Attorney Docket #3153. EM PROCESS FOR EXPCSI NG SOLDER BUWPS 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 nechanically attached to substrates. In one nethod of
attach, the face of the die containing electrical termnal pads and
circuitry, the active face, is bunped with depisieyLosket#31%3EM These sol der
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attached to the EEYNY&eEAIR-8RAYEF $WedEr i nt er connections, and then an
underfill material is dispensed around the edges of the gap existing

between the sem i substrate. The underfill is drawn
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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, commonly 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.



1 Typically, the underfill is cured during the solder reflow step, though
sonetines an additional cure step is required. No flow assenbly can al so be
performed using 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 achieve
reflow as well as interconnection. As the pressure and heat is applied, the

underfill flows out to formfillets and al so all ows the sol der bunps to
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method is the ability to use standar pi ck and pl ace" equipnment to attach
the die to the substrate. [0008] In the main, pre-applied underfills rely on
sol vent - based adb@si v@punswsdnerﬂisﬂbmw\ziwmhaeﬁr’rwsSr@ltmrﬁonmmgdﬂww elm)ved and/ or
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precede the smgulatmgéaproc The solder balls on the active face are
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underfill cure step may foll ow.
[0007) The method known as “pre-applied” involves applying the underfill onto

the active side of a full silicon wafer that has been bumped with solder and
singutating 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 removed 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



[ 0009] The current process enployed for the assenbly of die with wafer |evel
underfill is shown in FIGURE 1. Although this wafer |evel process has sone

advant ages over capillary flow and no-flow, it does have sone di sadvant ages.
If 2 the B-stage conditions are not optim zed, residual solvent in the wafer

| evel underfill can outgas during reflow causing voids (which ultimtely
can lead to failed devices), inpeding good solder connections (cold sol der
joints) or areas that are not contacted by the underfill (non-wets).
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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 solder balls. This process step
generates contarmninated water that must be disposed of, and introduces
moisture intc a moisture-sensitive process. Chemical etching resuits in sofvent
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 underfilt 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 underfill coated semiconductor
using a compliant material to press the underfill. This process may be utilized at
either the die or the wafer level.



reduce the net cost benefits of the pre-applied underfill coating. SUMVARY
OF THE I NVENTION [0012] This invention provides a solution to the above
probl enms by providing a process for exposing the sol der bunps on an
underfill coated sem conductor wusing a conpliant material to press the
underfill. This process nmay be utilized at either the die or the wafer

| evel . 3 [0013] The principle advantage of this process is that it results
in exposed bunps that can be di rectly attached to the termnals on the
substrate using tandard "pick an ace" ment to performthe attach
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met hod. Figure 5 depicts Exanple 2 cross- section, hot powder coati ng

met hod. Figure 6 depicts Exanple 3 cross-section, inventive process. Figure
7 depi cts Exanpl BRIEF OESERIREGNIQSNTHE FGEREFVe process attached to substrate.
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DETAILED DESCRIPTION GF THE INVENTION

[0015] This a process for applying a solvent-free underfill onta 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.

[0018] 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 underfill 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



conposition such as can be acconplished with powders, particul ates, filns,
or sheets. The solid underfill is then converted to a conpressible state by
melting via conventional heating nmethods such as contact, convection, or
infrared. Depending on the application nethod used, the sem conductor nmay
be at room tenperature or heated to a tenperature between roomtenperature
and the application tenperature of the adhesive. [0017] In a second

enbodi ment the underfill is deposited onto the seniconductor as a liquid.
The liquid state can be achi eved either underfill that is
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[0018] 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.



tailored to the specific manufacturing conditions utilized and will depend
on such factors as the hardness of the bunp netallurgy, processing
tenperatures enployed, 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 assenbly configuration
and manufacturing conditions. [0020] The | ayer of conpliant nmaterial can be
any thickness as long as it is thicker than the height of bunp exposure
that is required. The amount of bunp exposure required ranges from 3-20% of
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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.

[C024) 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 envircnment. Solidification may also be
accomplished by partialty curing, or B-staging, the underfill. Alternatively, the
compliant layer may be removed prior to the solidification of the underfill.

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

underfill wiill not impede the proper formation of soider joints with the terminal



the underfill. A range of 50 to 350 kPa is typically used. [0023] During the
application of the conpliant surface the coated sem conductor may either be
at roomtenperature or heated, as required by the particular underfil
conposition enployed. [0024] In a preferred enbodi nent the underfill is
hardened to a solid state prior to the renoval of the pressure. This
generally provides a nore uniformunderfill surface and m nim zes sticking
of the underfill to the conpliant layer. Solidification of the underfil
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di fferent procesdasbhops armmp@cmtsdrmmlécwh diht uedeafitplsesintah exanefiesreaswer e 8-i nch

di ameter,  750- ng%mgﬁgwmg&mh EPRRa RoAS Oy B0 R gTet or i g

eutectic (Sn63Pb3 nps arrange he underfill
used in all exanpiteeen®s'10%n epoxy- based conposition that is solid at room
tenperature and nelts between 90-110C. [0025] For Exanple 1, a conparative

exanpl e, the waf f%Bzé’f’a?orﬂ%S% 1u§ Icc%lparanve example, the wafer was coated using a
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 stee! 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 micrescopy. The cross section, shown in Figure 4,
revealed a clearly detectable tayer of underfill over the tops of the solder bumps.
Another 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 tayer of underfill
covering the solder balls was too thick to enable attach to a substrate using pick
and place equipment,

10026} In 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 slowly sprinkied 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



standard hot print nethod where the adhesive was preheated to a tenperature
of 120C and printed on the wafer using a squeegee and stainl ess steel

stencil 350 to 400 microneters thick. The wafer was then exposed to anbi ent
conditions until the underfill solidified, and a cross section of the coated
waf er was exam ned using optical mcroscopy. The cross section, shown in
Figure 4, revealed a clearly detectable |ayer of underfill over the tops of
t he sol der bunps. Another wafer coated in the same fashion was singul at ed
into individual die for attach to a substrate. However, when used on a

Mt cal 1500 r ewdPRMEERHPRMOPICHMIGASCPRY- SHH8 SERSF EPOHPE RN HiSdEee: equi pment, t he
optical recogni trb@&ieawsﬂe%msdaﬁctaﬂlé]ey@@umrpiﬁmrnbvemfeeomrmbie&otder mhetpectd thg

sol der balls on di e and, therefore e t ed an

pl aced on a Subs'% :&g} rwafxf.raco%ieg in th mef élbor% ﬁsmg%%pedqntg% Eiﬁal% fgrg bal | s was
t oo thick to enaleh tatatsabsirate F@W@M@swm@tt@%@m abfelsricle00 m”‘rﬂta@e equi prrent .

[0026] | n Exanplghicis Qamﬁéﬁéddvp@ac@éau%&t tﬁé1@pt|¥\@rfr§:6 M@o%sgg%ggf using a hot
powder coating method. In this ex 120C and a

powder form of t H%EW Y"?rﬁ upakie ?@WW%W“?% QF*@&%‘R Ye ?%thg'ﬁgfeég% of the
waf er. This appdié catd @nbe ahedzarechiatat bh a sutfsiratel md lapatoendatfithad been

deposited such hakgEiarBIL oL SHTDl ELAlN. SAYELSb bR SRS bUMDe.  The

coat ed wafer was erature an Cross s 1on of the
coat ed waf er wasa"? e AfHREENSS| Ng opt| cal m croscopy. The cross section,
shown in Figure 5, revealed a clearly detectable Iayer of underfill over
the tops of the e unps. . Anot her wafe fashi on was
singul ated into [ﬁ%?v'ir Od%é%ﬂ?gtqeo"}‘aferd‘fa?ﬁ% C[lbs’%g%g%'%et” gt %rocel%c\ﬁ" when
used on a Met cal cotp@t meteoalkissd @tthiexamplehiasta ﬂbsrg@tsamdﬁmcbdmnckneand pI ace
equi prent, the OrBBr%a‘Fér‘]ee'E ‘%ﬁ%gﬁickdﬂe o PeeATBur% ete} H%Hr%%g?éﬂ?ébt THere unable to

detect the sol der I's on herefore Ie could not be
al i gned and pl acsé‘ﬁe‘c?rﬁC%{“@‘a'bté‘ﬂqj‘%{taé\?’asﬁ@cﬂe&?‘é? Pgfen gRd Byedias|the REBFEI ng t he
sol der bal | s wasapgpg@tshirekuideri@nabhgpliad foasdwifer Ringasiot pdvedersdafigy pi ck  and

pI ace equi prent. étg)alcﬁ@descnbet'i:'xgongl e\/V%lle tﬂe cc‘:"ﬁ1 \Arfafe\e’ﬁvsas gl%ta?gO"H?ti) ng the

i nventive pr OCGS
120°C, 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 8, 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 solder 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 8C to 80 seconds above the solder

fiquidus. The resulting assembly was then cross-sectioned and examined via



conpliant material used in this exanple was a fiberglass reinforced silicone
rubber sheet, 1116" thick, with a Shore A Duroneter hardness of 60-80. The
sheet of conpliant material was attached to a platen and used as the
pressing apparatus. The underfill was applied to the wafer using the hot
powder coating nethod as described above. While the coated wafer was held
at 90C to 120C, the conpliant material was pressed agai nst the coated wafer
using the pressing apparatus at approxi mately 50 kPa pressure for 7

m nutes. The assenbly was cool ed to anbient _tenperature and the pressing
assenbly was t HPHH BIBRREOPY- ASCRDBEZSEAT Tiawe &f e RSt ¥ Wgf er was exam ned
usi ng optical mtecescepymblyl e sorosslls efdwainnd dreemmetalllrbigal fentdwitir eveal ed

t he sol der bunp t i h the underfill, with only a very slight
resi dual | ayer ﬁgﬁg%ﬁﬁ%ggbgﬁe%ﬁéﬁ?@[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 nmdie,

whi ch were attached to a substrate to determine their ability to form
solder joints without an underfill renoval step. The substrate used for
this test was a copper plate with eutectic solder pads arranged in the sane
fashion as the sol der bunps on the test die. A commercially avail abl e
fluxing agent was printed onto the substrate at the height of the pad,
approximately 180 to 220 microneters. The die were then positioned in
alignment with the sol der pads on the substrate and attached using a Metcal
1500 rework station at roomtenperature. The assenbly was then refl owed
usi ng a 220C peak tenperature profile with 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 | S CLAI MED:



1. A process for applying a solvent-free underfill onto a sem conductor
havi ng an array of solder bunps on a surface of the sem conductor, the

process conprising: i. providing an underfill in a conpressible state on the
sem condugiofs,claimegont acting the underfill with a conpliant surface and
applying sufficient pressure to expose the solder bunps on the surface of
the sem conductor, iii. hardening the underfill to a solid state, and iv.

renovi ng. Ahecesiipldpaiping s soifat-éee Mdefiienproedssnditochainmal army wsodhr t he
underfi L?Lrgkﬁorpé %fagggftpé/sé#rﬁ%gbc{t%ﬂge Ertgc@ﬁ cBmpiidgd powder on the

sem conductor a I'S converte _ npressibl é state by nelting. 3. The
process of ' BPHAIAS an inderiincheantnsessiblecsiat o0 the seiey9ssit’ed as a liquid onto the
sem conduci @bntactifg thENBd4MIDEBSScofplight urfitd atdappling Ruftidient predeuré to dxpdse tike

cur abl e epo ocess of claiml in which the conpliant

esin. 5. The
surface iswi‘}{?éFW%so%éE‘? mﬁg?gfrth%s.emf‘ﬁ)@d%’fo&cess of claim1 in which the
sem conductidrardesing thei underblhtodhi selid State’meé process of claim 1 in which the

sem conduct,Okmbsindtns bdhGar (ei&r - 8. A process for applying a solvent-free
underfill onto a sem conductor having an array of solder bunps on a surface

of the sem conductor, the process conprising: v. providing an underfill in a
conpr essi bheeprodeat 6f amm t ewiSienihe gkt Oproviddd. by cepdsaiag it g akbie powderchithid W th a

conpl i ant _sur e_and _ ap i sufficie Ure to expose the solder
bunps o%ewﬁgﬂ@%r% %n%eis %&V?'th%’ tggr%jrg%rﬁs Ebtlz %%t?r%g/ﬁ%.ﬁ'%'emvi ng the conpliant
surface. 9. The process of claim8 in which the underfill is provided by

deposi t iNGnd fro@Ss 8f Fth it Gh PAVWIRE uRdEiREaeps SIdl 6O B AN Sfto BRGehRokRp¥Erted to a
conpressible state by nelting. 10. The process of claim8 in which the

underfill is deposited as a liquid onto the sem conductor. 11. The process
of cl ai m. 8nha groasdas cfitldirhe irunider thie Lhdarfgl iLa cuatadémxemeky resin. 12. The process
of claim8 in which the conpliant surface is a silicone rubber. 13. The
process of claim8 in which the sem conductor is a silicon die. 14. The
process “of Nerrasess 8f daim i ehich he carpleaicrdereto? siiconarypen con wafer. 10

6. The process of claim 1 in which the semiconductor is a silicon die.
7. The process of claim 1 in which the semicenductor is a silicon wafer,
8. A process for applying a solvent-free underfill onto a semicenductor having an array of solder
bumps on a surface of the semiconductor, the process comprising:
v. providing an underfill in a compressible state on the semiconductor,
vi. contacting the underfill with a compliant surface and applying sufficient pressure to expose the
solder bumps on the surface of the semiceonductor,

vii. removing the compliant surface.

9. The process of claim 8 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.

10. The process of claim 8§ in which the underfill is deposited as a liguid onto the semiconductor.
11. The process of claim 8 in which the underfill is a curable epoxy resin.

12. The process of claim 8 in which the compliant surface is a silicone rubber.

13. The process of ¢laim 8 in which the semiconductor is a silicon die.

14. The process of claim 8 in which the semiconductor is a silicon wafer.

10



