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DESCRIPTION

Title of Invention

PROTECTIVE FILM FORMING SHEET

Technical Field
[0001]
The present invention relates to a protective fonming sheet.
Priority is claimed on Japanese Patent Applicallon2015-217115, filed on

November 4, 2015, the content of which is incorpetdherein by reference.

Background Art

[0002]

In the related art, in a case in which a multi4p81 package, which is used in
MPU or a gate array, is mounted on a printed wibingrd, a flip chip mounting method
in which a semiconductor chip in which convex aledés (bumps) made of eutectic
solder, high-temperature solder, metal, or thedileeformed in connection pad portions
is used, and these bumps are made to face, brouglttontact with, and
melting/diffusion-joined to the corresponding tenati portions on a chip mounting
substrate using a so-called face down method rexs érmployed.

[0003]

The semiconductor chip that is used in this magnthethod is obtained by, for
example, dividing a semiconductor wafer having bsifiggmed on a circuit surface by
grinding or dicing a surface opposite to the cirsurface. In the process of obtaining

the above-described semiconductor chip, genefallyhe purpose of protecting the
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circuit surface and the bumps of the semiconduetder, a curable resin film stacked on
a supporting sheet is attached to the bump-forragfdee, and this film is cured so as to
form a protective film on the bump-formed surface.

[0004]

As the above-described curable resin film, a deredsin film containing a
thermosetting component that is cured by heatimgaadly used, and, as a protective
film forming sheet including the above-describegrthosetting resin layer, a protective
film forming sheet formed by stacking a thermoptastsin layer having a
predetermined thermal elastic modulus on the film further stacking a thermoplastic
resin layer which is not plastic atZ5on the uppermost layer of the thermoplastic resin
layer has been disclosed (refer to Patent DocutjentIn addition, according to Patent
Document 1, this protective film forming sheetxsellent in terms of the bump filling
property of the protective film, the wafer workatyil the electric connection reliability

after resin sealing, and the like.

Citation List
Patent Literature
[0005]
[Patent Document 1] Japanese Unexamined PatgaticApon, First

Publication No. 2005-028734

Summary of Invention
Technical Problem
[0006]

However, in attempts of the related art to forpratective film on the
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bump-formed surface using a protective film formatgpet formed by stacking a
thermosetting resin layer on a supporting sheetgethre cases in which, during the
peeling of the supporting sheet, the supportingtshed the thermosetting resin layer are
not favorably peeled off from each other in theifdce, an attempt to forcibly peel the
supporting sheet leads to peeling in an interfadbe supporting sheet such as the
interface between a base material and a pressos#tige adhesive layer, and poor
peeling such as the attachment of the pressurdiseradhesive to the protective film is
frequently observed.

[0007]

The present invention has been made in considerafithe above-described
circumstances, and an object of the present inmemito provide a protective film
forming sheet which is excellent in terms of theyepeeling property in the interface

between the supporting sheet and the thermoseésig layer.

Solution to Problem

[0008]

The present invention is a protective film formsigeet formed by stacking a
thermosetting resin layer on a first supportingeshen which the thermosetting resin
layer is adhered to a surface having bumps of acesmuctor wafer and is cured by heat,
whereby the first protective film is formed on themiconductor wafer surface, and a
difference between a surface free energy of adupporting sheet-side surface of the
thermosetting resin layer before thermal curing asdrface free energy of a
thermosetting resin layer-side surface of the fitgiporting sheet is 10 mJor more.

In the protective film forming sheet, a differerimetween a contact angle of the

first supporting sheet-side surface of the therrtioggresin layer before thermal curing
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with respect to water and a contact angle of thentlesetting resin layer-side surface of

the first supporting sheet with respect to watereferably 30 or more.

Advantageous Effects of Invention

[0009]

The protective film forming sheet of the presamweintion is excellent in terms
of the easy peeling property in the interface betwhe first supporting sheet and the

thermosetting resin layer.

Brief Description of Drawings

[0010]

FIG. 1 is a cross-sectional view schematicallyshg an embodiment of a
protective film forming sheet of the present invent

FIG. 2 is a cross-sectional view schematicallyshg another embodiment of
the protective film forming sheet of the preseneintion.

FIG. 3 is a cross-sectional view schematicallyshg still another embodiment
of the protective film forming sheet of the presienention.

FIG. 4 is a cross-sectional view schematicallyshg an example of a
semiconductor wafer having bumps.

FIG. 5 is a cross-sectional view schematicallyghg a state in which the
protective film forming sheet of the present inventis attached to a bump-provided
surface of the semiconductor wafer.

FIG. 6 is a cross-sectional view schematicallyshg an example of the
semiconductor wafer including the protective filorrhed using the protective film

forming sheet of the present invention.
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[0011]

The present invention is a protective film formsigeet formed by stacking a
thermosetting resin layer on a first supportingeshie which the thermosetting resin
layer is adhered to a surface having bumps of acemauctor wafer and is cured by heat,
whereby the first protective film is formed on themiconductor wafer surface, and a
difference between a surface free energy of adupporting sheet-side surface of the
thermosetting resin layer before thermal curing asdrface free energy of a
thermosetting resin layer-side surface of the Stgiporting sheet is 10 mJior more.

[0012]

The surface free energy”™® of each solid can be obtained by solving a
simultaneous equation regarding the surface freegglvsd of a dispersion force
component, the surface free eneygdpf a polar component, and the surface free energy
vo" of a hydrogen bond component in Expression (2nbgsuring the respective contact
angles on the solid surface of liquids having kn®urface free energies such as the
surface free energy? of the dispersion force component, the surface éreergyy "of
the polar component, and the surface free engfayf the hydrogen bond component,
for example, pure water, diiodomethane, and 1-brapbthalene and substituting the
results into Expression (1).

¥s Py Pys D (1)

yo(L+co®)=20y ) 20 A2 ) I (2)

[0013]

The protective film forming sheet of the presemnention is used in a state of
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being attached to a bump-provided surface of ac®mmuctor wafer through the
thermosetting resin layer. In addition, the ateatthermosetting resin layer becomes
more fluid when heated, spreads among bumps soas/ér the bumps, adheres to the
circuit surface, and cover the surfaces of the ksymparticularly, the surfaces of portions
close to the circuit surface, thereby burying tbenps. The thermosetting resin layer in
this state is further thermally cured by heatind torms a first protective film in the end,
thereby protecting the bumps in a state of adhedrige surfaces of the bumps on the
circuit surface.

For example, in the semiconductor wafer to whiwhgrotective film forming
sheet has been attached, a surface opposite ¢or¢hé surface is ground, then, a first
supporting sheet is removed, subsequently, thenteetting resin layer buries the bumps
and forms the first protective film by being heateadd, finally, the semiconductor wafer
is combined into a semiconductor device in a sthtecluding this first protective film.

[0014]

In the protective film forming sheet of the pres@nwention, when the difference
between the surface free energy of the first suppsheet-side surface of the
thermosetting resin layer before thermal curing tnedsurface free energy of the
thermosetting resin layer-side surface of the fitgiporting sheet is 10 mJor more,
there is no migration of the components in therfatee between both elements, and the
easy peeling property in the interface betweerithesupporting sheet and the
thermosetting resin layer is excellent during #s@aval of the first supporting sheet.
The difference between the surface free energlgeofitst supporting sheet-side surface
of the thermosetting resin layer before thermainguand the surface free energy of the
thermosetting resin layer-side surface of the fitgiporting sheet is preferably 12 to 100

mJ/nf, more preferably 15 to 90 mJnmore preferably 18 to 85 m¥nand particularly



preferably 20 to 80 mJ/m

[0015]

In addition, when the difference between a cordagle of the first supporting
sheet-side surface of the thermosetting resin lagtare thermal curing with respect to

5 water and a contact angle of the thermosetting lager-side surface of the first

supporting sheet with respect to water i$ 80more, during the removal of the first
supporting sheet, the easy peeling property inntegface between the first supporting
sheet and the thermosetting resin layer becomesisup

[0016]

10 Meanwhile, in the protective film forming sheettbé present invention, there
are cases in which the thermosetting resin layls-surface of the first supporting sheet
is made of an energy ray-curable pressure-sensitiiiesive or a non-energy ray-curable
pressure-sensitive adhesive, and, in the caserf beade of an energy ray-curable
pressure-sensitive adhesive, the value of therdiiffee in the surface free energy before

15 energy ray curing falls in the above-described eaagd thus there is no migration of the
components in the interface between both elemeritsdenergy ray curing, and the
easy peeling property in the interface betweeritbesupporting sheet and the
thermosetting resin layer becomes excellent eveanvithe first supporting sheet is
removed after energy ray curing. Even when thaevafl the difference in the surface

20 free energy after energy ray curing is outsideat@ve-described range, there is only a
small influence on the migration of the componéntdhe interface between both
elements before energy ray curing, and the eadingg®operty in the interface between
the first supporting sheet and the thermosettismrayer during the removal of the first
supporting sheet is not significantly affected.

25 [0017]
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Hereinafter, the protective film forming sheet@mtting to the present invention
will be described in detail with reference to tlie@mpanying drawings.

Meanwhile, in the drawings which will be used e following description,
there are cases in which the protective film forgrsheet is varied from the actual
protective film forming sheet for convenience. abifdition, materials, conditions, and
the like in the following description are simplyeswplary examples, and the present
invention is not limited thereto and can be caroetlin appropriately modified manners
within the scope of the gist of the present invamti

[0018]

O First Supporting Sheet

The first supporting sheet may be a sheet madesofgle layer (monolayer) or
a sheet made of a plurality of layers (two or mayers). In a case in which the
supporting sheet is made of a plurality of layére, constituent materials and the
thicknesses of the plurality of layers may be iaehtto or different from one another,
and the combination of the plurality of layers @& particularly limited as long as the
effects of the present invention are not impaired.

Meanwhile, in the present specification, the seree‘a plurality of layers may
be identical to or different from one another” meémat “all of the layers may be
identical to one another, all of the layers maylifierent from one another, or only some
of the layers may be identical to one another”, famthermore, the sentence “a plurality
of layers is different from one another” means thateast one of the constituent
materials and the thicknesses of the respectierdagre different from one another”,
which will be true not only for the first supportirsheet but also for other elements.

[0019]

Examples of a preferred first supporting sheduuhe a first supporting sheet in
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which the first pressure-sensitive adhesive layestacked on the first base material, a
first supporting sheet in which a first interlayestacked on the first base material and
the first pressure-sensitive adhesive layer iksthon the first interlayer, a first
supporting sheet made of only the first base nafeand the like.

[0020]

Hereinafter, exemplary examples of the protediine forming sheet of the
present invention including each of the types st fSupporting sheets above will be
described with reference to the drawings.

[0021]

FIG. 1 is a cross-sectional view schematicallyshg an embodiment of the
protective film forming sheet of the present invent A protective film forming sheet
1 shown in this drawing is a protective film forrgisheet in which, as a first supporting
sheet 101, a first supporting sheet formed by stgck first pressure-sensitive adhesive
layer 13 on a first base material 11 is used. Tihahe protective film forming sheet 1
is constituted by including the first pressure-siaresadhesive layer 13 on the first base
material 11 and including a thermosetting resiretal2 on the first pressure-sensitive
adhesive layer 13. The first supporting sheetid@lstacked body of the first base
material 11 and the first pressure-sensitive agthdaiyer 13, and the thermosetting resin
layer 12 is provided on one surface 101a of the §upporting sheet 101, that is, on one
surface 13a of the first pressure-sensitive adbdaixer 13. In the protective film
forming sheet 1, when the difference between thiase free energy of the first
supporting sheet 101-side surface of the thermogettsin layer 12 before thermal
curing and the surface free energy of the therniogetesin layer 12-side surface of the
first pressure-sensitive adhesive layer 13 is 10nhdr more, there is no migration of

the components in the interface between both elsndre adhesive force is stabilized,
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and thus the interface between the first supposireet 101 and the thermosetting resin

layer 12 becomes excellent in terms of the easlyngeproperty. The difference
between the surface free energy of the first supmpsheet 101-side surface of the
thermosetting resin layer 12 before thermal cuaingd the surface free energy of the
thermosetting resin layer 12-side surface of tre firessure-sensitive adhesive layer 13
is preferably 12 to 100 mJfimore preferably 15 to 90 mJnpreferably 18 to 85

mJ/nf, and particularly preferably 20 to 80 m3/m

[0022]

FIG. 2 is a cross-sectional view schematicallyshg another embodiment of
the protective film forming sheet of the preseneintion. Meanwhile, in FIG. 2, the
same constituent element as in FIG. 1 is givers#ime reference sign as in FIG. 1 and
will not be described in detail. What has beercdbed above is also true for FIG. 3
and the subsequent drawings.

In a protective film forming sheet 2 shown in tdimwing, as a first supporting
sheet 102, a first supporting sheet formed by stgck first interlayer 14 on the first base
material 11 and stacking the first pressure-semsédhesive layer 13 on the first
interlayer 14 is used. That is, the protectivafibrming sheet 2 is constituted by
including the first interlayer 14 on the first basaterial 11, including the first
pressure-sensitive adhesive layer 13 on the fitstlayer 14, and including the curable
resin layer 12 on the first pressure-sensitive siddayer 13. The first supporting
sheet 102 is a stacked body formed by stackingjriftebase material 11, the first
interlayer 14, and the first pressure-sensitiveeatlte layer 13 in this order, and the
thermosetting resin layer 12 is provided on onéaser102a of the first supporting sheet
102, that is, on one surface 13a of the first pressensitive adhesive layer 13.

In other words, the protective film forming sh&as the protective film forming
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sheet 1 shown in FIG. 1 which further includesfirst interlayer 14 in the interface
between the first base material 11 and the firssgure-sensitive adhesive layer 13. In
the protective film forming sheet 2, when the diffiece between the surface free energy
of the first supporting sheet 102-side surfacenefthermosetting resin layer 12 before
thermal curing and the surface free energy oftikentosetting resin layer 12-side
surface of the first pressure-sensitive adhesiyera3 is 10 mJ/for more, there is no
migration of the components in the interface betwieeth elements, the adhesive force is
stabilized, and thus the interface between thedupporting sheet 102 and the
thermosetting resin layer 12 becomes excellerdgrims of the easy peeling property.
The difference between the surface free energlgefitst supporting sheet 102-side
surface of the thermosetting resin layer 12 befioeemal curing and the surface free
energy of the thermosetting resin layer 12-sidéaserof the first pressure-sensitive
adhesive layer 13 is preferably 12 to 100 nf,Jimore preferably 15 to 90 m¥m
preferably 18 to 85 mJ/mand particularly preferably 20 to 80 m3/m

[0023]

FIG. 3 is a cross-sectional view schematicallyshg still another embodiment
of the protective film forming sheet of the presenention.

In a protective film forming sheet 3 shown in tdrawing, as a first supporting
sheet 103, a first supporting sheet made of tkelfsse material 11 alone is used. That
is, the protective film forming sheet 3 is congstili by including the curable resin layer
12 on the first base material 11. The first suppgrsheet 103 is constituted of the first
base material 11 alone, and the curable resin [E¥és provided in direct contact on one
surface 103a of the first supporting sheet 103,ifh@n one surface 11a of the first base
material 11.

In other words, the protective film forming sh8as the protective film forming
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sheet 1 shown in FIG. 1 from which the first pregssensitive adhesive layer 13 is
removed. In the protective film forming sheet 3iem the difference between the
surface free energy of the first supporting sh@8tdide surface of the thermosetting
resin layer 12 before thermal curing and the serfaee energy of the thermosetting
resin layer 12-side surface of the first supporshget 103 is 10 mJfror more, there is
no migration of the components in the interfaceveein both elements, the adhesive
force is stabilized, and thus the interface betwberfirst supporting sheet 103 and the
thermosetting resin layer 12 becomes excellerdgrims of the easy peeling property.
The difference between the surface free energlyeofitst supporting sheet 103-side
surface of the thermosetting resin layer 12 befioeemal curing and the surface free
energy of the thermosetting resin layer 12-sidéaserof the first supporting sheet 103 is
preferably 12 to 100 mJfmnmore preferably 15 to 90 mFnpreferably 18 to 85 mJ/n
and particularly preferably 20 to 80 m3/m

[0024]

FIG. 4 is a cross-sectional view schematicallyshg an example of a
semiconductor wafer 90 having bumps 91. On a itistuface 90a of the
semiconductor wafer 90 shown in the drawing, agityrof the bumps 91 is provided.

The bump 91 has, for example, a shape of a sphgaet of which is cut out
along a flat surface, and a flat surface corresimgnitb a portion exposed by cutting out
the above-described part is in contact with theudirsurface 90a of the semiconductor
wafer 90. The shape of the bump is not limitetheoshape as shown in the drawing,
but an effect (an easy peeling property in theriate between the first supporting sheet
and the thermosetting resin layer) of the preserdrition is particularly exhibited with
spherical bumps having a plane of projection inicigchn elliptical shape.

[0025]
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FIG. 5 is a cross-sectional view schematicallyshg a state in which the
protective film forming sheet of the present invents attached to the bump
91-provided surface of the semiconductor wafer 9bhe attached thermosetting resin
layer 12 becomes more fluid when heated, spreads@ihe bumps so as to cover the
bumps, adheres to the circuit surface, and cowestinfaces of the bumps, particularly,
the surfaces of the portions close to the cirauitaxe, thereby burying the bumps.

When the thickness of the curable resin layeislset to be thinner than the
height of the bump 91, and the total thicknesefdurable resin layer 12 and the first
pressure-sensitive adhesive layer 13 is set thibkerr than the height of the bump 91,
all of the bumps 91 are covered with the curabdenriayer 12 and the first
pressure-sensitive adhesive layer 13.

[0026]

In the semiconductor wafer to which the protecfilra forming sheet has been
attached, for example, the surface opposite taiticait surface is ground, then, the first
supporting sheet 101 is removed, subsequentlystgpiiotective film 12’ is formed by
heating the thermosetting resin layer 12, and|ljindne semiconductor wafer is chip-cut
to a predetermined size in a state of includingitisé protective film 12’ and is
combined into a semiconductor device.

[0027]

FIG. 6 is a cross-sectional view schematicallyshg an example of the
semiconductor wafer 90 including the first proteetfilm 12’ formed using the
protective film forming sheet 1 of the present imven. The first protective film 12’ is
a protective film formed using the thermosettingimdilm of the present invention,
covers the circuit surface 90a of the semiconduetder 90, and further covers, among

surfaces 91a of the bumps 91, tops 911 of the b@h@sd regions other than portions
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close to the tops.

[0028]

In the protective film forming sheet 1 of the mesinvention, the easy peeling
property in the interface between the first sugpgrsheet 101 and the thermosetting
resin layer 12, that is, the easy peeling propertie interface between the first
pressure-sensitive adhesive layer 13 and the trsattirog resin layer 12 is excellent, and
thus there are no cases in which poor peeling sauring the removal of the first
supporting sheet 101 by peeling, and, as showhGn@; it is possible to protect the
circuit surface and the bumps by leaving the theettong resin layer 12 which will turn
into the first protective film 12’ after curing.

[0029]

O First Base Material

The first base material may be a first base naltarade of a single layer
(monolayer) or a first base material made up dueafity of layers of two or more layers.
In a case in which the base material is made w@ppdlirality of layers, the constituent
materials and the thicknesses of the pluralityagéts may be identical to or different
from one another, and the combination of the pityraf layers is not particularly limited
as long as the effects of the present inventiomatémpaired.

Meanwhile, in the present specification, the serge‘a plurality of layers may
be identical to or different from one another” meémat “all of the layers may be
identical to one another, all of the layers maylifierent from one another, or only some
of the layers may be identical to one another”, famthermore, the sentence “a plurality
of layers is different from one another” means thateast one of the constituent
materials and the thicknesses of the respectierdagre different from one another”,

which will be true not only for the base materiat biso for other elements.
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[0030]

The first base material is a sheet-form or filrmidoase material, and examples
of a constituent material thereof include a varigtyesins.

Examples of the resins include polyethylene scloa-density polyethylene
(LDPE), linear low-density polyethylene (LLDPE),dahigh-density polyethylene
(HDPE); polyolefin other than polyethylene suclpa/propylene, polybutene,
polybutadiene, polymethylpentene, and norbornesi@seethylene-based copolymers
(copolymers obtained using ethylene as monomecs$) as ethylene-vinyl acetate
copolymers, ethylene-(meth)acrylate copolymersylette-(meth)acrylic acid ester
copolymers, and ethylene-norbornene copolymeryj einloride-based resins (resins
obtained using vinyl chloride as monomers) sucpadgvinyl chloride and vinyl chloride
polymers; polystyrene; polycycloolefin; polyeststeh as polyethylene terephthalate,
polyethylene naphthalate, polybutylene terephtkajadlyethylene isophthalate,
polyethylene-2,6-naphthalene dicarboxylate, andlif@@omatic polyesters in which all
constituent units have an aromatic cyclic grougotgmers of two or more polyester
described above; poly(meth)acrylic acid estersyyreithane; polyurethane acrylate;
polyimide; polyamide; polycarbonate; fluororesiojyacetal; modified polyphenylene
oxides; polyphenylene sulfides; polysulfone; pdigstketones; and the like.

In addition, exemplary examples of the resins ailstude polymer alloys such
as mixtures of the polyester and other resin. [@digmer alloys of the polyester and
other resin are preferably polymer alloys in whicl amount of the resin other than the
polyester is relatively small.

In addition, examples of the resins also includsslinked resins in which one
or more of the exemplary examples of resins aboge@sslinked with each other;

modified resins such as ionomers for which one orenof the exemplary examples of
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resins above are used; and the like.
[0031]
Meanwhile, in the present specification, “(methyéic acid” refers to both
“acrylic acid” and “methacrylic acid”. What hasdredescribed above is also true for
5 terminologies similar to (meth)acrylic acid, foraample, “(meth)acrylate” refers to both
“acrylate” and “methacrylate”, and “a (meth)acrflgyoup” refers to both “an acryloyl
group” and “a methacryloyl group”.
[0032]
Only one type or two or more types of resins maystitute the first base
10 material, and, in a case in which two or more typla®sins constitute the first base
material, the combination and ratio thereof caautigtrarily selected.
[0033]
The first base material may be a single layer @hyer) or a plurality of layers
(two or more layers), and, in a case in which trst base material is a plurality of layers,
15 the respective layers in the plurality of layersyrba identical to or different from one
another, and the combination of the plurality g&les is not particularly limited.
[0034]
The thickness of the first base material is pedigr 5 to 1,00um, more

preferably 10 to 50im, still more preferably 15 to 3Qdn, and particularly preferably

20 20 to 150um.

Here, “the thickness of the first base materiaférs to the thickness of the
entire first base material, and, for example, tekness of the first base material made
up of a plurality of layers refers to the totalckkness of all of the layers constituting the
first base material.

25 [0035]
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The first base material is preferably a first bamsgerial having a high accuracy
in thickness, that is, a first base material inckhthe variation of the thickness is
suppressed throughout the entire portion. Amoegtiove-described constituent
materials, examples of materials that can be usedristitute the above-described first

5 base material having a high accuracy in thickneslside polyethylene, polyolefin other
than polyethylene, polyethylene terephthalate,letigrvinyl acetate copolymers, and the
like.

[0036]

The first base material may also contain, in aoldito the main constituent

10 material such as the resin, a variety of well-kn@alditives such as a filler, a colorant,
an antistatic agent, an antioxidant, an organiddabt, a catalyst, and a softening agent
(plasticizer).

[0037]

The first base material may be transparent or epamnd may be colored

15 depending on the purpose. In addition, other Eyeay be deposited on the first base
material.

In a case in which the first pressure-sensitiveeatve layer described below or
the curable resin layer is energy ray-curablefiteebase material preferably transmits
energy rays.

20 [0038]

The first base material can be manufactured uswgll-known method. For
example, the first base material containing thenrean be manufactured by forming a
resin composition containing the resin.

[0039]

25 O First Pressure-Sensitive Adhesive Layer
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The first pressure-sensitive adhesive layer teseat form or a film form and
contains a pressure-sensitive adhesive.

Examples of the pressure-sensitive adhesive irguessure-sensitive adhesive
resins such as acrylic resins (pressure-sensitiiesaves made of a resin having a
(meth)acryloyl group), urethane-based resins (pressensitive adhesives made of a
resin having a urethane bond), rubber-based r@siassure-sensitive adhesives made of
a resin having a rubber structure), silicone-baesths (pressure-sensitive adhesives
made of a resin having a siloxane bond), epoxybeassns (pressure-sensitive
adhesives made of a resin having an epoxy groop)yipyl ethers, and polycarbonate,
and acrylic resins are preferred.

[0040]

Meanwhile, in the present invention, “pressuresgere adhesive resins” refer
to both resins having a pressure-sensitive adh@sogerty and resins having an
adhesive property, and examples thereof includ®nlytresins having an adhesive
property for themselves but also resins exhibiimgyessure-sensitive adhesive property
when jointly used with other components such astiadd, resins exhibiting an adhesive
property due to the presence of a trigger sucleasdr water, and the like.

[0041]

The first pressure-sensitive adhesive layer may siegle layer (monolayer) or
a plurality of layers of two or more layers, armdai case in which the first
pressure-sensitive adhesive layer is a pluralitiagdrs, the respective layers in the
plurality of layers may be identical to or diffetdrom one another, and the combination
of the plurality of layers is not particularly lited.

[0042]

The thickness of the first pressure-sensitive sidkdayer is preferably 1 to
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1,000um, more preferably 5 to 5Q0m, and particularly preferably 10 to 106n.

Here, “the thickness of the first pressure-sevesitidhesive layer” refers to the
thickness of the entire first pressure-sensitiieead/e layer, and, for example, the
thickness of the first pressure-sensitive adhdsiyer made up of a plurality of layers
refers to the total thickness of all of the layeosistituting the first pressure-sensitive
adhesive layer.

[0043]

The first pressure-sensitive adhesive layer may faest pressure-sensitive
adhesive layer formed using an energy ray-curat@sspre-sensitive adhesive or a first
pressure-sensitive adhesive layer formed usingheenergy ray-curable
pressure-sensitive adhesive. For the first pressensitive adhesive layer formed using
an energy ray-curable pressure-sensitive adhesigegossible to easily adjust the
properties before curing and after curing.

In the present invention, “energy rays” referdgs having energy quanta in
electromagnetic waves or charged particle radiagod examples thereof include
ultraviolet rays, electron beams, and the like.

Ultraviolet rays can be radiated using, for exaanplhigh-pressure mercury
lamp, a fusion H lamp, a xenon lamp, a black light LED lamp, or the like as an
ultraviolet ray source. As the electron beamgted@ beams generated using an
electron beam accelerator or the like can be redliat

In the present invention, “being energy ray-cugalbéfers to a property of being
cured by irradiation with energy rays, and “beimm+energy ray-curable” refers to a
property of not being cured by irradiation with emerays.

[0044]

<<First Pressure-Sensitive Adhesive Composition>>
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The first pressure-sensitive adhesive layer caioimeed using a first
pressure-sensitive adhesive composition contaimipgessure-sensitive adhesive. For
example, the first pressure-sensitive adhesive legpe be formed at an intended portion
by applying the first pressure-sensitive adhesoraposition to a target surface on which
the first pressure-sensitive adhesive layer isstéobmed and drying the first
pressure-sensitive adhesive composition as negess&more specific method for
forming the first pressure-sensitive adhesive layilbe described below in detail
together with methods for forming other layers. eThtio between the amounts of
components, which do not gasify at normal tempeeain the first pressure-sensitive
adhesive composition is, generally, identical ®ithtio between the amounts of the
above-described components in the first pressursitbge adhesive layer. Meanwhile,
in the present specification, “normal temperatuedérs to a temperature that is not
particularly cooled or heated, that is, a tempeeaitn an ordinary state, and examples
thereof include a temperature of’Csto 25C and the like.

[0045]

The first pressure-sensitive adhesive compositiag be applied using a
well-known method, and examples thereof includehmds in which a variety of coaters
such as an air knife coater, a blade coater, ada#er, a gravure coater, a roll coater, a
roll knife coater, a curtain coater, a die coadéetnife coater, a screen coater, a Mayer bar
coater, and a kiss coater are used.

[0046]

The drying conditions of the first pressure-sevsiadhesive composition are
not particularly limited; however, in a case in aihe first pressure-sensitive adhesive
composition contains a solvent described belowfiteepressure-sensitive adhesive

composition is preferably heated and dried, anthisicase, the first pressure-sensitive
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adhesive composition is preferably dried under @@ of, for example, AT to
130°C and 10 seconds to five minutes.

[0047]

In a case in which the first pressure-sensitiieeave layer is energy
ray-curable, examples of the first pressure-semsitdhesive composition containing an
energy ray-curable pressure-sensitive adhesiveisthan energy ray-curable first
pressure-sensitive adhesive composition includestdressure-sensitive adhesive
composition (I-1) containing a non-energy ray-clegiressure-sensitive adhesive resin
(I-1a) (hereinafter, in some cases, abbreviatéthaspressure-sensitive adhesive resin
(I-1a)”) and an energy ray-curable compound; d& firessure-sensitive adhesive
composition (I-2) containing an energy ray-curgiiessure-sensitive adhesive resin
(I-2a) in which an unsaturated group is introduited a side chain of the non-energy
ray-curable pressure-sensitive adhesive resin)((Hxeinafter, in some cases,
abbreviated as “the pressure-sensitive adhesiue (lea)”); a first pressure-sensitive
adhesive composition (I-3) containing the pressamsitive adhesive resin (I-2a) and an
energy ray-curable low-molecular-weight compound the like.

[0048]

<First Pressure-Sensitive Adhesive Compositioh)$l-

As described above, the first pressure-sensitiesive composition (I-1)
contains the non-energy ray-curable pressure-sensitihesive resin (I-1a) and an
energy ray-curable compound.

[0049]

[Pressure-Sensitive Adhesive Resin (I-1a)]

The pressure-sensitive adhesive resin (I-1a)efepably an acrylic resin.

Examples of the acrylic resin include acrylic pobrs having at least a
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constituent unit derived from an alkyl (meth)actgla

The acrylic resin may have only one type or twonare types of constituent
units, and, in a case in which the acrylic resis g or more types of constituent units,
the combination and ratio thereof can be arbiyra@lected.

[0050]

Examples of the alkyl (meth)acrylate include aligyleth)acrylates in which the
number of carbon atoms in an alkyl group constituthe alkyl ester is 1 to 20, and the
alkyl group is preferably a linear alkyl group dbr@anched alkyl group.

More specific examples of the alkyl (meth)acrylagude methyl
(meth)acrylate, ethyl (meth)acrylate, n-propyl (matrylate, isopropyl (meth)acrylate,
n-butyl (meth)acrylate, isobutyl (meth)acrylate;-beityl (meth)acrylate, tert-butyl
(meth)acrylate, pentyl (meth)acrylate, hexyl (mathnylate, heptyl (meth)acrylate,
2-ethylhexyl (meth)acrylate, isooctyl (meth)acrglat-octyl (meth)acrylate, n-nonyl
(meth)acrylate, isononyl (meth)acrylate, decyl (matrylate, undecyl (meth)acrylate,
dodecyl (meth)acrylate (also referred to as la@mdth)acrylate), tridecyl (meth)acrylate,
tetradecyl (meth)acrylate (also referred to as styirimeth)acrylate), pentadecyl
(meth)acrylate, hexadecyl (meth)acrylate (alsorreteto as palmityl (meth)acrylate),
heptadecyl (meth)acrylate, octadecyl (meth)acryalso referred to as stearyl
(meth)acrylate), nonadecyl (meth)acrylate, icosyih)acrylate, and the like.

[0051]

Since the pressure-sensitive adhesive force dirfigressure-sensitive
adhesive layer improves, the acrylic polymer pedgr has a constituent unit derived
from an alkyl (meth)acrylate in which the numbercafbon atoms in the alkyl group is
four or more. In addition, since the pressureisersadhesive force of the first

pressure-sensitive adhesive layer further impravesnumber of carbon atoms in the
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alkyl group is preferably 4 to 12 and more preférabto 8. In addition, the alkyl

(meth)acrylate in which the number of carbon atamtie alkyl group is four is
preferably alkyl acrylate.

[0052]

The acrylic polymer preferably further has, in édd to the constituent unit
derived from the alkyl (meth)acrylate, a constitugnit derived from a functional
group-containing monomer.

Examples of the functional group-containing monomelude monomers in
which the functional group reacts with a crossimgkagent described below and thus
serves as a starting point of crosslinking or tirectional group reacts with an
unsaturated group in an unsaturated group-contacompound and thus enables the
introduction of the unsaturated group into a sid&irc of the acrylic polymer.

[0053]

Examples of the functional group in the functiogadup-containing monomer
include a hydroxyl group, a carboxy group, an angraup, an epoxy group, and the
like.

That is, examples of the functional group-contagmmonomer include hydroxyl
group-containing monomers, carboxy group-contaimrmpomers, amino
group-containing monomers, epoxy group-containignomers, and the like.

[0054]

Examples of the hydroxyl group-containing mononiectude hydroxyalkyl
(meth)acrylates such as hydroxymethyl (meth)aayl2thydroxyethyl (meth)acrylate,
2-hydroxypropy! (meth)acrylate, 3-hydroxypropyl! (imgcrylate, 2-hydroxybutyl
(meth)acrylate, 3-hydroxybutyl (meth)acrylate, @ldydroxybutyl (meth)acrylate;

non-(meth)acrylic unsaturated alcohols such aslaltphol and allyl alcohol
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(unsaturated alcohols not having a (meth)acrylkglezon); and the like.

[0055]

Examples of the carboxy group-containing mononregiside ethylenic
unsaturated monocarboxylic acids such as (metH)aargid and crotonic acid
(monocarboxylic acids having an ethylenic unsa&gtdtond); ethylenic unsaturated
dicarboxylic acids such as fumaric acid, itacoriclamaleic acid, and citraconic acid
(dicarboxylic acids having an ethylenic unsaturdiedd); anhydrides of the ethylenic
unsaturated dicarboxylic acid; carboxyalkyl (methytates such as 2-carboxyethyl
methacrylate; and the like.

[0056]

The functional group-containing monomer is preirahe hydroxyl
group-containing monomer or the carboxy group-doitig monomer and more
preferably the hydroxyl group-containing monomer.

[0057]

The acrylic polymer may be constituted of only dyp@e or two or more types of
the functional group-containing monomers, and, aase in which the acrylic polymer is
constituted of two or more types of the functiogieup-containing monomers, the
combination and ratio thereof can be arbitrarillested.

[0058]

In the acrylic polymer, the amount of the constituunit derived from the
functional group-containing monomer is preferalfly tb 35% by mass, more preferably
3% to 32% by mass, and particularly preferably 5%80% by mass of the mass of the
constituent units.

[0059]

The acrylic polymer may further have, in addittorthe constituent unit derived
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from the alkyl (meth)acrylate and the constituamt derived from the functional
group-containing monomer, a constituent unit detifrem a different monomer.

The different monomer is not particularly limitad long as the monomer can be
copolymerized with the alkyl (meth)acrylate or tike.

Examples of the different monomer include styreneethylstyrene, vinyl
toluene, vinyl formate, vinyl acetate, acrylongriacrylamide, and the like.

[0060]

The acrylic polymer may be constituted of only ¢yp@e or two or more types of
the different monomers, and, in a case in whichattiglic polymer is constituted of two
or more types of the different monomers, the cotime@nd ratio thereof can be
arbitrarily selected.

[0061]

The acrylic polymer can be used as the non-enaiggurable
pressure-sensitive adhesive resin (I-1a).

Meanwhile, a substance obtained by causing artunased group-containing
compound having an energy ray-polymerizable unatgdrgroup (energy
ray-polymerizable group) to react with the funcéibgroup in the acrylic polymer can be
used as the energy ray-curable pressure-sensithesive resin (I-2a).

Meanwhile, in the present invention, “being enenay-polymerizable” refers to
a property of being polymerized by irradiation wéhergy rays.

[0062]

The first pressure-sensitive adhesive compos(tid) may contain only one
type or two or more types of the pressure-sens#dieesive resins (I-1a), and, in a case
in which the first pressure-sensitive adhesive amsitfpn contains two or more types of

the pressure-sensitive adhesive resins, the cotidnrand ratio thereof can be arbitrarily
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selected.

[0063]

In the first pressure-sensitive adhesive compmsiii-1), the amount of the
pressure-sensitive adhesive resin (I-1a) is prefg & to 99% by mass, more
preferably 10% to 95% by mass, and particularlygrebly 15% to 90% by mass of the
total mass of the first pressure-sensitive adhesivaposition (I-1).

[0064]

[Energy Ray-Curable Compound]

Examples of the energy ray-curable compound coedhin the first
pressure-sensitive adhesive composition (I-1) okelmonomers or oligomers which
have an energy ray-polymerizable unsaturated gandpcan be cured by irradiation with
energy rays.

Among the energy ray-curable compounds, examglesaomers include
polyhydric (meth)acrylates such as trimethylol @ tri(meth)acrylate, pentaerythritol
(meth)acrylate, pentaerythritol tetra(meth)acryldipentaerythritol hexa(meth)acrylate,
1,4-butylene glycol di(meth)acrylate, and 1,6-heedial (meth)acrylate; urethane
(meth)acrylate; polyether (meth)acrylate; polyetfmeth)acrylate; epoxy
(meth)acrylate; and the like.

Among the energy ray-curable compounds, examgplebgmmers include
oligomers obtained by polymerizing the exemplargiraples of monomers above.

The energy ray-curable compound is preferablyhamed (meth)acrylate or a
urethane (meth)acrylate oligomer since the molesméaght is relatively great and the
storage elastic modulus of the first pressure-tgasadhesive layer is not easily
decreased.

[0065]
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The first pressure-sensitive adhesive compos(tid) may contain only one
type or two or more types of the energy ray-curabl@pounds, and, in a case in which
the first pressure-sensitive adhesive compositimains two or more types of the
energy ray-curable compounds, the combination atid thereof can be arbitrarily
selected.

[0066]

In the first pressure-sensitive adhesive compmsiii-1), the amount of the
energy ray-curable compound is preferably 1% to ®§%nass, more preferably 5% to
90% by mass, and particularly preferably 10% to &B2nass of the total mass of the
first pressure-sensitive adhesive composition (I-1)

[0067]

[Crosslinking Agent]

In a case in which the acrylic polymer further ingy in addition to the
constituent unit derived from the alkyl (meth)aetg, the constituent unit derived from
the functional group-containing monomer as thegquressensitive adhesive resin (I-1a),
the first pressure-sensitive adhesive compositidn preferably further contains a
crosslinking agent.

[0068]

The crosslinking agent is, for example, a sub&tdhat reacts with the
functional group and thus crosslinks the pressarsitive adhesive resins (I-1a).

Examples of the crosslinking agent include isoeyafbased crosslinking agents
(crosslinking agents having an isocyanate grouph s tolylene diisocyanate,
hexamethylene diisocyanate, xylene diisocyanat aaiducts of the above-described
diisocyanate; epoxy-based crosslinking agents gtirdsng agents having a glycidyl

group) such as ethylene glycol glycidyl ether; idaiie-based crosslinking agents
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(crosslinking agents having an aziridine grouphsas
hexa[1-(2-methyl)-aziridinyl]triphosphatriazine; tabchelate-based crosslinking agents
(crosslinking agents having a metal chelate stregtsuch as aluminum chelates;
isocyanurate-based crosslinking agents (crosslin&gents having an isocyanuric acid
skeleton); and the like.

The crosslinking agent is preferably the isocyesmtsed crosslinking agent
since the isocyanate-based crosslinking agent wegrthe cohesive force of the
pressure-sensitive adhesive so as to improve tespre-sensitive adhesive force of the
first pressure-sensitive adhesive layer, is egsibgurable, and the like.

[0069]

The first pressure-sensitive adhesive compos(tid) may contain only one
type or two or more types of the crosslinking ageahd, in a case in which the first
pressure-sensitive adhesive composition contaiotwnore types of the crosslinking
agents, the combination and ratio thereof can Ibirarily selected.

[0070]

In the first pressure-sensitive adhesive compwsiti-1), the amount of the
crosslinking agent is preferably 0.01 to 50 paytsrnass, more preferably 0.1 to 20 parts
by mass, and particularly preferably 1 to 10 pbytsnass of the total amount (100 parts
by mass) of the pressure-sensitive adhesive redim)(

[0071]

[Photopolymerization Initiator]

The first pressure-sensitive adhesive compos(tid) may also further contain
a photopolymerization initiator. The first pressisensitive adhesive composition (I-1)
containing the photopolymerization initiator suiintly proceeds with a curing reaction

even when irradiated with energy rays having &irely low energy such as ultraviolet
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rays.

[0072]

Examples of the photopolymerization initiator imbé benzoin compounds such
as benzoin, benzoin methyl ether, benzoin ethyretienzoin isopropyl ether, benzoin
isobutyl ether, benzoin benzoate, methyl benzonzbate, and benzoin dimethyl ketal;
acetophenone compounds such as acetophenone,
2-hydroxy-2-methyl-1-phenyl-propane-1-one, and
2,2-dimethoxy-1,2-diphenylethane-1-one; acylphaspluxide compounds such as
bis(2,4,6-trimethylbenzoyl)phenylphosphine oxidé an
2,4,6-trimethylbenzoyldiphenylphosphine oxide; sldfcompounds such as
benzylphenyl sulfide and tetramethylthiuram monfide] a-ketol compounds such as
1-hydroxycyclohexyl phenyl ketone; azo compoundshsas azobisisobutylonitrile;
titanocene compounds such as titanocene; thioxaatbompounds such as
thioxanthone; peroxide compounds; diketone compswadh as diacetyle; benzyl,
dibenzyl, benzophenone, 2,4-diethylthioxanthon2;diphenylmethane,
2-hydroxy-2-methyl-1-[4-(1-methylvinyl)phenyl]propane, 2-chloroanthraquinone, and
the like.

In addition, as the photopolymerization initiatimr, example, a quinone
compound such as 1-chloroanthraquinone; a photibigensuch as amine; or the like
can also be used.

[0073]

The first pressure-sensitive adhesive compos(tid) may contain only one
type or two or more types of the photopolymerizaiiatiators, and, in a case in which
the first pressure-sensitive adhesive compositaiains two or more types of the

photopolymerization initiators, the combination aato thereof can be arbitrarily
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selected.

[0074]

In the first pressure-sensitive adhesive compmsiii-1), the amount of the
photopolymerization initiator is preferably 0.0120 parts by mass, more preferably 0.03
to 10 parts by mass, and particularly preferalp@o 5 parts by mass of the total
amount (100 parts by mass) of the energy ray-ceratrinpound.

[0075]

[Other Additives]

The first pressure-sensitive adhesive compos(tidn may also contain other
additives which do not correspond to any of thevabdescribed components as long as
the effects of the present invention are not imgzhir

Examples of the other additives include a vargétgdditives such as an
antistatic agent, an antioxidant, a softening a¢@asticizer), a filler (filler), an antirust
agent, a colorant (a pigment or a dye), a sensi@izeckifier, a reaction retardant, and a
crosslinking accelerator (catalyst).

Meanwhile, the reaction retardant is a substamaesuppresses the progress of
an unintended crosslinking reaction in the firggsure-sensitive adhesive composition
(I-1) under storage due to, for example, the aatiotiime catalyst mixed into the first
pressure-sensitive adhesive composition (I-1). nigpias of the reaction retardant
include reaction retardants that form a chelategterndue to a chelate with respect to
the catalyst, and more specific examples therafide substances having two or more
carbonyl groups (-C(=0)-) in one molecule.

[0076]

The first pressure-sensitive adhesive compos(tid) may contain only one

type or two or more types of the other additivesl,an a case in which the first
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pressure-sensitive adhesive composition containotwnore types of the other additives,
the combination and ratio thereof can be arbiyadlected.

[0077]

In the first pressure-sensitive adhesive compmsiii-1), the amount of the
other additives is not particularly limited and nizyappropriately selected depending on
the type of the additives.

[0078]

[Solvent]

The first pressure-sensitive adhesive compos(tidn may also contain a
solvent. When the first pressure-sensitive adleesomposition (I-1) contains a solvent,
the coating aptitude to a coating target surfageaves.

[0079]

The solvent is preferably an organic solvent, exaimples of the organic
solvent include ketones such as methyl ethyl ketomtkacetone; esters (carboxylic acid
esters) such as ethyl acetate; ethers such alsyitoduran and dioxane; aliphatic
hydrocarbons such as cyclohexane and n-hexanea#icoinydrocarbons such as toluene
and xylene; alcohols such as 1-propanol and 2-ppand the like.

[0080]

As the solvent, a solvent used during the manufaxg of the pressure-sensitive
adhesive resin (I-1a) may be continuously usetierfitst pressure-sensitive adhesive
composition (I-1) without being removed from thegsure-sensitive adhesive resin
(I-1a) or a solvent of the same type as or a diffetype from the solvent used during the
manufacturing of the pressure-sensitive adhessia ¢1a) may be separately added
during the manufacturing of the first pressure-gemsadhesive composition (I-1).

[0081]
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The first pressure-sensitive adhesive compos(tid) may contain only one
type or two or more types of the solvents, an@ aase in which the first
pressure-sensitive adhesive composition contaiotwnore types of the solvents, the
combination and ratio thereof can be arbitrarillested.

[0082]

In the first pressure-sensitive adhesive compmsiii-1), the amount of the
solvent is not particularly limited and may be ayprately adjusted.

[0083]

<First Pressure-Sensitive Adhesive Compositia?)¥l-

As described above, the first pressure-sensititeesive composition (I-2)
contains an energy ray-curable pressure-senstilvesive resin (I-2a) in which an
unsaturated group is introduced into a side chiihenon-energy ray-curable
pressure-sensitive adhesive resin (I-1a).

[0084]

[Pressure-Sensitive Adhesive Resin (I-2a)]

The pressure-sensitive adhesive resin (I-2a) easbkained by, for example,
causing an unsaturated group-containing compouvithdpan energy ray-polymerizable
unsaturated group to react with the functional grivuthe pressure-sensitive adhesive
resin (I-1a).

[0085]

The unsaturated group-containing compound is goooimd further having, in
addition to the energy ray-polymerizable unsaturgi®up, a group that can be bonded
with the pressure-sensitive adhesive resin (I-¥akghcting with the functional group in
the pressure-sensitive adhesive resin (I-1a).

Examples of the energy ray-polymerizable unsatdrgtoup include a
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(meth)acryloyl group, a vinyl group (ethenyl grouah allyl group (2-propenyl group),

and the like, and a (meth)acryloyl group is preddrr

Examples of the group that can be bonded wittitthetional group in the
pressure-sensitive adhesive resin (I-1a) includeysnate groups and glycidyl groups
that can be bonded with a hydroxyl group or an angiroup, hydroxyl groups and amino
groups that can be bonded with a carboxy grouma@paxy group, and the like.

[0086]

Examples of the unsaturated group-containing camganclude
(meth)acryloyloxyethyl isocyanate, (meth)acrylsdcyanate, glycidyl (meth)acrylate,
and the like.

[0087]

The first pressure-sensitive adhesive compos(ti@) may contain only one
type or two or more types of the pressure-sensédiesive compositions (I-2a), and, in
a case in which the first pressure-sensitive aghemposition contains two or more
types of the pressure-sensitive adhesive composijtibe combination and ratio thereof
can be arbitrarily selected.

[0088]

In the first pressure-sensitive adhesive compmsii-2), the amount of the
pressure-sensitive adhesive resin (I-2a) is prefg&lo to 99% by mass, more
preferably 10% to 95% by mass, and particularlygrebly 10% to 90% by mass of the
total mass of the first pressure-sensitive adhesivaposition (I-2).

[0089]

[Crosslinking Agent]

In a case in which, as the pressure-sensitivesagtheesin (I-2a), for example,

the acrylic polymer having the constituent unitided from the functional
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group-containing monomer, which is the same asithihie pressure-sensitive adhesive
resin (I-1a) is used, the first pressure-sensdiyieesive composition (I-2) preferably
further contains a crosslinking agent.

[0090]

Examples of the crosslinking agent in the firggsure-sensitive adhesive
composition (I-2) include the same crosslinkingrages those in the first
pressure-sensitive adhesive composition (I-1).

The first pressure-sensitive adhesive compos(ti@) may contain only one
type or two or more types of the crosslinking ageahd, in a case in which the first
pressure-sensitive adhesive composition containtwnore types of the crosslinking
agents, the combination and ratio thereof can Ibirarily selected.

[0091]

In the first pressure-sensitive adhesive compmsii-2), the amount of the
crosslinking agent is preferably 0.01 to 50 paytsrnass, more preferably 0.1 to 20 parts
by mass, and particularly preferably 1 to 10 plytsnass of the total amount (100 parts
by mass) of the pressure-sensitive adhesive re&im)(

[0092]

[Photopolymerization Initiator]

The first pressure-sensitive adhesive compos(ti@) may also further contain
a photopolymerization initiator.  The first pressigensitive adhesive composition (1-2)
containing the photopolymerization initiator suiiotly proceeds with a curing reaction
even when irradiated with energy rays having dikedly low energy such as ultraviolet
rays.

[0093]

Examples of the photopolymerization initiator e ffirst pressure-sensitive
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adhesive composition (I-2) include the same phdjoperization initiators as those in
the first pressure-sensitive adhesive compositidi). (

The first pressure-sensitive adhesive compos(ti@) may contain only one
type or two or more types of the photopolymerizaiiuitiators, and, in a case in which
the first pressure-sensitive adhesive compositiomains two or more types of the
photopolymerization initiators, the combination aatio thereof can be arbitrarily
selected.

[0094]

In the first pressure-sensitive adhesive compmws(ti-2), the amount of the
photopolymerization initiator is preferably 0.0120 parts by mass, more preferably 0.03
to 10 parts by mass, and particularly preferalp @o 5 parts by mass of the total
amount (100 parts by mass) of the pressure-seasitihesive resin (I-2a).

[0095]

[Other Additives]

The first pressure-sensitive adhesive compos(ti@) may also contain other
additives which do not correspond to any of thevabdescribed components as long as
the effects of the present invention are not ingzhir

Examples of the other additives in the first poesssensitive adhesive
composition (I-2) include the same other additi@sghose in the first pressure-sensitive
adhesive composition (I-1).

The first pressure-sensitive adhesive compos(ti@) may contain only one
type or two or more types of the other additivesl,an a case in which the first
pressure-sensitive adhesive composition containotwnore types of the other additives,
the combination and ratio thereof can be arbiyadlected.

[0096]
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In the first pressure-sensitive adhesive compwsiti-2), the amount of the
other additives is not particularly limited and nizyappropriately selected depending on
the type of the additives.

[0097]

[Solvent]

The first pressure-sensitive adhesive compos(ti@) may also contain a
solvent for the same purpose as in the case dirti@ressure-sensitive adhesive
composition (I-1).

Examples of the solvent in the first pressureiti@asadhesive composition
(I-2) include the same solvents as those in tis¢ firessure-sensitive adhesive
composition (I-1).

The first pressure-sensitive adhesive compos(ti@) may contain only one
type or two or more types of the solvents, an@ @ase in which the first
pressure-sensitive adhesive composition containotwnore types of the solvents, the
combination and ratio thereof can be arbitrariliesied.

In the first pressure-sensitive adhesive compmsiti-2), the amount of the
solvent is not particularly limited and may be apprately adjusted.

[0098]

<First Pressure-Sensitive Adhesive Compositios)$l-

As described above, the first pressure-sensitiesive composition (1-3)
contains the pressure-sensitive adhesive resia)(&2d an energy ray-curable
low-molecular-weight compound.

[0099]

In the first pressure-sensitive adhesive compws(ti-3), the amount of the

pressure-sensitive adhesive resin (I-2a) is prefg£6 to 99% by mass, more
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preferably 10% to 95% by mass, and particularlyguedbly 15% to 90% by mass of the

total mass of the first pressure-sensitive adhasiveposition (I-3).

[0100]

[Energy Ray-Curable Low-Molecular-Weight Compound]

Examples of the energy ray-curable low-moleculargit compound contained
in the first pressure-sensitive adhesive compas(i€8) include monomers or oligomers
which have an energy ray-polymerizable unsaturgtedp and can be cured by
irradiation with energy rays and include the samergy ray-curable compounds as that
in the first pressure-sensitive adhesive compasftid).

The first pressure-sensitive adhesive compos(ti@&) may contain only one
type or two or more types of the energy ray-cur&le molecular-weight compounds,
and, in a case in which the first pressure-semsdthesive composition contains two or
more types of the energy ray-curable low-moleculaight compounds, the combination
and ratio thereof can be arbitrarily selected.

[0101]

In the first pressure-sensitive adhesive compms(ti-3), the amount of the
energy ray-curable low-molecular-weight compounpreferably 0.01 to 300 parts by
mass, more preferably 0.03 to 200 parts by maskparticularly preferably 0.05 to 100
parts by mass of the total amount (100 parts bysjnafshe pressure-sensitive adhesive
resin (I-2a).

[0102]

[Photopolymerization Initiator]

The first pressure-sensitive adhesive compos(ti@&) may also further contain
a photopolymerization initiator.  The first pressisensitive adhesive composition (1-3)

containing the photopolymerization initiator suiintly proceeds with a curing reaction
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even when irradiated with energy rays having &irkely low energy such as ultraviolet
rays.

[0103]

Examples of the photopolymerization initiator e ffirst pressure-sensitive
adhesive composition (I-3) include the same phdyoperization initiators as those in
the first pressure-sensitive adhesive compositid). (

The first pressure-sensitive adhesive compos(ti&) may contain only one
type or two or more types of the photopolymerizaiitiators, and, in a case in which
the first pressure-sensitive adhesive compositaiains two or more types of the
photopolymerization initiators, the combination aato thereof can be arbitrarily
selected.

[0104]

In the first pressure-sensitive adhesive compmsii-3), the amount of the
photopolymerization initiator is preferably 0.0120 parts by mass, more preferably 0.03
to 10 parts by mass, and particularly preferalp @o 5 parts by mass of the total
amount (100 parts by mass) of the pressure-seasitihesive resin (I-2a) and the energy
ray-curable low-molecular-weight compound.

[0105]

[Other Additives]

The first pressure-sensitive adhesive compos(ti@) may also contain other
additives which do not correspond to any of thevabdescribed components as long as
the effects of the present invention are not imgzhir

Examples of the other additives include the satheradditives as those in the
first pressure-sensitive adhesive composition (I-1)

The first pressure-sensitive adhesive compos(ti@&) may contain only one



10

15

20

25

3¢

type or two or more types of the other additivesl,an a case in which the first
pressure-sensitive adhesive composition containotwnore types of the other additives,
the combination and ratio thereof can be arbiyra@lected.

[0106]

In the first pressure-sensitive adhesive compmsii-3), the amount of the
other additives is not particularly limited and nizyappropriately selected depending on
the type of the additives.

[0107]

[Solvent]

The first pressure-sensitive adhesive compos(ti@&) may also contain a
solvent for the same purpose as in the case dirtigressure-sensitive adhesive
composition (I-1).

Examples of the solvent in the first pressureisersadhesive composition
(I-3) include the same solvents as those in tis¢ firessure-sensitive adhesive
composition (I-1).

The first pressure-sensitive adhesive compos(ti@&) may contain only one
type or two or more types of the solvents, an@ aase in which the first
pressure-sensitive adhesive composition contaiotwnore types of the solvents, the
combination and ratio thereof can be arbitrarillested.

In the first pressure-sensitive adhesive compmsii-3), the amount of the
solvent is not particularly limited and may be ayprately adjusted.

[0108]

<First Pressure-Sensitive Adhesive CompositioteOThan First
Pressure-Sensitive Adhesive Compositions (I-1)-8)%

Hitherto, the first pressure-sensitive adhesivamasition (I-1), the first
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pressure-sensitive adhesive composition (I-2),thadirst pressure-sensitive adhesive
composition (I-3) have been mainly described, hatdubstances described as the
contained components thereof can also be use isaime manner in general first
pressure-sensitive adhesive compositions otherttteaabove-described three types of
first pressure-sensitive adhesive compositiongh@present specification, referred to as
the first pressure-sensitive adhesive composititiner than the first pressure-sensitive
adhesive compositions (I-1) to (I-3)).

[0109]

Examples of the first pressure-sensitive adhesivepositions other than the
first pressure-sensitive adhesive compositiong {611-3) include, in addition to, the
energy ray-curable pressure-sensitive adhesive @sitigms, non-energy ray-curable
pressure-sensitive adhesive compositions.

Examples of the non-energy ray-curable pressursitbee adhesive
compositions include non-energy ray-curable pressansitive adhesive compositions
containing a pressure-sensitive adhesive resinasiem acrylic resin (a resin having a
(meth)acryloyl group), an urethane-based resiegmraving a urethane bond), a
rubber-based resin (a resin having a rubber stre)cta silicone-based resin (a resin
having a siloxane bond), an epoxy-based resinsfa F&wving an epoxy group), a
polyvinyl ether, or a polycarbonate, and non-eneayycurable pressure-sensitive
adhesive compositions containing an acrylic restnpaeferred.

[0110]

The first pressure-sensitive adhesive compositibhsr than the first
pressure-sensitive adhesive compositions (I-1)-8) preferably contain one or more
types of crosslinking agents, and the amount tlie@o be set to be the same as that in

the case of the above-described first pressuratsenasdhesive composition (I-1) or the
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like.

[0111]

<<Method for Manufacturing First Pressure-Sensithdhesive Composition>>

The first pressure-sensitive adhesive compositsoieh as the first
pressure-sensitive adhesive compositions (I-1)-8) ¢an be obtained by blending
individual components for constituting the firsepsure-sensitive adhesive compositions
such as the pressure-sensitive adhesive, compaootbetsthan the pressure-sensitive
adhesive as necessary, and the like.

The addition order during the blending of the sxtfye components is not
particularly limited, and two or more types of casnpnts may be added at the same
time.

In a case in which the solvent is used, the solvey be used by mixing the
solvent with all of the blending components othmt the solvent so as to dilute these
blending components in advance or may be used kiyngihe solvent with the blending
components without diluting all of the blending quonents other than the solvent in
advance.

A method for mixing the respective componentsriyblending is not
particularly limited and may be appropriately sédeicfrom well-known methods such as
a method in which the components are mixed togdtheotating a stirring stick, a
stirring blade, or the like; a method in which tmmponents are mixed together using a
mixer, and a method in which the components aredirgether by applying ultrasonic
waves thereto.

The temperature and the time during the additimhraixing of the respective
components are not particularly limited as longh@srespective blending components do

not deteriorate and may be appropriately adjustetthe temperature is preferably’C5
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to 3C°C.

[0112]

O First Interlayer

The first interlayer has a sheet form or a filrmfipand a constituent material
thereof may be appropriately selected dependintp®mpurpose and is not particularly
limited.

For example, in a case in which the purpose sifpress the deformation of the
protective film by reflecting the shape of bumpsgant on a semiconductor surface in
the protective film that covers the semiconductoface, examples of a preferred
constituent material of the first interlayer inctudrethane (meth)acrylate and the like
from the viewpoint of further improving the attacém property of the first interlayer.

[0113]

The first interlayer may be a single layer (mogeld or a plurality of layers of
two or more layers, and, in a case in which thst fitterlayer is a plurality of layers, the
respective layers in the plurality of layers mayidentical to or different from one
another, and the combination of the plurality g&les is not particularly limited.

[0114]

The thickness of the first interlayer can be appetely adjusted depending on
the height of bumps on the semiconductor surfadelwib a protection target, but is
preferably 50 to 60am, more preferably 70 to 5Q0n, and particularly preferably 80 to
400um since it is possible to relatively easily absthm influence of bumps having a
relatively high height.

Here, “the thickness of the first interlayer” neféo the thickness of the entire
first interlayer, and, for example, the thicknetthe first interlayer made up of a

plurality of layers refers to the total thicknegsath of the layers constituting the first



10

15

20

25

43

interlayer.

[0115]

<<First Interlayer Forming Composition>>

The first interlayer can be formed using a firgerlayer forming composition
containing the constituent material.

For example, the first interlayer can be formedraintended portion by
applying the first interlayer forming compositiand target surface on which the first
interlayer is to be formed and drying the firsentdyer forming composition or curing
the first interlayer forming composition by irratdan with energy rays as necessary. A
more specific method for forming the first interdmywill be described below in detalil
together with methods for forming other layers. eThtio between the amounts of
components, which do not gasify at normal tempeeaiun the first interlayer forming
composition is, generally, identical to the rat&ivibeen the amounts of the
above-described components in the first interlayétere, “normal temperature” is as
described above.

[0116]

The first interlayer composition may be appliethgs well-known method, and
examples thereof include methods in which a valétyoaters such as an air knife
coater, a blade coater, a bar coater, a gravutercaaroll coater, a roll knife coater, a
curtain coater, a die coater, a knife coater, aestcoater, a Mayer bar coater, and a kiss
coater are used.

[0117]

The drying conditions of the first interlayer farmg composition are not
particularly limited; however, in a case in whittefirst interlayer forming composition

contains a solvent described below, the first layar forming composition is preferably
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heated and dried, and, in this case, the firstlayter forming composition is preferably
dried under conditions of, for example,”@xo 130C and 10 seconds to five minutes.

In a case in which the first interlayer forminghgmosition is energy ray-curable,
the first interlayer forming composition is prefelafurther cured by irradiation with
energy rays after drying.

[0118]

Examples of the first interlayer forming compasitinclude a first interlayer
forming composition containing urethane (meth)aasyl(11-1) and the like.

[0119]

<First Interlayer Forming Composition (II-1)>

As described above, the first interlayer formiognposition (lI-1) contains
urethane (meth)acrylate.

[0120]

[Urethane (Meth)acrylate]

The urethane (meth)acrylate is a compound hawitepat a (meth)acryloyl
group and a urethane bond in one molecule andeiggmay-polymerizable.

The urethane (meth)acrylate may be a monofundtimeshane (meth)acrylate
(urethane (meth)acrylate having only one (meth)aghgroup in one molecule) or may
be a di- or higher-functional urethane (meth)adey(arethane (meth)acrylate having two
or more (meth)acryloyl groups in one molecule)t tkaa multifunctional urethane
(meth)acrylate, but urethane (meth)acrylate haairigast one (meth)acryloyl group is
preferably used.

[0121]

Examples of the urethane (meth)acrylate contaimélke first interlayer forming

composition include urethane (meth)acrylate obthimefurther causing a (meth)acrylic
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compound having a hydroxyl group and a (meth)aghdooup to react with a terminal
isocyanate urethane prepolymer obtained by reaatipglyol compound and a
polyhydric isocyanate compound. Here, “the termisacyanate urethane prepolymer”
refers to a prepolymer having a urethane bond amthf an isocyanate group at a
terminal portion of the molecule.

[0122]

The first interlayer forming composition (ll-1) gnaontain only one type or two
or more types of the urethane (meth)acrylate, ena,case in which the first interlayer
forming composition contains two or more typeshaf tirethane (meth)acrylate, the
combination and ratio thereof can be arbitrariliesied.

[0123]

(Polyol Compound)

The polyol compound is not particularly limitedlaag as the compound has
two or more hydroxyl groups in one molecule.

One type of the polyol compound may be used siaglyvo or more types of
the polyol compounds may be jointly used; howewea case in which two or more
types of the polyol compounds are jointly used,abeabination and ratio thereof can be
arbitrarily selected.

[0124]

Examples of the polyol compound include alkyleng&diolyether-type polyols,
polyester-type polyols, polycarbonate-type polyalsd the like.

The polyol compound may be any one of a difunetiahol, a trifunctional triol,
and tetra- or higher-functional polyols, but a deopreferred since the diol can be easily
procured and is excellent in terms of versatiliéactivity, and the like.

[0125]
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[Polyether-Type Polyol

The polyether-type polyol is not particularly ltexd, but is preferably a
polyether-type diol, and examples of the polyetlype diol include compounds
represented by General Formula (1).

[0126]

HojLR—oa;—H e (1)

(In the formula, n represents an integer of 2 oranR represents a divalent
hydrocarbon group, and a plurality of R's may benitical to or different from one
another.)

[0127]

In the formula, n represents the number of repgathits of a group represented
by General Formula “-R-O-" and is not particuldlityited as long as n is an integer of 2
or more. Among these, n is preferably 10 to 25@renpreferably 25 to 205, and
particularly preferably 40 to 185.

[0128]

In the formula, R is not particularly limited amb as R is a divalent
hydrocarbon group, but is preferably an alkylermugr more preferably an alkylene
group having 1 to 6 carbon atoms, still more pedi@r an ethylene group, a propylene
group, or a tetramethylene group, and particulargferably a propylene group or a
tetramethylene group.

[0129]

The compound represented by Formula (1) is prefgrolyethylene glycol,
polypropylene glycol or polytetramethylene glycablamore preferably polypropylene

glycol or polytetramethylene glycol.
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[0130]

When the polyether-type diol and the polyhydracignate compound are
reacted with each other, urethane (meth)acrylatmfgan ether bond portion
represented by General Formula (1a) as the ternsoeyanate urethane prepolymer can
be obtained. In addition, when the above-describadinal isocyanate urethane
prepolymer is used, the urethane (meth)acrylateiesther bond portion, that is, has a
constituent unit derived from the polyether-typel di

[0131]

—GR_‘H"— cee (1)

(In the formula, R and n are the same as descebede.)

[0132]

[Polyester-Type Polyol

The polyester-type polyol is not particularly lteil, and examples thereof
include polyols obtained by causing an esterifaratieaction using a polybasic acid or a
derivative thereof, and the like. Meanwhile, ie fhresent specification, unless
particularly otherwise described, “a derivativefers to a compound in which one or
more groups are substituted with other groups (gubsts). Here, “a group” refers not
only to an atomic group formed by bonding a playatif atoms but also to one atom.

[0133]

Examples of the polybasic acid or the derivather¢of include polybasic acids
that are ordinarily used as a manufacturing ravenwdtof polyesters and derivatives
thereof.

Examples of the polybasic acids include saturatithatic polybasic acids,

unsaturated aliphatic polybasic acids, aromatigh@sic acids, and the like, and dimers
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corresponding to any of the above-described polglzasds may also be used.

[0134]

Examples of the saturated aliphatic polybasicsaridlude saturated aliphatic
dibasic acids such as oxalic acid, malonic acid¢isic acid, glutaric acid, adipic acid,
pimelic acid, suberic acid, azelaic acid, and siebaid, and the like.

Examples of the unsaturated aliphatic polybasidsaaclude unsaturated
aliphatic dibasic acids such as maleic acid andafisracid.

Examples of the aromatic polybasic acids includenatic dibasic acids such as
phthalic acid, isophthalic acid, terephthalic aedd 2,6-naphthalenedicarboxylic acid,;
aromatic tribasic acids such as trimellitic acidiraatic tetrabasic acids such as
pyromellitic acid; and the like.

[0135]

Examples of the derivatives of the polybasic agdtude acid anhydrides of the
saturated aliphatic polybasic acids, the unsatdraliphatic polybasic acids, and the
aromatic polybasic acids described above, hydrdgdr@gimer acids, and the like.

[0136]

One type of any of the polybasic acids or thewvdeirres thereof may be used
singly or two or more types of any of the polybamiids or the derivatives thereof may
be jointly used, and, in a case in which two orenypes of any of the polybasic acids or
the derivatives thereof are jointly used, the carabon and ratio thereof can be
arbitrarily selected.

[0137]

The polybasic acid is preferably the aromatic pasic acid since the aromatic
polybasic acid is suitable for the formation of imhfilms having an appropriate

hardness.
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[0138]

In the esterification reaction for obtaining th@y@ster-type polyol, a
well-known catalyst may also be used as necessary.

Examples of the catalyst include tin compound$ aasdibutyltin oxide and
stannous octanoate; alkoxy titanium such as teipgptitanate; and the like.

[0139]

[Polycarbonate-Type Polyol

The polycarbonate-type polyol is not particuldiyited, and examples thereof
include polycarbonates obtained by reacting theesglycol as the compound
represented by Formula (1) and alkylene carboaaie the like.

Here, one type of any of the glycol and the alkglearbonate may be used
singly or two or more types of any of the glycotlahe alkylene carbonate may be
jointly used, and, in a case in which two or mgqees of any of the glycol and the
alkylene carbonate are jointly used, the combimadiod ratio thereof can be arbitrarily
selected.

[0140]

The number-average molecular weight computed frarhydroxyl value of the
polyol compound is preferably 1,000 to 10,000, nurneferably 2,000 to 9,000, and
particularly preferably 3,000 to 7,000. When thener-average molecular weight is
1,000 or more, the excess generation of urethandsbigs suppressed, and it becomes
easier to suppress the viscoelastic characteoskthe first interlayer. In addition, when
the number-average molecular weight is 10,000g, e excess softening of the first
interlayer is suppressed.

The number-average molecular weight computed tfwerhydroxyl value of the

polyol compound refers to a value computed fromfefiewing expression.
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[The number-average molecular weight of the pobghpound]=[the number
of functional groups in the polyol compour@p.11x1,000/[the hydroxyl value of the
polyol compound (unit: mgKOH/g)]

[0141]

The polyol compound is preferably the polyethgretpolyol and more
preferably a polyether-type diol.

[0142]

(Polyhydric Isocyanate Compound)

The polyhydric isocyanate compound that is reawaii¢d the polyol compound
is not particularly limited as long as the polyhgdsocyanate compound has two or
more isocyanate groups.

One type of the polyhydric isocyanate compound beysed singly or two or
more types of the polyhydric isocyanate compoundg be jointly used, and, in a case in
which two or more types of the polyhydric isocyanabmpounds are jointly used, the
combination and ratio thereof can be arbitrarillested.

[0143]

Examples of the polyhydric isocyanate compountluite chain-like
diisocyanates such as tetramethylene diisocyahax@methylene diisocyanate, and
trimethylhexamethylene diisocyanate; cyclic aliphaiisocyanates such as isophorone
diisocyanate, norbornane diisocyanate, dicyclohmagythane-4,4’-diisocyanate,
dicyclohexylmethane-2,4’-diisocyanate, an@y-diisocyanate dimethylcyclohexane;
aromatic diisocyanates such as 4,4’-diphenylmetléisecyanate, tolylene diisocyanate,
tetramethylene xylylene diisocyanate, and naphttealie5-diisocyanate; and the like.

Among these, the polyhydric isocyanate compourmeerably isophorone

diisocyanate, hexamethylene diisocyanate, or xgb/lédiisocyanate from the viewpoint
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of the handling property.

[0144]

((Meth)acrylic Compound)

The (meth)acrylic compound that is reacted withtdrminal isocyanate
urethane prepolymer is not particularly limited@sy as the compound has at least a
hydroxyl group and a (meth)acryloyl group in onelecale.

One type of the (meth)acrylic compound may be ssegly or two or more
types of the (meth)acrylic compounds may be joingd, and, in a case in which two or
more types of the (meth)acrylic compounds are lpunsed, the combination and ratio
thereof can be arbitrarily selected.

[0145]

Examples of the (meth)acrylic compound includerbygl group-containing
(meth)acrylic acid esters such as 2-hyroxyethylethacrylate, 2-hydroxypropyl
(meth)acrylate, 3-hydroxypropyl (meth)acrylate,\2dxybutyl (meth)acrylate,
3-hyroxybuyl (meth)acrylate, 4-hydroxybutyl (metbpgdate, 4-hydroxycyclohexyl
(meth)acrylate, 5-hydroxycyclooxtyl (meth)acrylazehydroxy-3-phenyloxypropyl
(meth)acrylate, penterythritol trilmeth)acrylatelyethylene glycol mono(meth)acrylate,
and polypropylene glycol mono(meth)acrylate; hygtaxoup-containing
(meth)acrylamides such as N-methylol (meth)acrytienieactants obtained by reacting
(meth)acrylic acid with vinyl alcohol, vinyl phenar bisphenol A glycidyl ether; and the
like.

Among these, the (meth)acrylic compound is préfgrehe hydroxyl
group-containing (meth)acrylic acid ester, moreguably a hydroxyl group-containing
alkyl (meth)acrylate, and particularly preferabipydroxyethyl (meth)acrylate.

[0146]
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The reaction between the terminal isocyanate anetiprepolymer and the
(meth)acrylic compound may be caused using a splaeratalyst, and the like as
necessary.

[0147]

Conditions during the reaction between the terimgmyanate urethane
prepolymer and the (meth)acrylic compound may he@piately adjusted, and, for
example, the reaction temperature is preferabhz806 100C, and the reaction time is
preferably one to four hours.

[0148]

The urethane (meth)acrylate may be any of an wlggpa polymer and a
mixture of an oligomer and a polymer and is prdfsran oligomer.

For example, the weight-average molecular weiglth® urethane
(meth)acrylate is preferably 1,000 to 100,000, npyederably 3,000 to 80,000, and
particularly preferably 5,000 to 65,000. Whenwweight-average molecular weight is
1,000 or more, it becomes easy to optimize thertemsl of the first interlayer due to the
intermolecular force between structures derivethftbe urethane (meth)acrylate in
polymers of the urethane (meth)acrylate and a pelizable monomer described below.

Meanwhile, in the present specification, unlessigaarly otherwise described,
the weight-average molecular weight refers to ggigtene-equivalent value measured
using gel permeation chromatography (GPC).

[0149]

[Polymerizable Monomer]

The first interlayer forming composition (ll-1) malso contain, in addition to
the urethane (meth)acrylate, a polymerizable momdrom the viewpoint of further

improving the film-forming property.
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The polymerizable monomer refers to polymerizabteomers except for
oligomers and polymers which are energy ray-polyrabte and have a weight-average
molecular weight of 1,000 or more and is preferabbompound having at least one
(meth)acryloyl group in one molecule.

[0150]

Examples of the polymerizable monomer include lalieth)acrylates in which
an alkyl group constituting the alkyl ester has B® carbon atoms and has a chain-like
shape; functional group-containing (meth)acryliopounds having a functional group
such as a hydroxyl group, an amide group, an agroop, or an epoxy group;
(meth)acrylic acid esters having an aliphatic eyglioup; (meth)acrylic acid esters
having an aromatic hydrocarbon group; (meth)acagicl esters having a heterocyclic
group; compounds having a vinyl group; compoundsngaan allyl group; and the like.

[0151]

Examples of the alkyl (meth)acrylates having archi&e alkyl group having 1
to 30 carbon atoms include methyl (meth)acrylateyldmeth)acrylate, n-propyl
(meth)acrylate, isopropyl (meth)acrylate, n-butyeth)acrylate, isobutyl (meth)acrylate,
sec-butyl (meth)acrylate, tert-butyl (meth)acrylagentyl (meth)acrylate, hexyl
(meth)acrylate, heptyl (meth)acrylate, n-octyl (matrylate, isooctyl (meth)acrylate,
2-ethylhexyl (meth)acrylate, n-nonyl (meth)acrylas®nonyl (meth)acrylate, decyl
(meth)acrylate, undecyl (meth)acrylate, dodecylttyaerylate (lauryl (meth)acrylate),
tridecyl (meth)acrylate, tetradecyl (meth)acryl@tgristyl (meth)acrylate), pentadecyl
(meth)acrylate, hexadecyl (meth)acrylate (palnitykth)acrylate), heptadecyl
(meth)acrylate, octadecyl (meth)acrylate (steangth)acrylate), isooctadecyl
(meth)acrylate (isostearyl (meth)acrylate), nongbl@oeth)acrylate, icosyl

(meth)acrylate, and the like.



10

15

20

25

54
[0152]

Examples of functional group-containing (meth)dcrgerivatives include
hydroxyl group-containing (meth)acrylic acid esteush as 2-hydroxyethyl
(meth)acrylate, 2-hydroxypropyl (meth)acrylate,\@Hoxypropyl (meth)acrylate,
2-hydroxybutyl (meth)acrylate, 3-hydroxybutyl (mgbrylate, and 4-hydroxybutyl
(meth)acrylate; (meth)acrylamides such as (methlamide, N,N-dimethyl
(meth)acrylamide, N-butyl (meth)acrylamide, N-méthymeth)acrylamide,
N-methylolpropane (meth)acrylamide, N-methoxymeiyéth)acrylamide, and
N-butoxymethyl (meth)acrylamide and derivatives#og; (meth)acrylic acid esters
having an amino group (hereinafter, in some casésired to as “the amino
group-containing (meth)acrylic acid esters”); (matmylic acid esters having a
monosubstituted amino group which are formed bysuiing one hydrogen atom in an
amino group with a group other than a hydrogen dtwmeinafter, in some cases,
referred to as “the monosubstituted amino grougaiomg (meth)acrylic acid esters”);
(meth)acrylic acid esters having a disubstitutethargroup which are formed by
substituting two hydrogen atoms in an amino groitp groups other than a hydrogen
atom (hereinafter, in some cases, referred tohesdisubstituted amino group-containing
(meth)acrylic acid esters”); (meth)acrylic acidegsthaving an epoxy group such as
glycidyl (meth)acrylate and methyl glycidyl (metbjglate (hereinafter, in some cases,
referred to as “the epoxy group-containing (methjlacacid esters”); and the like.

[0153]

Here, “the amino group-containing (meth)acrylicdaester” refers to a
compound formed by substituting one or more hydnagems in a (meth)acrylic acid
ester with an amino group (-N)H  Similarly, “the monosubstituted amino

group-containing (meth)acrylic acid ester” referatcompound formed by substituting
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one or more hydrogen atoms in a (meth)acrylic astér with a monosubstituted amino
group, and “the disubstituted amino group-contar(meth)acrylic acid ester” refers to a
compound formed by substituting one or more hydnagems in a (meth)acrylic acid
ester with a disubstituted amino group.

Examples of the group other than a hydrogen atbimhsubstitutes the
hydrogen atom (that is, the substituent) in “thenosubstituted amino group” and “the
disubstituted amino group” include alkyl groups ainel like.

[0154]

Examples of the (meth)acrylic acid esters havimglghatic cyclic group
include isobornyl (meth)acrylate, dicyclopentenyieth)acrylate, dicyclopentanyl
(meth)acrylate, dicyclopentenyloxyethyl (meth)aatgl cyclohexyl (meth)acrylate,
adamantyl (meth)acrylate, and the like.

[0155]

Examples of the (meth)acrylic acid esters havimgr@matic hydrocarbon group
include phenyl hydroxypropyl (meth)acrylate, ben@gkth)acrylate,
2-hyroxy-3-phenoxypropyl (meth)acrylate, and tte.li

[0156]

The heterocyclic group in the (meth)acrylic acitee having a heterocyclic
group may be any of an aromatic heterocyclic grangh an aliphatic heterocyclic group.

Examples of the (meth)acrylic acid esters haviveghteterocyclic group include
tetrahydrofurfuryl (meth)acrylate, (meth)acryloybmholine, and the like.

[0157]

Examples of the compounds having a vinyl groujuithe styrene, hydroxyethyl
vinyl ether, hydroxybutyl vinyl ether, N-vinylfornrmaide, N-vinylpyrrolidone,

N-vinylcaprolactam, and the like.
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[0158]

Examples of the compounds having an allyl growtuite allyl glycidyl ethers
and the like.

[0159]

The polymerizable monomer preferably has a grayiny a relatively large
volume since the compatibility with the urethanestimacrylate is favorable, examples
thereof include (meth)acrylic acid esters havingiphatic cyclic group, (meth)acrylic
acid esters having an aromatic hydrocarbon graugp (meth)acrylic acid esters having a
heterocyclic group, and (meth)acrylic acid estergg an aliphatic cyclic group are
more preferred.

[0160]

The first interlayer forming composition (ll-1) jmaontain only one type or two
or more types of the polymerizable monomers, and,dase in which the first interlayer
forming composition contains two or more typesha polymerizable monomers, the
combination and ratio thereof can be arbitrariliesied.

[0161]

In the first interlayer forming composition (II;1he amount of the
polymerizable monomer is preferably 10% to 99% lassy more preferably 15% to 95%
by mass, still more preferably 20% to 90% by maas, particularly preferably 25% to
80% by mass of the total mass of the first intestdprming composition (11-1).

[0162]

[Photopolymerization Initiator]

The first interlayer forming composition (ll-1) malso contain, in addition to
the urethane (meth)acrylate and the polymerizaloieamer, a photopolymerization

initiator.  The first interlayer forming compositi¢ll-1) containing the
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photopolymerization initiator sufficiently proceeagh a curing reaction even when
irradiated with energy rays having a relatively lemergy such as ultraviolet rays.

[0163]

Examples of the photopolymerization initiator e ffirst interlayer forming
composition (1I-1) include the same photopolymei@ainitiators as those in the first
pressure-sensitive adhesive composition (I-1).

[0164]

The first interlayer forming composition (l-1) jnaontain only one type or two
or more types of the photopolymerization initiai@sd, in a case in which the first
interlayer forming composition contains two or moypes of the photopolymerization
initiators, the combination and ratio thereof carabbitrarily selected.

[0165]

In the first interlayer forming composition (lI51the amount of the
photopolymerization initiator is preferably 0.0120 parts by mass, more preferably 0.03
to 10 parts by mass, and particularly preferalp @o 5 parts by mass of the total
amount (100 parts by mass) of the urethane (methgae and the polymerizable
monomer.

[0166]

[Resin Components Other Than Urethane (Meth)aialyla

The first interlayer forming composition (1I-1) malso contain resin
components other than the urethane (meth)acry$alieng as the effects of the present
invention are not impaired.

The types of the resin components and the ambangadf in the first interlayer
forming composition (lI-1) may be appropriatelyessgted depending on the purpose and

are not particularly limited.
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[0167]

[Other Additives]

The first interlayer forming composition (II-1) malso contain other additives
which do not correspond to any of the above-desdritbomponents as long as the effects
of the present invention are not impaired.

Examples of the other additives include a vargdtgdditives such as a
crosslinking agent, an antistatic agent, an ardexxt, a chain transfer, a softening agent
(plasticizer), a filler, an antirust agent, andécant (a pigment or a dye).

Examples of the chain transfer include thiol coompis having at least one thiol
group (mercapto group) in one molecule.

[0168]

Examples of the thiol compounds include nonyl raptan, 1-dodecanethiol,
1,2-ethanedithiol, 1,3-propandithiol, triazinethitrlazinedithiol, triazinetrithiol,
1,2,3-propanetrithiol, tetraethylene glycol bis(&maptopropionate), trimethylolpropane
tris(3-mercaptopropionate), pentaerythritol tetséBimercaptopropionate),
pentaerythritol tetrakisthioglycolate, dipentaeritti hexakis(3-mercaptopropionate),
tris[(3-mercaptopropioniloxy)-ethyl]-isocyanurafied-bis(3-mercaptobutyryloxy)butane,
pentaerythritol tetrakis(3-mercaptobutylate),
1,3,5-tris(3-mercaptobutyloxyethyl)-1,3,5-triazi@et,6-(1H,3H,5H)-trione, and the like.

[0169]

The first interlayer forming composition (ll-1) gnaontain only one type or two
or more types of the other additives, and, in & ¢asvhich the first interlayer forming
composition contains two or more types of the otidtitives, the combination and ratio
thereof can be arbitrarily selected.

[0170]
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In the first interlayer forming composition (II;1he amount of the other
additives is not particularly limited and may beagpriately selected depending on the
type of the additives.

[0171]

[Solvent]

The first interlayer forming composition (11-1) yalso contain a solvent.
When the first interlayer forming composition (lj-dontains a solvent, the coating
aptitude to a coating target surface improves.

[0172]

<<Method for Manufacturing First Interlayer Formi€omposition>>

The first interlayer forming composition such ls first interlayer forming
composition (lI-1) can be obtained by blending udliial components for constituting
the first interlayer forming composition.

The addition order during the blending of the sxtjye components is not
particularly limited, and two or more types of casnpnts may be added at the same
time.

In a case in which the solvent is used, the solvey be used by mixing the
solvent with all of the blending components othmt the solvent so as to dilute these
blending components in advance or may be used kygihe solvent with the blending
components without diluting all of the blending qmmnents other than the solvent in
advance.

A method for mixing the respective componentsmyblending is not
particularly limited and may be appropriately s&elcfrom well-known methods such as
a method in which the components are mixed togdtheotating a stirring stick, a

stirring blade, or the like; a method in which twmponents are mixed together using a
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mixer, and a method in which the components aredirgether by applying ultrasonic
waves thereto.

The temperature and the time during the additrahraixing of the respective
components are not particularly limited as longhesrespective blending components do
not deteriorate and may be appropriately adjustetthe temperature is preferably’C5
to 3C°C.

[0173]

O Thermosetting Resin Layer

The thermosetting resin layer is a layer inteneprotect the circuit surface of
the semiconductor wafer and the bumps providedherircuit surface and forms the
first protective film by curing.

[0174]

Examples of a preferred thermosetting resin laydude thermosetting resin
layers containing a polymer component (A) and antiosetting component (B). The
polymer component (A) is a component considerdaetéormed by a polymerization
reaction of a polymerizable compound. In addititwe, thermosetting component (B) is
a component capable of a curing (polymerizatioagtien using heat as a trigger of the
reaction. Meanwhile, in the present inventionplypondensation reaction is also
considered as the polymerization reaction.

[0175]

The thermosetting resin layer may be a singlerl@y®nolayer) or a plurality of
layers of two or more layers, and, in a case irctvithe thermosetting resin layer is a
plurality of layers, these respective layers maydeatical to or different from one
another, and the combination of the plurality g&les is not particularly limited.

[0176]
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The thickness of the thermosetting resin lay@reserably 1 to 10@um, more
preferably 5 to 7%m, and particularly preferably 5 to pn. When the thickness of
the thermosetting resin layer is equal to or mbamtthe lower limit value, it is possible
to form a first protective film having a higher ggotive function. In addition, when the
thickness of the thermosetting resin layer is etjuak less than the upper limit value, an
effect of suppressing the inclusion of air bublatethe first protective film becomes
stronger.

Here, “the thickness of the thermosetting resyetarefers to the thickness of
the entire thermosetting resin layer, and, for gXanthe thickness of the thermosetting
resin layer made up of a plurality of layers refershe total thickness of all of the layers
constituting the thermosetting resin layer.

[0177]

<<Thermosetting Resin Layer Forming Composition>>

The thermosetting resin layer can be formed uaititgermosetting resin layer
forming composition containing a constituent matietiereof. For example, the
thermosetting resin layer can be formed at an d@edrportion by applying a
thermosetting resin layer forming composition ta@et surface on which the
thermosetting resin layer is to be formed and dyyire thermosetting resin layer forming
composition as necessary. The ratio between tloeiars of components, which do not
gasify at normal temperature, in the thermosettasin layer forming composition is,
generally, identical to the ratio between the an®wohthe above-described components
in the thermosetting resin layer. Here, “normatperature” is as described above.

[0178]

The thermosetting resin layer forming compositioay be applied using a

well-known method, and examples thereof includehmgs in which a variety of coaters
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such as an air knife coater, a blade coater, adzer, a gravure coater, a roll coater, a
roll knife coater, a curtain coater, a die coadetnife coater, a screen coater, a Mayer bar
coater, and a kiss coater are used.

[0179]

5 The drying conditions of the thermosetting resiyer forming composition are
not particularly limited; however, in the case ofhtaining a solvent described below, the
thermosetting resin layer forming composition isfprably heated and dried, and, in this
case, the thermosetting resin layer forming comjawsis preferably dried under
conditions of, for example, 7C to 130C and 10 seconds to five minutes.

10 [0180]
<Resin Layer Forming Composition (IlI-1)>
Examples of the thermosetting resin layer forndamposition include a
thermosetting resin layer forming composition (l)l€ontaining the polymer component
(A) and the thermosetting component (B) (in thesprd specification, in some cases,
15 simply abbreviated as “the resin layer forming cosifion (I11-1)”) and the like.
[0181]
[Polymer Component (A)]
The polymer component (A) is a polymer compoundrfgarting a
film-forming property, flexibility, and the like tthe thermosetting resin layer.
20 The resin layer forming composition (IlI-1) ancttthermosetting resin layer
may contain only one type or two or more typeshefpolymer components (A), and, in
a case in which the resin layer forming compositiad the thermosetting resin layer
contain two or more types of the polymer componehts combination and ratio thereof
can be arbitrarily selected.

25 [0182]
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Examples of the polymer component (A) include Bemgsins (resins having a
(meth)acryloyl group), polyesters, urethane-bassiths (resins having a urethane bond),
acrylic urethane resins, silicone-based resingn(tesving a siloxane bond), rubber-based
resins (resins having a rubber structure), phemesins, thermosetting polyimides, and
the like, and acrylic resins are preferred.

[0183]

Examples of the acrylic resin in the polymer comgmat (A) include well-known
acrylic polymers.

The weight-average molecular weight (Mw) of theyic resin is preferably
10,000 to 2,000,000 and more preferably 100,00560,000. When the
weight-average molecular weight of the acrylicmasiequal to or more than the lower
limit value, the shape stability (aging stabilityrohg storage) of the thermosetting resin
layer improves. In addition, when the weight-ageranolecular weight of the acrylic
resin is equal to or less than the upper limit @alubecomes easy for the thermosetting
resin layer to follow the uneven surfaces of adhése

[0184]

The glass transition temperature (Tg) of the &crgsin is preferably -6C to
70°C and more preferably -30 to 50C. When the Tg of the acrylic resin is equal to
or higher than the lower limit value, the adhedoree between the first protective film
and the first supporting sheet is suppressed, fargithe peeling property of the first
supporting sheet improves. In addition, when thefthe acrylic resin is equal to or
lower than the upper limit value, the adhesivedastthe thermosetting resin layer and
the first protective film to adherends improves.

[0185]

Examples of the acrylic resin include polymer®oé or more type of
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(meth)acrylic acid esters; copolymers of two or entypes of monomers selected from
(meth)acrylic acid, itaconic acid, vinyl acetaterydonitrile, styrene, N-methylol
acrylamide, and the like; and the like.

[0186]

Examples of the (meth)acrylic acid esters constiguthe acrylic resin include
alkyl (meth)acrylates in which an alkyl group canging the alkyl ester has 1 to 18
carbon atoms and has a chain-like shape such aylngmieth)acrylate, ethyl
(meth)acrylate, n-propyl (meth)acrylate, isoprofigketh)acrylate, n-butyl (meth)acrylate,
isobutyl (meth)acrylate, sec-butyl (meth)acryla¢et-butyl (meth)acrylate, pentyl
(meth)acrylate, hexyl (meth)acrylate, heptyl (mathylate, 2-ethylhexyl (meth)acrylate,
isooctyl (meth)acrylate, n-octyl (meth)acrylatenanyl (meth)acrylate, isononyl
(meth)acrylate, decyl (meth)acrylate, undecyl (jettylate, dodecyl (meth)acrylate
(lauryl (meth)acrylate), tridecyl (meth)acrylatetradecyl (meth)acrylate (myristyl
(meth)acrylate), pentadecyl (meth)acrylate, hexgdaeeth)acrylate (palmityl
(meth)acrylate), heptadecyl (meth)acrylate, andd®tyl (meth)acrylate (stearyl
(meth)acrylate) and the like;

cycloalkyl (meth)acrylates such as isobornyl (ethylate and dicyclopentanyl
(meth)acrylate;

aralkyl (meth)acrylates such as benzyl (meth)acteyl

cycloalkenyl (meth)acrylates such as dicyclopeyltémeth)acrylate;

cycloalkenyloxy alkyl (meth)acrylate such as diopentenyloxyethyl
(meth)acrylate;

imide (meth)acrylate;

glycidyl group-containing (meth)acrylic acid estsuch as glycidyl

(meth)acrylate;
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hydroxyl group-containing (meth)acrylic acid estsuch as hydroxymethyl
(meth)acrylate, 2-hydroxyethyl (meth)acrylate, ZHoxypropyl (meth)acrylate,
3-hydroxypropyl (meth)acrylate, 2-hydorybutyl (mgttrylate, 3-hydroxybutyl
(meth)acrylate, and 4-hydroxybutyl (meth)acrylated

substituted amino group-containing (meth)acryticlasters such as
N-methylaminoethyl (meth)acrylate; and the like. erél “the substituted amino group”
refers to a group formed by substituting one or hydrogen atoms in an amino group
with a group other than a hydrogen atom.

[0187]

The acrylic resin may be, for example, in additiothe (meth)acrylic acid ester,
a resin formed by the copolymerization of one orertgpes of monomers selected from
(meth)acrylic acid, itaconic acid, vinyl acetaterydonitrile, styrene, N-methylol
acrylamide, and the like.

[0188]

The acrylic resin may be constituted of only oyetor two or more types of
monomers, and, in a case in which the acrylic rissgonstituted of two or more types of
monomers, the combination and ratio thereof caarbgrarily selected.

[0189]

The acrylic resin may also have a functional groapable of reacting with
other compounds such as a vinyl group, a (methladrgroup, an amino group, a
hydroxyl group, a carboxy group, or an isocyanateig. The functional group in the
acrylic resin may be bonded to other compoundautitra crosslinking agent (F)
described below or may be directly bonded to otleenpounds without the crosslinking
agent (F). When the acrylic resin is bonded t@otompounds through the functional

group, there is a tendency that the reliabilitpatkages obtained using the protective
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film forming sheet improves.

[0190]

In the present invention, as the polymer compo(#&hta thermoplastic resin
other than the acrylic resin (hereinafter, in saages, simply abbreviated as “the
thermoplastic resin”) may be used singly withouhgghe acrylic resin or may be jointly
used with the acrylic resin.  When the thermoptassin is used, there are cases in
which the peeling property of the first protectfilm from the first supporting sheet
improves, it becomes easy for the thermosettinig tager to follow the uneven surfaces
of adherends.

[0191]

The weight-average molecular weight of the therdastr resin is preferably
1,000 to 100,000 and more preferably 3,000 to &D,00

[0192]

The glass transition temperature (Tg) of the tlugrliawstic resin is preferably
-30°C to 150C and more preferably -20 to 120C.

[0193]

Examples of the thermoplastic resin include pdbess polyurethanes, phenoxy
resins, polybutene, polybutadienes, polystyreneds tiae like.

[0194]

The resin layer forming composition (IlI-1) anctttihermosetting resin layer
may contain only one type or two or more typeshefthermoplastic resins, and, in a case
in which the resin layer forming composition and thermosetting resin layer contains
two or more types of the thermoplastic resins cibrabination and ratio thereof can be
arbitrarily selected.

[0195]
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In the resin layer forming composition (IlI-1) etinatio of the amount of the
polymer component (A) (that is, the amount of tbeymer component (A) in the
thermosetting resin layer) to the total amountliobfathe components other than the
solvent is preferably 5% to 85% by mass and moeéepably 5% to 80% by mass
regardless of the type of the polymer component (A)

[0196]

There are cases in which the polymer componentéesponds to the
thermosetting component (B). In the present ineanin a case in which the resin
layer forming composition (IlI-1) contains compotenorresponding both the polymer
component (A) and the thermosetting component §Bjescribed above, the resin layer
forming composition (lll-1) is considered to comtahe polymer component (A) and the
thermosetting component (B).

[0197]

[Thermosetting Component (B)]

The thermosetting component (B) is a componentdioing the thermosetting
resin layer so as to form a hard first protectitra.f

The resin layer forming composition (l1l-1) ane tthermosetting resin layer
may contain only one type or two or more typeshefthermosetting components (B),
and, in a case in which the resin layer forming position and the thermosetting resin
layer contains two or more types of the thermasgttiomponents, the combination and
ratio thereof can be arbitrarily selected.

[0198]

Examples of the thermosetting component (B) ineladoxy-based
thermosetting resins, thermosetting polyimidesyp@thanes, unsaturated polyesters,

silicone resins, and the like, and epoxy-basedrnbsetting resins are preferred.
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[0199]

(Epoxy-Based Thermosetting Resin)

The epoxy-based thermosetting resin is made am efpoxy resin (B1) and a
thermal curing agent (B2).

The resin layer forming composition (IlI-1) ancttthermosetting resin layer
may contain only one type or two or more typeshefépoxy-based thermosetting resins,
and, in a case in which the resin layer forming position and the thermosetting resin
layer contains two or more types of the epoxy-bdkednosetting resins, the
combination and ratio thereof can be arbitrariliesied.

[0200]

[Epoxy Resin (B1)

As the epoxy resin (B1), well-known epoxy resins exemplary examples.
Examples thereof include polyfunctional epoxy restiiphenyl compounds, bisphenol A
diglycidyl ethers and hydrogenated substancesdhevethocresol novolac epoxy resins,
dicyclopentadiene-type epoxy resins, biphenyl-tgpexy resins, bisphenol A-type
epoxy resins, bisphenol F-type epoxy resins, plesykkeleton-type epoxy resins, and
the like, and di- or higher-functional epoxy compds.

[0201]

As the epoxy resin (B1), an epoxy resin havingiasaturated hydrocarbon
group may also be used. The epoxy resin havinghaaturated hydrocarbon group has
more favorable compatibility with acrylic resinathepoxy resins not having an
unsaturated hydrocarbon group. Therefore, wheeplogy resin having an unsaturated
hydrocarbon group is used, the reliability of pagsobtained using the protective film
forming sheet improves.

[0202]
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Examples of the epoxy resin having an unsaturiayeddocarbon group include
compounds formed by converting a part of epoxy gsaua a polyfunctional epoxy resin
to groups having an unsaturated hydrocarbon grolipe above-described compound
can be obtained by, for example, an addition reaatf (meth)acrylic acid or a derivative
thereof to an epoxy group.

In addition, examples of the epoxy resin havingiasaturated hydrocarbon
group include compounds in which a group havingiasaturated hydrocarbon group is
directly bonded to an aromatic ring or the like stitating an epoxy resin and the like.

The unsaturated hydrocarbon group is a polymelezafsaturated group, and
specific examples thereof include ethenyl groupsy(\groups), 2-propenyl group (allyl
group), (meth)acryloyl groups, (meth)acrylamideugp®, and the like, and acryloyl
groups are preferred.

[0203]

The number-average molecular weight of the epesinr(B1) is not particularly
limited, but is preferably 300 to 30,000, more prably 400 to 10,000, and particularly
preferably 500 to 3,000 from the viewpoint of theing property of the thermosetting
resin layer and the strength and thermal resistahttee first protective film after curing.

In the present specification, unless particulatherwise described, “the
number-average molecular weight” refers to a nuralverage molecular weight
represented by a standard polystyrene-equivalén¢ vaeasured using gel permeation
chromatography (GPC).

The epoxy equivalent of the epoxy resin (B1) isf@rably 100 to 1,000 g/eq and
more preferably 300 to 800 g/eq.

In the present specification, “the epoxy equivileefers to the number of

grams (g/eq) of an epoxy compound including onengeguivalent of epoxy group and



10

15

20

25

7C

can be measured according to the method of JIS36:2R01.

[0204]

One type of the epoxy resin (B1) may be used giogtwo or more types
thereof may be jointly used, and, in a case in wiieo or more types thereof are jointly
used, the combination and ratio thereof can bdrarlty selected.

[0205]

[OThermal Curing Agent (B2)

The thermal curing agent (B2) functions as a cuagent of the epoxy resin
(B1).

Examples of the thermal curing agent (B2) incladmpounds having two or
more functional groups capable of reacting wittepoxy group in one molecule.
Examples of the functional group include phenolidioxyl groups, alcoholic hydroxyl
groups, an amino group, a carboxy group, groupghich an acid group is turned into an
anhydride, and the like, phenolic hydroxyl grougisiino groups, or groups in which an
acid group is turned into an anhydride are preteraad phenolic hydroxyl groups or
amino groups are more preferred.

[0206]

As the thermal curing agent (B2), examples of plierturing agents having a
phenolic hydroxyl group include polyfunctional pledio resins, biphenol, novolac-type
phenol resins, dicyclopentadiene-based phenolinggearalkylphenol resins, and the
like.

As the thermal curing agent (B2), examples of @sfiased curing agents
having an amino group include dicyandiamide (hexi@m, in some cases, abbreviated as
“DICY”), and the like.

[0207]
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The thermal curing agent (B2) may also have aatunated hydrocarbon group.

Examples of the thermal curing agent (B2) havingiasaturated hydrocarbon
group include compounds formed by substituting ra giahydroxyl groups in a phenolic
resin with groups having an unsaturated hydrocagvonp, compounds formed by
directly bonding a group having an unsaturated dwaibon group to an aromatic ring of
a phenolic resin, and the like.

The unsaturated hydrocarbon group in the therom@hg agent (B2) is identical
to the unsaturated hydrocarbon group in the abesertbed epoxy resin having an
unsaturated hydrocarbon group.

[0208]

In a case in which a phenolic curing agent is @sethe thermal curing agent
(B2), the thermal curing agent (B2) preferably ddsgh softening point or glass
transition temperature since the peeling propefrth@first protective film from the first
supporting sheet improves.

[0209]

The number-average molecular weight of the resmponent such as a
polyfunctional phenolic resin, a novolac-type phHeneesin, a dicyclopentadiene-based
phenolic resin, or an aralkylphenol resin as thegrttal curing agent (B2) is preferably
300 to 30,000, more preferably 400 to 10,000, artiqularly preferably 500 to 3,000.

The molecular weight of a non-resin componentgf@ample, biphenol or
dicyandiamide as the thermal curing agent (B2pisparticularly limited, and is
preferably, for example, 60 to 500.

[0210]

One type of the thermal curing agent (B2) may $edusingly or two or more

types thereof may be jointly used, and, in a casehich two or more types thereof are
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jointly used, the combination and ratio thereof bararbitrarily selected.

[0211]

In the resin layer forming composition (llI-1) atige thermosetting resin layer,
the amount of the thermal curing agent (B2) isgmagbly 0.1 to 500 parts by mass and
more preferably 1 to 200 parts by mass of the totaunt (100 parts by mass) of the
epoxy resin (B1). When the amount of the thermahg agent (B2) is equal to or
more than the lower limit value, it becomes eafsiethe curing of the thermosetting
resin layer to proceed. In addition, when the amhad the thermal curing agent (B2) is
equal to or less than the upper limit value, theoafivity of the thermosetting resin
layer decreases, and thus the reliability of paekawbtained using the protective film
forming sheet further improves.

[0212]

In the resin layer forming composition (llI-1) atige thermosetting resin layer,
the amount of the thermosetting component (B) éiample, the total amount of the
epoxy resin (B1) and the thermal curing agent (Byeferably 50 to 1,000 parts by
mass, more preferably 100 to 900 parts by massparidtularly preferably 150 to 800
parts by mass of the amount (100 parts by madsegbolymer component (A). When
the amount of the thermosetting component (B) ihéabove-described range, the
adhesive force between the first protective filrd #me first supporting sheet is
suppressed, and thus the peeling property of thesfipporting sheet improves.

[0213]

[Curing Accelerator (C)]

The resin layer forming composition (l11-1) ane tthermosetting resin layer
may also contain a curing accelerator (C). Thenguaccelerator (C) is a component

for adjusting the curing rate of the resin layenimg composition (I1I-1).
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Examples of preferred curing accelerators (Cideltertiary amines such as
triethylene diamine, benzyldimethylamine, triethianaine, dimethylaminoethanol, and
tris(dimethylaminomethyl)phenol; imidazoles (imidés in which one or more
hydrogen atoms are substituted with groups ottar thhydrogen atom) such as
2-methylimidazole, 2-phenyl imidazole, 2-phenyl-&ttylimidazole,
2-phenyl-4,5-dihydroxymethylimidazole, and
2,-phenyl-4-methyl-5-hydroxymethylimidazole; orgaphosphines (phosphines in
which one or more hydrogen atoms are substitutéldl @vganic groups) such as tributyl
phosphine, diphenyl phosphine, and triphenyl phimephetraphenyl boron salts such as
tetraphenyl phosphonium tetraphenyl borate antieéngl phosphine tetraphenyl borate;
and the like.

[0214]

The resin layer forming composition (IlI-1) anctttihermosetting resin layer
may contain only one type or two or more typeshefc¢uring accelerators (C), and, in a
case in which the resin layer forming compositiontains two or more types of the
curing accelerators, the combination and ratiogtiecan be arbitrarily selected.

[0215]

In a case in which the curing accelerator (C)sisd) in the resin layer forming
composition (Il1-1) and the thermosetting resindiaythe amount of the curing
accelerator (C) is preferably 0.01 to 10 parts lagsrand more preferably 0.1 to 5 parts
by mass of the total amount (100 parts by mast)eothermosetting component (B).
When the amount of the curing accelerator (C) isaétp or more than the lower limit
value, the effects of the use of the curing acesber(C) can be more significantly
obtained, and, when the amount of the curing acatele(C) is equal to or less than the

upper limit value, for example, an effect of sumgsiag a highly polar curing accelerator
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(C) migrating toward the adhesion interface withex@nds in the thermosetting resin
layer under high temperature and high humidity @bk and segregating becomes
significant, and the reliability of packages ob&rusing the protective film forming
sheet further improves.

[0216]

[Filler (D)]

The resin layer forming composition (IlI-1) anctttihermosetting resin layer
may also contain a filler (D). When the thermasgttesin layer contains the filler (D),
the adjustment of the thermal expansion coeffictérthe first protective film obtained
by curing the thermosetting resin layer becomey, @asl, when this thermal expansion
coefficient is optimized for a subject on which fivet protective film is to be formed,
the reliability of packages obtained using the getve film forming sheet further
improves. In addition, when the thermosettingrréayer contains the filler (D), it is
also possible to decrease the moisture absorptitiye first protective film or improve
the heat dissipation property.

[0217]

The filler (D) may be any one of an organic filsrd an inorganic filler, but is
preferably an inorganic filler.

Examples of preferred inorganic fillers includemgier of silica, alumina, talc,
calcium carbonate, titanium white, colcothar, siticarbide, boron nitride, and the like;
beads obtained by spherodizing this inorganicrfiderface-modified products of these
inorganic fillers; single crystal fibers of thesmiganic fibers; glass fibers; and the like.
More specific examples thereof include spheridadesmodified with an epoxy group
and the like.

Among these, the inorganic filler is preferablycsi or alumina.
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[0218]

The resin layer forming composition (l11-1) ane tthermosetting resin layer
may contain only one type or two or more typesheffillers (D), and, in a case in which
the resin layer forming composition and the thermtiirsy resin layer contains two or
more types of the fillers, the combination andaaéitiereof can be arbitrarily selected.

[0219]

In a case in which the filler (D) is used, in tiesin layer forming composition
(IN-1), the ratio of the amount of the filler (dhat is, the amount of the filler (D) in the
thermosetting resin layer) to the total amountliobfethe components other than the
solvent is preferably 5% to 35% by mass and mosé&pably 7% to 25% by mass.

[0220]

[Coupling Agent (E)]

The resin layer forming composition (IlI-1) anctttihermosetting resin layer
may also contain a coupling agent (E). When a laogiagent having a functional
group capable of reacting with an inorganic comgbanan organic compound is used
as the coupling agent (E), it is possible to imprtvwe adhesiveness and adhesion of the
thermosetting resin layer to adherends. In additichen the coupling agent (E) is used,
the first protective film obtained by curing theetimosetting resin layer is not impaired
in the thermal resistance and is improved in tesfrithe water resistance.

[0221]

The coupling agent (E) is preferably a compoundritpa functional group
capable of reacting with the functional group ia golymer component (A), the
thermosetting component (B), or the like and maedgrably a silane coupling agent.

Examples of preferred silane coupling agents thelu

3-glycidyloxypropyltrimethoxysilane, 3-glycidyloxyppylmethyldiethoxysilane,
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3-glycidyloxypropyltriethoxysilane, 3-glycidyloxyrtieyldiethoxysilane,

2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane,
3-methacryloyloxypropyltrimethoxysilane, 3-aminopytirimethoxysilane,
3-(2-aminoethylamino)propyltrimethoxysilane,
3-(2-aminoethylamino)propylmethyldiethoxysilane,
3-(phenylamino)propyltrimethoxysilane, 3-anilinopgitrimethoxysilane,
3-ureidopropyltrimethoxysilane, 3-mercaptopropyfieithoxysilane,
3-mercaptopropylmethyldimethoxysilane, bis(3-tr@tysilylpropyl)tetrasulfane,
methyltrimethoxysilane, methyltriethoxysilane, Vitnynethoxysilane,
vinyltriacetoxysilane, imidazolesilane, and theelik

[0222]

The resin layer forming composition (l1l-1) ane tthermosetting resin layer
may contain only one type or two or more typeshefdoupling agents (E), and, in a case
in which the resin layer forming composition and tturable resin layer contains two or
more types of the coupling agents, the combinaiwhratio thereof can be arbitrarily
selected.

[0223]

In a case in which the coupling agent (E) is usethe resin layer forming
composition (I1I-1) and the thermosetting resiniathe amount of the coupling agent
(E) is preferably 0.03 to 20 parts by mass, moedégpably 0.05 to 10 parts by mass, and
particularly preferably 0.1 to 5 parts by masshef total amount (100 parts by mass) of
the polymer component (A) and the thermosettingmament (B). When the amount of
the coupling agent (E) is equal to or more thandher limit value, the effects of the
use of the coupling agent (E) such as the impronemiethe dispersibility of the filler

(D) in resins and the improvement of the adhesisemd the thermosetting resin layer to
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adherends can be significantly obtained. In aoldjtwhen the amount of the coupling
agent (E) is equal to or less than the upper Matliie, the generation of outgas is further
suppressed.

[0224]

[Crosslinking Agent (F)]

In a case in which a polymer component havingnational group such as a
vinyl group, a (meth)acryloyl group, an amino grpagydroxyl group, a carboxy group,
or an isocyanate group which is capable of reaatittig other compounds such as the
above-described acrylic resin is used as the palyomponent (A), the resin layer
forming composition (l11-1) and the thermosettirggin layer may also contain a
crosslinking agent (F) for bonding and crosslinkiihg functional group to other
compounds. When the functional group is crosstirtkeother compound using the
crosslinking agent (F), it is possible to adjust thitial adhesiveness and the
agglomerative force of the thermosetting resiniaye

[0225]

Examples of the crosslinking agent (F) includeaaig polyhydric isocyanate
compounds, organic polyhydric imine compounds, hatalate-based crosslinking
agents (crosslinking agents having a metal chetateture), aziridine-based crosslinking
agents (crosslinking agents having an aziridingugy, and the like.

[0226]

Examples of the organic polyhydric isocyanate coamals include aromatic
polyhydric isocyanate compounds, aliphatic polylity@ocyanate compounds, and
alicyclic polyhydric isocyanate compounds (herei@afin some cases, these compounds
will be collectively abbreviated as “aromatic poghic isocyanate compounds and the

like); timers, isocyanurate bodies, and adducti&®of the aromatic polyhydric
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isocyanate compounds and the like; terminal isoat@arethane prepolymers obtained
by reacting the aromatic polyhydric isocyanate coumuls and the like and a polyol
compound. The “adduct body” refers to a reactétihearomatic polyhydric
isocyanate compound, the aliphatic polyhydric iso@te compound, or the alicyclic
polyhydric isocyanate compound and a low-moleculaight active

hydrogen-containing compound such as ethylene glpcopylene glycol, neopentyl
glycol, trimethylolpropane, or castor oil, and exdes thereof include xylylene
diisocyanate adducts of trimethylolpropane as desdrbelow and the like. In addition,
“the terminal isocyanate urethane prepolymer” isescribed above.

[0227]

More specific examples of the organic polyhydsiedyanate compound include
2,4-tolylene diisocyanate; 2,6-tolylene diisocyandt 3-xylylene diisocyanate;
1,4-xylylene diisocyanate; diphenylmethane-4,45ddyanate;
diphenylmethane-2,4’-diisocyanate; 3-methyldiphermsthane diisocyanate;
hexamethylene diisocyanate; isophorone diisocyanate
dicyclohexylmethane-4,4’-diisocyanate; dicyclohewgthane-2,4'-diisocyanate;
compounds obtained by adding any one or more typesylene diisocyanate,
hexamethylene diisocyanate, and xylylene diisocigatmall or some of hydroxyl groups
in a polyol such as trimethylolpropane; lysine aliiganate; and the like.

[0228]

Examples of the organic polyhydric imine compoumit$ude
N,N’-diphenylmethane-4,4’-bis(1-aziridinecarboxamdtrimethylolpropane
tri-B-aziridinylpropionate, tetramethyloimethanefiraziridinylpropionate,
N,N’-toluene-2,4-bis(1-aziridinecarboxamide) trigne melamine, and the like.

[0229]
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In a case in which the organic polyhydric isocyar@mpound is used as the
crosslinking agent (F), a hydroxyl group-containpaymer is preferably used as the
polymer component (A). In a case in which the slioking agent (F) has an isocyanate
group and the polymer component (A) has a hydrgrylip, it is possible to simply
introduce a crosslinking structure into the therettisg resin layer by a reaction between
the crosslinking agent (F) and the polymer compb(&h

[0230]

The resin layer forming composition (l1l-1) ane tthermosetting resin layer
may contain only one type or two or more typeshefd¢rosslinking agents (F), and, in a
case in which the resin layer forming compositiod ¢he thermosetting resin layer
contains two or more types of the crosslinking @gjethe combination and ratio thereof
can be arbitrarily selected.

[0231]

In a case in which the crosslinking agent (F)sedy in the resin layer forming
composition (llI-1), the amount of the crosslinkiagent (F) is preferably 0.01 to 20
parts by mass, more preferably 0.1 to 10 parts &dysiand particularly preferably 0.5 to
5 parts by mass of the total amount (100 parts agsnof the polymer component (A).
When the amount of the crosslinking agent (F) isaétp or more than the lower limit
value, the effects of the use of the crosslinkiggra (F) can be significantly obtained.

In addition, when the amount of the crosslinkingratgF) is equal to or less than the
upper limit value, the excess use of the crossiigkigent (F) is suppressed.

[0232]

[Energy Ray-Curable Resin (G)]

The resin layer forming composition (llI-1) magalcontain an energy

ray-curable resin (G). When the thermosettingrésrer contains the energy
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ray-curable resin (G), it is possible to changedim@racteristics by irradiation with
energy rays.

[0233]

The energy ray-curable resin (G) is obtained Hyrperizing (curing) an energy
ray-curable compound.

Examples of the energy ray-curable compound irck@mpounds having at
least one polymerizable double bond in the moleand acrylate-based compounds
having a (meth)acryloyl group are preferred.

[0234]

Examples of the acrylate-based compounds inclbdadike aliphatic
skeleton-containing (meth)acrylates such as trigielpropane tri(meth)acrylate,
tetramethylolmethane tetra(meth)acrylate, penthatgt triimeth)acrylate,
pentaerythritol tetra(meth)acrylate, dipentaerytihrnonohydroxy penta(meth)acrylate,
dipentaerythritol hexa(meth)acrylate, 1,4-butylgheol di(meth)acrylate, and
1,6-hexanediol di(meth)acrylate; cyclic aliphateeton-containing (meth)acrylates
such as dicyclopentanyl di(meth)acrylate; polyadky glycol (meth)acrylates such as
polyethylene glycol di(meth)acrylate; oligo estereth)acrylates; urethane
(meth)acrylate oligomers; epoxy-modified (meth)#etgs; polyether (meth)acrylates
other than the above-described polyalkylene glyewth)acrylates; itaconic acid
oligomers; and the like.

[0235]

The weight-average molecular weight of the eneayycurable compound is
preferably 100 to 30,000 and more preferably 3000t@00.

[0236]

Only one type or two or more types of the eneayyaurable compounds may



10

15

20

25

81

be used for polymerization, and, in a case in whighor more types of the energy
ray-curable compounds are used, the combinationmatiathereof can be arbitrarily
selected.

[0237]

The resin layer forming composition (I1I-1) mayntain only one type or two or
more types of the energy ray-curable resins (G), ema case in which the resin layer
forming composition contains two or more typeshaf €nergy ray-curable resins, the
combination and ratio thereof can be arbitrariliesied.

[0238]

In the resin layer forming composition (I1I-1) etlamount of the energy
ray-curable resin (G) is preferably 1 to 95% by spasore preferably 5 to 90% by mass,
and particularly preferably 10 to 85% by mass eftibtal mass of the resin layer forming
composition (I11-1).

[0239]

[Photopolymerization Initiator (H)]

In the case of containing the energy ray-curagdenr(G), the resin layer
forming composition (l11-1) may also contain a pbypolymerization initiator (H) in order
to cause the polymerization reaction of the eneagycurable resin (G) to more
efficiently proceed.

[0240]

Examples of the photopolymerization initiator (H)the resin layer forming
composition (IlI-1) include the same photopolymatian initiators as those in the first
pressure-sensitive adhesive composition (I-1).

[0241]

The resin layer forming composition (llI-1) mayntain only one type or two or
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more types of the photopolymerization initiator9,(bihd, in a case in which the resin
layer forming composition contains two or more tyjé the photopolymerization
initiators, the combination and ratio thereof carabbitrarily selected.

[0242]

In the resin layer forming composition (lll-1) etlamount of the
photopolymerization initiator (H) is preferably Gd 20 parts by mass, more preferably 1
to 10 parts by mass, and particularly preferaltly 2 parts by mass of the amount (100
parts by mass) of the energy ray-curable resin (G).

[0243]

[Versatile Additive (1)]

The resin layer forming composition (l1l-1) ane tthermosetting resin layer
may also contain a versatile additive (I) as loadghee effects of the present invention are
not impaired.

The versatile additive (I) may be a well-knownsazgile additive, can be
arbitrarily selected depending on the purpose,igndt particularly limited, and
examples of preferred versatile additives inclugaaticizer, an antistatic agent, an
antioxidant, a coloring agent (a pigment or a dggjettering agent, and the like.

[0244]

The resin layer forming composition (IlI-1) ancttthermosetting resin layer
may contain only one type or two or more typeshefversatile additives (I), and, in a
case in which the resin layer forming compositiad ¢he thermosetting resin layer
contains two or more types of the versatile add#jithe combination and ratio thereof
can be arbitrarily selected.

The amount of the versatile additive (I) in theindayer forming composition

(IN-1) and the thermosetting resin layer is nottigalarly limited and may be
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appropriately selected depending on the purpose.

[0245]

[Solvent]

The resin layer forming composition (I11-1) predity further contains a solvent.
The resin layer forming composition (IlI-1) contimig a solvent improves in terms of the
handling property.

The solvent is not particularly limited, and exadespof preferred solvents
include hydrocarbons such as toluene and xylydnehals such as methanol, ethanol,
2-propanol, isobutyl alcohol (2-methyl propane-}-ahd 1-butanol; esters such as ethyl
acetate; ketones such as acetone and methyl eftoyid ethers such as tetrahydrofuran;
amides (compounds having an amide bond) such astlipiformamide and N-methyl
pyrrolidone, and the like.

The resin layer forming composition (I1I-1) mayntain only one type or two or
more types of the solvents, and, in a case in wifieHirst pressure-sensitive adhesive
composition contains two or more types of the sulsethe combination and ratio
thereof can be arbitrarily selected.

[0246]

The solvent contained in the resin layer formiogposition (llI-1) is
preferably methyl ethyl ketone or the like sincesipossible to more uniformly mix the
components contained in the resin layer forming position (111-1).

[0247]

<<Method for Manufacturing Thermosetting Resin ¢éalforming
Composition>>

The thermosetting resin layer forming compositisush as the resin layer

forming composition (l11-1) can be obtained by llérg individual components for
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constituting the composition.

The addition order during the blending of the sxtfye components is not
particularly limited, and two or more types of campnts may be added at the same
time.

In a case in which the solvent is used, the solv&y be used by mixing the
solvent with all of the blending components othmt the solvent so as to dilute these
blending components in advance or may be used kygihe solvent with the blending
components without diluting all of the blending quonents other than the solvent in
advance.

A method for mixing the respective componentsrayblending is not
particularly limited and may be appropriately s&eldrom well-known methods such as
a method in which the components are mixed togdtheotating a stirring stick, a
stirring blade, or the like; a method in which twmponents are mixed together using a
mixer, and a method in which the components aredirgether by applying ultrasonic
waves thereto.

The temperature and the time during the additimhraixing of the respective
components are not particularly limited as longh@srespective blending components do
not deteriorate and may be appropriately adjustetthe temperature is preferably’C5
to 30°C.

[0248]

¢ Method for Manufacturing First Protective Film Fong Sheet

The protective film forming sheet can be manufeediby sequentially stacking
the respective layers described above so as tindb&corresponding positional
relationship. The methods for forming the respeckayers are as described above.

For example, in the manufacturing of the firstmaing sheet, in a case in
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which the first pressure-sensitive adhesive layehe first interlayer is stacked on the
first base material, the first pressure-sensitilleesive layer or the first interlayer can be
stacked by applying the first pressure-sensitiveeaile composition or the first
interlayer forming composition described above dhfirst base material and drying
the composition or irradiating the composition wetiiergy rays as necessary.

[0249]

Meanwhile, for example, in a case in which theriasetting resin layer is
further stacked on the first pressure-sensitiveeaidie layer that has been stacked on the
first base material, the thermosetting resin layger be directly formed by applying the
thermosetting resin layer forming composition atfite first pressure-sensitive adhesive
layer. Similarly, in a case in which the first gsare-sensitive adhesive layer is further
stacked on the first interlayer that has been sthck the first base material, the first
pressure-sensitive adhesive layer can be diremtigdd by applying the first
pressure-sensitive adhesive composition onto tkeifiterlayer. As described above, in
a case in which a stacking structure of two comtirsulayers is formed using any
compositions, it is possible to newly form a lapgrfurther applying the composition
onto a layer formed of the above-described comijposit Here, the stacking structure of
two continuous layers is preferably formed by fargyibetween these two layers, the
layer which is stacked from the back on a separegding film in advance using the
above-described composition and attaching the expssrface opposite to the surface of
the already-formed layer in contact with the pegfilm to the exposed surface of the
other layer that has been formed. At this time,ahove-described composition is
preferably applied onto a peeling-treated surfddaepeeling film. The peeling film
may be removed as necessary after the formatitimea$tacking structure.

[0250]
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For example, in a case in which a protective filnming sheet (the protective
film forming sheet in which the first supportingest is a stacked substance of the first
base material and the first pressure-sensitivesigihéayer) formed by stacking the first
pressure-sensitive adhesive layer on the first begerial and stacking the thermosetting
resin layer on the first pressure-sensitive adlegsiyer is manufactured, the protective
film forming sheet can be obtained by applyingfiret pressure-sensitive adhesive
composition onto the first base material and drygfirst pressure-sensitive adhesive
composition as necessary so as to stack the fesspre-sensitive adhesive layer on the
first base material, separately, applying the tlusetting resin layer forming
composition onto the peeling film and drying therthosetting resin layer forming
composition as necessary so as to form the thettmzseesin layer on the peeling film,
and attaching the exposed surface of the therniogetsin layer to the exposed surface
of the first pressure-sensitive adhesive layer llagtbeen stacked on the first base
material so as to stack the thermosetting resierlay the first pressure-sensitive
adhesive layer.

In addition, for example, in a case in which atfsupporting sheet formed by
stacking the first interlayer on the first base eniat and stacking the pressure-sensitive
adhesive layer on the first interlayer is manufeeduthe first supporting sheet can be
obtained by applying the first interlayer formingneposition onto the first base material
and drying the first interlayer forming compositionirradiating the first interlayer
forming composition with energy rays as necessamyssto stack the first interlayer on
the first base material, separately, applying tfst pressure-sensitive adhesive
composition onto the peeling film and drying thestfipressure-sensitive adhesive
composition as necessary so as to form the fiegtqure-sensitive adhesive layer on the

peeling film, and attaching the exposed surfaghefirst pressure-sensitive adhesive
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layer to the exposed surface of the first intentaiiat has been stacked on the first base
material so as to stack the first pressure-semsdilhesive layer on the first interlayer.

In this case, the protective film forming sheet barobtained by, for example, separately,
further applying the thermosetting resin layer forghcomposition onto the peeling film
and drying the thermosetting resin layer formingiposition as necessary so as to form
the thermosetting resin layer on the peeling fid attaching the exposed surface of the
thermosetting resin layer to the exposed surfatbeofirst pressure-sensitive adhesive
layer that has been stacked on the first interlageas to stack the thermosetting resin
layer on the first pressure-sensitive adhesiverlaye

[0251]

Meanwhile, in a case in which the first presswgrs#ive adhesive layer or the
first interlayer is stacked on the first base mateas described above, the first
pressure-sensitive adhesive layer or the firstleger may be stacked on the first base
material by, instead of applying the first pressseasitive adhesive composition or the
first interlayer forming composition onto the fitsase material, applying the first
pressure-sensitive adhesive composition or theifiterlayer forming composition onto
the peeling film and drying the composition or digting the composition with energy
rays as necessary so as to form the first presansitive adhesive layer or the first
interlayer on the peeling film and attaching thpased surface of this layer to one
surface of the first base material so as to staeKitst pressure-sensitive adhesive layer
or the first interlayer on the first base material.

In any of the methods, the peeling film may beaeed at an arbitrary timing
after the formation of the intended stacking suiet

[0252]

As described above, all of the layers other tiharfirst base material which
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constitute the protective film forming sheet carstscked using a method in which the
layers are formed on the peeling film in advanoa @tached on a surface of an intended
layer, and thus the protective film forming sheeatyrbe manufactured by appropriately
selecting layers for which the above-describedsstep employed as necessary.

[0253]

Meanwhile, the protective film forming sheet igngrally, stored in a state in
which the peeling film is attached to the surfatthe outermost layer on the opposite
side to the first supporting sheet (for example,ttrermosetting resin layer). Therefore,
the protective film forming sheet can also be otsdiby applying a composition for
forming a layer constituting the outermost layestsas the thermosetting resin layer
forming composition onto the peeling film (prefelsathe peeling-treated surface
thereof) and drying the thermosetting resin lageming composition as necessary so as
to form the layer constituting the outermost lagerthe peeling film, stacking the
remaining layers on the exposed surface on thesigpside to the surface of the layer in
contact with the peeling film using any of the aéalescribed methods, and leaving the

layers in the attached state without removing #ipg film.

Examples

[0254]

Hereinafter, the present invention will be desedlilin more detail using specific
examples. However, the present invention is moitdid to examples described below.

[0255]

Components used to manufacture a thermosettinglesger forming
composition will be described below.

[Polymer Components
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Polymer component (A)-1: An acrylic resin (the gigiaverage molecular
weight: 800,000, the glass transition temperat@&C) obtained by copolymerizing
butyl acrylate (hereinafter, abbreviated as “BA% (parts by mass), methyl acrylate
(hereinafter, abbreviated as “MA”) (10 parts by B)aglycidyl methacrylate (hereinafter,
abbreviated as “GMA”") (20 parts by mass), and 2rbygethyl acrylate (hereinafter,
abbreviated as “HEA”) (15 parts by mass)

CEpoxy Resin

Epoxy resin (B1)-1: Liquid-form bisphenol F-typpoxy resin (*YL983U”
manufactured by Mitsubishi Chemical Corporation)

Epoxy resin (B1)-2: Polyfunctional aromatic eporgin (“EPPN-502H"
manufactured by Nippon Kayaku Co., Ltd.)

Epoxy resin (B1)-3: Dicyclopentadiene-type epoagin (“EPICLON HP-7200"
manufactured by DIC Corporation)

[Thermal Curing Agent

Thermal curing agent (B2)-1: Novolac-type phenddisin (“‘BRG-556"
manufactured by Showa Denko K.K.)

[Curing Accelerator

Curing accelerator (C)-1: 2-Phenyl-4,5-dihydroxynyimidazole (“CUREZOL
2PHZ-PW” manufactured by Shikoku Chemicals Corporgt

[Filler

Filler (D)-1: Spherical silica modified with an@yy group (‘“ADMANANO
YAO050C-MKK” manufactured by Admatechs)

[0256]

[Manufacturing Example 1]



10

15

20

25

9C

(Manufacturing of Pressure-Sensitive Adhesive R@s?a))

2-Ethylhexyl acrylate (hereinafter, abbreviated2EHA”) (80 parts by mass)
and HEA (20 parts by mass) were used as raw mitefia copolymer, and a
polymerization reaction was caused, thereby obtgian acrylic polymer.

2-Methacryloyloxyethyl isocyanate (hereinaftehaviated as “MOI”) (22
parts by mass, approximately 80 mol% of HEA) wadeaito this acrylic polymer, and
an addition reaction was caused in an air flon0aC5or 48 hours, thereby obtaining an
intended pressure-sensitive adhesive resin (I-2a).

[0257]

[Manufacturing Example 2]

(Manufacturing of Pressure-Sensitive Adhesive R@s?a))

Butyl acrylate (hereinafter, abbreviated as “B8? parts by mass), methyl
methacrylate (hereinafter, abbreviated as “MMA") (2arts by mass), and HEA (28 parts
by mass) were used as raw materials of a copolyanéra polymerization reaction was
caused, thereby obtaining an acrylic polymer.

2-Methacryloyloxyethyl isocyanate (hereinaftethadviated as “MOI”) (28
parts by mass, approximately 90 mol% of HEA) wadeaito this acrylic polymer, and
an addition reaction was caused in an air flon0&C5or 48 hours, thereby obtaining an
intended pressure-sensitive adhesive resin (I-2a).

[0258]

[Manufacturing Example 3]

(Manufacturing of Pressure-Sensitive Adhesive R@s?a))

Lauryl acrylate (hereinafter, abbreviated as “LA8D parts by mass) and HEA
(20 parts by mass) were used as raw material€opalymer, and a polymerization

reaction was caused, thereby obtaining an acrglignper.
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MOI was added to this acrylic polymer so thattttal mole number of
isocyanate groups in MOI reached 0.8 times the totde number of hydroxyl groups in
HEA, and an addition reaction was caused in afiairat 50C for 48 hours, thereby
obtaining an intended pressure-sensitive adhessia (I-2a).

[0259]

[Manufacturing Example 4]

(Manufacturing of Pressure-Sensitive Adhesive R@sRa))

2EHA (40 parts by mass), vinyl acetate (hereimaétebreviated as “VAc”) (40
parts by mass), and HEA (20 parts by mass) wer aseaw materials of a copolymer,
and a polymerization reaction was caused, therblairing an acrylic polymer.

MOI was added to this acrylic polymer so thatttital mole number of
isocyanate groups in MOI reached 0.8 times the totde number of hydroxyl groups in
HEA, and an addition reaction was caused in afiair at 50°C for 48 hours, thereby
obtaining an intended pressure-sensitive adhessia (I-2a).

[0260]

[Manufacturing Example 5]

(Manufacturing of Pressure-Sensitive Adhesive R@s?a))

2EHA (80 parts by mass) and HEA (20 parts by massg used as raw
materials of a copolymer, and a polymerization tieaovas caused, thereby obtaining an
acrylic polymer.

MOI was added to this acrylic polymer so thatttital mole number of
isocyanate groups in MOI reached 0.8 times the totde number of hydroxyl groups in
HEA, and an addition reaction was caused in afi@irat 5FC for 48 hours, thereby
obtaining an intended pressure-sensitive adhessia (I-2a).

[0261]
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[Example 1]

<Manufacturing of Protective Film Forming Sheet>

(Manufacturing of Thermosetting Resin Layer Forgn@omposition)

The polymer component (A)-1 (100 parts by mas®) epoxy resin (B1)-1 (135
parts by mass), the epoxy resin (B1)-2 (90 partsmags), the epoxy resin (B1)-3 (150
parts by mass), the curing accelerator (C)-1 (I88by mass), the curing accelerator
(G)-1 (1 part by mass), and the filler (D)-1 (160ts by mass) were dissolved in methyl
ethyl ketone and were stirred at’€3 thereby obtaining a resin layer forming
composition (llI-1) having a solid content concetitn of 55% by mass as a
thermosetting resin layer forming composition.

[0262]

(Manufacturing of First Pressure-Sensitive Adhesdomposition)

A tolylene diisocyanate trimer adduct of trimethipropane (“CORONATE L”
manufactured by Tosoh Corporation) (0.5 parts bgghwas added as an
isocyanate-based crosslinking agent to the presamsitive adhesive resin (I-2a)
obtained in Manufacturing Example 1 (100 parts lass) and was stirred at°Z3
thereby obtaining a first pressure-sensitive adieesbmposition (I-2) having a solid
content concentration of 30% by mass as a firgqume-sensitive adhesive composition.
Meanwhile, the numbers of parts blended in the ‘mfiacturing of the first
pressure-sensitive adhesive composition” are &tl sontent-equivalent values.

[0263]

(Manufacturing of First Protective Film Formingesit)

The above-obtained first pressure-sensitive adaesimposition was applied
onto a peeling-treated surface of a peeling filBR*PET381031" manufactured by

Lintec Corporation, thickness: 38n) obtained by carrying out a peeling treatmenaon
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single surface of a polyethylene terephthalate Vilith a silicone treatment and was
heated and dried at 1D for one minute, thereby forming a @th-thick first
pressure-sensitive adhesive layer on the peelimg fi

Next, a 105um-thick stacked film formed by stacking a polyotefilm
(thickness: 25um), an adhesive layer (thickness: @rB), a polyethylene terephthalate
film (thickness: 5Qum), an adhesive layer (thickness: @), and a polyolefin film
(thickness: 25um) in this order was attached as a first base mahteran exposed
surface of the first pressure-sensitive adhesiyer|ahereby obtaining a first supporting
sheet.

[0264]

The above-obtained thermosetting resin layer foghgiomposition was applied
to a peeling-treated surface of a peeling film ¢FEPT381031” manufactured by Lintec
Corporation, thickness: 38n) obtained by carrying out a peeling treatmenaamgle
surface of a polyethylene terephthalate film witkil@one treatment and was dried at
10¢°C for two minutes, thereby producing a-thick thermosetting resin layer.

[0265]

Next, the peeling film was removed from the fpstssure-sensitive adhesive
layer of the above-obtained first supporting shaetexposed surface of the
above-obtained thermosetting resin layer was agthot an exposed surface of the first
pressure-sensitive adhesive layer, thereby obtamiprotective film forming sheet
formed by stacking the first base material, thet firessure-sensitive adhesive layer, the
thermosetting resin layer, and the peeling filnthis order in the thickness direction.

[0266]

[Comparative Example 1]
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(Manufacturing of First Pressure-Sensitive Adhesdomposition)

Atolylene diisocyanate trimer adduct of trimetiipropane (“CORONATE L~
manufactured by Tosoh Corporation) (1.0 part byshass added as an
isocyanate-based crosslinking agent to the presamsitive adhesive resin (I-2a)
obtained in Manufacturing Example 2 (100 parts lass) and was stirred at°Z3
thereby obtaining a first pressure-sensitive adieesbmposition (I-2’) having a solid
content concentration of 30% by mass as a firgqume-sensitive adhesive composition.
Meanwhile, the numbers of parts blended in the ‘“uf@cturing of the first
pressure-sensitive adhesive composition” are &l sontent-equivalent values.

[0267]

(Manufacturing of Protective Film Forming Sheet)

Afirst supporting sheet was obtained in the samaner as in Example 1
except for the fact that the first pressure-seresiidhesive composition described in
Example 1 was changed to the above-obtained fiesispre-sensitive adhesive
composition of Comparative Example 1.

[0268]

The above-obtained thermosetting resin layer foghgciomposition was applied
to a peeling-treated surface of a peeling film ¢FEPT381031” manufactured by Lintec
Corporation, thickness: 38n) obtained by carrying out a peeling treatmena@ingle
surface of a polyethylene terephthalate film witkil@one treatment and was dried at
10¢°C for two minutes, thereby producing a-thick thermosetting resin layer.

[0269]

Next, the peeling film was removed from the fpstssure-sensitive adhesive
layer of the above-obtained first supporting shaetexposed surface of the

above-obtained thermosetting resin layer, which thessame as that in Example 1, was
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attached to an exposed surface of the first pressemsitive adhesive layer, thereby
obtaining a protective film forming sheet of Comgaare Example 1 formed by stacking
the first base material, the first pressure-seresdidhesive layer, the thermosetting resin
layer, and the peeling film in this order in theckmess direction.

[0270]

[Example 2]

(Manufacturing of First Pressure-Sensitive Adhesdomposition)

Atolylene diisocyanate trimer adduct of trimetiipropane (“CORONATE L~
manufactured by Tosoh Corporation) (1.0 part byshass added as an
isocyanate-based crosslinking agent to the presamsitive adhesive resin (I-2a)
obtained in Manufacturing Example 3 (100 parts lass) and was stirred at°Z3
thereby obtaining a first pressure-sensitive adieesomposition (I-2) having a solid
content concentration of 30% by mass as a firgqume-sensitive adhesive composition.
Meanwhile, the numbers of parts blended in the ‘nfiacturing of the first
pressure-sensitive adhesive composition” are &tl sontent-equivalent values.

[0271]

(Manufacturing of Protective Film Forming Sheet)

A protective film forming sheet of Example 2 wdstained in the same manner
as in Example 1 except for the fact that the firsissure-sensitive adhesive composition
described in Example 1 was changed to the aboardat first pressure-sensitive
adhesive composition of Example 2.

[0272]

[Example 3]

(Manufacturing of First Pressure-Sensitive Adhesdomposition)

Atolylene diisocyanate trimer adduct of trimetiipropane (“CORONATE L~
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manufactured by Tosoh Corporation) (1.0 part byshass added as an
isocyanate-based crosslinking agent to the pressumrsitive adhesive resin (I-2a)
obtained in Manufacturing Example 4 (100 parts lass) and was stirred at°Z3
thereby obtaining a first pressure-sensitive adleesbmposition (I-2) having a solid

5 content concentration of 30% by mass as a firggue-sensitive adhesive composition.
Meanwhile, the numbers of parts blended in the ‘nfiacturing of the first
pressure-sensitive adhesive composition” are &tl sontent-equivalent values.

[0273]

(Manufacturing of Protective Film Forming Sheet)

10 A protective film forming sheet of Example 3 wdstained in the same manner
as in Example 1 except for the fact that the prsssure-sensitive adhesive composition
described in Example 1 was changed to the abo\araat first pressure-sensitive
adhesive composition of Example 3.

[0274]

15 [Example 4]

(Manufacturing of First Pressure-Sensitive Adhesdomposition)

A tolylene diisocyanate trimer adduct of trimethipropane (“CORONATE L”
manufactured by Tosoh Corporation) (1.0 part byshass added as an
isocyanate-based crosslinking agent to the presamsitive adhesive resin (I-2a)

20 obtained in Manufacturing Example 5 (100 parts lass) and was stirred at°Z3
thereby obtaining a first pressure-sensitive adleesbmposition (I-2) having a solid
content concentration of 30% by mass as a firggue-sensitive adhesive composition.
Meanwhile, the numbers of parts blended in the ‘“uf@cturing of the first
pressure-sensitive adhesive composition” are &l sontent-equivalent values.

25 [0275]
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(Manufacturing of Protective Film Forming Sheet)

A protective film forming sheet of Example 4 wdstained in the same manner
as in Example 1 except for the fact that the firsissure-sensitive adhesive composition
described in Example 1 was changed to the abowardat first pressure-sensitive
adhesive composition of Example 3.

[0276]

<Evaluation of Protective Film Forming Sheets>

Regarding the thermosetting resin layers andithegressure-sensitive adhesive
layers obtained in Example 1 and Comparative Exarfipthe contact angles of pure
water, diiodomethane, and 1-bromonaphthalene waeereed in an environment of a

temperature of Z& and a humidity of 50%, the respective surface é&eergies of a

dispersion force componeyf, a polar component’, and a hydrogen bond component

vs' were obtained from the contact angles, and tHaseifree energy,®® of the

respective layer surfaces were obtained from the afuthe respective surface free
energies.

The results are shown in Table 1.

In the respective protective film forming sheet&rample 1 and Comparative

@ of the thermosetting resin layer apd™ of the

Example 1, the differences betweg
first pressure-sensitive adhesive layer are as shiowable 1.

In the respective protective film forming sheet&rample 1 and Comparative
Example 1, the differences between the contaceanfghe thermosetting resin layer

with respect to water and the contact angle ofiteepressure-sensitive adhesive layer

with respect to water are also as shown in Table 1.
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[0277]
[Table 1]
Thermosetting Compagtri?/te pressur-sensitive adhesive lay
resin layer Example 1 Example 1 Example 2 Example 3 Example 4
Contact anale H,O 67.7 115.8 92.1 111.8 103.0 102.5
] 9 CH;l, 59.0 91.1 52.6 69.9 69.3 69.7
CioH;Br 58.4 57.5 63.7 59.4 46.8 58.4
Surface f v 24.4 18 20.2 23.5 28.1 25.5
“é r?:re ree Ve 54 0 25.5 0 0 0
9y Ve 103 0 0.6 0 0 0
[mJ/rrF] total
Vs 40.1 18 46.3 23 28.1 25.5
Differences between® of thermosetting resin layer and
v of first pressure-sensitive adhesive layer [M)/m 22.1 6.2 166 12.0 14.6
Differences between contact angle of thermosetésm
layer with respect to water and contact anglersf fi 48.1 24.4 44.1 35.3 34.8
pressure-sensitive adhesive layer with respeciatemf]
Evaluation result 0] X ®) 0] O
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The first pressure-sensitive adhesive layer obthin each of Examples 1 to 4
and Comparative Example 1 was irradiated with Udarrconditions of an illuminance
of 230 mW/cnd and a light intensity of 760 mJ/érim a UV irradiation device
(RAD-2000m/8 manufactured by Lintec Corporatiohgr, the contact angles of pure
water, diiodomethane, and 1-bromonaphthalene waegreed in an environment of 23
and a humidity of 50%, the respective surface émergies of the dispersion force
components, the polar component®, and the hydrogen bond compongftvere
obtained from the contact angles, and the surf@sednergy-"® of the respective layer
surfaces were obtained from the sum of the respestirface free energies.

The results are shown in Table 2 together withréisellts of non-cured
thermosetting resin layers.

In the respective protective film forming sheet&rample 1 and Comparative
Example 1, the differences betwegh® of the thermosetting resin layer apd™ of the
first pressure-sensitive adhesive layer after UNnguare as shown in Table 2.

In the respective protective film forming sheet&rample 1 and Comparative
Example 1, the differences between the contaceasighe thermosetting resin layer
with respect to water and the contact angle ofiteepressure-sensitive adhesive layer

with respect to water after UV curing are alsolam in Table 2.
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[0279]
[Table 2]
. First pressur-sensitive adhesive layer after UV curi
Tr;g;rirrzolzeglrng Example 1 Comparative Example 2 Example 3 Example 4
Y P Example 1 P P P
Contact anale H,O 67.7 86.9 89.4 108.1 89.7 91.7
crang CH,l, 59.0 493 43.7 70.0 46.7 485
[°]
CioH;Br 58.4 42.2 30.8 59.8 40.0 43.0
Surface f v 24.4 32.9 38.1 24.2 33.7 32.3
”(; r?:re ree Ve 54 1.9 0.6 0 2.4 2.8
() /rfﬁ]’ Ve 103 0.8 0.2 0 0.3 0.2
Yo 40.1 35.6 38.9 24.2 36.4 35.3
Differences between® of thermosetting resin layer and
Voo of first pressure-sensitiVﬁ12 adhesive layer aftérduring 4.5 1.2 15.9 3.7 4.8
[MJ/nT]
Differences between contact angle of thermosetésm
layer with respect to water and contact anglerst fi 192 21 7 204 220 240

pressure-sensitive adhesive layer with respecttemafter

UV curing [°]
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[0280]

<Evaluation of Peeling Property After UV Curing>

The peeling property after UV curing was evaluatethe following order after
one week from the production of the protective firming sheets of Examples 1 to 4
and Comparative Example 1.

The protective film forming sheet was attachedantircuit surface of a 6
inch-sized bump-attached semiconductor wafer thrdhgrmal lamination at 7C.

After the temperature of the attached protective forming sheet returned to
normal temperature (after approximately five misitéhe protective film forming sheet
was irradiated with UV under conditions of an illimance of 230 mW/cfand a light
intensity of 760 mJ/cfin a UV irradiation device (RAD-2000m/8 manufaetiby
Lintec Corporation), thereby curing the first pragssensitive adhesive layer. After
that, an attempt was made to peel the first suppsheet from the thermosetting resin
layer, and consequently, in the protective filnnforg sheets of Examples 1 to 4, it was
possible to easily peel the first supporting simeatle up of the first base material and the
first pressure-sensitive adhesive layer in therfate with the thermosetting resin layer
(the peeling property was “favorable”); howeverthe protective film forming sheet of
Comparative Example 1, the first base material pegded off while the first
pressure-sensitive adhesive layer remained attaohie thermosetting resin layer or
the first pressure-sensitive adhesive layer parttalused cohesion failure and remained
on the surface of the thermosetting resin layex (beling property was “poor”).

[0281]

The difference betweeg®® of the thermosetting resin layer apd® of the
first pressure-sensitive adhesive layer after Ukihcuor the difference between the

contact angle of the thermosetting resin layer wepect to water and the contact angle
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of the first pressure-sensitive adhesive layer wapect to water after UV curing were
not large differences as shown in Table 2, butgeldifference appeared in terms of the
peeling property between the first supporting sheetthe thermosetting resin layer.
That is, the difference betwegdf™® of the thermosetting resin layer api®® of the first
pressure-sensitive adhesive layer before UV cunngafter UV curing, or the difference
between the contact angle of the thermosetting tager with respect to water and the
contact angle of the first pressure-sensitive adbdayer before UV curing with respect
to water has a significant influence on the peetirgperty between the first supporting
sheet and the thermosetting resin layer.

[0282]

In the protective film forming sheets of Example® 4 and Comparative
Example 1, the polymer component (A)-1 includingybacrylate (BA) as a main
component was used in the thermosetting resin.layEnerefore, in the first
pressure-sensitive adhesive layers of Examplesilttee pressure-sensitive adhesive
resin (I-2a) including 2-ethylheyxl acrylate (2EH#®) lauryl acrylate (LA) as a main
component was used, and thus it was possible theelifference in the surface free
energy to 10 mJ/Aor more; in contrast, in the first pressure-séresiadhesive layer of
Comparative Example 1, the pressure-sensitive aghessin (I-2a) including butyl
acrylate (BA) as a main component was used asithérmosetting resin layer, and thus
the difference in the surface free energy decreased

[0283]

It is considered that approximately one weekkefteto stabilize product
gualities such as the pressure-sensitive adhesige from the production of the
protective film forming sheet. Therefore, in thetective film forming sheet of

Comparative Example 1 in which the difference betvthe surface free energy of the
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thermosetting resin layer and the surface freeggnefrthe first supporting sheet was
small, it is considered that the components migratehe interface between both
elements, thus, the adhesive force abnormally &asa@, and consequently, poor peeling
was caused.

In the protective film forming sheet of Exampléniwhich the difference
between the surface free energy of the thermogattisin layer and the surface free
energy of the first supporting sheet was largis, donsidered that there was no migration
of the components in the interface between botmeifes, the adhesive force was
stabilized, and thus the easy peeling propertyrbeaaxcellent in the interface between

the first supporting sheet and the thermosettismrayer.

Industrial Applicability

[0284]

The present invention can be used to manufacamgcsnductor chips and the
like having bumps in a connection pad portion wraoh used in a flip chip mounting

method.

Reference Signs List

[0285]

1, 2, 3protective film forming sheet, 1lfirst base material, 118l
thermosetting resin layer-side surface of firstebaaterial, 12lllcurable resin layer, 12’
[irst protective film, 13[irst pressure-sensitive adhesive layer, MiBzurface of first
pressure-sensitive adhesive layer[l#Arst interlayer, 101, 102, 10B8Ifirst supporting

sheet, 101a, 102a, 108&surface of first supporting sheet, @emiconductor wafer,
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90alIkircuit surface of semiconductor wafer, @lbump, 91dllsurface of bump, 91

top of bump
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CLAIMS

1. A protective film forming sheet formed by stacking a thermosetting resin layer
on a first pressure-sensitive adhesive layer of a first supporting sheet,

wherein the first supporting sheet is formed by laminating at least a first base
material and the first pressure-sensitive adhesive layer,

wherein the thermosetting resin layer is adhered to a surface having bumps of a
semiconductor wafer and is cured by heat, whereby the first protective film is formed on
the semiconductor wafer surface, and

a difference between a surface free energy of a first supporting sheet-side
surface of the thermosetting resin layer before thermal curing and a surface free energy
of a thermosetting resin layer-side surface of the first pressure-sensitive adhesive layer is

10 mJ/m? or more.

2. The protective film forming sheet according to Claim 1,

wherein a difference between a contact angle of the first supporting sheet-side
surface of the thermosetting resin layer before thermal curing with respect to water and a
contact angle of the thermosetting resin layer-side surface of the first pressure-sensitive

adhesive layer with respect to water is 30° or more.



