PRE-APPLIED UNDERFILL

[001] This invention relates generally to the fiadd electronics packaging, and more

particularly to the field of pre-applied underfill.

[002] Flip chip technology, wherein the integratactuit (IC) chips are essentially flipped
over and bonded to substrates using solderablecamteects, has seen rapid growth in
semiconductor packaging in recent years. The ki for the demand for this technology are
increased I/O connections enabling greater speddslaorter connections resulting in improved
signal integrity. Underfill material, which occgsi the space between the flipped IC chip and
the substrate, is key for reliability of the flijnip packages. Underfill material supports the
electrical connections, protects them from the mment, and reduces the thermomechanical
stress on the flip chip connection. Generally,arfill materials, which are polymer-based, have
different coefficients of thermal expansion (CTE)rh the chip and substrate components, such
as the solder connections. This CTE mismatch ead to thermomechanical stresses that can
cause device failure, such as when the devicehgested to temperature cycles. In order to

reduce this CTE mismatch, underfill materials tgliccontain an inorganic filler, such as silica.

[003] Dispensing the underfill at the edge of thepcon the substrate and allowing it to
flow in the gap between the chip and substrate uoalgillary action has been the most common
method of incorporating underfills in the packagés.certain scenarios, the capillary flow can
be slow, such as when high levels of filler areeatitb the underfill material, and/or incomplete
resulting in voids in the package and also possiole-homogeneity in the underfill between
polymer and filler, due to settling of the filleudng the capillary flow. This problem can be
even more serious with increasing chip size andémrease in pitch size of the interconnect

structures on a flip chip die.

[004] An alternative underfill process is the nowil underfill (NUF) process, where the
underfill is dispensed onto the substrate and therchip/die is placed on top of the underfill.
However, this process still suffers from certairoljems, such as the entrapment of filler
particles between solderable features, such asrsblanps, on the chip/die and bonding pads on

the substrate resulting in interconnect failures.

[005] The WLUF (wafer level underfill) process igtya further alternative where the

underfill can be applied either on a bumped wadegn a wafer that does not have solder bumps
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and that subsequently undergoes a bumping proddssunderfill material can be applied to the
wafer by a variety of techniques, such as film laation, spin coating or screen printing process.
Similar to the NUF process, the WLUF process fdbheschallenge of avoiding filler entrapment

between the solderable features on the wafer anddhding pads on the substrate

[006] U.S. Pat. No. 6,861,285 describes a procdsrava plurality of underfill layers is
applied to a bumped wafer, with at least 1 undddiler containing a filler material and at least
one underfill layer that is free or substantialige of filler material, where each layer of underfi
material is individually applied. The underfillylars containing filler are first applied on the
wafer. After the desired number of such filled erfidl layers are applied, then chemical and/or
mechanical methods are used to remove the undexditerial from the tops of the bumps and
expose the top surface of the bumps. Such metinotiede polishing or grinding, dry or wet
etching, chemical mechanical polishing, reactive @ching, laser milling, and laser ablation.
Next, the layer of underfill material that is freesubstantially free of filler material is applieal

the surface of the filled underfill layers and ovkee exposed top surface of the solder bumps.
Finally, the wafer is joined to a substrate, whiae solder bumps are brought into contact with
corresponding bonding pads on the substrate. Toeegs described in this patent requires a
chemical and/or mechanical removal step during wkhe solder bumps can be easily damaged
leading to a potentially high rate of device fa@sir There remains a need for an improved

process for applying underfill material in makir@ dssemblies.

[007] The present invention provides an underfilisture comprising in order: a top film
layer; a polymer layer, and a bottom film layer,emin the polymer layer comprises a first
polymer region and a second polymer region, whetieénsecond polymer region comprises
inorganic filler. Preferably, the first polymergien is free of inorganic filler. This multi-regio
underfill structure is applied to a substrate Birale step.

[008] The present invention further provides a mdtlkomprising: providing the underfill
structure described above; removing the bottom fibm the underfill structure; laminating the
underfill structure to a surface of a componentimgnterconnect structures thereon, such that
the underfill structure is forced between intercectrstructures, wherein the height of the second
polymer region is less than or equal to the hedglihe interconnect structures; and removing the
top film layer. It is preferred that the heighttbé second polymer region is less than the height



of the interconnect structures. In one embodimideat,height of the polymer layer is less than
the height of the interconnect structures. Prétgrahe present invention further comprises:
registering a top portion of the interconnect dticess with conductive bond pads on a surface of
a substrate to form a unit; and electrically cotingcthe interconnect structures with the
conductive bond pads. Heating, that is causingrttexconnect structures to at least partially
melt in order to join the interconnect structuragvhe bond pads, and thermosonic bonding are
suitable methods of electrically connecting theiobnnect structures and the conductive bond

pads.

[009] The present invention also provides a methothprising: providing the underfill
structure described above; removing the bottom fibm the underfill structure; laminating the
underfill structure to a surface of a substrateifgwonductive bond pads such that the first
polymer region is directly on the surface of thdéstate; and removing the top film layer.
Preferably, the present invention further comprisegistering the conductive bond pads with a
top surface of interconnect structures on a surfd@ecomponent to form a unit; and electrically
connecting the interconnect structures with thedaotive bond pads. Heating, that is causing
the interconnect structures to at least partialsitrim order to join the interconnect structures
with the bond pads, and thermosonic bonding artalsei methods of electrically connecting the

interconnect structures and the conductive bond.pad

[010] Figs. 1A and 1B are schematic drawings, mssfsection, of alternate embodiments

of an underfill structure of the invention.

[011] Fig. 2 is a schematic drawing showing a laation process of disposing an underfill

structure of the invention onto a wafer having soloumps.

[012] Figs. 3A and 3B are schematic drawings shgvan alternate lamination process of
disposing an underfill structure of the inventionta a wafer having metal pillar interconnect

structures.

[013] Fig. 4 is a schematic drawing illustrating anderfill structure of the invention

laminated onto a substrate having metal pillarrgdenect structures.

[014] Figs. 5A — 5C are schematic drawings shovatigrnate lamination processes using

an underfill structure of the invention and theutesg electronic assembly.



[015] Fig. 6 is a cross-sectional micrograph otiaderfill structure of the invention.

[016] As used throughout this specification, thdlofwing abbreviations shall have the
following meanings, unless the context clearly @adies otherwise: °C = degrees Celsius; g =
gram; kg = kilogramspm = microns = micrometers; mm = millimeters; minminutes; DI =
deionized; mol = moles; and rpm = revolutions pénute. All amounts are percent by weight
(“wt%”) and all ratios are weight ratios, unleshetwise noted. All numerical ranges are
inclusive and combinable in any order, except wheie clear that such numerical ranges are
constrained to add up to 100%. In the figuresg li&ference numerals refer to like elements.
The articles “a,” “an” and “the” refer to the singuand the plural. “Alkyl” refers to linear,
branched and cyclic alkyl. “Aryl” refers to arontatarbocycles and aromatic heterocycles. The
term “(meth)acrylate” includes both acrylates ancetmacrylates. Likewise, the term

“(meth)acrylic” includes both acrylic and methaacyl

[017] It will be understood that when an elementreerred to as being “on” another
element, it can be directly on the other elementimbervening elements may be present
therebetween. In contrast, when an element isregféo as being “directly on” another element,

there are no intervening elements present.

[018] It will also be understood that, although teems first, second, third, etc. may be
used herein to describe various elements, compsnegions, layers, portions or sections, these
elements, components, regions, layers, portiorsections should not be limited by these terms.
These terms are only used to distinguish one eleraemponent, region, layer or section from
another element, component, region, layer, poriogection. Thus, a first element, component,
region, layer, portion or section could be termexkeond element, component, region, layer or

section without departing from the teachings ofgihessent invention.

[019] Furthermore, relative terms, such as “lower™bottom” and “upper” or “top,” may

be used herein to describe one element's relatipmsianother element as may be illustrated in
the Figures. It will be understood that relatieenis are intended to encompass different
orientations of the device in addition to the oté&ion depicted in the Figures. For example, if
the device in one of the Figures is turned ovenneints described as being on the “lower” side
of other elements would then be oriented on “upp@tés of the other elements. The exemplary

term “lower,” can therefore, encompasses both antation of “lower” and “upper,” depending
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on the particular orientation of the Figure. Sarly, if the device in one of the Figures is turned
over, elements described as “below” or “beneath&otlements would then be oriented “above”
the other elements. The exemplary terms “below™b@neath” can, therefore, encompass both

an orientation of above and below.

[020] The present invention provides a dry filmusture useful to form a pre-applied
underfill in electrical assemblies. The presenicttire comprises, in order: a top film layer; a
polymer layer; and a bottom film layer; wherein th@ymer layer comprises a first polymer
region and a second polymer region, wherein therse@olymer region comprises inorganic
filler. Preferably, the first polymer region ise& of inorganic filler. The structure may
optionally comprise one or more layers of additlomaterials, such as buffer layers, release
layers, and the like. Preferably, the structurmmoses a buffer layer, and more preferably the
buffer layer is disposed between the top film laged the polymer layer. Optionally, the
structure may include a release layer disposeddsgtvthe bottom film layer and the polymer

layer.

[021] In one embodiment of the present structure,top film layer is on the first polymer
region of the polymer layer, and preferably a buféger is disposed between the top film layer
and the first polymer region. Fig. 1A illustratascross-sectional schematic diagram of one
embodiment of the invention having, in order, tapnflayer 10, optional buffer layerl5,
polymer layerPL and bottom film40, where polymer layePL is composed of first polymer
region 20 on second polymer regio80, the second polymer regid0 comprising inorganic
filler 31. In Fig. 1A, the top film layetO is on first polymer regio20 of the polymer layer, and
second polymer regioB0 of the polymer layer is directly on bottom fildD. In an alternate
embodiment, the top film layer is on the second/p@r region, and preferably a buffer layer is
disposed between the top film layer and the seqahginer region. Fig. 1B illustrates a cross-
sectional schematic diagram of this alternate ennbet of the invention having, in order, top
film layer 10, optional buffer layei5, polymer layeiPL composed of second polymer regRh
comprising inorganic filleB1 on first polymer regior20, where first polymer regio0 is on
bottom film layer40. Either structure of Figs. 1A and 1B may optidpabntain a release layer
(not shown) disposed between polymer layerand bottom film layed0. In use, the bottom
film is removed from the underfill structure befdhe structure is laminated to a surface, and,

after lamination to a surface, the top film laygithen removed to provide the polymer layer on
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the surface as a pre-applied underfill.

[022] The top film layer functions to protect thplymer layer during storage and
handling, and to help position the polymer layetwsen interconnect structures during
lamination. The top film layer has sufficient filmtegrity such that the top film layer is able to
be removed from the polymer layer by peeling. 8itlte top film layer is removed from the
underfill structure, such as by peeling, the adiresietween the top film layer and the polymer
layer is typically low to moderate. A wide variaif/polymers may be used as the top film layer,
provided they meet the above criteria, includingefradical polymerization polymers, graft
copolymers, step-growth polymerization polymers] #re like. Polymers useful as the top film
layer include copolymers of. polyolefins; polyolefi copolymers; polyvinylchloride;
polyvinylchloride copolymers; polydinylidenechloeigpolyurethanes; polyurethane copolymers;
poly(meth)acrylates; and poly(meth)acrylate copaysn Preferred polyolefins include
polyethylene, polypropylene, polybutylene, polyistilene, polybutadiene, and polyisoprene.
Elastomers are another preferred class of polyrmeaiterials useful as the top film layer. Such
elastomers include, but are not limited to: polfialeelastomers; ethylene vinyl acetate;
polyether block amides; polyacrylic rubber, ethgemopylene rubber; ethylene propylene diene
rubber; polyisobutylene polybutadiene; siliconetba@e copolymers; polybutadiene-
polyurethane copolymers; styrene-block copolymessyrene-butadiene copolymers; and
polyvinylchloride elastomers. Polyolefin eleastosnare well known in the art and are typically
copolymers of ethylene and another alpha-olefin.addition, it is preferred that the top film
layer is sufficiently pliable to deform without a@efming interconnect structures during
lamination. The top film layer may have any ahié thickness, such as from 5 to 250 um, and
preferably from 10 to 150 pm.

[023] Optionally, a buffer layer is disposed betweble top film layer and the polymer
layer. While not wishing to be bound by theotye tuffer layer acts as a buffer or cushion
between the top film layer and interconnect stneswuring lamination, allowing for movement
of the top film layer during lamination without d@eming the interconnect structures. Any
polymeric material that is sufficiently pliable &low for movement of the top film layer during
lamination or to deform during lamination withoutfdrming interconnect structures may be
used as the buffer layer. The buffer layer mag &lsiction to improve the adhesion between the

top film layer and the polymer layer. It is prets that the buffer layer is an adhesive material.
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A wide variety of adhesive materials known in tineraay be used as the buffer layer, provided
the adhesive material is peelable and not permané&meferably, the adhesive material is a
pressure sensitive adhesive (PSA). Pressure isenadhesives are well-known in the art and
typically comprise an elastomer, such as rubbeeti{jacrylates or silicones. When a buffer
layer is used, it is preferred that the buffer faygmains with the top film layer when the top film
layer is removed from the structure and that nddodéyer residue is left on the polymer layer.
Any buffer layer residue remaining on the polynegrer after removal of the top film layer may
be removed by contact with an appropriate remosech as a suitable organic solvent. It is
preferred that a buffer layer is disposed betwdentop film layer and the polymer layer, and
more preferably that a PSA layer is disposed betvike top film layer and the polymer layer.
When used in the present invention, the thickndsthe buffer layer is not critical, but is

typically in the range of 5 to 100m, and preferably 10 to 50m. An advantage of the buffer

layer is that it can also modify the adhesion epdefween the top layer and the polymer layer.

[024] In a preferred embodiment, a PSA tape is urséde present structure to form the top
film layer and the buffer layer. A PSA tape is qgugeed of a PSA layer disposed directly on a
polymer film. The polymer film of the PSA tape fiions as the top film layer in the present
structure while the PSA layer functions as a bufégrer. A wide variety of PSA tapes are
commercially available and may be used in the mteisention. Particularly useful PSA tapes
are backgrinding tapes. Exemplary PSA tapes argetisold under the trade names BG Tape
(available from Lintec Corp.), BG-HTCR100-PET (dsble from Al Technology, Inc.),
ICROS™ Tape (available from Mitsui Chemicals), ELEIB™ Tape (available from Denka), as
well as other backgrinding tape available from Toddtec, Furukawa Electric, and other
commercial suppliers. Preferably, the tape ha¥dight sensitive adhesive layer which possess
relatively strong adhesion to a surface prior t@asure to appropriate UV radiation, and
relatively weak adhesion after exposure to appab@riJV radiation. That is, upon exposure to
UV radiation, the tape becomes more readily reldasaAccordingly, a step of UV radiation
exposure may be employed in the top film removap stvhen a film having a UV sensitive

adhesive is employed.

[025] The polymer layer of the present underfilustures is composed of a plurality of

polymer regions. The polymer layer comprises astl@ polymer regions, a first polymer region



and a second polymer region, where the second @olyegion comprises inorganic filler. It is
preferred that the first polymer region is fredradrganic filler. Preferably, the polymer layer is
composed of 2 polymer regions. It will be appresdahat more than 2 polymer regions may be
used, although such additional polymer regions ag/to the cost of the process. The polymer
layer may be composed of a single polymer layeringaat least 2 distinct regions, or
alternatively, the polymer layer may be composed @iurality of individual polymer layers,
where such plurality of individual polymer layersms at least 2 distinct regions. Each polymer
region may be composed of a single polymer layemay be composed of a plurality of
individual polymer layers. It is preferred thaetpolymer layer is composed of 2 individual
polymer layers, each individual polymer layer famgiia distinct polymer region. It will be
appreciated by those skilled in the art that a igradof inorganic filler in the second polymer
region may be achieved by using a plurality of widlial polymer layers, where the layers have

differing levels of inorganic filler.

[026] The polymer layer may be comprised of anyatlé polymer useful as an underfill.
The first polymer region typically comprises onemsore polymers, one or more crosslinkers,
one or more thermal curing agents, and optionally or more additives chosen from the group
of fluxing agents, flow additives, flexibilizersplsents, antifoam agents, impact modifiers,
surfactants, adhesion promoters, and mixtures aherény suitable polymers, crosslinkers,
thermal curing agents and optionally additives rbayused in the first polymer region. Any
polymer useful as an underfill may suitably be usethe first polymer region. Preferably, the
polymer is an epoxy, and more preferably a polywfean epoxy and a di-functional amine
monomer. It is further preferred that a di-funoibepoxy monomer is used. A polymer formed
from a tri-functional epoxy monomer may be usedyvjated the amount of the tri-functional
epoxy is< 5 wt% of the total weight of the monomers usetbton the polymer, and preferably
< 3 wt%. Exemplary epoxies useful in forming thdypter include, but are not limited to:
diglycidyl ether of bisphenol A; diglycidyl ethef bisphenol F; diglycidyl ether of bisphenol S;
diglycidyl ether of anthracene; diglycidyl ether dicyclopentadiene; diglycidyl ether of
naphthalene; diglycidyl ether of biphenyl; diglygicether of propyleneglycol; and diglycidyl
ether of dipropyleneglycol. Useful amines in fongnithe epoxy/amine polymers include, but are
not limited to: 1,8-diaminomenthane; 2,6-diamin6-8imethyl-5-phenylheptan-3-ol; 2,6-

diamino-2,5,6-trimethylheptan-3-ol; trimethylenegdy di-p-aminobenzoate; and oligomeric
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diamine polytetramethyleneoxide-di-p-aminobenzoaguitable crosslinkers are any aromatic
material having two or more functional groups cmo§®m carboxylic acids, hydroxyls, and
amines. Preferred crosslinkers include phenolidér@ers, such as novolac resins and diphenol
biphenyls. Suitable novolac resins include, withibmitation, phenol novolac, cresol novolac
and resol novolac. Exemplary phenolic hardenexgrarse available under the trade names DL-
92, MEH 7800-4S, MEH 7851SS and MEH 7500 from MeRVastic Industries. Crosslinkers
may be present in an amount of from 0 to 70 wt%fquably from 5 to 50 wt%, and more
preferably from 5 to 30 wt%. Suitable thermal ongragents include, without limitation, salts of
nitrogen or phosphorus compounds. Preferred cudaggnts are: tetrabutylphosphonium
hexafluorophosphate, tetraphenylphosphonium tetnayhorate, tetrabutylphosphonium
tetraphenylborate, tetraethylphosphonium  hexaflploogphate, tetrabutylphosphonium
tetrafluoroborate; imidazole salts such as thosailae from Air Products under the
CUREZOL™ brand; triaryl phosphines such as triphenyl phosgs; and tertiary amines such as
benzyldimethyl amine and dicyandiamide. Thermainguagents may be present in an amount
of from 0 to 10 wt%, preferably from 0 to 5 wt% antbre preferably from 0 to 3 wt%.
Preferably, the first polymer region comprises axifig agent. Suitable fluxing agents are
materials containing carboxylic acid, phenol or @enfiunctional groups. A fluxing agent may be
present in the first polymer region in an amountrom O to 50 wt%, preferably 0.01 to 20 wt%,
and more preferably from 0.01 to 5 wt%. It is fent preferred that the polymer forming the first
polymer region also functions as a fluxing agemteferred polymers functioning as fluxing
agents typically comprise a secondary amine moihgre such polymer is present in the first
polymer region in an amount of 0.1 to 70 wt%, mpreferably from 30 to 70 wt%, and even
more preferably 50 to 70 wt%.

[027] The second polymer region typically compsigge or more polymers, one or more
crosslinkers, one or more thermal curing agentstgemnic filler, and optionally one or more
additives chosen from the group of fluxing agefitsy additives, flexibilizers, antifoam agents,
impact modifiers, surfactants, adhesion promotsb/ents, and mixtures thereof. Any suitable
polymers, crosslinkers, thermal curing agents,gaoic filler, and optionally additives may be
used in the second polymer region. Any polymefulses an underfill may suitably be used in
the second polymer region. Preferably, the polyiman epoxy, and more preferably a polymer

of an epoxy and a difunctional amine monomers further preferred that a di-functional epoxy
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monomer be used. A polymer formed from a tri-fimtdl epoxy monomer may be used,
provided the amount of the tri-functional epoxytie polymer i< 5 wt% of the total weight of
monomers used, and preferally3 wt%. Exemplary epoxies useful in forming thdypwer
include, but are not limited to: diglycidyl ethefr lmsphenol A; diglycidyl ether of bisphenol F;
diglycidyl ether of bisphenol S; diglycidyl etherf canthracene; diglycidyl ether of
dicyclopentadiene; diglycidyl ether of naphthalediglycidyl ether of biphenyl; diglycidyl ether
of propyleneglycol; and diglycidyl ether of diprdpgeglycol. Useful amines in forming the
epoxy/amine polymers include, but are not limited X,8-diaminomenthane; 2,6-diamino-2,6-
dimethyl-5-phenylheptan-3-ol; 2,6-diamino-2,5,6vethylheptan-3-ol; trimethyleneglycol di-p-
aminobenzoate; and oligomeric diamine polytetragietteoxide-di-p-aminobenzoate. Suitable
crosslinkers are any aromatic material having twonmre functional groups chosen from
carboxylic acids, hydroxyls, and amines. Prefemexdslinkers include phenolic hardeners, such
as novolac resins and diphenol biphenyls. Suitablolac resins include, without limitation,
phenol novolac, cresol novolac and resol novol&xemplary phenolic hardeners are those
available under the trade names DL-92, MEH 7800MEH 7851SS and MEH 7500 from
Meiwa Plastic Industries. Suitable thermal curaggents include, without limitation, salts of
nitrogen or phosphorus compounds. Preferred cuaggnts are tetrabutylphosphonium
hexafluorophosphate, tetraphenylphosphonium tetraghorate, tetrabutylphosphonium
tetraphenylborate, tetraethylphosphonium  hexaflploogphate, tetrabutylphosphonium
tetrafluoroborate, and imidazole salts such asethmgilable from Air Products under the
CUrezoL™ brand. Thermal curing agents may be presenhiaraount of from 0 to 3 wt%,
preferably from O to 2 wt% and more preferably fror@1 to 1.5 wt%. The curing agent used in
the second polymer region may be the same asferafit from any curing agent used in the first
polymer region. Any suitable solvent may be usethe second polymer region. Preferably, the
second polymer region comprises a fluxing agentuitaBle fluxing agents are materials
containing carboxylic acid, phenol or amine funtibgroups. A fluxing agent may be present
in the second polymer region in an amount of froto @0 wt%, preferably 0.01 to 15 wt%, and
more preferably from 0.01 to 10 wt%. It is furthmeferred that the polymer forming the second
polymer region also functions as a fluxing agemteferred polymers functioning as fluxing
agents typically comprise a secondary amine moietyere such polymer is present in the

second polymer region in an amount of O to 50 wtf6re preferably from 30 to 50 wt%, and
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even more preferably 20 to 50 wt%. It is prefertteat the polymer chosen for the first polymer
region and the polymer chosen for the second palyewion are compatible, that is, that upon
heating such as when the interconnect structuresebectrically connected to bond pads,
optionally in the presence of pressure, the twdirdis polymer regions will form a unitary

polymer region.

[028] Inorganic filler is used to lower the overedlefficient of thermal expansion (CTE) of
the polymer layer, and accordingly, of the underfiThe inorganic filler used in the present
invention is non-conductive, and is inert, thatitisyill not react with or destabilize the polymer
layer. An amount of inorganic filler is used iretholymer layer in order to get the CTE of the
underfill close to the relatively lower CTE of themponent (e.g., silicon in the case of a silicon
wafer) for silicon to silicon bonding, or betwedmetrelatively lower CTE of the component
(e.g., silicon) and the relatively higher CTE of@ganic substrate (such as a circuit board, e.g.,
FR4). The proper choice of CTE is necessary fia@sst mitigation during manufacturing and
subsequent use of the electronic assembly. Thegdolymer region may optionally comprise
inorganic filler. When filler is present in thedt polymer region, the amount of such filler is
less than the amount of the inorganic filler in g@eond polymer region. If used, the amount of
inorganic filler in the first polymer region &40 wt%, based on the total weight of the material
in the first polymer region, preferabty30 wt%, and more preferabty20 wt%. It is preferred
that the first polymer region is free of inorgafiller. The second polymer region comprises
40 wt% of inorganic filler, preferably 50 wt%, and more preferably60 wt%. Preferably, the
inorganic filler is silica, a metal oxide or a ceva. Suitable ceramic inorganic fillers are
crystalline oxides, nitrides or carbides. It igferred that the inorganic filler is chosen from
silica, alumina, zirconia, berylia, ceria, zinc @& silicon nitride, aluminum nitride, boron
nitride, and silicon carbide, and more preferabiyca alumina, zirconia, silicon nitride,
aluminum nitride, boron nitride, and silicon cadidMixtures of inorganic filler may be used.
The inorganic filler may have any suitable shape sine. Preferably, the inorganic filler has a
spherical or substantially spherical shape. Suatterscal shape minimizes surface area and
allows for a higher loading of filler in the polymeegion. It is preferred that the inorganic fille
has a size, such as a particle size, that willimpede the penetration of the second polymer
region by interconnect structures. It is prefertteat the inorganic filler has a mean patrticle size

of 0.005 to 10um, more preferably from 0.01 topbn, and yet more preferably 0.01 tqufh.
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The inorganic filler may optionally be treated wah adhesion promoter to modify the surface
chemistry of the filler particle, for example, tioav the inorganic filler particle to react witheh
polymer or crosslinker used in the polymer regidmodifying the surface chemistry of the filler
may improve fracture toughness and may improvedibpersion of the filler in the polymer

region.

[029] In general, each of the first polymer regand second polymer region may have any
suitable thickness. Preferably, the thicknesshef gecond polymer region is greater than the
thickness of the first polymer region, and morefgnably, the thickness of the second polymer
region is much greater than the thickness of tfs¢ iolymer region. Typically, the first polymer
region has a thickness in the range of 0.1 to 10 amd more preferably from 0.1 to 5 pm.
Typically, the second polymer region has a thickn#ss to 150 um, and more typically from 10

to 100 um, although a wide variety of thicknessay e used in the present underfill structures.

[030] Since both the top and bottom film layers ezenoved from the present underfill
structure before an electronic assembly is forntlee,only critical dimension in the underfill
structure is the thickness of the polymer layers thAe height of interconnect structures vary
considerably depending upon the particular strestunsed, there is no specific range of
thicknesses for the polymer layer in the structufethe present invention. The total thickness
of the polymer layer, that is, the combined thidses of the first and second polymer regions,
may be greater than, equal to, or less than tighhef the interconnect structures used to form
the electronic assembly. The height of the seqmigmer region is critical and is equal to or
less than the height of the interconnect structuaed preferably is less than the height of the
interconnect structures. The first polymer regiahjch may also function as a fluxing agent,
may cover the top of the interconnect structurésthe height of the polymer layer is much
greater than the height of the interconnect stresiuthere is a risk that the polymer layer will
bleed out along the substrate or creep up the sitleithe die. There is also the potential that i
will prevent good contact between the interconmséeictures and the conductive pads to which
they are to be electrically connected. If the hewf the polymer layer is too much less than the
height of the interconnect structures, then follogvassembly of a component to a substrate, an
undesirable gap may remain between the polymer kye the substrate or the component. The
difference in height between the top of the intarmrt structures and the top surface of the

polymer layer should be sufficient to account fpremding of the interconnect structures and of

12



the underfill during assembly of the electronicideyas a component and substrate are brought
into contact and heated to solder the componetiteasubstrate, that is, electrically connect the
interconnect structure to the conductive bond padséter such assembly, the polymer layer

should fill the space between the surface of threpmment and the surface of the substrate.

[031] The bottom film layer in the present undérBtructure typically functions as a
support for the polymer layer and any other layarshe dry film underfill structure during
manufacture, storage and subsequent processingenkeral, the bottom film layer is removed
from the dry film (polymer layer), such as by pegli and is typically removed before the
present underfill structure is laminated to a stefa Accordingly, adhesion between the bottom
film layer and the polymer layer is typically low toderate to allow for ease in separation. In
general, the bottom film layer is removed before tibp film layer, so the adhesion between the
bottom film layer and the polymer layer is relatiwéwer than the adhesion between the top
film layer and the polymer layer. The particulaaterial used for the bottom film layer can vary
widely and the particular material used is noticait The material for the bottom film layer may
be rigid or flexible, and is typically in roll ohset form. Suitable bottom film layer materials
include, without limitation: polyester such as palylene terephthalate (PET); paper; nylon;
glass; cellulose acetate; polyolefin; polyimide]yooethane; poly(meth)acrylate; metal sheet;
epoxy laminate; copper coated fiberboard; and itee | Materials, such as PET, paper and the
like, may be coated in various ways. For examplE;T may be resin-coated, flame or
electrostatic discharge treated, or slip treat®&per used as a bottom film is typically resin-
coated, such as polyethylene-coated paper or pglyalcohol coated paper. Preferably, the
bottom film layer is a polyolefin, and more prefelsapolyethylene. While the bottom film layer
typically has a thickness of from 5 to 250 pum, éiact thickness of the bottom film layer is not

critical as long as it can support the other layéithe underfill structure.

[032] Optionally, a release layer may be disposetiveen the bottom film layer and the
polymer layer. A release layer is typically usebew the adhesion between the bottom film
layer and the polymer layer is relatively too higlich that the bottom film layer is not easily
removable from the polymer layer without damagéeht polymer layer or other layers of the
underfill structure. Any release layer used ndedsender the bottom film layer peelable from
the polymer layer. When a release layer is usesi preferred that the release layer remains with

the bottom film layer when the bottom film layeremoved from the underfill structure and that
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no release layer residue is left on the polymeenayit is preferred that a release layer is not

used.

[033] Underfill structures of the present inventioray be formed by providing a bottom
film, such as a PET film, and coating a layer ofrarganic filler-containing polymeric material
(filled material) on the top surface of the filmChe inorganic filler-containing polymer layer
may be coated using a slot die, knife over rollbpranother suitable coating method known to
those skilled in the art, and is then typicallyedribefore further processing. Additional filler-
containing polymeric layers may be deposited ifdeeeto achieve a desired thickness of
inorganic-filler containing region. Next, a layef polymeric material containing a reduced
amount of inorganic filler as compared to the dlimaterial layer, and preferably no inorganic
filler (unfilled material layer), is coated ontcetfilled material layer by gravure coating or other
suitable method known to those skilled in the ard is then typically dried before further
processing. Alternatively, a layer of unfilled pieric material may be disposed on the top of
the filled polymeric material layer by laminatioMore than one unfilled polymer layer may be
used to achieve a desired thickness of the unffi@gmer region. The top film layer is then
laminated onto the surface of the unfilled polyraser using pressure, optionally with heating.
When a buffer layer is used in the present undetfilictures, it is preferred that the buffer layer
be first coated onto the top film layer by any abié method used in the art, and then the top
film layer containing the buffer layer is laminatexthe unfilled polymer layer using pressure,

and optionally heat.

[034] A wide variety of dry film lamination technigs are known in the art and any of
these techniques are suitable for laminating tlesgot underfill structure to a surface, such as
hot roll lamination, vacuum lamination, wet lamioat and combinations of the foregoing,
among others. Vacuum lamination is preferred.. Eigjustrates a hot roll lamination technique
using the underfill structure of Fig. 1A. Firsgtiom film layer40 is removed from the underfill
structure using any suitable method (step not shomext the underfill structure is laminated to
a surface of compone®0 having solder bumps (interconnect structuré®)disposed on its
surface, with pressure applied from a pair of ofipbsdisposed hot rollerg5, one roller being
disposed below the component and applying predssuadack surface of the component and the
other roller being disposed above the underfilldtire and applying pressure to top film portion

17. The arrows in roller35 indicate the direction of roller rotation. Theepsure from rollers
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75 pushes polymer layd?L between solder bum@®. Polymer layelPL is composed of first
polymer region20 and second polymer regi@®, where the second polymer region comprises
inorganic filler. The overall height of the polymlayerPL may be less than (shown), equal to
(not shown), or greater than (not shown) the hedfisblder bump$0. After exiting rollers7s,

top film portion17 (comprising a top film layer and optional buffayér) is removed from the
structure using any suitable method resulting ipre-applied underfill (polymer laydpL)

disposed between solder bung@son the surface of componesa.

[035] Fig. 3A illustrates a vacuum lamination teicfue using the underfill structure of Fig.
1A. First, bottom film layerd0 is removed from the underfill structure using aswtable
method (step not shown), next the underfill streeetig laminated to a surface of compongnt
having metal pillars (interconnect structuré®) disposed on its surface. A silicone rubber
diaphragm in the vacuum lamination machine (nowst)acan be used to press and adhere the
underfill structure onto the surface of compor&ntsing heat and pressure. The vacuum inside
the vacuum chamber can be used to pull down thghchgm onto the component surface and
pressure can also be applied behind the diaphragficdted by the arrow in Fig. 3A). Any
pressure applied behind the diaphragm works inucamijon with the vacuum pull-down to push
polymer layerPL between metal pillar65. Polymer layePL is composed of first polymer
region20 and second polymer regi@@, where the second polymer region comprises inacgan
filler. The overall height of polymer lay&L (first polymer regior20 + second polymer region
30) may be less than (shown), equal to (not shownyreater than (not shown) the height of
metal pillars65, while the height of second polymer regi@d is less than the height of metal
pillars 65. After the atmosphere is introduced into the waecuwchamber, top film portiod7
(comprising a top film layer and an optional adhiesayer) is removed from the structure using
any suitable method resulting in a pre-applied diltd€polymer layer PL) disposed between
metal pillars65 on the surface of componed®. Fig. 3B illustrates a process similar to that
shown in Fig. 3A, except that the height of polyraserPL is greater than the height of metal
pillars 65, while the height of second polymer regi@dis less than the height of metal pillars

65. In Fig. 3B, first polymer regio0 covers the tops of metal pillas.

[036] As discussed above in reference to Figs.® 3rthe total height (h) of the polymer
layer is less than, equal to, or greater than #ightt of the interconnect structures on the surface

to which the underfill structure is laminated, vehthe height of the second polymer region is
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less than or equal to the height of the interconsé&tictures, and preferably is less than the
height of the interconnect structures. Fig. 4siitates an expanded view of a preferred laminated
structure of Fig. 3A, where like reference numerafsr to like elements. Top film portid is
composed of an elastomeric top film layer and ddodéyer (PSA). In Fig. 4, the total height h
of the polymer layePL and top film portiorl7 is less than the height of metal pill&s The
total height h is sufficiently close to the heiglitmetal pillars65 such that the top film portion
17 is deformed by the metal pillars without beingrpesl by them. Such deformations in the top
film layer, referred to as Calvert nubbins, arevghdoy 18a, 18b, and18c. Metal pillars65 are
not deformed by the lamination method or by tomfiportion17. While not wishing to be
bound by theory, it is believed that the pliabila§ top film portion17, and in particular the
pliability of the buffer layer of top film portiori7, allows for such lamination without
substantially deforming the interconnect structurktswill be appreciated by those skilled in the
art that when the height of the first polymer regis such that it covers the tops of interconnect

structures, the height of Calvert nubbins may loeced or their presence even eliminated.

[037] Underfill structures of the present inventiomay be laminated to a variety of
substrates. Typically, underfill structures of .FIDA are laminated to a component (active
device) having interconnect structures, such that gecond polymer region comprising the
inorganic filler is adjacent to the component scefa Suitable components include, without
limitation, integrated circuits, among others. Tgresent underfill structures may be used on a
wide variety of interconnect structures, such aklesobumps, metal pillars, and the like.
Interconnect structures may be composed of soédein the case of solder bumps, or of a non-
solder material with a solderable cap. Exemplaigess used to form solder bumps include, but
are not limited to, tin, tin-lead, tin-silver, tlsismuth, tin-copper, tin-silver-copper, and thelik
Exemplary metal pillars are copper pillars. Mgddlars have a solderable cap portion, where
such solderable cap may be any suitable soldertalNddlars may also include one or more
metal layers, such as a nickel layer, disposed derivihe metal and the solderable cap layer.
Such interconnect structures have a wide varietgizdés, depending upon the design of the
component. Suitable substrates include printecuitiboards (PCBs), package substrates, and
the like. For example, a flip chip may be mounteda package substrate and the resulting

package mounted on a PCB, or alternatively, actiip may be directly mounted to a PCB.

[038] After the underfill structure is laminated aosurface, the top film layer is removed,
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along with any optional buffer layer. In one emimoent, the underfill structure is laminated to a
component having interconnect structures, suclhasshown in Fig. 4. Following removal of
the top film layer17, an upper portion of the interconnect structunestél pillars)e5 is exposed
above the surface of polymer lay®r as is shown in Fig. 4, to provide a pre-appliedarfill on
components5. Next, the component is mounted to a substrdigy. 5A shows an alternate
embodiment of the component from Fig. 4 having gplied underfill where the second
polymer region30 has a height less than the height of metal pikarand where first polymer
region20 covers the tops of the metal pillars, and wheeecttbmponent is flipped over and ready
for mounting to conductive padd8 on the surface of substraB®. The top portion of
interconnect structure65 is registered with conductive bond pa8s and the interconnect
structures65 are brought into contact with the conductive bgadis85, as indicated by the

arrow in Fig. 5A, to form a unit.

[039] Fig. 5B illustrates an alternate method afiftlng an electrical assembly. In Fig. 5B,
the underfill structure from Fig. 1B has been laaéd to substrat80, such as a circuit board
substrate, over conductive bond p88sn the surface of the substrate. After removaheftop
film, the top surfaces of interconnect structud®®on the surface of componesh are registered
to conductive bond pads and are brought into contact, as shown by theaaimmoFig. 5B, to

form a unit.

[040] In both Figs. 5A and 5B, the second red8orof the polymer layer is adjacent to the
component (active device), while the first reg2d) having a reduced level of inorganic filler,
and preferably no inorganic filler, is adjacentstbstrated5 having the conductive bond pads.
After the interconnect structures of the comporartbrought into contact with the conductive
bond pads on the mounting substrate to form a dimé, unit is subjected to conditions to
electrically connect the interconnect structurethwhe bond pads. Such conditions include, but
are not limited to, thermosonic bonding and heptime unit, typically with pressure being
applied to either the component, the substrateotr, lio at least partially melt the interconnect
structures and electrically connect (solder) thergsonnect structures to the conductive bond
pads. During this heating step, the pre-appliedlednl (polymer layer) further cures
(polymerizes). An advantage of using a relativibiy first polymer region in the present dry
film structures is that after the soldering (orrthesonic bonding) step a unitary (or single) bulk

region is formed, that is, the first and second/p@r regions form a unitary bulk region. While
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not wishing to be bound by theory, it is believdthtt such a unitary bulk region has a
substantially uniform concentration of inorganiltefi throughout the bulk. That is, the unitary
bulk region is substantially free of an inorganitef concentration gradient, and is preferably
free of such a concentration gradieiithe formation of a unitary bulk structure is aidatljeast

in part, by selecting polymers for the first and@® polymer regions that are compatible with
each other. Fig. 6 is a cross-sectional micrografplan underfill structure of the invention

showing an interconnect structure soldered to alpad surrounded by a unitary bulk underfill
material having a substantially uniform concentmatof inorganic filler. That is, no unfilled

polymer region is detectable in Fig. 6.

[041] The fluxing performance of underfills, whidk critical for proper bonding of a
component to a substrate, can be diminished beaafub&h levels of inorganic filler. The
formulation components that are responsible faxifig are reduced in concentration due to the
presence of high levels of inorganic filler. Alsagnificant filler entrapment can occur in the
electrically conductive joints that are formed digrithe bonding process because of the high
concentration of inorganic filler. This entrappdiler can severely degrade electrical
performance because the inorganic fillers are randoctive. Conductive fillers would cause
undesirable shorting to occur. The present untstfuctures address the issues of improved
fluxing and reduced, and preferably no, filler epiment that are encountered with conventional

underfill approaches.

[042] Example 1 — Preparation of Unfilled Polymeatrial. To a jacketed 3 L reactor

fitted with an over head stirrer, thermometer anddenser was added 2000.0 g (11.3 mol) of
diglycidyl ether of bisphenol A (DER 332 from Theo® Chemical Company, EEW: 177) and
545.7 g propylene glycol monomethyl ether (PGMH)e solution was heated to 50° C and
allowed to stir for 10 min. to ensure thorough mi After adequate agitation, a 182.8 g (4.3
mol) portion of 1,8-menthane diamine (Primine MDBrfr The Dow Chemical Company) was
added with stirring and the resulting mixture wasted to 100° C. Once stabilized at 100° C,
the mixture was stirred for 1 hour, after which treat was further increased to 130° C and the
material allowed to stir for an additional 4 hourdfter the reaction was completed, the
temperature was lowered and the b-staged polymer dwapped into a 4 L glass bottle for

storage.
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[043] Subsequent to polymerization, 15.98 g of thglycidyl ether of Bisphenol A/
Primene MD/PGME b-staged polymer adduct was concbwigh 12.23 g of phenolic hardener
(MEH 7851SS (OH equivalent weight: 21f6®9m Meiwa Plastic Industries), 3.32 g of additibna
PGME and 6.24 g of n-butyl acetate. The mixturs g@un in a double planetary mixer at 2000
rpm for 5 min. to thoroughly combine the ingredgenilo this mixture was added 0.17g of flow
additive (Tegoflow 370), 0.75 g of toughening ag@itA 753ER), 11.25 g of flexibilizer with
epoxy functionalities (EXA 4850-150, EEW: 440). eTtesulting material was again spun in a
double planetary mixer at 2000 rpm for 5 min. Hpa0.07 g of catalyst (tetrabutyl
phosphonium hexafluoro phosphate) was added. &selting material was again spun in a
double planetary mixer at 2000 rpm for 2 min. Ambvhally, to ensure complete dispersion of
the all components in the polymer matrix; the résgimaterial could be passed twice through a
three roll mill, producing a free flowing, viscoliguid.

[044] Example 2 — Preparation of Unfilled Polymentérial. In a glass vial, 0.28g of a

fluxing agent (1,4-dihydroxy 2-carboxy naphthoiddafrom Sugai Chemicals Industries) was
added along with 10 g of a suitable solvent (e, 8-dloxalane). The glass vial was shaken until
the fluxing agent dissolved in the solvent. Thakison was then transferred to a container used
for mixing in a high speed mixer. 2.50g of diglygl ether of bisphenol A (DER 332 from The
Dow Chemical Company, EEW: 177) and 3.28g EHGE-PnenMD adduct was added to the
container. To make the EHGE-Primene MD adduct, @2%arts (0.66 mole) of ethylhexyl
glycidyl ether (EHGE) [from Hexion Specialty Chemlig] was added to 56.7 parts (0.33 mole)
of 1,8-menthane diamine (PMD, from Dow Chemical @amy) under nitrogen and with
agitation at ambient temperature. The mixture heated to 75° C for 2 hours, followed by 2
hours at 140° C. Then, the final mixture was kep8@ C under vacuum (30 mm Hg) for
another 2 hours to remove any volatiles to afférel product PMD/EHGE adduct as shown in

the following Equation.
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[045] The container with the mixture of 1,4-dihy#yo2-carboxy naphthoic acid, 1,3-
dioxalane, DER 332 and EHGE-Primene MD adduct Wwas toaded in a high speed mixer and
mixed for 3 min. at 2000 rpm. The mixture was tpacted in a glass pan and into an oven set at
100° C for 30 min. to 1 hour to remove the solveihe glass pan was then removed from the
oven and the mixture was collected in a glasséottl

[046] Example 3 — Preparation of Unfilled Polymeaterial. In a glass vial, 0.76g of a

fluxing agent (1,4-dihydroxy 2-carboxy naphthoiddafrom Sugai Chemicals Industries) was
added along with 10 g of a suitable solvent (e, 8-dloxalane). The glass vial was shaken until
the fluxing agent dissolved in the solvent. Thakison was then transferred to a container used
for mixing in a high speed mixer. 8.0g of diglygietther of bisphenol A (DER 332, from The
Dow Chemical Company, EEW: 177) and 6.35g of atlgenol novolac resin (MEH 8000H
from Meiwa Plastic Industries) was added to thet@ioer. The container was then loaded in a
high speed mixer and mixed for 3 min. at 2000 rprhe mixture was then placed in a glass pan
and into an oven set at 100° C for 30 min. to lrhouemove the solvent. The glass pan was
then removed from the oven and the mixture wa®ctdt in a glass bottle.

[047] Example 4 — Preparation of Unfilled Polymentérial. Various unfilled polymer

materials are prepared by repeating the proceduBxample 1 except that the bisphenol A is

replaced with a molar equivalent of a difunctioepbxy monomer listed in Table 1.

Table 1
Sample Epoxy
4A Diglycidyl ether of bisphenol F
4B Diglycidyl ether of naphthalene
4C Diglycidyl ether of bisphenol S
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4D Diglycidyl ether of anthracene

4E Diglycidyl ether of dicyclopentadiene

[048] Example 5 - _Preparation of Unfilled Polymdaterial. Various unfilled polymer

materials are prepared by repeating the proceduE@ample 1 except that the epoxy monomers,
amine crosslinkers and phenolic hardeners (fromwiddplastic Industries) reported in Table 2

are used.
Table 2
Sample Epoxy Amine Crosslinker Phenolic Hardener
5A Diglycidyl ether of bisphenol F  EHGE-Primene Midduct DL-92
5B Diglycidyl ether of naphthaleng 2,6-Diamino-B5, MEH-7851SS
trimethylheptan-3-ol
5C Diglycidyl ether of bisphenol $ Trimethylenegdydi-p- MEH-7500
aminobenzoate
5D Diglycidyl ether of anthracene  2,6-Diamino-2 jédthyl- MEH-7500
5-phenylheptan-3-ol
5E Diglycidyl ether of Polytetramethyleneoxide-di- DL-92
dicyclopentadiene p-aminobenzoate
SF Diglycidyl ether of bisphenol A Trimethylenegbldi-p- MEH-7800 4S
aminobenzoate
5G Diglycidyl ether of bisphenol A 2,6-Diamino-2%5, MEH-7500
trimethylheptan-3-ol

[049] Example 6 — Preparation of Filled Polymer &ta&l. To a jacketed 3 L reactor fitted

with an over head stirrer, thermometer and condemses added 2000.0 g (11.3 mol) of
diglycidyl ether of bisphenol A (DER 332 from The® Chemical Company, EEW: 177) and
537.6 g PGME. This material was heated to 50° € afowed to stir for 10 min. to ensure
thorough mixing. After adequate agitation, a 14%(3.4 mol) portion of 1,8-menthane diamine
(Primine MD from The Dow Chemical Company) was ataath stirring and the resulting

mixture was heated to 100° C. Once stabilizedO&° IC, the mixture was stirred for 1 hour,
after which the heat was further increased to 1304nd the material allowed to stir for an

additional 4 hours. After the reaction was congietthe temperature was lowered and the b-
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staged polymer was dropped into a 4 L glass bfuttlstorage.

[050] Subsequent to polymerization, 7.72 g of tlggydidyl ether of Bisphenol A/ Primene
MD/PGME b-staged polymer adduct was combined wiBb5 of phenolic hardener (MEH
7851SS (OH equivalent weight: 21f@9m Meiwa Plastic Industries), 5.92 g of additibR&ME
and 7.46 g of n-butyl acetate. This mixture wasnsim a double planetary mixer at 2000 rpm
for 5 min. to thoroughly combine the ingredient§o this mixture was added 0.22 g of flow
additive (Tegoflow 370), 0.92 g of toughening agBiTA 753ER), 4.32 g of flexibilizer with
epoxy functionalities (EXA 4850-150, EEW: 440) @hd3 g of glycidoxytrimethoxysilane. The
resulting material was again spun in a double péagemixer at 2000 rpm for 5 min. To this
mixture was added 27.27 g of fused silica and #wsulting mixture was spun in a double
planetary mixer at 2000 rpm for 10 min. The amaafrgilica was 60 wt% on a solids basis after
removal of solvent. Finally, 0.09 g of catalystt(abutylphosphonium hexafluorophosphate)
was added. The resulting material was again spandouble planetary mixer at 2000 rpm for 2
min. To ensure complete dispersion of the silitdhie polymer matrix, the resulting material
was passed twice through a three roll mill, prodga free flowing, viscous liquid largely free
of particle agglomerates.

[051] Example 7 — Preparation of Filled Polymer.arius filled polymer materials are

prepared by repeating the procedure of Example d@mxthat the epoxy monomers, amine

crosslinkers and phenolic hardeners (from MeiwatiRldndustries) reported in Table 3 are used.

Table 3
Sample Epoxy Amine Crosslinker Phenolic Hardener
TA Diglycidyl ether of naphthalene  EHGE-Primene Maduct DL-92
7B Diglycidyl ether of bisphenol A 2,6-Diamino-265, MEH-7500
trimethylheptan-3-ol
7C Diglycidyl ether of bisphenol $  2,6-Diamino-2inethyl- DL-92
5-phenylheptan-3-ol
7D Diglycidyl ether of bisphenol F Trimethyleneghydi-p- MEH-7851SS
aminobenzoate
7E Diglycidyl ether of bisphenol A Trimethylenegbldi-p- MEH-7851SS
aminobenzoate
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[052] Example 8 - Preparation of Filled Polymer btal. Various filled polymer materials

are prepared by repeating the procedure of Exantplasd 7 except that the following fillers
were used in the amounts reported in Table 4 ad.us

Table 4
Sample Filled Polymer Material Filler Filler Amount (wt%)
8A Example 6 Fused Silica 70
8B Example 6 Fused Silica 45
8C Example 6 Fused Silica 40
8D Example 7A Alumina 55
8E Example 6 Alumina 60
8F Example 7C Fused Silica 50
8G Example 7D Zirconia 65
8F Example 7D Zirconia 60
8H Example 6 Boron Nitride 70
[053] Example 9 — Preparation of Underfill Struetur Filled polymer material from

Example 6 was coated using a slot die on a PETecdim (bottom film). This coating was
passed through a multi-stage oven with peak teryeraf 110° C to drive off the solvent
resulting in a dry film. Unfilled polymer materiflom Example 1 was then applied onto the
filled polymer material using a drawdown bar seddcto achieve a desired film thickness. This
assembly was then placed in a convention oven gpalsed to a multistep drying process with a
peak temperature of 110° C to drive the off solventhe unfilled polymer material. This
assembly was then laminated to a backgrinding epefilm layer) having a PSA layer using a
hot roll laminator with the unfilled polymer layadhering to the adhesive layer on the backgrind
tape. The PET carrier film (bottom film) was pekelf and the exposed surface of the filled

polymer material was then laminated onto a wafergia vacuum laminator.
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[054] Example 10 — Preparation of Underfill Struetu The procedure of Example 9 is

repeated except that the unfilled polymer of Exanipls used.

[055] Example 11 — Preparation of Underfill Struetu The procedure of Example 9 is

repeated except that the unfilled polymer of Exanils used.
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What is claimed is:

1. An underfill structure comprising in order: @tfilm layer; a polymer layer, and a
bottom film layer, wherein the polymer layer conges a first polymer region and a second
polymer region, wherein the second polymer regmmprises inorganic filler.

2. The underfill structure of claim 1 wherein thecend polymer region further
comprises a layer comprising a curable polymeissiioking agent, and curing agent.

3. The underfill structure of claim 1 wherein tin@rganic filler is present in the second
polymer region in an amount of 40 wt%, based on the total weight of the secongnper

region.

4. The underfill structure of claim 1 wherein arhasive layer is disposed between the
top film layer and the polymer layer.

5. The underfill structure of claim 1 wherein thep tfilm layer is composed of an
elastomer.
6. The underfill structure of claim 1 wherein tlog film layer is a polymer chosen from

polyolefins, polyesters, polyurethanes, poly(viofiloride), poly(vinylidene chloride), ethylene
vinyl acetate, and poly(meth)acrylates.

7. The underfill structure of claim 1 wherein thettom film layer is chosen from

polyester, polyamide, polyimide, polyolefin, polyglate, polyurethane, and metal.

8. The underfill structure of claim 1 wherein thestf polymer region comprises a
curable polymer, crosslinking agent, and curinghage

9. The underfill structure of claim 8 wherein thistf polymer region further comprises

inorganic filler in an amount that is less than émeount of inorganic filler in the second polymer

region.

10. The underfill structure of claim 8 wherein tivst polymer region is free of inorganic
filler.

11. A method comprising:

providing the underfill structure of claim 1;

removing the bottom film from the underfill struog

25



laminating the underfill structure to a surfaceao€omponent having interconnect
structures thereon, such that the underfill stmectius forced between
interconnect structures, wherein the height ofstheond polymer region is less
than or equal to the height of the interconnecicstires; and

removing the top film layer.

12. The method of claim 11 further comprising: stgiing a top portion of the
interconnect structures with conductive bond pada surface of a substrate to form a unit; and
causing the interconnect structures to electricatiynect the interconnect structures to the

conductive bond pads.

13. A method comprising: providing the underfiltustture described above; removing
the bottom film from the underfill structure; lamatmg the underfill structure to a surface of a
substrate having conductive bond pads such thafitstepolymer region is directly on the

surface of the substrate; and removing the top lalyer.

14. The method of claim 13 further comprising: s¢ging the conductive bond pads
with interconnect structures on a surface of a aomept to form a unit; and heating the unit to
melt the interconnect structures to electricallynreect the interconnect structures with the

conductive bond pads.
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