of claim 33, wherein the

pl ural it y RSFOS4br asi ve particles are applied to one of a top surface of each
m g: 8_ ]]: gg: 3: gi 2@.' On’?hé cs]e%icglo g‘\lastimoiﬁ, %r%grgin%ec crm% Jr?n%geu%g:ngggatg Byezl'ﬂ"ue}t%grs of each

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. The device 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



38. The device of claim33, wherein the plurality of abrasive particles are

distributed within the body of each mcro-feature. 39. The device of
cl ai m 33,woterigioptithe plurality of abrasive particles aPeTapspdiopssdat the
base of each micro-feature. WO 2011/ 068&14PCT/ US2010/ 058971 - 27- 40.

A nmethod for cleaning the pin contact el enents and support hardware in a
seni conductwactetestentnghag pening laysr Baving agualivaf geonptridreicrefeadiesiwie handl er

t he met hod conpr. si nag: | oading.a cleaning.deyvice |nt he waf er prober or
packageq dETPRER RS Pimet AR Y ol B St o B
conf i gur atcieafiing fakeinl soald teicontad akeh asd sunoundihg supp@shadway afehteatedst | ng

appar atus, the cleaning device havin t .surface with predeterm ned
properti es“"ihﬁ&ttm‘t‘ﬁg O‘?H"éfaﬁ‘raﬁ‘f)@déf@ % F]%g‘ﬂﬂg padTayer _ﬁ%ﬁiﬁra PAE the pin

cont acts el BRRAY sf HRdive pRiilel hAVadph bR MArikksS bYe7 6l gRaftr Bt S8 YdIeReadir i ng t he
normal testing operation of the wafer prober or packaged device so that any

debris 10 opEmize fhsedaaning gaeriabiopp pariesiar centagt elements and Pt FpIIresioir dwar e
during th‘i’t;,,\sﬂf?éfﬁ?érfa&ﬁera“ on of the testing nachine. 41. The net hod of
cl ai m 40, efein the cleaning further conprises periodically |oading one

or nore cleani ng, gy m%é@ﬁg@gﬁﬁ% ﬂﬂroﬁ?&ﬁiirﬂ@th%ﬂr_}%%aﬁ{u@ GGy act

el enents and support har r ng cl eaned. 1542. The nethod ot claim
40, wher eitlre nionmall testidg ngerdtimgtoll the testingaiparatys| wizenkim the snlstrate comprises k eani ng

devi c into one or nmpre deyice carrj .Su as wafer cassettes and JEDEC
trays,q%al 3?@0 a{%tsﬁmécé)rrhrr&)ugg)ﬁ Eﬁée §era\%a e(rigé %Wl%h%n%di es being tested by the

waf er prober of _devi.ce handl er .sao,that the cleanin evi ces are contacted
G ng't ho.t es P AiFg g ey fint bt BafinS PR R haR iR, 2
2043. The remisBoit pafl tcdl@indedls thupiarcentact eleepls and upparc hardvaewmesthapth suppor t

hardware remain in a cleaned, state for | onge ri.od of tine incyeases
yi el d per 8RR SEAE @PL PRt Pﬂéwgﬁﬁmﬂﬁ'ﬁpﬁ&gfaﬁaﬁﬁ? BIP coeet REmETastr er .

44. The metshgfdritfardwlatd 4R dfancdRAHRUNMbdifcatibf B MondallBpbafibrRdf the @AREt | es, such
as density and abrasi veness can be selected for any given probe el enent

mat erildl d@rackiRgpe to

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

shaped and regularly 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.



25 renove enbedded or bonded debris from pin contact elenents and support
har dwar e reduci ng the anmount of downtinme needed for manual cl eaning,
i ncr easi ngotzha/ashrieughput for the manufacturer. PCT/US2010/058971

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
5 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 so that any debris
10 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.

15 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 dies being tested by the wafer prober or dévice
handler so that the cleaning devices are contacted during the testing process of the individual

die and packaged devices.

20 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 claim 40, wherein the cleaning material properties, such as
density and abrasiveness can be selected for any given probe element material or shape to
25 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.



