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DESCRIPTION

Title of Invention

CURABLE RESIN FILM AND FIRST PROTECTIVE FILM FORMIE SHEET

Technical Field

[0001]

The present invention relates to a curable relsmand a first protective film
forming sheet using the same.

Priority is claimed on Japanese Patent Applicallon2015-217108, filed on

November 4, 2015, the disclosure of which is inooaped herein 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 wibiogrd, a flip chip mounting method
in which a semiconductor chip in which convex aledés (bumps) made of eutectic
solder, high-temperature solder, gold, or the déike formed in connection pad portions is
used, and these bumps are made to face, broughtantact 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 magntethod is obtained by, for
example, grinding a surface opposite to a cirauifage of a semiconductor wafer having

bumps formed on the circuit surface and dicingsém@iconductor wafer into pieces. In
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the process of obtaining the above-described serigtior chip, generally, for the
purpose of protecting the circuit surface and tinejbs of the semiconductor wafer, a
curable resin film is attached to the bump-formedaxe, and this film is cured so as to
form a protective film on the bump-formed surfac@s a protective film forming sheet
provided with the thermosetting resin film contamia thermosetting component in the
above curable resin film, a protective film formisigeet formed by stacking a
thermoplastic resin layer having a predeterminedntial elastic modulus on the film and
further stacking a thermoplastic resin layer whichot plastic at 28 on the uppermost
layer of the thermoplastic resin layer has beedlakgd (refer to Patent Document 1).
In addition, according to Patent Document 1, tihcggxtive film forming sheet is
excellent in terms of the bump filling propertytbe protective film, the wafer
workability, the electric connection reliabilitytaf resin sealing, and the like.

[0004]

On the other hand, as described above, the sedhictor wafer on which the
protective film is formed is divided by dicing withe protective film so as to form a
semiconductor chip. Dicing is performed by sevearathods, for example, a method of
cutting the semiconductor wafer together with thatgxctive film using a dicing blade,
but depending on the type of the protective filottiog wastes are generated at the time
of cutting the protective film, and the cutting wesmay be attached to a side surface of
the semiconductor chip after dicing. When extrpodéts are present on the
semiconductor chip as described above, problenmsanesses or qualities occur, for
example, process troubles may be caused betweelnigoof the semiconductor chip
and obtaining of the semiconductor device, or #iiability of the semiconductor device
is deteriorated.

In contrast, it is not certain whether the occoeceeof such a problem is



10

15

20

25

3

suppressed in the conventional protective filmudaig the protective film disclosed in

Patent Document 1.

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

Publication No. 2005-028734

Summary of Invention
Technical Problem

[0006]

An object of the present invention is to provideuaable resin film capable of
forming a protective film for suppressing attachinefircutting wastes derived from the
protective film to a side surface of a semiconductop when dicing a semiconductor
wafer provided with the protective film on a bungrhed surface, and a protective film

forming sheet using the same.

Solution to Problem

[0007]

According to the present invention, there is pided a curable resin film for
forming a first protective film on a surface havimgmps of a semiconductor wafer by
being attached to the surface and being curedhiohna cured material of the curable
resin film has a Young’s modulus of equal to oragee than 0.02 MPa or greater and a

peak value of a load measured by a probe taclat&EC is equal to or less than 500 g.
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In addition, according to the present inventitweré is provided a first
protective film forming sheet including the curabdsin film on one surface of a first

supporting sheet.

Advantageous Effects of Invention

[0008]

By using the curable resin film and the first paitve film forming sheet of the
present invention, it is possible to suppress httant of cutting wastes derived from the
first protective film to a side surface of a senmdoctor chip when dicing a

semiconductor wafer having the first protectivenfibn a bump-formed surface.

Brief Description of Drawings

[0009]

FIG. 1 is a sectional view schematically showingeaample of a state in which
a first protective film is formed on a bump-forma&aface by using a curable resin film
of the present invention.

FIG. 2 is a sectional view schematically showingeanbodiment of a first
protective film forming sheet of the present invent

FIG. 3 is a sectional view schematically showingtaer embodiment of the first
protective film forming sheet of the present invent

FIG. 4 is a sectional view schematically showiti another embodiment of the
first protective film forming sheet of the pres@ntention.

FIG. 5 is an enlarged perspective view schematishbwing an example of a
semiconductor chip after dicing in a case of usirggfirst protective film forming sheet

of the present invention.
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FIG. 6 is an enlarged perspective view schematishbwing an example of a
semiconductor chip after dicing in a case of usirigst protective film forming sheet of

the related art.

Description of Embodiments

[0010]

The present invention relates to a curable reésmfér forming a first protective
film on a surface having bumps of a semiconduci@iewby being attached to the
surface and being cured, in which a cured matefitiie curable resin film has a Young’s
modulus of equal to or greater than 0.02 MPa apelsk value of a load measured by a
probe tack test at 8C is equal to or less than 500 g.

In addition, the first protective film forming skieof the present invention is
provided with the curable resin film of the presemwention on one surface of the first
supporting sheet. In the first protective filmrfong sheet, the “curable resin film” may
be referred to as a “curable resin layer”.

[0011]

The first protective film forming sheet of the peat invention is used by
attaching the curable resin layer (a curable riisit) to the surface having a bump of the
semiconductor wafer (that is, a circuit surfaceJhen, the curable resin layer after
attachment has an increase in fluidity by heatspgeads between the bumps so as to
cover the bumps, is close contact with the cirsuiface, and embeds the bumps while
covering the surface of the bumps, particularlg, sbrface of the portion in the vicinity
of the circuit surface.

The curable resin layer in such a state is furtieated or cured by being

irradiated with energy ray so as to finally forne ffirst protective film and protects the
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bump in a state of being in close contact withsiln¢ace on the circuit surface. After
the semiconductor wafer, on which the first pratectiim forming sheet, is attached, for
example, the surface opposite to the circuit serfaground, and the first supporting
sheet is removed. Then, the bumps are embeddedaiiyng of the curable resin layer
and forming the first protective film, and finallhe semiconductor wafer is incorporated
into the semiconductor device in a state of beruyided with this first protective film.

In this specification, the bump surface and theuii surface of the
semiconductor wafer are collectively referred tdkmsnp-formed surface” in some
cases.

[0012]

When the curable resin film of the present inv@mis used, the circuit surface
of the semiconductor wafer, a portion in the vigiraf the circuit surface of the bumps,
that is, a base portion are sufficiently protedigdhe first protective film.

The curable resin film of the present inventiomis a cured material in which
Young's modulus is equal to or greater than 0.02aM#hd a peak value of load measured
by a probe tack test at 8D (hereinafter, in some cases, abbreviated as fiaak load”)
is equal to or less than 500 g, that is, a firetgmtive film by curing. In other words,
the first protective film obtained from the curabdssin film of the present invention can
have the Young’s modulus of equal to or more th@2 01Pa, and the tack peak load of
equal to or less than 500 g at the time of dicinkj.the Young’s modulus and the tack
peak load of the first protective film are withimetabove range at the time of the dicing,
when the first protective film is cut together witite semiconductor wafer through the
dicing, the attachment of the cutting wastes igsegsed on the side surface of the
semiconductor chip provided with the first proteetfilm after cutting. Therefore,

when the semiconductor is manufactured by usingtinable resin film of the present
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invention, occurrence of troubles in the manufantustep and deterioration in the
reliability of the semiconductor device are suppegs

[0013]

In the present invention, the Young’s modulus tauk peak load can be
adjusted by, for example, adjusting the kind amdaimount of the contained components
of the curable resin film.

[0014]

FIG. 1 is a sectional view schematically showingeaample of a state in which
a first protective film is formed on a bump-formaaface by using the curable resin film
of the present invention. Note that, in the dragsinsed in the following description,
for the sake of easy understanding of the feawiréd®e present invention, and for the
sake of convenience, a portion serving as a maingpaometimes enlarged and the
dimensional ratio and the like of each componenbisnecessarily the same as the actual
one.

[0015]

On a circuit surface 90a of the semiconductor wafeshown in the drawing, a
plurality of the bumps 91 is provided. The bumph@s, for example, a shape of a
sphere a part of which is cut out along a flatatef and a flat surface corresponding to a
portion exposed by cutting out the above-descrgaatlis in contact with the circuit
surface 90a of the semiconductor wafer 90.

The first protective film 12’ is formed with thei@ble resin film of the present
invention, covers the circuit surface 90a of thmisenductor wafer 90, and further
covers an area other than the top surface of thg8i and areas of the surface 91a of
the bump 91. In this way, the first protectivenfil2’ is close contact with the surface

91a other than the top surface of the bump 91 laagadrtions in the vicinity thereof, and
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is also close contact with the circuit surface 8Dthe semiconductor wafer 90 so as to
embed the bump 91.

The substantially spherical shape of the bumpsAdeacribed above is also
particularly advantageous for forming the firstteaiive film using the curable resin film
of the present invention.

[0016]

Note that, the semiconductor wafer for which ¢beable resin film of the
present invention is used is not limited to thaiveh in FIG. 1, and a configuration in
which a part of the configuration is changed, delebr added within a range that does
not impair the effect of the present invention rbayused. For example, FIG. 1 shows a
bump having a substantially spherical shape (aeslmawhich a part of a sphere is cut
out by a plane) as described above, and example®et#red bumps include a bump
having a shape obtained by stretching the bummbawisubstantially spherical shape in
a height direction (direction orthogonal to thecuit surface 90a of the semiconductor
wafer 90 in FIG. 1), that is, a shape of a sphengicth is substantially a long and
spherical shape (a shape in which a portion inomdne end in the major axis direction
of a spheroid which is a long and spherical shapeii out by a plane), and a bump
having a shape obtained by crushing the bump havsgstantially spherical shape in a
height direction, that is, the shape of a sphanditth is substantially oblate (a shape in
which a portion including one end in the minor adiection of a spheroid which is
substantially oblate is cut out by a plane). Sattump having a substantially
spheroidal shape is also particularly advantagémuerming the first protective film
using the curable resin film of the present invemtisimilar to the substantially spherical
bump.

Note that, the shape of the bump described sis faerely an example of a
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preferable example in applying the curable redin 6f the present invention, and the
shape of the bump is not limited to these in tles@nt invention.

Hereinafter, the configuration of the present mti@ will be described in
detail.

[0017]

First Supporting Sheet

The first supporting sheet may be a sheet madeswofgle 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 lay#rs,constituent materials and the
thicknesses of the plurality of layers may be idehto 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 serge‘a plurality of layers may
be identical to or different from one another” me#mat “all of the layers may be
identical to one another, all of the layers maylifferent 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 respectivardagre different from one another”,
which will be true not only for the first suppomtirsheet but also for other elements.

[0018]

Examples of a preferred the first supporting sivedtide a structure formed by
stacking a first pressure-sensitive adhesive lagea first base material, a structure
formed by stacking a first interlayer on the fiosise material and stacking the first
pressure-sensitive adhesive layer on the firstlayter, and a structure formed of the first

base material.
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[0019]

An example of the first protective film formingestt of the present invention
will be described with reference to the followingaings for each kind of such first
supporting sheet.

[0020]

FIG. 2 is a sectional view schematically showingeanbodiment of the first
protective film forming sheet of the present invent The first protective film forming
sheet 1 shown here uses the first supporting siieeined by stacking the first
pressure-sensitive adhesive layer on the first bederial. That is, the first protective
film forming sheet 1 is configured to include thwst pressure-sensitive adhesive layer 13
on the first base material 11, and the curablendesier (curable resin film) 12 on the
first pressure-sensitive adhesive layer 13. Tifs¢ $upporting sheet 101 is a stacked
body of the first base material 11 and the firgisgure-sensitive adhesive layer 13, in
which the curable resin layer 12 is provided on sungace 101a of the first supporting
sheet 101, that is, on one surface 13a of thefiestsure-sensitive adhesive layer 13.

In the first protective film forming sheet 1, tberable resin layer 12 forms the
first protective film having the Young’'s moduluscatie tack peak load by curing.

[0021]

FIG. 3 is a sectional view schematically showingtaer embodiment of the first
protective film forming sheet of the present invent Meanwhile, in FIG. 3, the same
constituent element as in FIG. 2 is given the seaference sign as in FIG. 2 and will not
be described in detail. What has been describedeais also true for FIG. 4 and the
subsequent drawings.

The first protective film forming sheet 2 as shadwate uses the first supporting

sheet obtained by stacking the first interlayethenfirst base material, and stacking the
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first pressure-sensitive adhesive layer on theifiterlayer. That is, the first protective
film forming sheet 2 is configured to include thwst interlayer 14 on the first base
material 11, the first pressure-sensitive adhesiyer 13 on the first interlayer 14, and
the curable resin layer (curable resin film) 12thm first pressure-sensitive adhesive
layer 13. The first supporting sheet 102 is aksddody obtained by stacking the first
base material 11, the first interlayer 14, andfifs¢ pressure-sensitive adhesive layer 13
in this order, in which the curable resin layeridprovided on one surface 102a of the
first supporting sheet 102, that is, on one surfi8=eof the first pressure-sensitive
adhesive layer 13.

In other words, the first protective film formirseet 2 is further provided with
the first interlayer 14 between the first base maltd1 and the first pressure-sensitive
adhesive layer 13 in the first protective film fong sheet 1 as shown in FIG. 2.

In the first protective film forming sheet 2, tberable resin layer 12 forms the
first protective film having the above-describedi®g’s modulus and tack peak load by
curing.

[0022]

FIG. 4 is a sectional view schematically showitij anhother embodiment of the
first protective film forming sheet of the preséntention.

In the first protective film forming sheet 3 aam here, the first supporting
sheet is formed of only the first base materialhaflis, the first protective film forming
sheet 3 is configured to include the curable rksier (curable resin film) 12 on the first
base material 11.

The first supporting sheet 103 is formed of ohly tirst base material 11, the
curable resin layer 12 is provided in direct cohtaith on one surface 103a of the first

supporting sheet 103, that is, one surface 11lhaeofitst base material 11.
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In other words, the first protective film formirseet 3 is formed by removing
the first pressure-sensitive adhesive layer 18erfitst protective film forming sheet 1 as
shown in FIG. 2.

In the first protective film forming sheet 3, tberable resin layer 12 forms the
first protective film having the above-describedivg’s modulus and tack peak load by
curing.

Next, the configuration of the first supportingeshwill be described in detalil.

[0023]

First Base Material

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 siclow-density polyethylene
(LDPE), linear low-density polyethylene (LLDPE),cahigh-density polyethylene
(HDPE); polyolefin other than polyethylene suctpalypropylene, polybutene,
polybutadiene, polymethylpentene, and norbornesiaseethylene-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 copolymers] einloride-based resins (resins
obtained using vinyl chloride as monomers) sucpagvinyl chloride and vinyl chloride
copolymers; polystyrene; polycycloolefin; polyestsuch as polyethylene terephthalate,
polyethylene naphthalate, polybutylene terephtkajadlyethylene isophthalate,
polyethylene-2,6-naphthalene dicarboxylate, andilw@womatic polyesters in which all
constituent units have an aromatic cyclic grougotgmers of two or more polyester
described above; poly(meth)acrylic acid estersyyrelthane; polyurethane acrylate;

polyimide; polyamide; polycarbonate; fluororesiojyacetal; modified polyphenylene
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oxides; polyphenylene sulfides; polysulfone; pdigstketones; and the like.

In addition, examples of the resins also includigmer alloys such as mixtures
of the polyester and other resin are also exeraglifi The polymer alloys of the
polyester and other resin are preferably polymleysalin which the 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 resins exemplified above are crosslinkdt each other; modified resins such
as ionomers for which one or more resins exemglidibove are used; and the like.

[0024]

Meanwhile, in the present specification, “(methyéc acid” refers to both
“acrylic acid” and “methacrylic acid”. What hasdredescribed above is also true for
terminologies similar to (meth)acrylic acid, foraemple, “(meth)acrylate” refers to both
“acrylate” and “methacrylate”, and “a (meth)acryjlgyoup” refers to both “an acryloyl
group” and “a methacryloyl group”.

[0025]

Only one type or two or more types of resins maystitute the first base
material, and, in a case in which two or more typla®sins constitute the first base
material, the combination and ratio thereof caautirarily selected.

[0026]

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,
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.

[0027]

The thickness of the first base material is pedir 5 to 1,00Qum, more
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preferably 10 to 50im, still more preferably 15 to 3Qdn, and particularly preferably
20 to 150um.

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

[0028]

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

[0029]

The first base material may also contain, in aoldito the main constituent
material such as the resin, a variety of well-kn@alditives such as a filler, a colorant,
an antistatic agent, an antioxidant, an organiadabt, a catalyst, and a softening agent
(plasticizer).

[0030]

The first base material may be transparent or epand may be colored
depending on the purpose. In addition, other yeay 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-curablefitsebase material preferably transmits
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energy rays.

[0031]

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.

[0032]

First Pressure-Sensitive Adhesive Layer

The first pressure-sensitive adhesive layer teseat form or a film form and
contains a pressure-sensitive adhesive.

Examples of the pressure-sensitive adhesive irgiudssure-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-baesihs (pressure-sensitive adhesives
made of a resin having a siloxane bond), epoxybesgns (pressure-sensitive
adhesives made of a resin having an epoxy groop)yipyl ethers, and polycarbonate,
and acrylic resins are preferred.

[0033]

Meanwhile, in the present invention, “pressuresgere adhesive resins” refer
to both resins having a pressure-sensitive adhessgeand resins having an adhesiveness,
and examples thereof include not only resins haaimgdhesiveness for themselves but
also resins exhibiting a pressure-sensitive adbeasss when jointly used with other
components such as additives, resins exhibitingdiresiveness due to the presence of a
trigger such as heat or water, and the like.

[0034]
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The first pressure-sensitive adhesive layer may &iegle layer (monolayer) or
a plurality of layers of two or more layers, andaicase 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.

[0035]

The thickness of the first pressure-sensitive aidkedayer is preferably 1 to
1,000um, more preferably 5 to 5Qm, and particularly preferably 10 to 1Q6.

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 layeosstituting the first pressure-sensitive
adhesive layer.

[0036]

The first pressure-sensitive adhesive layer may fiest pressure-sensitive
adhesive layer formed using an energy ray-curat@sspre-sensitive adhesive or a first
pressure-sensitive adhesive layer formed usinghaenergy ray-curable
pressure-sensitive adhesive. For the first pressensitive adhesive layer formed using
an energy ray-curable pressure-sensitive adhasiggossible 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 radiaaod examples thereof include
ultraviolet rays, radiations, electron beams, dedlike.

Ultraviolet rays can be radiated using, for examnplhigh-pressure mercury

lamp, a fusion H lamp, a xenon lamp, black lightED lamp, or the like as an
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ultraviolet ray source. As the electron beamg;ted® beams generated using an
electron beam accelerator or the like can be radliat

In the present invention, “being energy ray-cugalbéfers to a property of being
cured by being irradiated with energy rays, andrip@on-energy ray-curable” refers to
a property of not being cured by being irradiatétthwnergy rays.

[0037]

<<First Pressure-Sensitive Adhesive Composition>>

The first pressure-sensitive adhesive layer caioimeed using a first
pressure-sensitive adhesive composition contaiaipgessure-sensitive adhesive. For
example, the first pressure-sensitive adhesive lege 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 isttobmed and drying the first
pressure-sensitive adhesive composition as negess&more specific method for
forming the first pressure-sensitive adhesive layifirbe 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 pressursitbee adhesive layer. Meanwhile,
in the present specification, “normal temperatueders to a temperature that is not
particularly cooled or heated, that is, a tempeeaitu an ordinary state, and examples
thereof include a temperature of’Csto 25C and the like.

[0038]

The first pressure-sensitive adhesive compositiag be applied using a
well-known method, and examples thereof includehmes in which a variety of coaters

such as an air knife coater, a blade coater, adzer, a gravure coater, a roll coater, a
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roll knife coater, a curtain coater, a die coadetnife coater, a screen coater, a Mayer bar
coater, and a kiss coater are used.

[0039]

The drying conditions of the first pressure-sawsiadhesive composition are
not particularly limited; however, in a case in athe first pressure-sensitive adhesive
composition contains a solvent described belowfiteepressure-sensitive adhesive
composition is preferably heated and dried. Tt firessure-sensitive adhesive
composition containing a solvent is preferably did¢ 70C to 130C for 10 seconds to 5
minutes.

[0040]

In a case in which the first pressure-sensitivieeaive layer is energy
ray-curable, examples of the first pressure-semesithesive composition containing an
energy ray-curable pressure-sensitive adhesiveisthan energy ray-curable first
pressure-sensitive adhesive composition includestadressure-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-curgiessure-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)({Hexeinafter, in some cases,
abbreviated as “the pressure-sensitive adhesiue (le8a)”); a first pressure-sensitive
adhesive composition (I-3) containing the pressgnesitive adhesive resin (I-2a) and an
energy ray-curable low-molecular-weight compound the like.

[0041]

<First Pressure-Sensitive Adhesive Compositioh)¥l-
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As described above, the first pressure-sensititeesive composition (I-1)
contains the non-energy ray-curable pressure-semsitihesive resin (I-1a) and an
energy ray-curable compound.

[0042]

[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
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 tw& or more types of constituent units,
the combination and ratio thereof can be arbiyadlected.

[0043]

Examples of the alkyl (meth)acrylate include aligyleth)acrylates in which the
number of carbon atoms in an alkyl group constiuthe alkyl ester is 1 to 20, and the
alkyl group is preferably a linear alkyl group db@nched 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;-geityl (meth)acrylate, tert-butyl
(meth)acrylate, pentyl (meth)acrylate, hexyl (matnylate, heptyl (meth)acrylate,
2-ethylhexyl (meth)acrylate, isooctyl (meth)acrglat-octyl (meth)acrylate, n-nonyl
(meth)acrylate, isononyl (meth)acrylate, decyl (mat¢rylate, undecyl (meth)acrylate,
dodecyl (meth)acrylate (lauryl (meth)acrylate)décyl (meth)acrylate, tetradecyl
(meth)acrylate (myristyl (meth)acrylate), pentadényeth)acrylate, hexadecyl
(meth)acrylate (palmityl (meth)acrylate), heptad€nyeth)acrylate, octadecyl

(meth)acrylate (stearyl (meth)acrylate), nonadéeyth)acrylate, icosyl (meth)acrylate,
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and the like.

[0044]

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 pressure-sigasadhesive force of the first
pressure-sensitive adhesive layer further impraesnumber of carbon atoms in the
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 or more is
preferably alkyl acrylate.

[0045]

The acrylic polymer preferably further has, in éidd to the constituent unit
derived from the alkyl (meth)acrylate, a constituenit 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-contagompound and thus enables the
introduction of the unsaturated group into a sid&irc of the acrylic polymer.

[0046]

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

That is, examples of the functional group-contagmonomer include hydroxyl

group-containing monomers, carboxy group-contaimm@yomers, amino
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group-containing monomers, epoxy group-containimgnomers, and the like.

[0047]

Examples of the hydroxyl group-containing mononiectude hydroxyalkyl
(meth)acrylates such as hydroxymethyl (meth)aayl2thydroxyethyl (meth)acrylate,
2-hydroxypropyl (meth)acrylate, 3-hydroxypropy! @mgcrylate, 2-hydroxybutyl
(meth)acrylate, 3-hydroxybutyl (meth)acrylate, @bydroxybutyl (meth)acrylate;
non-(meth)acrylic unsaturated alcohols such aslaltphol and allyl alcohol
(unsaturated alcohols not having a (meth)acrylkgleton); and the like.

[0048]

Examples of the carboxy group-containing monomesiside ethylenic
unsaturated monocarboxylic acids such as (methjaagid and crotonic acid
(monocarboxylic acids having an ethylenic unsaaddtond); 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.

[0049]

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

[0050]

The acrylic polymer may be constituted of only ey 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 arbitrariliesied.
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[0051]

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 with respect to the
total mass of the constituent units.

[0052]

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

The different monomer is not particularly limitaed 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.

[0053]

The acrylic polymer may be constituted of only ey 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.

[0054]

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

Meanwhile, a substance obtained by causing artunasad group-containing
compound having an energy ray-polymerizable unatgdrgroup (energy
ray-polymerizable group) to react with the functibgroup in the acrylic polymer can be

used as the energy ray-curable pressure-sensithaesie resin (I-2a).
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Meanwhile, in the present invention, “being enenay-polymerizable” refers to
a property of being polymerized by being irradiatgth energy rays.

[0055]

The first pressure-sensitive adhesive compos(tid) may contain only one
type or two or more types of the pressure-sensédteesive resins (I-1a), and, in a case
in which the first pressure-sensitive adhesive amsitjpn contains two or more types of
the pressure-sensitive adhesive resins, the cotidnirand ratio thereof can be arbitrarily
selected.

[0056]

In the first pressure-sensitive adhesive compmsiti-1), the amount of the
pressure-sensitive adhesive resin (I-1a) is prefg£b6 to 99% by mass, more
preferably 10% to 95% by mass, and particularlyguedbly 15% to 90% by mass.

[0057]

[Energy Ray-Curable Compounds]

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

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

Among the energy ray-curable compounds, examilebgomers include
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oligomers obtained by polymerizing the monomersmgdied above.

The energy ray-curable compound is preferablyhamet (meth)acrylate or a
urethane (meth)acrylate oligomer since the molesméaght is relatively large and these
do not tend to decrease the storage elastic modtithe first pressure-sensitive adhesive
layer.

[0058]

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 compositaiains two or more types of the
energy ray-curable compounds, the combination atid thereof can be arbitrarily
selected.

[0059]

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 &jfmass.

[0060]

[Crosslinking Agent]

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

[0061]

The crosslinking agent is, for example, a substdhat reacts with the

functional group and thus crosslinks the pressaresiive adhesive resins (I-1a).
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Examples of the crosslinking agent include isoeyesbased crosslinking agents
(crosslinking agents having an isocyanate grouph sis tolylene diisocyanate,
hexamethylene diisocyanate, xylylene diisocyaraid,adduct bodies of the
above-described diisocyanate; epoxy-based crogsfjrdgents (crosslinking agents
having a glycidyl group) such as ethylene glycgtalyl ether; aziridine-based
crosslinking agents (crosslinking agents havingaridinyl group) such as
hexa[1-(2-methyl)-aziridinyl]triphosphatriazine; takchelate-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 isocya+istsed crosslinking agent
since the isocyanate-based crosslinking agent wegrthe cohesive force of the
pressure-sensitive adhesive so as to improve #sspre-sensitive adhesive force of the
first pressure-sensitive adhesive layer, is egsibgurable, and the like.

[0062]

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 Ibigrarily selected.

[0063]

In the first pressure-sensitive adhesive compmsiii-1), the amount of the
crosslinking agent is preferably 0.01 to 50 paytsiass, more preferably 0.1 to 20 parts
by mass, and particularly preferably 1 to 10 plytsnass with respect to the amount
(100 parts by mass) of the pressure-sensitive aghessin (I-1a).

[0064]
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[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 suiiotly proceeds with a curing reaction
even when irradiated with energy rays having aikedly low energy such as ultraviolet
rays.

[0065]

Examples of the photopolymerization initiator indé benzoin compounds such
as benzoin, benzoin methyl ether, benzoin eth@retienzoin 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; acylphaspltixide 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 compswudh as diacetyl; 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 initiatiar, example, a quinone
compound such as 1-chloroanthraquinone; a photigensuch as amine; or the like

can also be used.
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[0066]

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

[0067]

In the first pressure-sensitive adhesive compwsfti-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 preferabp@o 5 parts by mass with respect to
the amount (100 parts by mass) of the energy ragibdel compound.

[0068]

[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 ingzhir

Examples of the other additives include a varggtyell-known additives such
as an antistatic agent, an antioxidant, a softeagant (plasticizer), a filler (filler), an
antirust agent, a colorant (a pigment or a dysgrssitizer, a tackifier, a reaction retardant,
and a crosslinking accelerator (catalyst).

Meanwhile, the reaction retardant is a substadmaesuppresses the progress of
an unintended crosslinking reaction in the firggsure-sensitive adhesive composition
(I-1) under storage due to, for example, the aadiotie catalyst mixed into the first
pressure-sensitive adhesive composition (I-1). niplas of the reaction retardant

include reaction retardants that form a chelatepternby chelating with respect to the
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catalyst, and more specific examples thereof irekubstances having two or more
carbonyl groups (-C(=0)-) in one molecule.

[0069]

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
pressure-sensitive adhesive composition contaiostwnore types of the other additives,
the combination and ratio thereof can be arbiyradlected.

[0070]

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

[0071]

[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.

[0072]

The solvent is preferably an organic solvent, examples of the organic
solvent include ketones such as methyl ethyl ketomteacetone; esters (carboxylic acid
esters) such as ethyl acetate; ethers such asytoduran and dioxane; aliphatic
hydrocarbons such as cyclohexane and n-hexaneaticoinydrocarbons such as toluene
and xylene; alcohols such as 1-propanol and 2-papand the like.

[0073]

As the solvent, a solvent used during the manufaxg of the pressure-sensitive

adhesive resin (I-1a) may be continuously usetaerfitst pressure-sensitive adhesive
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composition (I-1) without being removed from thegsure-sensitive adhesive resin
(I-1a) or a solvent of the same type as or a difietype from the solvent used during the
manufacturing of the pressure-sensitive adhessia (&1a) may be separately added
during the manufacturing of the first pressure-gamsadhesive composition (I-1).

5 [0074]

The first pressure-sensitive adhesive compos(tid) 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.

10 [0075]

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

[0076]

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

15 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).

[0077]

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

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

25 [0078]
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The unsaturated group-containing compound is gpooimd further having, in
addition to the energy ray-polymerizable unsatarat®@up, a group that can be bonded
with the pressure-sensitive adhesive resin (I-¥aghcting with the functional group in
the pressure-sensitive adhesive resin (I-1a).

Examples of the energy ray-polymerizable unsatdrgtoup include a
(meth)acryloyl group, a vinyl group (ethenyl grough allyl group (2-propenyl group),
and the like, and a (meth)acryloyl group is prefdrr

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

[0079]

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

[0080]

The first pressure-sensitive adhesive compositib8% may contain only one
type or two or more types of the pressure-sensédteesive resins (I-2a), and, in a case
in which the first pressure-sensitive adhesive amsitjpn contains two or more types of
the pressure-sensitive adhesive resins, the cotidnirand ratio thereof can be arbitrarily
selected.

[0081]

In the first pressure-sensitive adhesive compwsiti-2), the amount of the
pressure-sensitive adhesive resin (I-2a) is prefg£6 to 99% by mass, more

preferably 10% to 95% by mass, and particularlyguedbly 10% to 90% by mass.
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[0082]

[Crosslinking Agent]

In a case in which, as the pressure-sensitivesagheesin (I-2a), for example,
the acrylic polymer having the constituent unitided from the functional
group-containing monomer, which is the same asiththie pressure-sensitive adhesive
resin (I-1a) is used, the first pressure-sensdiyieesive composition (I-2) may further
contain a crosslinking agent.

[0083]

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 ageand, 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.

[0084]

In the first pressure-sensitive adhesive compmsfti-2), the amount of the
crosslinking agent is preferably 0.01 to 50 paytsiass, more preferably 0.1 to 20 parts
by mass, and particularly preferably 1 to 10 pbytsnass with respect to the amount
(100 parts by mass) of the pressure-sensitive aghessin (I-2a).

[0085]

[Photopolymerization Initiator]

The first pressure-sensitive adhesive compos(ti@) may also further contain
a photopolymerization initiator. The first pressisensitive adhesive composition (1-2)

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.

[0086]

Examples of the photopolymerization initiator e ffirst pressure-sensitive
adhesive composition (I-2) 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.

[0087]

In the first pressure-sensitive adhesive compmsii-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 with respect to
the amount (100 parts by mass) of the pressuretiserasdhesive resin (I-2a).

[0088]

[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 in the first poesssensitive adhesive
composition (I-2) include the same other additi@eshose in the first pressure-sensitive
adhesive composition (I-1).

The first pressure-sensitive adhesive compos(ti@) may contain only one
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type or two or more types of the other additivesl,an a case in which the first
pressure-sensitive adhesive composition (I-2) éostavo or more types of the other
additives, the combination and ratio thereof caarfbérarily selected.

[0089]

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

[0090]

[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 pressureis@rsadhesive 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@ 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 compmsiii-2), the amount of the
solvent is not particularly limited and may be ayprately adjusted.

[0091]

<First Pressure-Sensitive Adhesive Compositias)¥l-

As described above, the first pressure-sensitifiesive composition (1-3)

contains the pressure-sensitive adhesive resia)(&2d an energy ray-curable
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low-molecular-weight compound.
[0092]
In the first pressure-sensitive adhesive compmsii-3), the amount of the
pressure-sensitive adhesive resin (I-2a) is prefg&lo to 99% by mass, more
5 preferably 10% to 95% by mass, and particularlygrebly 15% to 90% by mass.
[0093]
[Energy Ray-Curable Low-Molecular-Weight Compound]
Examples of the energy ray-curable low-moleculargiit compound contained
in the first pressure-sensitive adhesive compas(fi€3) include monomers or oligomers
10 which have an energy ray-polymerizable unsaturgtedp and can be cured by being
irradiated with energy rays and include the sansgnray-curable compounds as that 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 energy ray-cur&le molecular-weight compounds,
15 and, in a case in which the first pressure-sermsdihesive composition (I-3) contains
two or more types of the energy ray-curable lowenalar-weight compounds, the
combination and ratio thereof can be arbitrariliesied.
[0094]
In the first pressure-sensitive adhesive compmsii-3), the amount of the
20 energy ray-curable low-molecular-weight compoungreferably 0.01 to 300 parts by
mass, more preferably 0.03 to 200 parts by maskparticularly preferably 0.05 to 100
parts by mass with respect to the amount (100 pgrteass) of the pressure-sensitive
adhesive resin (I-2a).
[0095]

25 [Photopolymerization Initiator]
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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 suiiotly proceeds with a curing reaction
even when irradiated with energy rays having dikedly low energy such as ultraviolet
rays.

[0096]

Examples of the photopolymerization initiator e ffirst pressure-sensitive
adhesive composition (I-3) 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 photopolymerizaiiatiators, and, in a case in which
the first pressure-sensitive adhesive compositaiains two or more types of the
photopolymerization initiators, the combination aatio thereof can be arbitrarily
selected.

[0097]

In the first pressure-sensitive adhesive compws(ti-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 preferabp@o 5 parts by mass with respect to
the total amount (100 parts by mass) of the pressensitive adhesive resin (I-2a) and
the energy ray-curable low-molecular-weight commbun

[0098]

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

[0099]

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

[0100]

[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 pressureiti@asadhesive 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@ @ase 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 compws(ti-3), the amount of the
solvent is not particularly limited and may be apprately adjusted.

[0101]
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<First Pressure-Sensitive Adhesive CompositioteOThan First
Pressure-Sensitive Adhesive Compositions (I-1)-8)%

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

[0102]

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 @gsitigms, a non-energy ray-curable
pressure-sensitive adhesive composition.

Examples of the non-energy ray-curable pressursitbee adhesive
compositions include non-energy ray-curable pressansitive adhesive compositions
containing a pressure-sensitive adhesive resinasi@m acrylic resin (a resin having a
(meth)acryloyl group), an urethane-based resiegmrmaving a urethane bond), a
rubber-based resin (a resin having a rubber strei;ta 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.

[0103]

The first pressure-sensitive adhesive composititiner than the first
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pressure-sensitive adhesive compositions (I-1)-8) preferably contain one or more
types of crosslinking agents, and the amount tlieao be set to be the same as that in
the case of the above-described first pressurdatsenadhesive composition (I-1) or the
like.

[0104]

<<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, compouitetsthan 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 campnts 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 othmrt 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 qmmnents other than the solvent in
advance.

A method for mixing the respective componentsmyblending 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 twmponents are mixed together using a
mixer, and a method in which the components aredirgether by applying ultrasonic

waves thereto.
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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.

[0105]

First Interlayer

The first interlayer has a sheet form or a filmipand a constituent material
thereof may be appropriately selected dependin@mpurpose and is not particularly
limited.

For example, in a case in which the purpose ssifipress 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 attackn property of the first interlayer.

[0106]

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 fiterlayer is a plurality of layers, the
respective layers in the plurality of layers mayidmntical to or different from one
another, and the combination of the plurality gkl is not particularly limited.

[0107]

The thickness of the first interlayer can be appetely adjusted depending on
the height of bumps on the semiconductor surfadetwik a protection target, but is

preferably 50 to 60am, more preferably 70 to 5@Q0n, and particularly preferably 80 to

400pum since it is possible to relatively easily abstmb influence of bumps having a
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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 thickne$sab of the layers constituting the first
interlayer.

[0108]

<<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 firsentéyer forming composition or curing
the first interlayer forming composition by beingadiated with energy rays as necessary.
A more specific method for forming the first inyker will be described below in detail
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 rateivkbeen the amounts of the
above-described components in the first interlayétere, “normal temperature” is as
described above.

[0109]

The first interlayer forming composition may bephgd using a well-known
method, and examples thereof include methods iclwaivariety of coaters such as an
air knife coater, a blade coater, a bar coateraauge coater, a roll coater, a roll knife
coater, a curtain coater, a die coater, a kniféecpa screen coater, a Mayer bar coater,

and a kiss coater are used.
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[0110]

The drying conditions of the first interlayer farmg composition are not
particularly limited. For example, in this cadwee first interlayer forming composition
containing the solvent described below is prefgralelated and dried, and in this case, it
is preferably dried under conditions of, for exaeypi0C to 130C and 10 seconds to
five minutes.

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

[0111]

Examples of the first interlayer forming compamitinclude a first interlayer
forming composition (ll-1) containing urethane (fmetcrylate and the like.

[0112]

<First Interlayer Forming Composition (lI-1)>

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

[0113]

[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)adeylarethane (meth)acrylate having two
or more (meth)acryloyl groups in one molecule)f tkaa multifunctional urethane

(meth)acrylate. However, in the present inventibis, preferable to use at least
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monofunctional urethane (meth) acrylate.

[0114]

Examples of the urethane (meth)acrylate contaiméige first interlayer forming
composition include urethane (meth)acrylate obthimgfurther causing a (meth)acrylic
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 amth an isocyanate group at a
terminal portion of the molecule.

[0115]

The first interlayer forming composition (l-1) jnaontain only one type or two
or more types of the urethane (meth)acrylate, ena,case in which the first interlayer
forming composition (lI-1) contains two or more &gof the urethane (meth)acrylate,
the combination and ratio thereof can be arbiyadlected.

[0116]

(Polyol Compound)

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

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

[0117]

Examples of the polyol compound include alkylen&golyether-type polyols,

polyester-type polyols, polycarbonate-type polyalsd the like.
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The polyol compound may be any one of a difuneidatiol, 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 versatiliggctivity, and the like.

[0118]

[Polyether-Type Polyol

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

[0119]

[Chemical Formula 1]

HO‘ER"O%‘I—]—H C e (1)

(In the formula, n represents an integer of 2 oranR represents a divalent
hydrocarbon group, and a plurality of Rs may bafideal to or different from one
another)

[0120]

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 256;enpreferably 25 to 205, and
particularly preferably 40 to 185.

[0121]

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
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group having 1 to 6 carbon atoms, still more pedi@r an ethylene group, a propylene
group, or a tetramethylene group, and particulpréferably a propylene group or a
tetramethylene group.

[0122]

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

[0123]
When the polyether-type diol and the polyhydracignate compound are
10 reacted with each other, urethane (meth)acrylatengan ether bond portion
represented by General Formula (1a) as the ternsioegyanate 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
15 [0124]

[Chemical Formula 2]

R0} —
‘% o -- s (1a)

(In the formula, R and n are the same as descabede)
[0125]
20 [Polyester-Type Polyol
The polyester-type polyol is not particularly ltewl, 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
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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 pltyadif atoms but also to one atom.

[0126]

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 saturatigthatic polybasic acids,
unsaturated aliphatic polybasic acids, aromatiglgasic acids, and the like, and dimer
acids corresponding to any of the above-descriloébpsic acids may also be used.

[0127]

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 siebacid, and the like.

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

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

[0128]

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.

[0129]
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One type of any of the polybasic acids or thewdeires thereof may be used
singly or two or more types of any of the polybaeiads 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.

[0130]

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

[0131]

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 tetyhbtanate and tetrapropyl! titanate;
and the like.

[0132]

[Polycarbonate-Type Polyol

The polycarbonate-type polyol is not particulditgited, and examples thereof
include polycarbonates obtained by reacting theesglycol as the compound
represented by Formula (1) and alkylene carboaai 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 mgyeet of any of the glycol and the
alkylene carbonate are jointly used, the combimadiod ratio thereof can be arbitrarily

selected.
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[0133]

The number-average molecular weight calculatewh fitee hydroxyl 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 urethandsbis suppressed, and it becomes
easier to suppress the viscoelastic characteaskthe first interlayer. In addition, when
the number-average molecular weight is 10,0004, lhe excess softening of the first
interlayer is suppressed.

The number-average molecular weight calculatewh fitee hydroxyl value of the
polyol compound refers to a value computed fromfafiewing expression.

[The number-average molecular weight of the potgrhpound] = [the number
of functional groups in the polyol compoundp6.11x 1,000/[the hydroxyl value of the
polyol compound (unit: mgKOH/g)]

[0134]

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

[0135]

(Polyhydric Isocyanate Compound)

The polyhydric isocyanate compound that is reawtigidl 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 isocyaebmpounds are jointly used, the

combination and ratio thereof can be arbitrarillesed.
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[0136]

Examples of the polyhydric isocyanate compountlofe chain-like aliphatic
diisocyanates such as tetramethylene diisocyahax@methylene diisocyanate, and
trimethyl hexamethylene diisocyanate; cyclic alifhdiisocyanates such as isophorone
diisocyanate, norbornane diisocyanate, dicyclohmagythane-4,4’-diisocyanate,
dicyclohexylmethane-2,4’-diisocyanate, an@y-diisocyanate dimethyl cyclohexane;
aromatic diisocyanates such as 4,4’-diphenyl metlthisocyanate, tolylene diisocyanate,
xylylene diisocyanate, tolidine diisocyanate, tetedhylene xylylene diisocyanate, and
naphthalene-1,5-diisocyanate; and the like.

Among these, the polyhydric isocyanate compourmeerably isophorone
diisocyanate, hexamethylene diisocyanate, or xgb/lédiisocyanate from the viewpoint
of the handling property.

[0137]

((Meth)acrylic Compound)

The (meth)acrylic compound that is reacted withtérminal 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 joio#gd, 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.

[0138]

Examples of the (meth)acrylic compound includerbygl group-containing
(meth)acrylic acid esters such as 2-hydroxyethyletl)acrylate, 2-hydroxypropyl

(meth)acrylate, 3-hydroxypropyl (meth)acrylate,\2dxybutyl (meth)acrylate,
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3-hyroxybuyl (meth)acrylate, 4-hydroxybutyl (metbpdate, 4-hydroxycyclohexyl

(meth)acrylate, 5-hydroxycyclooxtyl (meth)acrylazehydroxy-3-phenyloxypropyl
(meth)acrylate, pentaerythritol triimeth)acrylgielyethylene glycol
mono(meth)acrylate, and polypropylene glycol moretfjacrylate; hydroxyl
group-containing (meth)acrylamides such as N-methyheth)acrylamide; reactants
obtained by reacting (meth)acrylic acid with viaytohol, vinyl phenol, or bisphenol A
glycidyl ether; and the like.

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

[0139]

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

[0140]

Conditions during the reaction between the terimgwyanate urethane
prepolymer and the (meth)acrylic compound may l@piately adjusted, and, for
example, the reaction temperature is preferabiC@0 100C, and the reaction time is
preferably one to four hours.

[0141]

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

For example, the weight-average molecular weiglth® urethane
(meth)acrylate is preferably 1,000 to 100,000, npyeferably 3,000 to 80,000, and

particularly preferably 5,000 to 65,000. Whenwedght-average molecular weight is
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1,000 or more, it becomes easy to optimize therfemsl 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).

[0142]

[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.

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 preferabompound having at least one
(meth)acryloyl group in one molecule.

[0143]

Examples of the polymerizable monomer include lafineth)acrylates in which
an alkyl group constituting the alkyl ester has B® carbon atoms and has a chain-like
shape; functional group-containing (meth)acrylimpounds 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 @yglioup; (meth)acrylic acid esters
having an aromatic hydrocarbon group; (meth)aciicl esters having a heterocyclic
group; compounds having a vinyl group; compoundsngaan allyl group; and the like.

[0144]

Examples of the alkyl (meth)acrylates having archi&e alkyl group having 1
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to 30 carbon atoms include methyl (meth)acrylateyldmeth)acrylate, n-propyl

(meth)acrylate, isopropyl (meth)acrylate, n-butyieth)acrylate, isobutyl (meth)acrylate,
sec-butyl (meth)acrylate, tert-butyl (meth)acryjgtentyl (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 (paln(ityéth)acrylate), heptadecyl
(meth)acrylate, octadecyl (meth)acrylate (steangth)acrylate), isooctadecyl
(meth)acrylate (isostearyl (meth)acrylate), nongbl@oeth)acrylate, icosyl
(meth)acrylate, and the like.

[0145]

Examples of functional group-containing (meth)d&crglerivatives include
hydroxyl group-containing (meth)acrylic acid estseush as 2-hydroxyethyl
(meth)acrylate, 2-hydroxypropyl (meth)acrylate,\@Hoxypropyl (meth)acrylate,
2-hydroxybutyl (meth)acrylate, 3-hydroxybutyl (mjgbrylate, and 4-hydroxybutyl
(meth)acrylate; (meth)acrylamides such as (metimwide, N,N-dimethyl
(meth)acrylamide, N-butyl (meth)acrylamide, N-méthymeth)acrylamide,
N-methylolpropane (meth)acrylamide, N-methoxymeilnyéth)acrylamide, and
N-butoxymethyl (meth)acrylamide and derivativesdiod; (meth)acrylic acid esters
having an amino group (hereinafter, in some casésired to as “the amino
group-containing (meth)acrylic acid esters”); (mathylic 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 gtwneinafter, in some cases,

referred to as “the monosubstituted amino grougaiomg (meth)acrylic acid esters”);
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(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 tolesdisubstituted 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.

[0146]

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
one or more hydrogen atoms in a (meth)acrylic astér with a monosubstituted amino
group, and “the disubstituted amino group-contajr{imeth)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 atbimwsubstitutes the
hydrogen atom (that is, the substituent) in “thenosubstituted amino group” and “the
disubstituted amino group” include alkyl groups ainel like.

[0147]

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

[0148]

Examples of the (meth)acrylic acid esters havimgur@matic hydrocarbon group
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include phenyl hydroxypropyl (meth)acrylate, ben@gkth)acrylate,

2-hyroxy-3-phenoxypropyl (meth)acrylate, and tte.li

[0149]

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 havihgterocyclic group include
tetrahydrofurfuryl (meth)acrylate, (meth)acryloybmholine, and the like.

[0150]

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

[0151]

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

[0152]

From the viewpoint of good compatibility with theethane (meth)acrylate, the
polymerizable monomer preferably has a relativeliky group.

Examples of the polymerizable monomer include [Maetrylic acid esters
having an aliphatic cyclic group, (meth)acryliccesters having an aromatic
hydrocarbon group, and (meth)acrylic acid estevinigea heterocyclic group, and
(meth)acrylic acid esters having an aliphatic @yglioup are more preferred.

[0153]

The first interlayer forming composition (ll-1) jnaontain only one type or two
or more types of the polymerizable monomers, and,dase in which the first interlayer

forming composition (ll-1) contains two or more &gof the polymerizable monomers,
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the combination and ratio thereof can be arbiyadlected.

[0154]

In the first interlayer forming composition (lI51the 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.

[0155]

[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 compositidll-1) containing the
photopolymerization initiator sufficiently proceedgh a curing reaction even when
irradiated with energy rays having a relatively lemergy such as ultraviolet rays.

[0156]

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

[0157]

The first interlayer forming composition (ll-1) gnaontain only one type or two
or more types of the photopolymerization initiat@sd, in a case in which the first
interlayer forming composition (ll-1) contains two more types of the
photopolymerization initiators, the combination aatio thereof can be arbitrarily
selected.

[0158]

In the first interlayer forming composition (II;1he amount of the
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photopolymerization initiator is preferably 0.0120 parts by mass, more preferably 0.03
to 10 parts by mass, and particularly preferabp@o 5 parts by mass with respect to
the total amount (100 parts by mass) of the uretifareth)acrylate and the
polymerizable monomer.

[0159]

[Resin Components Other Than Urethane (Meth)aielyla

The first interlayer forming composition (1I-1) malso contain resin
components other than the urethane (meth)acrysaieng 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 appropriatelyessted depending on the purpose and
are not particularly limited.

[0160]

[Other Additives]

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

Examples of the other additives include a varatwell-known additives such
as a crosslinking agent, an antistatic agent, soxaglant, a chain transfer agent, a
softening agent (plasticizer), a filler, an antiragent, and a colorant (a pigment or a
dye).

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

[0161]

Examples of the thiol compounds include nonyl raptan, 1-dodecanethiol,
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1,2-ethanedithiol, 1,3-propandithiol, triazinethitlazinedithiol, triazinetrithiol,
1,2,3-propanetrithiol, tetraethylene glycol bis(&maptopropionate), trimethylolpropane
tris(3-mercaptopropionate), pentaerythritol tets§Bimercaptopropionate),
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.

[0162]

The first interlayer forming composition (l-1) jnaontain 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.

[0163]

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.

[0164]

[Solvent]

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

[0165]

<<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 udiial components for constituting
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the first interlayer forming 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.

[0166]

Curable Resin layer

The curable resin layer (curable resin film) isyer for protecting a circuit
surface of the semiconductor wafer and bumps pealvh the circuit surface. The
curable resin layer may be any one of a thermosgetésin layer (thermosetting resin

film), and an energy ray-curable resin layer (epeay-curable resin film). The curable
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resin layer forms the first protective film by cugi

[0167]

In the present invention, as described abovegsime cured material of the
curable resin layer, that is, the first protecfilm at the time of the dicing has the
Young’s modulus of equal to or greater than 0.02alvihd the tack peak load of equal to
or less than 500 g, the attachment of the cuttiagt@s derived from the first protective
film is suppressed on to the side surface of th@@@ductor chip when the first
protective film is cut together with the semiconuavafer through the dicing.

A method of dicing capable of obtaining such dfexf the present invention is
not particularly limited as long as it is a knowetimod, and examples thereof include a
method of forming a modified layer in the insidetloé stacked body of the
semiconductor wafer and the first protective filyndeing irradiated with laser beam,
and then cutting the stacked body in a portion lnictv the modified layer is formed by
applying force to the stacked body. Here, fromviesvpoint that the effect of the
present invention is most remarkably obtained; greferable that the dicing method is a
method of cutting the stacked body with a dicinadel.

[0168]

The conditions of dicing in a case of using thardj blade may be appropriately
adjusted, and the thickness of the dicing blageegerably 15 to 10Q@m, and is more
preferably 25 to 5am.

A feed speed of the dicing blade (that is, a maminspeed of the dicing blade
at the time of cutting with the dicing blade) igfarably 5 to 150 mm/sec, and is more
preferably 20 to 100 mm/sec.

The number of revolutions of the dicing bladernsferably 15,000 to 60,000

rpm, and more preferably 20,000 to 40,000 rpm.
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The dicing conditions described above are paditybpreferable when the
thickness of the curable resin layer is within anetcal range described later.

[0169]

FIG. 5 is an enlarged perspective view scheméfishlbwing an example of the
semiconductor chip obtained by dicing the semicotmuwvafer together with the first
protective film by using the dicing blade afterrfong the first protective film on the
bump-formed surface of the semiconductor waferdiggithe first protective film
forming sheet of the present invention. MeanwhiléIG. 5, the same constituent
element as in FIG. 1 is given the same referempeas in FIG. 1 and will not be
described in detail. What has been described aisaiso true for FIG. 6 and the
subsequent drawings.

[0170]

As described here, a semiconductor chip 90’ isigex with a bump 91 on a
circuit surface 90a’ thereof, and a first proteetivm 12’ is provided so as to embed the
bump 91 by covering a base portion of the portiothe vicinity of the circuit surface
90a’ of the bump 91.

The semiconductor chip 90’ is held on a pressaresitive adhesive layer 81 of
the dicing sheet, and a plurality of grooves 8 farmed on the first pressure-sensitive
adhesive layer 81 by the dicing blade at the tiftb@dicing. A side surface 90b’ of
the semiconductor chip 90’ is a cut surface byrdjcand the cutting wastes of the first
protective film 12’ are not attached thereto.

Note that, in FIG. 5, in order to make the siddzsie 90b’ of the semiconductor
chip 90’ easier to see, illustration of other seanauctor chips adjacent to the
semiconductor chip 90’ is omitted.

[0171]
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On the other hand, FIG. 6 is an enlarged perspeeiew schematically showing
an example of the semiconductor chip obtained bydithe semiconductor wafer
together with the protective film by using the digiblade after forming the protective
film on the bump-formed surface of the semiconduatafer by using the conventional
protective film forming sheet. Meanwhile, in Fi&.the same constituent element as in
FIG. 5 is given the same reference sign as in &kd will not be described in detail.

[0172]

As described here, when the protective film 920isned by using the
conventional protective film forming sheet, cuttiwgstes 920’ of the protective film 92’
are attached to the side surface 90b’ of the serdioctor chip 90’ by dicing. Note that,
the attachment state of the cutting waste of théeptive film to the side surface of the
semiconductor chip is not limited to the one démaihere, and various attachment states
can be taken depending on the dicing conditions.

[0173]

In the present invention, the Young’s modulushef of the cured material of the
curable resin layer is equal to or greater tha@ M@a, preferably 0.02 to 8,000 MPa,
more preferably 1 to 7,000 MPa, still more prefgrdbto 6,500 MPa, and for example,
may be any one of 10 to 6,000 MPa and 100 to 5\@@A. By using the first protective
film having the Young’s modulus of equal to or gexdhan the above-described lower
limit value at the time of dicing, the first protae film is easily cut when cutting the
first protective film by dicing, so that tearing thie first protective film is suppressed,
and a high effect of suppressing generation ofrguttaste derived from the first
protective film is obtained. In addition, by usitige first protective film having the
Young's modulus of equal to or lower than the udpeit value at the time of dicing,

deterioration of adhesiveness of the first protectiim due to excessive hardness of the
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first protective film, warpage of the semiconduct@fer or the semiconductor chip after
forming the first protective film, deterioration wéliability of the semiconductor package,
and the like are suppressed.

[0174]

In the present invention, the Young’s modulushef ¢ured material of the
curable resin layer can be measured based on JI2K and the initial elastic modulus
measured by using the test piece of the cured rabtgnose temperature is at 80°C can
be adopted as the Young’s modulus.

[0175]

In the present invention, the tack peak load efdlwred material of the curable
resin layer is equal to or less than 500 g, préfgr@to 500 g, and more preferably 0 to
250 g, still more preferably 0 to 120 g, and paitidy preferably 0 to 50 g. By using
the first protective film having the tack peak lazfdequal to or lower than the upper
limit value at the time of the dicing, even whea tutting wastes of the first protective
film are generated at the time of cutting the fpsitective film by dicing, a high effect
of suppressing the attachment of the cutting wastebe side surface of the
semiconductor chip is obtained. For example, ¢ase of dicing using the dicing blade,
the attachment of the cutting wastes of the firstgxtive film on the dicing blade is
suppressed, and as a result, the attachment ofittieg wastes on the side surface of the
semiconductor chip is suppressed. The lower Malite of the tack peak load is not
particularly limited, and even when it is 0 g, #féect of the present invention is not
impaired and the other physical properties of the protective film can be sufficiently
adjusted within a preferable range.

[0176]

In the present invention, the tack peak load efdlwred material of the curable
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resin layer can be measured by using a tackingrtesth a method described in
examples, which will be described later. Thabis surface of the test piece of the
cured material was directed upward, and a mets pia80C is plated on the
aforementioned surface, a load of 100 gf (0.98 N3 applied to the test piece by
pressing a stainless steel probe &aC3flom the lower side to the other surface (that is
the measurement surface of the peak load) of gigtece facing downward, 60 seconds
after the load was applied, the probe was lowetedspeed of 600 mm/min, and thereby
a peak load measured when peeled from the test p&@thbe adopted as the tack peak
load.

[0177]

In the present invention, in one embodiment ofdined material of the curable
resin layer (the first protective film), for exarapit is preferable that the Young’s
modulus is 0.02 to 8,000 MPa, and the tack peaki®a to 500 g, it is more preferable
that the Young’s modulus is 0.02 to 8,000 MPa, thedtack peak load is 0 to 250 g, itis
still more preferable that the Young’s modulus.i32Xo 8,000 MPa, and the tack peak
load is 0 to 120 g, and it is particularly prefdeathat the Young’s modulus is 0.02 to
8,000 MPa, and the tack peak load is 0 to 50 g.

In the cured material, further, the Young’s modukimore preferably 1 to 7,000
MPa, still more preferably 5 to 6,500 MPa, anddrample, may be any one of 10 to
6,000 MPa and 100 to 5,000 MPa.

[0178]

In the present invention, in one embodiment ofdined material of the curable
resin layer (the first protective film), for exampthe Young’s modulus is 1 to 7,000
MPa, and the tack peak load is preferably O toggGBe Young’s modulus is 5 to 6,500

MPa, and the tack peak load is more preferably3Dtbg, for example, the Young's
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modulus may be 10 to 6,000 MPa, and the tack peskinay be 0 to 500 g, and the

Young’s modulus may be 100 to 5,000 MPa, and tble paak load may be 0 to 500 g.

In the cured material, further, the tack peak lsahore preferably 0 to 250 g,
still more preferably 0 to 120 g, and particulgsheferably 0 to 50 g.

[0179]

The protective film formed on the bump-formed aad of the semiconductor
wafer, such as the first protective film of theg@,t invention, is usually thinner than the
pressure-sensitive adhesive layer constitutinglitieg sheet, and its constituent
material is also different. The pressure-sensdivieesive layer in the dicing sheet is
required to stably hold the semiconductor wafeairasbject to be attached at the time of
dicing and at the time of dicing, the pressure-ti@esadhesive layer in contact with the
dicing blade in a state of being pressed by thecs®ructor wafer from the side on
which the dicing blade is arranged. On the otlardh the protective film is not
required to hold the semiconductor wafer as anobligebe attached, but to protect the
circuit surface and the bump of the semiconducttfiew and at the time of dicing, the
dicing blade is in directly contact with the prdtee film. As described above, the
protective film and the pressure-sensitive adhéesiyer in the dicing sheet are different
from each other in the purpose and the contacting fvith the dicing blade, so that it
can be said it is natural that the thickness aadttmstituent material are different as
described above. In addition, the first protecfilra of the present invention has a
basic function as the protective film, and as dbsdrabove, has a configuration in
which the attachment of the cutting wastes on itthe surface of the semiconductor chip
at the time of dicing is suppressed, and has eiffigpurpose and configuration from
those of the pressure-sensitive adhesive layédreicdnventional dicing sheet.

[0180]
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The Young’s modulus and the tack peak load ottired material can be
adjusted by adjusting the kinds of the curablenrésyers.

The curable resin layer can be formed using abbeir@sin layer forming
composition containing a constituent material tbére

Accordingly, the Young’s modulus and the tack plesd of the cured material
can be adjusted by adjusting one or both of thd &imd the amount of the contained
components of the curable resin layer forming cositfum.

The curable resin layer forming composition (thesetting resin layer forming
composition, the energy ray-curable resin layemfog composition), and the
manufacturing method thereof will be specificalBsdribed below.

[0181]

Thermosetting Resin Layer

Examples of a preferred thermosetting resin laydude thermosetting resin
layers containing a polymer component (A) and antlesetting component (B). The
polymer component (A) is a component considerdaetéiormed by a polymerization
reaction of a polymerizable compound. In addititre, thermosetting component (B) is
a component capable of a curing (polymerizatioagtien using heat as a trigger of the
reaction. Meanwhile, in the present inventionplygpondensation reaction is also
considered to be the polymerization reaction.

[0182]

The thermosetting resin layer may be a singlerl@y@nolayer) or a plurality of
layers of two or more layers, and, in a case irchvitihethermosetting resin layer is a
plurality of layers, the respective layers in ttherality of layers may be identical to or
different from one another, and the combinatiothefplurality of layers is not

particularly limited.
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[0183]

The thickness of the thermosetting resin lay@réferably 1 to 10@um, more
preferably 5 to 9um, and particularly preferably 5 to §n. When the thickness of
the thermosetting resin layer is equal to or mbamtthe lower limit value, it is possible
to form the first protective film having a higheogection function. In addition, when
the thickness of the thermosetting resin layeqiséto or less than the upper limit value,
excessive thickness is suppressed.

Here, “the thickness of the thermosetting resyefarefers 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.

[0184]

The curing conditions when the thermosetting résjer is attached to the
bump-formed surface of the semiconductor wafer,iamdred so as to form the first
protective film are not particularly limited as lpas the first protective film has
sufficient hardness so as to exert its functiow, muay be appropriately selected
according to the kinds of the thermosetting reayefs.

For example, the heating temperature at the tiintieeocuring of the
thermosetting resin layer is preferably 10Go 200C, more preferably 12C to 180C,
and particularly preferably 12G to 170C. In addition, the heating time for the curing
is preferably 0.5 to five hours, more preferably o three hours, and particularly
preferably one to two hours.

[0185]

<<Thermosetting Resin Layer Forming Composition>>
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The thermosetting resin layer can be formed uaitigermosetting resin layer
forming composition containing a constituent matettiereof. For example, the
thermosetting resin layer can be formed at an d@gdmportion by applying the
thermosetting resin layer forming composition tamet 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®wihthe above-described components
in the thermosetting resin layer. Here, “normatperature” is as described above.

[0186]

The thermosetting resin layer forming compositioaty 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, adaer, a gravure coater, a roll coater, a
roll knife coater, a curtain coater, a die coaddtnife coater, a screen coater, a Mayer bar
coater, and a kiss coater are used.

[0187]

The drying conditions of the thermosetting resiyer forming composition are
not particularly limited; however, in a case in athe thermosetting resin layer
forming composition contains a solvent describddwethe thermosetting resin layer
forming composition is preferably heated and drie@ihe thermosetting resin layer
forming composition containing a solvent is prelidyadried at 70C to 130C for 10
seconds to 5 minutes.

[0188]

<Resin Layer Forming Composition (IlI-1)>

Examples of the thermosetting resin layer forndamposition include a
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thermosetting resin layer forming composition @)l€ontaining the polymer component
(A) and the thermosetting component (B) (in thespre: specification, in some cases,
simply abbreviated as “the resin layer forming cosipon (l11-1)") and the like.

[0189]

[Polymer Component (A)]

The polymer component (A) is a polymer compoundrfgarting a
film-forming property, flexibility, and the like tthe thermosetting resin layer.

The resin layer forming composition (l1l-1) ane tthermosetting resin layer
may contain only one type or two or more typeshefppolymer 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.

[0190]

Examples of the polymer component (A) include Bemgsins (resins having a
(meth)acryloyl group), polyesters, urethane-bassths (resins having a urethane bond),
acrylic urethane resins, silicone-based resinsn(fesving a siloxane bond), rubber-based
resins (resins having a rubber structure), phemesins, thermosetting polyimides, and
the like, and acrylic resins are preferred.

[0191]

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

The weight-average molecular weight (Mw) of theylic 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
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layer improves. In addition, when the weight-ageranolecular weight of the acrylic
resin is equal to or less than the upper limit galubecomes easy for the thermosetting
resin layer to follow the uneven surfaces of adm@seand the generation of voids and
the like between an adherend and the thermosetsig layer is further suppressed.

[0192]

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 adhedree between the first protective film
and the first supporting sheet is suppressed, fargithe peeling property of the first
supporting sheet improves. In addition, when theflthe 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.

[0193]

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

[0194]

Examples of the (meth)acrylic acid esters constiguthe acrylic resin include
alkyl (meth)acrylic esters in which an alkyl groognstituting the alkyl ester has 1 to 18
carbon atoms and has a chain-like shape such aylnjmieth)acrylate, ethyl
(meth)acrylate, n-propyl (meth)acrylate, isoprofigketh)acrylate, n-butyl (meth)acrylate,
isobutyl (meth)acrylate, sec-butyl (meth)acrylaget-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
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(meth)acrylate, decyl (meth)acrylate, undecyl (jettylate, dodecyl (meth)acrylate

(lauryl (meth)acrylate), tridecyl (meth)acrylatetradecyl (meth)acrylate (myristyl
(meth)acrylate), pentadecyl (meth)acrylate, hexgd@ceth)acrylate (palmityl
(meth)acrylate), heptadecyl (meth)acrylate, anddetyl (meth)acrylate (stearyl
(meth)acrylate) and the like;

cycloalkyl (meth)acrylic acid esters such as isoplb(meth)acrylate and
dicyclopentanyl (meth)acrylate;

aralkyl (meth)acrylic acid esters such as benngdth)acrylate;

cycloalkenyl (meth)acrylic acid esters such agadapentenyl (meth)acrylate;

cycloalkenyloxy alkyl (meth)acrylic acid esterskuas dicyclopentenyloxyethyl
(meth)acrylate;

imide (meth)acrylate;

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

hydroxyl group-containing (meth)acrylic acid esteuch as hydroxymethyl
(meth)acrylate, 2-hydroxyethyl (meth)acrylate, ZHoxypropyl (meth)acrylate,
3-hydroxypropyl (meth)acrylate, 2-hydorybutyl (mttrylate, 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.

[0195]

The acrylic resin may be, for example, in additiothe (meth)acrylic acid ester,

a resin formed by the copolymerization of one orergpes of monomers selected from
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(meth)acrylic acid, itaconic acid, vinyl acetaterydonitrile, styrene, N-methylol
acrylamide, and the like.

[0196]

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

[0197]

The acrylic resin may also have a functional groapable of bonding to other
compounds such as a vinyl group, a (meth)acryloyig, an amino group, a hydroxyl
group, a carboxy group, or an isocyanate group.e fihctional group in the acrylic
resin may be bonded to other compounds througbsslanking agent (F) described
below or may be directly bonded to other compoumidisout the crosslinking agent (F).
When the acrylic resin is bonded to other compouhdsugh the functional group, there
is a tendency that the reliability of packages iolata using the first protective film
forming sheet improves.

[0198]

In the present invention, as the polymer compof(#nta 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, and the generation of voids andkaéktween an adherend and the
thermosetting resin layer is further suppressed.

[0199]
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The weight-average molecular weight of the therastr resin is preferably
1,000 to 100,000 and more preferably 3,000 to &D,00

[0200]

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

[0201]

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

[0202]

The resin layer forming composition (l1l-1) ane tthermosetting 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 citi@bination and ratio thereof can be
arbitrarily selected.

[0203]

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) with respect to theltataount of all of the components other
than the solvent is preferably 5% to 85% by maskraare preferably 5% to 80% by
mass regardless of the type of the polymer compdAgn

[0204]

There are cases in which the polymer component@esponds to the
thermosetting component (B). In the present ineenin a case in which the resin
layer forming composition (l1l-1) contains compotgenorresponding to both the

polymer component (A) and the thermosetting compb(i&) as described above, the
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resin layer forming composition (IlI-1) is considdrto contain the polymer component
(A) and the thermosetting component (B).

[0205]

[Thermosetting Component (B)]

The thermosetting component (B) is a componentdioing the thermosetting
resin layer so as to form a rigid first protectfiha.

The resin layer forming composition (IlI-1) ancttthermosetting 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.

[0206]

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.

[0207]

(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-bdketmosetting resins, the
combination and ratio thereof can be arbitrariliesied.

[0208]
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[Epoxy Resin (B1)

As the epoxy resin (B1), well-known epoxy resias e exemplified.

Examples thereof include polyfunctional epoxy resliiphenyl 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, pleseykkeleton-type epoxy resins, and
the like, and di- or higher-functional epoxy compds.

[0209]

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 first protective
film forming sheet improves.

[0210]

Examples of the epoxy resin having an unsaturiayeddocarbon group include
compounds formed by converting a part of epoxy gsan 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 havingiesaturated 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
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group), (meth)acryloyl groups, (meth)acrylamideug®, and the like, and acryloyl

groups are preferred.

[0211]

The number-average molecular weight of the epeginr(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 resistahtte first protective film after curing.

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

[0212]

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

[0213]

[Thermosetting 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 witlepoxy 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 grougsiino groups, or groups in which an
acid group is turned into an anhydride are preteraad phenolic hydroxyl groups or
amino groups are more preferred.

[0214]
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As the thermal curing agent (B2), examples of pherturing agents having a
phenolic hydroxyl group include polyfunctional plodéin resins, biphenol, novolac-type
phenolic resins, dicyclopentadiene-based phenetims, aralkylphenolic resins, and the
like.

As the thermal curing agent (B2), examples of aatiased curing agents
having an amino group include dicyandiamide (hexiém, in some cases, abbreviated as
“DICY"), and the like.

[0215]

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 @ighydroxyl groups in a phenolic
resin with groups having an unsaturated hydrocagvoup, 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 theronahg agent (B2) is identical
to the unsaturated hydrocarbon group in the abesertbed epoxy resin having an
unsaturated hydrocarbon group.

[0216]

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

[0217]

The number-average molecular weight of the resmponent such as a

polyfunctional phenolic resin, a novolac-type phHeneesin, a dicyclopentadiene-based
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phenolic resin, or an aralkylphenolic resin asthiemal curing agent (B2) is preferably
300 to 30,000, more preferably 400 to 10,000, aartqularly 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.

[0218]

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
jointly used, the combination and ratio thereof bararbitrarily selected.

[0219]

In the resin layer forming composition (IlI-1) atiee thermosetting resin layer,
the amount of the thermal curing agent (B2) isguadly 0.1 to 500 parts by mass, more
preferably 1 to 200 parts by mass, and may beeXample, any one of 5 to 150 parts by
mass, and 10 to 100 parts by mass with respebetarnount (100 parts by mass) of the
epoxy resin (B1). When the amount of the thermiaihg 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, théstooe absorptivity of the thermosetting
resin layer is decreased, and thus the relialfifyackages obtained by using the first
protective film forming sheet further improves.

[0220]

In the resin layer forming composition (llI-1) atiee thermosetting resin layer,
the amount of the thermosetting component (B) éiample, the total amount of the
epoxy resin (B1) and the thermal curing agent (B2preferably 10 to 1,000 parts by

mass, more preferably 20 to 1,000 parts by maskiray be, for example, any one of 50
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to 1,000 parts by mass, 100 to 900 parts by mass180 to 800 parts by mass with

respect to the amount (100 parts by mass) of thenew component (A). When the
amount of the thermosetting component (B) is inagheve-described range, the adhesive
force between the first protective film and thetfisupporting sheet is suppressed, and
thus the peeling property of the first supportihget improves.

[0221]

[Curing Accelerator (C)]

The resin layer forming composition (l1l-1) ane tthermosetting resin layer
may also contain a curing accelerator (C). Thénguaccelerator (C) is a component
for adjusting the speed of curing the resin lapeming composition (111-1).

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 otraar thhydrogen atom) such as
2-methylimidazole, 2-phenyl imidazole, 2-phenyl-£thylimidazole,
2-phenyl-4,5-dihydroxymethylimidazole, and
2,-phenyl-4-methyl-5-hydroxymethylimidazole; orgapihosphines (phosphines in
which one or more hydrogen atoms are substitutéid evganic groups) such as tributyl
phosphine, diphenyl phosphine, and triphenyl phimephetraphenyl boron salts such as
tetraphenyl phosphonium tetraphenyl borate antiengl phosphine tetraphenyl borate;
and the like.

[0222]

The resin layer forming composition (l1l-1) ane tthermosetting resin layer
may contain only one type or two or more typeshefc¢uring accelerator (C), and, in a

case in which the resin layer forming compositiod ¢he thermosetting resin layer
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contains two or more types of the thermosettingmaments, the combination and ratio
thereof can be arbitrarily selected.

[0223]

In a case in which the curing accelerator (C)ksisd) in the resin layer forming
composition (I11-1) and the thermosetting resindiaythe amount of the curing
accelerator (C) is preferably 0.01 to 10 parts lagsand more preferably 0.1 to 5 parts
by mass of the amount (100 parts by mass) of #enthsetting component (B). When
the amount of the curing accelerator (C) is equalrtmore than the lower limit value,
the effects of the use of the curing acceleratyrcé@ be more significantly obtained.

In addition, when the amount of the curing acceteréC) is equal to or less than the
upper limit value, for example, an effect of sumgsiag a highly polar curing accelerator
(C) migrating toward the adhesion interface withex@nds in the thermosetting resin
layer under high temperature and high humidity ootk and segregating becomes
significant, and the reliability of packages ob&rusing the first protective film forming
sheet further improves.

[0224]

[Filler (D)]

The resin layer forming composition (IlI-1) anctttihermosetting resin layer
may also contain a filler (D). When the thermasegttesin layer contains the filler (D),
the coefficient of thermal expansion of the firsttective film obtained by curing the
thermosetting resin layer can be easily adjustédirther, when this coefficient of
thermal expansion is optimized for a subject oncltihe first protective film is to be
formed, the reliability of packages obtained usimgfirst protective film forming sheet
further improves. In addition, when the thermaegttesin layer contains the filler (D),

it is also possible to decrease the moisture absiypof the first protective film or
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improving the heat dissipation property.

[0225]

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

Examples of preferred inorganic fillers includemger of silica, alumina, talc,
calcium carbonate, titanium white, colcothar, siticarbide, boron nitride, and the like;
beads obtained by spherodizing these inorganardillsurface-modified products of
these inorganic fillers; single crystal fibers bé&se inorganic fillers; glass fibers; and the
like.

Among these, the inorganic filler is preferablycsi or alumina.

[0226]

The resin layer forming composition (l1l-1) ane tthermosetting resin layer
may contain only one type or two or more typesheffiller (D), and, in a case in which
the resin layer forming composition and the therettrsg resin layer contains two or
more types of the filler (D), the combination aatio thereof can be arbitrarily selected.

[0227]

In a case in which the filler (D) is used, in tlesin layer forming composition
(111-1), the ratio of the amount of the filler (dhat is, the amount of the filler (D) in the
thermosetting resin layer) with respect to theltataount of all of the components other
than the solvent is preferably 5% to 80% by maskraare preferably 7% to 60% by
mass. When the amount of the filler (D) is in #®ve-described range, the adjustment
of the coefficient of thermal expansion becomeseeas

[0228]

[Coupling Agent (E)]

The resin layer forming composition (l1l-1) ane tthermosetting resin layer
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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 imprthve 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.

[0229]

The coupling agent (E) is preferably a compoundrigaa functional group
capable of reacting with the functional group ia folymer component (A), the
thermosetting component (BO), or the like and npyeferably a silane coupling agent.

Examples of preferred silane coupling agents telu
3-glycidyloxypropyltrimethoxysilane, 3-glycidyloxyppylmethyldiethoxysilane,
3-glycidyloxypropyltriethoxysilane, 3-glycidyloxyntigyldiethoxysilane,
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-tre@tsilylpropyl)tetrasulfane,
methyltrimethoxysilane, methyltriethoxysilane, Vitngnethoxysilane,
vinyltriacetoxysilane, imidazolesilane, and theelik

[0230]

The resin layer forming composition (l1l-1) ane tthermosetting resin layer

may contain only one type or two or more typeshefc¢oupling agents (E), and, in a case
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in which the resin layer forming composition and thermosetting resin layer contains
two or more types of the coupling agents, the coation and ratio thereof can be
arbitrarily selected.

[0231]

In a case where the coupling agent (E) is useitheémesin layer forming
composition (IlI-1) and the thermosetting resiniaythe amount of the coupling agent
(E) is preferably 0.03 to 20 parts by mass, moedgpably 0.05 to 10 parts by mass, and
particularly preferably 0.1 to 5 parts by mass wékbpect to the total amount (100 parts
by mass of the polymer component (A) and the theatimg component (B)). When
the amount of the coupling agent (E) is equal tmore than the lower limit value, the
effects of the use of the coupling agent (E) sitha improvement of the dispersibility
of the filler (D) in resins and the improvementtloé adhesiveness of the thermosetting
resin layer to adherends can be significantly oletéi In addition, when the amount of
the coupling agent (E) is equal to or less tharughger limit value, the generation of
outgas is further suppressed.

[0232]

[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 are capable of bontirggher compounds such as the
above-described acrylic resin is used as the palymmponent (A), the resin layer
forming composition (lll-1) and the thermosettirggin layer may also contain a
crosslinking agent (F). The crosslinking agentig/g component for crosslinking the
functional group in the polymer component (A) byndimg with the other compound,

and the initial adhesive force and the agglomeedtivce of the thermosetting resin layer
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can be adjusted by crosslinking in this way.

[0233]

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

[0234]

Examples of the organic polyhydric isocyanate coumgls include aromatic
polyhydric isocyanate compounds, aliphatic polyltydsocyanate compounds, and
alicyclic polyhydric isocyanate compounds (herei@afin some cases, these compounds
will be collectively abbreviated as “aromatic pojghic isocyanate compounds and the
like); timers, isocyanurate bodies, and adducti€®of the aromatic polyhydric
isocyanate compounds and the like; terminal iscat@anrethane prepolymers obtained
by reacting the aromatic polyhydric isocyanate coumuls and the like and a polyol
compound. The “adduct body” refers to a reactath@® aromatic polyhydric
isocyanate compound, the aliphatic polyhydric ism@te compound, or the alicyclic
polyhydric isocyanate compound and a low-molecwulaight active
hydrogen-containing compound such as ethylene glpcopylene glycol, neopentyl
glycol, trimethylolpropane, or castor oil. Exangple the adduct body include xylylene
diisocyanate adducts of trimethylolpropane as desdrbelow and the like. In addition,
“the terminal isocyanate urethane prepolymer” idescribed above.

[0235]

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;
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diphenylmethane-2,4’-diisocyanate; 3-methyldiphersthane diisocyanate;

hexamethylene diisocyanate; isophorone diisocyanate
dicyclohexylmethane-4,4’-diisocyanate; dicyclohemgthane-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.

[0236]

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

[0237]

In a case in which the organic polyhydric isocyar@mpound is used as the
crosslinking agent (F), a hydroxyl group-containpalymer 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

[0238]

The resin layer forming composition (IlI-1) anctttihermosetting resin layer
may contain only one type or two or more typeshefdrosslinking agent (F), and, in a
case in which the resin layer forming compositibhk) and the thermosetting resin
layer contains two or more types of the thermasgttiomponents, the combination and
ratio thereof can be arbitrarily selected.

[0239]
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In a case in which the crosslinking agent (F)sedy in the resin layer forming
composition (lll-1), the amount of the crosslinkiagent (F) is preferably 0.01 to 20
parts by mass, more preferably 0.1 to 10 parts &égsmyand particularly preferably 0.5 to
5 parts by mass with respect to the amount (108 pgrmass) of the polymer
component (A). When the amount of the crosslinkiggnt (F) is equal to or more than
the lower limit value, the effects of the use af tirosslinking agent (F) can be
significantly obtained. In addition, when the ambaf the crosslinking agent (F) is
equal to or less than the upper limit value, theesz use of the crosslinking agent (F) is
suppressed.

[0240]

[Energy Ray-Curable Resin (G)]

The resin layer forming composition (l11-1) mayntain an energy ray-curable
resin (G). When the thermosetting resin layer @imistthe energy ray-curable resin (G),
it is possible to change the characteristics bpdp&radiated with energy rays.

[0241]

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

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

[0242]

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, dipentaerythrinonohydroxy penta(meth)acrylate,
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dipentaerythritol hexa(meth)acrylate, 1,4-butylgheol di(meth)acrylate, and

1,6-hexanediol di(meth)acrylate; cyclic aliphatkeeton-containing (meth)acrylates
such as dicyclopentanyl di(meth)acrylate; polyatkg 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.

[0243]

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

[0244]

Only one type or two or more types of the enesayyaurable compounds may
be used for polymerization, and, in a case in whiator more types of the energy
ray-curable compounds are used, the combinationmatiathereof can be arbitrarily
selected.

[0245]

The resin layer forming composition (lll-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 arbitrarillested.

[0246]

In a case of using the energy ray-curable res)nt{@ amount of the energy
ray-curable resin (G) in the resin layer formingnpmsition (Ill-1) is preferably 1% to
95% by mass, more preferably 5% to 90% by masspartetularly preferably 10% to

85% by mass.
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[0247]

[Photopolymerization Initiator (H)]

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

[0248]

Examples of the resin layer forming compositidi+1) include the same
photopolymerization initiators (H) as those in finst pressure-sensitive adhesive
composition (I-1).

[0249]

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

[0250]

In a case in which the photopolymerization indrafH) is used, in the resin
layer forming composition (11l-1), the amount oktphotopolymerization initiators (H) is
preferably 0.1 to 20 parts by mass, more preferalty10 parts by mass, and
particularly preferably 2 to 5 parts by mass ofah@unt (100 parts by mass) of the
energy ray-curable resin (G).

[0251]

[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
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not impaired.

The versatile additive (I) may be a well-knownsagile additive, can be
arbitrarily selected depending on the purpose,igandt particularly limited, and
examples of preferred versatile additives inclugkaaticizer, an antistatic agent, an
antioxidant, a colorant (a pigment or a dye), aegitg agent, and the like.

[0252]

The resin layer forming composition (IlI-1) anctttihermosetting resin layer
may contain only one type or two or more typeshefitersatile additive (1), and, in a
case in which the resin layer forming compositiod ¢he thermosetting resin layer
contains two or more types of the thermosettingmaments, the combination and ratio
thereof can be arbitrarily selected.

The amount of the versatile additive (I) in theindayer forming composition
(111-1) and the thermosetting resin layer is nottigalarly limited and may be
appropriately selected depending on the purpose.

[0253]

[Solvent]

The resin layer forming composition (l11-1) predéty 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, but prefad examples thereof include
hydrocarbons such as toluene and xylyene; alcauals as methanol, ethanol,
2-propanol, isobutyl alcohol (2-methyl propane-},-ahd 1-butanol; esters such as ethyl
acetate; ketones such as acetone and methyl eftoyids ethers such as tetrahydrofuran;
amides (compounds having an amide bond) such astlipiformamide and N-methyl

pyrrolidone, and the like.
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The resin layer forming composition (llI-1) mayntain only one type or two or
more types of the solvents, and, in a case in wihielresin layer forming composition
contains two or more types of the solvents, thelionation and ratio thereof can be
arbitrarily selected.

[0254]

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 formingmasition (I11-1).

[0255]

<<Method for Manufacturing Thermosetting Resin &afforming
Composition>>

The thermosetting resin layer forming composisach as the resin layer
forming composition (lll-1) can be obtained by lderg individual components for
constituting the thermosetting resin layer formaognposition.

The addition order during the blending of the sxtfye components is not
particularly limited, and two or more types of camnpnts 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 qmmnents other than the solvent in
advance.

A method for mixing the respective componentsrayblending is not
particularly limited and may be appropriately sé&elcfrom well-known methods such as

a method in which the components are mixed togdtheotating a stirring stick, a
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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 additrahraixing of the respective
components are not particularly limited as longhesrespective blending components do
not deteriorate and may be appropriately adjustetithe temperature is preferably’C5
to 3C°C.

[0256]

Energy Ray-Curable Resin Layer

The energy ray-curable resin layer contains anggmay-curable component
(a).

The energy ray-curable component (a) is preferabtured and is preferably
pressure-sensitive adhesive and more preferablyrad@and pressure-sensitive adhesive.
Here, “energy rays” and “being energy ray-curalaleg as described above.

[0257]

The energy ray-curable resin layer may be a silagler (monolayer) or a
plurality of layers of two or more layers, andaircase in which the energy ray-curable
resin layer is a plurality of layers, the respeetiayers in the plurality of layers may be
identical to or different from one another, and ¢benbination of the plurality of layers is
not particularly limited.

[0258]

The thickness of the energy ray-curable resinrlegsypreferably 1 to 10Am,
more preferably 5 to 90m, and particularly preferably 5 to @@n. When the

thickness of the energy ray-curable resin layegisal to or more than the lower limit
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value, it is possible to form a first protectivirfihaving a higher protection function.
In addition, when the thickness of the energy rasable resin layer is equal to or less
than the upper limit value, excessive thicknessipressed.

Here, “the thickness of the energy ray-curablenrieger” refers to the thickness
of the entire energy ray-curable resin layers, &vdexample, the thickness of the energy
ray-curable resin layer made up of a pluralityayfdrs refers to the total thickness of all
of the layers constituting the energy ray-curabkrr layer.

[0259]

The curing conditions when the energy ray-curaéden layer is attached to the
bump-formed surface of the semiconductor waferiamtired so as to form the first
protective film are not particularly limited as pas the first protective film has a
sufficient hardness so as to exert its functiow, may be appropriately selected
according to the kinds of the thermosetting reayefs.

For example, the illuminance of the energy rayrduthe curing of the energy
ray-curable resin layer is preferably 10 to 1,000 e, more preferably 50 to 500
mW/cn?, and particularly preferably 100 to 300 mWfcmn addition, the light
intensity of the energy ray during the curing isfprably 50 to 2,000 mJ/érmore
preferably 100 to 1,500 mJ/énand particularly preferably 150 to 1,000 mFcm

[0260]

<<Energy Ray-Curable Resin Layer Forming Compamsitr

The energy ray-curable resin layer can be fornsitguan energy ray-curable
resin layer forming composition containing a caustnt material thereof. For example,
the energy ray-curable resin layer can be formeshantended portion by applying an
energy ray-curable resin layer forming compositma target surface on which the

energy ray-curable resin layer is to be formeddnythg the energy ray-curable resin
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layer forming composition as necessary. The ilagtween the amounts of components,
which do not gasify at normal temperature, in thergy ray-curable resin layer forming
composition is, generally, identical to the rat&ivibeen the amounts of the
above-described components in the energy ray-carabin layer. Here, “normal
5 temperature” is as described above.
[0261]
The energy ray-curable resin layer forming comgimsimay be applied using a
well-known method, and examples thereof includehmes in which a variety of coaters
such as an air knife coater, a blade coater, adzer, a gravure coater, a roll coater, a
10 roll knife coater, a curtain coater, a die coadetnife coater, a screen coater, a Mayer bar
coater, and a kiss coater are used.
[0262]
The drying conditions of the energy ray-curabkandayer forming composition
are not particularly limited; however, in a casevimch the energy ray-curable resin
15 layer forming composition contains a solvent déxibelow, the energy ray-curable
resin layer forming composition is preferably heleded dried. The energy ray-curable
resin layer forming composition containing a solverpreferably dried at 7C€ to 130C
for 10 seconds to 5 minutes.
[0263]
20 <Resin Layer Forming Composition (IV-1)>
Examples of the energy ray-curable resin layeniiog composition include an
energy ray-curable resin layer forming composi(idl) containing the energy
ray-curable component (a) (in the present spetificain some cases, abbreviated as
“the resin layer forming composition (1V-1)") anlket like.

25 [0264]
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[Energy Ray-Curable Component (a)]

The energy ray-curable component (a) is a comgdhanis cured by being
irradiated with energy rays and is a componeninfgrarting a film-forming property,
flexibility, and the like to the energy ray-curabésin layer.

Examples of the energy ray-curable componenin@de a polymer (al) which
has an energy ray-curable group and a weight-agaragecular weight of 80,000 to
2,000,000 and a compound (a2) which has an enayggurable group and a molecular
weight of 100 to 80,000.

The polymer (al) may be a polymer at least agfasthich is crosslinked with a
crosslinking agent or a polymer which is not criogsd.

[0265]

(Polymer Having Energy Ray-Curable Group and Wefylerage Molecular
Weight of 80,000 to 2,000,000 (al))

Examples of the polymer (al) which has an eneagycurable group and a
weight-average molecular weight of 80,000 to 2,000,include an acrylic resin (al-1)
formed by performing addition reaction on an acrgiolymer (all) having a functional
group capable of reacting with groups in other coumgls and an energy ray-curable
compound (al2) having a group that reacts witHuhetional group and an energy
ray-curable group such as an energy ray-curablblddaond.

[0266]

Examples of the functional group capable of regctiith groups in other
compounds include a hydroxyl group, a carboxy gr@mamino group, a substituted
amino group (a group formed by substituting onenar hydrogen atoms in an amino
group with a group other than a hydrogen atomgg@oxy group, and the like. Here,

the functional group is preferably a group othantl carboxy group from the viewpoint
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of preventing the corrosion of circuits of semicoatr wafers, semiconductor chips, or
the like.

Among these, the functional group is preferabihydroxyl group.

[0267]

[Acrylic Polymer Having Functional Group (all)

Examples of the acrylic polymer (all) having actional group include acrylic
polymers formed by copolymerizing an acrylic monoma&ving the above-described
functional group and an acrylic monomer not hathmgabove-described functional
group, and the acrylic polymer may be an acryliymer formed by copolymerizing the
above-described monomers and, furthermore, a manotner than acrylic monomers
(non-acrylic monomer).

In addition, the acrylic polymer (all) may be ad@m copolymer or a block
copolymer.

[0268]

Examples of the acrylic monomer having a functi@maup include hydroxyl
group-containing monomers, carboxy group-contaimianomers, amino
group-containing monomers, substituted amino groaqtaining monomers, epoxy
group-containing monomers, and the like.

[0269]

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

(unsaturated alcohols not having a (meth)acrylkgleton); and the like.
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[0270]

Examples of the carboxy group-containing mononeiside ethylenic
unsaturated monocarboxylic acids such as (metH)aargid and crotonic acid
(monocarboxylic acids having an ethylenic unsaagtdtond); 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 (metiy#ates such as 2-carboxyethyl
methacrylate; and the like.

[0271]

The acrylic monomer having a functional grouprisferably the hydroxyl
group-containing monomer or the carboxy group-doitig monomer and more
preferably the hydroxyl group-containing monomer.

[0272]

The acrylic polymer (all) may be constituted dy@me type or two or more
types of the acrylic monomers having a functiomalig, and, in a case in which the
acrylic polymer is constituted of two or more tymé#ghe acrylic monomers having a
functional group, the combination and ratio thereaf be arbitrarily selected.

[0273]

Examples of the acrylic monomer not having a fiomal group include alkyl
(meth)acrylates in which an alkyl group constitgtthe alkyl ester has 1 to 18 carbon
atoms and has a chain-like shape such as methtt)aceylate, ethyl (meth)acrylate,
n-propyl (meth)acrylate, isopropyl (meth)acrylatequtyl (meth)acrylate, isobutyl
(meth)acrylate, sec-butyl (meth)acrylate, tert-b(ityeth)acrylate, pentyl (meth)acrylate,
hexyl (meth)acrylate, heptyl (meth)acrylate, 2-#tkyyl (meth)acrylate, isooctyl

(meth)acrylate, n-octyl (meth)acrylate, n-nonyl {ieacrylate, isononyl (meth)acrylate,
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decyl (meth)acrylate, undecyl (meth)acrylate, dgtiGueth)acrylate (lauryl

(meth)acrylate), tridecyl (meth)acrylate, tetrad€oyeth)acrylate (myristyl
(meth)acrylate), pentadecyl (meth)acrylate, hexgd@ceth)acrylate (palmityl
(meth)acrylate), heptadecyl (meth)acrylate, andaetyl (meth)acrylate (stearyl
(meth)acrylate) and the like

[0274]

In addition, examples of the acrylic monomer rebtihg a functional group also
include alkoxyalkyl group-containing (meth)acryéicid esters such as methoxymethyl
(meth)acrylate, methoxyethyl (meth)acrylate, etim&thyl (meth)acrylate, and
ethoxyethyl (meth)acrylate; (meth)acrylic acid esteaving an aromatic group which
includes (meth)acrylic acid aryl ester such as ph@neth)acrylate or the like;
non-crosslinkable (meth)acrylamides and derivattheseof; (meth)acrylic acid esters
having a non-crosslinkable tertiary amino grouphsas N,N-dimethyl aminoethyl
(meth)acrylate and N,N-dimethyl aminopropyl (metnydate; and the like.

[0275]

The acrylic polymer (all) may be constituted dy@me type or two or more
types of the acrylic monomers not having a fun@laroup, and, in a case in which the
acrylic polymer is constituted of two or more typdshe acrylic monomers not having a
functional group, the combination and ratio theregnf be arbitrarily selected.

[0276]

Examples of the non-acrylic monomer include okeBach as ethylene and
norbornene; vinyl acetate; styrene; and the like.

The acrylic polymer (all) may be constituted dy@me type or two or more
types of the non-acrylic monomers, and, in a casehich the acrylic polymer is

constituted of two or more types of the non-acrglienomers, the combination and ratio
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thereof can be arbitrarily selected.

[0277]

The ratio (amount) of a constituent unit deriveahi the acrylic monomer
having a functional group with respect to the tatalount of constituent units
constituting the acrylic polymer (all) is prefesa®l1% to 50% by mass, more
preferably 1% to 40% by mass, and particularly gnadily 3% to 30% by mass. When
the ratio is in the above-described range, in tmglia resin (al-1) obtained by
polymerization between the acrylic polymer (alld #re energy ray-curable compound
(a12), it becomes possible to easily adjust theesdegf curing of the first protective film
to a preferred range by satisfying the amount efethergy ray-curable group.

[0278]

The acrylic polymer (all) may be constituted dy@me type or two or more
types of the acrylic resins (al-1), and, in a ¢gasehich the acrylic polymer is
constituted of two or more types of the acrylidmesthe combination and ratio thereof
can be arbitrarily selected.

[0279]

In the resin layer forming composition (IV-1), thmount of the acrylic resin
(al-1) is preferably 1 to 40, more preferably 3@p and particularly preferably 3 to 20.

[0280]

[Energy Ray-Curable Compound (al2)

The energy ray-curable compound (al2) is prefgrablenergy ray-curable
compound having one or more types of groups seldoten the group consisting of an
isocyanate group, an epoxy group, and a carboxypgas the group capable of reacting
with the functional group in the acrylic polymef{d and more preferably an energy

ray-curable compound having an isocyanate groupeaabove-described group. For
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example, in a case in which the energy ray-curatepound (al2) has an isocyanate
group as the above-described group, this isocyayrate easily reacts with a hydroxyl
group in the acrylic polymer (all) having a hydrogrnoup as the functional group.

[0281]

The number of the energy ray-curable groups inmakecule of the energy
ray-curable compound (al2) is preferably 1 to 5mande preferably 1 or 2.

[0282]

Examples of the energy ray-curable compound (aitR)de
2-methacryloyloxyethyl isocyanate, methaisopropengi-dimethylbenzyl isocyanate,
methacryloyl isocyanate, allyl isocyanate, 1,14brgloyloxymethyl)ethyl isocyanate;

acryloyl monoisocyanate compounds obtained byaeti@n between a
diisocyante compound or a polyisocyanate compouddhgdroxyethyl (meth)acrylate;
and

acryloyl monoisocyanate compounds obtained froeaation among a
diisocyante compound or a polyisocyanate compoamadlyol compound, and
hydroxyethyl (meth)acrylate; and the like.

Among these, the energy ray-curable compound (al&eferably
2-methacryloyloxyethyl isocyanate.

[0283]

The energy ray-curable compound (al2) may be itotest of only one type or
two or more types of the acrylic resins (al-1),,ané case in which the energy
ray-curable compound is constituted of two or ntgpes of the acrylic resins, the
combination and ratio thereof can be arbitrariliesied.

[0284]

The ratio of the amount of an energy ray-curabbeig derived from the energy
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ray-curable compound (al2) with respect to the arhofithe functional group derived
from the acrylic polymer (all) in the acrylic regai-1) is preferably 20 to 120 mol%,
more preferably 35 to 100 mol%, and particularlgfprably 50 to 100 mol%. When
the ratio of the amount thereof is in the abovezdbed range, the adhesive force of the
first protective film after curing becomes strongeMeanwhile, in a case in which the
energy ray-curable compound (al2) is a monofunatioompound (having one group in
one molecule), the upper limit value of the ratiglee amount thereof becomes 100
mol%; however, in a case in which the energy rawbie compound (al2) is a
polyfunctional compound (having two or more groupsne molecule), the upper limit
value of the ratio of the amount thereof exceedsribl% in some cases.

[0285]

The weight-average molecular weight (Mw) of théypter (al) is preferably
100,000 to 2,000,000 and more preferably 300,000360,000.

Here, “the weight-average molecular weight” iglascribed above.

[0286]

In a case in which at least a part of the poly(a#}j is crosslinked with a
crosslinking agent, the polymer (al) may be a pelythat is formed by polymerizing
monomers which do not correspond to any of the mmare described above as the
monomers constituting the acrylic polymer (all) bade a group that reacts with the
crosslinking agent and is crosslinked in the grithat reacts with the crosslinking agent
or may be a polymer crosslinked in a group whictieisved from the energy ray-curable
compound (al2) and reacts with the functional group

[0287]

The resin layer forming composition (IV-1) and greergy ray-curable resin

layer may contain only one type or two or more §/pethe polymers (al), and, in a case
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in which the resin layer forming composition and #nergy ray-curable resin layer
contain two or more types of the polymers, the coion and ratio thereof can be
arbitrarily selected.

[0288]

(Compound Having Energy Ray-Curable Group and ®loé Weight of 100 to
80,000 (a2))

Examples of the energy ray-curable group in thmammund (a2) which has an
energy ray-curable group and a molecular weighiOéf to 80,000 include groups having
an energy ray-curable double bond, and preferracheles thereof include a
(meth)acryloyl group, a vinyl group, and the like.

[0289]

The compound (a2) is not particularly limited asd as the compound satisfies
the above-described conditions, and examples therdade low-molecular-weight
compounds having an energy ray-curable group, epesins having an energy
ray-curable group, phenolic resins having an ensagycurable group, and the like.

[0290]

Among the compound (a2), examples of the low-mdéreweight compounds
having an energy ray-curable group include polyfiomal monomers, oligomers, and
the like, and acrylate-based compounds having #hjjaeyloyl group are preferred.

Examples of the acrylate-based compounds inclifdaalional (meth)acrylates
such as 2-hydroxy-3-(meth)acryloyloxypropoyl metiyéate, polyethylene glycol
di(meth)acrylate, propoxylated ethoxylated bispthéndi(meth)acrylate,
2,2-bis[4-((meth)acryloxypolyethoxy)phenyl]propae¢hoxylated bisphenol A
di(meth)acrylate, 2,2-bis[4-((meth)acryloxydiethplyenyl]propane,

9,9-bis[4-(2-(meth)acryloyloxyethoxy)phenyl]fluoren
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2,2-bis[4-((meth)acryloxypolypropoxy)phenyl]propamecyclodecanedimethanol

di(meth)acrylate, 1,10-decanediol di(meth)acrylaté;hexanediol di(meth)acrylate,
1,9-nonanediol di(meth)acrylate, dipropylene glydigimeth)acrylate, tripropylene glycol
di(meth)acrylate, polypropylene glycol di(meth)datg, polytetramethylene glycol
di(meth)acrylate, ethylene glycol di(meth)acrylatethylene glycol di(meth)acrylate,
triethylene glycol di(meth)acrylate, 2,2-bis[4-((ting@cryloylethoxy)phenyl]propane,
neopentyl glycol di(meth)acrylate, ethoxylated pobpylene glycol di(meth)acrylate,
and 2-hydroxy-1,3-di(meth)acryloxypropane;

polyfunctional (meth)acrylates such as tris(2-(m@tryloxyethyl) isocyanurate,
e-caprolactone-modified tris-(2-(meth)acryloxyethigdcyanurate, ethoxylated glycerin
trilmeth)acrylate, pentaerythritol triimeth)acr@atrimethylolpropane trilmeth)acrylate,
ditrimethylolpropane tetra(meth)acrylate, ethoxgthpentaerythritol tetra(meth)acrylate,
pentaerythritol tetra(meth)acrylate, dipentaerythpoly(meth)acrylate, and
dipentaerythritol hexa(meth)acrylate;

polyfunctional (meth)acrylate oligomers such asthane (meth)acrylate
oligomers; and the like.

[0291]

Among the compound (a2), as the epoxy resins bainenergy ray-curable
group and the phenolic resins having an energycuagble group, for example, the
epoxy resins and the phenolic resins describeaiadg?Paph 0043 and the like of
“Japanese Unexamined Patent Application, FirstiPatibn No. 2013-194102” can be
used. These resins also correspond to resinsittimst a thermosetting component
described below; however, in the present inventioa resins will be handled as the
compound (a2).

[0292]



10

15

20

25

101
The weight-average molecular weight of the compo{@2) is preferably 100 to

30,000 and more preferably 300 to 10,000.

[0293]

The resin layer forming composition (IV-1) and teergy ray-curable resin
layer may contain only one type or two or more s/p&the compounds (a2), and, in a
case in which the resin layer forming compositiad ¢he energy ray-curable resin layer
contain two or more types of the polymers, the doaiion and ratio thereof can be
arbitrarily selected.

[0294]

[Polymer Not Having Energy Ray-Curable Group (b)]

In the case of containing the compound (a2) astieegy ray-curable
component (a), the resin layer forming composifidhl) and the energy ray-curable
resin layer preferably further contain a polymeérr{bt having any energy ray-curable
groups.

The polymer (b) may be a polymer at least a ganthoch is crosslinked with a
crosslinking agent or a polymer which is not criogsd.

[0295]

Examples of the polymer (b) not having any eneayycurable group include
acrylic polymers, phenoxy resins, urethane regioljesters, rubber-based resins, acrylic
urethane resins, and the like.

Among these, the polymer (b) is preferably anlacpolymer (hereinafter, in
some cases, abbreviated as “the acrylic polyméy{b-

[0296]

The acrylic polymer (b-1) may be a well-known dicrpolymer, and, for

example, the acrylic polymer may be a homopolyni@ne type of acrylic monomer, a
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copolymer of two or more types of acrylic monomersa copolymer of one or more
types of acrylic monomers and one or more typeaa@iomers other than acrylic
monomers (non-acrylic monomers).

[0297]

Examples of the acrylic monomer constituting theylic polymer (b-1) include
alkyl (meth)acrylates, (meth)acrylic acid esterihg\a cyclic skeleton, glycidyl
group-containing (meth)acrylic acid ester, hydroggdup-containing (meth)acrylic acid
esters, and substituted amino group-containingh{(jaetylic acid esters. Here,
“substituted amino group” is as described above.

[0298]

Examples of the alkyl (meth)acrylic acid estexdude alkyl (meth)acrylic acid
esters in which an alkyl group constituting theyatister has 1 to 18 carbon atoms and
has a chain-like shape such as methyl (meth)aerydahyl (meth)acrylate, n-propyl
(meth)acrylate, isopropyl (meth)acrylate, n-butyieth)acrylate, isobutyl (meth)acrylate,
sec-butyl (meth)acrylate, tert-butyl (meth)acrylagentyl (meth)acrylate, hexyl
(meth)acrylate, heptyl (meth)acrylate, 2-ethylhelgeth)acrylate, isooctyl
(meth)acrylate, n-octyl (meth)acrylate, n-nonyl {iecrylate, isononyl (meth)acrylate,
decyl (meth)acrylate, undecyl (meth)acrylate, dgtéuoeth)acrylate (lauryl
(meth)acrylate), tridecyl (meth)acrylate, tetraddoyeth)acrylate (myristyl
(meth)acrylate), pentadecyl (meth)acrylate, hexgd@ceth)acrylate (palmityl
(meth)acrylate), heptadecyl (meth)acrylate, andaetyl (meth)acrylate (stearyl
(meth)acrylate) and the like.

[0299]

Examples of the (meth)acrylic acid esters haviegdic skeleton include

cycloalkyl (meth)acrylic acid esters such as isapbfmeth)acrylate and dicyclopentanyl
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(meth)acrylate;

aralkyl (meth)acrylic acid esters such as benngdth)acrylate;

cycloalkenyl (meth)acrylic acid esters such agdapentenyl (meth)acrylate;

cycloalkenyloxy alkyl (meth)acrylic acid esterskuas dicyclopentenyloxyethyl
(meth)acrylate; and the like.

[0300]

Examples of the glycidyl group-containing (methydic acid esters include
glycidyl (meth)acrylate and the like.

Examples of the hydroxyl group-containing (metyfc acid esters include
hydroxymethyl (meth)acrylate, 2-hydroxyethyl (mettrylate, 2-hydroxypropyl
(meth)acrylate, 3-hydroxypropyl (meth)acrylate,\@trybutyl (meth)acrylate,
3-hydroxybutyl (meth)acrylate, 4-hydroxybutyl (mgtbrylate, and the like.

Examples of the substituted amino group-contaimeth)acrylic acid esters
include N-methylaminoethyl (meth)acrylate and ike.|

[0301]

Examples of the non-acrylic monomer constitutimg &crylic polymer (b-1)
include olefins such as ethylene and norbornems] gicetate; styrene; and the like.

[0302]

Examples of the polymer (b) at least a part ofclhs crosslinked with a
crosslinking agent and which does not have theggmary-curable group include
polymers in which a reactive functional group ie ffolymer (b) reacts with a
crosslinking agent.

The reactive functional group may be appropriaselected depending on the
type and the like of the crosslinking agent andasparticularly limited. For example,

in a case in which the crosslinking agent is a igolyyanate compound, examples of the
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reactive functional group include a hydroxyl groagarboxy group, an amino group,
and the like, and, among these, the hydroxyl gtbapis highly reactive with isocyanate
groups is preferred. In addition, in a case inolhihe crosslinking agent is an
epoxy-based compound, examples of the reactivdifurat group include a carboxy
group, an amino group, an amide group, and the dikkd, among these, the carboxy
group that is highly reactive with epoxy groupgiieferred. Here, the reactive
functional group is preferably a group other tharaeboxy group from the viewpoint of
preventing the corrosion of circuits of semiconduetafers or semiconductor chips.

[0303]

Examples of the polymer (b) which has the readiivetional group but does
not have any energy ray-curable groups includempeig obtained by polymerizing
monomers having at least the reactive functionaligr In the case of the acrylic
polymer (b-1), as any one or both of the acrylicomer and the non-acrylic monomer
that have been exemplified as the monomers cotisgtthe acrylic polymer, monomers
having a reactive functional group may be used.anies of the polymer (b) having a
hydroxyl group as the reactive functional groudude polymers obtained by
polymerizing hydroxyl group-containing (meth)accyéicid ester and also include
polymers obtained by polymerizing monomers formgdubstituting one or more
hydrogen atoms in the previously exemplified acrygionomer or non-acrylic monomer
with the reactive functional group.

[0304]

In the polymer (b) having a reactive functionadup, the ratio (amount) of the
amount of a constituent unit derived from a monoh@eiing a reactive functional group
is preferably 1 to 20% by mass and more preferatity 10% by mass with respect to the

total amount of constituent units constituting gadymer. When the ratio is in the
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above-described range, in the polymer (b), theekegf crosslinking is in a more
preferred range.

[0305]

The weight-average molecular weight (Mw) of théypeer (b) not having any
energy ray-curable groups is preferably 10,000®@0@ 000 and more preferably 100,000
to 1,500,000 since the film-forming property of tiesin layer forming composition
(IV-1) becomes more preferable.

Here, “the weight-average molecular weight” islascribed above.

[0306]

The resin layer forming composition (IV-1) and greergy ray-curable resin
layer may contain only one type or two or more §/pethe polymers (b) not having any
energy ray-curable groups, and, in a case in witielresin layer forming composition
and the energy ray-curable resin layer containdwmore types of the polymers not
having any energy ray-curable groups, the comlwnaind ratio thereof can be
arbitrarily selected.

[0307]

Examples of the resin layer forming compositioit 1) include compositions
containing any one or both of the polymer (al) tredcompound (a2).

In the case of containing the compound (a2), ésenrlayer forming
composition (IV-1) preferably further contains dymoer (b) not having an energy
ray-curable group, and in this case, the polym#y i@further preferably contained. In
addition, the resin layer forming composition (IY+hay contain the polymer (al) and
the polymer (b) not having any energy ray-curalbéeigs without containing the
compound (a2).

[0308]
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In a case where the resin layer forming compasitig-1) contains the polymer
(al), the compound (a2), and the polymer (b) neirtggany energy ray-curable groups,
in the resin layer forming composition (IV-1), tamount of the compound (a2) is
preferably 10 to 400 parts by mass, and more @elkeB0 to 350 parts by mass with
respect to the total amount (100 parts by masgjeopolymer (al) and the polymer (b)
not having any energy ray-curable groups.

[0309]

In the resin layer forming composition (IV-1), tteio of the total amount of the
energy ray-curable component (a) and the polymengbhaving any energy ray-curable
groups (that is, the total amount of the energyaaable component (a) and the polymer
(b) not having any energy ray-curable groups inethergy ray-curable resin layer) with
respect to the total amount of the components dkizer the solvent is preferably 5% to
90% by mass, more preferably 10% to 80% by maskparticularly preferably 20% to
70% by mass. When the ratio of the amount of tlexgy ray-curable component is in
the above-described range, the energy ray-curiogepty of the energy ray-curable resin
layer becomes more favorable.

[0310]

The resin layer forming composition (IV-1) mayatontain, in addition to the
energy ray-curable component, one or more typetenfients selected from the group
consisting of a thermosetting component, a photapetization initiator, a filler, a
coupling agent, a crosslinking agent, and a védesatiditive depending on the purpose.
For example, when the resin layer forming compaosi{iV-1) containing the energy
ray-curable component and a thermosetting compasessied, the adhesive force of an
energy ray-curable resin layer to be formed to esltas improves by heating, and the

strength of the first protective film formed of $henergy ray-curable resin layer also
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[0311]

As the thermosetting component, the photopolyraéiom initiator, the filler, the
coupling agent, the crosslinking agent, and theatde additive in the resin layer
forming composition (IV-1), it is possible to exelifypthose which are the same as the
thermosetting component (B), the photopolymerizatiatiator (H), the filler (D), the
coupling agent (E), the crosslinking agent (F), tredversatile additive (1) in the resin
layer forming composition (I11-1).

[0312]

In the resin layer forming composition (IV-1), otype of each of the
thermosetting component, the photopolymerizatidmaior, the filler, the coupling agent,
the crosslinking agent, and the versatile additinasy be used singly or two or more types
thereof may be jointly used, and, in a case in wihigo or more types thereof are used,
the combination and ratio thereof can be arbiyadlected.

The amounts of the thermosetting component, ti¢oplolymerization initiator,
the filler, the coupling agent, the crosslinkingeagy and the versatile additive in the resin
layer forming composition (IV-1) may be approprigtadjusted depending on the
purpose and are not particularly limited.

[0313]

From the view point that the handling propertyia resin layer forming
composition (IV-1) improves by dilution, it is peghble that the resin layer forming
composition (IV-1) further contains a solvent.

Examples of the solvent contained in the resieddgrming composition (IV-1)
include the same solvent as that in the resin lfyrering composition (111-1).

The resin layer forming composition (IV-1) may tain only one type or two or
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more types of the solvents.

[0314]

<<Method for Manufacturing of Energy Ray-Curablesi Layer Forming
Composition>>

The energy ray-curable resin layer forming comimsisuch as the resin layer
forming composition (IV-1) can be obtained by blengdindividual components for
constituting the energy ray-curable resin layemifiog composition.

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 othmrt 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&ecfrom 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 additrmhraixing of the respective
components are not particularly limited as longhesrespective blending components do

not deteriorate and may be appropriately adjustetithe temperature is preferably’C5

to 3C°C.
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Method for Manufacturing First Protective Film Rong Sheet

The first protective film forming sheet can be mactured by sequentially
stacking the respective layers described above $o @btain the corresponding
positional relationship. The methods for formihg tespective layers are as described
above.

For example, in the manufacturing of the firstmaning sheet, in a case in
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-sensitiveeatye composition or the first
interlayer forming composition described above dahwofirst base material and drying
the composition or irradiating the composition wetiergy rays as necessary.

[0316]

Meanwhile, for example, in a case in which theable resin layer is further
stacked on the first pressure-sensitive adhesyer that has been stacked on the first
base material, the curable resin layer can bettlirsrmed by applying the
thermosetting resin layer forming composition @ é&mergy ray-curable resin layer
forming composition on the first pressure-sensididbesive layer. Similarly, in a case
in which the first pressure-sensitive adhesiverdayéurther stacked on the first
interlayer that has been stacked on the first beterial, the first pressure-sensitive
adhesive layer can be directly formed by applyhgfirst pressure-sensitive adhesive
composition onto the first interlayer. As descdlabove, in a case in which a stacking
structure of two continuous layers is formed using compositions, it is possible to
newly form a layer by further applying the compiositonto a layer formed of the

above-described composition. Here, the stackingtre of two continuous layers is
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preferably formed by forming, between these twetaythe layer which is stacked later
on a separate peeling film in advance using theeddescribed composition and
attaching the exposed surface of the already-forlangat opposite to the surface in
contact with the peeling film to the exposed swfatthe other layer that has been
formed. At this time, the above-described comjmsiis preferably applied onto a
peeling-treated surface of the peeling film. Tkelmg film may be removed as
necessary after the formation of the stacking sirec

[0317]

For example, in a case in which a first protecfilre forming sheet formed by
stacking the first pressure-sensitive adhesiverlagehe first base material and stacking
the curable resin layer on the first pressure-sigasadhesive layer (the first protective
film forming sheet in which the first supportingegt is a stack of the first base material
and the first pressure-sensitive adhesive layanjasufactured, the first protective film
forming sheet can be obtained by applying the firsssure-sensitive adhesive
composition onto the first base material and dryhgfirst 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 or the energy ray-curable resin lapeming composition onto the peeling
film and drying the curable resin layer forming quosition as necessary so as to form
the curable resin layer on the peeling film, anddkting the exposed surface of the
curable resin layer to the exposed surface ofiteegdressure-sensitive adhesive layer
that has been stacked on the first base materid $o stack the curable resin layer on
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 enial and stacking the first



10

15

20

25

111

pressure-sensitive adhesive layer on the firstlayer is manufactured, the first
supporting sheet can be obtained by applying tiseifiterlayer forming composition

onto the first base material and drying the finséilayer forming composition or
irradiating the first interlayer forming compositiovith energy rays as necessary so as to
stack the first interlayer on the first base malegeparately, applying the first
pressure-sensitive adhesive composition onto teéngefilm and drying the first
pressure-sensitive adhesive composition as negessas to form the first
pressure-sensitive adhesive layer on the peelimg éind attaching the exposed surface
of the first pressure-sensitive adhesive layehéoeixposed surface of the first interlayer
that has been stacked on the first base materid $o stack the first pressure-sensitive
adhesive layer on the first interlayer. In thiseahe first protective film forming sheet
can be obtained by, for example, separately, fudpelying the thermosetting resin layer
forming composition or the energy ray-curable réayer forming composition onto the
peeling film and drying the curable resin layemfiarxg composition as necessary so as to
form the curable resin layer on the peeling filnd attaching the exposed surface of the
curable resin layer to the exposed surface ofiteegdressure-sensitive adhesive layer
that has been stacked on the first interlayer 20 atack the curable resin layer on the
first pressure-sensitive adhesive layer.

[0318]

Meanwhile, in a case in which the first presswgrsitive 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
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the peeling film and drying the composition or digting the composition with energy
rays as necessary so as to form the first presamsitive 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 stcest

[0319]

As described above, all of the layers other tiharfirst base material which
constitute the first protective film forming sheain be stacked using a method in which
the layers are formed on the peeling film in adeaaed attached on a surface of an
intended layer, and thus the first protective fibrming sheet may be manufactured by
appropriately selecting layers for which the abdeseribed steps are employed as
necessary.

[0320]

Meanwhile, the first protective film forming shest generally, stored in a state
in which the peeling film is attached to the suefat the outermost layer on the opposite
side to the first supporting sheet (for example,dtirable resin layer). Therefore, the
first protective film forming sheet can also beaibed by applying a composition for
forming a layer constituting the outermost layestsas thermosetting resin layer
forming composition or the energy ray-curable réayer forming composition onto the
peeling film (preferably the peeling-treated sueféitereof) and drying the applied
peeling film as necessary so as to form the lagastituting the outermost layer on the
peeling film, stacking the remaining layers on éxposed surface on the opposite side to

the surface of the layer in contact with the pegfiim using any of the above-described
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methods, and leaving the layers in the attached stghout removing the peeling film.

[Examples]

[0321]

Hereinafter, the present invention will be moredfically described using
specific examples. However, the present inverisarot limited to examples described
below.

[0322]

The components used for manufacturing the therttiogeesin layer forming
composition are indicated below.

[Polymer Component

Polymer component (A)-1: An acrylic resin (havegveight-average molecular
weight of 800,000 and a glass transition tempegadfir28C) obtained by
copolymerizing butyl acrylate (hereinafter, abbeted as “BA”) (55 parts by mass),
methyl acrylate (hereinafter, abbreviated as “M&Y) parts by mass), glycidyl
methacrylate (hereinafter, abbreviated as “GMAQ farts by mass), and
2-hydroxyethyl acrylate (hereinafter, abbreviatedlEA”) (15 parts by mass).

Polymer component (A)-2: An acrylic resin (havimgveight-average molecular
weight of 400,000 and a glass transition tempeeatof -1°C) obtained by
copolymerizing BA (10 parts by mass), MA (70 pdrysmass), GMA (5 parts by mass),
and HEA (15 parts by mass).

CEpoxy Resin

Epoxy resin (B1)-1: A liquid bisphenol F type epaesin (“YL 983 U”
manufactured by Mitsubishi Chemical Corporation)

Epoxy resin (B1)-2: A polyfunctional aromatic typpoxy resin (‘EPPN-502H"

manufactured by Nippon Kayaku Co., Ltd.)
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Epoxy resin (B1)-3: A dicyclopentadiene type epoasin (‘EPICLON

HP-7200” manufactured by DIC Corporation)

Epoxy resin (B1)-4: A mixture of a liquid bisphérotype epoxy resin and
acrylic rubber fine particles (“BPA 328" manufaadrby Nippon Shokubai Co., weight
average molecular weight of epoxy resin: 400, degfedispersion of epoxy resin: 1.4)

[Thermal Curing Agent

Thermal curing agent (B2)-1: A novolac-type phénodsin (“BRG-556"
manufactured by Showa Denko KK)

[Curing Accelerator

Curing accelerator (C)-1: 2-phenyl-4,5-dihydroxyihgimidazole (“Curezol 2
PHZ-PW” manufactured by Shikoku Chemicals Corporgti

[Filler

Filler (D)-1: A spherical silica modified with apoxy group (“Admanano YA
050 C-MKK” manufactured by Admatechs.)

[0323]

[Manufacturing Example 1]

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

A polymerization reaction was performed so ashiaim an acrylic polymer by
using 2-ethylhexyl acrylate (hereinafter, abbreadeas “2EHA”) (80 parts by mass) and
HEA (20 parts by mass) as raw materials of a capely

2-methacryloyloxyethyl isocyanate (hereinaftehralviated as “MOI”) (22 parts
by mass, approximately 80 mol% with respect to HeA¥y added to the acrylic polymer,
and an addition reaction was performed &C5for 48 hours in an air stream so as to

obtain a target pressure-sensitive adhesive regia) (
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[0324]

[Example 1]

<Manufacturing of First Protective Film Formingegit>

(Manufacturing of Thermosetting Resin Layer Forgn@omposition)

The polymer component (A)-1, the epoxy resin (Bl)he epoxy resin (B1)-2,
the epoxy resin (B1)-3, the thermal curing ager®){B, the curing accelerator (C)-1, and
the filler (D)-1 were dissolved or dispersed in hygethyl ketone such that the ratios of
these amounts are the values indicated in thewWoip Table 1, and stirred at Z3 so as
to obtain a resin layer forming composition (l1l4igving the solid content concentration
of 55% by mass as a thermosetting resin layer fagraomposition.

Note that, the description “-” in the column ointained components in the
following Table 1 means that the thermosettingrrésyer forming composition does not
contain that component.

[0325]

(Manufacturing of First Pressure-Sensitive AdhesBomposition)

As an isocyanate crosslinking agent, a tolyleisodyanate trimer adduct of
trimethylolpropane (“Coronate L” manufactured bys®h Corporation) (0.5 parts by
mass) was added to the pressure-sensitive adhresivg(l-2a) (100 parts by mass)
obtained in Manufacturing Example 1 and stirred3iC so as to obtain a first
pressure-sensitive adhesive composition (I-2) hathe solid content concentration of
30% by mass, as the first pressure-sensitive aghesmposition.

Note that, the number of compounding parts in‘tMianufacturing of First
Pressure-Sensitive Adhesive Composition” is ateims of solid content.

[0326]

(Manufacturing of First Protective Film Formingesit)
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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 treatmen&on
single surface of a polyethylene terephthalate filith a silicone treatment and was
heated and dried at 120°C for two minutes, thefebying a first pressure-sensitive
adhesive layer with a thickness of 3®. Two pressure-sensitive adhesive sheets in
which the first pressure-sensitive adhesive layiér wthickness of 3(dm was stacked
on the peeling film as described above were pragluce

Next, as for one pressure-sensitive adhesive shagicked film with a
thickness of 10um formed by stacking a polyolefin film (thickne2& um), an
adhesive layer (thickness: 2iB), a polyethylene terephthalate film (thicknessu),
an adhesive layer (thickness: 2r), and a polyolefin film (thickness: 28n) in this
order was attached as a first base material txjposed surface of the first
pressure-sensitive adhesive layer, thereby ob@mistacked body in which the peeling
film, the first pressure-sensitive adhesive laged the stacked film were stacked in this
order.

Furthermore, the peeling film was removed frons $tacked body, and the first
pressure-sensitive adhesive layer of the othespressensitive adhesive sheet obtained
as described above was attached to the exposefdrissure-sensitive adhesive layer,
thereby obtaining a first supporting sheet in whadirst pressure-sensitive adhesive
layer with a thickness of 6@m having a bilayer structure was provided on thst fiase
material with a thickness of 1Q&n.

[0327]

The above-obtained thermosetting resin layer fogh@iomposition was applied

onto a peeling-treated surface of a peeling filBR*PET381031" manufactured by
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Lintec Corporation, thickness: 38n) obtained by carrying out a peeling treatmen&on
single surface of a polyethylene terephthalate Vilith a silicone treatment and was
dried at 100C for two minutes, thereby forming a thermosettiegin film
(thermosetting resin layer) with a thickness of#@ Two resin sheets in which the
5 thermosetting resin film with a thickness of 4 was stacked on the peeling film as
described above were produced.
[0328]
Next, regarding one of the resin sheet, by ait@ctine first pressure-sensitive
adhesive layer of the obtained first supportingeshe the exposed surface of the
10 thermosetting resin film, the stacked body in whioh obtained first supporting sheet,
the thermosetting resin film, and the peeling fil@re stacked in this order can be
obtained.
Furthermore, the peeling film was removed frons gtacked body, and the
thermosetting resin film of the other resin shd#amed as described above was attached
15 to the exposed thermosetting resin film, thereltaioing a first protective film forming
sheet formed by stacking the first base matetiedKhess: 105um), the first
pressure-sensitive adhesive layer (thicknessing)) the thermosetting resin film (that is,
the thermosetting resin layer, the thicknessu®(), and the peeling film in this order in
the thickness direction thereof.
20 [0329]
<Evaluation of Cured Material of Thermosetting RdsIm>
(Measuring of Young’s modulus)
The thermosetting resin layer forming compositimained as described above

was applied onto a peeling-treated surface of drjgeim (“SP-PET381031”
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manufactured by Lintec Corporation, thicknesspuB88 obtained by carrying out a
peeling treatment on a single surface of a polyetie/terephthalate film with a silicone
treatment and was dried at 100°C for two minutesietby forming a thermosetting resin
film (thermosetting resin layer) with a thickneg26 um. Eight sheets of the
thermosetting resin film stacked on the peeling filtere prepared, and an operation of
attaching these thermosetting resin films to edbbrausing a roller at 70°C after
removing the peeling film as necessary was repbapenformed, so as to finally
manufacture a thermosetting resin film having day&r structure with a thickness of
200pum.

Then, the obtained thermosetting resin film hawang-layer structure was cut
out so as to have a width of 15 mm and a leng80ahm, and the cut thermosetting
resin film was placed on an iron plate of which sheface was peeling-treated and was
heated in an oven at 13D for two hours so as to thermally cure the theettoxy resin
film, thereby preparing a test piece of a curedemialt This test piece can be used as a
first protective film at the time of dicing fromehviewpoint of curing degree.

[0330]

Next, by using a universal testing machine (“588f” manufactured by
Instron, a division of Illinois Tool Works Inc.hé test piece having a temperature of
80°C was pulled at a speed of 200 mm/min based oK 1827, and the Young’s
modulus (initial modulus) was calculated. The hssare indicated in Table 1.

[0331]

(Measuring of tack peak load)

The thermosetting resin layer forming composittained as described above

was applied onto a peeling-treated surface of drjgeim (“SP-PET381031”

manufactured by Lintec Corporation, thicknessuBg obtained by carrying out a
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peeling treatment on a single surface of a polyetie/terephthalate film with a silicone
treatment and was dried at 100°C for two minuteseby forming a thermosetting resin
film (thermosetting resin layer) with a thickneg€t6 um. Two resin sheets in which
the thermosetting resin film with a thickness ofyi#0 was stacked on the peeling film as
described above were produced.

Next, a thermosetting resin film (thermosettingimdayer) with a thickness of
80 um having a two-layer structure provided with thelpey film on both surfaces by
attaching the exposed surface of the thermosettisig film of the other resin sheet to
the exposed surface of the thermosetting resindillmne resin sheet was manufactured.

Then, the obtained thermosetting resin film withiakness of 8@um was
placed on an iron plate of which the surface wasipg-treated, and was heated in an
oven at 138C for two hours so as to thermally cure the theettosy resin film, thereby
preparing a test piece of a cured material. Tdsspiece can be used as a first
protective film at the time of dicing from the vipwaint of curing degree.

[0332]

Next, a probe was brought into contact with thi piece by using Probe Tack
Tester (“RPT 100” manufactured by RHESCA CO.,LTéb)as to measure a peak load
(the tack peak load). More spec procedures af@lass. That is, the surface
opposite to the measurement surface of the test figeed upward, and a metal plate
whose temperature is 80 was placed on the surface. Further, a load pplécal to the
test piece by pressing a stainless steel probemédér of 5 mm) whose temperature is
80°C against the measurement surface of the test fiimoebelow. At this time, the
mass of the metal plate was adjusted so that #tev@s 100 gf (0.98 N) when the probe
was pressed against the test piece. Then, 60deafier the probe was pressed against

the test piece, the probe was lowered at a spe@dComm/min, and the peak load at the
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time of peeling from the test piece was measurdde results are indicated in Table 1.

[0333]

(Confirmation of Presence or Absence of DepositSiale Surface of Silicon
Chip)

The obtained first protective film forming sheas\attached to a silicon wafer
with a diameter of 8 inches by using an attachiegjak (“RAD-3510 F/12”
manufactured by Lintec Corporation), under the @ioms of a table temperature of
70°C, an attaching speed of 2 mm/sec, and an attaphasgure of 0.5 MPa.

Next, the surface on the side opposite to thelattent surface of the first
protective film forming sheet of the silicon wafeas ground by using a polishing device
(“DGP-8760" manufactured by DISCO Corporation) Ltite thickness of the silicon
wafer reached 200m.

A layer (that is, the first supporting sheet) ottien the thermosetting resin film
of the attached first protective film forming sheets removed, and the stacked body of
the thermosetting resin film and the silicon wafeis heated at 13Q for two hours in
an oven so as to thermally curing the thermosettsm film, thereby forming the first
protective film.

Subsequently, a dicing tape (“D-675" manufacturgd.intec Corporation) was
attached to the surface (that is, polished surfat#je silicon wafer on the side opposite
to the surface on which the first protective filnlmsformed by using the attaching device
(“RAD-2700 F/12” manufactured by Lintec Corporafion Then, the silicon wafer with
the first protective film was diced into individugieces under the following conditions
S0 as to obtain a silicon chip with a first proteetilm with a size of 8 mm x 8 mm.

As described above, it took one day to obtairstheon chip with the first

protective film from the attachment of the firsbtective film forming sheet.
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[Dicing Conditions

[Dicing Apparatus: “DFD 6361” manufactured by DIS@®Orporation
[Dicing blade: ZH05-SD3000-1-90-DD (thickness oft8@B5um)
[Feed Speed of dicing blade: 50 mm/sec

[Number of revolutions of dicing blade: 20,000 rpm

[Cutting position by dicing blade: 1Bn from base material surface of dicing
tape

[0334]

The dicing tape after dicing was irradiated wiltnaviolet rays and the silicon
chip with the first protective film was picked upFurther, five picked-up silicon chips
were selected and four side surfaces of thesemsitibips were observed using a digital
microscope (“VHX-1000" manufactured by Keyence Gmgtion) so as to confirm the
presence or absence of deposits generated att@etidicing. The results are
indicated in Table 1.

[0335]

<Manufacturing of First Protective Film Forminge® and Evaluation of Cured
Material of Thermosetting Resin Film>

[Example 2]

A first protective film forming sheet was manuia&d in the same method as
that used in Example 1 except that the containetboment and the amount of the
thermosetting resin layer forming composition weeeas indicated in Table 1, and a
cured material of the thermosetting resin film waaluated. The results are indicated
in Table 1.

[0336]



10

122

<Manufacturing of First Protective Film Forminge® and Evaluation of
Thermosetting Resin Film>

[Reference Example 1]

The first protective film forming sheet was marattaed by using the same
method as that used in Example 1.

Next, evaluation was performed in the same meéwoithat used in Example 1
except that the heat treatment of the thermosetéisip film was not performed at 130°C
for two hours. That is, in the present referena@m®les, measuring the Young’s
modulus, measuring the tack peak load, and confiom®f the deposits at the time of
dicing was performed with respect to a non-curetenl, without thermally curing the

thermosetting resin film.  The results are indidateTable 1.
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[0337]
[Table 1]
Example 1 Example 2 Reference Example 1
(A)-1 100 - 100
Polymer component
(A)-2 - 100 -
Contained (B1)-1 135 - 135
component
(amount (B1)-2 90 - 90
(parts by Epoxy resin
mass)) of (B1)-3 150 - 150
thermosetting
resin layer (B1)-4 - 12 -
forming
composition Thermal curing agent (B2)-1 180 9 180
Curing accelerator (C)-1 1 0.08 1
Filler (D)-1 160 20 160
. . : . - Present (13TC for two Present (13TC for two
Heating of thermosetting resin layer forming conipos hours) hours) None
Young’s modulus (MPa) 5,000 10 0.01
E\:glsulﬁ:;on Peak value of load measured by probe tack test (g) 0 10 600
Deposits on exposed surface of silicon chip None neNo Present
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[0338]

As apparent from the above results, in Examplasdl2, the Young’s modulus
of the cured material of the thermosetting redm fivhich can be used as the first
protective film at the time of dicing was withirspecific range of 10 to 5,000 MPa, and
the tack peak load of the cured material was ipezific range of 0 to 10 g. As a result,
in Examples 1 and 2, the deposits such as cuttagjes derived from the first protective
film, which were generated at the time of dicingrevnot observed at all on the side
surface of the five silicon chips.

In contrast, in Reference Example 1, the Youngislatus of the thermosetting
resin film was excessively small, and the tack deakl was excessively large, and
thereby the cutting wastes derived from the firstgctive film, which were generated at

the time of dicing were attached to the side serfaicall of the five silicon chips.

Industrial Applicability
[0339]
The present invention can be used for manufagwisemiconductor chip or

the like having bumps at a connection pad portgedun a flip chip mounting method.

Reference Signs List
[0340]
1, 2, 3... FIRST PROTECTIVE FILM FORMING SHEET,
11... FIRST BASE MATERIAL,
11a... SURFACE OF FIRST BASE MATERIAL,
12... CURABLE RESIN LAYER (CURABLE RESIN FILM),

12'... FIRST PROTECTIVE FILM,
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13... FIRST PRESSURE-SENSITIVE ADHESIVE LAYER,

13a... SURFACE OF FIRST PRESSURE-SENSITIVE ADHESIMEYER,
14... FIRST INTERLAYER,

101, 102, 103... FIRST SUPPORTING SHEET,

101a, 102a, 103a... SURFACE OF FIRST SUPPORTING SHEE

90... SEMICONDUCTOR WAFER,

90a... CIRCUIT SURFACE OF SEMICONDUCTOR WAFER,

90'... SEMICONDUCTOR CHIP,

90a’ ... CIRCUIT SURFACE OF SEMICONDUCTOR CHIP,

91... BUMP,

9l1a... SURFACE OF BUMP



10

12¢
CLAIMS

What is claimed is:
1. Acurable resin film for forming a first pratéve film on a surface having
bumps of a semiconductor wafer by being attacheédesurface and being cured,
wherein a cured material of the curable resin films a Young’s modulus of
equal to or greater than 0.02 MPa and a peak wdladoad measured by a probe tack

test at 80C is equal to or less than 500 g.

2. Afirst protective film forming sheet compnsi the curable resin film

according to Claim 1 on one surface of a first suppg sheet.



