,e3eTtT.06 Tt2 z r SAN 200 *166166* FLIP CH P MOUNTI NG TECHNI QUE This is a

cqnti nuati on-in |ication Serial No. 09/274,748, filed March 23,
1999. BACKG?CIJRW%W"E‘ Il ENTI ON This i nvention relates to me':Tg(}ger [
el ectrically con | lip chip to a substrate. Flip chip hriA g‘ms

an increasingly popl¥f* technique for directly electrically connecting an
integrated circuit chip to a substrate such as a circuit board. In this
configuration, the active f [ oml down, or
"flipped" on the substrat &ﬁﬁ’ﬁéﬂﬂ%@%@@% flip chip are
aligned with corresponding el ectrical bond pads on the substrate, wth the
chip and substrate bond pads electrically connected by way of an
el ectrical ly condugkiiyg ddRtRfuatlon-iBatt dPASHIEatIBHISEH ADNGS OD/ITAVRLS, filed
elimnates the use of bond wires between a chip or chip package end the
substrate, Maudht23gl999.i ncreased reliability of the chip-to-substrate
bond. A wi de range of electri uct | [ have been
proposed for making the intéﬁmﬁéﬁﬁgﬂ) @gmwr&w&sand substrate
bond pads. Sol de . | q 1 . .
conventi onal net ;qhqgﬁ?r%g%tg% ?%%ga ?doﬁ%?hg\i/%{pqg%é%&ﬁgél Y gggg%éﬁ%é?ﬁlp&shf%e
from net al | itg sCHRResAtel ons, electrically conducting pol ynmer conpositions
are gaining wde acceptance as flip chip interconnection bunp naterials. In
a flip chip nountflimchipanougtieges@royicnegagpnglynpopular techmagee forodisectly
electrically condu]ﬁti ve pol ynmer bunps are, forgg‘d on the bond pads,
typically o , ing to
i cal l eleckaca YﬁOEH?‘ﬁl &A8 IBF%grﬁ‘B?‘i/ﬁ’é'F’i‘% 1RO BS1RELraLe SHEP BB Adi
t he substra ads, ~ | Fel j.cal
e subst kol hesRedh SRS HALY Sl HEE 1620 AR R AR R ace
produced. Eldettd, log &fkpypeddnaiigid steh g2 tereThdrele@iricdl] Yot adrdr che AlY bhiF
well -suited for flip chip nmounting techni qgues because of their ease o

appl i cat i onarpatigned withcomtasppnding ehaelrical bohd nacsom e sthetrateewildt thos of
2 7 JAN 2003, :2netal lic interconnectigns,,.e.q., sol,der flux, and becguse
For some. pofYiihinapbsfate bhG SRS EeeRalF PanedPaRbiwer il o RetialVed by
sinpl e heat| : zﬁ@{; i : I : : e 4 ded
to a subst rg%?lg(?@%‘;e{ﬁler g[ng'%l gltﬁpgb\hgﬁ %@ﬁgdé#‘ ﬁ%‘?ﬁgﬁun%eglﬁlg??&nﬁggclﬁem

bet ween t he bohdpvidesi betibeért atchipondhiljapackape amdithd substraeeréailting in

di spensed between the chip and the substrate. The underfill material is
typi cal |y pinereaset zeliability of thaghissiorsubsisate hangk can be dried or

poLYIEr 200, e MBAE L oF Sl PR TSRS rshash

substrate, gQdmla '(%tﬁé PR SrHNTRIN A e tWl A pthif AhR Bt DohaRds.
surfaces. SUMVARY THE . I NVENTI ON The i nvention provides a process that

expl oi t s t h&oddgrdralts, gobdbuingpsc gphbstiud bwnpef amd etliericoaventionabmetalMsump
pol yrner rraterigﬁls for bonding a flip chip to a substrate jle providing a
hi ghly ef f | cPRHGUEAtIONS have been peed AXEANBIYEIX: 'ASIdediram metallic Gomppsitigns,

(i I - . . iy . n thi ,
Cayer of o kPN Pondaitie paly e BRDRARGRREF bullife vifle dl-Sp@hREBRS:
havi ng bond ffi?@ﬁip BeBEdiectiof BAH Magkyials! Tntah@ipadhip hoentifk e6dhigat | ¥
conductive polynmer bunps are ;fornmed on bond pads of a flip chip to be

Eonged Ej 0 tﬁm;ﬂuyﬁétgrpagym?ridtem?npmw, ebactrisally eomdudti@?spolpmeirir;hnntgys .
C T ! . , ;

pads of K geag'ﬁ Srned an theborcoads. Fustsallyal tha i chas %@E&r“%%g%s%zg&%z

bond the. po el &iha bopaiFa b fuf Rubsliat Bq Bhds s &i3py Boln Bol Getaitaf”

results in dindes in¥hasiddl Galhedivé Bo BotvEen {HaRl rwxiﬁfanamlemabxwte DYAES
bet ween the chip and substrate bond pads, even though the adhesive filmwas

appl i ed on tHadsdsipsodudted. | Fileatmealhe conduntiveopadymér mhatesiabs araparivaddriyads.
The polyner b s, di.spl ace the adhesive as, they axe p ed throygh it and
expand | at er"ﬁ?tir‘gu’&ﬁg%?% IR elRid PQEB LR {eC agg.l_esi&ec%use of their ease of -

application, because they eliminate many of the unwanted characteristics of

A
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2 7 JAN 2Q03 -3result, the area around the polymer bunps between the chip
and the substrate is filled with the adhesive, in the manner of an
underfill. A separate, postbond underfill process is therefore npy JAN 2003
required. The particular perfornmance advantages of polyner bunp materi al
provi ded by the invention, in conbination with the highly efficient
adhesi ve underfill appllcation process proyided by the invention, render

this flip Chld unt i ng process supe con ntlona nount i

t echni ques. PRt 68?‘%?9"’1 “E’roé\?i 8@5 etﬂl/g?lhéu?‘n%% FeMS& Esam?eg?q%eﬁaste
applied to t t

partially culﬁgtﬁ?%% %g%?%%%l%?%f?é \q t? SCIP)I(?%é ﬂ;dﬁ %bégé Ib?dm ri aehﬁg%fogrtget he
step of pushhageridle pol ymer bunps through t he adhesive an the substrate.
Simlarly, the step of at |east partially hardening the polymer bunps can
be carried out byCenvénsastallygoncell§ipdthiprg borided taa Smmatpawhﬁblhexyby

pol yneri zing t poI mer _bunp propriate for the ct ed .bu
ot ot ol - 1 e ALlRGK by ﬁn%nam& ‘?ﬂtl"cnr?ebth\‘F@Ht Sﬁ hipaad ﬁl@psérﬁﬁﬁ. ed

to the fli [
sabst r6at eI pl?ceé’mtdp%an E&P‘ app a?%ﬁﬂf&egﬁgg@?. P ¢ r?ﬁbeah ﬁaetpd;tllt‘yrrer
bunps cont aGiubktigitbOMheNatber®l i2@efidPd fyi}ﬁ@allypbﬁﬁﬁdé@ ak % 1 @idesdtd dive

applied to the flip chip during the bond mgrprocess for a selected
duration, basesih tatmandré diiedamadymerizedc STl underfdlaterial anavidest he

pol ymer burrp t ha rti ses t he betwee th

chip and F herhaCE R ARG @cﬁﬁfﬁé@ H%??}Pﬂmfﬁaﬁm? theraaal 3AGH t@ﬁ?ﬁ&wwspgm
as-f or med,; r i

about 80% of "B LN Y ahi e fREARPEEI SAHMIN ot O en I eeA e bP ORI, |
have a burrp gm@gglme@baﬁacé@ greater than the adhesive paste thickness
as-applied on the substrate, nmore preferably having a bunp height that is

at |east about 25% greater t HSHM 4 S IRREJAVEN{IHOMN ness. The pol yrer
bunps and the ad SIV Ie can.each be for ., _a thernoplastic
material, a ther nHRGIYERESR BXOVde S%paogqsag}gea? P %féet?lerf»&tpsﬂ%bo

pol ymer bu . 2 7
San 5203 - 1 1agaBLiti ot eEc Rtk TR pd el sibetidld fr g 300G cnip

el ectricall yto@@ﬂblsti‘abe&vhﬂeqirﬁﬁiding al highiy effidietutcand effediivee eam@ﬁquethat
material can include a solvent to aid inits ap‘gllcatlon to the substrate.

Both the poleliminaiesphe needfoneonyentional pentbbne uaderiild sispansing pperations.
oot e o beSe S e el RS AR B ST

di spensing qg, b*gvra&e%favghgseha &) O6R3g ﬁ‘I’é‘bBM Baﬁ?hﬂtﬂ%@%ﬂﬁgsﬁﬁcm' que

of the invention iIs y appl1ca to a range of substrate materials and

flip chip nitlettrigaliypedriduetite polgmeftmrhpenrdifdrinied on baddgmideefapfiip ddbi on
and pol ymer bunp formation nethods allow for versatility in materi al

formul at i on tWdie bendadcha thersuhsbrate; anddheinsdymer by aareg%tnl@aat partaally | j.p
hi t h b t
Convent onal trdenetn S it PRGS BF bR 8t irai B et Wi i Bedlpadt®

metallic bumha%b%%\c@rﬁﬁ&eﬁé appésstgmﬁaqu Jdehbdefog&ﬁ&ssﬁmﬁs%@ ting in

enhanced nounting quality and.inprove rocéss .efficiency. Qher features
and advant agmsshed threughithe taldlmswmnn thrgswbsﬂnaté tmf confbecti dlvem;ly andwionid the
apparent fromthe foI | ow ng@\lescrl ptl on an%egcconpanyi ng draw ng, and from
t he cl ai ns. - 1 is a schematic

Cross- secti onal V’i‘ﬁﬂ %oggsst #es%lt%hh 193&”@(&6@%@5 gg-cl&ﬁe&xa%ﬂ@aﬁtlgo%&ng%f he

nmet hod i n accor dance nven i on,
polymer bumps between the chip and substrate bond pads, even though the

adhesive film was applied on the substrate in a manner that covered the
substrate bond pads. The polymer bumps displace the adhesive as they are
pushed through it and expand laterally on the substrate bond pads. As a



Fig. 2 is a schematic cross-sectional viewof a flip chip held above a
substrate, identifying the height, H of a polyner bunp on a flip chip bond
pad and identifying the thickness, t, of a layer off' adhesive 20nJANexn3
substrate; and Fig. 3 is a schematic cross-sectional viewof a flip chip
bonded to a substrate by a nethod in accordance with the invention.

DETAI LED DESCRI PTI ON OF THE | NVENTION As_indicated in Fig. 1, with this

i nvention, polymer bunps 2 of an | C chi p3'1 re directly. bon
el ect r odestesuiltethe boeedapewind the p@ly@%wsmpagégﬁ?en e‘fﬁff’A%P‘ggg%tsﬁgéstgghe as a
The 1'C chiip SHledkmikh e aahceiye. BokbqnanHe pLATNRIRFELL S peplsgh Qroap Tl T
the 1 C chilp ! ’ . e chipis aflip chip, in that
the active, sur (266 pHRSEH PhdrdrhaniRtchanedd M partindanpbriormbece The
pol ymer b Ynave erefore applied to electrode pads of the flip chip on

the acti Vea&ng{JtﬁF@s@f s1§en &b pm pAs atenpdlgprogiiadnbyl theinvendiagwindi r ect
bondi ng of the flip c?ui p pol ymer bunps t&ﬂthe, su S{-flﬁte Fl e@%ﬁg;ﬁlgcsesiss

acconpl i shednbimagionowiiinde highly eficient,atRe3ve BROPUEhAREEREODSY yier bunps
t hrough the adhesjve on the.substrate toy.di k\4Bpbkfiol B¢ area
of the subEqua@%isié}’ &he FB&%%tl%gﬁnfiﬁﬁgh{Sﬁlelgpo é?fﬁe(?u%%ﬁ%?ggé:egg\gi Pect | y bonded

to the substrate. el 9?5; ddsiadBgsi ve around the bonded pol yner bunps
under fi || s*TRe™NS Sf?re {)e V\Ig%ﬁ ét}fﬁhelachi p and the substrate, and ther?

b
el i mi nates the neeghdodimenpoptoided byntieihvéntioh sherrdhagive paste App lﬁéﬁymer

bunps are formed by, e.g., stenciling electrica bgvc ndugt {,ve te on the
el ectrode timsultstratesccan bead leastpargally g ’f:ﬁ+ af% pﬁrﬁgpglcuﬁgé’kaesi s

sati sfactory as a plate mater] fqr i S.:. S5t i & bunps

on the boné%/’B%RPg.lat%ﬁié‘r %ﬁ%éﬁ]teefte? B%%%Fé’gn%‘}%%%sﬁ%%‘% ltd:?%ﬁéablfp %%%%gg farer

produci ng BW}?Ll?{ﬁlf)'@%h%'u%}lﬂ%h?ﬁﬂﬂeﬂ;@d%n%etéiﬁ)stﬂdtp. StiinilarBc tberstep phit i ng,
, trans g,

di spensi ng er printi aser jetting, roller coating, vaculum
suction t hpoUgHyt pastiallgi hardehmipthe holymzgrtiempe eARikgLrasTied it Rvhak least
processes can be enployed, in the known conventi onal, manner S
descri bed Ipertallyidriingepby attée%ﬁﬂ@éﬁvgilya}ﬁ’g}”i“@éi’tzﬁ%t?%p?ﬁgnesrug‘g‘??gt 2 to
produce pol ynmer bunp th 0 the flip chip. For many

appl i cati oﬁ@?r%i’ré?té‘rf??Rﬂﬁ&egqu%d;gg%ﬁgﬁlggﬁléguI arly wellsuited due to its

ease of contr ol yandiHeiclhetimdrisipropideldsy ik inivantivhphpat jsmpplindostiise
formed on flip chips In wafer formsgiprlor to di cjng. of tg()a fer, b such
i s not reqyiipeHlip Weahebeimps arepushed thaloughdbetasihesiin "p\é\%?t% & on
the chip bond pads, it _js preferred.that oxi di 7| r n the
bond pads faanslsobe appbigddto thg Hipe Bﬁsﬁgﬂéﬁgrylﬁﬁﬁhgrgfdsg%grt?ﬁat?égﬁnger of
a good 2 7 JAN 2003, -sel ecty | L ﬁl}éﬁeﬁ’ibﬂ i® applduethg the he
bond pads. HiadﬁsOgiﬁﬁﬁlug,sgré’t?a‘a%?gﬁljeﬁls?Eg@?&]ﬂpg%el -golod, epa Iadipl_Jm or. ot her
conduct or iﬁormﬁ%f?&@@sx £8P RlseRRtéD dubeti wrishspd om mpfemakcharactasigticsraing,

el ectropl ating, other suitable technique, as is gonventional

Heat - cur abl gheraliesiveasne of éhe polympexhumesi ;h:gégqrgcgﬁy Spmaressesthe gg.m;ips ;
between the flip chip and the substrate to a compressed height that is less
than bump height as-formed; e.g., resulting in a compressed bump height that
is less than about 80% of bump height as-formed. The polymer bumps, as-
formed, preferably have a bump height that is greater than the adhesive paste
thickness as-applied on the substrate, more i)referably having a bump height
that is at least about 25% greater than the a.idhesive paste thickness.

The polymer bumps and the adhesive:paste can each be formed of, e.g., a

thermoplastic material, a thermoset material, or a B-stage thermoset material.

The polymer bumps can include hard particles, preferably that have jagged



paste, containing electrically-conductive particles, e.g., silver
particles, or other such material, can be used as the

€l ectrically-conductive paste:’ Specifically, the polynmer bunps ZGPDARP‘%Q
formed of any of a thernoset, B-stage thernoeet, thernoplastic, or ot gar
suitabl e polyner, in each case provided as an electrically conducting
polynmer by, e.g., the addition of particles, flakes, or other form of an
electrically conducting naterial, e.g., Ang,n Ag-Pd, Au, Cu, Ni, or other

sui tabl e coeftEestwinighmrosrudg frem thaebpmipy fewch partidep can beradectricallyt he

sel ected pol r .bu materi al be characterjged a relati.vely high,gl ass
Cransi &1 on GBATEHIP IR ST TieR Ty RAPPRA R s TREAdHrs e RalP A s3p MiBHaF ol
t he processst? ec]ﬂitroeéiﬁliiﬁ i?@ﬁ@ﬁﬁ%&tﬁ"&ﬂ@%@%ﬁ@@ﬁt unps to the substrate

el ectrodes by displacing the adhesive on the substrate, in the nmanner
descri bed i n detBoth tied potynéd burapi foematidheinditise Adhegivodppiiogtipnity the
bunps i ncl ude EPO TEK E3084PFC and EPO- TEK H20E175PFC-1, both of which have
gl ass tr ansiubstratesapdreatanties eaohe @boatstensdingAROCTIOER SOEENHRNHER
H20EPFC, and. EPO-JEK E3114PFC,  all of. which ve gl ass. transition

Fenper at ur dTOBRAER® A0BEEIVE FO8 TS PRHEDY el P REGDE ST  and
EPO TEK K5Q02211.8BingifPegf Wwhich are thernoplastic materials having a
melting point that i's | ess than about 170C, and EPO TEKO EE149-6, which is
a B-stage ther ndBk¢ flipehimmmouglitagstdchaipid o6Dthd miveatahus evidelbappietblabout

130C and about 150C. Preferably, the condition of the paql ymer, bunp nateri al
is that whehrargaelsubstrateumpienials and 81 dnpmeusting wndiguratipaseddeand

suf ficient I | ogi cal features .to adequat el ush .t hrgugh_a i splace
the | noul aclobUtvas GieshE bbb idh BRADANNR Y B it nihatt ABORC oo,
to enabl e dibf ¢6Fsatildty intNt&QQBforANNAEh IBr QE)pIi@@ti@z&“ﬁ'ﬁe&iﬁc%ﬁﬁsﬂéﬁ’ﬁﬁéﬁé.e

el ectrode. Specifically, the bunps should not be coined, i.e., flattened)
by the bunpnf gemdraty thedtipsship metmtadg tedtmiquepandecémphdyleyd @r ® superior
characteri zed as being substantially_ half hem spherical, or cone-shaped or
ot her wi se ;ﬁjrmwes‘ee mestaonyentigaal ip chipappyatigedyosessss thabkemmey bunps

e oo kRISl E S ERRL Kl b SOl S R0 SIB M ahlact R UL
bet ween abokulPng s eaBaHted®thoutitenFQGARLY §AH 1HiPIH6Ed pBEeelE effi@eReyiPS is tO

be enhanced, in accordance with the invention, once the bunps are fornmed on
the chip, by fulOtherfeptutdsaind advantages o€ the fips chipf moumtiy miethod of tid e,

i.e., polynerizagble, mpterial, or by fully qr parti.ally drying the bunps,
if of a thé%ptlagtwérﬁﬁtaepﬁsw m@sep@hawaagﬁesvrépﬁpéﬁeé HEPRARADMERE to a

process of %Iav!riﬁ hngq%&laghleycl"- deni ng" pol yner bunps is neant to refer
to any of the prétesses of par?la'ly or fully curing or drying the bunps,

dependi ng on the bunp cOBRIBMDESCRIPTIONPFITHE DRAWRSES nateri al can be
partially cured by subjecting it to a tenperature of about 150C for about
15 minutes; a B-Eigadeisteheshessatic nrassrsegtionahviea of a flép chippbeinganpynthd td by
subjecting it éo a tsrrperabgrqe/. of abqut 75C f'ar between about 30 minutes to
about 40 ni hepkstrate, gy @rmeLngd ihaccqrpance Wathhing ePpéiotat eri al can be
driven off to at d j : L : i I i 0 a

t enperature of a%i(?g?sl tlsozggl#éc??é dlgggﬁé gfgﬁglg?f.%ﬁ@éfeggha?rg{lgﬁ%ﬁ%#aer%eni ng
process conglibsteate, pdeartifytng tiveihpightt &, ofiki plysiet bugheoh aiphehiipdsdnd pad
robustness to successfullyltﬁpsh t hrough and di spl ace adhesive on a

substrat e. ¥wdidentifypeg fhe thicknpsn topf algyerepf i eofhe subsizate; and

| oyed, it i ferabl e that th i de . te.d f _dryi
or partial pol ynbtg A bcheTaEs SRR chRpabuiey o TR hin ordedgo 2 '
suf fici e“t'%(?H%%ﬁ%@;ﬁéfQ'Mt&fo‘élﬁ}ﬁ%cc%?%ﬁx&n%%ftﬂrﬂf& vbfiiopdhesi ve on a

substrate. ected pol yner material 1s curable, is not
necessarily required tDETANED DRESGRIPTION OF fHEF iINVENTIONyY heat .

Pol ymer bunp material ~ ~ ? JAN 2003 _8_ that is polymerjzed at room
tenperature or wishnjlicated in Higrbwiith thirinyentions ppbmeenbuemnag 2 sbayder bunp

mat eri al that. i hqt ocur abl posure o, .e.q., ,Vvisible.light n

e bear or  GuprBars fisgety et in BB e Had i fr fond Heidsy ag TS % o
mounted flip chip is inportant for a given application, then a polynmer bunp
material that is not at all cured) e g., a thernoplastic, is preferred. The
bunmp hardness and nor phol ogy can be further enhanced by incl uding
relatively hard, irregularly-shaped, sharp-edged, abrasive particles in the
bunmp material. Wen substantially honbgeneously m xed in the material,
as-formed in a bunp, sone of the particles' edges can be expected to
protrude fromthe bunp surface, form ng jagged bunp edges that enhance the
ability of the bunp to push through and displace the insulating adhesive.

~ . 1




ei ther natural or synthetic, boron nitride, alum numnitride, alum num

oxi de, quartz, nickel, silica, and mca, as well as gold flake, palladium
flake, silver flake, and powdered el ectrically conductive ox ia Igtin&
epoxy resin that has been cured and ground, and other suitable 329 N&U,
powder) or flake materials . that are characterized by relatively high
degree of hardness. Requirenents of a given application nust be considered

in selecting a suitable additive. For exdhple, if .electrical_gconductivity
is of high&8¢h @ér?swa@vahoaﬁ,,w@rﬁrpef&e&méﬁgé}wlwe&|a|%§leélarﬁcﬁ£%? epoxy
resin can r it | eral, the harder an additive
mat eri al , 'lt%ﬁg&'?e:%gﬁﬁggtc%%i%g%%%¥§f%lérblog§ 'he pol ymer bunp to enhance the
nmechani cal propdamid BS cRip ishe by BRip, A8 that fisdhétive NTREIBEIHS ¢hipddbbhiEs

such as di anond and the | ess costly al um num oxi de can be preferred due to
the very siiade dawm womnt ther sthstratd. tThepolydurrdumpsararevtberefareapplhied 093

- 9enhanced chanical properties while mnpimally i cting qn the . )

el ectri cal eMH’%& &t?leﬁilpdﬂﬁﬁ.onﬁ&e adhe %Hﬁ‘l‘qec‘%:‘g?tgﬁ }P-e?’écﬁxﬂ?‘@éﬁwn
conducti ve .erial to £h J t enri L

el ectrical Id;(}?%:lg%gﬁbc ’%ﬁgg%qq%il?gé)l?b n%Pg[&l:%lge 115 orlgglgegIﬂa‘iqu’ll1 K}gg g}gé; : sthdte

shar p- edge@lec@ﬂfd@%iimc&ﬁfmiﬁh@& in B8dor8¥AEPWEh tiid Miventioaksy pasiinguse not as
hard as, e.g., dianond, en included in a polyner bunp to produce

el ectri cal polymdexc bixwipsythrbughdhb mdhesiviel orpthedsidestsateftachsplage o edbesing

irregularities that hance the abi|lity of the bunp to pierce through and
di spl ace t H’étgﬁl%?'?& e gpkyrate aPPtrPée%%‘i}bﬁ%ta#’échtlﬁm%i’b‘%%@ with the
i nvention ty [, 14 I i y i i for
el ectrical td%getrclggcc:%r@et(a ;}% otF Qtas{%{ei)sg’g#t% r(regérc(%gor&é%%t gﬂ}gee%(]ﬂge edg%&oirgﬁ%}%&ngé e
mechani cal ﬁarﬁﬂ@f blgfpsoiind 41§11 RO umiel betweenehb hes BARAthe Subetiatethnd

a

Wil e the rdness of the included particles is of inportance, the jagged
i rregul ari thexebyfelimingtes the nesddax ampoisirgond emdenill idispensing stpad t o

articularly aid,in pierciing and di.spl agcj ng adhesi ve as;the i s pushed
Ito hr ough theyadhgme\/%am%tt?‘ﬁﬁpﬁﬁr‘f ﬁ@%b‘“c?fbyr’g‘?'g:’ﬁ 14pg plectrigy Xr}r_p a harpd
material, r . i i AN Ldnot i not

cont enpl at ecgﬁ yét%%;ﬁ?%’d\?en Pgén,gﬁgfs}fotd E%ﬁg@g{eﬁgﬁf@eﬁ %Bs'? ’ P gfj%mt@ghh(})tl | %é

ef fective. rietadntaditiis GRIFa&oky asDslabe platetial fauwhiasemdiase 6btheapelyider
pi erci ng and di spl aci ng adhesi ve through which the bunp is pushed. In

addi ti on, dumeps ehihetbopdipads. surface is substantially coated;wth the
plating material, the plating, ,can,conprom.se .the el ectrical gconductjvity of
the bunp. Fur t ity ension, cagmalates addiiopal @ehniqugs for Rredising pplymer
expansi on Qfyrh Aeo AR KRR fadsSofthE IRBEHRY AR erfpiHlRE! AlsPeRbitE! R ferAS
expl ai ned | r111 dlgsfgi | bel ow,ﬁat%e()t%gﬁ ;fggr gﬁrrp ?iengp partlkcul g’ﬁ y1 ffectsi?/e

i nt er conneqirimting Nasbyjettihg, bolier ¢oatarg vayuermpamdonahrotgh & gteneided bet ween
a chip and a substrate, whereby the pol ymer bunp covers nore qf the area of

a bond pad Rheielithegraphicdechniquesyand oben prssesessampe empiayadi Bhthg t Re

bunp | at er al i on. b | ati face.i s e be avoided he .r educed
bunp. sur { acPPLaoRTPRURRAldRanaes a0 ER e elpd Tl AbESHL B A dNIYE over
adhesi on t diiRabieRtoRAd Rbsteith, ﬁﬁpx%dhw?s_ryxﬁéﬁswpg% B dﬂa&éﬁﬁwce

t hrough the bunp. Turning now to the electirically insulating adhesive, the
adhesi ve 5 fipphipdFoo nhémy apbications,casteneilirg process sgaricutafy svellbt eri al |
such as a thernoset or a B-stage thernoset,, a thrm)p ast erial, or a
mi xture of %%"ee%?w torps egse P epriohand pragisips. 14 18 REe eb‘fedat%ﬁéé e POPEBee

Simgl e shedtmif Beiti it BEHIH ffph tn Wagfy BB oidlbigidn B ool e ©

preferred iducBGEIoFBgRIireAt h the invention, in general, that the insulating
adhesive be substantially conpletely electrically nonconductive, and be
substanti al | y noWhaitelvargprocess is sebected s fuote the polybyersburepsd endhetahrip or m

of | Ssﬁ onver iSRRI %ﬁfér?ﬁéﬁggﬁéh??ﬁ?%&” SR BRI, LRDbRS (o1 |
the oD 1 SPRISUS G, PHBSLEAL S0 b 3p ANLENAL S b gogrent ' or

that the a ive be c rze érial properties are
desirable for an underfill material, such as relatively high nodul us, |ow
coefficient of thermal expansion, and high glass transition tenperature.
Preferably the adhesive can be snap cured, i.e., polynerized, if curing is

desired, but such is not required. Also, if the adhesive is provided as a
t hernoset or B-stage thernoset, then the adhesive is preferably
characterized by a tendency to shrink during . polynerization in the chip
bondi ng process, such that the polymer bunps and the chip are held in
conpressi on agai nst the substrate. This condition of conpression aids in

. Y b1 o N 1 s o



-1llconpressed and |l aterally expanded by pressure applied to the chip on
whi ch the bunp is connected. This results in nmaxi mzation of the

el ectrical, mechanical, and di nensional bond integrity in. the 7qu@5
enabl ed by thernoset and B-stage thernoset materials. The subsg 003
adhesive can contain a thermally-conductive filler, e g alum num oxi de,
and/or an insulating filler, such as silica particles, but such is not
requi red. The adhesive further can contaitn a spacer material that is of a
di mensi onatlectrgeatty cadesigniatgrinbbe aqb@hiede;d thhibpnidopadsh sFem¢xandpht, ance
when the chip is bonded to, the substrate. npl e spacer materjals |nclude
gl ass bead@yesef yxs@lsqlen@kphgptde pedladgumepn ethmd%t@ lgipreterenlxnappliede

adhesi ve t et m adhesi ve, .t hi cknes ce_ap dto. ubst rate.
Tnatever 110 it bR BRRF BN, P& chpuiterng PEE PR YnEre PBEE LI Banes: ve i s
char act er i geHnbyud a[s‘%'s% VELhM HJ% gh gl ass transi t| on tenperature, e.g.,

bet ween about 1 OC and a out 3 C, arelatively |ow thermal expansion
coefficient, e. bleatlmﬂt*ablerreahophstboe;gp,rdpﬁx&mésﬁbpalitelkﬁ qthet Guclaresihat i vel y

hi gh tenper at ure degr: adatl on_tenperature, % greater than about 350C;
and by | omp@ﬁtega@rstamgmgee gctrlqaébscqwtwmr 1£1€(§%3£ siyartpatotes, Rether

i nvention co | at r oyi Si f th adhesi ve nateri i n 483
other t hart FHERURERS ehast B5re p8 AR elistrERuEEos e EBAE ornre Bt anc
in a rangegnf pERERASHEMBE tan WiAkeMRId &Oamépéfat URSirhésdl! BUARE théfingggor dance
with the invention the conposition Is characterized as a paste when it is
appl i ed t otheérencplbstic, adm)thés shitabiepslyacer irdaclacassprovided s auf fi ci ent

viscosity that it _does not readily flow, in the nature of a conventi onal
i quid, oneleckpeal béaortdwal%n@fymreby,m theaddition ehpgrtinies, fiakessew can be

br oken by licati rc shear_forces, duning t p i cat.i on
rocess.” s iR i SRERIeaf Sa R welifhie o heeterth ARTCK B
through a gesther&iseible banamlﬂgmerﬁ%s Fth@?@l)*i’ﬁéxoth i afdreed 'BEE@EI&H e
enabl es application in a somewhat liquid sta but once applied tends to
hold its aseleghedi mdysieapeimp materrsdrbez:haraa@nmdfhyratre]g@rmiyamgh ghamssof
adhesi ve conposi.tions provi ded vention is tha electtically

h
nonconduct YrARSHHeR TP tyTe, $u<£1¥t}}a§etllp|§t TNRP reMain mee eFRhustdn as a
dry, non- t agky oL LRk 8L BBk L EALLO B Bom&g@s,@%ggogﬁggutg&age The

nonconducti ve can |nc avso t he

substrate glechiodes 'bfy&ﬁ@;l)lla@ﬁigﬂ{bé@héii@e sHIBksabetrat¥hinCtheC@@nbercar ri ed out
b~ any of a range of techni ques as described bel ow. Exanpl es of suitable

nonconductdeﬂzribd&nmdetaull b&lewar e thernopl astics, B-stage ther rmset s,

m xtures of the , and ot ke coppositions. One part|

Wel | osutted t nemalbEalEl aathrials f5 pEsGE BRSPS ARt Rds BEDYERR® (1 om
Epoxy Tech i i t 4

ol 1 sui  ofSREECHd EPOSTER® HIARIIBONESL, chth OB, ELSH iR on
154-9, EPGeehifferbflifek-abdye BBou T 5 TEEPO-TEK & B210EKEBYOTEK® HR0EHIRG akfK

B9021-6, all available from Eﬁéﬁy Technol ogy, of Billerica, Mssachusetts.
Once a sel BEQAEK® E3]d4PRE: twhieh thigue Anansitipn temperatpsesagivieed t o

h b
mmterial 1 BRd I A ARG BEDPhaiis kBEEET b mE S BROLERES BBORT
B- st age t helsBE&ehotRéBIhith M-8 hBEMEplastc ByateH Rlsafdving airtheltihg oifit thad is
t enper at ure of about 75C for between about 30 mnutes to about 40 m nutes.

The sol venleseéhab@bdut VECt poth EPO{RERSILEE49:6, whtcénsa B{syamﬁ}e@mqsatg it

tp?ocesses 3?31 rEno %g&read%h}&g euItBB%FO gfg‘g({heg‘gg?%é ° géq ¢ '@%%O%ZI%LE

recogni zed that FrBgrABR thec8hdRH 6 tHeOPRyRier buthy $RatBRiAb Fhatfi$enbe
considered in selecting process paraneters. A second general class of

adhesi ve cfonmmed hb mmppt&n@lﬁrhtbmat hasisnffeecithbhardnddsaindofufficieaitect r i cal ly
nonconducti ve %ﬁste mat eri al i a material that is mai ntaj ned as

paslt edaf t ﬁmcmp Bzgl%lefgaa}mmte@dteauat@m tPsrshabeougt a#@ dés%le%f,@ éhﬁan@aha&tng
P
past o mat ePPRES s § PO T mOE IR Bn s fas BEHAR, WlepgPedBhfE

voiding of the material after application to a substrate The sel ected

nonconductive paste material is applied to a substrate, in the manner 2 7
JAN 2f ~t 3



-1sdescri bed below, wthout a drying step; the material therefore renmains
as an adhesi ve paste, rather than a dry adhesive film Thus the distinction
bet ween nonconductive pastes of the invention and nonconduct i vg;i)\mﬁf
the invention is that the nonconductive filns are pastes that vé-
rendered dry or solvent-free, and therefore are in a non-taeky state in

whi ch they can be handl ed, whereas the usr%dri ed pastes are maintained as
such. G ven these distinctions, the_ adhesive terjal .to. be enployed for a
gi ven appl FEHREHOD %fstt whprte thesmbslgts elféF@FecéH% Kllyn t}t“gguﬂé}?%i cul ar

needs of t i | Fo | g, I REQ | qyi i ed
e o ot DB AL koA TEL, RAPIRCR, 0 ROBEAO ARG RoBl LR L
prepr oduct hampf pref&sEblRaes chhidttbHged bl Befry subdtaRE Y HNf-hBfiRsgherical,
production |ine that cannot accommbdate an insul ati ng adhesive application
step. A boodtcome-phaped er ethprewise gomtedn SocH enables qraet addesiveot

dat e, handl i f the substrates, but i fe , t
and enabl cSisRIRRSIYeR: abthbBEWAAE Brvicd bronsl theadheee) IS iy hpbssur e
than f i dhesi Ty hat
ore parti cPanrg e pEGRaLh GudlaRR R B0Ee by B Y R SED R
EPO- TEK TERZSdrossERQ. ThtwEEA Abotst ToPshd BodEGF9- 3, EPO TEK T6116M EPO- TEK

B91, 26- 20, EPO TEK %SNDT, and EPO-TEK 115SMT, all available from Epoxy
~" echnol ogy of Bhlelreechanicihgdachnesstaf$he lbmngesisrtalhe ¢nhasced; @herred t hat

what ever thermgset is selected, it is chafacterized by a relative]y _high
modul us, e?gcoggap%w&hf Hvemsian, pocedhe LPWP&&férngfPefiPnttﬁ@ é@pe{ey Sglly
substrate | . | exi i.ale , e . r mopl astic
adhesi ve | lgisB%ﬁ‘%‘y&ﬁ%i%e@‘gﬁ’ﬁta){fr?%ﬁ‘ﬁ?%f’ﬁB;%L‘_}e(%}ee{k?b?g%&d%%a& t he
substrat e. nidtefial] @i by SUDSbF dhftiaRy Aryird tHe Wthps Har d.thefmopl£Efced, then a
t hernoset or B-stage thernoset adhesive can' be preferable. For any

substrat e muteriadl Corfespendirkglli réfeyersk Hereimagter s a procespuof atdleashen a

t her nopl asti c.adhesi ve i.s preferred. 2 7 JAN 2003 -14The | ect ed
adhesi ve na@éﬁlgﬂy @a edgn&paﬂwae&Bu@péaﬁgz%téOirﬁ?eaﬁ@aalry yeceises

t echni ques k L4 b QF nj ﬁgg‘"?di n
r equi remng?{:%{xﬂ?ﬂggﬁ%f%ugﬂégdﬁéﬂg?gglg%gg?@%,%1 t sggg%laén}{é?%ﬁ%?‘e)nti rely
covers thecsmbssitiire Béeéxshpid)isctheanibpmiatetial &en bopdetiallyruiradibgg t he

bond pads of the substrate. The substrate bond pads are not exposed; they
are cover edubjecting isdh adiemperntuyesofrahiout dGATC &er akputokiminatesdaddistageon t he
substrate in an exact pattern correlatio i t.h. the expected.chip area. It
s pr ef er abfeTaRRAD B e et bt pedtialh el oS HE R Bbat rai e be
at ~ | east yghbgttelo?a880t Y540 16 6ot Mout B39 rﬁﬁh&eEQ? Reoat h@%ﬁﬁﬁ:te&;” one
exanpl e techni que, already nentioned above, and generally imted to the

cl ass of Baatahe sobesntesrta @rdnidpdastphaserial caanbeddiven ofétd at beastiescri bed
above, the film.is aptgléi ed to a stand-alone carrier substrate and then
partial |y eprfallydrytheqaterialisysubipetons i to miemperatore gf abowt 100°% fox. cut
to a selected size andy,shape and then transferred to the.i.ntended working
Subst rat o ABOYT A Bh TREEEmRRRle I ER A eu g e Ry oate ARt R B e
not f or med Gt MEENHAE of hM Kk fliehsHia! FeHhRin el sitb bl Bukhe areas of
the substrate bondep{(ét:'!1 é’% J’Iéf(?r rran%lréa}ﬁ%ﬁgatl onsl,1 It can eS rmgr’gupr ef erabl e
to enpl oy aghswrgeanddisplace adhesioke lonapenlsdtrate. tWantemaljodymapizhtioatdaron of
~n adhesive naterial directly to an intended working substrate. Such

appl i cati oﬁiwmqsﬁé%cmgpaﬁtaira|emyplewdﬁlha%@ef¢r@bg? Hemictheyprovideors, or

air gaps, ad ive an ha s tr td he
substrate %@tﬁﬁgggedéggﬁs tqg%z‘é}%’e@r g?{tﬁ?eli 910339 ‘i‘ﬁéﬁéﬁé’ﬁ&}‘%‘? E%ll’&(;%g rt:'lijtgiq)cg’ﬁm%?’e
par ti cul ar iy pihp foitth! QeFReRINtUS fdthhRicAU)adbYS le&%ﬁ ﬁ{ﬁuﬁh%he' diHedpie a
solvent as-applied to the substrate; the solvent Towers the viscosity of
t he mat eri ahn, a shbstrbfe.ai ding in effective printi~lg or stenciling of the
material. In an _exanple screen printing process p{)ovi, ded by the, _invention,
the sel ected adAEthe/eelpgied polymerbymp maferigl Is rablgelspatdiccessazilyge

t her noset ] hasti ri ' [ G Sa6s h a
W re nmesh ggélé%%gEgpgél,%gie%%faﬁédqﬁé%iy %%Mg%ﬂg?g\rﬁ?eggsga squeegeg;’ﬁ%%ﬁggt he
i ntended substrate. The screen can be fornmed in the conventional manner,
of) e.g., stainless steel or other nmetal, or a polyester-type plastic.




2 T J AN 2C3 -isln the conventional manner) the dianeter of the wire nesh
is selected based on the sel ected adhesive thickness. For nmany
applications, it is desirable to provide an enul sion pattern on the screen
to defile the adhesive application area on the substrate. Such 2,h JANL083 on
pattern can ire provided, in the conventional manner, on t'he bottom side of
the screen. The enul sion thickness) |like the wire nesh dianmeter, is
preferably selected) in the conventionarshanner, based on the sel ected
adhesi ve tthatinpslymarizedind rapretemparatureiyovithi @8- FBICTQW NesNes gy ot ve

t hi ckness, ' ' ' - Sy lve

thi cknoss, “Sa8YER, FeRuREl b e ARk b bo o RER EERRIE R M. |
l'ocation ofisibl®lght\er EWeaht)oriitravivlétcisght] bgn gbadiedmploged. oy of a

sel ected adhesive material nust also be considered with regard to the
screen wi reeviirkabilidy of adneurteddlipshirisimpaytantfor Rigpeen applicatione pen a
selection of wre nesh .di.angter. an | si on thickness for..a.selecte
2dhesi ve R BuTE Byt R TS o PRLRCBY et & i EERSTPRIRNS S RETFHR g
process can be PRBELRWES hatiindssSaed el drpBBRIgt daRb® fithereenRinédtEby nvent i on
for applying adhesive material of e.g., thérnoset) B-stage thernoset, or

t her nopl asirictudingaeidtyvely hardy bstgalae]y-shepeti sbsirpedgat cabrasives ppristlesl by a
squeegee thrqugh open hol es ovided in a tal stenci| onto,the intended
wor ki ng suBstepemprRaterieh) Whes sistanpakidemogenains waxeq 1n the

conventi ong| I, 0 chd agn% [ ] : eegee
can be fopﬁ%%gggy%% SR%%QgPa bépﬁﬁgﬁéﬁﬁé. e o%%%?ﬁg€é$§ﬁfﬁgegggﬁgﬁﬁgcan
be forned pybtreddfrondtise Bhids bhMaces TBitnedd jiceld iBpadges dhat'Bhhasdd tHe

| aser etch process, an additive eleotrofornmng process, or other suitable
stenci | patbidityiofighé bummtp peshhhrpiegh &Fod displpce pipe inatlating)adhesisen
printing can be preferable to stenciling given the relatively. |arge

D ubst r ate. SrehapiAddiHE CAne oSN e brEAT insufasThg Rrgferabiy the
Conversely I I | @i r i ve i f adhesi ve,
stencili ngg%%e;g ngcgk’ éf@‘?‘%%@e{? %ggeﬁ@%%n%%@et ﬂ@%é%’%@ﬁp’o 1‘?&{/%{0 S in the
adhesi ve aprdféalily @R domBetdrodidtiibatioR fof #hé PagtibleBlil BetweenabSutB$ih and
Stenciling operations also can be expected to be nore reliable over the
life of a gpbadubld pon 2 7 JAN 2p03 -16line in that unlike a nesh screen, a

ARG e W RLNE I LAt LT I
Lok, O GRERITR IR oL AL st g,

t her moset , gBastzadfke ilPS8nd fiicd ey WeRlaassdla flake! pallhdivia fhikd, RIoaded
wor ki ng substrate. Here the sel ected adhesive material is dispensed froma

di spenser flake, aind pswidetredhelectiiballyl copdndire camspdatpngepderresn thathasa
singl e needle, or shower head negedle q I tipl aral l el dispensin
o st s, o betherredaRd BretnEand St atle mmncs BRuAetor RS STl

provi ded a entd s AN Pl Shil. f :

Cont i gur at Piea AR A bk bRl HRCALKE FLEPURERREd it Rnte of

or other capivévapplieation heusti isdedittdered iprsi ettt ¥ sattablohdédived Poroduce a
sel ected di spensed drop pattern on the substrate at each chip attachnment

| ocati on opxampleubslectiienl omduativitypatof bighestironsideraioer cien powderedes and
squares of dispensed drops, centered at the.localio of ,.chip.attachnent to
he subst r SRETREATY PSS GETeBm o e the DB DTe A s ARk Bhe. and
conpl ex pa L 3 efiar: B,
applicati o?]lgfghgﬁ%&i]aelggﬁg&g? (gﬁ]e#égag’n@%p ﬁgﬁlng{fﬁr?% 10? 512)3&%555\;(3 pues‘rgn%1 (%t of

t he needl| ebduip tiwevhendl tHrEemechankae padperbied@if ehabuenh. hAsdi szaibged drop

di mensions. In general, a single needle dispenser is preferred over a
shower he; agtoneenfiucting addisivesisuchyas dlapratliand dhelessaesdy alnppnprmexide
reliably expands t rovi d nti nuous .coverage of a | ect bstrate
area. In acgﬁﬁPﬂgﬁﬁﬁgﬂigPﬁgo éF?&FHEBEFFEﬁFﬂﬁﬁe%?%ﬁégg%Sﬁge%géﬁ %%
invention, a polyner such as a thernoset, B-stage thernoset, or

t her nopl astic adhesive material is applied to an i ntended worki ng substrate
by a transfer print, pad print, stanp print, or roller print process. In
general, in all of these operations, a transfer elenent is enployed to pick
up, or collect, the selected adhesive from an adhesive reservoir and then
to deposit the coll ected adhesive on the intended working substrate. The
adhesive is released fromthe transfer Z 7 JAN 208 -i7elenment to the
substrate typically as a result of differing surface tensions between the

adhesive and the substrate and the transfer el enent and the adhesive. The
transfer elenent can be provided as, e.g., a patterned pad of



suitable material such as netal or rubber, as a patterned roller, as an
array of pins fastened to a support plate, or other configuration in which
can be provided a differentiated pattern, The pattern preferabl¥
corresponds to the chip attachnment |ocations on the substrate. f7%ﬁN 2003
patterned roller coater is enployed, it is preferably designed such that
adhesive is collected on a patterned porbion of the roller when the roller

is rolled throu an adhesjve reservair,"the tterne ortj.on .t hen

bopl i ng. t PERERASROeRTBICE LB aer S G RRTE L SR aEen e edEtalnger
the roller .S, passed over the substrate. In a further

adhesi ve n%ﬁgf#gﬁsggg+$ég?ﬁ%n techni que, a selected adhesive material, here

specifically a FhessmseippdiehyoRs, elbbtridally-onduetive nifeei S Wikledabahe A

sol vent - based adhesive is here preferably enployed to enable spread of the
materi al aplampopaiierimateriatamrendentt deetridallysigpsucting witbiteelf provide

spi n-coatin rL0CEeSs arangeters.ca ere, be enpl oyed. For spne.a i cations
it can be H?%?%Fé“&?%%ﬁ??'ﬁﬁﬁ& apyehad b’&*‘:’ss;id‘?{-wg ’ﬁﬂYg’lrob%ﬁe’t 0

t he substr i Si,redy; SRy ANE i i be
recogni zedglttﬁ(ét‘%&tl ﬁgl ggﬁgﬁiga%b%.gﬁﬁ%ﬁg{ %leué;@éé mat (lialrulia ﬁﬁ%ﬁ?%%ﬁ 8{r%ﬁ}r)tec ni ques
j ust descrphgthcalebecdpichl ealiRtivityt detheonimppeilidpvduee lsukice hadgednessat i on
techni ques earlier described. The invention is not limted to the exarriple

adhesi ve nam@irrggulgypiiesthatonlopeedhieaisliticelihiceumatiowiercal throngh and
oo o BB R R e R 3 S B rchBpdfhgrift des e

corr espondiR@nt ' t é?ﬁg | &4§%Hgﬂ%g§'y i i.e.,
coveri ng, thenbfgﬁéﬂwgggg?io?&? e sliﬁ]é%l?ﬁg@[lge‘é é%yt 1at t'he co‘?l\sd pa %élgi;% not
exposed t helevigical kenddtisity of thé polymércier wieaddeat td behanachsi ty 2 ? JAN

2003 -isand the specif c gravity of a selected adhesive material be
tailored f®echariepbpreneriignotithe pahpnesaf sush enkanfegant isslesiredeen printing

and stenciling-Qpet.aki ons, . the hesi ve,preferably is. characterized b
Fel'ati vely hi gntORise o BardnichS e STl gtd Burlifts fun ot BBt cuthh et
adhesi ve preéaliabities of tﬁE%’a@ﬁE@%'é&Qm@%g%&ﬁtﬂh\é%Mn#%‘f"etf@uﬁ@% um viscosity
and by relatively highthixotropy. For transfer printing and for spin

coati ng oppadidudady dilénagdeeiny endrdifplnatgyadlsesiveas thebumgdishyusheldat i vel y

| ow viscosjty apd by relatively nmediumthixotiopy. It is preferred in
accor dancet}WOPHﬂtthé adhesite. dnlating ok the pedymmer bunp sarfage with adwirded to the

bst r at her thi hi p. .Adhesi Of | lication,to th
Subet ot o AR 5aLBe! Bl b Rysioh B HaXE oBRiRRs Th (BRSSO Lo o
t he produc¢dmenflagediy t9d MwEdids, a3ahid é‘bt@fna}lﬁveaﬁffﬁﬁhﬁQo@ﬁt%@%ffe‘d&ﬁvﬁ?(t ent

of the substrate, resulting in repeatable, reliable nmechanical an
el ect ri cal Adtenddmtegersrally safodthelating-suwfare woes aioé abb il pidfuitghandor e, nost

P T INE L M SRR T e
f i f. : - ' ¢
appl | cat | ol b ulED sxF e BBt ALy RREg it ey ERnd ik REL e

bunps. Thopkatigetan eoiaprémade tHedlbctRtial don@adivibe obtHEbum®. Furthehasie/e
di spensing, are not feasible at either the wafer or chip l[evels; the dlClng

of the waf@bumpplating kerface sandimititheddtarsl expansioniof pleebump as-itsisngl e
chips is not practical; the dispensed,paste cannot.be reliabl i ntai ned
on The ohi BresBed pepfitt SUr G Rl rieads ohs cabamat it defaibbElat tPeed out on
a bunped c -®m§ Bﬁﬁlr é&ﬁq- : [dobit oy s (A

functiopalp?k ol‘t egéﬁﬁ jugﬁﬂﬁﬂ'égﬁggbg%éﬁggﬁggﬁkgﬁfhﬁg&gtgéﬁgkggte. It

i s theref olstee£lly exphiedeas itNisaresdcdobettyesntcliipeandy ubstraté,ohetdby the
adhesive material be appl Xed to the intended worki ng substrate, not the
chip, and phlymembuinptcovermmere obbhédangssobe bapdipaddthan woeldslsap, a not t he
wor ki ng substrate. 2 7.,JAN 20(13.-19Referring to Fi 2, in accordance
Wi the’ | AORYAGinal phethl RS bam At ORO s BP RayEr] SFBaRMESEY@ on ¢ he
substrate .§3: t i j . 'gnq e bunps
formed on P ﬁaetuﬁé’ F%ﬂgﬁ?%seﬁ ?éilag&td g&b%gqgriqg\éyggﬁlcézd;gu{}ﬁa t%"cegc %{Jetr%pmg%ér/re e(% and
the Shore-D of the bunp nust be considered in selecting the bunp height,

but in general, the height, H, of a polyner bunp-is preferably greater than
the thickness, t, of the |ayer of adhesive. In the figure, the heights of
the chip bond pads 6 and the substrate el ectrodes 4 are greatly

exagger ated; under typical conditions, the bunp height and the adhesive

| ayer can be specified to neet this condition while neglecting the

el ectrode and bond pad heights. If a higher degree of precision is desired,
then the height, H should include the height of the bunp as well a~ the

Y b1 o o - - - 1




A bunp hei ght greater than adhesive |ayer t hi ckness therefore naxinizes the
mechani cal and electrical integrity of both the chip and bunp bond. Such
tannot be reliably expected if the bunp is not conpressed, ggnﬂg& a@ t hat
woul d occur if the bunmp height is less than or the sane as th ?

2003 -20adhesi ve layer thickness. The optimal bunp h; ~eight for a given
adhesi ve Iayer t hi ckness is preferably sel ected based on consi derations for

a given applicati ut. in gen er bu hei tter than a
smal | er bu atres‘glﬁdnéo‘ﬂﬂﬁﬁ ﬁ’@ﬁt oémﬁaewegﬁeméﬁgﬁ%ut 20% and

about 50% i u f _hetween about 50% and about
80% of pree%gﬁﬂjé%gﬁﬁgRﬁgg%ﬁgn Qggggh%g%ﬂﬁ1 gor many applications the bunp
hei ght is opti mplyjyinabeet t&%éelé&ﬁchhy KOS adiivdRBsiadhdspes - | n one
exanpl e, a bunp hei ght of about 50 ~tmis enployed and an adhesive

t hi ckness appladrbtn tixssubstrate enpbeyeg., al heatscmrabi@maédnahauchras gubstrate

3, if acircuit board,_be a resin film pol yneric, board, but other

types of sﬂwm%‘»@&er ea%-ssegw&rmrs@r %J&la%’fleplaﬁﬁé maestal gpa aaixtBEe o med
of polyim twép%biégg? odh §na8§,g§£r Kat §eL RBAE wible elpstrieally

acetyl butyI's yrene pol yes pol yvinylc

ot her sui t alal@atinPathatveTAhE rmeSfonRafohrs Ainhac&kg!, e dihgre dhedt! bhﬁ
preferred that the substrate be held via suction, r.e., vacuum on a
suction st bgeinated filwey envthdrdibuhstamaieusedm shifti ng as pressure is
applied to the hrp agai the ubstrate during the bondi n ss. Such
suction is part tdélpé'le efr?(frb‘bﬁf%ﬂf apge Wit He et dp gepe %D%?E/ 9 exi bl e

substrat es; s ﬁ;&t ﬁé aﬁﬂ% uﬂﬂaﬁﬂﬁllp%ﬁﬂc}ﬁg{%& eYec\eﬁkA 'l}$ H]o}xg&lﬁl]ucmve and

confrguratron suc |on st age 1's provi avi ng an
array of hipé eabitaneidly ﬁ&l@vdlﬂiri‘é(ﬁ%&u&fcﬂahﬁcﬂéhﬁbﬁ bﬁ&rt&mcwocfbr@wm@n
can be drawn against the substrate. An array of suction hoes enables a
uni form de@ewa@rtfeu@sukmn@&adbsswmlwm«eet}ee need fqrrapprlmmmgf a he

eSS sl R LA s e S B S
many hol es; rl?chﬂfed tofthR bsBRRLYIA chEEARREA bl iRbdbicH kAR, b ough only

a few or one ter 1 nstanc I'tion of bending or

wr i nkl i ng; afhésivébs chabadtesizedits the miacetial propavtiesithat &re debiPable for ar 1For
an application in which a nonconducting filmis first forned on a carrier

substrate andemﬁlbm%tppraﬂewcﬂbaamlahwehdbwm@pﬂuhgs dem spefitceentpicthermal
substrate 3 is held v f % ction taggg %&1 %h h if the
ol hr not xR PigttEtas s BoB SRR Rk enabls Thd Shentyg caf

t hereafter il B or an
applicati otr)rél?ﬁée/%? ‘%&1:3 eﬁoﬁélgﬁgég%%/ep?&?w%g%l?ﬁ %(r%nl%‘c’il%ugg ﬁrrg{i)p lied
to the subaldriftheBaditksige of pidvedéd bmattheriwsetbisBrathge ¢therrhbsut, tigen the

acconplished after bringing the f Iminto close contact w.th the el ectrodes
4 of t he cpdbesive b%:arttfeeahls'whgrw@rg@éthmn terrdqmb'stowby nkrdpripigng heat ,

a heat er at t 80C, whi in the insul at i
adhesr ve fpﬂ%nge ﬁ%fn é)ﬁ‘o@ ‘ij("‘g PIOLess: B'églé@&%n% lgcﬂ slr‘ﬁa 32 Pgserve
heating toghe c&@,daretﬁm 1ﬁ%ﬁi;ﬁ@s§ifont ihét theCdliddtiRe! Mhis WBRATtAEoLAN be
acconpl i shed using a bonding tool 8. This procedure is not required for the

ot her adhesompresspirn aids inntheclabers] exparemordfiibe pobymer blnepsandeswyiliedol 8
is preferably nounted to enable nmovenent of the tool in all three axis
di r ect i ons abive, \andamxzml% the) ¢legtzicebimerkanical, andrimensienaligtegrity of

Furt her nor t.he t ool ref rably has i n heater

i cat ed. e fHeck B B Sy oRE Bobiia bans: an{ihie ek BrAE MM 45 o
the I C chi geh Mabgﬁweg,pg{e hipQuethdsupdbgsl ve | ayer has been applied to
the substrate in the desired manner, an individual flip chip, having

pol ymer bunps fJ)fﬁmjadimemmls:prqylde:hdsraatdirermmpﬂat&hq;rmpmfeméﬂyns bed above,

IS provrded on the di ng tool typr al | collet) and heated to
the desire8naefd ?Iﬂﬁedo gﬁﬁe‘re&lldrﬁpéy tnberee& é@ﬂe@%é? %ﬁ??)teidsp pmer Ped by

heat e pol PRbie Bipse pdoghsRedbafitial “ﬁ%ﬁr?ﬁ%ﬂwﬁr PP bhERMPCC0si 0y and

a corresponding increased ability to penetrate the substrate adhesive. |If
preheating is to be carried out, sudh is preferably maintained until the
heat is transferred conpletely through the chip and the polynmer bunps on
t he chi p.

and



z r SAN 2003 -22Thereafter, heat-pressure attachnent, i.e.r bonding, is
achi eved by precisely positioning the polynmer bunps 2 of the IC chip 1 on
the el ectrodes 4 of the underlying circuit board. This requir%? RgﬁkEﬁgeral
alignment of the chip bond pads with the substrate bond pads. E

exanpl e configuration, this can be achieved by enploying fiducials on the
chip and the substrate, in theconventioqﬂl manner, in an alignnment process

enpl oyi ng an_upper , m Ggr,0Sco and l,Qwer_mi cr.oscope ith.a canera., e.g.,
2 00D canerAIPESed ABY IRET AL PanaeA PV e SR RRERGC i Bieelp QWb o
respect i vejondmpadsofhettas. CitiiRvalid s HPS 4808244160 of LigeRctR@Ndi ng can be
satisfactorily achieved by piercing through the insulating film5 wth the
pol yner bumesh&nichl,tdrel dithehdipndl bodd-mthgrity ng the mrenadrisrmbdedibyhe pressure
for the bonding are preferably controll Ed to specified values. As expl ai ned
above) as @wrmoset ondB-stage therpespematerigdugh t he adhesive 5 it di spl aces

th dhesi i Nt h [ i.t th h that t k
i et cont act Wit RuBSEaR adheri bt chliifh BEmAN o BRER PHET ok of
Cont act w TA T RS SRS ARG 8 BRI Ring TR, YOO by S tAS But sheh

pol ymer bungsreghitdde The pdaesivefutthiel2ah contdintdepsedrahatdrtalahacts ofies.
Wth chip heating maintained during the bonding, the chip surface wets the
adhesi ve upigrensienalctegiipeteorrasppagiag to) 4 desised ahipstoraubstrate distanceavhen

h - St. h i f h f h hi db
Lo the adnds YEPISJapacdiaLhs subsints; bedmelt s cpethnladndaal gt (o
shrink and,gids Pan@tﬁfem%ﬁml&b bP otKErOm G eEMmA RSALRN R0R thSthe! AheaiRSEY at €.

Conpression of the chip against the adhesive layer is desirable, as

expl ai ned sdt@mintrousnsdhesivéahichnespmapappiekics substraben t he chip and

t he substrate) j.e., to_ensure that the adhesiye |layer is conpletely .
filling the dis éVQfeft'l%’éﬁOIichéwéﬁﬁﬁeléﬁEP%lPéeé%é]tYr ereselcﬂm&»* égb?%ﬁeéﬁ t he

hip furth t hat b . I |
expanded o EREH AR08 katafudy R ks Papdhin R RRRR EF HBMERRS ana
the adhesi yenarReCi dHab&s 175°€; b reldiNel9Q6w th3lial BRpALKISA icHerfvRdR! | al 1S
a thernmoplastic; it is softened by the heated bunps as they push through

it. As a regylbetwpersbount18gyimAd and almitc) ppudithreesdativelyaighnps and

| ateral ly expands the bunps. in the nmanner descri bed aboyve, | ti in an
equal |y ef’feégﬁqr@éu%g‘%gr tioaclemparatsg; Frg-tg?@ait?ﬁ/&rﬁf} Bh?utag‘ﬁggﬁ ?Hag"y
schedul e ¢ i i r [ e chip and bunps is
carried ou{wv ﬁﬁgia?%ﬁ% ggﬁ'yf,l‘s?ﬁ@“ﬁ%ﬁ%&?'%%@@gﬁgg‘é@u| | y pushed through

the adhesive anmiheonvani&d cbRtentislabdiite micvistbe of tlosladhesivemdteriadahi ng of
the conpl eted assenbly for curing the adhesive. The foll ow ng guidelines

are exanpl fgmsfdthepdhanmshesingle sbset tratansinated sheetcfilng mendpmeddrbiayet he
bondi ng process, with the caveat t t he chem stry of particul ar pol ymer
b and” SORGLE b AREe A Cam ety o AT BBRRR g S pRoViaed,tn .

accordance with the invention the composition is characterized as a paste

when it is applied to the substrate. As herein specified, a paste is of sufficient
viscosity that it does not readily flow, in the nature of a conventional liquid,
once applied to a substrate. But the thixotropy of the paste can be broken by
application forces, e.g., shear forces, during the application process, such that
the paste becomes fluid enough to be applied,il e.g., through a mesh screen, in
the manner described below. A paste therefore enables application in a

somewhat liquid state, but once applied tends to hold its as-applied shape.



process nust be considered: Paraneter Adhesive' Film Thi ckness Pol ynmer Bunp
Hei ght Pol ynmer Bunp Hardness Bond Tenperature Bond Pressure Pressure Dwel |
Ti me Bunp Conpression ' Contact Coverage of Bunp on El ectrode(@\?gﬁ @
Values 25 ~trn - 75 ~.un 50~.xn-150pm Shore-D ?0-90 150C - 35 g ?ns -
1000 grams 0.3 seconds - 5 seconds 20% - 50% >50% 1t is to be recognized

t hat consideration, nust also be made for the nunber of polynmer bunps to be
bonded bet ween }gé% ven chip,and a subst it e and the bo,gg R{Ye sure required
for each bunf. ‘Bératgenersd classnfadhessirrompestipes prowded hy s inyention

the chi p- o8 0akAr aituRar e RirtRle B SO RiaTer 13k S ulPef hathabe" o
the chi p WaehereteYed ak @edruHeaLltacRY MHRReRBPplicAtidn 16N KMA8ratédly pVi ded.
It is therefore preferable to deterimne the total pressure necessary for

bondi ng t hemstet dhemorivendattipe filmemdtaripk cat iaclobe p subdenthasrappliséto the t hat
the requiredq total pressure w || not_ damage the chip. |If danage appears to
be possi blibskrate do@dd 1p appligationip the stpstrate, Wh ré%? C?M”Itl?s EBEgé‘nsati ng
adj ust nment rial rties Leo. hed, i . Fig. 3, once
t he bondi nagn%{)?%%éggé?gfg%%p?ﬁ@?%s, g? ﬁggcﬁbtfey ?lgg’u%’éﬁg&’gérsgépl rIEec IFy connect ed

bet wveen t he,ReAduPAdE fnOinatbfald dfe tHirkoplastidis BesiagktAdRR ode Rl %ﬂhihelﬁf)rgrs]d

substrate. There is no electrically insulating adhesive between
pads and eifébertedeand ahey likeeopgositdonduOnenperéicuddrly Wedl-snitede r egi on
surroundi ng the pol yner bug’fs between the chip _and the suybstrate is filled

d
by the adH®ermeplagticmaterip}is ERQ-FRED BR032-138Bfeavailable from dpexy ne

substrat e. esi e f.u i fi.Ld rial
ot neen ¢ etARoREG! oA M- REGRRE BEL PR DaPRoOR MBI el d BAGES,
bet ween t hhetiabgetandtdrivds avd BPRTEK® TRI5AVS, PO EEK@TEL508| EPD-TEK®
underfill. Thus, in accordance with the invention, the IC chip 1 bunmps are

conposed OFEHuA-}0eEPOUFBK® TEIAddd, EPEOMTHE® 8302411, prddadaFEL® BAA2 S,

Conpared wiih [ b | ke sql der s fqrned w a ball bonding

net hod, Oralgava.%a Ef% ﬁfog’?nﬁ"i’axx\nhtéﬁh%aBﬁg%rtolfﬁ}]dﬁgwaém%%acm%&ﬁ%I ymer bunps 2

provi de unexpecdgét ¥ ssldpRid BistARy thefARE&Lr thefbplagt yatetia® idHHPIET tobunps
successfully enabl e ‘L))vl erci ng and di spl acenent of the insulating adhesive

filmto ab@egmbé?r@mg apkén ihe matpdel, of prosentrds e&mmdpfgomwhesmaserwé@lh ed,
adnost ve, BRI eREreh i ERH B LRGeS Raharye B, B SR8RE b 1

its |ower Mafaddichn beftied By @dﬂje&tiﬁ% it £d)@.g00A ¥dRperaviiFe ¢fi Aot 76 y from
e.g., solder bunps or Au bunps in that during the bonding process the

pol yner buigtweenmabput 39 apinutesciy ahoud dfanihudes. othe selvenbeamoe duiven foimiahe

el ectrodes,;4_of bstanti al | nhances

The. moohariesmoRlaits AL Sbiektbal R hiduot BSOS RO R 2l
bunp. Thi salhu$d hour. These example processes are intended only as general guidelines

and it is to be recognized that the particular conditions of a given material must .

be considered in selecting process parameters.

A second general class of adhesive compositions provided by the

invention is that of an electrically nonconductive paste material, i.e., a

material that is maintained as a paste after it has been applied to a substrate.

Example paste materials include thermosetsiand hot melt thermoplastics.

Preferably the selected paste material does not include a solvent, which could

likely result in voiding of the material after application to a substrate. The

selected nonconductive paste material is applied to a substrate, in the manner



2 7 JAN 2003 -2 ~ enables a condition in which the chip is conpressed
agai nst the adhesive | ayer on the substrate, thereby ensuring that the
adhesive | ayer conpletely'filts the volunme between the chip %ggnkgf
substrate around the polyner bunps. In addition, the polynmer %l B e the
characteristic that in the state where the bunp surface is suitable for
bondi ng, the material added to the polyggf to render it electrically

|

cObst ant | Jesgiiftglanotiit saspe B sbr pderidl (BRLFE rdidenasen .
are inher eanhle\éiJeob;Q&et%t@éir%flan%ndxbg%dﬁéﬁé@ﬁﬁnpf the bunp. The particles

form m nut'e concave ahd convex sur e regrons that aid in the piercing
through and di sphae giedistitctionebetwehnairRondiietvey pakRy f ths ihventiv ¥ART
bunps are pushed through the layer. |~s explained above, additional
particles m&hd&e@veﬁh@ﬁhdeﬂver{tmma Hatytierndneepduetiee filmstage paktasce

its material properties for shi ng .t hrouygh an i spl aci ng the substrate
adhesi ve. thatRave Heg r@@é@f%do Hsy %R/ﬁ‘?ll"%*f'greﬁo?ngéﬂG PreES I PAP-tBERY

t echnol 00k (! Gnich MePedh BOHART L ISLA0Ae NaktRGp4diEs RALYIMEr . BUTDS
and conventional ‘nmetal buaps TN é%, uring bonding, e %unp~re5|n past e
pl ays the mhaiftadleds 80EES Gifen YheeadictinvEbhs Al adiRisBle UBRSaloRIeE al |y do
not provi de an adhesi ve nechani sm Therefore, even though m nute

t hr ough- hairegloged feoa givey applcation fretharsfdramraferablyessleated bagedondhe
inserting the polyner. b s 2 of the I.C chip 1, direct bondi ng of .the bunps
to the SURATSBLIReRds i Be AaicaboR, avautRglep R HOGRHE DIECPT PRRIPYIAL, he
bunps. Th rapf i : ' ' ive
FiT s cad SHelRbd-BdRAERIHSGRIERATAAN StyihPSied MUl BT
t echni que.priyliGBEeh 62khYstrheNgi thoh@ filtn §r intfodilttiont iitd a?r%dhéﬁiéﬁllli@lec an be

achieved with superior reliability. It is therefore found that as described
above, it thetgasspbhecomundiatecan inpdating@didspveapplieationstes. thobending t

board el ectrodes usjng an insulating filmw th no through-hol es.,. Thi.s
oot | on Hragess ctiplagths B ndheondicare pretd il AcbORaHEEH0 Dapaling o

mar ked| i r : I i - Qﬁﬂﬁp

t echni qﬁe.tﬂlet&g??gttgﬁa 2% hgél}egﬁg%ggﬁg?éﬁgsg %ﬁéi{saa%cfglg%gl\é\‘né\l tal ﬁ‘% renqeﬁat e
reliabili thondbag etlossithat dégrivesiess chlippeessute tisait famainbhednddegiviel i p chi p

mount i ng met hod of the invention acconplishes pol yner bunp-to-substrate
bondi ng arrhst@iaghesiveyyecesst e underfilling sinul taneously. The process

therefore elimgyates, {,he nee or, an addi t i onal derfill ste el.im nating
he cap tal costeNsFabHiramaRS 1t Eina sl R et P ropeBaddiye

resul ting itk Qx@ét%??a‘?ﬁx%lﬁ%‘ﬁp@ﬁ‘}éﬁ@%fw—i,_E‘PQ-TI@I@T}EP%ZQ,S POOPEK®
Because the electrically nonconducti ng adhesive | ayer can be fornmed and
appl i ed byT'Bhy9-8f EROMEBE® 38¢r6M{ EP-TRK® 89126420, BROTEXK® 868N, ahdt he

i nvention enabl er oduction of flip chiép assenplies on_virtually any

substrate e dPAGVR ! J

FROFEK® 11avMTdrH gverdablefpundinaxs Tnchnelogs ok Billeria
pol yvi nyl ctyl.Qrd i i kal s.
AR L LR T g e A s L s R
met hod t o ibehardcteritalby arehtBelyehighdmpdalkisse,g., @réeater titan abait- 10GPael
processi ng where the adhesive layex is applied as_a filmthat is _first
formed on a carky ggnesahdf therselectetbsybsizatpiis pt 3 flgxibig,materials fBe RObYASEat i on
also allo e W ' is ' f ol i caki Q- cific
consi der arthshSY ERridplde bRl @ pri BE Bhilfidl ARBGAHMETRER, ||
The oper athaturebf thesdbstintehilPa mipid bubgraoe; Bgd aodirduiebdardpiztseldtteéd) then
vertically conpressing and | aterally _ expandi ng pol ymer bunps as they are
bonded to &tiermaeset orBesingotleermasst adhesive £3n be prefarabde Ferapy sdabstraten of

oo to anereriiei B 8ol Fa i CiFB Khen Rt RLE MM pl o eob Whee s o1

i's a resul preférrée pressing of the chip against the adhesive Dyer on the
substrate, of the shrinking of the adhesive layer as it is fully

pol ynerized, in the case of thernoset and B-stage thernoset adhesives, and
of ease of lateral bunp expansion against a softened adhesive, in the case
of thernoplastic adhesives. As a result, the flip chip nounting nethod of
the invention produces an underfill between the chip and the substrate that
is nore robust than



2 7 JAN 2Qa3 -27conventional underfill materials that are dispensed between
the chip and the substrate after the chip is bonded to the substrate.
Virtually conplete coverage df adhesive material between the féot% N["kqﬂ and
the substrate is enabled by the nounting nethod of the inventi A| %
recogni zed, of course, that those skilled in the art may nake various

nodi fi cations and additions to the flip &hi p bondi ng techni ques descri bed
above wi t hout

' f th i ri.t “and f ot t
Contri bution o hetaRga BTk Al epn BE oF5RRE 0 APEPRLETT DY of e
prot ect i onrapgd @ tediiffesAhoidAbnaiehvention! AlbRHBRIRE nh&:tkE @bshinign t he

subject matter of the clains and all equivalents thereof fairly within the
scope of trequinememtitbat thay formi arlayer 2f adbgnive tos subsEindially antirklyreevensl f or

"over of dbecPriand ot QiR ik 2P TR sRaed sbASatiE B Pora PR A B 0ona
pads) covehjhagratdeTRERULPRIE M af‘%éc?}ga%%?{}bﬁéedc; Ch&Y Bk &Jveedd by ehd Y

ik
conductive pol yrmer bunps on bon a I'p chip; at least partially
har deni ng ddhesjyel Vires nburgas;redl todnrmghe fadhbsind opdtis sabstrhte il apexgdktp wi t h

ol yrer  bUBLErPHHoBLACER S GUHELPARECEH (HE Sebott BIEiSabsnhaeb el FBRE |y and
bond the pQlPpliel YiRsive area on the substrate be at least slightly larger than the area
of the chip to be attached.

In one example technique, already mentioned above, and generally limited
to the class of B-stage thermoset and thermoplaétic nonconductive films described
above, the film is applied to a stand-alone carrier substrate and then partially or
fully dried or cured. After drying or curing, the film is cut to a selected size and
shape and then transferred to the intended working substrate destination. Care
must be exercised to ensure that air gaps are not formed between the film and the
substrate, particularly in the areas of the substrate bond pads.

For many applications, it can be more preferable to employ a screen print
or stencil operation that enables application of an adhesive material directly to an
intended working substrate. Such application techniques substantially eliminate
the production of voids, or air gaps, between the adhesive and the substrate at the
location of the substrate bond pads. Both screen printing and stenciling
operations are particularly well-suited for use with adhesive materials that
include a solvent as-applied to the substrate; the solvent lowers the viscosity of
the material, thereby aiding in effective printing or stenciling of the material.

In an example screen printing process provided by the invention, the
selected adhesive material, e.g., any of the thermoset, B-stage thermoset, or
thermoplastic materials given above, is squeeg’éed through a wire mesh screen
using, e.g., a metal or polymer-based squeegee, onto the intended substrate. The
screen can be formed in the conventional manner, of, e.g., stainless steel or other

metal, or a polyester-type plastic.



the bond pads of the substrate. 2. The nmethod of claim 1 further conprising
a step of at least partially drying the adhesive paste applied to the

substrate before the step of pushing the pol yner bunps throug 7t'51ﬁ}il%l@e5|ve
on the substrate. 3. The nethod of claim1l wherein the step o gast

partially hardening the polymer bunps conprises at |east partially drying
the pol yner bunps. 4. The nethod of cl a nl V\/nerel n the step of at | east

artially hardeni t he pol r bu |ses feast parti.all
Dol ymeri i ng ¢ BB thOCOREAHRIA, Grantics, the RReter oL DeaviTa mRoshaf RIGCH ol ai m 1
wher ei n tﬂgﬁ ﬁrgtl?é sOHSRENANLES e RAlXIBEs. bF'cBWx%ahWa?Pﬁ@aﬁﬁ?s fdReRENEbRo! he

substrate r conprises applying heat to the ip chip as the bunps are
pushed t hpoagle bheemualsisi patterth o tiee seedoth défid dienadhesivet dpplicatioprared ng a

step of appl |ng heat to the flip chip after the poly nps cont act the
bond padsOBftX€ rabsiypte: r3pch arye @owﬁ@anGﬁniaeaqrﬁvlﬁeaﬁélrfgaempw%?

pushing t g‘?a.rﬂl%lr}/gf? the bottom side of the screen. The emulsion thickness, like the wire
mesh diameter, is preferably selected, in the conventional manner, based on the
selected adhesive thickness. If the wire mesh is too thick for a desired adhesive
thickness, and/or the emulsion is too thin for a desired adhesive thickness, gaps in
the adhesive can be formed on the substrate at the location of cross-over of the
mesh wires. The general rheology of a selected adhesive material must also be
considered with regard to the screen wire diameter and the screen emulsion
thickness. With proper selection of wire mesh diameter and emulsion thickness
for a selected adhesive thickness, complete coverage of a substrate by a screen
printing process can be achieved.

In a stencil operation provided by the invention for applying adhesive
material of e.g., thermoset, B-stage thermoset, or thermoplastic directly to a
substrate, the adhesive material is pushed by a squeegee through open holes
provided in a metal stencil onto the intended working substrate. The metal
stencil thickness is selected, in the conventional manner, based on the selected
adhesive thickness. The squeegee can be formed of, e.g., metal or polymer. The
openings in the stencil can be formed by, e.g., a subtractive chemical etch process, -
a subtractive laser etch process, an additive electroforming process, or other
suitable stencil patterning forming technique.

For many applications, screen printing can be preferable to stenciling given
the relatively large substrate area over which the adhesive material is to be
applied. Conversely, for applications employing:' a relatively thin layer of
adhesive, stenciling can be preferable to eliminate the formation of voids in the
adhesive at the cross-over locations of a screen printing wire mesh. Stenciling

operations also can be expected to be more reliable over the life of a production



bunps through the adhesive on the substrate conprises applying pressure to
the flip chip for a duration selected, based on material characteristics of
the adhesive and of the pol yner bunps, that vertically conpresze?s t he bunps
between the flip chip and the substrate to a conpressed hei ght NAN 2083 | ess
t han bunp height as-fornmed. 8. The nethod of claim7 wherein the conpressed
bunp height is I ess than about 80% of b hei ght as-fornmed. 9. The net hod
of claim1 wherein the step of formn é%? mer bu conprj ses f.orm ng

ol yier | bifSSRCReR Ak Ry TS Bartsefoh GHRtaL PRl ¢ehr N (2P RRLFIOEANES vo past o
thi ckness RgtepPbefify @Bntic SHOLABIER -a bBger BferaBibhartigfe @l AtiFuS, Wherein

tl ~e bunp height is at |east about 25% greater than adhesive paste

t hi ckness. 11. Albermativeotd sdreeh prmtingvaadetendiliegppleyatonsiesnaertiénr ned
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bumps coNRyékesg SLiBBGhke "B IthEREIRIEP Sdhesive material is dispensed from a
dispenser onto the substrate. The dispenser can be provided as, e.g., a single
needle, or a showerhead needle of multiple parallel dispensing points, or other
suitable needle configuration. Dispenser pumps can be provided as
conventional air piston or positive displacement pump configurations.
Whether configured as a single needle, showerhead needle, or other
configuration, the dispenser is preferably controlled to produce a selected
dispensed drop pattern on the substrate at each chip attachment location on
the substrate. Suitable patterns include concentric circles and squares of
dispensed drops, centered at the locations of chip attachment to the substrate;
but it is to be recognized that lines of dispensed drops and complex patterns of
dispensed drops can be preferable for some applications. The needle diameter
and the volume of adhesive pushed out of the needle during one dispensing
operation determine the dispensed drop dimensions. In general, a single
needle dispenser is preferred over a showerhead needle for its ability to
produce a dispensed drop that reliably expands to provide continuous coverage
of a selected substrate area.

In a further adhesive material application process provided by the
invention, a polymer such as a thermoset, B-stage thermoset, or thermoplastic
adhesive material is applied to an intended working substrate by a transfer
print, pad print, stamp print, or roller print process. In general, in all of these
operations, a transfer element is employed to pick up, or collect, the selected
adhesive from an adhesive reservoir and then to deposit the collected adhesive

on the intended working substrate. The adheésive is released from the transfer



15. The nethod of claim 1l wherein the step of form ng pol yner bunps

conpri ses screen printing polynmer bunps. 16. The nethod of claim 1l wherein
the applied | ayer of insulating adhesive paste conprises a tge{ m)ﬁl astic.
17. The method of claim 1l wherein the applied | ayer of insul tlﬂé adfibfesi ve
paste conprises a thernoset. 18. The nmethod of claim 1l wherein the applied
| ayer of insulating adhesive paste conprises a B-stage thernoset. 19. The
met hod of claim 1l wherein the applied tdyer of insulating adhesive paste

i ncl udes desmEntdotthe2mbsitate tppiloally afs actesiult df differsigsurfacestergiafs appl yi ng
t he adhesjve paste to the substrate conprises stenciling the adhesive paste
on the suWhQﬁgh%@ radibe sebstarts and thadransier eleamentandtheppl yi ng
t he adhes%%gesogezte to the substrate conprises screen printing the adhesive
paste on SUbst r at e. ~ 7 JAN 2003 -31 22. The nethod of claim1l

wherein the stgReQfamdtel ¥1e@ﬂeﬁtrt%nal9@§§ddi§ed’§§,tég.t @ ﬁi&eﬁ%&sﬁé@bﬁ conpri ses
di spensi ng the adhesi ve paste on the substrate. 23." The method of claim1

wher ei n tsuiballeepatdrialppichi axgmiebsl @dhddiey capagiadtaroed rellerlzst arateragoofpr i ses
Spin-coat ;In?l% fggteenaeccilht%sai \slgppr))t?r%tp?at%? o}‘ ggher configuration in which can be
provided a differentiated pattern. The pattern preferably corresponds to the
chip attachment locations on the substrate. If a patterned roller coater is
employed, it is preferably designed such that adhesive is collected on a
patterned portion of the roller when the roller is rolled through an adhesive
reservoir, the patterned portion then applying the adhesive to the substrate
when the substrate is passed under the roller or the roller is passed over the
substrate.

In a further adhesive material application technique, a selected
adhesive material, here specifically a thermoset polymer, is spin-coated on the
substrate. A solvent-based adhesive is here preferably employed to enable
spread of the material and to maximize planarity across the substrate.
Conventional spin-coating process parameters can here be employed. For some
applications it can be preferable to apply multiple layers of spin-coated
material to the substrate to obtain a desired acilhesive layer thickness.

It is to be recognized that the details of the adhesive material
application techniques just described are applicable to the corresponding
polymer bump formation techniques earlier described.

The invention is not limited to the exarﬂple adhesive material
application operations described above. All thflat is required is a technique that
enables the formation of a selected adhesive oﬁ an intended working substrate
at locations of the substrate corresponding to ¢hip attachment areas with the
adhesive coating, i.e., covering, the bond pads. of the substrate so that the bond

pads are not exposed through the adhesive. It is preferable that the viscosity



substrate. 24. The nethod of claim1 wherein the fornmed pol yner bunps
include hard particles. 25. The nethod of claim 1l wherein the forned

pol ymer bunps include particles having jagged edges and where) n JaNgg3of

i ncluded particles protrude frombunp surfaces. 26. The nethod of claim 25
wherein .the particles included in the polynmer bunps are electrically
nonconductive. 27. The nethod of claim wherein ahe particles included in
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material be applied to the substrate rather thajn the chip. Adhesive material

application to the substrate prior to attachment of any components to the

substrate enables the production of a uniform and planar layer of adhesive

across the extent of the substrate, resulting in repeatable, reliable mechanical

and electrical characteristics of the chip-to-substrate bond. Furthermore, most

adhesive application techniques, like various of the example techniques

described above, are not optimally compatible:with application on a chip or

wafer on which has been formed interconnection bumps. Most adhesive

application processes are likely to destroy or irreparably damage the bumps.

Those techniques that might not damage the bumps, e.g., adhesive dispensing,

are not feasible at either the wafer or chip levels; the dicing of the wafer would.

likely damage the adhesive and dispensing on single chips is not practical; the

dispensed paste cannot be reliably maintained on the chip. Even if adhesive

application could be reliably carried out on a bumped chip or wafer, such

would negate the ability to verify the functioﬁality of the chip just prior to its

attachment to a substrate. It is therefore contemplated in accordance with the

invention that the adhesive material be applied to the intended working

substrate, not the chip, and that the interconnection bumps be applied to the

chip, not the working substrate.
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the height of the polymer bumps formed on the flip chip. It is to be recognized
that the bump diameter and the Shore-D of the bump must be considered in
selecting the bump height, but in general, the height, H, of a polymer bump-is
preferably greater than the thickness, ¢, of the layer of adhesive. In the figure,
the heights of the chip bond pads 6 and the substrate electrodes 4 are greatly
exaggerated; under typical conditions, the bump height and the adhesive layer
can be specified to meet this condition while neglecting the electrode and bond
pad heights. If a higher degree of precision is desired, then the height, H,
should include the height of the bump as well ag the height of the bond pad
supporting the bump on the chip. It is further to be recognized that for any
bump height, the adhesive layer must cover the substrate bond pads and thus
must be at least as thick as the height of the substrate bond pads.

A condition in which the bump height is greater than the adhesive
thickness ensures two desirable conditions. First, it ensures that when the
chip is pressed against the adhesive layer on the substrate, the bumps do not
act as stand-offs holding the chip above the adhesive layer. Contact of the face
of the chip with the adhesive layer is required for the adhesive layer to act as
an underfill that fills the distance between the chip face and the substrate.
Secondly, it ensures that the bump will be vert:ically compressed between the
chip and the substrate when the face of the chip is pushed until it is in contact
with the top of the adhesive layer. This results in the desirable lateral
expansion of the chip on the bond pad, a preferable condition as explained
above.

A bump height greater than adhesive layer thickness therefore
maximizes the mechanical and electrical integrity of both the chip and bump
bond. Such cannot be reliably expected if the bump is not compressed, a

condition that would occur if the bump height is less than or the same as the
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thickness is preferably selected based on considerations for a given application,
but in general, a larger bump height is better than a smaller bump height, and
a bump height compression of between about 20% and about 50%, i.e., a
compressed bump height of between about 50% and about 80% of pre-bonded
bump height, is desirable. For many applications the bump height is optimally
about twice the thickness of the adhesive layer. In one example, a bump
height of about 50 um is employed and an adhesive thickness of about 25 pum is
employed.

It is preferred that the substrate 3, if a ¢ircuit board, be a resin film, i.e.,
polymeric, board, but other types of substrates can be used. For example, the
substrate can be formed of polyimide, paper, epoxy glass, plastic, ceramic,
acetylbutylstyrene(ABS), polyester (PET), polyvinylchloride (PVC), and other
suitable substrate materials.

Referring back to Fig. 1, it is preferred that the substrate be held via
suction, i.e., vacuum, on a suction stage 7 to prevent the substrate from
shifting as pressure is applied to the chip against the substrate during the
bonding process. Such suction is particularly important for bonding chips to
relatively flexible substrates such as polyimide. In one particularly well-suited
configuration, the suction stage is provided ag a metal plate having an array of.
holes through the thickness of the plate, through which suction can be drawn
against the substrate. An array of suction holes enables a uniform degree of
suction across the substrate, in turn reducing the possibility of bending or
wrinkling thin and flexible substrates. It is aﬂso found to be preferable to
apply a reduced level of suction through many holes rather than to apply an
increased level of suction through only a few or one hole. In the latter
instance, a condition of bending or wrinkling of a thin substrate is difficult to

avoid.
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substrate 3 is held via suction on a suction stage 7, it is best if the insulating
adhesive film 5 is first set on the substrate 3, with heat thereafter applied
while pressing the film against the substrate 3, for an application in which-a
nonconductive film is first formed and then applied to the substrate. Bonding
of the film to the substrate can then be accomplished after bringing the film
into close contact with the electrodes 4 of the circuit board 3 using the suction
in this way. Applying heat, e.g., a heating temperature of about 80°C, while
pressing the insulating adhesive film 5 against the substrate 3 can be
accomplished using a reserve heating tool, and then bonding of the flip chip to
the substrate can be accomplished using a bonding tool 8. This procedure is
not required for the other adhesive application techniques described above.

The bonding tool 8 is preferably mounted to enable movement of the tool
in all three axis directions, X, Y, and Z, as well as rotation to a specified angle.
Furthermore, the bonding tool preferably has a built-in heater (not indicated
in the figure), and is set to enable vacuum suction holding of the IC chip 1 to
the tool 8.

Once the adhesive layer has been applied to the substrate in the desired
manner, an individual flip chip, having polymer bumps formed on the chip bond
pads in the manner described above, is provided on the bonding tool 8, typically,
e.g., a collet, and heated to the desired bonding temperature. Preheating of the
chip is not required by the invention, but can be preferred for many bonding
applications, because heated polymer bumps are characterized by a relatively
lower viscosity and a corresponding increased aj‘bility to penetrate the substrate
adhesive. If preheating is to be carried out, such is preferably maintained until
the heat is transferred completely through the chip and the polymer bumps on the
chip.
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I G'10% ()- } reqikers-heat-pressure attachment, i.e., bonding, is achieved by
precisely positioning the polymer bumps 2 of the IC chip 1 on the electrodes 4
of the underlying circuit board. This requires the lateral alignment of the chip
bond pads with the substrate bond pads. In one example configuration, this
can be achieved by employing fiducials on the chip and the substrate, in the-
conventional manner, in an alignment process employing an upper microscope
and a lower microscope, with a camera, e.g., a CCD camera, provided for

controlling the alignment process.

Once the respective bond pads of the chipiand substrate are aligned,
bonding can be satisfactorily achieved by piercing through the insulating film
5 with the polymer bumps 2 of the IC chip 1. The heating temperature and the
pressure for the bonding are preferably controlled to specified values. As
explained above, as each polymer bump is pushed through the adhesive 5 it
displaces the adhesive in the region of its path such that the polymer bump makes
direct contact with a corresponding substrate electrode. Application of pressure to
the chip is maintained at least until the chip face is in contact with the top surface
of the adhesive on the substrate and the polymer bumps of the chip are in contact
with the substrate electrodes.

With chip heating maintained during the bonding, the chip surface wets
the adhesive upon contact with the layer. If the édhesive material is a thermoset
or B-stage thermoset, conduction of heat from thé chip and bumps to the adhesive
layer cures the adhesive, causing the adhesive layer to shrink and pull the bumps
and chip into compression against the substrate. Compression of the chip against
the adhesive layer is desirable, as explained above, to ensure that no gap space
exists between the chip and the substrate, i.e., to ensure that the adhesive layer is
completely filling the distance between the chip and the substrate. Compression
of the chip further ensures that the polymer bunixps are compressed and laterally
expanded on substrate bond pads, whereby lateral gaps between the bumps and

the adhesive are eliminated.
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If the adhesive material is a thermoplastic, it is softened by the heated

bumps as they push through it. As a result, pressure applied to the chip
compresses the bumps and laterally expands the bumps in the manner described
above, resulting in an equally effective bond.

In accordance with the invention, a heating schedule can be selected in.
which no preheating of the chip and bumps is carried out. Alternatively, the
polymer bumps can be fully pushed through the adhesive and contacted to the
substrate electrodes prior to heating of the completed assembly for curing the
adhesive.

The following guidelines are examples of parameter values that can be
generally applied to the bonding process, with the caveat that the chemistry of
particular polymer bump and adhesive materiagls employed in the bonding

process must be considered:

Parameter Range of Values
Adhesive Film Thickness 25 pm - 75 um
Polymer Bump Height 50 pm - 150 pm
Polymer Bump Hardness Shore-D 70-90

Bond Temperature 150°C - 350°C

Bond Pressure 10 grams - 1000 grams
Pressure Dwell Time 0.3 seconds - 5 seconds
Bump Compression ' 20% - 50%

Contact Coverage of Bump on Electrode >50%

It is to be recognized that consideration must also be made for the
number of polymer bumps to be bonded betwejen a given chip and a substrate
and the bond pressure required for each bumﬁ. Because the required bond
pressure of each bump is cumulative to the chip, a relatively high total
pressure can be required on the chip to enable bonding of all chip bumps. This

can result in damage to the chip where very large numbers of bumps are
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provided. It is therefore preferable to determine the total pressure necessary

for bonding the total number of polymer bumps of a chip and then to verify
that the required total pressure will not damage the chip. If damage appears
to be possible, a reduced pressure application is warranted, with compensating
adjustment of materials properties as required. -

Referring to Fig. 3, once the bonding process is complete, the polymer
bumps 2 are directly connected between the bond pads 6 of the flip chip and
the electrodes 4 of the substrate. There is no electrically insulating adhesive
between the bond pads and electrodes - only the polymer bump material. The
entire region surrounding the polymer bumps between the chip and the
substrate is filled by the adhesive; as a result, no gaps exist between the chip
and the substrate. The adhesive layer thereby functions as an underfill
material between the chip and the substrate. No additional material need be
applied between the chip and the substrate to provide the functionality of an
underfill.

Thus, in accordance with the invention, the IC chip 1 bumps are
composed of polymer bumps 2 formed from electrically conductive paste.
Compared with other bumps, like solder bumps formed with a ball bonding
method, or Au bumps formed with a plating method, the polymer bumps 2
provide unexpectedly superior performance. Specifically, the polymer bumps -
successfully enable piercing and displacemen’f of the insulating adhesive film
to a degree comparable with that of the metal bumps. This is enabled, in part,
by heating of the polymer bumps as they are pressed against the adhesive,
whereby the insulating adhesive is effectivelfy displaced due to its lower
viscosity. But in addition, the polymer bumps differ greatly from e.g., solder
bumps or Au bumps in that during the bonding process the polymer bumps can
be compressed to expand across the contact area of the electrodes 4 of the
substrate 3. This substantially enhances the quality of the mechanical and

electrical bond over that made with a conventional metal bump. This also
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enables a condition in which the chip is compressed against the adhesive layer
on the substrate, thereby ensuring that the adhesive layer completely fills the
volume between the chip and the substrate around the polymer bumps.

In addition, the polymer bumps have the characteristic that in the state
where the bump surface is suitable for bonding, the material added to the —
polymer to render it electrically conducting, e.g., silver particles, provided as is
conventional substantially homogeneously through the polymer bump, are
deposited, i.e., are inherently found to exist, on the surface of the bump. The
particles form minute concave and convex surface regions that aid in the
piercing through and displacement of the substr;ate adhesive layer as the
polymer bumps are pushed through the layer. As explained above, additional
particles or flakes can be added to the polymer bump material to enhance its
material properties for pushing through and displacing the substrate adhesive.
Such is not generally available for conventional metal bump technology. There
is also a notable difference between the polymep bumps and conventional
metal bumps in that, during bonding, the bump:resin paste plays the role of an
adhesive, where conventional metal bumps generally do not provide an
adhesive mechanism.

Therefore, even though minute through-holes are not provided in the
insulating adhesive film 5 for inserting the polymer bumps 2 of the IC chip 1,
direct bonding of the bumps to the substrate electrodes can be achieved by
piercing the film with the bumps. The method thus makes the preparation of
the insulating adhesive film 5 easier, thereby greatly improving the general
applicability of the technique. Mechanically strong bonding of the chip to the
substrate can be achieved with superior reliabiiity.

It is therefore found that as described ab:ove, it is possible to directly
bond IC chip polymer bumps to circuit board electrodes using an insulating

film with no through-holes. This condition facilitates preparation of the

insulating adhesive film, and markedly improves the general applicability of
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the technique. It also enables strong bonding in‘a state with adequate

reliability.

Based on the discussion above, it is found that the flip chip mounting
method of the invention accomplishes polymer bump-to-substrate bonding and
chip-to-substrate underfilling simultaneously. The process therefore -
eliminates the need for an additional underfill step, eliminating the capital
cost of equipment for the additional underfill step and resulting in increased
production throughput and lower process cost. Because the electrically
nonconducting adhesive layer can be formed and applied by any of a wide
range of techniques, the mounting method of the invention enables production
of flip chip assemblies on virtually any substrate méterial, including low-
temperature plastics such as polyvinylchloride, as well as paper and other
exotic substrate materials. The flexibility of the adhesive application also
enables the mounting method to be automated for a selected process, e.g., for
reel-to-reel processing where the adhesive layer is applied as a film that is first
formed on a carrier substrate. The flexibility of the adhesive application also
allows versatility in material formulation for application-specific
considerations, e.g., with the inclusion of thermally-conductive fillers.

The operation of the flip chip mounting method of the invention in
vertically compressing and laterally expanding polymer bumps as they are
bonded to substrate electrodes substantially el::iminates the production of voids
between the bumps and the adhesive located around the bumps, due, e.g., to
entrapped air, solvents, or other volatiles. The bump compression is a result of
the pressing of the chip against the adhesive layer on the substrate, of the
shrinking of the adhesive layer as it is fully pdlymerized, in the case of
thermoset and B-stage thermoset adhesives, and of ease of lateral bump
expansion against a softened adhesive, in the case of thermoplastic adhesives.
As a result, the flip chip mounting method of the invention produces an

underfill between the chip and the substrate that is more robust than
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conventional underfill materials that are dispensed between the chip and the

substrate after the chip is bonded to the substrate. Virtually complete
coverage of adhesive material between the flip chip and the substrate is
enabled by the mounting method of the invention.

It is recognized, of course, that those skilled in the art may make —
various modifications and additions to the flip ci]ip bonding techniques
described above without departing from the spirit and scope of the present
contribution to the art. Accordingly, it is to be understood that the protection
sought to be afforded hereby should be deemed to extend to the subject matter
of the claims and all equivalents thereof fairly v:vithin the scope of the
invention. |

We claim:
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CLAIMS
1. A method for mounting a flip chip on a substrate, comprising the

steps of: -

applying a layer of electrically insulating adhesive paste on a substrate
having bond pads, covering the bond pads with the adhesive;

forming electrically conductive polymer bumps on bond pads of a flip
chip;

at least partially hardening the polymer bumps;

aligning the bond pads of the flip chip with the bond pads of the
substrate;

pushing the at least partially hardened polymer bumps through the
adhesive on the substrate to contact directly and bond the polymer bumps to
the bond pads of the substrate.

2. The method of claim 1 further comprising a step of at least
partially drying the adhesive paste applied to the substrate before the step of
pushing the polymer bumps through the adhesive on the substrate.

3. The method of claim 1 wherein the step of at least partially
hardening the polymer bumps comprises at least partially drying the polymer

bumps.

4. The method of claim 1 wherein the step of at least partially
hardening the polymer bumps comprises at least partially polymerizing the

polymer bumps.
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5. The method of claim 1 wherein the step of pushing the polymer

bumps through the adhesive on the substrate further comprises applying heat
to the flip chip as the bumps are pushed through the adhesive.

6. The method of claim 1 further comprising a step of applying heat
to the flip chip after the polymer bumps contact the bond pads of the substrate.

7. The method of claim 1 wherein the step of pushing the polymer
bumps through the adhesive on the substrate comprises applying pressure to
the flip chip for a duration selected, based on miaterial characteristics of the
adhesive and of the polymer bumps, that vertically compresses the bumps
between the flip chip and the substrate to a compressed height that is less
than bump height as-formed.

8. The method of claim 7 wherein the compressed bump height is
less than about 80% of bump height as-formed.

9. The method of claim 1 wherein the step of forming polymer
bumps comprises forming polymer bumps each having a bump height that is

greater than adhesive paste thickness as-applied on the substrate.

10. The method of claim 9 wherein the bump height is at least about
25% greater than adhesive paste thickness.

11. The method of claim 1 wherein the polymer bumps are formed of

a thermoplastic material.

12. The method of claim 1 wherein the polymer bumps are formed of

a thermoset material.
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13. The method of claim 1 wherein the polymer bumps are formed of

a B-stage thermoset material.

14. The method of claim 1 wherein the step of forming polymer —

bumps comprises stenciling polymer bumps.

15. The method of claim 1 wherein the step of forming polymer

bumps comprises screen printing polymer bumps.

16. The method of claim 1 wherein the applied layer of insulating

adhesive paste comprises a thermoplastic.

17. The method of claim 1 wherein the applied layer of insulating

adhesive paste comprises a thermoset.

18.  The method of claim 1 wherein the applied layer of insulating

adhesive paste comprises a B-stage thermoset.

19. The method of claim 1 wherein the applied layer of insulating

adhesive paste includes a solvent.

20. The method of claim 1 wherein the step of applying the adhesive
paste to the substrate comprises stenciling the adhesive paste on the

substrate.

21. The method of claim 1 wherein the step of applying the adhesive
paste to the substrate comprises screen printing the adhesive paste on the

substrate.
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paste to the substrate comprises dispensing the adhesive paste on the
substrate.

23.  The method of claim 1 wherein the step of applying the adhesive
paste to the substrate comprises spin-coating the adhesive paste on the

substrate.

24. The method of claim 1 wherein the formed polymer bumps

include hard particles.

25.  The method of claim 1 wherein the formed polymer bumps
include particles having jagged edges and wherein edges of included particles

protrude from bump surfaces.

26. The method of claim 25 wherein the particles included in the

polymer bumps are electrically nonconductive.

27. The method of claim 25 whereinithe particles included in the

polymer bumps are electrically conductive.



