Attorney Docket #3153. EM PROCESS FOR EXPOSI NG SOLDER BUMPS ON AN UNDERFI LL
COATED SEM CONDUCTOR FI ELD OF THE | NVENTI ON [0001] This invention rel ates

to a process for applying a solvent-free underfill to a sem conductor wafer
or die prior to attachnent to a substrate. This is comonly called
pre-applied underfill. BACKGROUND OF THE | NVENTI ON [ 0002] In the

construction of sem conductor assenblies, sem conductor dies or chips are
both electrically and nmechanical l'y attached to substrates, In one method of
attach, the face of the die containing el ectAiorgy DeghstfH2e-Efhds and
circuitry, the active face, is bunped with deposits of solder. These sol der

bumps - are al | g'ﬂ%c §§ F%Cﬁ‘%gcﬁﬁge"gdn_%eﬁ%d BN‘?-\'M%[?@MW%JE @y the

substrate, the soI ts rre ref ow'
tenperature to form soI der joint sSEN@WW%TjJRrecham cal support and
el ectrical interconnections between the semn conductor die and the

substrate. [00 i [fe tween the coefficient of thermal expansion

(CTE) of the %?%'Dgg%frﬁﬁi&\gﬁigggate often require that the space between the
die and the swcmnram'es imentianl reletds Wi d process & aprdyig angplvent-fezel berfitlonrmonl y known
as underfill, r%ﬁ&fotbr LBk 5#&(?&%?{% a@té&%e%gtol%%uﬁar%tecﬁﬁlsqé fferential. Such

underfill materl a can using at least three different nethods.
[0004] In the r?@'ﬁ“ﬁ”@ﬂ'yﬁﬁlsﬂﬁfea%op ?fiatﬁ\d?’lf”éry flow', the sem conductor die is
attached to the substrate through sol der int erconnecti ons, and then an

underfill  mat efjalsd ,{Bépgggqg\/%{]ﬁﬁ“d t he edges of the gap existing
ctor

between the sem condu 1€ an e substrate. The underfill is drawn
into the gap by000Zhph fhegpystaetionehsearepntiriar assambtes, pOVOBIIUstHr dig%e met hod known
as "no flow', tdhgs u@%fﬁélé&rncwaﬁaln@cnmaw aﬁ@me@isuaamstes anshystrate and the
sem conduct or Chl i | tk fcth ontrg he sctéj %t Cil??l a%errent i s made
such that the g6 B‘tﬁ?ﬁ %F?C?H TP 5OHFENY FELER SETE'”W’? an

circuitry, the active face, is bumped with deposits of solder. These solder bumps

are aligned and contacted with corresponding terminals on the substrate, the

solder is heated to its melting point or “reflow” temperature to form solder joints,

enabling mechanical support and electrical interconnections between the

semiconductor die and the substrate.

[0003] Differences between the coefficient of thermal expansion (CTE) of the
die and the substrate often require that the space between the die and the
substrate be filled with a reinforcing material, commanly known as underfill, to
absorb the stresses created by the CTE differential. Such underfill materials can
be applied using at least three different methods.

[0004] In the method known as “capillary flow”, the semiconductor die is
attached to the substrate through solder interconnections, and then an underfill
material is dispensed around the edges of the gap existing between the
semiconductor die and the substrate. The underfill is drawn into the gap by
capillary action and then cured.

[0005] In the method known as “no flow”, the underfill material is dispensed
onto a substrate and the semiconductor chip or die is placed onto the substrate.
Placement is made such that the solder bumps on the chip are in contact with
the corresponding pads on the substrate before the connection by solder reflow.



t he correspondi ng pads on the substrate before the connection by sol der
reflow. Typically, the underfill is cured during the solder reflow step,

t hough sonetinmes an additional cure step is required. No fl ow assenbly can
al so be perfornmed wusing thermal conpression bonding. In this nmethod, the no
flow underfill is dispensed on the substrate, the die is placed on the
substrate and heat and pressure is applied to the die and/or the substrate

to achi eve refl ti Sy d heat is
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t to the die level.
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underfill is a frdsbed issymptiehto thdrgin ahd/bl e sctwtrateltmaemé\erreﬂom dhwelbasdering. In
addi tion, the nguf F&We%hh@th@%% ! %U'h'egt 9 &Bhich b Thishnl s fgict ure to
support the therrra ressi on requi reg I nst ead surf ace

nount t echnol ogy° ®r &%%ﬁ%é:"sﬂ?é{?wsa% sg'@arnwpa o GHKS '“tf[r%@?cjt'o'TH‘@thrﬁ'ﬁ hod known
as "pre-appliedpatsnVoe verrfiapfly yéquge dhaddiiseke efirelstepont o the active side of a
full silicon vvafer t hat has been bunped with solder and singulating the
wafer into individual dies at that stage. One key advantage of the
"pre-applied’ mid0R6d Gapillarhendityd flaw yrdedll mebods aie me-donsgimiig daatp the ace”

equi pment to atféc@@wbtthaﬂaréib@wdb&e& Bﬁhé&@&bélahﬁothérmhrMaémtrfé&ion
pre-applied und rf| I I S rj}%fg{; |I ven%eéaasef eswE fi stens in which the
sol vent nust be P‘eﬁﬁ/ee’ﬁl's JF 818 efigw GAdREHS ¢ ft ”ega?ﬁt?rﬁlt S EEBE to forma
solid |ayer. Thirgerfereogiss|deriegron adujticanthy emtiovamethod wpad teiqaitd newcur i ng i s

known as B'Stag'lﬂag?twf];a%{ruétﬂgtol%g&;r{t‘nelheLn%l ok aan Q’boﬁcn fo ualgn s diced into

i ndi vi dual chi ps sone erations ss to thin the
silicon to a cdfﬁ’fePBPitE%iS‘frfﬁC%R‘ﬁé@éeWOgdrpé‘&é%F@Sfr}?eargls}?ﬁﬂﬁréfqdéh process. The
sol der balls on the active face are aligned vvlth the termnals on the

substrate and tiﬂ%oﬁh:Tﬁ etthle?l Qretapalte uQvov ﬁpl\fl tg% Jedf'?n S reflowed

to formelectri erconnec |on e und ro el letely
cured during soltheactivecstidegafa fugl silicon wafer that has been bumped with solder and

singulating the wafer into individual dies at that stage. One key advantage of the
“pre-applied” method is the ability to use standard “pick and place” equipment to
attach the die to the substrate.

[0008] In the main, pre-applied underfills rely on solvent-based adhesive
systems in which the solvent must be remaoved and/or the underfill partially cured
to form a solid layer. This process, removing solvent and/or partially curing is
known as B-staging. After the underfill is B-staged, the wafer is diced into
individual chips. In some operations, a back grinding process to thin the silicon
to a controlled thickness may precede the singulation process. The solder balls
on the active face are aligned with the terminals on the substrate and the chip is
placed on the substrate. The solder is reflowed to form electrical
interconnection. If the underfill is not completely cured during solder reflow, a
separate underfill cure step may follow.

[0009] The current process employed for the assembly of die with wafer level
underfill is shown in FIGURE 1. Although this wafer level process has some
advantages over capillary flow and no-flow, it does have some disadvantages. If



separate underfill cure step may follow. [0009] The current process enpl oyed
for the assenbly of die with wafer |evel underfill is shown in FIGURE 1.

Al t hough this wafer |evel process has sone advantages over capillary flow
and no-flow, it does have sone di sadvantages. If 2 the B-stage conditions
are not optimzed, residual solvent in the wafer level underfill can outgas
during reflow, causing voids (which ultimately can lead to failed devices),
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reflow — causingyy r@'ﬁot%eﬂaaéw dy@égndeﬁml%wetsremml ab SheAficiddel & onal step

in the process an renoved sol vent nust be disposed of in an
envi ronmental | y thEHH%Eéfi'”d%@r Rergases GOMTF 28hBicTanATE irRC\GEY SPIVER O
provi si onal US pttenderfalpetorat veondifficunb Ehe re6i0ld S@yehBdutpasey barend reflopr ocess and

conposi tion for 3 Vcﬁ&tdaracdrn%ﬁ \A)Q?sf golvlerg\(%ljﬂg}'\ggﬁg%lokalts@gtm ﬁ@abl es coatings

above 200 m croneter I's shown 1n ess as descri bed
requires the rendogdssgrd e remeved eelvarhestiop dispgssd 6t idér en\t”@”’@%ﬁéﬂb!e t he bunps
and enabl e di e agdnagbusaig. el ectrical interconnection using standard pick
and place equi prent. Underfill renoval can be achieved using a nunber of
met hods, includi ng nechani cal abrasion or chem cal etching. However, the
renmoval of this [@AUBrThd ihvenigredescrined neprpvisinkii@patent abichtninoaber gri ndi ng has

to be fairly agggg '3\(391p[o@lagd 2 PHRLs B8 Rfosh §For€§ol!7l§1@ﬂeé Q] Bidm ze  heat

generation that mg smear the so s process step
generates cont ani‘WSff'ééPa\t/\ma@les P?Pé'f‘gsrﬁpe?t’e Y irepstsETRngfis SYE’WG N HEMB&uces

noi sture into a PoTisdpidcRssS 8NGdstiived rauideaBs renCha Bt £ Blerel afdery im@set ts i n

sol vent - uast e WAL 6T ol SRARHL SLch DA AI LONIRALANL Y gensi L ve

fashi on. [0011] tIn SOnme cas 0 '3 subStrate without
renoving the |a§;@r?da6fpl%rﬁwérpfap¢ quf@qnttweﬁum@vawcaﬂh@amweéds'km@m as

t her mal number of methods, including mechanical abrasion or chemical etching.
However, the removal of this underfill layer can be problematic. Mechanical
grinding has to be fairly aggressive, and a wet process must be used to minimize
heat generation that might melt and smear the sotder balls. This process step
generates contaminated water that must be disposed of, and introduces
moisture into a moisture-sensitive process. Chemical etching results in solvent

waste, which must be disposed of in an environmentally sensitive fashion.

[0011] In some cases the die may be attached to a substrate without removing
the layer of underfill over the bumps if the method known as thermal
compression bonding is employed. However, this method requires the purchase
of special equipment that is not standard within the industry, and its use would
reduce the net cost benefits of the pre-applied underfill coating.

SUMMARY OF THE INVENTION

[0012] This invention provides a solution to the above problems by providing a
process for exposing the solder bumps on an underfili coated semiconductor
using a compliant material to press the underfill. This process may be utilized at
either the die or the wafer level.



conpressi on bonding is enployed. However, this nethod requires the purchase
of special equipnent that is not standard within the industry, and its use
woul d reduce the net cost benefits of the pre-applied underfill coating.
SUMVARY OF THE | NVENTI ON [0012] This invention provides a solution to the
above problens by providing a process for exposing the solder bunps on an
underfill coated sem conductor wusing a conpliant material to press the

underfill. Thi S[O@Fﬁc%%spr%%\e%%v%ﬁég o?t%g p ce?sﬁé h'é?.( retsLmE lrgjéﬁ) ?{] thie waf er

| evel . 3 (0013] nci process | results
in exposed bunp4gnrsHaat carbe Gect ?‘@é*teld Oﬁ‘?ﬁ%@ﬁ’éﬁ Oﬂé‘ets’rl\'ESYfaéWﬁWal s on the

substrate usi ngstarsdaw%kdnd' ﬂb@(eé\ﬂﬁnéﬂtﬁb%rforﬁﬁbléEﬂf@ﬁbpér@tldhel’ﬁ’ﬁlﬁmthe attach
oper ati ons ressi on bondi ng or

D T aove. excesEmIGHHLPT T e PSS Sy Su R Rl rCPEP < BHE DESCR P11 ON
OF THE Fl GURES [aBfffrofitopicaatet! sdmpondustot he current pre-applied assenbly
process. Figure 2 depicts a hot nelt printing process and renoval of
underfill to ex ose hu ure 3 depicts the inventive underfil
application pro B@?ED ?EUPHO Eﬁ%fgﬂj anpl e 1 cross-section, hot print

met hod. Fi gure BoutgpFigue 1E$eamsltr& Arent@ssappietissenbly hotegsoWwiiere Zoat i ng

et nod. | FT9Ure SRRl 8RRl Gicle S B33 RESH Bileryl BUGRAL Wy 0CeSS. Fi gur e

7 depICtS Exa Cr oss I nventl ve rocess to substrate.
DETAI LED DESCRI Fpyen depictFie lnmﬁwn@aﬂl{mw}mrmogesa peveésierESr appl ying a

sol vent - ]free Upéﬂdr’]rrﬁdléior@ﬁH—Qecﬁorﬁﬂéﬂpﬁﬁ_&ﬁ%ﬂﬁdoFlguféaa/déb@tsaikaﬁlbre@}’cr&ﬁs-SO| dg_r bunps
on a surtface of the sem cqnduct or e cess a). Provi di ng an
underfill in a SSHEY 38‘3‘1%’?@ Cé’?té{’tgén%w’dtlﬁ Cfﬁpff)sﬁ&g{]r}g‘to%r S8y t'c?ﬁt acting the
underfill wth avednrppriocass. Euu@d@@pahdkappeywmgsssmbdwwe@w2pgwg§sure to

expose the bumpgu,ch&doQBbdraral Iy, hardening the underfill to a solid state,
and (d) renoving the conpliant surface.

DETAILED DESCRIPTION OF THE INVENTION

[0015] This a process for applying a solvent-free underfill onto a semiconductor
having an array of solder bumps on a surface of the semiconductor. The
process comprises: (a) providing an underfill in a compressible state on the
semiconductor, (b) contacting the underfill with a compliant surface and applying
sufficient pressure to expose the bumps, (c) optionally, hardening the underfill to
a solid state, and (d) removing the compliant surface.

[0016] In one embodiment the underfill is deposited onto the semiconductor as
a solid. The form of the solid must be capable of providing a coating across the
surface of the semiconductor that is substantially uniform in thickness and in
composition such as can be accomplished with powders, particulates, films, or
sheets. The solid underfill is then converted to a compressible state by melting
via conventional heating methods such as contact, convection, or infrared.
Depending on the application method used, the semiconductor may be at room
temperature or heated to a temperature between room temperature and the
application temperature of the adhesive.

[0017] In a second embodiment the underfilt is deposited onto the
semiconductor as a liquid. The liquid state can be achieved either by using an
underfill that is liquid at room temperature or by pre-heating an underfill that is



[ 0016] In one enbodi nent the underfill is deposited onto the sem conductor
as a solid. The formof the solid nust be capable of providing a coating
across the surface of the sem conductor that is substantially uniformin

t hi ckness and in conposition such as can be acconplished with powders,
particulates, filnms, or sheets. The solid underfill is then converted to a
conpressible state by nelting via conventional heating nethods such as
contact, convect isoly atason tefripamede abokde pemelitimggpoon THediqaippbplcatidnometimeit hod used,

the sem conduct Ofg e@ﬁ\uat cgﬁamle &%gﬁlgut@\PWeqiqga un@e%lﬁoqtc;tﬂea tenperature

bet ween roomterrpera tr e and Ica enperature of the adhesive.
[0017] In a secoﬁém@ﬁ%ﬁloﬁ‘é‘rﬁ'a)teﬁé‘ah'ﬁékétrsfqnl'?"y|U§'f°6§ﬂib‘§ic'6’t$ds 8Mtie t he

sem cogdu]cctf)lr aﬁ oamlpbqlwndThJ Bgplitdtign bihs iatcunaati ihe Lammew@dc@i geher by using
an underfi that is Li roomt enperagure [e-heating an
underfill that iscior’%p g’ n?8rm°rfeée& 9léetsu?Fé ) ovSChn%au s'nf ensgtjenﬁgl nt. The
l'i quid applicati cnintingt mn P@ntoyleUnﬂUQltmtlbe jtigadniecatinglinigctiotbut i ng t he

liquid underfill oq&igy gh@trarﬁ,mgn@ugw&ndlngoatﬂe% fcatidi@heth& ®dBHeantial Iy
uniformin thickness and in osSition glcatlon of the liquid

underfill in a urfeMEPATYCY BRY BAAIBYM lERPEGIHE PYITaEd /2 I?Hlé’e@ﬁ“r%‘?t\é‘e%chm ques.
The usual techni goes tanpetaide asd taaapgication tentpereyre sicheadhepive.nt i ng, "hot nel t”
printing, jetting, spin coating, injection nolding, and transfer nolding.
Dependi ng on the application nethod used the sem conductor may be at room
tenperature or hé 1ébl Afier e updRIEiNEs Qe dreesierAn the sBMicPRAVPIEF 2MAUF B 2and t he

application tenpeigat ¥iag, Qi/actuhm rediNRSipyiRd tdm@&&teﬁwonamrw&@bfhhél has been
deposited on the seni con uct.o a vacu m may be

appl 1 ed Lo the coRrBr Qo cuiraes o rBrfust! HHe® b Bt enct apped
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wi || depend on S%Bosﬂt%ﬁ%ﬁéﬁr%d%dttﬁ@buﬁrﬂﬂg}ou &wd%@@ﬁtr fﬁhE'am%r‘ﬁ@f vdclgnm deposition
met hod, and the bunp | ayout and he of vacuum required is

dependent on t he r’?f‘i‘%&%@dFW’IS‘P”tt%éh%‘fﬁf@?”ﬁ’lofiheéimfrfé'rﬁ’)‘dﬁf“%’ftOé?ﬁtﬁaa ed air and
can be det er m nedirkyd threbepdeaaniret on e prdctithaert withogtwed @xgp@erirmenidtiat. i on.

[0019] The compliant surface of this invention comprises any material that
allows the bumps on the semiconductor to indent into the material without
flattening them, and that is capable of pressing the underfill below and around
the top surface of the bumps. The compliant material selected should be
tailored to the specific manufacturing conditions utilized and will depend on such
factors as the hardness of the bump metallurgy, processing temperatures
employed, and underfill rheology. Materials with Shore A hardness in the range
of 45-80 are appropriate, however, materials that are harder or softer could also
work depending on the assembly configuration and manufacturing conditions.

[0020] The layer of compliant material can be any thickness as long as it is
thicker than the height of bump exposure that is required. The amount of bump
exposure required ranges from 3-20% of the bump height and should be
sufficient to enable the camera on the pick and place equipment to recognize the
bump for alignment purposes, and such that enough bump metal is exposed to
enable reflow and the formation of a solder joint with the bond pads. The
optimum amount of bump exposure can be determined by the practitioner for
specific operations without undue experimentation.



[ 0019) The conpliant surface of this invention conprises any material that
all ows the bunps on the sem conductor to indent into the material w thout
flattening them and that is capable of pressing the underfill bel ow and
around the top surface of the bunps. The conpliant material selected should
be tailored to the specific manufacturing conditions utilized and wl|l
depend on such factors as the hardness of the bunp netal |l urgy, processing
tenperatures enpgb@yediheand piandeeteiid! nustetsol begysistiviiteethe plosessingh Shore A
hardness in the r - : r-Qpk.i ; Lal s that are
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that is required. Ih osur i rom 3-20% o
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that enough bunp giBfeal thé SnR¥NESAGEKhg t6 BRRbBpIAT havtiaANH 4 h&ef&r mation of a
solder joint with the bon opt i mum anount o unp. exposure can be
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however, a secondary.paterial .such as a.siligcone releasg coating applied to
the compl iant mater sl CEsur I BE IS B o TP IRAIR ViR & ASRAGY BT 1P Pom St i cki ng
to the conpliant material. In a preferred enbodinent the conpliant materi al
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the underfill. A range of 50 to 350 kPa is typically used.

[0023] During the application of the compliant surface the coated
semiconductor may either be at room temperature or heated, as required by the
particular underfill composition employed.

[0024] In a preferred embodiment the underfill is hardened to a solid state prior
to the removal of the pressure. This generally provides a more uniform underfill
surface and minimizes sticking of the underfill to the compliant layer.
Solidification of the underfill will preferably be accomplished through the cooling
of the coated semiconductor below the melting point of the underfill, by exposing
it to ambient conditions or a cooled environment. Solidification may also be
accomplished by partially curing, or B-staging, the underfill. Alternatively, the
compliant layer may be removed prior to the solidification of the underfill.

[0025] After the underfill has been applied in this manner there may remain a
very thin layer of underfill on the exposed solder bumps. Depending on the
metallurgy and process equipment utilized, in many cases this thin layer of

underfill will not impede the proper formation of solder joints with the terminal



be used and di sposed of after a single use. Exenplary conpliant materials
that exhibit this behavior include but are not limted to nylar or
pol yet hyl ene sheets. [0022] The conpliant surface may be pressed agai nst the
underfill and bunps wusing either positive or negative pressure. The anount
of pressure required wll depend on such factors as the hardness of the
bunmp netal |l urgy and rheol ogy the underfill. A range of 50 to 350 kPa is
typically used. [RRS3IY twgﬁ@tq hTé‘eéﬁfﬁlcP@dﬁtPUﬁaﬂf‘eft PRPTECRFEE] WY surface the
coated seni CondU&‘anéntﬁWﬂl@lchb@re d@@c@ﬁnethmmwe@enmw@ca@és neay g, as
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| ayer. Solidification of the underfill wll preferably be_acconplished
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the underfill, by exp05|ng it to anbient conditions or a cool ed

envi ronnent . Sol id aéé on may also be acconplished by partially curing,
or B-staging, the un’\d 11l. Alternatively, the conpliant |ayer may be
renoved prior to [0A4]sBpater saMicant e sfelernuera genarated peing towe sfffeiant er t he
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pads on the substgalp,,. E;?E%d%@rﬁb&%ﬁ'%% .ersolravayrofohnetanp@atwe%emd using
conventional flip chip die attach nethods. However, 1 n sone cases it may be

desired or requir@d“¢d %er8ie this thin layer of underfill material and this
can be acconplished using ml|d nechani cal abrasion or chem cal etching
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3. EXAVPLES [002 m Con tor war ers wiere genera Si ng three
di fferent standard hot print method where the adhesive was preheated to a temperature

of 120°C and printed on the wafer using a squeegee and stainless steel stencil
350 to 400 micrometers thick. The wafer was then exposed to ambient
conditions until the underfill solidified, and a cross section of the coated wafer
was examined using optical microscopy. The cross section, shown in Figure 4,
revealed a clearly detectable layer of underfill over the tops of the solder bumps.
Ancther wafer coated in the same fashion was singulated into individual die for
attach to a substrate. However, when used on a Metcal 1500 rework station,
which is standard pick and place equipment, the optical recognition systems of
the equipment were unable to detect the solder balls on the die and therefore the
die could not be aligned and placed on a substrate. The layer of underfill
covering the solder balls was too thick to enable attach to a substrate using pick
and place equipment.

{0028] 'n Example 2, a comparative example, the wafer was coated using a hot
powder coating method. In this example the wafer was heated to 120°C and a
powder form of the underfill was stowly sprinkled onto the surface of the wafer.
This application continued until sufficient material had been deposited such that
the underfill completely covered the solder bumps. The coated wafer was
cooled to ambient temperature and a cross section of the coated wafer was



processes for conparison. For all exanples the wafers were 8-inch dianeter,
750-m cronmeter thick silicon with 350 to 400 m croneter high eutectic
(Sn63Pb37) sol der bunps arranged at 1.3 mmpitch. The underfill used in all
exanpl es was an epoxy-based conposition that is solid at roomtenperature
and nelts between 90-110C. [0025] For Exanple 1, a conparative exanple, the
waf er was coated using a standard hot print nethod where the adhesive was
preheated to a tesmpmrhadi usieg omif;albﬁ@%camd The croseskcoon, shevniaFguretisi ng a
squeegee and st ai ick. The

waf er was then exrg\éeggg asc‘ie%ﬁ {b% Ila)()erg?%dgmé%m@t%ﬁgmﬁ%g@?#t{hm‘bg'
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recognition systens of he equi prent were unable to detect the soI der balls
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substrate. The | anepla0é etinghesrti || covering the solder balls was too thick

to enable attach to a substrate using pick and place equipment. [0026] In
Exanpl e 2, a conparative exanple, the wafer was coated using a hot powder
coating met hod. I[HOEVB“%OF§X%{ﬁf?i¢é”teweafWéﬁo%usmém@dvqnbvwg@sénﬂ‘ea powder
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5, revealed a clearly detecta \X/ over the tops of the
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i ndi vi dual die foroeC, the compliant material was pressed against the coated wafer using the
pressing apparatus at approximately 50 kPa pressure for 7 minutes. The
assembly was cooled to ambient temperature and the pressing assembly was
then removed. A cross section of the coated wafer was examined using optical
microscopy. The cross section, shown in Figure 6, revealed the solder bumps
protruding through the underfill, with only a very slight residual layer remaining
on them.

[0028] For Example 4 the wafer was coated using the inventive process, as
described in Example 3. After the pressing assembly was removed the coated
wafer was singulated into 7 x 7 mm die, which were attached to a substrate to
determine their ability to form solder joints without an underfill removal step. The
substrate used for this test was a copper plate with eutectic solder pads
arranged in the same fashion as the sclder bumps on the test die. A
commercially available fluxing agent was printed onto the substrate at the height
of the pad, approximately 180 to 220 micrometers. The die were then positioned
in alignment with the solder pads on the substrate and attached using a Metcal
1500 rework station at room temperature. The assembly was then reflowed
using a 220°C peak temperature profile with 60 to 90 seconds above the solder
liquidus. The resulting assembly was then cross-sectioned and examined via



attach to a substrate. However, when used on a Metcal 1500 rework station,
which is standard pick and place equi pnent, the optical recognition systens
of the equi prent were unable to detect the solder balls on the die and
therefore the die could not be aligned and placed on a substrate. The | ayer
of underfill covering the solder balls was too thick to enable attach to a
substrate using pick and place equipnent. [0027] For Exanple 3 the wafer
was coat ed using ohii@l hidNSEpl Y Rs PASERER in Fifire £ bRRECtBRbLEMEAl used in this
exanpl e was a fi ber Igss rebnforcgd SI|I§8P§ rybber sheet, 1/16" thick,

Wi th a Shore A DIETES BreeMaYdHEsaTss pals e iayed st lomer= o REI e mat er i al
was attached to aheoat eadsamdhaissdirais t he pressing apparatus. The underfil
was applied to the wafer using the hot powder coating nethod as descri bed
above. Wiile the coated wafer was held at 90C to 120C, the conpliant
materi al was pressed against the coated wafer using the pressing apparatus
at approxinmately 50 kPa pressure for 7 mnutes. The assenbly was cooled to
anbi ent tenperature and the pressing assenbly was then renoved. A cross
section of the coated wafer was exam ned using optical mcroscopy. The
cross section, shown in Figure 6, reveal ed the sol der bunps protruding
through the underfill, with only a very slight residual |ayer remaining on
them (0028] For Exanple 4 the wafer was coated using the inventive process,
as described in Exanple 3. After the pressing assenbly was renoved the
coated wafer was singulated into 7 x 7 mmdie, which were attached to a
substrate to determne their ability to formsolder joints w thout an
underfill renoval step. The substrate used for this test was a copper plate
with eutectic solder pads arranged in the same fashion as the sol der bunps
on the test die. A comercially available fluxing agent was printed onto
the substrate at the height of the pad, approximtely 180 to 220

m crometers. The die were then positioned in alignment with the sol der pads
on the substrate and attached using a Metcal 1500 rework station at room
tenperature. The assenbly was then refl owed



using a 220C peak tenperature profile wwth 60 to 90 seconds above the sol der
| i qui dus. The resulting assenbly was then cross-sectioned and exam ned via 8
optical mcroscopy. As can be seen in Figure 7, the cross section of the
attached assenbly, the solder balls reflowed and formed netal lurgical joints
with the bond pads on the substrate. 9 WHAT IS CLAIMED: 1. A process for
applying a solvent-free underfill onto a sem conductor having an array of
sol der bunps on ausrid@eeeef the sem conductor, the process conprising: |.
providing an underfill in a conpressible state on the sem conductor, ii.
contacting the underfill with a conpliant surface and applying sufficient
pressure to expose theé dgroeess for eprlyingapsaiventdtdeynddrtir ahémna sgnitdmduciorderfill to a
solid state, and iv. ' t j ; ss of
Saimi in which the tRag7! ?%Yiﬁgﬁ%ggﬁh%%@%%%@ﬁ% %3'%5&°§{§‘qg@sol i d
powder on the sem con®REETTCOHWESTE converted to a conpressible state by
Imel ti gg. 3. Thﬁ process pbvifh@baimundetfin inddoetprédsbiblestutes the berhiﬁordiﬂﬂ@ﬁ;i tﬁd as a
i qui onto the sem con tor. .4 T , i j ich the
underfill is a curable e%%%vﬁﬁgg?%ng$“$h§%§§§@§§§§% E%Péfﬂgi in which the
conpliant surface is a ssuficeoheressuigdbexrosethe th@ppr ocess of Claim 1 in which

the seniconductor i a Shiofa, ikdening theUABerI BGRSH HhteGrdi M 1 i n which the

sem conductor is a silicon wafer. ,
v. removing the comptiant surface.

2. The process of Claim 1 in which the underfill is provided by depositing it
as a solid powder on the semiconductor and is converted to a

compressible state by melting.

3. The process of Claim 1 in which the underfill is deposited as a liquid

onto the semiconductor.
4. The process of Claim 1 in which the underfill is a curable epoxy resin.

5. The process of Claim 1 in which the compliant surface is a silicone
rubber,

6. The process of Claim 1 in which the semiconductor is a silicon die.

7. The process of Claim 1 in which the semiconductor is a silicon wafer.
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