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25 evice. For example, electrically conductive terminals or traces to which the damaged

electrical element was attached may have been fully or partially removed with the damaged
electrical element. It can be difficult, impractical, or impossible to attach the replacement
electrical element to the electronic device with solder or similar materials. For example, it can
be difficult, impractical, or impossible to attach a replacement electrical element to a ceramic
30  substrate with solder or similar materials. As another example, even if solder or similar
materials can be used to attach the replacement electrical element to the electronic device,
heating the electronic device sufficiently to melt the solder or similar materials to attach the
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substrate.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows a perspective view of an exemplary electronic device with a plurality
of electrical elements according to some embodiments of the invention,
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Figure 4 illustrates application of a conductive material to the
repl acenent electrical elenment and term nal shown in Figure 3
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enbodjgrent s offige 8 sMeeRtd potial3fd Gldheorle TRRWEHIPARBILE QRIFYEIrd FSIlustrating
det ached spring probe on a substrate of the device
positioning a replacement spring probe on a substrate of the device according to some
cmbodiments of the invention.
Figure 9 illustrates application of a conductive material to the replacement spring
probe, terminal, and substrate shown in Figurc 8 according to some ecmbodiments of the
20  invention.
Figure 10 illustrates application of a non-conductive adhesive material to the
conductive material, replacement spring probe, terminal, and substrate shown in Figure 9
according to some embodiments of the invention.
Figure 11 illustrates attachment of a contact tip to a beam of a replacement spring
25  probe according to some embodiments of the invention.
Figure 12 illustrates variations of the process shown in Figures 7-11 according to some
embodiments of the invention.
Figure 13 illustrates a partial side view of an exemplary electronic device from which
a spring probe is detached according to somec embodiments of the invention.
30 Figure 14 shows positioning the detached spring probe on a substrate of the device
according to some embodiments of the invention.
Figure 15 illustrates application of a conductive material to the spring probe, trace, and

substrate shown in Figure 14 according to some embodiments of the invention.



according to sone enbodi nents of the invention. Fi gure 15

il lustrates application of a conductive material to the spring probe,
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sonme enbodi ments of the 1 nvention. 15F|gure 208 i1l ustrates exenplary
vari at i oniecolingfe sprpoembedimpnts of thainvgntion. Fi gures 17-

Figure 20A illustrates attachment of a beam to the replacement pedestal shown in
Figure 19 and attachment of a contact tip to the beam according to some embodiments of the
invention,
15 Figure 20B illustrates exemplary variations of the process illustrated in Figures 17-
20A. according to some embodiments of the invention.
Figure 21 illustratcs a partial side view of an cxcmplary clectronic device from which
a spring probe is detached according to some embodiments of the invention.
Figurc 22 shows a replacement pedestal positioned on a trace of a substrate of the
20  device of Figure 21 in place of the detached spring probe according to some embodiments of
the invention.
Figure 23 illustrates application of a conductive material to the replacement pedestal
and trace shown in Figure 22 according to some embodiments of the invention.
Figures 24 and 25 illustrate attachment of a replacement probe to the replacement
25  pedestal shown in Figure 23.
Figure 26 illustrates application of a non-conductive adhesive material to the
replacement pedestal, replacement probe, trace, and substrate shown in Figures 24 and 25
according to some embodiments of the invention.
Figure 27 illustrates variations of the process illustrated in Figures 21-26 according to
30  some embodiments of the invention.
Figure 28A illustrates a top view of a portion of an exemplary substrate to which an
exemplary electric circuit element is attached according to some embodiments of the

invention,



20A according to some enbodi nents of the invention. Figure 21

il lustrates a partial side view of an exenplary el ectronic device
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Figure 28B illustrates a side, cross-sectional view of the substrate
and el ectyome enbodppantseyfdhpsipyediPLE gure 28A. Figure 29A illustrates a

top view of t Iﬁgﬁrg}ﬁﬁ [Rlstafaf a Elﬁgglé'ic%@sg&ig‘nﬂ%\\?gﬁh%lfbgtr&tg &¢ Figure 31A.

Figure 32A illustrates a top view of the substrate of Figures 31A and 31B with a

replacement electric circuit element according to some embodiments of the invention.
15 Figure 32B illustrates a side, cross-sectional view of the substrate of Figure 32A.
Figure 33A illustrates a top view of the substrate of Figures 32A and 32B with
adhesive materials deposited on the electric circuit element and substrate according to some
embodiments of the invention.
Figure 33B illustratcs a side, cross-sectional view of the substrate of Figure 33A.
20 Figure 34A illustrates a top view of the substrate of Figures 33A and 33B with a
protective coating according to some embodiments of the invention.
Figure 34B illustrates a side, cross-sectional view of the substrate of Figure 34A.
Figure 35A illustrates a top view of the substrate of Figures 28A and 28B with the
electric circuit element detached according to some embodiments of the invention.
25 Figure 35B illustrates a side, cross-sectional view of the substrate of Figure 35A.
Figure 36A illustrates a top view of the substrate of Figures 35A and 35B with
replacement terminals and a non-conductive deposit formed on the substrate according to
some embodiments of the invention.
Figurc 36B illustrates a side, cross-scctional view of the substrate of Figure 36A.
30 Figure 37A illustrates a top view of the substrate of Figures 36A and 36B after further
processing in which a replacement electric circuit is attached to the replacement terminals
according to some embodiments of the invention.

Figure 378 illustrates a side, cross-sectional view of the substrate of Figure 37A.



electric circuit element detached according to sone enbodi nents of

the invention. 5S5Figure 29B illustrates a side, cross-sectional view
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protective codfighg4hskdrsh vigrliickshematieristichemetsa tost sysiemithey énshidena probe
card assembly according to some embodiments of the invention.

Figure 42 shows a partial top view of traces on the substrate of an electronic device
according to some embodiments of the invention.

15 Figure 43 shows application of a conductive material to a damaged trace of the
electronic device of Figure 42 according to some embodiments of the invention.

Figurc 44 shows application of a non-conductive adhcsive material to the conductive
material, damaged trace, and substrate of the device of Figure 43 according to some
embodiments of the invention.

20 Figure 45 shows a partial top view of pads on the substrate of an electronic device
according to some embodiments of the invention.

Figure 46 shows a dam structure formed around a damaged portion of one of the pads
of the device of Figure 45 according to some embodiments of the invention.

Figure 47 shows deposit of a conductive material within the dam structure shown in

25  Figure 46 according to some embodiments of the invention.

Figure 48 shows application of a non-conductive adhesive material to the conductive

material, dam structure, damaged pad, and substrate of the device of Figure 47 according to

some embodiments of the invention.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

30 This specification describes exemplary embodiments and applications of the invention.
The invention, however, is not limited to these exemplary embodiments and applications or to
the manner in which the exemplary embodiments and applications operate or are described
herein. Moreover, the Figures may show simplified or partial views, and the dimensions of
elements in the Figures may be exaggerated or otherwise not in proportion for clarity. In
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Figure 34B illustrates a side, cross-sectional view of the substrate
of Figure 34A. Figure 35A illustrates a top view of the substrate of
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10 Figure 1 illustrates an exemplary electronic device 100 that includes a substrate 102

with terminals 104 and electrical elements 106 physically attached and electrically connected

to terminals 104, and Figures 2-6 illustrate an exemplary process by which one of the

electrical elements 106a can be detached and replaced by a replacement electrical element 306

according to some embodiments of the invention. Alternatively, as will be discussed, the

15  detached electrical element 106a—rather than replacement electrical elements 306—can be

reattached to terminal 104a (the detached electrical element 106a can thus be a non-limiting
example of a replaccment clectrical clement).

Referring to Figure 1, an exemplary electronic device 100 with electrical elements 106

attached to terminals 104 of a substrate 102 is shown. The clectronic device 100 can be any

20  type of electronic component, assembly, etc., and the electrical elements 106 can be any type

of electrical elements suitable for the electronic device 100. For example, the electronic

device can be a test contactor or a component of a test contactor configured to contact and test

electrical devices (hereinafter an electrical device being or to be tested will sometimes be

referred to as a "device under test" or "DUT"), and electrical elements 106 can be electrically

25  conductive probes configured to contact and thereby make electrical connections with DUT

(not shown). As another example, electronic device 100 can be a singulated semiconductor

die (packaged or unpackaged) or a semiconductor die that has not been singulated from the

semiconductor wafer on which the die was made. Many other non-limiting examples are

possible including the following: elcctronic device 100 can be an electronics module

30  comprising a plurality of electrical devices that are interconnected one to another; electronic

device 100 can be an interposer, and electrical elements 106 can be spring contact structures

that are electrically connected through substrate 102 to similar spring contact structures (not

shown) attached to terminals (not shown) on an opposite side of the substrate 102. Many

other examples are possible.



Figure 38B illustrates a side, cross-sectional view of the substrate
of Figure 38A. 5 Figure 39 shows a side, cross-sectional view of the
substrat e w0 2BisgIese 38A and 38B after at | east sone ofpdimes2eariodess
residue is detached according to sone enbodi nents of the invention.

Fi gure 40 shova aysmﬂth,e bragsmgsmmpm@,akub\slrﬁw 100 dahecosapdisé raatvéringf substrate
Figure 39 after rocessin | ace nt electri

i Sourt i+ ohnemeisiiticaty RRBER hirlatils g g ER e dbe Sbsarienris
of the i nyemioh@id substrate 107) BefrRed dndsHPW% t8mSihaTPh 04 érﬁl@br%ﬂb:?%&ﬂn@al clements,
depiction of a test systemthat .includes aqpr obe card assenb

accor di ng“’t"&?%%ﬂ’f% SEREBERREh08 Bfin thesupsiiptnt(2ordn some exarmpley, ﬁ@’sirﬂteslﬁé\ﬁén
a par t o%rgﬁsél L &¥rif) g s?r&t‘é%ua{]?st Qﬁmﬁ‘tk’@%ﬁ&ﬁﬁ GoaPd g@%lngxutgg)‘ Eg&’gﬁ%ﬁv\%‘éb&ﬁe

accor sone e nen S 0 e Invention.
appl i cat wmh @icca‘lcekbmctucducuec tratasr drabr betwaen dmpgednd chcteicalty témluctive vias

el ectroni hse of Fi e 42 cor odj rrents of

i nvent i oné:iecqnca Y c&?ngcﬁ!rf%gg{j%egﬂ ?ﬁy(%%t i"0 eﬁmgfnfaéﬁgg?‘fl SRYUEFTDY ' ftable
adhesi ve foatuss inith stlhstﬁal’tel(!z)nﬁltjﬁ-ﬂmﬁﬁlmﬂ’fpﬂQMf sitaablg edmitaC )4 @ollde pads,
substrat e of the d of Eﬁ‘ re 43 ac ord| ng to some enbodi nents of
the i nventymds.( eE@ 5) s &0?5%”9!’9 f 4%p view of pads on the

subst gt e of @e&hmre[eﬁﬁh% ﬂ)%Vdaﬁ%eaaﬁf}QhQi %lé&ncﬁlﬂ%oﬁdﬂ%ﬂgé B&AE sﬁ‘ilctures
t he i nvention. Figure 46 shows dam structure forned around a

damaged pwnfipead gp @ﬁ@%iﬂn@ Hberplyd snalse eﬂwmcab@p@@cmnspwgmrc@ew more other
accor di ngeléc@rl&?;a@\g Q0 OR) MBAE S Ofel LR al Qgﬁgr&g Uy be probes ﬂr(%érs e%oqi act

shows deposit o conductive hateri I n the "dam’s ru%ture s
in 25 Fi gﬁmuetudes Friog redntacs thcmrm;eetenﬁmd&tmmptes elettricleelénmngntd6oran be spring
Figure 48_s

D T Ak TR T AT X g ey
t he devi cepaiedhi qung badk aﬁ@dfeﬁigﬂ@nip@esmﬁEN&ﬂﬁmd[dmhﬁlpkﬁ of Bdtable electrical
| nvent| Onelen?gl-‘lt_sA Il can a?g@ngglhggo%os%é@t/rﬁ%tﬁgg oll\'/n!sgi:) I0 aN(-:roSre wire bonded to a
conductive terminal (c.g., like terminals 104) and over coated with a resilient material as
described in U.S. Patent No. 5,476,211, U.S. Patent No. 5,917,707, and U.S. Patent No.
6,336,269. Electrical clements 106 can alternatively be lithographically formed structures,
20  such as the spring elements disclosed in U.S. Patent No. 5,994,152, U.S. Patent No.
6,033,935, U.S. Patent No. 6,255,126, U.S. Patent No. 6,938,827, U.S. Patent No. 6,939,474,
and U.S. Patent No. 7,047,638. Still other non-limiting examples of electrical elements 106
are disclosed in U.S. Patent No. 6,827,584, U.S. Patent No. 6,640,432, U.S. Patent No.
6,441,315, and U.S. Patent No. 7,063,541. Other non-limiting examples of electrical elements
25 106 include conductive pogo pins, bumps, studs, stamped springs, needles, buckling beams,
etc. In some embodiments, one, some, or all of electrical elements 106 can alternatively be
electric circuit elements such as capacitors, resistors, diodes, switches, transistors, integrated
circuit chips, etc.
As shown in Figure 1, one of the clectrical clements 106a can be detached (e.g.,
30 intentionally detached, accidentally broken off, or otherwise intentionally or unintentionally
removed). For example, electrical element 106a may be damaged or the terminal 104a to
which the electrical element 106a is attached may be damaged. The electrical element 106a

can be detached in any suitable manner. For example, the electrical element 106a can be

grasped and moved using any mechanical grasping tool (e.g., a tool with moveable extensions

8



30 This specification describes exenplary enbodi nents and
applications of the invention. The invention, however, is not limted
to these ewenpbsarsyrsenbodi ments and applications or to tEr/0s200varssksn
whi ch the exenpl ary enbodi nents and applications operate or are

descri bedthheta pinciVilieedlst@iical telvgncht g0GLEetweyn the ano&hbIplekfehdohspr As another
of elenments |n the Figures

arti al ews t he ns be
gx aglger a;/‘l‘é‘&m@ g‘!%%‘?%@i e%g‘ﬂenlf 38%? tHSore BBFPeH gsIng| yyacuym topl 6311%015 can
2008/ 036 7g6iREd /hbla%%goaélﬁ&ﬁ@%t gl fo‘r%ﬂamﬁl% H@ﬁ dredofen aﬁrhdh@ﬁsde material (not

"attached to" are used herein, one object 8 a material, a layer,
a subst r athewnytecs.) solden thet holds th@ﬁlemp@laﬂ&mt d86a teribe kesmingbjl e As shown,
regar g €sge %Lbé‘éﬁ?et P@i’ Plf' lﬂ?e él@cﬁm% gévice' iSOOd!:J ?é lrpl’écgcp oi'a @élaﬁg r&ﬁ'gct ? 110,
t he ot'her object or there are one or nore In venl ng ween
t he one oHpldoig mudtutd’lbl(bcetmecrorm:b;secany sthhchoe Sdlt&‘bdmfdrmﬂppdrﬂ!n&th,c sabainaes, 102.
bel ow, 0
or out ea FaresmpaRnde TRl U0 R sratipen Vit gr & bk aftshisiimaith g fat
ease of ijdukfasd batwiich RCkubitERdI$62 Qh BaGaded. lpMoMaY @ffuc{utdmtcabarpae aldbn-
addition, where reference is made to a |list of e|lenents

el ement s HNitHE sxymple pf i suppeit secdupg Jsosieoean- %ltma@@a@%ﬁ%cgﬁ@c levice
the ljet efboe&a%n?éﬂa%owoﬁ&?%m 1@@%1@&[6%@@5&3 Of Id {r@ Jl eREtronic

the listed el enents, and/or a conbi nati on of

el enent s. deyoei o ean b¢ |detashadafrens tha lengemplleatrqmcelapmat@mcd @é&cccd:@nllmbdmg
t hat incl bs a tri

el enent s #‘glg&'f) &Z‘?jca le%a‘% V% ‘gt H@fg t%néc}ﬁfcﬁ?e%? Irliﬁcc {Pldbf %g‘ﬁl tg ht%gi the larger
term nal selammcajpﬂarﬁugwméslea&ﬁuc Hewikset Il@tcen baplaceergnl t@mmgmﬂmem 1 lywithout
whi ch one f t he el ectr, cal 106a can.be detached an ‘
repl aced Wcamsé—'bﬁ%e@ﬁ@ﬁ‘fw% R g Rt s %Phaxapaﬂ%&wﬂl be

enbodisrendiscusded! digctionical’iiconoo Sl 8y Mgbby/Rdail (e as liné bﬂob@&eadlz!s (%] §§Ei§ure 41)
the 15 det ached el ectrical element 106a-rather than r epl acene

el ectri calf &ePoheRtd a8y e -Helike Boba cadesseaniie Ahttheal Flger&a‘llowé electrical
detached alfchi 166! 108h QAR H: HH52 4 iKRYsolRg A 199 ﬂlgmt4lgg E%3Ph Gasc,
of a replacenment électrical “cl Referrin ure 1,
exenpl ar yhodding sirentire 1d@ ¢irg én mt)e wkemiplasy @Uﬂspdlmhtsebfemrﬁgsred% h@ltittbmdrremie
to term i devi c
100 can 208G sfpByIHARRE BBy B 408 pRASH eIt . BEIaH & G ye
the €ellectri calInebmmtamee%Dﬁna:canndﬁe eaanmchyq:len@fts BO(ﬁcrhn beameadegitkel Sich as
suitable for.the electronic 00 For ex t he ctronic
dovi ce. cats et BRurB. tesTEnet SFoustes.dibinobment <GrrcR deticegnd gt gibtona

confi gur edmbeal &P MeGEctadill clefisht(H1064.r A MovlEM FG@fe CRRRNRBEWES tpView of
el ectrlcal devi ce belsn(? or to be tested wll sonetinmes be referred to

as a "deviase suhshate H0@«dispogd omppiding sivetueg by ¢ dam sEmethen0? qanebec rmed
be el ect ralrﬁu.g{dl ¥rmifa,. RRBAUG! WHELPHRARS. L ngDWSl% o tﬁe e 3p¢ can be be to

t hereby nake el ectrical connections wt anot
exanpiie, ddffisewrrdionted sgecgiacarca0m thanulistatg 162 gl ateeiansmmmm\micctaorendp@ a

k duct t
< mgul at Ak e SRR 48R ReRE R GAPHICH Rl B R AR Fiewre
Many ot het) canflewi Mstshovgn xEipm @sthadempassinel202 cncbafdirngd drbend terminal 104a
00 can be, an .e nlcs nod

following: electro evi ce l,e e 30 .
conpri si iy AYBIGF & ?F%P%B?“‘@l 3@%?%1‘{665@ Rfedrpesiicds ﬁﬁ% é@%reﬁﬁ%ﬁ%@malse
one to angiheiteri@! tRALdaR MeGellfHhal HORrEARNAE aBAched LR LRRAK: dRPSed on the
electrical elenments 106 can spring contact structures that” are

el ect30 caubsiratoHde feen mhw@u@wl sTHsst e atnesome 2mbedigicnts) e demsirpgjure 202 can
contact Sibdiehuh SaueliibocaNB L ARNAC R@%ﬁsﬁ@ g "Bl QQI;I)EIm%m%%mBﬂs of

an opposite’side e substrate exa
possi bl e.the dam structure 202 include an adhesive material deposued on substrate 102.

As shown in Figure 3, a replacement electrical element 306 can be positioned on or in

proximity to the terminal 104a. (Terminal 104a can be a non-limiting example of an electrical
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WD 2008/ 036786PCT/ US2007/ 078964 In any of the foregoing

exanpl es, substrate 102 can conprise a wiring substrate conpri sing

el ectri cal W oendemssi ve connections (e.g., electricall ycovushuetorsnes
traces and/or vias in or on the substrate 102) between ones of the

t er m nal scohfidctar aicbihe elehiicaledlewdnt Be@being plagudtan, ordzlopifwmﬁ@tts the terminal 104a
structures etc. onor in th bst ate 1 | es, )
subst r at e RPF & qpn-lu i HPWFeﬁﬁwglu‘gg‘P?rﬁt m§ ﬁce sa%g“ﬁ)‘ith’i‘t Heptrical

circuit beagker) @o%k&ﬁﬂl@%@ﬁla&%eﬁﬂkl@ctﬁ%%én%ﬁ 306 tdh B BIakdd malohtct with
conductive traces on or between |ayers and electrically conductive

vi as el eciermigd 1042 epitemaively tenlesmentelentngab element) penn be racad algsssto but
104 ¢ u i 1 t .

Non- | ot tona Sokat W Plertital 30)e> ot S Wifich 0% § AT 100 oppmple of o
(e.g., sofraspingsond<hn b asdi tngssspposts an@/pobeld in pbsitionlfhEquﬂaachmaﬂ electrical

el enent s b L& f electrl onductive cont.ac .

St ruct ur e8eiangy FaE ey B forths SEMSHiUS YoriBREE EFiPE AR holding the
connect i onplaydridnt @Retrizal BRMEnOEOER! 18| seficr dxemplage vinbedimeig) tHRXBBPBOO can
el ectrical Cillee, Ft s can, be probes, spring probes, cagntact structures,
spring coRfReRC: grosRths re cémeﬁoFle@Féﬁﬂtﬂ@ne“éI@ét r Fernexamnlereiopk 349 gan
can by SPichiifiss AHRMIS Frba (ﬁ'&r%[){vﬁ?ttﬁt CABlnkcR Mpl ¥R e HE&McMe?ﬁe'n@bOé
that allows the spring contacts to repeatedly spring back after
bei ng confsteecaeic fiugers) |quaig’ebrx@mm @thtzsm, hi toelbB@) edregragy thel replacement
el enent s o] S

Wre bond&% t%ﬁgleg%n uct |£v gﬁgg‘%‘lﬁ}rﬁa %O?HG &ﬁ%ﬁ&ﬁ%?@gﬁo&ﬁﬂ@%ﬁﬁ c&?%%part
over coatac piglt- dmdapla@snddhentsudaas&lre h:hovasfod hmdﬁm@mimmnddctﬁr diPat Em&ed&k‘b or
5,476, 211, U. and U S

El ectrical® S%?dsﬁ%?%o(?n@g ‘cagn I“feéjr ap?%té?rﬁl thSerep} af%?j? aﬁger%c‘:&ﬁeémfegtr g@% n
st rucksur egeneral tmhleqﬁasﬁhﬁ aBP loribgtatbreo® 6f &djeieitihe & ehind) 1U4a3as B@t nal
No. 5,994, 152, % 50603935 US Pat ent Nao.

U S. Pat it elem%al é%?AS sashogy 18 e 3 %1093l 0 nopzles R @ns is -miv@dw
No. 7, 047,633an B idch) AtAGh WhiKh d Hcmcﬁ'ggg(ceg( HIRLE §m91fcnﬁa{n§‘c£ﬂ bcctﬁl'cctcd can be
el errent s 106 are di scI oséd in U S Patent S. Patent
No. 6, 64osgignedynrorigtirip thepreplegmant 3@tncalnfﬂemm$ 30@afFenexanple, nozzle 302
7,063, 54 f el

el ude icon%?%@ﬁ%é%%%h’wm%w SR oG EollsERl 151 SHBE! ot Brpedr
buckl30ng H@eamgas eAgwill be dmms@nﬁmmemedgss cambe usabasmn and 1raidr1ngfa material or
el ectrical

ol enent < IR g 18 oo PR sBpheh SRl HedfuSoBClipRELOA sidor substrae

transi st oreg, NorkR@0atafl beiséfatité frehi 6l 301 cau&&@@@mm& ﬁzgﬂdﬁ ®e hart @R 6r
ments 106a can be detached (e.g.

of the el ectrlcalgii
i nt ent i orPiheryyisgattachadip oal3%0dent al Iy broken off, or ot hervvl se

intentional ly Qf sHdQnheh aakbi ¥ | |
el ement 106a matyS be darra%derg or %éﬁgﬂtag}lfng%\nglugwe ﬁ%t@%&?ﬁ?c&ﬁ%@%bﬁéﬂ to the

el ect?i carrmindndie andig rﬁ@awatﬁe@rlﬁﬁylmnﬂé@ﬁag@ﬁsm deedpny ptoghure 202
el emenft ;],ﬁgg qllngfarr@ﬁ ?ﬁf%‘tﬁg BS—‘ uH.'vea‘rgXteﬁ 8!) ?1 gfcg%? are%Fv?Ehn? )i'l%r%ﬁ‘leﬁl’uc ie

electric a can gras e
gr aspi ng 20@o!In(semg. e,mb@di‘nmnts \dﬂﬁll‘khﬂﬁﬂ&ﬁlﬂ?ﬁls et ﬁmhlldecnsand\fﬂ ﬂow of conductive

2008/ 036786P 200 4 that.can |nch th electrical e

T08s, Dot A7 180 b8 D fr el usPir s S FaUES: s @emplsg e How of
el ectri cadon@lctive HateHA 620 CaN R obfrdIfdaes) kifiitig i AARMUST éd?.@henv&h@a!amal 402
tools can_include heating elenents that can, for exanple, nelt or

sof t ¥ ariﬂea%ﬁ*nféélve material (not shown), e. g sol der, that holds the

el ectri cal Ft}i]aq i 1 gﬁ
substrate 102 t he gﬁ) &pr %%?’é& eI% @gdlt can esr ace %%]tegﬁ%al eoFment
st ruct ur 306 1:0d tbmilnlal nig4s tas doscussed thidvec the frlcnm;mailse:oawnm matrial 02 can be

suitable Jpgﬁeds r(t)nrlrtlall r194 EI‘S‘E (Seugbsﬁr{o"ri' 0 pos%omng%e replgellrc}gmeﬂt e ectncztﬁ elemen9306

on or adjacent the terminal 104a as shown in Figure 3) and thereafter the replacement
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.10 100 can be a conponent of a larger electronic apparatus. In such
an exanple, electronic device 100 can be detached fromthe |arger

el ect roni cwayzpewigsi86 and pl aced on hol di ng structure 118CT/US2007/078964

Al ternatively, holding structure 110 can be configured to hold the

| ar ger el ﬂecttxri@mmtemmasmt o, banmsiebrel bonirCadjgoehic thel Romian 1042 phdiciﬁdthe

on hol din cture 110 wi tho det achi ng el.ectr.onic device 100 fr
Che | ar gere@T ey <BRE Ep pAIeALAL. Pt S aRppeelcautiyg. he pndugiye material 303

di scussedganehees Zﬁpﬂi@ﬂ'@ AAEMACHOrBA0 of AU 1a@erﬂérﬁte¢eck}%ﬂ efeﬁleﬁt 304 kHG® is to be
probe head 4112 of Fi %Zre 41) of a ﬁ)ﬂ e card assenb i ke
¥

probe carRPSHi9sehpR Pr 2 Q’PnbfheF‘ie@'%iﬂ@ and filep @plBaeemang ﬁ?écﬁlcéln@m@t $O6 can
106a n I

case, ot JE B¢ QAL Fofonlchf BE BRARAIOE @ ol BUERIS owdl BISURE 3 Ao
confi gur edillt amothot dtarimdiverthe cendpetolbenaeanal 463 senty applied tv Ydtlethorcoth @otieadf

and probe ent e e.d., .faci u to be si.bl e. 0 1ln .
st anceste SREEER slGoitaefr Ao sl me e el AT RS Begndismratitec
such as b@lemérﬁBO@isé}jmhenedaﬁﬂdrdﬂﬁbﬁittlﬁrtaﬁkﬂegﬁowri ng use of electronic
device 100 or jnt e:g_tl onal val of the electrical elenment(s). 106a.
As shown in Fifysiest lfar(f\mmﬁe Bveorluetis materipl 492 prache 1 pryidess wlatipely low
di spogged @asta@edell%hgn&q 'bb'lﬁ{ele't'i& %1:0)& high @aﬁa@wwsleétﬁcﬁ%m%ﬁoﬁebefr@éemﬁe

around term nal di scussed, a "purpose of

structur erezl@geme@helb@n@@ elezsnbl%ﬁfﬁl and the termpineld@4s p&@xmpla;téare@mtancfelevel of
substr at i, S’ et C [

t he subs"tat P %’% ?ae °§§5€C?nﬁ%%ﬁ’8r on?etrl 1!\}Jl\,g géllgée%%(%tngl%@{l?@eéla é?’o\e}ce)anﬁﬁcﬁ Qrt‘%-‘lmal
(402 i n Filgaroan4de amrodihately ths sstevas drnlessi tham ehe? resistaaced fevelsdf thet elecgrical

202 can be ound, t erm nal, 104a or. .an r el.s duct.i.ve
2dhes: ve BGOSR pEGE SRR AT deE HHE B0 Gy St Sthigh grose
mat erisal difwadicat aﬂ:nféﬁtqt HOBp4e atthdhed QReePEigRNENt Cyndikliac hagriar 404 Bzﬁf w: a8y
di sposed on the 30 suhstrate 102 to form an encl osed structure.

some enb ? Iy conduygtivemnterial foat grrebowpplied o g op Potl of thegaplpesimept eé%%pal
on or adhgggdittos gmhgmh{am@alOZ Gt her non-limting exanpl es of

the dam structure 202 include an adhesive materi al deposited on
substrate 102.In addition Ag cidetyionl Pandmitipityeprapertics; ds clectnieahly condustiv eaterial
el ement 3 [ n X h e

Toda. (Tore GRmedE AERENG! BORSHERARY el B it 402 Gl Bpd S LB ipicing
WO 20088/ 036MBBRETI USRDOTIOZERE64e) oﬁaiue:tample ahd ccbrhiactaleemauena:laalozebeanman

306 bein Iace n_or in pr imt o the termnal 104 be a
o L RS S s Yo bt otV ribfech L PRy Adhsi Hhg SeBrgment
an el ect rdlé‘oﬁﬁcaﬁ@l@ﬂh@@ﬁ% td tHeOErmEXaANOHE, ThE PhrICEIRThateh#£ AP head ndt] IS,
306 can be placed in contact with termnal 104a or, alternati vel Y,

repl acenehe srera adhesive erawiss Jdus.can cxnnlpbe gondugie materal 402 ¢hgtbe 2
in contachea édﬁe&% mP‘B@'exéxQﬁl@ the sttl%ﬁ h%?o ngv‘f%ﬁgoﬁzﬁ? € rédlacement electrical

non-limting exanple of agraspln e used to grasp, nove,
and/ o4 hoilemsnt 3Pt termomal Hidacep ba , widgn seme alstastesnEgnifigodly lahan,

t ool . 300 95&&%‘@@605& altta?ﬁﬂé% @tmar qlgc?tfcagélgtflgﬂggg(_% né\tlrllllQIgdlS ﬁﬂd/ or

hol di ng the replacenent e rica sone exenpl ary
enbodi nent s, ﬂheomeeinbadlﬁlema,ncdﬁﬂmﬁza incatdrlay 402 edybet hv@aterpll thgrdsrepilied in an

el ectri cal rrent 6. For. e t ool 300 can, conpri se,.
moveabl e mewg P@fe(fwﬁt a@hwﬁs ?Mr?ia@aﬁ Cﬁm@HV?aﬁe&eé@rﬁf@Fé@Plﬂqd@om or
el ement  3Qh bﬁh&%’l’hebﬂ&qtfcldaﬁﬁhﬁelctﬁbr{t@;bﬂ ahd MRltorral i1 0406 G tunBred §tB@d and
tool 300 can grasp the replacenent electrical elenment 306 usin

vacutd® Ithers@ed why fé}P Fepcsmentsdictrawio eleaenbilos proarrbpospianed mtgaespect to
K- d d
pi c an -the & g@%ﬁQ?PégﬁgbnﬁﬁctWeqn#&%%Oi O d&%@&abgqt .geposg@ WGk uid,

di es. nee eto can be use i'on t
repl acemthqeidetater)lp@at todedmppmred3 i thia cardugveematktial 408 earsa'xmgqatosal ltarctmm

and ori en(}rasgrlnef?arﬁ)er}ieg rsta%(aja%(e:r netiné pu?ecf eﬂlrglm%glem (())(ﬁrarllen 5, t}le con%uctg!e materlal 402
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25.term nal 104a and the replacenent electrical elenent 306. As

shown, the dam structure 202 can limt the flow of the conductive

mat eri al 4G® fas/@smpace or area W thin the dam struct urmci202007nsyso e
enbodi nents, dam structure 202 is not included, and the flow of
conduct i venrateatiaabmd@auaathatde ldss thah @6 reflow dhmirdaiad off shyngaltibiethat attaches
t echni que%. For exanﬁls t he flow of conductive material 402 can be
cont r ol | edletjeal elsmentsd ¢ ipeteplnt0%bf conductive material 402

30deposi ted. In someBRdrhgEs, HRABnARBYY mbRECANAYE bl ¥Ged B REHRL 1ARnER tive
t he replacement electrical elenment 306 and term nal 104a as di scussed

above, t heaterid402iie 4 upcwerhsfefet ihe vaenred Fendugtive reateridb 404 parl bekeated in any
term ngal fi ( i s} tiQni : e

ol ot 1\ ol st e Sromf, i 3aP oY AARAIIRR o Fen TR optg the
Fi gur e 3)comductivherataial 492 thheigh eptzac 80 nAlterid@ively, nozzle 302 need not be used, and
2008/ 036786PCT/ US2007/ 078964 .el.ectri cal el ement,.306 ¢ b sjt.ione
on or _adi SERMPt PRETOEP RIS DAL SO o B BB IRy TSP AL AYS o
materi al Kdafing Asndnefiverimatetielr 402l t BsmadainpR, hbdted eaNeHCld ditecroat @itd of abiad
can be applied to an _end portion of the rePI acenent el ectri cal

el ement 3tWdediye maferia) 492 fryaiths Beldimedaolot ey avathar tpelenplohewia placed an
and the rapkiaGeBMhe @dn%ﬁ@tf\jeﬁdéczﬂl QU@.ntAs’g%tE&Qxalﬁ]iﬂF{}% 1R RAhdhRNEfkat

on or adjacent "the term nal a (e.g., as genera shown in Figure
3). As stgdnpragipgtriselanisn hehlaatsveplagdment elaetticaliclament 8@, ivdlichdgatscandustive

applied t hyd-he en t f replacement el. ical .e

306 and ¢ HaBFlMdnC A8 T6hoBRE By ndibhg FRARE TS oo iRl £ Beaecaialthe
306 i s poasedhasismdharheats salshiraeeld?, whieh theatsriamainall 004a. and cendyetitd martial 402.
pur pose of the conductiv erial 402 can be to _provide a relatjvely
P30 The SEF AR Plamble. dacalingionl ol HoraE o pRIpcRS S oot wAd ot o
el ectri caprogigfityas thondieiveatiteridl @02 ephet ehEmbteBhIOTR! | Let @hSHBxaR PR,
and the termnal 104a. For_ exanple, the resistance |evel of the

el ect ri calibEEIhH L 2B RC BECHRBIn NN (nebthavaisrhcaand curs oafuctiv e aisrialztie.
and the term pgl 4048, Rl RS rARRT ?@_ffgg@d SfoY LS UP RPerfdl ohCHR LRARular

the resistance | evel of the electrical connection between other

el ect ri cgharettensting of the &/pad matesial 402temng eirad) 4intsomaeinbbditmints ethe tifhe and/or
electrical..e : 10 I _ e Fi e 1). nductive, .. ..
mat eri al %ﬂ)‘% kaglgt%;\ %%IZ bég‘gs gaggﬁ H‘c?% 0(;:}i‘t(((’: oﬁ%ﬁ%ﬁqﬁa %@ué%ﬁ%ngt%a%cssctgﬂo%ethc
appl i2d tlecoika demdntt TD60th thdermiapls 04 pEnibsehtedD2.i basdont en@dimSAs tlentine
theterm'naa] ition to electrical conductivi

| 104a. I d
or oper t 1 BR0r fiEraagice rn B s SABtin s, St BP0 aspohaysaldbr or other

adhesi ve jqihiap @iatdrRE thal HRCEQREYISEHME] BRhRNIsA06 48 theGathihdl Bo40&F s@bstrate 102.
non-limting 20 exanpl e of .a conductive adhesjive). For exanple

. ; , the
conduct i NePrERIERE gremplary CuRnG bmghanddrmarrres fencumedhe eqpanstive Thaderial 402
conduct i yg, B@Q@E%@'Ceﬁ@&_ fsfal@.:zb B Rut8dNRSEmE BELORRI-AE SHE Biri 'tglg% Ea!rl}goggonger

el ement 306 to the termnal 104a. The conductive materia
not, oweuer 2-Iaménuas),oand iaddtberi smbqslinogrds theesurinphtiime chwrbeeshartpl. en bther

conduct i i C a i y&. ~For exanpl t he ..

<t engt h BPPRhShG e e BPeriats SRS BRIRR YP e B Mo cpimenss
306 to terenurag tchipdaancanabe gress thdnalb0° @eldidsn sone i nst ances,
significantly less than,. the strength of ds. at tachi ng. ot her i
electrical el H’Plses gé“‘faépet Y gnafmgl QBE ‘nCIU%inggﬁ%%Bﬂ?’rFﬁﬂ@ocPve
conduct i vgoRib.e Nollindiing eRinfISs & fLBIEIBhddchdd choki@PRLEIcdnAudive cgoxics
uncured state and | ater cured. For exanple conductive material 40

can b¥ appirketad tgdesribe grmppBLEBQNE Z08pPEcsREABONI2EH 00/ atndcABREROND
306 and thg,t & rﬂm@sltiklg)‘ll@atfoﬂalagtap&c% Qf‘jneﬁ'ricaatl e@orﬁthy, headquartered in Rancho

Dominguez, California. Other non-limiting examples of suitable conductive epoxies include
conductive epoxies marketed under the names EPO-TEC E-2036 and EPO-TEC E-3001 by
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30 then cured while the replacenment electronic elenment 306 is

properly positioned with respect to the termnal 104a. Such a

conduct i vewabewiseise 402 can be flowable (e.g., in a gelepcesmoturepss d,
or liquid state) prior to being cured, and the conductive nateri al

402 can cBpmngeldchndogdyaiste o dilixrics avinssivhiushets add atcahddtiad egoxyhgirkged under

cured. In,some j ts, the conductjve material 402 WO

2008/ 036788 PER? 9%28@7‘7@8@@@18 ‘HWP@“?PH‘&W%nper ature that is |ess
than the refl o kiRREIRFIBLR 6fa aeﬂ-eréaﬁi@m)aboﬂdhatvea&meﬁb@?naeeln%p502 eal be
elenents 106 to term nals 104 exanpl e t he conducti ve

mat eri al amlze%mhwp&sﬁ@wt@iﬁcwak qlﬂgertt ﬁ@ﬁ é@q@a&mab@%aﬁeeﬁmﬁcmmlwe of
[t uneurd whaiuicle dif Qa‘aﬁé’s%chfaféﬁaﬁéf rchﬁlbe4%25e%% R
inany 5 sult e manner. or exa eat ed , heate

anbi ent mlcqtn@zhmkbmn@l%écbemeomnmnalhw@omﬂdmt Bubetmtat HJQI arrhdﬁﬁnteﬁnctrwghy

le 302, A 02 need .
pe. pr eseritnc@ RGOl R S 20 EF R hatotR Mpse e e Bt i Some

t echni queiasthmdes e aboiparet ab dbie tecodictivd ﬁéata&lial)%& sdcOrfes Qllkai’ﬁpll&?m&ﬁaélﬁﬂncal
gas can dir ed onto, or ounpd conductive material 402 fromthe
hol di ng tﬁwetﬁ%égmfhaﬁw 1058 riybstakolil) [psarme gmpedimentyigriciictrically

to the coRaiedivi@diRhRI hatrid0d2 AR RORL IRY rPlRIRMR cldcBRbl 3BRRAV6, to the
i ncl ude a heat ?eneratl nq@mechanl smthat heats replacenent electrical

el ement 3oBningh{¢h anden suoswrduld2i wish mhdeast as mawh. stusagthrast the rother lgsitecal
hol di ng sy k 0) i ficl at h

o L UGG FROuRER LYy MR LTIRSIRIL B R S Bl
materi al el@@entA6sdnidl the dermtingr 10dx cmiloe sulastx’a&al(}mgrotvmi@ﬂ bynihe mh@\‘m)ncally

can be placed in nt act . wi 15 proxi he conduct
aver o 909%2 RENE el 07 S s B Pt A AR DEST 1 any
substrsat ebol;ﬁ'z})r@\&dibdtl@ bk ac@thictive ﬂlateﬁsileﬂ)z( R cS41AYIB) thé BoliE@bvided b ufeeaon-
conductiv ma rial 402. time and tenperature required fo
curing c iﬁ@ﬁcfoaﬁwlﬁ% ag%%swﬁdmfarﬂalc‘iﬁarcaetb@r% three, dpury e, t%et“@fltya or

mat eri al rﬁ&% s Borfgdr fiéln aﬁj‘b&ﬁ'}ﬁoﬁ&@ﬂoﬁi tH@EBr@uctm%attérmw@@d/ or
tenperature can be |'ess than a time and/or tenperature of

manuf act ur i ng praddidien te opding th%@plzger@qné@tercir@all elementeiPb so IQT@HM 0@ the
term nal Ny :
torper at UL sy UBhORYG, MfeslonBRR, SR8 SRS, BBy e SRRl
sol deX0 ormatthiard0Rpiauit gd pediet itte cdnkiartwatlnaa@hdaém ;nendéir @cdvenicihe formation of

el ar y el Pero e Sl bdsepareatios Bl o teRarge M biBc et sppuid b

material APRreffodFiBle 56the GRhLlddtichy c&rd@t@tﬁﬂ iﬂhﬁ:ﬁﬁe mhfRrislo3 can cover the
enbodi nents, the curlnggtlme can be | onger 25 , 2-30 mnute

and in ot¥afuctiveeateriahfQ2 apd canplstgoer pll o gt fgmﬁrwﬂl 1949 %"firPéFf of the

embodi MeNgBstrdid) B02C UK ltdiative TP Bic ot et RAIIP SordE Stve! JARES R Omteisl 1598 ’car?&qrer
in other enbodi ments, the Curing tenperature can be greater than

Cel sidps. leseghgn alkofthe sondugtiyeemetoriel YR iand tarainat 1 @da. AR nionesoodistive adheswe
wi t hout lrjngﬂe t5'09 Ran 7190 g&%’ W %r EBQ Xf & N?c@url: '2@ t irps%m X%@%hgﬁ%g% éhc? non-

sui t abl e conductive epoxies | nctrude con uct1 ve €epoxi es
under t heconduntise AthEB@\iDatEﬁﬂom cafBiolzBOND o? 18 Ayf cambrABmEBGNaent electrical

elements 106 and/or terminals 104 without creating an electrical connection with the adjacent

electrical element(s) 106 and/or terminal(s) 104.

30 In some embodiments, non-clectrically conductive adhesive material 502 can be a
material that is applied in an uncured state and later cured. For example, conductive non-
electrically - conductive adhesive material 502 can be applied to the replacement electrical
element 306, the terminal 104a, and/or substrate 102 in an uncured stated and then cured while

the replacement electronic element 306 is properly positioned with respect to the terminal
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2300 by Ablestik a National Starch & Chem cal Conpany, headquartered
in Rancho Dom nguez, California. O her non-limting exanpl es of

sui t abl e cwodlexi3¢ms epoxi es i ncl ude conductive epoxi es reEwkehed7spader
t he nanes EPO TEC E- 2036 and EPO TEC E-3001 by WO

2008/ 036 7BBIRCEA LIS idh/16ct B chpducyivel adhasiod mgieriall 302 .cabe Bowatdd (eqa, in a gel,

Massachusetts. and a.conductive epoxy marketed under the nanme CE3104 .
by Ener soﬁﬁaﬁﬂu@umﬁl% @f_awiaﬂ?f. fo%_em CUIRS> @ﬂ&ﬂfﬁnﬁﬂhelﬁffta&aﬁ@ @}qguac_twe adhesive
non- el ectihhteahll 302CRAMUEIdMS AKHI@SY Or @aﬁﬁ[dr@éne@%teﬁadﬁepﬁeiﬂg@hﬂe@.d 14 Qome
the replacenment electrical elenment 306 and term nal 104a.

si gni f i cafhbsipees ethef nonselegiiically neoarective j adiipsive Ewsiraiak 1500 ecandbrosivgd at a
mat er il 3 I t
o the terRraar SR IEPaUh I o R R b S Eh e e A BREY letifel
conduct i vacmactietibvte teratimals HI4. 502 can thus be a relati-vely strong
adhesive (at least in sanme instanc as .c ared.to the ductive
materi al) ¢ hationns cRaRRRG Bl ERERRy gl R B od RN 0258 b fp oy
term nal Hdngdd! eicusddbsdncat@richll? . cohducsiosradierive dhateril $02. The uncured non-
non-el ectri cala@é/ 1@_‘5Q0nd ctive adhesive teri&l. 502 can secure the
PR &

r epl acenenEcias : FW%F‘ﬁ’ﬁé‘H? mafsgial of% W@E#W anpopitgblg mgmner including
subst et ear%yQ)%tH@ tbdhn@fued Si8Gksc@bIHCHr ﬁéa’ﬁﬁ%%ﬂ@lu@tﬁrettﬁ%ﬁer@ﬂ hes. el ectrical
elenents 106 are attached to term nals 104. The bond between the

repl acenent ellxemplesapf spitabiennomekcaingly lsendustivd sahesivg4matgrial/ 602 include,
Substrate: - ovi.ded - ri I 0nd ' '
rator | al gL DERIER 0% oRBCROE GloRfk | R HERPYE, BEATHNE non-
t han any dbdiogivd goeics dedlully dpheies omatketed waderatler nahesd QBLEROND 2035SC,

cdnesi ve AHFEPOND RRPNS ARTERdD RZE, SR ASREBYNE BBy aplessk «
nor e 15 MeNat®haoBEeth &hahemityl bomfany; dchdiRektdiyd ih ®a6ehydDetningRe B Lifbrala.
402. I n addition to honding, the replacenent electrjcal elenent

306 to tePHFnAPI-IEUENE FHENRIEH OBISHIERNS arrondstivrucraNes Hghidsnpa-conductive
material $Q<ice ARG GAE himdSid ake HHLHonIG e 20 BRS:S Tedhnology,
402; coat_and protect the conductive material 402; and/or prevent th

f or mat i onnef o &llerisa; Massashyseitinand a pen-ronsiuelévss enoar inadketsfl funger theename
conduct i nJ . parent from Figure 5, the

non- el ec;{g‘ﬁg(g%lﬁyy?%c %tﬁn%uggﬁgégegsﬁ?eri al 502 can cover the
conduzk i ve natkeguralb ilgxErawsdlecimmialsacecdeaftenblectdral phanmtenof 0dahie detached and

term nal 104a and rt of the.substrat 02. Alterpativel.y,_..the

non- el ect'FhEa B BT A TiRb SR TE T e ey [iri lTieds |-5ssns
than all ghbwhhéhec@pEltiCh \be ¢TBdtEdl Alerkd? 180Chst @mbial@l shdWdain Fif@e 1 except
non- conductj ve adhesive material 502 can_al so cover all or part of

dam st r uceplreemRgd cleptricalopementniildi reme <ot tha@lwiie of rlketiork clsrkaisi 106 As
mat eri al (2 EANLERY @lechdic EviBATE0 O4n @€ b@"r%ﬁ'méc? aﬁcﬁ%ﬁcﬁ%orﬁﬂng%&ér%%n
el ements 106 and/or ‘termnals 104 without creating an electrical
connedt i dhought png e theljekeerivel elemsntsi Hife wisedamaged) orl oberyish opt functioning
t erm nal (psr 4. 30In sonme enbodi ments, non-electrically conductive
adhesi ve et erial 502 can be a

The process illustrated in Figures 1-5 is exemplary only and many modifications and

variations are possible. For example, The terminal 104a may be damaged (¢.g., a piece of the
terminal 104a may have broken off and be missing) or the terminal 104a may have been
30  detached from the substrate 102. For example, the termina! 104a may be damaged or
detached entirely from substrate 102 as the electrical element 106a is detached (see Figure 1).
In such a case, the conductive material 402 can be used to repair or replace the damaged or
missing terminal 104a. For example, if a piece of terminal 104a is missing, conductive

material 402 can be applied to the terminal 104a to fill in the missing piece, or if all of
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material that is applied in an uncured state and | ater cured. For
exanpl e, conductive non-electrically conductive adhesive material 502
can be appwoedigizstshe repl acenent el ectrical el enent 308¢CT/U$P807/078964
term nal 104a, and/or substrate 102 in an uncured stated and then

cur ed whifemminhle]l (dept adsimnfrorelthe bulamate 1912 ecmﬂﬁct&@ Bndt&iad YOPREd Be applied to

05|t|oned W|th e ct to the termna
2008/ 036788 Efé%z f%{@fe@%w%waf ingfhe ﬂplage o fer@inat { 04ac Nowr lipiting epmples

adhesi ve ﬂﬁB['h@é teallmn'é% 19210 Iwgufrésompbﬁs @8d mgurdsrssﬁ-mi Tﬁ@smthel t'eHﬁEhQ 104a
or liquid state) prior to bei ngzmure and the non-electri cal

conduct i viboxafeFiauee hraanehs tgrming A 0da ps %mavmgé Cinba@mﬁéﬂf‘/@llérbéd repalred version of
sem - hjar d@ﬂﬁq?lsi(%ae& Qgﬁdﬁgtnp:e Qn&lufl@éj Ig&dsﬁgni"f}gﬂgan tas reé)gﬂg?‘ielg for

non-electrically conductive a esive materl a cur
5 tenper atumipalt . iGthéress-limging tinemples bfmamatmpsaamt modlfmﬁumnyo the process

mat eri al . tI hes i,cal el.ene m nal

o o oV SR ASBER PR S Ry NG p e et A i et picegigment
can be curosg ahy pbﬂ'aﬁnilﬁl@ the Brodess Un ediffeent §dq&iced €ahl sho®Bnd Ukikirée 1-5. The
adhesi ve terial The uncured non-electrically conductive

adhesi ve RERSEIMEAS ?%%{hertféew@&%@omﬁcws &nd fva%%t@nmm@vsti&rf@ i $pmg of

10any;pof &Qﬁd&ﬁ&ﬁ[‘érﬂb&ﬁm@ﬁ@&ﬂ!ﬁéﬁ% plhense rdiRty, heating conductive
mat eri al 402. | es of SUI tabl e non-electrically conductive

adhesi ve mat er&%@emed Ctm‘el elethensolA6 danbe cleririoally ¢rodudiyndprang aoptacts or
hol ude” chamteoblRECEARL BN fhreSYhRC R ERAM B SR PBR b othr
2025NsS, Aﬂéﬁﬁﬁﬁ]ﬁ[ﬂeﬁﬁéﬂ B;—IelamdftékBﬁEB@d[bfZﬁﬂﬁEﬁin bylyAb¢ esiiprolse wil be used, but
Dorr ngue2 e ST PEp i meai 0 HEAGY oG G iea e & B SLOr Gy conductive
the ﬁ?’é?‘éﬁ%@%‘%‘%@m‘ﬁﬁ%%‘?f@%”ﬁ‘é‘?@ﬁigéé‘éﬁaﬁiﬁ??éﬁ? o I

Bi | | eri calluitiptedde RisdEstlsd inrgunssrebratiobis e epoxy mar ket ed under
the name ) CASGRJp.by. BMRLSAR ey 19%1‘5@%@361001%{351' &Hﬁl@ntgolgg slhgwn in

illustrates el ectronic device 100 a ter el ectrical el enent _
det ached Tigeres &6l candd elpptricelly eandpetive spting probesT06cdfameitctnig dasice 700, and

general | yrlcf.)llg#g?c% ?ﬁ:ﬁgﬁil %10'1:111091%@65 T,efn R %'%?}@prgcnlr_. ClCEgI]I ai gonductcv% splbu?g probe

el ectrica genera gure
repl ddengiis. gt 7 nlhatrateé. m’memme $0mlocsted)nmahbldhigestmbmfeaH101 3As($hown each of

| ect | el ts.106, As.d d | d 100
can-t hus TR GG PR AR S PG O s SBUBIFS S5 ERBGHIF B Roio—

t he el ectgah @axhpﬂéeeymt 3081 @B3arha$0 (LYY Esh R a mntlﬁﬁwng exdiile bEA Qﬁrin@rvoa@
properly. The process illustrated in Fi gures 1-5 i s exenplary ond%/:
Hew

and many ®gdi PESt DAL A e@%?r?faﬂm@gmaa@i %@@slm digure ieshen ia si
term nal gdanFRNIPSHIRIRIRAINGR - 194; 14aPIECRIAE. WREmentioned, probes 706 can be

25  electrically conductive so that while contact tips 712 are pressed against another electronic
device, probes 706 electrically connect the other electronic device with terminals 104, 104a.
The structure of probes 706—comprising a post 708, beam 710, and contact tip 712—is
exemplary only, and probes 706 can take the form of many other structures including without
limitation any of the exemplary probe structures described herein.

30 In some embodiments of the invention, one or more of the probes 706 can be detached
and replaced as follows. Initially, a probe 706a can be detached from terminal 104a in
generally the same way as electrical element 106a is detached from terminal 104a in Figure 1.
Alternatively, the probe 706a may have been accidentally removed (e.g., torn or ripped off), in

which case the probe 706a is already detached and, of course, need not be manually detached.
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term nal 104a gay have broken off and be missing) or the term nal
104a may have been 30 detached fromthe substrate 102. For exanpl e,
t he term neio ZiGskmsr¥ay be damaged or detached entirely fromsubatsaie
102 as the electrical element 106a is detached (see Figure 1). In

such a caae shbhe 1ﬁ,CHigilt6t8 \bErdjmt:&herwpréﬁb?S@@Iaoﬂﬁpnsiﬁgd beRe r30B Ak M nodElimiting
replaceth tern%q/éloa For exa | e, |f a piece
of term n%ﬁamf?%%tfg 3 ?P%C%@?q% asedobdlict i@ nearlpiting cxamp %afqaes@ HWEPERIing

to the teg dﬂlg Nadnd1&Qmheact @ f81'2I (al ﬁbnt-llﬁﬁﬂf‘ﬂg %%hﬂﬁlepéfeeg%pl&%mbﬁt @c]n'tacpftlp) YW be
20081036786PCT/ US2007/ 098964 term nal 4a’is mssing fromt

subst r at eposiipned giel dleat coetagraipdy 2 of repbizern@m pn@eaﬁﬁéns leelat@cbg@gtaﬂy imathe same

102 to f A

Non- | %m 1?l| Eﬂtﬁ)él)r(hg\ﬁ[o{d%trﬂpn@ﬁaj 82 tk{ L}ﬁ‘olpé ?(ff;ﬁ V%f d§0% er(? olljlli‘cgga"ilfg &Re%%ated ghlle
Fi gures SI&AchGBGa Whasipropetie dttechridntal terbiida mamThmrdﬁlagcmmt33rcim18@fe can be
termnal 104a.,as s can, al ternat,.vel e a|r I Si

5 oy e PSR aTaT e Bt 6 Blafe bE A0 S0HS 25 Er T i HE Bt PatechiRe the
as a replapro@iint btbe 1306 a8k pdfidencd @ befin l@@t&adtlvﬂﬂi éﬁ'ﬁ&oﬂi&ﬂﬁﬂbfﬁ g9%paced
variations and nodifications to theﬁgocess illustrated in Figures

1-5 i ncl uRFe BemY Rrityriaseab(2ep] heisubstissr 807 ptitpephtie dpaiinal didre f@mw@wﬂi the
106, and pehd %amhg dbfAenear %q@ﬁﬁnbfly,ddaéé ﬁ{]sedah be E%ﬁéﬁ% &Jé&?d%t SR Wity

Figures 1-5. The foregoing as well as ot fi1cations
and vari aﬂolfmnairl@% | [Thethase 88 being plhaeedoin cbbtatheltiaddint proxiality to the surface

enbodi ne I oned electr
el enent s ”%036{?‘9;%% } % :glgaeln%glaic gf#& uet Q/een@;ptﬁﬁ&tgceg Pﬁng[ef of S 8%%%“
confi gur ededtdcat ellatnan:libeaig(j)lﬁdaé adjlgentmkeeqtied toidaabr. ronnect i on s with

one or nore ot er, el ectroni c deuvi, fter, for ease_ of .
di scussi on, S, ShOye {1 Figyss Sheviilie |‘10010|é|8@§@ S ISRPCGIRREL (Y %Q%E}]gp{age a

I nt endied &dﬂdtdiﬁb UfkRerd] 1902 Wan b NphRdd fa,nthawmﬁﬂamqomé HRLEedT bf &lel dplacement
conductive _ 15 spring contact structure. ures 7-27 illustrate

several eXebph pndipmivracs $Gmf the subsfeate i %e&@l@'pmw%%&% garFpeilie szme
1-5 to Vaa[s'd?‘éﬁm@if%@érﬁlﬁé’tn@rﬁﬁ&%al 402 and CEﬁ&%fé‘@é]ﬁlme]Ig Hﬁ Tﬂ{u@th‘i\ica@c same

exanple in which the electrical elé€nents ures
be el ect rirepdriiss asenndistivymatpeli 403 apd ooebe MO6esefd (aig., ehed) momy cvadelwcmeed

700, and 9& @;Ytﬁ”@@%:ct% %S&Juct(f\‘;}:l mﬁcﬁ‘ﬂ%@& %.%chﬁ&allyp FisShsldas Ibg‘(;ce Vq'ﬁﬂtrespect to

electrlca conductive sp
20 conductlve material 402, conductwe material 902 can electrically connect the base 808 of the

replacement probe 806 to the terminal 104a. As also discussed above with respect to

conductive material 402, conductive material 902 can be a weak adhesive and can thus weakly
adhere the base 808 to the surface 802 of the substrate 102 and/or to terminal 104a.

As shown in Figure 10, while tool 300 continues to hold replacement probe 806 in

25  place, a non-conductive adhesive material 1002 can be deposited over part or all of the

conductive material 902, and non-conductive adhesive material 1002 can also be deposited

onto the surface 802 of the substrate 102 and over part or all of the base 808 of the

replacement probe 806 and the terminal 104a. In some embodiments, non-conductive

adhesive material 1002 can cover all or part of adjacent or nearby components (e.g., other

30  probes 706 in Figure 7) and/or other terminals (e.g., like terminals 104 in Figure 7) without

electrically connecting the replacement probe 806 and/or terminal 104a to the adjacent or

nearby component(s). Non-conductive adhesive material 1002 can be the same as or similar

to non-conductive adhesive material 502, and non-conductive adhesive material 1002 can thus

have the same properties as non-conductive adhesive material 1002 and can be processed
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20 806. Figure 7 wllustrates substrate 102 | ocated on a hol di ng
structure 110. As shown, each of probes 706-which, as nentioned, can
be non-| i mvoizagp/sesapl es of el ectrical el enments 106- carCROSIITISE6A
post 708, a beam 710 (which can be a non-limting exanple of a spring
body), an@.ga a.um‘d)antany |V{ay7dliﬂ:usdécbrabeasmthfresplen’ctustrroatdomtuca'm adhesive material
di scussi o 715 si de, vi ew onI sone, of

t er m nal s{hPa QC%S%d \?F%Veb]‘vét Iﬁép%ﬁ?ﬁwﬁecan 18% % EEFF‘?‘&E 109% a
el ectri cadlgrﬁﬁ@aﬁngul@bse/@f - M@ﬁct%lahﬁesﬁ@%@eéﬁaltm% cdnl Be & QrddpBSSREre the
agai nst anot her electronic deV|ce obes 706 electrically connect

the ot herBlRgRIRGnS RrQLefRAP; tedhgsumiace (?f ahe sulparater 2gandpdergtinal k0dp.e For
of propese4f) I&Qﬁ@ﬁér?b&ﬂu&n@oﬁﬂleggﬁma% Jobocanﬁlgffsﬁ%g&%% F]Hgfregljagerﬁe%t

exenplary on robes 706 can ta e for
structur erObm&thanthfgsuAfat:m&Q& of thwbasesmbmtcamz amﬂ/qrhmmmaémﬂaamyn pbmhlethat is

structure ri h od| enti
oneor e BRE oh Q8helEEh o ORI BERDRGRY 1 phlEy QLSRR 0
foll ows. Ahhdighld ylgmﬁczmt qinﬁ)oié)ﬁﬁ noARomiicthed adifesite fnixndrial €002 el bd Addond
in generally the sa as, electri | ement 6a | s detached from
tor o nal TEBMSETIOR PR 08 16 RS et GB1 F SHngar oot crahd . Son
been ACcigpahdivk adh&MRVEatkefif 102 daf rdl‘so%roh'd@%%r caﬁfza)ntagw ot eﬁn%s €hon-
the probe 706a is already detached and, of course, need not be

manual | y aturiiye @dhesixg maserad émmmﬂmwyb%@64om®c§Wenﬁ 902; coat
Figure 8,,.9 dﬁ&@ét@ﬁ gﬂ'ﬁ'a#lct% r&@@Of% éﬂe@&lt T PBRR a{%ﬁ?ﬁf G8ris in the form of
non-limting exanple a rep acengnt beam 8 ron-Ti m
exanpl e aﬁnaélmm@safcmnffsﬁihw@dbctwmatamw%nt act tip 812 (a

Such that contOREts b gr PrdE R s RE e sfhocR o3 ulREgte 102 W dlor

generd | ytemilnilhl@tls amhow& ih (F@f&'é !II] tistoeDI0aah réledde tedaplatenidRepiobOB@S. As
706a was | ocate

| d t be. 70 ;
proper | y 4PYVadH @uf W)u 'auo ?@@3&5 741*’1306‘ @mfé@@ FP&’%eJEéOgta?B“m’%glﬁ 194 of

grasped, guBMtRfe mndrﬂa%lr@l:cksmmétﬁ% lmblgu%h-ﬁp&n r&%n%!@mmcmava'fbgyﬁee;o%a of
t he base 808 of the rwﬂbacerrent probe 806 can be OP6gSItI oned to be in

cont act \ifes§ rEpbep /8% pi thy rapdpcemeny, 0fﬂ§r§§t‘?éhledamm§ﬁ T46e by aacplapemgniepraignB06.
of the s e I i

pr obe 70%2{5‘\3/\(/{’}11251%%3) %ﬁed{)&ﬁ hatE ?Ss/ rEaH%CS(%»Q g%él a?:lgn%pb\!\%e%gg{lh[h ﬁgﬁlg%i:r?cgt
cont a¥ qrobaB(ér oxi mty to termnal 104a (The base 808 bei ng pl aced
in contact wt el éersls Q{OE tn% 1}/Fto t urfacel802 f the subst.rate

102 or term nal" 2YAF AR BENEh- 18R HZ o OSTRRIAY opY> g0 e é’ﬂﬁtﬂﬁns are
el ectri C&ﬂosﬁbl@ﬁﬂi‘@ur@@l isipdte @ @dn Aighi e edantple. €A tHonGa Figea dU et epladenfiiit
shown in Figure,9, V\hlleﬁ@f&e 300 hol ds repl acenent probe 806 in

pl ace, aP9 EftRcRc; &FBeT sipe 8o lESsmeE PEAYE P06 x4oBt e l8seHeRERIObe
104a, basgeBR8 18k o ddBtatOl AOE MR @RENERbe @adéaﬁrbe%.aaéhe&ﬁo {80 2urbce 802
the substrate 102. Conductive material 902 can be the sane as or

sim % tof wosied P andax tarminal 4048 geneerlly ondaseerdenee nwitte theaproose shewn in
t hus hava; %lh’gs ?qgearﬁraggé? ﬁfe' § a@eﬁleﬁpﬁtgﬂg %bfy & gﬁ%%ﬁ&f t@lthfi %@gagé; g%fc ?P%uggtrate

processe scussed
conduct i Vi@2natdéori ahnm®12104ﬁs agmwltipylm%cmsbedma@mﬂetovme theamsPEL tof tthe

connoct - CRESGARE! BOBC 8PS ApY R Rm ApPE b BORArs CRH Bt A bam

104a. As @bs walcs@mpﬁecbnadaome 1% &nnrmmﬁtcdtt@ bean Ut IAVIQnﬁiE{/ﬁ%I @hntact tip
402, conductive material 902 can be a weak adhesive and can t

weakl3P adHd¢ &21 heatiashed t@d?@am&lpﬂaf wepdyelveggbesife miterial wich a%belfd}z same
and/ or t Oastd%réﬂnnﬁj tolftPf MS ANQWR I'theF hlglfﬂs%u%Qd SP\g\’Cle\Qlﬂg?&&nec’%QQ conductive

continues to hold replhacenent probe 806 in
non- conduvatenad 4dhess yab anether ¢xampl) @ontactiipbkl léeqaoshetwdclmdem bpan 81Qrby a

all of t hc%n&&qgg%a'té/rﬁl EH& %rr{o%lcon uc’twésl ral ers];Rz[c] n(l:a enallI W 101? cad%eshke conductive

material 402 and non-conductive adhesive material 502.

17



30 probes 706 in Figure 7) and/or other termnals (e.g., like
termnals 104 in Figure 7) without electrically connecting the

repl acenenwomadnssB66 and/ or term nal 104a to the adj aceat/usmomassshy
conmponent (s). Non-conductive adhesive nmaterial 1002 can be the sane
as or simlar A@armndreremntﬂmmm&-lﬁndh@iramnmbahie@kocE&bleumd:d in Figures 7-10,

o oper t 1 PRt B Eb iR ERE <l He airash i b bim 5597 Wicredlasprisa probe 806
processedbefil d08&0S ARGRCIOLE? Q0 B A ndedhductie ra%lﬁésn‘e“m@ﬂ%ﬁalwﬁ)m is

di scussed above with respect to non-conductive adhesive materi al

1002. As @PE@%%C%B@MS%%O?@§§@&@ceﬂ@nmﬁb%%m®m@b¢%@% terminal
mat erial  4P92.mna 31 g h6eIHo lﬁwsnﬂegﬁg&fcerﬂﬁg pf;o%@%B@tﬂﬁé?otp%ldgﬁ%io\ﬁgﬁ%ﬂatcétlp

mat erial 1002 can be to stron ret repl ac
t he surf atld2882 bofattadhed $o bt aifb TRZcafted/ cmnducarvcrmsdnammhandﬁmn &nductive

bond t ne IEETRCBRERR 1107158 sBeORS ¥R Riprafie UOhFiRT LML edbmicany
substrat ecoiaﬁa:t wjﬂﬂcemcntt;ﬁdslm g0al to 16H4anaMl 04n @d@@?ﬁcdllb&hactlﬁre@l&ce&ﬁdh@@@b@ BOG'
stronger Oﬁ whi ch ot her probes 706 are bonded to
term na cant purpose of non-conductive

I's h’am aa ﬁr rrginginh Opp. pur p f d

adhesjye n’at erpiglre 100 A1GRReP et anﬁﬁléi‘dnd'nelﬁ}h@iﬁg r@(@&pﬁfﬁ@@ﬂﬁﬁ)ﬁ &ioﬂfeh 0CESS
surface 802 of Substrate 102 and/or term nal "104a, non- 10 conducti ve
adhesi ve Hutteataddn Figgos Thh As shovwpsrinFighee b2, hese $$vadmerdepementmuebe 806 can be
exanpl e, I I C

Cheul at o NRSEIAIEH S0REARRL HEn BB s0d SPauSRNe FIECAL b8 oty in Figre
mat eri al BQhereamaly be dgbrie\l202 on teeminel et \olmcloéandeinam&fnenpxbbem@ar(mecmgure

| duct 02..0On
Sl et ol WIS LYt 290, i
and/ ors 15rbeys meaabr d OdtabiastionudwbldeNrefidgel bl ﬁi@ceqtdﬁwdb@@km:igoﬁs Q@x’ﬂbe c;e&:n in

rel ease the re robe 806. As shown in ty
of probes'#¢8 ]@a% &P%th%ac’%owmmremn@w% %Prfhﬁacieérqd%%ﬂs located
Subst r at ech0dn 1FRQBEAGRES Thirkhith/ RhASLH Bl Al K2 chn b0 G ARidER clncliIng
the renoval of one 706a of those &Bg es 706 and the replacenent

t he det aciwacropdusitiae agBesi vy matcrialp |l 62 pambe ppplied a@ch@ﬂ gooeralbe as mbmen in

t han one C

opl acemanfb? s A5 Bk Soc i, EPLACIRMANYy hERLERET M I agioe oo
7-10 30s eSdéDmindrt;p bliRycan dwe chttastry waearatSilmnfs showen o Fpubd &1 afd/@ms@eﬁérally
|IIustrat[ﬁ g limting exanple. As shown in Figure 11, a

repl acemelt o PFdBR 606’ can be general Iy the same as repl acement probe

806 except th&ﬁglﬁ‘@)iIﬁﬁ@ﬂﬁ@ﬂr&t@éﬁtﬁl&r&@ﬁ:ﬁnﬁﬁ«% ValakioR o8 aﬁtasstsh@wﬁml res
The repl acigent pr obe 80 can be_ attach to the surface 802 o]

subst r at ¢/-1621mthg /c3pmpls ilnstraied o Xigugrsndr H, 12y clegtronie dpvieh é@%apwommése a
process sfipwhid fBOE'lﬁUﬁlE% p?urlﬁ)tg o@@gc@lfcﬁlﬁf conbfcive lﬁla@égeﬂ@ﬁ‘ to RhRRS pﬁg_}%}% of

is attached to the surface substrate 102 and/or term nal
a cordactsptipg pwbeplWgreapbe attacacfh eﬂlgums i brd 6 Iskawra aitial side vigws of the electronic

repl acene i a 0 att che

cont act oy 1306 Bed o B s BRUE MRETR RERTA ST shSrd B tenc
sol der ed ngurbeacmla)lﬁhly Aetafrtiapriobed J306cmatiedtio bhe traé: IIXDMS @Ribldut many
attached t

m 810’ a.co ctive adhesive materjal, which can be
the sane B8 eB‘rf]ﬁgP’fﬁ Fér”&%‘&?na]?ﬁ?a%#‘ %Ffbm%h%ascﬁlékeﬁﬁatcgﬁgg‘fs di scussed
above w th respeGlectfnic QRGUE IBYE caPbLfirtalifQdke Astrdhlc RORE hﬁ!) or clectronic
exampl e, contact tip 1112 can be attached to beam 810" by

condi® i vievicatl 80, apd subdraie W9R-can he wersrelly bl@we@ﬁtwée AR eSPféHg prabascl?0e san

be ik
582.' 30@‘%%%%‘%%‘%%@? ﬁaﬁ% (437 % c%?%reﬁ%ﬂﬂ“ﬁfé' MR ARDRSVY Soffhufltofd of

spring probes 706. In addition, traces 1304 (which can be non-limiting examples of electrical

conductors) can be alternatives to terminals 104, 104a.
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As anot her exenplary nor-limting variation of the process

illustrated in Figures 7-10, contact tip 1112 can alternatively be
attached twoiZoes/dsemm 810° of the replacenent probe 806' pbEUsSIE /078964
conductive material 902 is deposited and non-conductive adhesive

mat eri al 1002 Swingppdobexd 18@6 ahit aath tcbmpheeS@oﬁﬁ)&m@f(vﬂﬂm E:ﬁ'p|baC1ﬁj’ﬁElﬂiutmg
probe 806" to,substrate r term 5.1Q4a. Tha

Pool 300 PR hE hasph & smﬂ?%f%&h s86be ﬁﬁ%#l e ﬁ@mpﬁq eﬁa ST D).
tip 1112 gain &atat igabed tokdeanes8Ae; prbbey ERbIRE be CRBEXELY MAdTRIVE sb Mhat
902 and non-conduct]ve adhesive material 1002 can be deposited in
accor danchil§ eoptast 4ips 19 ofribe prpbes 1806k axer pressed yewnyi aether elsrtaandnrdeiice,
pr obe 80 t p.

B05 1o stisaty ERE UGSl FanRRCUR M s tn SIS BPUEFTRAL  PLiZTs0s,
yet anot himarmbiif) amh Ctomhlgt agx &3 ca1n3b0\sa'u¢tattallp disthcttchencptsab@sise attached one to
illustrated, in F| s . 7-10. As sh 808. o

repl acemehit’ thﬁ 15‘ % V%%Zntwﬁeorﬁcggé’gpgﬁs ?%drél %ﬁaﬂ 1%604511& ﬂ%&q?hléﬂzc?ﬁ“ be
surface &Qﬁtl@fsoﬁ’ummaﬁlﬁegrﬁ)l&tméﬁmal so shown in Figure 12, there rray
be debris 1202 on ter 104a, which can remain_after probe 7

(see Figure 7)nj%me anffr% f@rlﬁ«}'%lapnaﬁ)wlwwpb%ﬂa%w b%léﬁtﬁ?@d from

1202 gan festepd dan Jn%%h%att&h&?%%uﬁitra%@lﬂf.’l%?ol?&@sa Infiall ﬁ&ﬁgjlmtclaﬁ) Be
of sol der residue and pieces of probe 706a can be seen in gure

12, base @@@h%ﬁowéuwgtqlwa@ug@nmﬂwhﬁ saue “@ama clegitigalicteament] &@fraiis datadpd
is | ocat gse T. i e

902 can S@O‘ﬁ%ﬁ@?‘?ég&gﬁﬁ %ur ed %sﬁ%g%hﬁggﬁ%%ﬁl%g&g%ﬁgiﬁv% 1#%?3?; Q@Jnon
1002 can B®4bpplthetacanidod wanedbregkmwaylﬂom F: 113 saﬂbsmne il B0Farglube detSchat avithOthe

ki ng. (7B SRa3ying aideef 3 ST 3oe e Booe, FRalARadaestoclie 1302

shownid n Parget @304b edndbredik asrag Eal &lﬂsﬁtat@elsoﬂ lf&e%}aﬁﬁm@er of reason§irUIdas,
13-16 illustra aje another non-limti nglpvarl ation of the process shown
i n Fi gur e¥itheui gmitafion, Ray o fhestolowimey dertece gostign AP G e Aepurposelypcut away

el ectroni ﬁoﬂ@fﬁb@‘ﬁo&%ﬁ@lmﬁ S irSR RrSdP 048 Ra ilgtpgccgadéﬂﬁ ePand therefore

plurality of electrically conductive traces 1304 to which plurality
of 25 spmly]g/epklbtﬂé@chm@@ swhshatp d 362;tand Hbel borkd briwesn aBts1308 hodytrace portion
parti al i h
Structure %gléﬁia?\fﬁvcﬂ;cch | afﬁ;léllﬁ gl\%bg &iﬁé/t{vlg %a%ggo}t%ﬁg%?% glrar_su@str%{cnlgm
14- 160, only dtenoyhl G)ﬁwobe: OM¥sird8 Gebsatateal IR dndyoresultirt daatage 1(8614@ bsboth of

{racos. | e ppaids D3GR Tyis SRt BrG nodine e oo U BERS oofisephieyrece

| i ke el egigidtsCi30eyi16@4b] Q004 cag bR GetaOiddCor o’ﬂ(brﬁii%b’kgﬁlré@OForaéidmple if one or
substrate 130 B%‘?n be ?enerally | i ke substrate 10 Sprin r obes

1306 can BHGO! RISIGAZ P trgei neghids 4 Aee B3 Wr 2¢/arends d 420 @ﬁt&%ﬁ%l%dé@&rﬁe

al t er nat i 46,60 oh8f Ablcdthctnds pzzongsz@rda%§ trififeq.| N addition, traces
1304 (which can be non-limtin exan‘E es o ectrical conductor S)

can B® alt er nahs shoyntiy Kigyraildat d pohe 13@6 can be placed back onto substrate
2008/ 0367 0 7 4

2005 020G RROPTIRS e S 0 BEARPT AR S99 o o
beam 131GafneHocdtion an poier & reomovhi off puobg 1&0<Eafrpinemmf;trae 3@02 NQrdbedpd6 cantle

a cont act t| 1312 Li r.obes p 06 ca trically
conduct i v%aSsP dt TR edwﬁ’i“rgel@dﬂt 91 %@1 3%15 KR “b ﬂl?@%“&?*‘em‘%’mn
pressed agaupSiat anfidiaratiatiRaté ﬁfh‘b@ 19@6’ tdehe oﬁltiéﬁ&b@ﬁ sub3@fe 1302 in the space
electrically connect the other electronic device with traces 1304

Post s301308tWesaaice Fpoionsid0dsnicide. tispmemippedagneher moveuet endal 1390 of trace
di |
i stinct M tdhdor %ﬁ{?s g 2%&#]@%8%%@9 13024 N8bac Al gcr gﬁﬁﬂlgf aAid trace

two or re of posts 1308 contact tip
porti ons mitieth304been thatebge &b sweliarchanrtbe sfane b@weeletndmdmrtmms $3 @k, i}i)éc as

i nventi Ons’hownlrpﬁ 1%larobe 1306 can be detached from
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10 substrate 1302 and then.reattached to substrate 1302 as foll ows.
Initially, probe 1306 can be detached from substrate 1302 in

general | y wioeossrerssay as el ectrical el ement 106a is detcybedodeswy
termnal 104a in Figure 1. As shown, in the exanple illustrated in
Figure 13, a pastshown lisFpuref1s ehilertaecle3BAdIds arotar B3k iavslycel Rosontih@ive
substrate 130% %Bﬁ be. det ?,ched wi th the _probe 1306, |eavi n@)@ ortions
1304a, 1303€1%1o0R&a7 P aRplied fmong yrauere @f fhs tfage peiyigut f3ie 133igh. 13p4c; posts

Portion 1B{Abaspsbbifak3enaxs ki subsik abea 23R eoddktRMinbsvRkteRll 1602
reasons including, without limtation, any of the follow ng: the _
trace poréandie dgogitedcayst part purfgfehy cenduchvamateriaind 102aeed Porndnggenductive
1304a,s; 13 s : [ -, be r

only vieakl g iyt BEREP P02 O oo B RO L Bl e
1308 and paraces piFai 63042307 nendubiizcembeenl $3020capebe theaseniches borhilar to

bet ween trace portion 4b and substra 3Q2. 20 Renoval. o robe
2506 11 orfecne Pt 9 pRe R 208 d b ottt MhGHH bRl cra gl
portions He3QdisitdBMEC caiad/mb dahakevePOEtdamB ph3pbs ad cosdictitaRes®l 402 or
portions of the trace Borti ons 1304a, 1304b, 1304c can be detached or

ot her wi se"MERAIVE ERterieb PO x dimplasly. pen-epndugiive pghesivsrmatpidnd 1082 sanpbe the garae
por tigns k3QA8mild3R% a2 BE/iRpostBIand 34Qd 0 thd 8% RV tals,%}ldl%%fen%rtﬁe same
damaged, one or noreé of the ends 1320, 1322 can be trimmed. 25As
shown i n IRrpeseeasizpn-qondudiive adimstyeprastyel 36D 6r marcandugsiva editbsiya alaterial $002.
substrate..1 . e QDb Lt h_that t act
tip 1312%5%%c§@2§d18%ﬁ1§’r gﬁg&@%ﬁ%ﬂa&%bl%ﬁa a?o%légsca%rl&gf Pt(?i g Or”part of
~renoval ofdjpentre 30§ componeaitbEty, adtieer PskRs 1iRe phbe 1306) andfor beheg traspgelg.,

noved, a hel d | | ace by taol 300. As shown in Fjgure 14, t

trace poggieoﬁa%Sg%g)tvﬂﬁ’Pu? glﬁ%ff‘ﬁaéli' SEETe d’r‘ﬂﬁ'eob@fjl%‘@zorc ‘?’F%Qﬁ)4 to the
posi tisonegdjeentok Beirbat@npgoldr:(d)n t he space 30 between trace portions
1304a, 1304c. As nmentioned, or nore of ends 1320 of trace portion

1304b and/ or €ffs PIEe2l 306 iy bageled forbpieite 1 08caethon Foligusals, B tbol 300 can
trimed, @npdsd $B36€ 1BGY.t ARMmd AR, CRABsHaRE T fF0LE REc %{Tﬁbgﬁgupgﬂg%fs h%%to

space between trace portions 1'304a, 1304c as shown

2008/ 036 78BFCT plustin 77 BPBeaA06 can be atiashadh dtha pravessiiliustrated 5n Fighids d 3t16@hn
300 hol ds., 11306 in pl conduct.i erial 1502 .can, be _
oo 2 TR o B R BOE P LS BB 1520 e
post 20130806 ardf wuire] matecthdiBORe prdbe SAOGWDan be Hétgphed fibh substrate 1302 and then

non- conduct i v dhesi,v erjial 1602 can, b osited over rt or
T of "t et el O [ THe2 st D Oph L HER SRashitnap ghe RS 1302
adhesi ve gpHhghicte 136022k 88 acdcnQikitind @R&HDIE O a0BpRcRRHE SprindOfobe, and posts
substrate 1302, and/or .trace portio%s 13%4a 1304c. Thgpconductivep

material P99 Far hp rer-lipiidngsensmples ofe replasament basechaaaubi0ieen e paidndimiting
402 or caongduple o8 BRA&H A spifg: i SRLELd Rt

be deposit edﬁanod gt%@e%Hgndszlag bggﬂ\%g&?ﬁ[gy‘gtg%%ur posée%%%ﬁlg%ﬁg%g%ﬁlggf
mat er2_5al M@Elammmm&hv-e material 902. Simlarly, non-conductive
S e T et PR Db AT AR SR gl Mt RS 13
pur poses l&#s HigareClonshosisiavgaradl hesi wé hoRitrgr dtaktubd P1DindQuibsteAe dB0T vt trace
adhesive materigl ,1002. 1 n sonme enbodi nents on-conducti ve adhesive
mat er i al Pfsfeﬁlscﬁw%o%ﬁc APRBITE,G Suiptraid] D2cHI Grote sty B fBtfeRtraon
(e.g., otihens pikakeshdd kemPauBReatd 3962 afBKHVAT iPFREFe 13.208SsHo®mTin: Fikik €17,
trace 1304) without electrically connecting the probe 1306 and/or

t r ace$0130wveren meplacsmantapasastalosirusbag BY0& Gibielnepr 0§ )2 non-limitingrgxempleotfea
1306 is : i i

can 1 el casheasEbsEEhT Qe g AR 1PSEHA oD PLOVES g of Ak iibhec
pl uralityl739 fits gemesally3ddtht Gpadei bdtweenpiraveglortigns o304, All364c 130 6varhmebdrace

attached. po-rrtri]o%sﬂlé8lfa?ﬁ§04cl e{susﬁgxlz’vg til(la gig‘upe ﬁ QRE %ﬁox&n?)i-n 1g1(1:r%q7[ %%ﬁlcéménq pE:crl]e%taI

structure 1706 can also comprise one or more posts 1732 (although two posts 1732 are shown,
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25a replacenment contact tip. Figures 17-20A illustrate exenplary
variations of the process illustrated in Figures 13- 16. Figure 17
shows a pawiizbswmssme of hol ding structure 110 and subst p@i/eszbdBdsost h
trace portions 1304a, 1304c renmining on substrate 1302 after probe

1306, Wi tfiofer drCloewpOtdn sttt eitendiRbmahieBaskr1gro.s ms&maseesl,eéﬁ%ea& 2010
repl acenen

shown in Figure 13. As shown in Figure 17, 30 however t
pedest al &W%bwrl@ w%ﬁmg&aﬁa@a}? Yer BPREFDI APHREBPY S8 be aidrched to the
repl acemepssheB®e) FRO sFQIRY b&ﬁiﬁﬂr Bﬁeof]rZﬁch\MehP p&i%%ﬁh%i%u&&@”ﬂ% shown in
configured so that the base 1730 fits generally in the space between
trace porkigwis! 71i80aveve@iamplarg amerehansr condigarations taons ussd4 Hor ¢g0nle,
as sh ' | ' ' 7. .replace t dest

ot uctir &Ry G SR g SR AR ST O Frob SnolsERLAGSERY aRRSRRo? e
posts 173&cdmnet lshiavhded. M3 #0604+ O83miBE RCTHalIS2 0ixé 10TB8Ed avorhandtradegqivetions

can be us t extend m t he base 1730. 1| | be seen a beam
2010 (whi ﬁﬁ)“i’:’aﬁ%‘é aﬁé ﬁ@ﬁ_l%(ﬂﬁhw ﬂ‘bedéBQEWﬁﬁ‘Qe B?t‘:@ssrlég'acenent spring
body) can be aid aehedintFgiBa 7pRplasedd Pedebtie sRPGt 11766 eANbd GHERIl Aved,
of replacenent pedestal structure 1706 shown in Figure 17 is,

however, @&kl ip ane\py taRlBU8: Hs showms indligwe il Srghidaieoh 200 kalds replggement
T AL 00 PER (oRaltSe RElHRE 0% e SRS S
exarrplge, the nigge; Poltﬁgnﬂaéﬁléla,lmcn@ed lawrdndrsdbatna@cﬁoﬁonﬁ ghosnli3Rigyre 19, a
1304c, ar}ﬁ)npc%%gu&g%%dfl&yv% Iﬂgtggalnl@tm icgr(% lbléda%pgs?tte& rclngesr plaZ‘thl)lf all of the conductive
material 1802, and the non-conductive adhesive material 1902 can also be deposited onto
replacement pedestal structure 1706, substrate 1302, and/or trace portions 1304a, 1304c. The
15  conductive material 1802 can be the same as or similar to conductive material 402, conductive
material 902, or conductive material 1502. The conductive material 1802 can also be
deposited and cured and can serve the same purposcs as conductive material 402, conductive
material 902, or conductive material 1502. Similarly, non-conductive adhesive material 1902
can be the same as or similar to, can be deposited and cured in the samc way as, and can serve
20  the same purposes as non-conductive conductive material 502, conductive material 1002, or
conductive material 1602. In some embodiments, non-conductive adhesive material 1902 can
cover all or part of adjacent or nearby components (e.g., other probes attached to other traces
1304) and/or other traces (e.g., like trace 1304) without electrically connecting the pedestal

1706 and/or trace 1304 to the adjacent or nearby component(s).
25 As shown in Figure 20A, once replacement pedestal structure 1706 is bonded to
substrate 1302, the tool 300 can release replacement pedestal structure 1706. A beam 2010
(which can be a non-limiting example of a replacement spring body) can then be attached to
posts 1732, and a contact tip 2012 (which can be a non-limiting example of a replacement
contact tip) can be attached to the beam 2010. Beam 2010 can be attached to posts 1732 using
30  any suitable attachment mechanism, and contact tip 2012 can likewise be attached to beam
2010 using any suitable attachment mechanism. For example, beam 2010 can be soldered to
posts 1732, and contact tip 2012 can likewise be soldered to beam 2010. Alternatively, beam
2010 can be attached to posts 1732 and contact tip 2012 can be attached to beam 2010 with a

conductive adhesive material, which can be the same as or similar to any of the adhesive
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ot her pr obes &% mmtéme@ @ubsma@rlwﬁaeeba%@nl)mémmmacgs K04 torvduelsa plurality
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exanplise oip mlrzepd)ae@rfmwtmc&@rmaﬂgml@qﬁwe 308 dafe degichdd a’iﬁlh@ﬁla&éa RABkSch a
1732, andﬁgkcontact tip 2012 (which can be a non-limting exanple of

a replacé’ teReBhPiRRE- tip) can be attached to the beam 2010. Beam
2010 b t
can be atfichedsd $hoRASh Fi 1%@21 74RIAE ROmAiR %{*’# B&P#nsn)ﬁ%@ggm% ad

mechani sm and cont act tip can |1 kew se b ached to
usi ng anyvasiaiierahire pessibie. hrfémwxmnlhaheagrmmﬁb cae barrphched e aost? 1782 gainr to

b | d
be, 501 e R PARSS{o A o AUEROTIEE b L DR AN SIS 2 e
post 2017 3&s armﬂhemca:namplb bdan 20 D2can die mamﬁtta(pbad 1732 bebeonZed Gp @0t can be

gg;dg? t ![ Xz QEHE%}J OE'\prrlo(%1 to placmgC E'w% IbﬁO togt% sﬁgsqr%teals&og En t?lle g}‘)alcg E)etween

trace portions 1304a, 1304c. As yet another example, beam 2010 can be attached to posts

1732 while tool 300 holds replacement pedestal structure 1706 in place with base 1730 in the
space between traces 1304a, 1304¢ and before one or both of conductive material 1802 and
25 non-conductive adhesive material 1902 are deposited onto substrate 1302. Thereafter,
conductive material 1802 and/or non-conductive adhesive material 1902 can be deposited onto
substrate 1302 as shown in Figures 18 and 19, after which, contact-tip 2012 can be attached to
beam 2010. As yet a further example, beam 2010 can be attached to posts 1732 and contact
tip 2012 can be attached to becam 2010 while too! 300 holds replacement pedestal structure
30 1706 in place in the space between traces 1304a, 1304c and before one or both of conductive
material 1802 and non-conductive adhesive material 1902 are deposited onto substrate 1302.
Thereafter, conductive material 1802 and/or non-conductive adhesive material 1902 can be

deposited onto substrate 1302 as shown in Figures 18 and 19. In either of the two latter
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2102 is located between feet 2234, As also shown in Figure 23, while tool 300 holds

30  replacement pedestal 2206 in place, a conductive material 2302 can be applied to trace 1304,
replacement pedestal 2206, and/or substrate 1302,

As shown in Figure 24, a post 2408 of a replacement probe 2406, which can comprise

a post 2408, beam 2410, and contact tip 2412, can be placed on the replacement pedestal

2206. (The pedestal 2206 and the post 2408 can be non-limiting examples of a replacement
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The conductive material 2302 can be the sanme as or simlar to
conductive material 15 402. The conductive material 2302 can al so be
deposi t ed wicbosgazedsand can serve the same purposes as eonosHb0revess
material 402. Simlarly, non-conductive adhesive material 2602 can be
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nore than one probe 1306 can be detached, and each detached probe
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beam 2410condictive adiidsive hetkeriab50he post 2408 and the contact tip 2412

can then be attached to the be 2410. Alternatiyvely,_ the conta ti
5212 can be atYaBhalet JHHPIE Gahe ALeFsh B Hom FHR e Rio 410 PP be Lor

attacied &@m R?ra?%ém&ﬁ%des% 20004 diesro S 208! cah Ye bdifsrRalal VD wWICRAEARE 24
tip VO Zl?e(f)'c?rquc? cgfdigéeuggt%gz{ 20370%9310wn in Figure 23 is deposited onto trace 1304 and
replacement pedestal 2206. In the forcgoing cxample, once the replacement pedestal 2206
and probe 2406 are positioned as shown in Figure 24, conductive material 2302 can be
decposited onto the trace 1304, replacement pedestal 2206, and post 2408 and then non-

20 conductive adhesive 2602 can be deposited as shown in Figure 26. As another example of a
variation, adhesive material 2602 can be deposited over the conductive material 2206 shown
in Figure 23 and also over part of the replacement pedestal 2206 to attach securely the
replacement pedestal 2206 to the trace 1304 prior to placing the probe 2406 on the
replacement pedestal 2206 as shown in Figure 24.

25 Figure 27 illustrates another non-limiting exemplary variation of the process illustrate
in Figures 21-26. according to some embodiments. As-shown»in-;Figure 27, detachment of
probe 2106 (see Figure 21) breaks post 2108, and a piece 2702 of post 2108 remains attached
to trace 1304. A replacement post 2708 can be grasp by tool 300 and positioned such that an
cnd of replacement post 2708 is held in contact with or spaccd apart from piece 2702.

30 Replacement post 2708 can be sized such that, with piece 2702 and any gap between piece
2702 and replacement post 2708, replacement post 2708 extends substantially the same
distancé from trace 1304 as post 2108 (see Figure 21). Conductive material 2302 can be
applied to replacement post 2708, piece 2702, and/or trace 1304 as shown in Figure 27. A

significant purpose of conductive material 2302 can be to electrically connect replacement
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2412 and beam 2410 can conprise a single stryctural entity rather
than being distinct structural entities. As still another exenplary
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ot oonoe R et 8 Sp e aR Pl sy Bl STt 5 s flacempnt, podesta
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post 2708 can he grasp by tool 300 and positioned such that an end, of

r epl aceneacHSOIRO0Re P1§Ceﬁél%erPW indhr sate Wit thatdpplegsaratroshai08 1§ pessioned
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25  like beam 2010} can be attached to the replacement pedestal structure (e.g., as shown in
Figure 20A).

With reference generally to the processes illustrated in Figures 7-27, it is noted that
replacement posts (e.g., replacement posts 2030 of Figure 20B or replacement post 2708 of
Figure 27) of different sizes and shapes and with different mechanical and/or clectrical

30  properties can be pre-manufactured and pre-stored so that when the need to replace a damaged
or detached probe arises, a variety of replacement posts in different sizes and shapes and with
different properties are available. In some embodiments, such replacement posts can be made
in the same process as the probes attached to the electronic device were made. For example,

replacement post 2708 of Figure 27 can be made in the same manufacturing process as post
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applied to repl acenent post 2708, piece 2702, apd/or trace 1304 as
shown in Figure 27. A significant purpose of conductive material 2302

can be to woogsgsemsl y connect replacement WO PCT/US2007/078964
2008/ 036786PCT/ US2007/ 078964 post 2708, piece 2702, and/or trace
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posi ti onetﬂe iprocessad s%mwnvmtmgmres Mj? a&eaﬁphpalﬂea) ﬂiEQﬁOdeEB iHlugtute&i i Figures 1-6,
Conducti ve terial ke conduct|.ve erial

mon- cond e ectatitest s vibprS 5F Jo e S g Ewaorhye Fareslfare
mat erigal a%éﬁaa)omamhdﬁ}e&sa@ﬂﬂmhtb@dlagﬁkegtmed general |y as shown in
Figure 27, and_beam (e 25 |i ke beam 2010) can be attached to the

repl acenent pededEg egf’f‘?c&}&“t {oeateenay limited @h@ﬁﬁf:’ Probes Byt ganlpapthenppsipgs of
ref er ence. | gen& aleh¥nts O Ftop%xa‘?ﬁxflg ee?@c’?r?cal lefeHl%ﬁﬂéaleQaﬁ Blsh 'bg lé'fr@tit Zl'egl nts) For

is noted that replacenent pos repl acement posts
Fi gure 20Bawple elstticelndlemengod 06 zm@e o:rapﬁltgtsr eeszsmrs ofiodtisf svelt@m, tmnzletgrs

and s hapeﬁtegﬁged%l}éﬁltdéﬁlgse fof rgny n&ﬁé}aa%&ﬁ!: c%g’ t %Een?en? G ra'n% az‘,lmnbmatlon of the

25  foregoing. Figures 28A-37B illustrate several exemplary applications of the process
illustrated in Figures 1-6 in which electrical elements 106 can be one or more circuit elements.
Figure 28A illustrates a portion of an exemplary electronic device 2801 comprising a

substrate 2800 with electrically conductive terminals 2802 to which an electric circuit element
2804 is attached, and Figurcs 29A and 29B illustratc the substrate 2800 after the clectric circuit

30 element 2804 and the terminals 2802 have been detached from the substrate 2800, according to
some embodiments of the invention. Figures 30A-34B illustrate an exemplary method of
replacing or attaching the electronic component according to some embodiments of the

invention.
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traces 13Qfdnd e aRs e oRed.i @tﬁérn&nm%ee%aﬁf)leﬁ TS stidttated include a
Figures 1-6. It should be apparent that the processes illustrated in

Fi gur es perpiponguston swbstrptgi(e-eng sdicanpiaées osidie) hergerie subgbates, dldrganic substrates,
process iJlustrated in Figures 1-6. Mreover, all characteristics,

vari ations, and descriptions of the processes shown in Figures 7-27
are appl i cabl &h¢ olettine corcwt element 280dtazatbediny rldetrgnic esmperent suidblal fbr being

characterjsti variations, and descji.ptions.of.the process . in
Fiqures Higst B s 4R €50 R oS Rl BPBH T B eghe
7-27.20 circuiEkRfients CE804 eheli@ntspaditfis,afesistos, diddes,t seliches, hRhiigoR! ahefated
but can be qther tépes of electri.cal el ements. [For_ exanple, .
el ectri c&ITCW Sned B e ifsEqTy @i HluBTE AR e riopgicu glemsne2804 is
el ect ri Calysehid L SaddfoCRiih RRCGRPIBF bl Stivel R5tbS S PI0SwhhOYR De non-limiting
sw tches, transistors, integrated circuit chips, or any other

el ectri ceximmies of deanemtleads) sengrated hyi mdicleomnicoiB12heAs shown in Figures 28A and

28B, the plates 2810 of the electric circuit element 2804 can be attached to the terminals 2802
25 of the substrate 2800. For example, the plates 2810 can be soldered, brazed, etc. to the
terminals 2802 of the substrate 2800. In other configurations in-which the electric circuit
element 2804 is an electronic component other than a capacitor, terminals of the electric circuit
element 2804 can be attached to terminals 2802 in the same way that plates 2810 are attached
to terminals 2802 in Figures 28A and 28B. In some embodiments, the clectrically conductive

30 plates can comprise one or more layers of the same or different metals.
The terminals 2802—which can be like terminals 104—of substrate 2800 can be any
terminal suitable for use with the substrate. Non-limiting examples of suitable terminals 2802
include pads, bumps (e.g., solder bumps), landings, posts, probes, etc. The vias 2806 and

traces 2808 can be any electrically conductive structure. Although the electric circuit element
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remaining portions of the terminals 2802.
The removal of the terminals 2802 can result in partial removal of portions of the

substrate 2800 to which the terminals 2802 were attached. The result can be, as shown in
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30  nozzles like 302 configured to output a heated gas. The tool can be positioned near the
material 3002, and the nozzles of the tool can be pointed in the direction of the material 3002,
causing heated gas exiting the nozzles to be directed at and flow onto the material 3002, In
other embodiments, the heating can be accomplished by heating the substrate 2800. For

example, the substrate 2800 can be placed on a chuck, stage, or other holding device (e.g., like
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substrate 2800. As mentioned above, Figures 30A-34B illustrate

repl aci nglectiis eiradt elsnicot @8hpdnetie Rg0Ralac¥2dphghe subtiste 8%bdI Inesomme
of thg i i i igur d : il teri
3002 Dan “HEBGEHs B3GR ool 8L GEpER8, K HRCanBotie b B Bhow
| east enaugiidel idrlotivat jeinied nBH0R] asnl tweaitkehabé tebdtricntiecuithelerelte2802 A0 2the
to cover ,the ex e ortions trace.2808. The fill material 3002
can’ be aigros AARET s ubraHe 2800, Fbr-RRg ) feipieBarig O d e cs
and pr ot ggitdufiflg eRYilExpesadopPEdn ROICOP G- MNSimitesa trace 2808. One
non-limting exanple a suitable fill material 3002 is a

of . AR . .
non- conduct i vé&ltheugdpthey fill gppted| a0Q01- dispussd: pheycepoR¢iBg Nopopgistive, fill

W thoty Il i 28 00N aftBhERINR Qe"’é@&ﬁcaﬁ?lcﬁﬁﬁwv@%N§am@@,@¥%ﬁ§ﬂ§%§m
ABLEBOND 2025DSi, EPO-TEC H54, EPOTEC’H55, and ) CA80215 di scussed

above. | e diberthcandiordil than famsiréplaghentbeningls d 882 indtgmes B¥pauskil B Gvhich are
non- cond | V¢ X AR PL OV ruct ural enhancenent whi.le

provent A UE BRGHL IR AR bRl P BERE IR WhlinBpy g and can
3002 canbeodgposied andcurathlie thatsdeabr sabiladowharger fagrthe xastpliat, thithérms the

material 3002 to be.d ited.in liqujd.or paste formand then cured
or har deﬁ?gécc@ﬁ?titﬂﬁu‘&aiggﬁ% (ﬁ%gﬁ%ﬁdg’ﬁ by heating the material 3002

to a zesired VERBRF AllWiRef0B06D idesiduetvd drn-cbidueBi@cRAResHdERMn of hiagy

heati ng can_be accor?l i shed B%/ fl ow ng a heated [%as éb;.g. air) over
the ar eaPesibiafasiors) Farsxparle ilbmatoral 3002.cap be seledied odsicendushie Haipsp806

out put fr I i i |
ear od gan NpARA fnfledihd MOEE Skl e COf MRRE kB JEVRLDAR ar
t he nozzkseectetlly spand.goll metenali¥03 chmbestlactedtiibe vin-enmdiidiveof t he

mat eri al 3002, S| e iti t he .nozzl,e ob irecte

at and fl ow on §g(§]‘#éﬂ1grrg Erugg’?‘”‘%%‘azﬁér %\epg# ﬁr@?lﬁé%%lsnélnotzsfanﬁjﬁg%%e tolngt ¢
can W acommpici2ghed Thy répdatcineat telieinsle3$02 airebfbfled B kegsainglaa, cldchically
substrate 2800 can bgbg)rlgg%ed on a, chu st a or ot her

devi ce. ( GBI e B aHbIBHEisHET CehgBoT RO YgB R (eminals 2503 Had been.

The conductive material that forms replacement terminals 3102 can be any suitable material

that is electrically conductive. One non-limiting example of a suitable material for forming

replacement terminals 3102 is an clectrically conductive epoxy. Suitable conductive cpoxies

30 include any of the conductive epoxies discussed above with respect to conductive material 402,

including without limitation ABLEBOND 2030SC, ABLEBOND 2100A, ABLEBOND 2300,
EPO-TEC E-2036, EPO-TEC E-3001, and CE3104 discussed above.

The material that forms the replacement terminals 3102 can comprise a curable

material, allowing, for example, the material forming the replacement terminals 3102 to be
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hol di ng structure 110), which, |ike holding structure 110, can,
include a tenperature control device, such as a heater. As another

exanpl e, tWe SBeastiate 2800 can be placed in an oven. |yeghsdb7@kdier
enbodi nents, the heating can be a conbination of flowi ng a heated gas

and heat 'd@lSst{t&? irS HQEH TR trRstd $08h add) thehidutedOd @ d AP O BBt Sral ttllﬁﬁ forms the

substrate 2800 may include a heating 5el enment which can be used to
heat t he renissment: Brmwely, can 3102 qanebe ichiedaifdthe exaper @it simelar axpanereas ther fill

curing c%gl%g gﬂﬁ on the particular characteristics of the type of
mat eri al 6 el ng cured. In sone enbodinents, the tine and/or

tenperature cas de shews ib fragures 3iArendAtiB o noenpeiuetiver watofialecan be deposited

manuf act urjn rocess to in fric CIrCUI el enent 280,

Thot o BrfeE BlsCshaPeri e el 5108 S ot & ekl tor S ata e deosR 3104
time andbetwcee fRekplktingne &mbals 93, tmlamoa-cbhmna@dépb@uBemfpaernaédmﬂls& @n
reflow a sol der or other joining material used to attach the electric
circuit efkssvgenegsil e tS‘FF‘é‘ 4y Tirim aghsrexpisplagsmen glestiis eyt elemep 3202 (see

Non-I'i i g gﬁgeseymaam)qyrm@gm&w@@swd(l BARSHAk 'ere%cfc%m@urehfaﬂt m@ can
fill material 3002 can ‘be 80-160 for 0" m nut es. houghthefl

mat er i al bgEOBNHEMtNG cueropld Cém\ﬁée@agcabelengntrbon%lmwBuweid itiohdlly] Bhe non-
mat er 0al %Qq%%tl&eapgjﬁﬁﬁlgl%rl %6@’ %r}’cngﬁ’ ? E% Ié%f%' ! Yo E%C%I{ti{l% tth Material that

exanp can erla
repl ace mﬁcm’msttbﬂ.r rephaérser® I inats FH G roas ﬂamihgangetﬁe’r Bnd s eh:carcelly shorting the

di scussed eIo The mat eri gl 3002 . can cc rdi ngl e the sane

S or oo e ey iials 3 2 e dn it olfohn Jhe dpae b el e gh-conduciive
simlar Ergmﬁ 3188 chi®e raagr Stitdtle Atkial ManBast Meﬁ%kﬁ%@r@i@ﬂhn&&f 1§ diéthrically
3102 (as cussed bel ow 20V\het her f| Il nateria 002 is conducti ve

or non- cARRERIqUGEVE: aRoTHRBEIRIE. S mAlTisk thatafoymp Sesiaseondugtive dsposiot 04 can
exanpjse, c&rh?ﬁse%& §5d1§|or 3008 GRRerPe a§ tlcehil SthtdrRI @@Ofﬁ%ﬂﬂfﬁﬁt%}e’%ﬁnb&g\qﬂ' a;ﬂlﬁlfé)r

2806 are structurally damaged and therefore structural
ot her hanureduufasqnmorzsam@ram@n@tasd@tﬁﬂmlateyals?@@ad fill material 3002

can be sel ect & %otnf &?bo’&? cn? on co%gué%?lg né(y\@c 318 érgg%%ﬁgdl ﬁ licq'ormlng

31B, repl acenen ermna can
2800. Thdlerzepllammemﬁrmrsrﬁmm dn Bﬂ:ﬁﬂemlacrﬂnlnentﬁ ahemo'h bqnddetpm&iepomng?,lam can

electric ctive. materi on,t strateln ne aI

Shere t nBeBREh e ot Gumba hRen S B2 SRR domted PAPEL Hla Sylf e
r epl agememiboditieisN@k$plddRdntCiafiba FI0Y bk qbﬂn@edrrﬁieex{dnadonamw Id8posit 3104
el ectrically conductive. One non-limting exaggf e of a suitable

mat er i al cbihen be frmed, @é%ﬁ%%?ﬂlaqemewﬁ@mga@i cqngheghbetomeed: i cal |y
conductive epax¥nowi!in AbhRs @9&%&%9»;6 ﬁeﬁamlﬁ&t%{éc{rfavdlﬂeglu £ eRA%nCI202NEn be

conducti ve epOXI es di scussed above V\At respe(;t to conducti ve
mat er i al pho&] on thelreplaeegnent tehoingls| 3107 ved therdepBitEBONDVRIOB 68ChuABlsEB@NBON

L1000 bR AN R A e OB, 0 v
t er m2fal $n BibisG2h @einilB,ske ecptaccmbltecomposdit 3202 add omhpripe of @pacitor having
\E;\;()arzrglog / 6%81718 %ﬂb@%&@%ﬁ%‘%%@%@%ps{rﬁ% % rEeé]ectﬁg &g{e%ai ?20%1 ﬁichocartlj %e like
the electric circuit element 2804 of Figures 28A and 28B. Plates 3204 of the replacement

component 3202 can be placed on the replacement terminals 3102. The replacement electric

circuit clement 3202 can be grasped, moved, and/or held in position by a grasping tool (not

30 shown) that can be, for example, like tool 300,
In some embodiments, if the replacement terminals 3102 and/or the non-conductive
deposit 3104 comprise adhesive materials (e.g., an epoxy), the plates 3204 of the replacement

component 3202 can be placed on the replacement terminals 3102 and the diclectric material

3206 can be placed on the deposit 3104 before curing the adhesive material or before the
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deposited in liquid or paste formand then cured or hardened. The
material that fornms the replacenent termnals can 3102 can be cured

in the sangoQosiizgigkar manner as the fill material 300Zpcyiss28d798964
shown in Figures 31A and 31B, a non-conductive naterial can be

deposi t edqisRetiREhl tdies bERABSRMEIRAL thisGhinBA the BhRAal Paf R &R replacement
el ectrically non-conductive deposit 3104 between the replacenen?

t er m nal éerear@s 3 R eandion theonefadaliof dhaidgpesit 81Bh@a nsevide etnfpest semepdhesion of

dhesi i I I i
ciroui ¢ A penlfRbhe coBfoRP o0 28, O BUAMIET 2@, O BEEET oGl
( Repl acemephicembrtcterminalsiy1iand/et éreedipoS2 0204 acedomotprovade hiyradliesign of the

I f | ectrical t. t tivel diti I th
LS ST GG bRk T ST skt SRR SR ALY 282 Al
barrier, iy evwenypOof kherdimd esmpdnchhad 240ar obFighes N8R! AGETEBN Féredxainpa), Ss

3102 fromflow ng together and thus electrically shorting the
r epl acemSiRELSEt APaySl TheRlepiic plEcuipelement48Qd canfger fapagitqrapng Higt replgpgment

the non- canpsteht ¥R248RARb the 31AfaGRP Rﬁe@lﬁmeﬁe teARbRcdHRnE Eélﬁﬁl%l%ﬁaézob%n

adhesi ve properties and/or is electrically rion-conductive.

exanpl e, be e differant itgpe oh glectramergompenand thanothd udedive citeyb slemest] B804 adior
15 coypori e i m i L i al

and ol 5REE3 AR Alon! BlpBhedi™o s e ERlsIF, it ot PER SRy Blondif 2202
fill mat et bt a38pHRitor. Generdlly sposiing nhorkpheahat coineorvan320nchudiyi atg of the
deposi t formng the re enent. ternm nal

104 be .f d bef |
209" | niaehof SRenS Praens 1Rl AhOkE il ot fdy s s st o 2804

f or med af(é.g.ra@Jpa@iitdmle&iﬁa@quﬁlaystch,hrath@tof,eﬁbgaﬁt@ﬂeﬂ&um&I%pﬂe&gl s 3102.
In still other 20 enbodi nents, a replacenent term nal 3102 can be
formed, the nés-SBeWa iR FiaesdBhoand 3 H.0nexalsss plewheskerithe mplacempny terminals

anot hgy negl gfo%fa%nan @Jh@},i@@of?fﬂ@@a&@rszbmed? the rE TRt componetS3290AWWhe

in Figures 32A and 32B, a replacenment electric circuit el'enent 3202
can be pleptasdmont tetenaledl o thesubsieatei2 B0 e (BY depoai d19hedhdrsp di tepl3deduint

whi ch ca hus upct | S plat formf.or su i repl.acene
el ectri CQ%I%P cnﬁpfgfeqﬁeir?eﬁ Sﬁ%ﬁ.ﬁ) %%Oro’ 3%%%@&% msaﬁc?\i%/lg%@?aﬁl E%)S?Proglstccpgn
32A and 3&Bor tivend e pleyEr4 adnhe nepiiced2O2 caagoneniR02s en aind/ap aciundrthe
having el ectrically.cqgn tive plate 204 separ at ed a diel ectri
ot e Lol TRSECR A e TPiagBihe AL AIIRVE PRI S HPEABRE dosHeen
Fi gurgs ?&iﬁoﬂé\ of #8RBubdttatdl 25003284 thefrefIARnIcRPlcARRAAR B 0Z, UHBOR @ i3 &thesive
can be placed on the rerf{z;l acenent termnals 3102. The repl acenent

el ect ri c meferiali102%eganrherficraniod op partines gf HhepepiacemspbepmrRantolZ0f dhad apgnear
posi tion t}@gpé%e&ﬁf@?' ngi Hiand os§9:f$ﬁ‘e?m§% ?@I@é}@e ﬁﬁféﬁ?ﬁsofz%n%)é%mbﬁ the

|l i ke tool I'nm sone ‘enbodi nents, the replacenent
t er mi nal sepbab@@entneledric tdirsuih oriersam iR tpethd ersploremt Odrmonalp3il§2 and/or the

adhesi ve ri 2.9 n t he nl s. 3204 of _the. .
repl acenﬁ‘%"?&%&%@ferﬁ' egi%gl%({%ﬁg%@%f fateced1 agnﬁpzé’(’@gﬁ ea%nea hr?gw? ér%aﬁfirﬁlfl;llagd
3102 Hnd ptdvided sehe aiihdstonmaf elid dlat32dB4c aft the rgglaee@nto torhpeneaie BO& tto the
3104 before curing th esi.ye materi.al or before the WO

2008/ oseﬁ@&ﬁﬁf@é@%ﬁbgﬁg@&%ﬁ@sﬁem Ioéradg?reﬂﬂweégpqwmtr@mnemﬁ202
thi s man@gehe shki@=RBI800, tAé fitsh adhebit MRatckiBE3 J02RhAGRRRRad BibMI RAhdivd kR éngth
and/or the material of the deposit 3104 can provide at |east sone

adhesi on!®fecitethe aptesc&4mf be rprlersmenBeampanentt 182 dadke replasepgygernyipals
ot her e”‘g?@b $Har 3he %@%&?&I%ﬁ@&%@ﬁt 3265 EI#II@L&S{%AIQ%S@@C’/ or the deposit
e S the

3104 ne not provi any a Ion o
30 In some embodiments, the first adhesive material 3302 can be ¢lectrically conductive

and can be deposited over and around the electrical connections between the plates 3204 of
the replacement component 3202 and the replacement terminals 3102. For example, the first
adhesive material 3302 can comprise the same or similar material as the material that forms

the replacement terminals 3102 and can be deposited in a same or similar manner as the
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5 repl acenent conponent 3202 to the substrate 2800. The repl acenment |
conponent 3202 can be the sanme type of el ectronic conponent as 2804

of Fi gur eswd3fusai3ehse8B. For exanpl e, as di scussed abovepcifi@oelweslsii C
circuit element 2804 can be a capacitor, and the repl acenent

conponent m@dfa Gafoahns tedRpRcEAMAGEhMals A 02T [Fatht YRt Yadhddh® material 3302 is
repl acerrent corrponent 3202 can be a differ elntééé%pe of electronic

conponent cleqiagrliy neondpetier ihe Erst aghesiv entorie caF oty holdx thgpreplacgment
the el ecty erﬁoﬁﬁ NE e gléeﬁll\@ﬁ t I‘?a% §¥ rand%}q 5%&5%91%%% and enhance

conponent can e a capacitor. neral Iy spea i ng,
repl acenedcctn@ﬂrpomtlv@zbﬂwcanﬂbyre}alnyemﬂm tidrmintajp2H)20dndethe platend 294 of the

conpo nt |ste ard t.o the elec e ci.rcuit .el nt
S04 (. gertebel cBRp ol 1402, ISP e glm S RSl FiET el 2 ton ve
i nt eg(rjlat ecdcdh:culfa(l?lylcimMHtmcF‘] afd Can corﬁﬁns‘éhﬁwlhthpl?::, gid:g-ﬁ&lé:ixggsuﬁﬂﬂ‘ ﬁgt&'lal as the
regardl ess o et her the repl acement terninals rovi de an
adhesi on B elflﬂwﬁiﬂ gff@%t@z@mﬂ%@%éﬁmgﬁ Satlefeil C&%?ﬁ&ﬁmﬂtgégwort grehin &
r epl aceneinet @rsithild! anddOss @E Iﬁalf&laas maﬁ Fdrak eh2@BfcQhenlt REmERROBIOD ?ﬁ%er

adheres the replacenent conponent to the substrate 2800, a first
adhesi ve ¢rahagdimeits, 380 firg atdh@@fed@ptsmlt wEmnde@?lm’m@dlaum -qondugpiveand can

3204 t I n A

ropl axbreair 0 SF SRR COERANET: ifie mBlA R B, AL INIRL 60z g ooy e
3302 can d;a@os:lep(asd/bedlrethmmmrot sionker ofnddnes ﬂnlﬁ]trna'emlzaﬂ Feararhjple, the
repl acene rmna and/or the first ive materi al

Can b el iRt sl v B o5 hurtd Gk Bk oh s BITGMER (ra89! Fhe for
are near dufiagpd.at E@tlﬁgﬂﬂandﬁztﬁb gﬁtefnhpmtmauaxﬂg)s@t 1ok litnhted fo gositionih e Sy e
mat eri al 3302 can be to h he repl acerent _electric circuit elenent

3202 to tiHe lwéﬁlpé@%ﬁéﬁpeltté%ﬁ Frhadhestvg natenpl 380% med éﬁ%wsé@@e@s@oﬁom the
Even if the,1kapb 3aRHRE Firsk %H’E‘sﬂéhﬁtéﬁ]&p%@omérﬁﬁle@@xﬁﬂg@%hﬁ{s@raf@}%b'c% be

and 25 provide sonme adhesion of the plates 32 repl acenent
conponentpl&zdon @ holfing etfpcaverfest likerholdiag stractor HY/ and & heatetbparsian be

3104 adhe t
the fi rstJlagﬁgrsa:ﬁWeo‘%%@glrﬂqﬁg aﬂ%‘%g}%%gaﬁ&garl g%%gglg(}%p?ll%ﬂg% Eﬁlegﬁz%lg%er tool
strength (1not simtwmb @lache uplpmamtﬁﬂi)tﬁmfadhéwwmmbadamm Ammhmﬁxafﬁa&Z as
to the re 02 and/ t he repl acement com

3202 o L REGATG (kR0 F0EE Sssd i e anEnsn S T oR O TPPRE D2t td ipel
mat erigal ﬁ)’ﬂ%n@ﬁﬂu&ﬁaﬂie@&éd’nbﬁﬁhé YnceRAEHE thay Seap dirGdh&evel@PRELL B2, As
over and around the el ectrical caonpections between the plates 3204 of

the repl ARQHEHEXEYHH AvStRS Soupture d b0 cam nchige Acksrb pencrabing meghanism gt heats
For exampfi@ adriGvd h{a%laﬂgﬁms' W8 sﬁﬁta%th@} exmie, Ffledif dI ot BEWRR TR be

or simlar material as the material that forns gﬁ)?aceme

t er m nal sPl&Edn egndace withise infenpvigtityed firss aéhgmmmnaé B3R fadle#ﬁhmﬁrst adhesive
t he 6R 6 r t

repl acerrezlﬁ%g{%?’r@na%aﬁ%t%%g%&zﬁ% ?l r s%u% j&ﬁ%gi&@% k Cg[ﬂi% aﬁt‘ g?é%(ﬂml sshown)
el ect2s cabhyataod dure first @dhdsive nfaterint 3302hesi ve material 3302 can both

hol d the repl ﬁ_gemant component 3202 to the, relgl acgl Eﬁ’:% nal s 3102
and/ or the sutfsiyHE" eNL% 5% Rhd AR CRIQUEYS ater! sy p lifs%éﬂ%%ﬁl

the repl ag@ment pkdsidy a%&rl&lﬁge@fwﬁmt Rh@trac3ARft REminAB %102 from being
replacenent component 3202. I n such enbodi nents, the first adhesive

mat er i al d5BwRede For renle she firstadhgsiveaneeaal 3382 eandrevent Restigles fieam wewing off
exanpl e, Omﬁlaéaﬂanwmﬁiamshaﬁ aﬁ@&@ﬁtln%go@&chb@d&gltser'al that forms the

repl acenent "term nal s 2 and can deposi t and/or cured in a
sanme ¥r si m | &8 almnlnm’m msFlgHTeSthta&d BB, setrand aflbesivg rhdterial émthcaarbembposued

term nal s | n_ot her enbodi t t. r st,, adhes

5505 can oaheenbdbmb{'BhmRIRALRARE Fenoti 100 LR ERIRYT .S HR second

exanpl e, adliesive anmeidl X30Hi dadr provitie radaitionsl ddhesifd kirenpei @oidalg $00G2pladghent

can be de(§)05| t ed 2aor}d/or cured in a sane or_simlar manner _as the fill
mponent 3 to the replacement terminals 3102 and/or the substrate 2800. The second

adhesive material 3304 can be clectrically non-conductive. For example, the second adhesive
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20 300 can include a heat generating mechanismthat heats first
adhesive material 3302. As anot her exanple, holding structure 110 can

i ncl ude a weafggsegsati ng mechani smthat heats first adkie@suse07/078964
material 3302. As still another exanple, a heating tool (not shown)

can be plag&thl Byoiacantatiec sankhs oF similaoadd miktepaltthat Fortstthadih emtayial 3002 and
material 3302 to heat the first adhesive material 3302. As g et
anot her &¥aRpiepositedsag/iofcured dnthe same pesimilaicarnienasdhe B etariabt002hown)

25t 0 heat andjfufe sddohdtadBE&S ineterIRtB0k Ak Q&Q@call non-cdnﬂu&ﬁr@e the second
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Fi gure 33A. an , .secand. adhesj ve r| al 4 can be e
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prot ect wpedupiiyesdebsis Hugng rormal vseiaad wygp2ln some esehodienisd Hess iacheswn material

Tt erfal 53504n b6 J1ORHAREENkcd PG S0t bOd (06 AAROSIby O mppnerts

and/ or the replacenent corrpo ent pr ot I've coatin
can c¥npiiks eleatrmomcompohmt o6 nﬁF@u'realZSAFmd é&&)rrquidéqr dgther tpmubas (¢.y.e like

ggﬁtl ng (fgnrlllln% s Eﬁﬁ of ln-;egures ancrin 2!8%5 W19t10urI élec r1callyn%gl$nrelct?nlg J repﬁ@e%lent

component 3202 and/or replacement terminals 3102 to the adjacent or nearby component(s).
In some embodiments, the height of the replacement component 3202 from the surface
of the substrate 2800 can be controlled. For cxample, at the time during the process shown in
30 Figures 30A-34B at which the replacement component 3202 is adhered to the replacement
terminals 3102 and/or the substrate 2800, the replacement component 3202 can be held by a
machine (e.g., like tool 300) at the desired height above the surface of the substrate 2800 until
the adhesion material or materials is cured or hardens. For example, if the material that forms

the replacement terminals 3102 and/or the deposit 3104 are epoxy materials, those materials
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20 be deposited and cured in the sanme or simlar manner. Anong ot her
benefits, the protective coating 3402 can prevent conductive

mat eri al s e Wos/o3ke material formng the repl acenent tarPiadR789592
or the material formng the first adhesion material 3302) from

produci N@ag HrAdGlokivR SRBrthe shythng 2000 MBI sht®A ANBighRAN31A Rnd BB, and the
enbodi nents, first adhesion material 3302 can cover all or part o

f
adj acent 'SHAGEESRISPIHGRHE AT ary be pressedina theopnoxy matrialscddshesttse desired

like ele i 4 i : e
ter ni nal o o RSAELL o 1A s DR Loct g B0 AER g D i oy
el ect ri catdteriebsomeewtd oghardem. r epl acement conponent 3202 and/ or

repl acement termnals .3102 to the adj . or near by ,conponent (s)..

| soro emboci ERREeS g st dn P hBSREL s aMERD ur SERERE hshons e
f rom t he pasuitflac Eoplxdrhysic, stb Hrstaddhesd8DRharenl BH2C@At YeOhdrB¢bndi@ive rather than
exanple, at the tinme duripg the process shown in 30 Figures 30A-34B
at which® ShiseR By PR ADMPUHS RN or Rafer e fs b e e a0
term nal an@RL saddd Adnéshe muRsihr 336 A&QA0nott e usaP! ASSIRBLoHTRRARN, the
3202 can be held by a machine (e.g., like tool 300) at the desired

hei ght abofectivheoaiing $40%nast nphlee wsabhst rat e 2800 unti| the adhesion

mat er{ql or e | i . r | f
mat or Al Chat RIS 334 AT REaP RRAR 200l o FETOROR oF ekl of e
3104 ar e @guny chedierlealent 280 srd natmenalal802 ¥@wn in Figures 28A and 28B in an

2008/ 036786PCT/ US2007/ 078964 . be,d i d th bstrat 2800
20 e houn TR, PRI o g coTatoR SOVR A e o A 2T AT 45 some

can be pressRenémd 6f thbBveRxy ARhewh a Bigars3Hehed 3B, thesudRed sa8e substrate
hei ght above the surface of the substrate 2800 (see Figures 32A and

32B) unti$8%He V\@fb@%}w MR St 202y gC etcler B RaRHeRiacE THY rpelgskoles, like
|11 usty atigfled Moob! @UiBSe 09 308 198, GREAR! BiedNbkc ANk 0TBEYhY il O 9502,
are possible. For exanple, the first adhesive material 3302 can be

non- conduavwoyer, ca femain emmihe shistiate 2380 Fhesgpanges 8348, capde gpgededy oxidized, or

X A ARy Mg oy WGP S 2 P 08 v,

exanpl e, dtheweakachlever cloatical godkoRom eedshoon i Eiguss36ATAHI3GB) epladifent

olectric ETPRHPOICH SaRIoa A ahilc CoPERE 302 THOTAEIRT e aes2a0

and 28B idqnde 18t kahdad bivEmiandi dndan the foiedcmid Butddafc S4eMEs binsimilghase
29A and 29B, ~accordjng to some, enbodi nents_of the invention, As_ shown

in Fi gur eesgiplionsgpdsiflpstrafqsassagieted it iguiee 3 bygad ¢ B abaygodhsishovimincgures

the term fial g, 2B MRIR 3304 BENROOARD SENBithtd PERGh theh Qe DX @Ml manner as
hol es, like 15 hol'es 2902 in Figures 29A and 29B, are not forned.

Pi eces 358scrgfedtahevet witlhiaspdcs tBigares Abhand B 1 Bc Ay shewniimFignres B@A and 37B, a
Ssubstrate I r L. di s

ot hor v oo Bnaiyeh "Gl BuE 2B, e SRl Ty R IRACIer Kl (8 sqme vy
t er m 2fal sand8Bhgvike sameonatatidie rnd mecdesis mabiseusal abeveofthirespbct to Figures 32A-
connect i 0£ As shown in Figures 36A and 36B, replacenent termnals
3102 can ‘formed over the term nal pieces 3502. The repl acenent
term nal s 310RA8riaARAR té Fee@NER Aand 81, il dode ihQarkBs f@fid@rduftfeld@sknt
and cured the sane as or simlar to the _d’escri ptions and illustrates
associ at etPlgimay beidgueges o3 pricawige satfurgionias Preperlh auhman begejeshed anghawn in
and 36B, [ : f ubst : Q. S :
simlar rrlﬁlatlt ne? 3gés%nggigr?gvé@8gb%§% gna? Er cragﬁslge%?*a %@?%ﬂ#%g %%)AQ\ gr’rﬁ;b%atc
31B. #s sHOON Asshévgur Bigudy ASArdd 3B, residvad phlderciBdd icar cmpdmemona3@0fore of

can be attached t repl a t termnal.s in,the 2 an

i ng. t neeGang® .ol SO AR AR Tanbr R Gl El e PG, e, <8R

respect twoldet@8iEcanI2Acddihts of solder that adhered electric circuit element 2812 to terminals
2802. As shown, the residual solder 3802 can extend farther from the substrate 2800 than the

terminals 2802. In some circumstances, it can be important that the distance a replacement
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Referring again to Figures 28A and 28B, in sonme instances, electric
circuit element 2812 may be damaged or otherw se not functioning

properly awd nwmysbmsdet ached as shown in Fi gures 38A angcB88owdrEmaiyt
causi ng appreci able damage to term nals 2802 or substrate 30 2800. As

shown in &i@itr @emat Axtnds 3B siRehe U0 SRl fDktamelly BanamenB] br enlcasienot
or nore of termnals 2802 ancUor substrate 2800 after_ electric

circuit efongmalygronterdhi the fisancerglegtin airoulgesnt 380% cxtapied drom substrate
remant s ﬁoo%gé&ﬁgu&ﬁm @H@gg@ﬂ 1l Bed Fi'r&mfsga'iéﬁéég%t Oigis@gaﬂéo%é%esidﬁal solder

term nal s 2802. shown, residual sol der can extend fart
from t he ¥0Bsandededod asisbown el igererdon dios eedue, ap shaygnsubstantially all of the

circunst a Sa1 o i t ant at .t hstance a.repkacenent

Vo 200810950 ittt RDg0 s TR, PRbnd Wbt sa BAERE Bo Rt P SRiCERRal can
subst r at eb? B&Amplstedlistaantsuadily niaheersiacediag , withouatimitetiat gialing the residual
substanti al ater. than, the distance el ric circuit e] eme

2812 oxt eninsh B0 b Eaisell Heoune Gusorepiiel SeIoGEREL! sebsmpiticiio s s 3502
Ci rcunst agesily of pdrﬁ@lg mEEHE af theh Eeri @St adas SR 08T thSBRR LA DaRRIly melted
detached as shown in Figure 39. For exanple, as shown, substantially

al | of t hesigualeaiderfi02s ohudewago Zigurdl. @xeritrgsicrepamanens A heandeggeched
ranne | e A or A Ty Yar i RAARETRL FRRal dnf Bl Sl AR discussed
3802, chestiovaith respecitd Rigutch@2AedBdual sol der 3802, scrapping the
oSl 0 0o BN LB A VP B BB gp o
sol der 380Zon-Amithipossamiple &t Pevtcad Glentntseltbatdipints CoMianaditios 2Rlacénent
be 2L ahgd 10, SUILTAS 2002 |0 Lle, Same v nd LT e SR
32A- 3fB. 306. LikéWiséREIiNSH0RReM erRheething] Fliob Catidl pi&le§ BBOY catB%xamples
shown in Figures ZéA_- 37B can be a non-limting exanple of electri caP
el enent s AfoemgralE] ftindiewesl-0) At dhawlidthenpare tha desrmrpgesess dbusipigd in Figures
cireult Sl aRaflf ifiin® SxainghA/beud TableYndtHRAR bfocRls ifi b RE S Rbres 1-6.
Moreover, all characteristics, variations, and descriptions of the processes shown in 28A-37B
arc applicable to the process illustrated in Figures 1-6, and all characteristics, variations, and
20 descriptions of the process shown in Figures 1-6 are applicable to the process illustrated in
Figures 28A-37B.
There are many possible uses and applications for the exemplary processes and
electronic devices 100, 700, 1300, 2801 disclosed herein. For example, the electronic devices
100, 700, 1300, 2801 can be part of a probe cad assembly for testing DUTs, such as
25  semiconductor dies. Figure 41 shows an exemplary probe card assembly 4140 and a
simplified block diagram of a test system 4100 in which the probe ¢ard assembly 4140 can be
used to test one or more DUTs 4122 according to some embodiments of the invention.
As shown in Figure 41, the probe card assembly 4140 can comprise a wiring substrate
4102, an interposer 4108, and a probe hecad 4112. Brackets 4116 and/or other suitable means
30  can hold the wiring substrate 4102, interposer 4108, and probe head 4112 together. The
wiring substrate 4102 can include electrical connectors 4104 configured to make electrical
connections with a plurality of communications channels 4120 to and from a tester 4118.

Connectors 4104 can be pads for receiving pogo pins, zero-insertion-force connectors, or any

other electrical connection device suitable for making electrical connections with
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15 306. Likew se, term nal 2802, replacenent term nal 3102, and
pi eces 3502 can be exanples of termnals 104 in Figures 1-6. It

shoul d be wppRiRtsshat the processes illustrated in Figegsedfiisssd B
arc non-limting exanples of the nore generalized process illustrated

i n Fi gur esordméhicAMahe ev:@hels a1 50.C BRCAREBY b&idubiSve phdtlsl @bl §osm) aitflbe prov1ded
descriptions of the processes shown in 28A-37B arc applicable to the
process i thraughrthe gaolencard gaseadbly 4640 dodpravide elselrisdt eanpedtiops from individual
vari ation Cl o) h

var 211 onSec i ZhseHSACT B0l kel ARASRISHON S By it o
There ar ecqmsgonpdxs siddicomsmmiation dpphéle4t30) rtrseléatncatllbte:oadwtrpé wsijient probes
processes ctronrc dev iscl osed

her oo Tex oot Ot UL FRfor ol Fronal 1ds obfibdiedisds S55G engepfes
be part of DAYy oins. cPl@bsaszsm:mahvb paks (@8 Ehova) Bkidegh ﬁlldqiibtﬁscaz?tﬁasscmbly 4140
sem conductor dies. ure 41 shows an exenpl probe card assenbly
4140 and FRsSOMPISE tc,ltf Fag¥ icontiueiv e sPEIecionse sYC %}l‘stfaéﬁt A1E0T VS (Rt HOw),

the probefgar fle aansdidry HMOthFcﬁ@h bige %i@iﬁgtéﬁbﬁtﬁa‘fé 4002 t@reré&t&u%ductwe
4122 according to sone enbodi nents of the invention. shown

i n Fi gur etegminalg Iﬁ@frﬁh@\lﬁ@ emitg veisise mahsvat@mm émpordentyvithswpriag \rmtacrtgtructures
substypat e 0 S
2116 Sharabb fpesRBy ToTARERE Lokt ihns20in s DS Pty Wi, o TpBEE R Sno8
4102, i ntdeqosdy cdi@8tingthd spmmg)e)ntm&sinmma 4106 etithesprind bentedt stragures 4110;
substrate 102 .can i ncl.ude el ect |caI onnectors 4104, confi gured t
ke of 6cPH TSGR HRCETN SR Ep PUar T3 g GROL S GG Trodeh the
channel s %3BOhéa @nd Hekvodtn 2elécisdablly céﬂ,d&nv@wmmtsornm SHfih) %Wh@@)rdb%dﬁaad
for receiving pogo zero-insertion-force connectors, or_an

ot her el e‘b1t1?|18aq0n@6frtwggtth%ﬁpf&’é\ﬁ%’éa°§ greciwes H H a%kt‘t‘?&g é“é’et ] élar way, a
connent | ot 4T s 40 CARRLARGRERNE LLSAIRTULAHE Uidhn QTN 68 bbNIReseribed
channel s '4120.” Electrical |y conductive (not sho %ﬁ can

provi ded qqﬁﬁwlgh pethe thyouglethegnobaeae rrsﬂeyibmﬂrtﬂm enprheviirg Sétléétarer previded
connecti QTK]L d&!ﬁ! ‘4'1}%1 d &'c‘% el aGdhor ﬁﬁ’t@ﬂtet%ﬁhﬁﬁt? 4154 89 &Pz’zs ﬁli's&r
(each suc |vr ua ec rrca connec IOn can corresp o to ‘ohe o
communi catncom ed:ekmmtsems’zm&apk)mtbm edseodrs,i dladdsyswmhduatanwmtorssntbgmmﬂ circuit
probes 5 4114 an ct i npL ut or, output termpals 4124

P Oon ol ctiotir s bl EPsREeh B epstitg 315 G SRl ACHTAIE IS o more
pat hs20( nodf ﬂata Q@Mtridah ety ltn@thﬂtomga tmoﬁgr theapoBeribesd 41%) QAMoGEHTRGE SiRywn,
el ectrically conductr ve cqQnnections, such as traces and/or vias (not

shown), f¢ anhecoe‘&’ﬁﬁ%% olle £lesiriceh companete 4hiti fiy &lsBsbe aﬁt@cmﬂo@ fead
el ectri caliloriGAPdibGhcrd (LEIRLRRAIS pdtRO(not NABEY) %oﬁgtﬁewYHﬂ'g B r§ U198 ra%%r
4102 in contact™w th spring cont act structures 10~ 4106 ectri cal
conduct i viateeeserédP8.ons, such as vias (not shown), through inter poser
4108 el ectric ks t i t re

spring cont actﬂj}!L 4s T gcp (Orslgetslhﬁ% 0%?;‘8;%35 %fg'é?ér)?%:n?ﬁ %/@cegn E’H]tc ﬁ‘]éégﬁdwée@ to
connexst i omstestsdicihclading veithest métatibrasne aotmoshdies pf ah hnmughattdteemrc@rﬁﬁctor
head 4112 tween electri.c nduct i e term nal not shown) o

e pr obevHER TS 31 Frs, simiabtof Ao Stiablifi ROy = BhiEn R claPd, ot Hinegkagea),
4110 and gHeR@ord tiled of lah aty Sf WAY¥ula@d SomicBhdicr idieé dNpoSdddinal caP@drht® other
conprising the communi cations channels 4120, the above-descri bed
conduct i vi®! %& Aevies PBE ghmersempitighe clesirenia davdeas) gresr 4mre arated vacwt bisads,
4114 are grQ bﬂﬂ@ﬁty&nﬁ‘ﬁ% t,quet,gst)p&mAgc@ and thc input and/or output
termnal s 414of f Electric circuit elenents 4126

(capadi tors, rTésrcgnﬁgLs'atloah o peche cemi asedneldy 4 4Ghsiwivaitio Fsgurd At Esgprxamglcd,ry only
circuit chrps sed

connect ecaeaplfe 1 e gL GRORE i Gtuif ol BRGy S8R oo o Pihgiops gpe

shown) t hudditighs hﬂ&@o@.{lﬂbe Pbﬁ@ﬁhn@lél,&lthd\lghhﬁugfbbe(@ﬁrdsdﬂmw el 4cisriilgstlated in

corrponents i ke %I ectr, cal glnts 412 can_al so be attached to
Figure 41 as having three substrat s—the wiring substrate 4102, the interposer 4108, and the

probe head 4112—the probe card assembly 4140 can have more or fewer than three
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25 be tested, including without limtation one or nore dies of an
unsi ngul at ed sem conductor wafer, one or nore sem conductor dies

si ngul at edwlor0ee@eef er (packaged or unpackaged), one ofcHBS807$%s Of
an array of singulated sen conductor dies disposed in a carrier or

ot her hol gibBeatéleV F6€ ex e, Ofrob® h&ad ] 12 chi Be %{tﬁ%d QRi/Br ARVIHRSSy cOfifRcted
or nore pr| nted circuit boards, or any other type of electronic

devi ce ordiEgelly daghe 30mne subsirricg#02t mdichosany elipimateainienpserefdflly Apsanother
h

S 0 AN el BRIl oAl B S ! g ey

addi t i onstldfecaposwt hae thor omx aropk di,eachlflﬂtﬂ)mﬁ dable sprhopebe deal 4352 nbi He

4140 i |Jlustra ed in gu ) hav subst r at

wiring subiRnpR bRl N dmifte PR S0REE: RRDpoRbtirs i mudple
4112-t he pobbacaiar mceaplseérhbad 440 aadisdieee ier-8 Pﬁabhs‘heaveatchh Epltictaﬁae No.
WO 2008103672}2P %271078964 substrates. For exanp e head
4112 can HOOLEP 3gna} non-bmiting expnples, ghprabe e%rd&ﬁsfegellﬁs/arﬁéﬂqsrféted in

Wi ring sugsf rme%tﬁé)% SMdeNafay £l paRiate 65687P088d 1l QRrehtioned U.S
anot her exenp Iar% possi bl e nodi fi cation of the probe card assenbl
&

y
4140, thePyblished Batend éslsl@ﬁmrme@OO@awOﬁéYbeandovagmha‘ﬁatme ob rthd @rdbeachrd
4112, ,pnd e
adj us (ﬁbl a89%16§ ldgg?:r &991 télgaz%teg‘%sl%r*dcag) i aeﬂoﬁ S assg%ﬁn]gﬁteg in t}ieH)robe card
mul tiple qss@idﬁyhé%pwhmkﬁigpreche head 4112 are di scl osed in 115

Publ i shed Pat icatio . 2006/ 367 diti ona ) .

ol Tt et S AREL LgPhe BRed0: 008/ 4220367, ABIITI00RL v ignl, which
U.S. Pat eqah B80proBd& dhuedfzB B BorhintmichiRing RharNels 42608d piobe 28l 4sB@nbly 4140
af orenenti oned U. S Publ i shed Patent 006/ 0290367 and

pl i cat No.
various fB4EPRSE 4614 foh‘éplﬁrt%‘%m’é%‘f‘ﬁml%o lé'E %i%%?ﬂeeoasé§égnﬁl§ean¢rﬁte@ hp QT
pat entss m@z%@& 'bb Qéﬁsbd)ﬂy pRbeDE 1l4rmlceﬂ@&t»eﬂl bﬁtgﬁﬂanﬂﬁaqpmmeba%qﬁwd

4140 shown 1 n Figure 41, can be tested as follows
t est er 4113!8\*@@@11%@4@@@ erabgsards asgﬁabls 41\M3\|ac¢h commubisaions\chaergls Ar26uglthe

t he connu? n

probes 41 éfgﬁ)ll?n%ﬁ(fcggtg?ﬂlﬁa?&g%i%%cgc% s%‘%lsa@{eg%%}ﬁﬁs{céwélctggﬁra Tal22
gener at ectemonﬂldl' prbﬁerhyl@Zthe &t bignde ask dolpgqpmdpeshedicd DT 44 dhhagses ov falls
output te 412 and provided.through th r obe [
ool y L 40TaRq TH dein 4100 icom e RAAD & HISBie Blicthe gertammatgs gf DUT
The tmstef124118 can anal yze the response signhals to determ ne whet her

DUT 4122 responded properly to the test signals and, consequently
whet her DUT 413 ?fateeresofdhe PEALES 41 Heon geobp ﬂv@ad thie @aesheeﬁiet%pﬂ@ aechﬁfplaced

al ternat i g Yax@r of ﬂle%igéegéeg rllll!is"f’tra{%dtﬂ%?elﬂeﬁlleﬂa e pﬁﬂ(ce.@%{r 1189k in any gf

One or nore of e probes 4114 on probe head 112" can et ac
repl aced Elgurngléﬁy Swhilariyeonprayorss esthi: klecisic circwitieltraerds 1 26ican be dctn@ed lared

of cho. oi RprHE 86 et bodts MW irrighees B B ory PRI, bl

usi n@3t heprgenes dlluspated @sBigutes 28 Ardlt @doteavdr] ubest114 Gnoeletitie cﬂ‘m’leelements

specific | ary 25 roc sse | ys ted in Figures 28

vor sover , 15 oa<d, At woretd Wile (i oo CESTS 104 Tomeins fully
det ached Rpshyl&n eagceﬁladkalsmm hald Riighebsad 41025 8RFRb¥%r 2I0R0adeBbdRead 4112
fully assenbl ed ., brackets 4116 hold wiring board 410

i nt er posdpedisul W%&Paﬁ%@e IMREYCTnt DVETRYaesEs Jin Witeh@rprebarcarbasgembly must
i nprove [ [ afct;;:ﬁmq

di sassenb edlgéaé?gmlgg(gtg ﬁiﬁ‘ﬁ&gﬁr@ rt:,\{ﬂ &l eol% fgﬁg&ga]e e tr&%:fS Fmétpr&%s 4114
conpdifentandior klectpicalvasuig el:tzme13®4b26dlﬂmy @tabgtat f:]emlents (mrot shdwrg I(egehkeselectnc

o ou t e Rl SO RS o St St g cubGpflfip oyt ikewise by

subst r at edefata zﬁﬁlﬁe;ilhdéﬁwlﬁle tiyproled ed@deralbld 41 pis F6igcasudmil&dl. t e @rdre of

card assenbly 4140 is fully assenbled. One or nore of spring contact
spring contact structures 4106, 4110 as well as any electrical elements (not shown) (e.g., like

electric circuit elements 4126) disposed on the interposer 4108 can similarly be detached and
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WO 2008/ 036786PCT/ US2007/ 078964 repaired. Typically, however, probe
card assenbly 4140 may need to be at |least partially disassenbled in
order to reweées/@deder epl ace a contact structure 4106, 43HOus2007/078964
el ectrical elenents (not shown) (e.g., like electric circuit elenments

4126) di sppsied. oTydidily] RéwsvRASREbADS assBROBI 4l 4@SBap hesthioCht aqeésa@tamauy
structures or electrical elenments are replaced, the processes

doi ng so #rassangiesy merdst (P EdReVEl F8wieplses ﬁrfﬁs@%amhg%éé%fifllal%oel%fémal
be repai rﬁ&nérﬂs EIQE SBb\@Jl)(j(e(§ ﬂw elb&n@ Scfr@u'ﬁ% elfe)ﬁ‘l%htls'41¥6)"‘@§15(ﬁe& be he gﬁﬁ-ﬁoser

card assenb is utilized In sone 1 nstances
di scl osed? Wﬁo@@ggébswﬁvmmn@pt &ﬁun@rcﬁ orhléctned@lwntsaik@repheeqotP@lpeocesses

d I t
Cor 3 b %l BB R oS el O FBRLENE
pr ocessesfidid $cg.omedichefhality whﬂnc ghicrpblicf gard msanblydfl«l(k mm@hbtocxastd)UTs) In

assenbly 4140, and oned above, ome | ns t ances, air

Do pert or Rt TS 6 A SSEITIOF A G (3o Ban B A Bedid) ghaiha probe cend
Al 'so, a siseghily 20N aCh spédidl GpHiefadllitd of td1 Gl Fa@bi§CiRdE Fhe MLBEIBA RBIMbly
be replaced, and heat utilized in the repair process can begmggyled

only in sti4cyasdnadedionrapaisd Mersarer.ohe pmce&sa%dwleﬁé hepgin) caps 8 repair of
4140. 1oTheprBB@%%ﬁs9&:@1&%&@%@&' dsnmglktwﬁéc?%b & dn bﬁlsféﬁféé ﬁ'ﬁgja{reggﬁvﬁe

and replaceeectrlca el enent s e ectrica ment s
106) on deviovesd etithewt disasserablingothe prelredcard sﬂesﬂmhlry A0 e’klacwpa eingteheontact

processes tIlul usts ale %e LR LU e n% %\H%glag Q, 43E ﬁieaE H%l ?01} &glr(épsalr process

el ectri Caﬁ enents n sem Con Sem coO
printed Oaahd)ﬂlapplibda)hli&n selt@ed, locahzed'[dsrﬁtlﬁmﬁﬂt]i&aﬁrb’@dﬂcaﬁd a3eraloindudn.i ve

mat eri al and non- cond i ve, adhesi v can be used to
more than r ep?%é’r%ea%f ﬁﬁﬁ@ﬁe‘éf e 214 H?edi tPI{%m%‘feead’firrﬂ&lé‘fe ectrica

el eneryt 1émerdO(el. dikeRfectialdlethédtd 544) %h%eﬁ&@;rmﬁ&%éﬁfa prbke ¢b€aREmBly. For
conbi nati on of a conductive material and non-conductive adhesive

nat eri al qxemp@p@ie Prosevgtdiuptiated indimucsantl ewrieuised tpaeplangslestricghelements on
el ect ronl 19(2@\'@% 6rs scmwoﬁﬂ&'ﬂ&%cﬁz tédjéiklbﬁi)g%rg@ cpart of an

electronlc deV|c npri si ng stra e on which are

di sposed a pI lﬁl‘&ICDWIHQﬁOIEbf‘emcmrdu%ti\deyn&tmadimanm -tomsloettve4diebiveAsaterial can
shown, e t.he 2 ces 204a d ed aV|n a

or t on AFred 8 oot RECReplie? ud SntP FRARRY MNGDHE LRI Homent 106
gap it Hagmad@-%mmatemhmblemﬁ tltbeusiehff a @snbifiatioh q@ardondrﬁctmendtdr&cend
4204a bein aached torn off,, wearing Xﬁ etc. shown,in Flgure
43, condUtSPRdyREYe Ahgsivesmateraln o, EPRE FoRTUCHYe Spess %%CQ:PQH‘&B@dPa s"on an
portion 4gddeonitREmpentatict i ve naterial 4302 can be deposited to fil

in the damaged portion 4212 and el ectrical connect the portions of

the trace 30 42pua4dilusiratpes past efeansfecirpric davieqd0somprigng a subgtrate 4202 on

A signifigca afé%ﬁg{&&\ é)&/lu difty GPOEURE CO%C%RIF Hacd394C %@ %Swgoone of the

provide a relativ resistance el’ectrical réepalr o
portiddn 4Pes 430dn med@armgbth having ard@magttdam‘@d @Aél Fof e?tah&)lecdmd:lamg@/cépomon

Fesi st anclr IR SoLFoMBHCE AR PL a1 CoRRER e ly PLPTR: B B0t
any el ectyeirgadeta¢had) e 6£f] w&lrﬁigtaﬁfay,aﬁtc. As shown in Flgure 43, conductive material 4302
can be deposited over the damaged portion 4212. The conductive material 4302 can be

deposited to fill in the damaged portion 4212 and electrical connect the portions of the trace

30 4204a on either side of the damaged portion 4212,

A significant purpose of the conductive material 4302 can be to provide a relatively

low resistance electrical repair of the damaged portion 4212. For example, the resistance level

of the conductive material 4302 can be approximately the same as or less than the resistance

level of the traces 4204. Conductive material 4302 can be any electrically conductive material
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WO 2008/ 036786PCT/ US2007/ 078964 t hat can be applied to the trace
4204a and substrate 4202. In addition to electrical conductivity
propertieswotdesmbmaetrically conductive material 4302 carm/bs2ue /78964
adhesi ve properties. For exanple, the conductive naterial 4302 can be

an adhesitigr 8aiCIbcagpplibd @p oty . trdcer 4284argkesubbiide CR0PUCT \w@ditis &b i @bctrical
4302 can be a weak adhesive. 5] n sone enbodi nents, conductive

materi al PRECVEN BOPElignt Hici slecrinally jcondishys anaterial aﬂ3%c°f3?e}éf“’§t adhgsive
and |ater rﬁb'érﬁgs 4 CRarfip 16 ORE St du¥ @y Rbigrid 104 32 E ANadiRsild QWabl &n ¢ Ry,
(e.qg. |n a gel, sem-11i qwd, or liquid state) prior to being cure
and t he c@f@ﬁ@ﬂpl\?éhﬁml‘@ﬂﬁa{emwléé @hdngeveeb aghesedened or

sem r dened e

condudti ve. nat Brpef ARl sttt Btiera Ly BT BER BRAARD s Whflicd i an
conduct i vencortl atatcdnd482r dfedli Schasondwbioymatcdsidi 302 navied flweabivetegr,iiah gel,
4302 can be lie cured in the sa r. sim/lar manne t he
Conduct | Ve G G G RIRE T e E dHroRt e TR 4702 440 Shanse
can be cupes Hyddnedtdr Ngndiherdemsid yatel Varcrtbeild dhred308 IsBmb t SmBbAfRENRY the
state. The uncured conductive material 4302 can be heated in any

sui t abl e GPRAWEIVE | AP Y2689 Tyt thensmeethar guiler 4p ¢he condichve awiﬁr@k 402
the tRP' Sdlgbruss%ﬁudbgg@rﬁndddoﬁﬁﬁtﬁﬁlgqnﬁ%\f%ﬁ@rcaﬁ%' 119@99&’ El'eéfemjtﬁe ame or
mat eri al 402. For exanpl e, conductive materi al 02 can hea eéné

di r ect i ngsimilid mapnsf ahémmdgalsre owrteyial HE2.c Fodersniple thetadietivedgoarial 4302
As shown | u ricall uctlve adhe

mat eri al é&ﬁoﬂ} g‘g‘%‘?%’g at?n 81{(1’ cc?ngucttwe aée%acl)n g%t T V& ur?ﬁ?rgfjl aalte 4%85 unﬁ\ured
signifi cacrammuvpomaeﬂzil ma pan-bel eatedi makhy eﬁmlﬂhmﬁannef adth@sigveny of the
mat eri al 02 can pe to secure the conductive, materi f3|002 to th

trace 20 & Jes, AREY O usingly o e ol T cqpRmARflisoussed %va ycwcfﬁe@%e
adhesjsve H@bgili AL 440 2x5aPle! otdubiReanftifdA0RNEEE Wbatdd B dﬁ&%ﬁlg%sﬂ&;h%f
conductive material 4302 to the trace 4204a and/ or substrate 4202
with at |heated gasonehe copdustiye maggak43020t her traces 4204 are attached
to substrate 4 iLQn o )
non-el ectrically %Jr? Sﬁg\\/é 4gd télg?-\g%ax%?f&nlag%ﬁ%Za(ag%s#cgrﬁgg?arl 4é0 Ic§1/rl be
i nsul at e depesited rorerc thevendwtise inzdtereB 822 céaslglaﬁcbnpmotpesﬁ of the non-clectrically
conductive 25 material 4 [ or. Qrevent rrat on br,i

o et ePai R Rl it 4RO LboE SUGRY ik dEnd i G030 257l Frace
4302. 2a\/brmueand/dsm:auﬁ& 4202. mhenel-elettricail doydmndm;swenﬁtﬂ:helsdme can thus
material 4402 is nqt electrically condquctive, %4%812 touch or even

f1 ow ont dPeahSiRg 2fhesive thit serygbthesmaucfive frdier e & Bresctdie gpdior
connect i obdtda0n6yiat Q6ast 4sAR8chOireh ﬁﬁ?ﬁle%%%traaggwim hfid a®OEHRd to substrate
i nst ances great care need not be taken to limt flow or application
of the nofd 3d@|f@éttmpdalpmm@e&@dhqsmeth&dW@sﬂlvéﬂ%ﬁyépn@lctmm epige gnaterial
limted |

conducs i vorog gal Sectically insaRUE (SURGMITER A 109 ElaPRI bRt e conduprive
in ar25uncmatexﬂal§t362,eandff¢d pr@aztlurthczﬁurmduomrdebuamhe forooofchueli pigees wearing off

Conduct 1 vl v aREEG ol cster Pt dpe EndeAdtub GBSt dhe

uncur ed shatdl 48‘021 i§ hetreletticty couthiotive, MOdkn toﬁ/@ or even flow onto another trace or
2008/ 036786P S2007/ 078964 el ect r| cal Ie{go conductl ve adhesive
mat eri al 1'2?&692 Bt Pakias pcleginigal conneconyuith thegther frags gr draces; 420t iy,

state) pnhosron{com%ﬁdag, gﬂeéte@bm ek wteb@@dkcﬁlt@qﬁﬁlt aBhd ¥r &ﬂﬂ@é{%' (Yfethc non-
adhesi ve material 4402 can change to a hardened or sem’-hardened

st at e afelentridgdly mendvatreadhesivesoaterid i iorrelinited lotrsionon- el ectrical |y
conductive matgral. SA%:CAR, B6n LREHRATP S QveSIdMbb& rbRrib 4030 be a

material that is applied in an uncured state and later cured. For example, conductive non-
electrically conductive adhesive material 4402 can be applied to conductive material 4302,

trace 4204a, and/or substrate 4202 in an uncured stated and then cured. Such a non-
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5 conductive material 502 discussed above, and non-conductive
mat eri al 4402 can be applied and cured in the same or simlar manner

as the nonweooonekntisge nmaterial 502. For exanpl e, the noseRoRdsmbse
mat eri al 4402 can be cured by heating the non-conductive nateri al

4402 in idsctidudly cBadEtiaé 8dhcdiRe niaReMl E«{bzrtsaﬂ-b_%QMBIei(&?., Rk @El, admiddRed, or
can be heated in any suitable mannper including any of the techniques

and/ or ushidid satp) pron deinggugedy pnd Higingpsketrigpliy casiduetivequdhesineemateral 4402
curing nog; G i, ME F @i 39 & 4CO [ -

mat eri al %E%g%ngge ﬂcregg%cgg _%y dilr%g%‘%?%ggd; g\?vmgg & gate gliaelséﬁgjr?td lglents’
t he non- cthadwotclegticatly epndiictive Omterial 4402 B be ghetBam¢ lagsirrsamds @ tharron-
of an el ectronic devi 00 comprising a substrate 450 which ar.e
di sposed PRROMEFHT TR0 RRRYSRIENS B8 Tuteirats S5 Gutes 40 I e
one of thadpacd id Bd4amk or sianageanndh ayihe god colairegednsreridl 50N B&kRampie)the
exanpl e, the damaged porti 15 4512 can conprise a_m ssing portiaqn,
of pad ASEREONHER lﬂﬁ)%f(ﬁwgn e cure bbﬁemgﬁ’wnﬂ?@dﬁéﬁe_ Al P ARy its
det ached, ydcafel <@dté., MRADEMn-colifetive materiaf446N QWA b Mhckied Uh Sind Buftéblc
a conductive material 4702 can be deposited over the damaged portion
4512, andnanngbrchdmguanyiof éhegigelmsquee andieraysing anyad 2hectaplsis caepaeitidisgussed
over e t 1\ erl 47 ThennC i erial.;. 47 g
be-t 1Y 3oV 26 ok HBhbhtif erd 0ot U ki, M Bl TR M0
conduct i ven4d7bRatedby tiecctiepa fiotved haatel gasroath thadorcamdsaive endtéral 4402e

pur poses as t co tive material ;4302. Li.kewise, the

Pon conduct i v 8din 48 HstiSs EPHER! Seaistom dpusT P SameRSue g utgraperdgp2 on
to the nowhigoaekuditposed Bpihailitglof 4428 icamyn dodduetiviopids A9 04IC s \WBoralh&fRi ofehe
mat eri al 4802 _can be deposited and cured and can serve_the sanme |

pur poses Regs #hlerds Remagrdubivinges demesh partipatiel t-aFousramplerthe rmsgedporten
repaify ln 345t12%an domptadeBaatlsing 5)%1'&19& oﬁﬁgl@ha;smapmcﬁéﬁf@e fheReshit 68 péaﬁof the pad

general ly the same as or simlar to the process of repairing the
damaged ptts beingidatached, tomapdt weaiuoffiataust rated in Fi gures 42-44.

Fi gures 45- 48 ver o i Ll s tian 5 1 S o) o IS S -
shown in Fi gur‘AséS %aﬁldgll%h}sct ﬁ%@ﬁ% goﬁﬁgpccgﬁ{}gg éz(%ogaltnt g‘g d%pnoskt%deo‘%% the
damaged pathag&Ddartiands $2) st raaton-cbb O tivandhdstive ranerthl dB0 eanind depoaited over

4702 d it .t hi d . 30 st 602. The d .
<1 ot ur d ME0SUER THRE VNG TROR IR aUTICL] 8 Bedos e s gpmiter

The daM shé YeiduteyvAHRRriclABORhatsl tiefcofdicive PAREcaaNY @hosiRd Ahe 2uRB and can
(e.g., enclose a portion of) the pad, 4504a and/or substrate 4502 on

whi ch t he’*BEndaCHIG PURASET Parhessarsiuglive mperigleb9di « BiiewBanihs mopwondustive
4602 can HBedifems@iR 4862 Bdn 1 d: bfe 45Qr M3 Mmewﬁ-em%%i\gas}ﬂ%tg%ﬂ 4B®, and

made in the same way as and conprise the same materials
st r uct ur eho oon-condyetimeadpesieunaterial k80 eam bedeposited and cured and can serve the same

2008/ 0367 7 . b ' -
process iﬁ%g gr g?ég@ E{F\)Q-ﬁlgg%ﬁtelgé &gﬁé& .eeEgggéx gﬁ% e?rhgsﬁ‘gﬁésg térf}t]%P Hres the
| i ke Zfam daraged porgort4B12 ot pad BE04acamtas ae genrchllgakvagged ap or simdar 8 2H2prbdess

Figure 42,  and.copdyctiv mater'fi 4302 .pe deposited int he d
St Puct ur ST RGN Spiset apaotdor ohfiiee po 0wl n it 8, ibrer:
prevent s 48)ReuSel, Y BusiBic@hioptioth O idtibem f1 owi ng onto or 5ot herw se
contacting any of the other traces 4204. )
As shown in Figure 46, a dam structure 4602 can be deposited on the damaged pad
4504a and substrate 4502, and the conductive material 4702 can be deposited within the dam
30  structure 4602. The dam structure 4602 can limit the flow of the conductive material 4702,
The dam structure 4602 can thus define a space and/or an area on (e.g., enclose a portion of)
the pad 4504a and/or substrate 4502 on which the conductive material 4702 will be deposited.
Dam structure 4602 can be the same as or similar to dam structure 202 and can be made in the

same way as and comprise the same materials as dam structure 202. A dam structure like dam
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El ectroni c devices 4200, 4500 can be any el ectronic devices. For
exanpl e, electronic devices 4200, 4500 can be the wiring substrate
4102, int ewwposeossgbstrate 4108, or probe substrate 4112cRHsWiRRP64
card assenbly 4140 shown in Figure 41. El ectronic devices 4200, 4500

can be otdectuer602esani HRClsed im theWrbhos tilukirated Rt Figike$ 8146 0 b ek Shiplell £8am
printed circuit 10 boards, etc. Moreover, the exenplary processes

i |1 ust rat@dcture Hregdane strugpurg ¢693 pary kptormpd aroandy darpaged rertigneh2d? iy Bigttped,
pad can b, : | pRdS i

fovi cos 108 fisto% TEERAL 1RGP B RpoRRREpE e QhucliP, PhEEh Blchuey (o
enbodi menshewahdarappldcetad isesisthaf it pheyents wenductive mategalb&®3 fiwes dlomiegionta or
this gpecHL&%%%kgahthp%&e %ﬁnglig%gnhbgp that the invention be
limted thedd exenp?aﬁy 18 EHS0UT BTt s and applications or to the
manngr in \thjﬁlcdthﬁioed@fmé az00, QMIDfﬁnr&l‘Hn? chtlodP tVica! IFonsx e, aletrotic
are descrjbe ei n... CLAl W claim 1. A contactor apparatus
conpri si n%e,vwes g%ﬂa' ‘gQBs"FPdFZtEEdWFP%&P‘éi’i‘a?eo?m&i EEIPOEr SYRSIAY Bbbes e
be attachg@stae b stRSbE 848 S4edbly BBl0 @RVLAGRIFiILIr®31 OfEILARnRIdvIREs 4200,
probes are disposed in a tip pattern corresponding to a probing o
pat t ern of>08rras bsfotherr davirgs snchiding sdthpwnireitalieniseaiconduciny diess thaigted circuit
a pluygali f att SPLI tk ubs

o "t Y ot PR off G IE R R R PR ALK TR ISP RS Brder iR
subst r at edanmged tracst ori dpadaggd poheracecdbed to sephie tnatasadr pafls othenys obtht el onic
the contagt.ti fromt substrate, and a spring body
extendind&ﬁg?ﬁﬁ%ﬁgﬁﬁgqggggghﬂﬁmpﬁ%nﬁgﬁ?act tip, the plurality of
attached spri ngthough gseciiceent e indifbahdaphlidationed  thd inkBRiohHa € Beddl dReHed
at | east one. replacement, spring prohe conprising.a replacenent base,

a repl acefetits SI5FTiREIodREre dhd0ainTeapPm diavdht sl pe timyiedi ptss exgmplary
the ti PRhBSRIRent@RH applicatfor WrQd tRORARE N SvAdh &3] &emPRhEEmBddiments and
di sposed on the replacenent base and a terminal of the substrate, the
conduct i \PpHeptiens ererate ecare desfiped kastinect i ng t he repl acenent base to
the termnal, and further conprising a cured non-conductive
adhesi ve material deposited on the replacenent base, on the

substrate, and over the conductive adhesive material, wherein the

non- conducti ve adhesive material is a stronger adhesive than the
conductive adhesive material. 2. The contactor apparatus of claim1,
wher ei n:
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t he conductive adhesive material conprises a conductive epoxy, and

t he non-conducti ve adhesive material conprises a non-conductive
epoxy. 3. The contactor apparatus of claiml further conprising a
dam structure enclosing a portion of the substrate that includes the
termnal, other terminals to which the attached spring probes are
attached are | ocated outside of the dam structure, wherein the
conductive adhesive is disposed within the dam structure. 4. The
contactor apparatus of claim1, wher&ldIMfe contactor apparatus
conpri ses arwgséﬁrrbl ed probe card assenbly conprising a wiring board
and a probe &8¢ Ravi ng a plurality of electrical connections

t her ebet ween, theq%ﬁthagr@afaﬂumﬁgﬁigng an electrical interface
configured to connect to a tester for controlling testing of the

el ectroni ¢ devi cek Subsatepeasiiguredakr o i rafsspaiget prebesuiosbe attachgddo the
provi di ng el j C | h t ' b
Pherepl aceriar e fierBRERHICRRs bEl Bt AR SRt S BT p R |
wher ei n: corfelyndingad agoolsiug patven ad bR ofecrathsls oS cletttoni ephvacate bk
probe to the subpstrate with a first strength, the cured

non- conduct i%6¥hdhesi ve adheres the repl acenent probe to the
substrate with a s St LeRgLh ﬁq?&]g J t er
than the first strength. 6. T&les%o %P%rﬁg‘%géygﬁ%lg%o cfeléi%%&%‘?mg

wher ei n t he ataclmddpsing erupich commpating edate dtischal @shs sutatrgtcand eheetrfdalipt

strength. 7. Thcg nt gct Qr lﬁcgfp ratEs of ﬁ' aim5, wherein the sect%nd

strength is QPRFEEsIO f SEmipRlnEsTESUETFAH PG SORIRE #R FBC (e gitAm g

The cont act Qb RRAGTAH USspRing Wody B tendh@ hRedn e abShn Sk &8t 1iF, thesS
than a strength by which any of the attached spring probes iIs

attached t o plereliidfttaghcd sprigg prohes aremesathanra faf setrafttisspongpiretien 8,
wherein the seconglgtgen th.is at eat. as the strentg,tgh b
t

|
Wbt o any of -t ho st B8 rs iy sGiRL pRBe ToRREsEE 4 KhldeENCiPeat o

replacement spring body, and a replacement contact tip disposed in the tip pattern;
and

a cured conductive adhesive material disposed on the replacement base
and a terminal of the substrate, the conductive adhesive electrically connecting the
replacement base to the terminal, and

further comprising a cured non-conductive adhesive material deposited on
the replacement base, on the substrate, and over the conductive adhesive material,
wherein the non-conductive adhesive material is a stronger adhesive than the

conductive adhesive material.
2. The contactor apparatus of claim 1, wherein:
the conductive adhesive material comprises a conductive epoxy, and

the non-conductive adhesive material comprises a non-conductive epoxy.

3. The contactor apparatus of claim 1 further comprising a dam structure

enclosing a portion of the substrate that includes the terminal, other terminals to
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which the attached spring probes are attached are located outside of the dam

structure, wherein the conductive adhesive is disposed within the dam structure.

4. The contactor apparatus of claim 1, wherein the contactor apparatus
comprises an assembled probe card assembly comprising a wiring board and a
probe head having a plurality of electrical connections therebetween, the wiring
board comprising an electrical interface configured to connect to a tester for
controlling testing of the electronic devices, the probe head comprising the
substrate and providing electrical connections to the attached spring probes and

the replacement spring probe.

5. The contactor apparatus of claim 1, wherein:

the cured conductive adhesive adheres the replacement probe to the
substrate with a first strength,

the cured non-conductive adhesive adheres the replacement probe to the
substrate with a second strength, and

the second strength is stronger than the first strength.

6. The contactor apparatus of claim 5, wherein the second strength is at least

twice as strong as the first strength.

7. The contactor apparatus of claim 5, wherein the second strength is at least

four times as strong as the first strength.

8. The contactor apparatus of claim 5, wherein the first strength is less than a

strength by which any of the attached spring probes is attached to the substrate.

9. The contactor apparatus of claim 8, wherein the second strength is at least
as great as the strength by which any of the attached spring probes is attached to
the substrate.

45



