DESCRIPTION
TITLE OF INVENTION: CURABLE RESIN FILM AND FIRST PRTECTIVE FILM

FORMING SHEET

Technical Field

[0001]

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

This application claims priority based on Japariestent Application No.
2015-217095 filed on November 4, 2015 in Japandibelosure of which is

incorporated herein by reference.

Background Art

[0002]

In the related art, in a case in which a multi-p81 package, which is used in
MPU or a gate array, is mounted on a printed wibpgrd, 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 &ke formed in connection pad portions is
used, and these bumps are made to face, broughtantact with, and
melting/diffusion-joined to the corresponding temnadi portions on a chip mounting
substrate using a so-called face down method hexrs &mployed.

[0003]

The semiconductor chip that is used in this mogntirethod is obtained by, for
example, grinding a surface opposite to a cirawitaxe of a semiconductor wafer having

bumps formed on the circuit surface and dicings#miconductor wafer into pieces. In



the process of obtaining the above-described serdictor chip, generally, for the
purpose of protecting the circuit surface and theaps of the semiconductor wafer, a
curable resin film is attached to the bump-formedace, and this film is cured so as to
form a protective film on the bump-formed surfac@ypically, after the curable resin
film is attached onto the bump-formed face, theble resin film increases its
flowability by heating, thereby adhering to thecdit surface by spreading between the
bumps and covering surfaces of the bumps, espgsiatfaces of vicinity portion of the
circuit surface to embed the bumps while exposmgper region including the top and
the vicinity thereof of the bumps. The protectil formed by curing the curable
resin film in this state protects the bumps ondineuit surface in a state where the
curable resin film adheres to the surface of thajs

[0004]

As a protective film forming sheet provided witletthermosetting resin film
containing a thermosetting component in the abawvalde resin film, a protective film
forming sheet formed by stacking a thermoplaststrréayer having a predetermined
thermal elastic modulus on the film and furtheckiag a thermoplastic resin layer
which is not plastic at 2& on the uppermost layer of the thermoplastic risiar has
been disclosed (refer to Patent Document 1). thtiath, according to Patent Document
1, this protective film forming sheet is excellemterms of the bump filling property of
the protective film, the wafer workability, the etac connection reliability after resin
sealing, and the like.

[0005]

On the other hand, as described above, the semictardvafer 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 cuttingemiconductor wafer at a specific



position, and is generally performed by observimgsemiconductor wafer from the
circuit surface side using a camera in a dicingaa@ius, recognizing positions of a
dicing line (that is, a line indicating a placeb® diced) and an alignment mark (that is, a
mark used for positioning a place to be diced)gmésn the surface of the
semiconductor wafer, and specifying a cutting posiof the semiconductor wafer.
Therefore, accurately recognizing the dicing lind ¢he alignment mark of the
semiconductor wafer through the protective filmthg camera in the dicing device is
necessary in order to cut at the correct positiensemiconductor wafer in which the
protective film is formed on the bump-formed sugac The protective film is demanded
to have appropriate optical characteristics. angple, although the protective film is
needed to be transparent, it is known that theeptive film become white depending on
its components and the transparency decreases. n WWaéransparency extremely
decreases, the recognition of the dicing line &edalignment mark becomes difficult.
On the other hand, it is not certain whether tteggetive film disclosed by the

Patent Document 1 has a high transparency or not.

Citation List
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[0006]
Patent Document 1: Japanese Unexamined PatentcApph Publication No.

2005-028734

Summary of Invention
Problem to be Solved by the Invention

[0007]



An object of the present invention is to provideuaable resin film which
enables to form a protective film having a highgparency on a bump-formed surface

of the semiconductor wafer and a protective filrmfimg sheet using the same.

Means for Solving the Problem

[0008]

A first embodiment of the present invention isuaable resin film for forming a
first protective film on a surface having bumpsaemiconductor wafer by being
attached to the surface and being cured, in whichza (h) of a surface of the curable
resin film after being cured is 50 or lower when tturable resin film is cured by heating
at 160C for one hour.

A second embodiment of the present inventiondarable resin film for
forming a first protective film on a surface havibgmps of a semiconductor wafer by
being attached to the surface and being curedhiohna haze () of a surface of the
curable resin film after being cured is 50 or lowdren the curable resin film is cured by
being irradiated with ultra violet ray in a conditiwhere intensity of illumination is 230
mW/cn? and quantity of light is 510 mJ/ém

[0009]

The curable resin film according to the first aedtond embodiments of the
present invention may include a filler with an aaga diameter of 250 nm or less.

A third embodiment of the present invention isratfprotective film forming
sheet including the curable resin film of the fiostsecond embodiment on a surface of a

first supporting sheet.

Effect of Invention



[0010]
By using the curable resin film and the first paitve film forming sheet, the
protective film having a high transparency candrened on the bump-formed surface of

the semiconductor wafer.

Brief Description of Drawings

[0011]

FIG. 1 is a sectional view schematically showingeaample of a state in which
a first protective film is formed on a bump-formaatface 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 showingther embodiment of the first
protective film forming sheet of the present invent

FIG. 4 is a sectional view schematically showitily another embodiment of the

first protective film forming sheet of the presa@miention.

Description of Embodiments

[0012]

A curable resin film for forming a first protecéfilm on a surface having
bumps of a semiconductor wafer by being attacheddasurface and being cured, in
which a haze () of a surface of the curable resin film after lgetured is 50 or lower
when the curable resin film is cured by heating@&¥C for one hour. The curable resin
film according to the first embodiment is a therettieg resin film.

Further, a curable resin film for forming a fipgbtective film on a surface



having bumps of a semiconductor wafer by beingchttd to the surface and being cured,
in which a haze () of a surface of the curable resin film after lgeaured is 50 or lower
when the curable resin film is cured by being iraéed with ultra violet ray in a

condition where intensity of illumination is 230 nitkh? and quantity of light is 510
mJ/cnf. The curable resin film according to the secomihediment is an energy ray
curable resin film.

Furthermore, a first protective film forming sheetording to the present
invention includes the curable resin film of thesfior second embodiment on a surface
of a first supporting sheet. In the sheet for fimgra first protective film, “the curable
resin film” may be also referred to as “a curalgsim layer”.

[0013]

The first protective film forming sheet of the peat invention is used by being
attached to the surface having a bump of the serdietior wafer (that is, a circuit
surface) with the curable resin layer (a curabsnréim) interposed therebetween.
Then, the curable resin layer after attachment@nascrease in fluidity by heating,
spreads between the bumps so as to cover the bisgbsse contact with the circuit
surface, and embeds the bumps while covering tifacgiof the bumps, particularly, the
surface of the portion in the vicinity of the circaurface.

The curable resin layer in such a state is furtteated or cured by being
irradiated with energy ray so as to finally forne tlirst protective film and protects the
bump in a state of being in close contact withghgace on the circuit surface. After
the semiconductor wafer, on which the first pratectilm forming sheet, is attached, for
example, the surface opposite to the circuit serfaground, and the first supporting
sheet is removed. Then the bumps are embeddedating of the curable resin layer

and forming the first protective film, and finaltyye semiconductor wafer is incorporated



into the semiconductor device in a state of beirmyiped with this first protective film.

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

[0014]

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

The curable resin film (thermosetting resin layargording to the first
embodiment of the present invention has a hageofta surface of a cured material
cured by being heated at T&0for one hour (hereinafter, also referred to aséd
material ()" in some cases) of 50 or lower.

Further, the curable resin film (energy ray cueatgsin layer) according to the
second embodiment of the present invention hazea (g of a surface of a cured
material cured by being irradiated with ultra vialay in a condition where intensity of
illumination is 230 mW/crhand quantity of light is 510 mJ/érthereinafter, also
referred to as “cured materifd){ in some cases) of 50 or lower.

In this way, the curable resin film according he present invention can form its
cured material (that is, a first protective filmithva high transparency.

[0015]

Therefore, positions and shapes of a dicing limean alignment mark existing
on a surface of a semiconductor wafer can be atadyneecognized through the first
protective film by a camera when the semiconduatafer is observed from a circuit
surface side after the first protective film isrfard on a bump-formed surface including

the circuit surface of the semiconductor wafer gshe curable resin film of the present



invention. Then, a cutting position of the semidoctor wafer can be accurately
specified when the semiconductor wafer with thst farotective film is cut by dicing and
semiconductor chips are obtained.

[0016]

The haze (}) of the surface of the cured materia) @nd haze () of the surface
of the cured materiaj can be controlled by, for example, the kinds amsbunts of the
contained components of the curable resin film Whidll be described later.

[0017]

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

[0018]

On a circuit surface 90a of the semiconductor wa€eshown 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 flatacef and a flat surface corresponding to a
portion exposed by cutting out the above-descrjimatlis 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 theisenductor wafer 90, and further
covers an area other than the top surface of thgtfl and areas of the surface 91a of

the bump 91. In this way, the first protectiverfill2’ is close contact with the surface



91a other than the top surface of the bump 91 laagaortions in the vicinity thereof, and
is also close contact with the circuit surface 80the semiconductor wafer 90 so as to
embed the bump 91.

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

[0019]

Note that, the semiconductor wafer for which ¢heable resin film of the
present invention is used is not limited to thaiwsh in FIG. 1, and a configuration in
which a part of the configuration is changed, d=ebr added within a range that does
not impair the effect of the present invention nhayused. For example, FIG. 1 shows a
bump having a substantially spherical shape (aesiraprhich a part of a sphere is cut
out by a plane) as described above, and examplafd#rred bumps include a bump
having a shape obtained by stretching the bummigavisubstantially spherical shape in
a height direction (direction orthogonal to thecait surface 90a of the semiconductor
wafer 90 in FIG. 1), that is, a shape of a sphewditth is substantially a long and
spherical shape (a shape in which a portion inalyidine end in the major axis direction
of a spheroid which is a long and spherical shamei out by a plane), and a bump
having a shape obtained by crushing the bump havigbstantially spherical shape in a
height direction, that is, the shape of a sphenditth is substantially oblate (a shape in
which a portion including one end in the minor adii®ection of a spheroid which is
substantially oblate is cut out by a plane). Sadump having a substantially
spheroidal shape is also particularly advantagému®rming the first protective film
using the curable resin film of the present invemtisimilar to the substantially spherical

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

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

[0020]

First Supporting Sheet

The first supporting sheet may be a sheet madesofgle layer (monolayer) or
a sheet made of a plurality of layers (two or miagers). In a case in which the
supporting sheet is made of a plurality of layéns, constituent materials and the
thicknesses of the plurality of layers may be igitto 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 secege'a plurality of layers may
be identical to or different from one another” medmat “all of the layers may be
identical to one another, all of the layers mayifferent 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 tlaateast one of the constituent
materials and the thicknesses of the respectiverdagre different from one another”,
which will be true not only for the first supportirsheet but also for other elements.

[0021]

Examples of a preferred the first supporting slmdtde a structure formed by
stacking a first pressure-sensitive adhesive lapeat first base material, a structure
formed by stacking a first interlayer on the fiostse material and stacking the first
pressure-sensitive adhesive layer on the firstlager, and a structure formed of the first

base material.
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[0022]

An example of the first protective film forming steof the present invention
will be described with reference to the followingdings for each kind of such first
supporting sheet. Note that, in the drawings uisekde following description, for the
sake of easy understanding of the features of iéxgept invention, and for the sake of
convenience, a portion serving as a main partrisesiones enlarged and the dimensional
ratio and the like of each component is not necdgshe same as the actual one.

[0023]

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 siteeined by stacking the first
pressure-sensitive adhesive layer on the first baterial. That is, the first protective
film forming sheet 1 is configured to include thst pressure-sensitive adhesive layer
13 on the first base material 11, and the curadderayer (curable resin film) 12 on the
first pressure-sensitive adhesive layer 13. Tist $upporting sheet 101 is a stacked
body of the first base material 11 and the firgissure-sensitive adhesive layer 13, in
which the curable resin layer 12 is provided on sundace 101a of the first supporting
sheet 101, that is, on one surface 13a of thefdretsure-sensitive adhesive layer 13.

In the he first protective film forming sheet hetcurable resin layer 12 forms
the cured materiab() in which the haze ¢ of the surface is 50 or lower and the cured
material ) in which the haze ¢h of the surface is 50 or lower by being cured forths
the first protective film with a high transparency.

[0024]

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
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constituent element as in FIG. 2 is given the seference 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 showere uses the first supporting
sheet obtained by stacking the first interlayettenfirst base material, and stacking the
first pressure-sensitive adhesive layer on the ifiterlayer. That is, the first protective
film forming sheet 2 is configured to include thestf interlayer 14 on the first base
material 11, the first pressure-sensitive adhelsiyer 13 on the first interlayer 14, and
the curable resin layer (curable resin film) 12t 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, andfitst pressure-sensitive adhesive layer 13
in this order, in which the curable resin layerid provided on one surface 102a of the
first supporting sheet 102, that is, on one surfegae of the first pressure-sensitive
adhesive layer 13.

In other words, the first protective film formirsipeet 2 is further provided with
the first interlayer 14 between the first base makd1 and the first pressure-sensitive
adhesive layer 13 in the first protective film fong sheet 1 as shown in FIG. 2.

In the sheet for forming the first protective filtnthe curable resin layer 12
forms the cured materiadt] in which the haze ¢ of the surface is 50 or lower and the
cured materialR) in which the haze ¢h of the surface is 50 or lower by being cured and
forms the first protective film with a high transpacy.

[0025]

FIG. 4 is a sectional view schematically showitily another embodiment of the
first protective film forming sheet of the presémtention.

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

The first supporting sheet 103 is formed of omlg first 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 11heofitst base material 11.

In other words, the first protective film formirstpeet 3 is formed by removing
the first pressure-sensitive adhesive layer 1Bénfirst protective film forming sheet 1 as
shown in FIG. 2.

In the sheet for forming the first protective fiBnthe curable resin layer 12
forms the cured materiadt] in which the haze () of the surface is 50 or lower and the
cured materialR) in which the haze ¢h of the surface is 50 or lower by being cured and
forms the first protective film with a high transpacy.

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

[0026]

First Base Material

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

Examples of the resins include polyethylene sscloa-density polyethylene
(LDPE), linear low-density polyethylene (LLDPE),cahigh-density polyethylene
(HDPE); polyolefin other than polyethylene suchpal/propylene, 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 copolymery] einloride-based resins (resins
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obtained using vinyl chloride as monomers) sucpadgvinyl chloride and vinyl chloride
copolymers; polystyrene; polycycloolefin; polyestsuch as polyethylene terephthalate,
polyethylene naphthalate, polybutylene terephtkajatlyethylene isophthalate,
polyethylene-2,6-naphthalene dicarboxylate, andllywt@womatic polyesters in which all
constituent units have an aromatic cyclic grougotgmers of two or more polyester
described above; poly(meth)acrylic acid estersyyrethane; polyurethane acrylate;
polyimide; polyamide; polycarbonate; fluororesinjyacetal; modified polyphenylene
oxides; polyphenylene sulfides; polysulfone; pdigstketones; and the like.

In addition, examples of the resins also includigper alloys such as mixtures
of the polyester and other resin  The polymer allof/the polyester and other resin are
preferably polymer alloys in which the amount of tiesin other than the polyester is
relatively small.

In addition, examples of the resins also includesslinked resins in which one or
more resins exemplified above are crosslinked eétth other; modified resins such as
ionomers for which one or more resins exemplifibdwe are used; and the like.

[0027]

Meanwhile, in the present specification, “(metnyéic 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)acrlgyoup” refers to both “an acryloyl
group” and “a methacryloyl group”.

[0028]

Only one type or two or more types of resins maystitute the first base
material, and, in a case in which two or more tygla®sins constitute the first base

material, the combination and ratio thereof camatérarily selected.
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[0029]

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 gl is not particularly limited.

[0030]

The thickness of the first base material is peddr5 to 1,00um, more
preferably 10 to 50Qum, still more preferably 15 to 3Q0n, 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, the thickr@fghe first base material made up of a
plurality of layers refers to the total thicknegsab of the layers constituting the first base
material.

[0031]

The first base material is preferably a first bamgerial having a high accuracy
in thickness, that is, a first base material incktthe 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,lettervinyl acetate copolymers, and the
like.

[0032]

The first base material may also contain, in aoldito the main constituent
material such as the resin, a variety of well-kn@aditives such as a filler, a colorant, an

antistatic agent, an antioxidant, an organic lwbrica catalyst, and a softening agent
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(plasticizer).

[0033]

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-sensitivieeatve layer described below or
the curable resin layer is energy ray-curablefitsebase material preferably transmits
energy rays.

[0034]

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

[0035]

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 ingoelesure-sensitive adhesive resins
such as acrylic resins (pressure-sensitive adresnagle of a resin having a
(meth)acryloyl group), urethane-based resins (pressensitive adhesives made of a resin
having a urethane bond), rubber-based resins (peesensitive adhesives made of a resin
having a rubber structure), silicone-based regiresséure-sensitive adhesives made of a
resin having a siloxane bond), epoxy-based repiesgure-sensitive adhesives made of a
resin having an epoxy group), polyvinyl ethers, potycarbonate, and acrylic resins are
preferred.

[0036]
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Meanwhile, in the present invention, “pressuresgese adhesive resins” refer to
both resins having a pressure-sensitive adhesisemesresins having an adhesiveness,
and examples thereof include not only resins haam@dhesiveness for themselves but
also resins exhibiting a pressure-sensitive adbasss when jointly used with other
components such as additives, resins exhibitingdresiveness due to the presence of a
trigger such as heat or water, and the like.

[0037]

The first pressure-sensitive adhesive layer mag siagle layer (monolayer) or a
plurality of layers of two or more layers, andaicase in which the first pressure-sensitive
adhesive layer is a plurality of layers, the resipedayers in the plurality of layers may
be identical to or different from one another, #mel combination of the plurality of layers
is not particularly limited.

[0038]

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

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

[0039]

The first pressure-sensitive adhesive layer mag fiest pressure-sensitive
adhesive layer formed using an energy ray-curat@ssprre-sensitive adhesive or a first
pressure-sensitive adhesive layer formed usingiaenergy ray-curable

pressure-sensitive adhesive. For the first pressensitive adhesive layer formed using
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an energy ray-curable pressure-sensitive adhasigeossible 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 examplhigh-pressure mercury lamp,
a fusion H lamp, a xenon lamp, black light, a LEInp, or the like as an ultraviolet ray
source. As the electron beams, electron beamsajedeusing an electron beam
accelerator or the like can be radiated.

In the present invention, “being energy ray-cusabéfers to a property of being
cured by being irradiated with energy rays, andripeon-energy ray-curable” refers to a
property of not being cured by being irradiatedwanhergy rays.

[0040]

<<First Pressure-Sensitive Adhesive Composition>>

The first pressure-sensitive adhesive layer cafiofmeed using a first
pressure-sensitive adhesive composition contaiipgessure-sensitive adhesive.  For
example, the first pressure-sensitive adhesive legpe be formed at an intended portion
by applying the first pressure-sensitive adhesommosition to a target surface on which
the first pressure-sensitive adhesive layer isstéobmed and drying the first
pressure-sensitive adhesive composition as negessamore specific method for
forming the first pressure-sensitive adhesive layiirbe 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 pressursitsge adhesive layer. Meanwhile,
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in the present specification, “normal temperatusdérs to a temperature that is not
particularly cooled or heated, that is, a tempeeatu an ordinary state, and examples
thereof include a temperature of’C5to 25C and the like.

[0041]

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

[0042]

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

[0043]

In a case in which the first pressure-sensitiveead/e layer is energy ray-curable,
examples of the first pressure-sensitive adhesiwgposition containing an energy
ray-curable pressure-sensitive adhesive, thahisnargy ray-curable first
pressure-sensitive adhesive composition includestpressure-sensitive adhesive
composition (I-1) containing a non-energy ray-clggiressure-sensitive adhesive resin
(I-1a) (hereinafter, in some cases, abbreviatéthaspressure-sensitive adhesive resin
(I-1a)”) and an energy ray-curable compound; 4 firessure-sensitive adhesive

composition (I-2) containing an energy ray-curgiressure-sensitive adhesive resin (I-2a)
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in which an unsaturated group is introduced instda chain of the non-energy
ray-curable pressure-sensitive adhesive resin)((Hiexeinafter, in some cases,
abbreviated as “the pressure-sensitive adhesive (le2a)”); a first pressure-sensitive
adhesive composition (I-3) containing the pressamsitive adhesive resin (I-2a) and an
energy ray-curable low-molecular-weight compound] the like.

[0044]

<First Pressure-Sensitive Adhesive Compositiah)$l-

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

[0045]

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

The pressure-sensitive adhesive resin (I-1a)aepbly 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 twgo or more types of constituent units,
the combination and ratio thereof can be arbiyyadlected.

[0046]

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

More specific examples of the alkyl (meth)acrylmeude methyl (meth)acrylate,
ethyl (meth)acrylate, n-propyl (meth)acrylate, ismyl (meth)acrylate, n-butyl

(meth)acrylate, isobutyl (meth)acrylate, sec-b@tyéth)acrylate, tert-butyl (meth)acrylate,
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pentyl (meth)acrylate, hexyl (meth)acrylate, heptyéth)acrylate, 2-ethylhexyl
(meth)acrylate, isooctyl (meth)acrylate, n-octykefigacrylate, n-nonyl (meth)acrylate,
isononyl (meth)acrylate, decyl (meth)acrylate, wyliémeth)acrylate, dodecyl
(meth)acrylate (lauryl (meth)acrylate), tridecyldti)acrylate, tetradecyl (meth)acrylate
(myristyl (meth)acrylate), pentadecyl (meth)acmg|dtexadecyl (meth)acrylate (palmityl
(meth)acrylate), heptadecyl (meth)acrylate, octgld@seth)acrylate (stearyl
(meth)acrylate), nonadecyl (meth)acrylate, icosyih)acrylate, and the like.

[0047]

Since the pressure-sensitive adhesive force dfrdtgpressure-sensitive adhesive
layer improves, the acrylic polymer preferably hasonstituent unit derived from an alkyl
(meth)acrylate in which the number of carbon atamtie alkyl group is four or more.

In addition, since the pressure-sensitive adhdeire® of the first pressure-sensitive
adhesive layer further improves, the number of @adtoms in the alkyl group is
preferably 4 to 12 and more preferably 4 to 8. addition, the alkyl (meth)acrylate in
which the number of carbon atoms in the alkyl grisufmur or more is preferably alkyl
acrylate.

[0048]

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

Examples of the functional group-containing monomelude monomers in
which the functional group reacts with a crosslkigkagent described below and thus
serves as a starting point of crosslinking or tireefional group reacts with an unsaturated
group in an unsaturated group-containing compoumadtiaus enables the introduction of

the unsaturated group into a side chain of theliagoplymer.
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[0049]

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

That is, examples of the functional group-contagninonomer include hydroxyl
group-containing monomers, carboxy group-contaimi@nomers, amino
group-containing monomers, epoxy group-containirgnomers, and the like.

[0050]

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, @aldydroxybutyl (meth)acrylate;
non-(meth)acrylic unsaturated alcohols such ad @ltphol and allyl alcohol
(unsaturated alcohols not having a (meth)acrylkglezon); and the like.

[0051]

Examples of the carboxy group-containing mononresiside ethylenic
unsaturated monocarboxylic acids such as (metHjaegid and crotonic acid
(monocarboxylic acids having an ethylenic unsaagtditond); ethylenic unsaturated
dicarboxylic acids such as fumaric acid, itacomitlamaleic acid, and citraconic acid
(dicarboxylic acids having an ethylenic unsaturdtedd); anhydrides of the ethylenic
unsaturated dicarboxylic acid; carboxyalkyl (metinyéates such as 2-carboxyethyl
methacrylate; and the like.

[0052]

The functional group-containing monomer is prdirahe hydroxyl
group-containing monomer or the carboxy group-dairig monomer and more

preferably the hydroxyl group-containing monomer.
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[0053]

The acrylic polymer may be constituted of only ¢yp@e or two or more types of
the functional group-containing monomers, and, @ase in which the acrylic polymer is
constituted of two or more types of the functiogiadup-containing monomers, the
combination and ratio thereof can be arbitrarilgsid.

[0054]

In the acrylic polymer, the amount of the constituunit derived from the
functional group-containing monomer is preferalily tb 35% by mass, more preferably
3% to 32% by mass, and particularly preferably 5%0% by mass with respect to the
total mass of the constituent units.

[0055]

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

The different monomer is not particularly limited 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, acrylongribcrylamide, and the like.

[0056]

The acrylic polymer may be constituted of only ¢y 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.

[0057]

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

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

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

[0058]

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

[0059]

In the first pressure-sensitive adhesive compmsifi-1), the amount of the
pressure-sensitive adhesive resin (I-1a) is prele&b6 to 99% by mass, more preferably
10% to 95% by mass, and particularly preferably 16%0% by mass.

[0060]

[Energy Ray-Curable Compounds]

Examples of the energy ray-curable compound coethin the first
pressure-sensitive adhesive composition (I-1) ohelnonomers or oligomers which have
an energy ray-polymerizable unsaturated group andbe cured by being irradiated with
energy rays.

Among the energy ray-curable compounds, examlegoaomers include

polyhydric (meth)acrylates such as trimethylol @@ trilmeth)acrylate, pentaerythritol
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(meth)acrylate, pentaerythritol tetra(meth)acryldipentaerythritol hexa(meth)acrylate,
1,4-butylene glycol di(meth)acrylate, and 1,6-heedial (meth)acrylate; urethane
(meth)acrylate; polyester (meth)acrylate; polyetneeth)acrylate; epoxy (meth)acrylate;
and the like.

Among the energy ray-curable compounds, examgleBgomers include
oligomers obtained by polymerizing the monomerswpldied above.

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

[0061]

The first pressure-sensitive adhesive compos(tid) may contain only one type
or two or more types of the energy ray-curable conmgls, and, in a case in which the
first pressure-sensitive adhesive composition ¢ostavo or more types of the energy
ray-curable compounds, the combination and rageoetbf can be arbitrarily selected.

[0062]

In the first pressure-sensitive adhesive compmsifi-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 &Bpmass.

[0063]

[Crosslinking Agent]

In a case in which the acrylic polymer further ingy in addition to the
constituent unit derived from the alkyl (meth)aetgl, the constituent unit derived from
the functional group-containing monomer as thequesssensitive adhesive resin (I-1a),

the first pressure-sensitive adhesive compositidn preferably further contains a
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crosslinking agent.

[0064]

The crosslinking agent is, for example, a substahat reacts with the functional
group and thus crosslinks the pressure-sensitiiesaek resins (I-1a).

Examples of the crosslinking agent include isoeyesbased crosslinking agents
(crosslinking agents having an isocyanate grouph s tolylene diisocyanate,
hexamethylene diisocyanate, xylylene diisocyaraatd,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 havingzndinyl 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 improvesdhesive 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.

[0065]

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

[0066]

In the first pressure-sensitive adhesive compmsifi-1), the amount of the
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crosslinking agent is preferably 0.01 to 50 paytsriass, 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 adhessie (1-1a).

[0067]

[Photopolymerization Initiator]

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

[0068]

Examples of the photopolymerization initiator imdé benzoin compounds such
as benzoin, benzoin methyl ether, benzoin ethyrettenzoin 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; acylphasglixide compounds such as
bis(2,4,6-trimethylbenzoyl)phenylphosphine oxide an
2,4,6-trimethylbenzoyldiphenylphosphine oxide; sldfcompounds such as benzylphenyl
sulfide and tetramethylthiuram monosulfideketol compounds such as
1-hydroxycyclohexyl phenyl ketone; azo compoundshsas azobisisobutylonitrile;
titanocene compounds such as titanocene; thioxaatbompounds such as thioxanthone;
peroxide compounds; diketone compounds such astgliabenzyl; dibenzyl,
benzophenone; 2,4-diethylthioxanthone; 1,2-diphmeyhane;

2-hydroxy-2-methyl-1-[4-(1-methylvinyl)phenyl]propane; 2-chloroanthraquinone, and
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the like.

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

[0069]

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

[0070]

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

[0071]

[Other Additives]

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

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

Meanwhile, the reaction retardant is a substadmaesuppresses the progress of
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an unintended crosslinking reaction in the firggsure-sensitive adhesive composition
(I-1) under storage due to, for example, the aatiotie catalyst mixed into the first
pressure-sensitive adhesive composition (I-1). niplas of the reaction retardant
include reaction retardants that form a chelatepterby chelating with respect to the
catalyst, and more specific examples thereof irekubstances having two or more
carbonyl groups (-C(=0)-) in one molecule.

[0072]

The first pressure-sensitive adhesive compos(tid) may contain only one type
or two or more types of the other additives, and tase in which the first
pressure-sensitive adhesive composition containtwnore types of the other additives,
the combination and ratio thereof can be arbiyradlected.

[0073]

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

[0074]

[Solvent]

The first pressure-sensitive adhesive compos(tid) may also contain a solvent.
When the first pressure-sensitive adhesive conmipadt-1) contains a solvent, the
coating aptitude to a coating target surface imgsov

[0075]

The solvent is preferably an organic solvent, exaimples of the organic solvent
include ketones such as methyl ethyl ketone antbaegesters (carboxylic acid esters)
such as ethyl acetate; ethers such as tetrahydrofurd dioxane; aliphatic hydrocarbons

such as cyclohexane and n-hexane; aromatic hydroeaisuch as toluene and xylene;
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alcohols such as 1-propanol and 2-propanol; antikde

[0076]

As the solvent, a solvent used during the manufexg of the pressure-sensitive
adhesive resin (I-1a) may be continuously usetierfitst pressure-sensitive adhesive
composition (I-1) without being removed from thegsure-sensitive adhesive resin (I-1a)
or a solvent of the same type as or a differerg fypm 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).

[0077]

The first pressure-sensitive adhesive compos(tid) may contain only one type
or two or more types of the solvents, and, in & gasvhich the first pressure-sensitive
adhesive composition contains two or more typab®fsolvents, the combination and
ratio thereof can be arbitrarily selected.

[0078]

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

[0079]

<First Pressure-Sensitive Adhesive Compositia2)¥l-

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

[0080]

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

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

[0081]

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

Examples of the energy ray-polymerizable unsagdrgtoup include a
(meth)acryloyl group, a vinyl group (ethenyl grouah 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 aminagrdydroxyl groups and amino
groups that can be bonded with a carboxy grouma@paxy group, and the like.

[0082]

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

[0083]

The first pressure-sensitive adhesive compositfb8% may contain only one
type or two or more types of the pressure-sensitdtesive resins (I-2a), and, in a case in
which the first pressure-sensitive adhesive contiposcontains two or more types of the
pressure-sensitive adhesive resins, the combinatidrratio thereof can be arbitrarily

selected.
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[0084]

In the first pressure-sensitive adhesive compwsifi-2), the amount of the
pressure-sensitive adhesive resin (I-2a) is prelg&bo to 99% by mass, more preferably
10% to 95% by mass, and particularly preferably 16%0% by mass.

[0085]

[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 asithhie pressure-sensitive adhesive
resin (I-1a) is used, the first pressure-sensiiyleesive composition (I-2) may further
contain a crosslinking agent.

[0086]

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 agentsl, ama case in which the first
pressure-sensitive adhesive composition contaiotwnore types of the crosslinking
agents, the combination and ratio thereof can birarily selected.

[0087]

In the first pressure-sensitive adhesive compmsii-2), the amount of the
crosslinking agent is preferably 0.01 to 50 paytsriass, 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 adhessie (i-2a).

[0088]



_33_

[Photopolymerization Initiator]

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

[0089]

Examples of the photopolymerization initiator e ffirst pressure-sensitive
adhesive composition (I-2) include the same phdywperization initiators 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 photopolymerizationigtors, and, in a case in which the first
pressure-sensitive adhesive composition containtwnore types of the
photopolymerization initiators, the combination aatio thereof can be arbitrarily
selected.

[0090]

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 preferabp@o 5 parts by mass with respect to the
amount (100 parts by mass) of the pressure-semsitihesive resin (I-2a).

[0091]

[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 ingehir
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Examples of the other additives in the first puvesssensitive 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 type
or two or more types of the other additives, andy tase in which the first
pressure-sensitive adhesive composition (I-2) ¢ositavo or more types of the other
additives, the combination and ratio thereof caarétrarily selected.

[0092]

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

[0093]

[Solvent]

The first pressure-sensitive adhesive compos(ti@) may also contain a solvent
for the same purpose as in the case of the fiesispire-sensitive adhesive composition
(I-2).

Examples of the solvent in the first pressureise@rsadhesive composition (I-2)
include the same solvents as those in the firgspire-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, and, in @& ¢gasvhich the first pressure-sensitive
adhesive composition contains two or more typab®fkolvents, the combination and
ratio thereof can be arbitrarily selected.

In the first pressure-sensitive adhesive compmsii-2), the amount of the

solvent is not particularly limited and may be agprately adjusted.
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[0094]

<First Pressure-Sensitive Adhesive Compositids)¥l-

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

[0095]

In the first pressure-sensitive adhesive compmsii-3), the amount of the
pressure-sensitive adhesive resin (I-2a) is prefgido to 99% by mass, more preferably
10% to 95% by mass, and particularly preferably 16%0% by mass.

[0096]

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

Examples of the energy ray-curable low-molecularghit compound contained
in the first pressure-sensitive adhesive compas(i€) include monomers or oligomers
which have an energy ray-polymerizable unsaturgtedp and can be cured by being
irradiated with energy rays and include the sanggg@nray-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-curable foalecular-weight compounds, and, in
a case in which the first pressure-sensitive agthasimposition (I-3) contains two or
more types of the energy ray-curable low-molecularght compounds, the combination
and ratio thereof can be arbitrarily selected.

[0097]

In the first pressure-sensitive adhesive compwsifi-3), the amount of the
energy ray-curable low-molecular-weight compoungréferably 0.01 to 300 parts by

mass, more preferably 0.03 to 200 parts by massparticularly preferably 0.05 to 100



_36_

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

[0098]

[Photopolymerization Initiator]

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

[0099]

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 composition (I-1)

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

[0100]

In the first pressure-sensitive adhesive compmsii-3), the amount of the
photopolymerization initiator is preferably 0.0120 parts by mass, more preferably 0.03
to 10 parts by mass, and particularly 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 compound.

[0101]
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[Other Additives]

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

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

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

[0102]

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

[0103]

[Solvent]

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

Examples of the solvent in the first pressureise@rsadhesive composition (I-3)
include the same solvents as those in the firgspie-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, and, in @& ¢gasvhich the first pressure-sensitive

adhesive composition contains two or more typab®fsolvents, the combination and
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ratio thereof can be arbitrarily selected.

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

[0104]

<First Pressure-Sensitive Adhesive CompositiomeOThan 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@ isaitme manner in general first
pressure-sensitive adhesive compositions otherttieabove-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)).

[0105]

Examples of the first pressure-sensitive adhesivepositions other than the first
pressure-sensitive adhesive compositions (I-1)-8) {hclude, in addition to, the energy
ray-curable pressure-sensitive adhesive composjteonon-energy ray-curable
pressure-sensitive adhesive composition.

Examples of the non-energy ray-curable pressursithee adhesive compositions
include non-energy ray-curable pressure-sensitiesive compositions containing a
pressure-sensitive adhesive resin such as anawegin (a resin having a (meth)acryloyl
group), an urethane-based resin (a resin havimgthane bond), a rubber-based resin (a
resin having a rubber structure), a silicone-baesih (a resin having a siloxane bond), an

epoxy-based resin (a resin having an epoxy gra@aupdlyvinyl ether, or a polycarbonate,
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and non-energy ray-curable pressure-sensitive aghesmpositions containing an
acrylic resin are preferred.

[0106]

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

[0107]

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

The first pressure-sensitive adhesive compositsoiet 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, compootéetsthan the pressure-sensitive
adhesive as necessary, and the like.

The addition order during the blending of the exdjve 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 soliey 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 kingiihe solvent with the blending
components without diluting all of the blending qmmnents other than the solvent in
advance.

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

method in which the components are mixed togethi@ptating a stirring stick, a stirring
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blade, or the like; a method in which the composi@né mixed together using a mixer,
and a method in which the components are mixedtegdéy 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.

[0108]

First Interlayer

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

For example, in a case in which the purpose sippress the deformation of the
protective film by reflecting the shape of bumpsgant on a semiconductor surface in the
protective film that covers the semiconductor stefaexamples of a preferred constituent
material of the first interlayer include urethangeth)acrylate and the like from the
viewpoint of further improving the attachment prayef the first interlayer.

[0109]

The first interlayer may be a single layer (mowgel or a plurality of layers of
two or more layers, and, in a case in which tret fitterlayer is a plurality of layers, the
respective layers in the plurality of layers mayidentical to or different from one another,
and the combination of the plurality of layers @& particularly limited.

[0110]

The thickness of the first interlayer can be appeately adjusted depending on

the height of bumps on the semiconductor surfadetwik a protection target, but is
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preferably 50 to 60fim, more preferably 70 to 5@Q0n, and particularly preferably 80 to
400um since it is possible to relatively easily absthrbd influence of bumps having a
relatively high height.

Here, “the thickness of the first interlayer” neféo the thickness of the entire
first interlayer, and, for example, the thicknetghe first interlayer made up of a plurality
of layers refers to the total thickness of alllod tayers constituting the first interlayer.

[0111]

<<First Interlayer Forming Composition>>

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

For example, the first interlayer can be formedraintended portion by applying
the first interlayer forming composition to a targarface on which the first interlayer is
to be formed and drying the first interlayer forgnicomposition or curing the first
interlayer forming composition by being irradiatedh energy rays as necessary. A
more specific method for forming the first interaywill be described below in detall
together with methods for forming other layers. eTatio between the amounts of
components, which do not gasify at normal tempeeain the first interlayer forming
composition is, generally, identical to the rateivieeen the amounts of the
above-described components in the first interlayétere, “normal temperature” is as
described above.

[0112]

The first interlayer forming composition may bepbgd using a well-known
method, and examples thereof include methods islwhivariety of coaters such as an air
knife coater, a blade coater, a bar coater, a geasater, a roll coater, a roll knife coater,

a curtain coater, a die coater, a knife coatecr@es coater, a Mayer bar coater, and a kiss
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coater are used.

[0113]

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

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

[0114]

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

[0115]

<First Interlayer Forming Composition (II-1)>

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

[0116]

[Urethane (Meth)acrylate]

The urethane (meth)acrylate is a compound hauitepat a (meth)acryloyl
group and a urethane bond in one molecule andeigygmay-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)t teaa multifunctional urethane
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(meth)acrylate. However, in the present inventibis, preferable to use at least
monofunctional urethane (meth) acrylate.

[0117]

Examples of the urethane (meth)acrylate contaimdike 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 terminal isocyanatthane prepolymer” refers to a
prepolymer having a urethane bond and having ary@&stte group at a terminal portion
of the molecule.

[0118]

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

[0119]

(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 sioglyvo or more types of the
polyol compounds may be jointly used; however, gase in which two or more types of
the polyol compounds are jointly used, the comliome&nd ratio thereof can be arbitrarily
selected.

[0120]

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

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

[0121]

[Polyether-Type Polyol

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

[0122]

[Chemical Formula 1]

HO{—R—O%}—H e (1

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

[0123]

In the formula, n represents the number of repgatnits of a group represented
by General Formula “-R-O-" and is not particulalitpited as long as n is an integer of 2
or more. Among these, n is preferably 10 to 256cenpreferably 25 to 205, and
particularly preferably 40 to 185.

[0124]

In the formula, R is not particularly limited amb as R is a divalent hydrocarbon
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group, but is preferably an alkylene group, moefqmably an alkylene group having 1 to
6 carbon atoms, still more preferably an ethylem®ig, a propylene group, or a
tetramethylene group, and particularly preferabby@pylene group or a tetramethylene
group.

[0125]

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

[0126]

When the polyether-type diol and the polyhydracignate compound are
reacted with each other, urethane (meth)acrylatemnban ether bond portion represented
by General Formula (1a) as the terminal isocyanegthane prepolymer can be obtained.
In addition, when the above-described terminalyaoate urethane prepolymer is used,
the urethane (meth)acrylate has the ether bonpothat is, has a constituent unit
derived from the polyether-type diol.

[0127]

[Chemical Formula 2]

R0} —
‘% o -- s (1a)

(In the formula, R and n are the same as descabeue)
[0128]
[Polyester-Type Polyol

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

[0129]

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, aromatighmsic acids, and the like, and dimer
acids corresponding to any of the above-descriloébpsic acids may also be used.

[0130]

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 sebacd, and the like.

Examples of the unsaturated aliphatic polybasidsaioclude 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 acidiraatic tetrabasic acids such as
pyromellitic acid; and the like.

[0131]

Examples of the derivatives of the polybasic agdtude acid anhydrides of the

saturated aliphatic polybasic acids, the unsatdraliphatic polybasic acids, and the
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aromatic polybasic acids described above, hydrdgdrdimer acids, and the like.

[0132]

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

[0133]

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

[0134]

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

Examples of the catalyst include tin compound$issdibutyltin oxide and
stannous octanoate; alkoxy titanium such as tetyabtanate and tetrapropyl titanate; and
the like.

[0135]

[Polycarbonate-Type Polyol

The polycarbonate-type polyol is not particuldigited, and examples thereof
include polycarbonates obtained by reacting theesglycol as the compound represented
by Formula (1) and alkylene carbonate, and 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 glycol and the/lane carbonate may be jointly used,
and, in a case in which two or more types of anthefglycol and the alkylene carbonate

are jointly used, the combination and ratio thewof be arbitrarily selected.
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[0136]

The number-average molecular weight calculatewh fitee hydroxyl value of the
polyol compound is preferably 1,000 to 10,000, mmeferably 2,000 to 9,000, and
particularly preferably 3,000 to 7,000. When theenber-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 10,0009, lhe excess softening of the first
interlayer is suppressed.

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

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

[0137]

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

[0138]

(Polyhydric Isocyanate Compound)

The polyhydric isocyanate compound that is reaatié¢idl the polyol compound is
not particularly limited as long as the polyhydsocyanate compound has two or more
isocyanate groups.

One type of the polyhydric isocyanate compound braysed singly or two or
more types of the polyhydric isocyanate compoundg be jointly used, and, in a case in
which two or more types of the polyhydric isocyanabmpounds are jointly used, the

combination and ratio thereof can be arbitrarilgsid.
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[0139]

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

Among these, the polyhydric isocyanate compountaegerably isophorone
diisocyanate, hexamethylene diisocyanate, or xglyldiisocyanate from the viewpoint of
the handling property.

[0140]

((Meth)acrylic Compound)

The (meth)acrylic compound that is reacted withtdrminal isocyanate urethane
prepolymer is not particularly limited as long ke tompound has at least a hydroxyl
group and a (meth)acryloyl group in one molecule.

One type of the (meth)acrylic compound may be s&egly or two or more types
of the (meth)acrylic compounds may be jointly ussat, in a case in which two or more
types of the (meth)acrylic compounds are jointlgdyghe combination and ratio thereof
can be arbitrarily selected.

[0141]

Examples of the (meth)acrylic compound includerbygl group-containing
(meth)acrylic acid esters such as 2-hydroxyethyletf)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 trilmeth)acrylgielyethylene glycol mono(meth)acrylate,
and polypropylene glycol mono(meth)acrylate; hygtaxoup-containing
(meth)acrylamides such as N-methylol (meth)acryteenreactants obtained by reacting
(meth)acrylic acid with vinyl alcohol, vinyl phenar bisphenol A glycidyl ether; and the
like.

Among these, the (meth)acrylic compound is préfgrthe hydroxyl
group-containing (meth)acrylic acid ester, mordemably a hydroxyl group-containing
alkyl (meth)acrylate, and particularly preferabiydroxyethyl (meth)acrylate.

[0142]

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

[0143]

Conditions during the reaction between the terimgaryanate urethane
prepolymer and the (meth)acrylic compound may e@piately adjusted, and, for
example, the reaction temperature is preferabiG0 100C, and the reaction time is
preferably one to four hours.

[0144]

The urethane (meth)acrylate may be any of an wiagpa polymer and a mixture
of an oligomer and a polymer and is preferably ligomer.

For example, the weight-average molecular weiglh® urethane (meth)acrylate
is preferably 1,000 to 100,000, more preferabl¥@,tb 80,000, and particularly

preferably 5,000 to 65,000. When the weight-avenaglecular weight is 1,000 or more,
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it becomes easy to optimize the hardness of theifiterlayer due to the intermolecular
force between structures derived from the uretlfareh)acrylate in polymers of the
urethane (meth)acrylate and a polymerizable monal@scribed 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).

[0145]

[Polymerizable Monomer]

The first interlayer forming composition (ll-1) yalso 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 polymerizabéomers except for
oligomers and polymers which are energy ray-polyrabte and have a weight-average
molecular weight of 1,000 or more and is preferabbompound having at least one
(meth)acryloyl group in one molecule.

[0146]

Examples of the polymerizable monomer include lalineth)acrylates in which
an alkyl group constituting the alkyl ester has B® carbon atoms and has a chain-like
shape; functional group-containing (meth)acrylimpmunds 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)acrylic asigtes having a heterocyclic group;
compounds having a vinyl group; compounds havinglghgroup; and the like.

[0147]

Examples of the alkyl (meth)acrylates having archi&e alkyl group having 1 to
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30 carbon atoms include methyl (meth)acrylate, l€thgth)acrylate, n-propyl
(meth)acrylate, isopropyl (meth)acrylate, n-butykth)acrylate, isobutyl (meth)acrylate,
sec-butyl (meth)acrylate, tert-butyl (meth)acryjggentyl (meth)acrylate, hexyl
(meth)acrylate, heptyl (meth)acrylate, n-octyl (matrylate, isooctyl (meth)acrylate,
2-ethylhexyl (meth)acrylate, n-nonyl (meth)acrylasenonyl (meth)acrylate, decyl
(meth)acrylate, undecyl (meth)acrylate, dodecylthaerylate (lauryl (meth)acrylate),
tridecyl (meth)acrylate, tetradecyl (meth)acrylatgristyl (meth)acrylate), pentadecyl
(meth)acrylate, hexadecyl (meth)acrylate (palniitykth)acrylate), heptadecyl
(meth)acrylate, octadecyl (meth)acrylate (steandth)acrylate), isooctadecyl
(meth)acrylate (isostearyl (meth)acrylate), nongtéueth)acrylate, icosyl (meth)acrylate,
and the like.

[0148]

Examples of functional group-containing (meth)dcrgerivatives include
hydroxyl group-containing (meth)acrylic acid esteugh as 2-hydroxyethyl
(meth)acrylate, 2-hydroxypropyl (meth)acrylate,y@Hoxypropyl (meth)acrylate,
2-hydroxybutyl (meth)acrylate, 3-hydroxybutyl (mgbrylate, and 4-hydroxybutyl
(meth)acrylate; (meth)acrylamides such as (metilatide, N,N-dimethyl
(meth)acrylamide, N-butyl (meth)acrylamide, N-médthymeth)acrylamide,
N-methylolpropane (meth)acrylamide, N-methoxymeflnyéth)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 bysuling one hydrogen atom in an
amino group with a group other than a hydrogen dtwemeinafter, in some cases, referred

to as “the monosubstituted amino group-containmgtf)acrylic acid esters”);
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(meth)acrylic acid esters having a disubstitutechargroup which are formed by
substituting two hydrogen atoms in an amino groith 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 (methylacacid esters”); and the like.

[0149]

Here, “the amino group-containing (meth)acrylicdaester” refers to a compound
formed by substituting one or more hydrogen atames (meth)acrylic acid ester with an
amino group (-NH). Similarly, “the monosubstituted amino group-tning
(meth)acrylic acid ester” refers to a compound fedrby substituting one or more
hydrogen atoms in a (meth)acrylic acid ester withanosubstituted amino group, and
“the disubstituted amino group-containing (methycracid ester” refers to a compound
formed by substituting one or more hydrogen atame (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 anel like.

[0150]

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

[0151]

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

[0152]

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

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

[0153]

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

[0154]

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

[0155]

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

Examples of the polymerizable monomer include fryarylic acid esters having
an aliphatic cyclic group, (meth)acrylic acid esteaving an aromatic hydrocarbon group,
and (meth)acrylic acid esters having a heterocyglicip, and (meth)acrylic acid esters
having an aliphatic cyclic group are more preferred

[0156]

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

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

[0157]

In the first interlayer forming composition (Ils1the amount of the polymerizable
monomer is preferably 10% to 99% by mass, moreepaibfy 15% to 95% by mass, still
more preferably 20% to 90% by mass, and particufanéferably 25% to 80% by mass.

[0158]

[Photopolymerization Initiator]

The first interlayer forming composition (lI-1) yalso contain, in addition to
the urethane (meth)acrylate and the polymerizaloleamer, a photopolymerization
initiator.  The first interlayer forming compositidll-1) containing the
photopolymerization initiator sufficiently proceed#h a curing reaction even when
irradiated with energy rays having a relatively lemergy such as ultraviolet rays.

[0159]

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

[0160]

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

[0161]

In the first interlayer forming composition (Ils1the amount of the

photopolymerization initiator is preferably 0.0120 parts by mass, more preferably 0.03
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to 10 parts by mass, and particularly preferalp@o 5 parts by mass with respect to the
total amount (100 parts by mass) of the urethareh(yacrylate and the polymerizable
monomer.

[0162]

[Resin Components Other Than Urethane (Meth)ai&jyla

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

The types of the resin components and the ambergaf in the first interlayer
forming composition (l-1) may be appropriatelyesged depending on the purpose and
are not particularly limited.

[0163]

[Other Additives]

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

Examples of the other additives include a varidtyell-known additives such as
a crosslinking agent, an antistatic agent, an aidiémt, a chain transfer agent, a softening
agent (plasticizer), a filler, an antirust agemnt] a colorant (a pigment or a dye).

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

[0164]

Examples of the thiol compounds include nonyl raptan, 1-dodecanethiol,
1,2-ethanedithiol, 1,3-propandithiol, triazinethitslazinedithiol, triazinetrithiol,

1,2,3-propanetrithiol, tetraethylene glycol bis(8neaptopropionate), trimethylolpropane
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tris(3-mercaptopropionate), pentaerythritol tetsg&imercaptopropionate), pentaerythritol
tetrakisthioglycolate, dipentaerythritol hexakis({@rcaptopropionate),
tris[(3-mercaptopropioniloxy)-ethyl]-isocyanurafie4-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.

[0165]

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

[0166]

In the first interlayer forming composition (Ils1the amount of the other
additives is not particularly limited and may beegpriately selected depending on the
type of the additives.

[0167]

[Solvent]

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

[0168]

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

The first interlayer forming composition such ks first interlayer forming
composition (II-1) can be obtained by blending wdliial components for constituting the
first interlayer forming composition.

The addition order during the blending of the exdjve components is not
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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 soliey be used by mixing the
solvent with all of the blending components otliart the solvent so as to dilute these
blending components in advance or may be used kingiihe solvent with the blending
components without diluting all of the blending quonents other than the solvent in
advance.

A method for mixing the respective componentsrdublending is not
particularly limited and may be appropriately s&elcfrom well-known methods such as a
method in which the components are mixed togetheotating a stirring stick, a stirring
blade, or the like; a method in which the composi@né mixed together using a mixer,
and a method in which the components are mixedhtegdéy applying ultrasonic waves
thereto.

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

[0169]

Curable resin layer

The curable resin layer (curable resin film) isgelr for protecting the circuit
surface of the semiconductor wafer and the bumgsiged on the circuit surface. The
curable resin layer is the thermosetting resinidgtreermosetting resin film) according to
the first embodiment and the energy ray curablmiager (energy ray curable resin
film) according to the second embodiment. The loleraesin layer forms the first
protective film by curing.

[0170]
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According to the present invention, both of theénéh) of the surface of the
cured materiald) and haze () of the surface of the cured materi@) ére 50 or lower.
From the curable resin layer having these propertiee first protective film with the
high transparency can be formed. Therefore, thiasel condition of the semiconductor
wafer after forming the first protective film onettbump-formed surface can be
accurately observed through the first protectilra find the positions and shapes of the
dicing line and the alignment mark existing on shieface of the semiconductor wafer
can be accurately recognized by the camera.

Both of the cured materiadt] and the cured materigb) can be used as the first
protective film.

Also, the haze @) and haze () may be the same value or different values.

[0171]

In view of more notably obtaining the effect oétimvention described above,
the haze (I) and the haze ghare preferably as low as possible, preferablpi&ss, for
example, may be one of 40 or less, 35 or lessy 356 and the like.

Also, the lower limits of the haze,fhand the haze ghare not particularly
limited, however, normally 10 is preferable in viefvan easiness of forming the first
protective film with the high transparency.

[0172]

According to present invention, a hazei)lof a surface of the curable resin
layer (curable resin film), which is to be the alireaterial ¢), of the first embodiment
before curing and a hazeyghof a surface of the curable resin layer (curaegn film),
which is to be the cured materi@)( of the second embodiment before curing are not
particularly limited; however, are preferably as/las possible, preferably 50 or less,

more preferably 45 or less, for example, may beair or less, 35 or less, 30 or less
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and the like.

Also, the lower limits of the hazed) and the haze ¢h are not particularly
limited, however, normally 10 is preferable in viefvan easiness of forming the first
protective film with the high transparency.

[0173]

According to the present invention, the hazegg)(lth.2), (h:), and (k) are
measured by using a haze meter in accordance 1&tK7J136(2000).

[0174]

The haze () and haze () can be controlled by adjusting kinds of the clegab
resin layer.

Also, the curable resin layer can be formed usimgmposition for forming a
curable resin layer which contains its components.

Therefore, all of the hazeso(h (ho2), (hh), and (h) are controlled by adjusting
one of, or both of the kinds and the amounts ofctir@ained components of the
composition for forming the curable resin layer.

Among the contained components of the composftofiorming the curable
resin layer, especially a granular component sgch fdler (D) which will be described
later is likely to be a cause of white turbidnekthe cured material. According to the
present invention, the haze)land haze () are controlled by decreasing a usage of the
granular component such as a filler (D) or selectin appropriate one as a granular
component, and the cured material with a high parency can be obtained.

The composition for forming the curable resin lag@mposition for forming
the thermosetting resin layer, composition for forgithe energy ray-curable resin layer)
and a method for forming the same will be describedetail later.

[0175]
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Thermosetting Resin Layer

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

[0176]

The thermosetting resin layer may be a singlerlay®nolayer) or a plurality of
layers of two or more layers, and, in a case ircvithethermosetting resin layer is a
plurality of layers, the respective layers in tterality of layers may be identical to or
different from one another, and the combinatiothefplurality of layers is not
particularly limited.

[0177]

The thickness of the thermosetting resin lay@réderably 1 to 10@m, more
preferably 5 to 7fum, and particularly preferably 5 to . When the thickness of the
thermosetting resin layer is equal to or more thanower limit value, it is possible to
form the first protective film having a higher peotion function. In addition, when the
thickness of the thermosetting resin layer is etjuak less than the upper limit value,
excessive thickness is suppressed.

Here, “the thickness of the thermosetting resyetarefers to the thickness of the
entire thermosetting resin layer, and, for examiple thickness of the thermosetting resin
layer made up of a plurality of layers refers te thtal thickness of all of the layers

constituting the thermosetting resin layer.
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[0178]

The curing conditions when the thermosetting résper is attached to the
bump-formed surface of the semiconductor wafer,iamtired so as to form the first
protective film are not particularly limited as pas the first protective film has sufficient
hardness so as to exert its function, and may peppately selected according to the
kinds of the thermosetting resin layers.

For example, the heating temperature at the tintieeocuring 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 & three hours, and particularly
preferably one to two hours.

[0179]

<<Thermosetting Resin Layer Forming Composition>>

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 dedrportion 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 tleiai® of components, which do not
gasify at normal temperature, in the thermosettasin layer forming composition is,
generally, identical to the ratio between the an®ohthe above-described components in
the thermosetting resin layer. Here, “normal terapee” is as described above.

[0180]

The thermosetting resin layer forming compositioay be applied using a

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

[0181]

The drying conditions of the thermosetting resiyer forming composition are
not particularly limited; however, in a case in alhihe thermosetting resin layer forming
composition contains a solvent described belowthibemosetting resin layer forming
composition is preferably heated and dried. Tleenttosetting resin layer forming
composition containing a solvent is preferably diid¢ 70C to 130C for 10 seconds to 5
minutes.

[0182]

<Resin Layer Forming Composition (IlI-1)>

Examples of the thermosetting resin layer forndogposition include a
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 cosifpon (111-1)”) and the like.

[0183]

[Polymer Component (A)]

The polymer component (A) is a polymer compoundrfgparting a film-forming
property, flexibility, and the like to the thermdiseg resin layer.

The resin layer forming composition (I11-1) ancettihermosetting resin layer may
contain only one type or two or more types of thlymer components (A), and, in a case
in which the resin layer forming composition and thermosetting resin layer contain two
or more types of the polymer components, the coatimin and ratio thereof can be

arbitrarily selected.
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[0184]

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

[0185]

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

The weight-average molecular weight (Mw) of theyc resin is preferably
10,000 to 2,000,000 and more preferably 100,0(0560,000. When the
weight-average molecular weight of the acrylicmasiequal to or more than the lower
limit value, the shape stability (aging stabilityrohg storage) of the thermosetting resin
layer improves. In addition, when the weight-ageranolecular weight of the acrylic
resin is equal to or less than the upper limit @alubecomes easy for the thermosetting
resin layer to follow the uneven surfaces of adh@seand the generation of voids and the
like between an adherend and the thermosetting l&ger is further suppressed.

[0186]

The glass transition temperature (Tg) of the a&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 adhesivefobetween the first protective film and
the first supporting sheet is suppressed, andthieupeeling property of the first
supporting sheet improves. In addition, when tgefthe acrylic resin is equal to or
lower than the upper limit value, the adhesivedartthe thermosetting resin layer and

the first protective film to adherends improves.
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[0187]

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

[0188]

Examples of the (meth)acrylic acid esters constiguthe acrylic resin include
alkyl (meth)acrylic esters in which an alkyl grougnstituting the alkyl ester has 1 to 18
carbon atoms and has a chain-like shape such aylnfeeth)acrylate, ethyl
(meth)acrylate, n-propyl (meth)acrylate, isoprofmgkth)acrylate, n-butyl (meth)acrylate,
isobutyl (meth)acrylate, sec-butyl (meth)acryla¢et-butyl (meth)acrylate, pentyl
(meth)acrylate, hexyl (meth)acrylate, heptyl (matiylate, 2-ethylhexyl (meth)acrylate,
isooctyl (meth)acrylate, n-octyl (meth)acrylatenonyl (meth)acrylate, isononyl
(meth)acrylate, decyl (meth)acrylate, undecyl (jethylate, dodecyl (meth)acrylate
(lauryl (meth)acrylate), tridecyl (meth)acrylatetradecyl (meth)acrylate (myristyl
(meth)acrylate), pentadecyl (meth)acrylate, hexgd@aeeth)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 benngth)acrylate;

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

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

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

hydroxyl group-containing (meth)acrylic acid estsuch as hydroxymethyl
(meth)acrylate, 2-hydroxyethyl (meth)acrylate, 2itoxypropyl (meth)acrylate,
3-hydroxypropyl (meth)acrylate, 2-hydorybutyl (m)tbrylate, 3-hydroxybutyl
(meth)acrylate, and 4-hydroxybutyl (meth)acrylated

substituted amino group-containing (meth)acryticlasters such as
N-methylaminoethyl (meth)acrylate; and the like. eré} “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.

[0189]

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

[0190]

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

[0191]

The acrylic resin may also have a functional groapable of bonding to other
compounds such as a vinyl group, a (meth)acryloylig, an amino group, a hydroxyl
group, a carboxy group, or an isocyanate group.e flihctional group in the acrylic resin
may be bonded to other compounds through a créssijrmgent (F) described below or

may be directly bonded to other compounds withbetdrosslinking agent (F). When
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the acrylic resin is bonded to other compoundsutinahe functional group, there is a
tendency that the reliability of packages obtainsithg the first protective film forming
sheet improves.

[0192]

In the present invention, as the polymer compo(#hta thermoplastic resin
other than the acrylic resin (hereinafter, in samages, 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 protectfitle 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 andkbédEtween an adherend and the
thermosetting resin layer is further suppressed.

[0193]

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

[0194]

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

[0195]

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

[0196]

The resin layer forming composition (lll-1) anetthermosetting resin layer may
contain only one type or two or more types of thermoplastic resins, and, in a case in

which the resin layer forming composition and therinosetting resin layer contains two
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or more types of the thermoplastic resins, the é¢oatlon and ratio thereof can be
arbitrarily selected.

[0197]

In the resin layer forming composition (IlI-1) etihatio 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 maskmare preferably 5% to 80% by mass
regardless of the type of the polymer component éAYl may be, for example, any one of
5% to 70% by mass, 5% to 60% by mass, 5% to 50%ndss, 5% to 40% by mass, 5% to
30% by mass. Note that these amounts in the l&gém forming composition (l11-1) are
examples.

[0198]

There are cases in which the polymer component@esponds to the
thermosetting component (B). In the present ineanin a case in which the resin layer
forming composition (l1l-1) contains componentsresponding to both the polymer
component (A) and the thermosetting component §Bjescribed above, the resin layer
forming composition (l1l-1) is considered to comtahe polymer component (A) and the
thermosetting component (B).

[0199]

[Thermosetting Component (B)]

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

The resin layer forming composition (lll-1) anetthermosetting resin layer may
contain only one type or two or more types of thermosetting components (B), 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.

[0200]

Examples of the thermosetting component (B) ineladoxy-based thermosetting
resins, thermosetting polyimides, polyurethanesaturated polyesters, silicone resins,
and the like, and epoxy-based thermosetting resmpreferred.

[0201]

(Epoxy-Based Thermosetting Resin)

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

The resin layer forming composition (l1l-1) anetthermosetting resin layer may
contain only one type or two or more types of thexy-based thermosetting resins, and,
in a case in which the resin layer forming compeosiand the thermosetting resin layer
contains two or more types of the epoxy-based theetting resins, the combination and
ratio thereof can be arbitrarily selected.

[0202]

CEpoxy Resin (B1)

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

Examples thereof include polyfunctional epoxy restiiphenyl compounds, bisphenol A
diglycidyl ethers and hydrogenated substancesdhevethocresol novolac epoxy resins,

dicyclopentadiene-type epoxy resins, biphenyl-tgpexy resins, bisphenol A-type epoxy
resins, bisphenol F-type epoxy resins, phenyler&esin-type epoxy resins, and the like,
and di- or higher-functional epoxy compounds.

[0203]

As the epoxy resin (B1), an epoxy resin havingiasaturated hydrocarbon group
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may also be used. The epoxy resin having an ursdatlhydrocarbon group has more
favorable compatibility with acrylic resins thanosgy resins not having an unsaturated
hydrocarbon group. Therefore, when the epoxy reauing an unsaturated hydrocarbon
group is used, the reliability of packages obtaingidg the first protective film forming
sheet improves.

[0204]

Examples of the epoxy resin having an unsatuttageldocarbon 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 reacti (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 havingisaturated 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 polymeezatsaturated group, and
specific examples thereof include ethenyl groupsy{\groups), 2-propenyl group (allyl
group), (meth)acryloyl groups, (meth)acrylamideugpr® and the like, and acryloyl groups
are preferred.

[0205]

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 theiog property of the thermosetting
resin layer and the strength and thermal resistahttee first protective film after curing.

The epoxy equivalent of the epoxy resin (B1) if@rably 100 to 1,000 g/eq and

more preferably 300 to 800 g/eq.
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[0206]

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

[0207]

Orhermosetting Agent (B2)

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

Examples of the thermal curing agent (B2) includmpounds 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.

[0208]

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

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

[0209]

The thermal curing agent (B2) may also have aatunated hydrocarbon group.
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Examples of the thermal curing agent (B2) havingiasaturated hydrocarbon
group include compounds formed by substituting ra gighydroxyl 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 theromaihg agent (B2) is identical
to the unsaturated hydrocarbon group in the abegeftbed epoxy resin having an
unsaturated hydrocarbon group.

[0210]

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.

[0211]

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

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

[0212]

One type of the thermal curing agent (B2) may $edwsingly 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.
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[0213]

In the resin layer forming composition (l11-1) atite thermosetting resin layer,
the amount of the thermal curing agent (B2) isguadily 0.1 to 500 parts by mass, more
preferably 1 to 200 parts by mass, and may beeXample, any one of 5 to 100 parts by
mass, 10 to 80 parts by mass, 15 to 60 parts bg mids respect to the amount (100 parts
by mass) of the epoxy resin (B1). When the amotitie thermal curing agent (B2) is
equal to or more than the lower limit value, curafghe thermosetting resin layer easily
proceeds. In addition, when the amount of thentlaéicuring agent (B2) is equal to or
less than the upper limit value, the moisture gitsoty of the thermosetting resin layer is
decreased, and thus the reliability of packageaiodd by using the first protective film
forming sheet further improves.

[0214]

In the resin layer forming composition (l11-1) atite 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 50 to 1,000 parts by
mass, more preferably 100 to 900 parts by massieycbe, for example, any one of 150
to 800 parts by mass, 200 to 700 parts by mass) ta3000 parts by mass, and 400 to
700 parts by mass with respect to the amount (40 py mass) of the polymer
component (A). When the amount of the thermosgttmmponent (B) is in the
above-described range, the adhesive force betvesiirst protective film and the first
supporting sheet is suppressed, and thus the ggmliperty of the first supporting sheet
improves.

[0215]

[Curing Accelerator (C)]

The resin layer forming composition (l1l-1) anetthermosetting resin layer may



_74_

also contain a curing accelerator (C). The cuaocelerator (C) is a component for
adjusting the speed of curing the resin layer fagr@omposition (l11-1).

Examples of preferred curing accelerators (Cludeltertiary amines such as
triethylene diamine, benzyldimethylamine, triethi@maine, dimethylaminoethanol, and
tris(dimethylaminomethyl)phenol; imidazoles (imidées in which one or more hydrogen
atoms are substituted with groups other than adggir atom) such as 2-methylimidazole,
2-phenyl imidazole, 2-phenyl-4-methylimidazole,
2-phenyl-4,5-dihydroxymethylimidazole, and
2,-phenyl-4-methyl-5-hydroxymethylimidazole; orgaphosphines (phosphines in which
one or more hydrogen atoms are substituted withrocggroups) such as tributyl
phosphine, diphenyl phosphine, and triphenyl phisptietraphenyl boron salts such as
tetraphenyl phosphonium tetraphenyl borate antieéngl phosphine tetraphenyl borate;
and the like.

[0216]

The resin layer forming composition (l1l-1) anetthermosetting resin layer may
contain only one type or two or more types of theng accelerator (C), and, in a case in
which the resin layer forming composition and thertnosetting resin layer contains two
or more types of the thermosetting componentscamebination and ratio thereof can be
arbitrarily selected.

[0217]

In a case in which the curing accelerator (C)sisdy in the resin layer forming
composition (IlI-1) and the thermosetting resindlaythe amount of the curing accelerator
(C) is preferably 0.01 to 10 parts by mass and meoeéerably 0.1 to 5 parts by mass of
the amount (100 parts by mass) of the thermosettingponent (B). When the amount

of the curing accelerator (C) is equal to or mbntthe lower limit value, the effects of
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the use of the curing accelerator (C) can be migrefantly obtained. In addition,

when the amount of the curing accelerator (C) isaétp or less than the upper limit value,
for example, an effect of suppressing a highly polaing accelerator (C) migrating
toward the adhesion interface with adherends irtitbenosetting resin layer under high
temperature and high humidity conditions and sesjieg becomes significant, and the
reliability of packages obtained using the firsdtective film forming sheet further
improves.

[0218]

[Filler (D)]

The resin layer forming composition (lll-1) anetthermosetting resin layer may
also contain afiller (D). When the thermosettiagin layer contains the filler (D), the
coefficient of thermal expansion of the first piitee film obtained by curing the
thermosetting resin layer can be easily adjustédirther, when this coefficient of thermal
expansion is optimized for a subject on which ihst protective film is to be formed, the
reliability of packages obtained using the firstective film forming sheet further
improves. In addition, when the thermosettingmrésyer contains the filler (D), it is
also possible to decrease the moisture absorptfitye first protective film or improving
the heat dissipation property.

[0219]

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

Examples of preferred inorganic fillers includemger of silica, alumina, talc,
calcium carbonate, titanium white, colcothar, sificcarbide, boron nitride, and the like;
beads obtained by spherodizing these inorganardilisurface-modified products of these

inorganic fillers; single crystal fibers of thesmiganic fillers; glass fibers; and the like.
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Among these, silica or alumina is preferable asitlorganic filler.

[0220]

The average particle diameter of the filler (Dhat particularly limited,
however, is preferably 250 nm or less, more préfgra00 nm or less, further preferably
150 nm or less, and especially preferably 100 ntess. When the average particle
diameter of the filler (D) is equal to or less ththe upper limit, the haze {hof the
surface of the cured material)(becomes smaller and the transparency of the first
protective film becomes higher.

On the other hand, the lower limit of the averpgticle diameter of the filler
(D) is not particularly limited, however, is pre&dly 10 nm normally.

It should be noted that, in the present speciboat'the average particle
diameter” means a particle diametegd)of 50% integrated value in a particle size
distribution curve obtained by laser diffractioratering method in so far as there is no
particular remarks otherwise stated.

[0221]

The resin layer forming composition (l1l-1) anetthermosetting resin layer may
contain only one type or two or more types of therf(D), and, in a case in which the
resin layer forming composition and the thermosgttesin layer contains two or more
types of the thermosetting components, the comibimaind ratio thereof can be
arbitrarily selected.

[0222]

When the filler (D) is used, the composition forrhing the resin layer (l11-1)
and the thermosetting resin layer (curable resm)fpreferably include the filler (D)
with the average particle diameter of 250 nm os krsd more preferably include the

filler (D) with the average particle diameter of tt0250 nm from the view point of an
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easiness of forming the first protective film whigh transparency.

When the composition for forming the resin laydlr1) and the thermosetting
resin layer include the filler (D) with the avergggrticle diameter of 250 nm or less as
described above, these may include the filler (pwhe average particle diameter of
250 nm or less alone or may include both of tHerf{ID) with the average particle
diameter of 250 nm or less and the other filler, {@@mely, the filler (D) with the average
particle diameter of 250 nm or more.

When the average particle diameter of the fill2y i6 greater than 250 nm, the
average particle diameter is preferably 1200 nhess and more preferably 1050 nm or
less.

[0223]

When the composition for forming the resin layidlr1) and the thermosetting
resin layer include the filler (D), a ratio of taenount of the filler (D) with the average
particle diameter of 250 nm or more, which is alsierred to as “a ratio (w1)” in the
present specification in some cases, with respeittet total amount of the filler (D) is
preferably 35 to 100 mass%, and more preferablp4®0 mass% and may be, for
example, any one of 55 to 100 mass%, 65 to 100%hass to 100 mass%, and 85 to 100
mass%. When the ratio (wl) is in such a rangeh#ze (h) of the surface of the cured
material ) becomes smaller and the transparency of thediagective film becomes
higher.

Also, when the ratio (wl) is the range describleova, the average particle
diameter of the filler (D) with the average pasiciameter of greater than 250 nm is
preferably 1200 nm or less and more preferably X08®r less since the effect of the
present invention can be significantly obtained.

[0224]
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When the filler is used, in the composition formfong the resin layer (IlI-1), a
ratio of the amount of the filler (D) with respeotthe total amount of the all components
except for the solvent, namely, the amount of ttherf(D) in the thermosetting resin
layer is preferably 5 to 80 mass%, more preferally 60 mass%, and may be, for
example, any one of 7 to 50 mass%, 7 to 40 masséo/ &0 30 mass%. When the
amount of the filler (D) is in such a range, theadescribed thermal expansion
coefficient can be more easily adjusted.

[0225]

[Coupling Agent (E)]

The resin layer forming composition (l1l-1) anetthermosetting resin layer may
also contain a coupling agent (E). When a couigent having a functional group
capable of reacting with an inorganic compoundrooanic compound is used as the
coupling agent (E), it is possible to improve tlbesiveness and adhesion of the
thermosetting resin layer to adherends. In additichen the coupling agent (E) is used,
the first protective film obtained by curing thetmosetting resin layer is not impaired in
the thermal resistance and is improved in ternth®@ivater resistance.

[0226]

The coupling agent (E) is preferably a compoundrigaa functional group
capable of reacting with the functional group ia golymer component (A), the
thermosetting component (B0), or the like and nederably a silane coupling agent.

Examples of preferred silane coupling agents oelu
3-glycidyloxypropyltrimethoxysilane, 3-glycidyloxyppylmethyldiethoxysilane,
3-glycidyloxypropyltriethoxysilane, 3-glycidyloxyntieyldiethoxysilane,
2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane, 3-mm&tryloyloxypropyltrimethoxysilane,

3-aminopropyltrimethoxysilane, 3-(2-aminoethylan)propyltrimethoxysilane,
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3-(2-aminoethylamino)propylmethyldiethoxysilane,
3-(phenylamino)propyltrimethoxysilane, 3-anilinopwytrimethoxysilane,
3-ureidopropyltrimethoxysilane, 3-mercaptopropwtteithoxysilane,
3-mercaptopropylmethyldimethoxysilane, bis(3-tretsilylpropyl)tetrasulfane,
methyltrimethoxysilane, methyltriethoxysilane, \itngnethoxysilane,
vinyltriacetoxysilane, imidazolesilane, and theelik

[0227]

The resin layer forming composition (I11-1) anctthermosetting resin layer may
contain only one type or two or more types of theging agents (E), and, in a case in
which the resin layer forming composition and therinosetting resin layer contains two
or more types of the coupling agents, the comlmnadind ratio thereof can be arbitrarily
selected.

[0228]

In a case where the coupling agent (E) is useithemesin layer forming
composition (IlI-1) and the thermosetting resindgythe amount of the coupling agent (E)
is preferably 0.03 to 20 parts by mass, more pabéfgr0.05 to 10 parts by mass, and
particularly preferably 0.1 to 5 parts by mass wibpect to the total amount (100 parts by
mass of the polymer component (A) and the therniagatomponent (B)). When the
amount of the coupling agent (E) is equal to orertban the lower limit value, the effects
of the use of the coupling agent (E) such as thorement of the dispersibility of the
filler (D) in resins and the improvement of the asliveness of the thermosetting resin
layer to adherends can be significantly obtaindd.addition, when the amount of the
coupling agent (E) is equal to or less than theeupmit value, the generation of outgas is
further suppressed.

[0229]
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[Crosslinking Agent (F)]

In a case in which a polymer component havingnatfanal group such as a
vinyl group , a (meth)acryloyl group, an amino grpa hydroxyl 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 palyomponent (A), the resin layer
forming composition (l1l-1) and the thermosettirggin layer may also contain a
crosslinking agent (F). The crosslinking agentigFd component for crosslinking the
functional group in the polymer component (A) byndimg with the other compound, and
the initial adhesive force and the agglomerativedmf the thermosetting resin layer can
be adjusted by crosslinking in this way.

[0230]

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

[0231]

Examples of the organic polyhydric isocyanate conmas include aromatic
polyhydric isocyanate compounds, aliphatic polylydsocyanate compounds, and
alicyclic polyhydric isocyanate compounds (herei@afin some cases, these compounds
will be collectively abbreviated as “aromatic poyghic isocyanate compounds and the
like); timers, isocyanurate bodies, and adductiéedf the aromatic polyhydric
isocyanate compounds and the like; terminal iscgtgarethane prepolymers obtained by
reacting the aromatic polyhydric isocyanate compistemd the like and a polyol
compound. The “adduct body” refers to a reactatiie@aromatic polyhydric isocyanate

compound, the aliphatic polyhydric isocyanate coumgh or the alicyclic polyhydric
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isocyanate compound and a low-molecular-weightadiydrogen-containing compound
such as ethylene glycol, propylene glycol, neogegiyicol, trimethylolpropane, or castor
oil. Examples of the adduct body include xylylehisocyanate adducts of
trimethylolpropane as described below and the like. addition, “the terminal isocyanate
urethane prepolymer” is as described above.

[0232]

More specific examples of the organic polyhydsedyanate compound include
2,4-tolylene diisocyanate; 2,6-tolylene diisocyandt 3-xylylene diisocyanate;
1,4-xylylene diisocyanate; diphenylmethane-4,45ddyanate;
diphenylmethane-2,4’-diisocyanate; 3-methyldiphemsthane diisocyanate;
hexamethylene diisocyanate; isophorone diisocyanate
dicyclohexylmethane-4,4’-diisocyanate; dicyclohemgthane-2,4’-diisocyanate;
compounds obtained by adding any one or more tygpadylene diisocyanate,
hexamethylene diisocyanate, and xylylene diisociatwall or some of hydroxyl groups
in a polyol such as trimethylolpropane; lysine aiiganate; and the like.

[0233]

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

[0234]

In a case in which the organic polyhydric isocyar@mpound is used as the
crosslinking agent (F), a hydroxyl group-containpaymer is preferably used as the
polymer component (A). In a case in which the slioking agent (F) has an isocyanate

group and the polymer component (A) has a hydrgryup, it is possible to simply
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introduce a crosslinking structure into the theretiisg resin layer by a reaction between
the crosslinking agent (F) and the polymer compo(#h

[0235]

The resin layer forming composition (I11-1) ancetthermosetting resin layer may
contain only one type or two or more types of tresslinking agent (F), and, in a case in
which the resin layer forming composition (lllI-1ndaithe thermosetting resin layer
contains two or more types of the thermosettingmaments, the combination and ratio
thereof can be arbitrarily selected.

[0236]

In a case in which the crosslinking agent (F)sedy in the resin layer forming
composition (IlI-1), the amount of the crosslinkiagent (F) is preferably 0.01 to 20 parts
by mass, more preferably 0.1 to 10 parts by maskparticularly preferably 0.5 to 5 parts
by mass with respect to the amount (100 parts ssjraf the polymer component (A).
When the amount of the crosslinking agent (F) isaétp or more than the lower limit
value, the effects of the use of the crosslinkiggra (F) can be significantly obtained. In
addition, when the amount of the crosslinking agEhis equal to or less than the upper
limit value, the excess use of the crosslinkingnadE) is suppressed.

[0237]

[Energy Ray-Curable Resin (G)]

The resin layer forming composition (111-1) mayntain an energy ray-curable
resin (G). When the thermosetting resin layer @imstthe energy ray-curable resin (G),
it is possible to change the characteristics bpdperadiated with energy rays.

[0238]

The energy ray-curable resin (G) is obtained Hymerizing (curing) an energy

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

[0239]

Examples of the acrylate-based compounds inclbdandike aliphatic
skeleton-containing (meth)acrylates such as trigielbropane tri(meth)acrylate,
tetramethylolmethane tetra(meth)acrylate, penthatgt trilmeth)acrylate, pentaerythritol
tetra(meth)acrylate, dipentaerythritol monohydrgenta(meth)acrylate, dipentaerythritol
hexa(meth)acrylate, 1,4-butylene glycol di(methykate, and 1,6-hexanediol
di(meth)acrylate;cyclic aliphatic skeleton-contamiimeth)acrylates such as
dicyclopentanyl di(meth)acrylate; polyalkylene giy¢meth)acrylates such as
polyethylene glycol di(meth)acrylate; oligo estereth)acrylates; urethane (meth)acrylate
oligomers; epoxy-modified (meth)acrylates; polyetfreeth)acrylates other than the
above-described polyalkylene glycol (meth)acrylgitesonic acid oligomers; and the
like.

[0240]

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

[0241]

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

[0242]

The resin layer forming composition (lll-1) mayntain only one type or two or



_84_

more types of the energy ray-curable resins (G), ema case in which the resin layer
forming composition contains two or more typesha €nergy ray-curable resins, the
combination and ratio thereof can be arbitrarilgsid.

[0243]

In a case of using the energy ray-curable res)ntfté amount of the energy
ray-curable resin (G) in the resin layer formingngmsition (111-1) is preferably 1% to
95% by mass, more preferably 5% to 90% by masspartiularly preferably 10% to
85% by mass.

[0244]

[Photopolymerization Initiator (H)]

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

[0245]

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

[0246]

The resin layer forming composition (I1I-1) mayntain only one type or two or
more types of the photopolymerization initiator9,(&ihd, in a case in which the resin
layer forming composition contains two or more tyjpé the photopolymerization
initiators, the combination and ratio thereof carabbitrarily selected.

[0247]

In a case in which the photopolymerization indgrafH) is used, in the resin layer
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forming composition (l11-1), the amount of the pbpblymerization initiators (H) is
preferably 0.1 to 20 parts by mass, more preferality 10 parts by mass, and particularly
preferably 2 to 5 parts by mass of the amount (0@ by mass) of the energy
ray-curable resin (G).

[0248]

[Versatile Additive ()]

The resin layer forming composition (111-1) ancettihermosetting resin layer may
also contain a versatile additive (I) as long &sdfiects of the present invention are not
impaired.

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

[0249]

The resin layer forming composition (lll-1) anetthermosetting resin layer may
contain only one type or two or more types of teesatile additive (1), and, in a case in
which the resin layer forming composition and thertnosetting resin layer contains two
or more types of the thermosetting componentscamebination and ratio thereof can be
arbitrarily selected.

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

[0250]

[Solvent]

The resin layer forming composition (l11-1) predéty further contains a solvent.
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The resin layer forming composition (llI-1) conti@ig a solvent improves in terms of the
handling property.

The solvent is not particularly limited, but pretl examples thereof include
hydrocarbons such as toluene and xylyene; alcauals as methanol, ethanol, 2-propanol,
isobutyl alcohol (2-methyl propane-1-ol), and l&ndl; esters such as ethyl acetate;
ketones such as acetone and methyl ethyl ketomersesuch as tetrahydrofuran; amides
(compounds having an amide bond) such as dimedhyldmide and N-methyl
pyrrolidone, and the like.

The resin layer forming composition (11I-1) mayntain only one type or two or
more types of the solvents, and, in a case in wilielresin layer forming composition
contains two or more types of the solvents, thelioation and ratio thereof can be
arbitrarily selected.

[0251]

The solvent contained in the resin layer formingposition (l11-1) is preferably
methyl ethyl ketone or the like since it is possitd more uniformly mix the components
contained in the resin layer forming compositidir1).

[0252]

<<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 ldérg individual components for
constituting the thermosetting resin layer formaognposition.

The addition order during the blending of the exdjve 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 solrey be used by mixing the
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solvent with all of the blending components otliart the solvent so as to dilute these
blending components in advance or may be used kingiihe solvent with the blending
components without diluting all of the blending quonents other than the solvent in
advance.

A method for mixing the respective componentsmyblending is not
particularly limited and may be appropriately s&elcfrom well-known methods such as a
method in which the components are mixed togetheotating a stirring stick, a stirring
blade, or the like; a method in which the composiené mixed together using a mixer,
and a method in which the components are mixedtegdédy applying ultrasonic waves
thereto.

The temperature and the time during the additi@hraixing 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 30°C.

[0253]

Energy Ray-Curable Resin Layer

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

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

[0254]

The energy ray-curable resin layer may be a silagier (monolayer) or a
plurality of layers of two or more layers, andaiicase 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 ¢henbination of the plurality of layers is
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not particularly limited.

[0255]

The thickness of the energy ray-curable resinrlesypreferably 1 to 10Qm,
more preferably 5 to 7@gm, and particularly preferably 5 to Btn. When the thickness
of the energy ray-curable resin layer is equalrtmore than the lower limit value, it is
possible to form a first protective film having iglmer protection function. In addition,
when the thickness of the energy ray-curable leser is equal to or less than the upper
limit value, excessive thickness is suppressed.

Here, “the thickness of the energy ray-curablenrieger” refers to the thickness
of the entire energy ray-curable resin layers, &dexample, 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-curablenrésyer.

[0256]

The curing conditions when the energy ray-curaéden layer is attached to the
bump-formed surface of the semiconductor waferiamdired 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 function, may be appropriately selected according
to the kinds of the thermosetting resin layers.

For example, it is preferable that the illuminanf¢he energy ray during the
curing of the energy ray-curable resin layer ifgnably 180 to 280 mW/cf In
addition, it is preferable that the light intensitithe energy ray during the curing is
preferably 450 to 1,000 mJ/ém

[0257]

<<Energy Ray-Curable Resin Layer Forming Compasit>

The energy ray-curable resin layer can be forns#uguan energy ray-curable
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resin layer forming composition containing a cangint material thereof. For example,
the energy ray-curable resin layer can be formeahantended portion by applying an
energy ray-curable resin layer forming compositma target surface on which the energy
ray-curable resin layer is to be formed and drylreyenergy ray-curable resin layer
forming composition as necessary. The ratio betvike amounts of components, which
do not gasify at normal temperature, in the eneagycurable resin layer forming
composition is, generally, identical to the rat&veen the amounts of the
above-described components in the energy ray-cairalin layer. Here, “normal
temperature” is as described above.

[0258]

The energy ray-curable resin layer forming compmsimay be applied using a
well-known method, and examples thereof includehods in which a variety of coaters
such as an air knife coater, a blade coater, adster, a gravure coater, a roll coater, a roll
knife coater, a curtain coater, a die coater, &ktoater, a screen coater, a Mayer bar
coater, and a kiss coater are used.

[0259]

The drying conditions of the energy ray-curabkndayer forming composition
are not particularly limited; however, in a casevinich the energy ray-curable resin layer
forming composition contains a solvent describddwgethe energy ray-curable resin
layer forming composition is preferably heated dridd. The energy ray-curable resin
layer forming composition containing a solventiisfprably dried at AT to 130C for 10
seconds to 5 minutes.

[0260]

<Resin Layer Forming Composition (IV-1)>

Examples of the energy ray-curable resin layanfiog composition include an
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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 (IV-1)") and thé&ei

[0261]

[Energy Ray-Curable Component (a)]

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

Examples of the energy ray-curable componenin@lde a polymer (al) which
has an energy ray-curable group and a weight-ageragecular 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 Ipolymer at least a part of which is
crosslinked with a crosslinking agent or a polynvaich is not crosslinked.

[0262]

(Polymer Having Energy Ray-Curable Group and WeAylerage 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 polymerizing an acrylic polymer (all) imgva functional group capable of
reacting with groups in other compounds and anggnexy-curable compound (al2)
having a group that reacts with the functional grand an energy ray-curable group
such as an energy ray-curable double bond.

[0263]

Examples of the functional group capable of rectiith groups in other

compounds include a hydroxyl group, a carboxy greumpamino group, a substituted
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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 other tharagboxy group from the viewpoint of
preventing the corrosion of circuits of semiconduetafers, semiconductor chips, or the
like.

Among these, the functional group is preferabiydroxyl group.

[0264]

[Acrylic Polymer Having Functional Group (all)

Examples of the acrylic polymer (all) having actional group include acrylic
polymers formed by copolymerizing an acrylic monotnaving the above-described
functional group and an acrylic monomer not hahgabove-described functional group,
and the acrylic polymer may be an acrylic polynwenfed by copolymerizing the
above-described monomers and, furthermore, a monotner than acrylic monomers
(non-acrylic monomer).

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

[0265]

Examples of the acrylic monomer having a functigmaup include hydroxyl
group-containing monomers, carboxy group-contaimy@momers, amino
group-containing monomers, substituted amino groa@aining monomers, epoxy
group-containing monomers, and the like.

[0266]

Examples of the hydroxyl group-containing monomectude hydroxyalkyl
(meth)acrylates such as hydroxymethyl (meth)aayl2thydroxyethyl (meth)acrylate,

2-hydroxypropyl (meth)acrylate, 3-hydroxypropy! @mgcrylate, 2-hydroxybutyl
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(meth)acrylate, 3-hydroxybutyl (meth)acrylate, @aldydroxybutyl (meth)acrylate;
non-(meth)acrylic unsaturated alcohols such ad @ltphol and allyl alcohol
(unsaturated alcohols not having a (meth)acrylkglezon); and the like.

[0267]

Examples of the carboxy group-containing mononresiside ethylenic
unsaturated monocarboxylic acids such as (metH)aemid and crotonic acid
(monocarboxylic acids having an ethylenic unsaagtditond); ethylenic unsaturated
dicarboxylic acids such as fumaric acid, itacoritlamaleic acid, and citraconic acid
(dicarboxylic acids having an ethylenic unsaturdtedd); anhydrides of the ethylenic
unsaturated dicarboxylic acid; carboxyalkyl (methytates such as 2-carboxyethyl
methacrylate; and the like.

[0268]

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

[0269]

The acrylic polymer (all) may be constituted dfyame 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 typdthe acrylic monomers having a
functional group, the combination and ratio therean be arbitrarily selected.

[0270]

Examples of the acrylic monomer not having a fiomatl 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)acrylateyutyl (meth)acrylate, isobutyl
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(meth)acrylate, sec-butyl (meth)acrylate, tert-b(ityeth)acrylate, pentyl (meth)acrylate,
hexyl (meth)acrylate, heptyl (meth)acrylate, 2-#ibyyl (meth)acrylate, isooctyl
(meth)acrylate, n-octyl (meth)acrylate, n-nonyl {ieacrylate, isononyl (meth)acrylate,
decyl (meth)acrylate, undecyl (meth)acrylate, dgtéuoeth)acrylate (lauryl
(meth)acrylate), tridecyl (meth)acrylate, tetrad€oyeth)acrylate (myristyl
(meth)acrylate), pentadecyl (meth)acrylate, hexgd@eeth)acrylate (palmityl
(meth)acrylate), heptadecyl (meth)acrylate, anddetyl (meth)acrylate (stearyl
(meth)acrylate) and the like

[0271]

In addition, examples of the acrylic monomer reotihg a functional group also
include alkoxyalkyl group-containing (meth)acryéicid esters such as methoxymethyl
(meth)acrylate, methoxyethyl (meth)acrylate, ethm&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 (methygate; and the like.

[0272]

The acrylic polymer (all) may be constituted dfyame type or two or more
types of the acrylic monomers not having a funalaroup, and, in a case in which the
acrylic polymer is constituted of two or more typdthe acrylic monomers not having a
functional group, the combination and ratio therean be arbitrarily selected.

[0273]

Examples of the non-acrylic monomer include okeBach as ethylene and

norbornene; vinyl acetate; styrene; and the like.
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The acrylic polymer (all) may be constituted dfy@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
thereof can be arbitrarily selected.

[0274]

The ratio (amount) of a constituent unit deriveahf the acrylic monomer having
a functional group with respect to the total amafreonstituent units constituting the
acrylic polymer (all) is preferably 0.1% to 50%rbgss, more preferably 1% to 40% by
mass, and particularly preferably 3% to 30% by mas§hen the ratio is in the
above-described range, in the acrylic resin (adbiined by polymerization between the
acrylic polymer (all) and the energy ray-curablapound (al2), it becomes possible to
easily adjust the degree of curing of the firstt@ective film to a preferred range by
satisfying the amount of the energy ray-curableigro

[0275]

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

[0276]

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

[0277]

CEnergy 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
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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 groupeasbove-described group. For
example, in a case in which the energy ray-curatwepound (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 hydidogipup as the functional group.

[0278]

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

[0279]

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

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

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

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

[0280]

The energy ray-curable compound (al12) 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
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combination and ratio thereof can be arbitrarilgsid.

[0281]

The ratio of the amount of an energy ray-curabbeig derived from the energy
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 above-desctitange, the adhesive force of the first
protective film after curing becomes stronger. Kehile, in a case in which the energy
ray-curable compound (al2) is a monofunctional coumpl (having one group in one
molecule), the upper limit value of the ratio o tamount thereof becomes 100 mol%;
however, in a case in which the energy ray-curabiapound (al2) is a polyfunctional
compound (having two or more groups in one moléctie upper limit value of the ratio
of the amount thereof exceeds 100 mol% in somescase

[0282]

The weight-average molecular weight (Mw) of théypter (al) is preferably
100,000 to 2,000,000 and more preferably 300,0a00560,000.

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

[0283]

In a case in which at least a part of the poly(aé} 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 mmmre described above as the
monomers constituting the acrylic polymer (all) hade a group that reacts with the
crosslinking agent and is crosslinked in the gringt reacts with the crosslinking agent or
may be a polymer crosslinked in a group which isvee from the energy ray-curable

compound (al12) and reacts with the functional group
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[0284]

The resin layer forming composition (IV-1) and greergy ray-curable resin layer
may contain only one type or two or more typeshefppolymers (al), and, in a case in
which the resin layer forming composition and thergy ray-curable resin layer contain
two or more types of the polymers, the combina#ind ratio thereof can be arbitrarily
selected.

[0285]

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

Examples of the energy ray-curable group in thegmund (a2) which has an
energy ray-curable group and a molecular weighi0gfto 80,000 include groups having
an energy ray-curable double bond, and preferrathgles thereof include a
(meth)acryloyl group, a vinyl group, and the like.

[0286]

The compound (a2) is not particularly limited asd as the compound satisfies
the above-described conditions, and examples ther@ade 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.

[0287]

Among the compound (a2), examples of the low-mdireweight compounds
having an energy ray-curable group include polyfiamal monomers, oligomers, and the
like, and acrylate-based compounds having a (matyiigyl group are preferred.

Examples of the acrylate-based compounds inclifdaational (meth)acrylates
such as 2-hydroxy-3-(meth)acryloyloxypropoyl metiyéate, polyethylene glycol

di(meth)acrylate, propoxylated ethoxylated bisphéndi(meth)acrylate,
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2,2-bis[4-((meth)acryloxypolyethoxy)phenyl]propae¢hoxylated bisphenol A
di(meth)acrylate, 2,2-bis[4-((meth)acryloxydiethpiyenyl]propane,
9,9-bis[4-(2-(meth)acryloyloxyethoxy)phenyl]fluoren
2,2-bis[4-((meth)acryloxypolypropoxy)phenyl]propamegcyclodecanedimethanol
di(meth)acrylate, 1,10-decanediol di(meth)acrylaté;hexanediol di(meth)acrylate,
1,9-nonanediol di(meth)acrylate, dipropylene glydidimeth)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-((tingcryloylethoxy)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-(mtryloxyethyl) isocyanurate,
g-caprolactone-modified tris-(2-(meth)acryloxyethigdcyanurate, ethoxylated glycerin
trilmeth)acrylate, pentaerythritol trilmeth)acr@atrimethylolpropane trilmeth)acrylate,
ditrimethylolpropane tetra(meth)acrylate, ethoxgthpentaerythritol tetra(meth)acrylate,
pentaerythritol tetra(meth)acrylate, dipentaerythipoly(meth)acrylate, and
dipentaerythritol hexa(meth)acrylate;

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

[0288]

Among the compound (a2), as the epoxy resins bainenergy ray-curable
group and the phenolic resins having an energyuagble group, for example, the epoxy
resins and the phenolic resins described in Pgghdgi@43 and the like of “Japanese
Unexamined Patent Application, First Publication 8013-194102” can be used. These

resins also correspond to resins constituting artbhsetting component described below;
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however, in the present invention, the resins mélhandled as the compound (a2).

[0289]

The weight-average molecular weight of the complo{@2) is preferably 100 to
30,000 and more preferably 300 to 10,000.

[0290]

The resin layer forming composition (IV-1) and #eergy ray-curable resin layer
may contain only one type or two or more typeshef¢compounds (a2), and, in a case in
which the resin layer forming composition and thergy ray-curable resin layer contain
two or more types of the polymers, the combinatiod ratio thereof can be arbitrarily
selected.

[0291]

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

In the case of containing the compound (a2) agtieegy ray-curable component
(a), the resin layer forming composition (IV-1) atheé energy ray-curable resin layer
preferably further contain a polymer (b) not havamy energy ray-curable groups.

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

[0292]

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-

[0293]

The acrylic polymer (b-1) may be a well-known dicrpolymer, and, for
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example, the acrylic polymer may be a homopolynfi@ne type of acrylic monomer, a
copolymer of two or more types of acrylic monomenrsa copolymer of one or more
types of acrylic monomers and one or more typaa@iomers other than acrylic
monomers (non-acrylic monomers).

[0294]

Examples of the acrylic monomer constituting tbeylic 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.

[0295]

Examples of the alkyl (meth)acrylic acid estexdude alkyl (meth)acrylic acid
esters in which an alkyl group constituting theyhlister has 1 to 18 carbon atoms and has
a chain-like shape such as methyl (meth)acryldty) éneth)acrylate, n-propyl
(meth)acrylate, isopropyl (meth)acrylate, n-butykth)acrylate, isobutyl (meth)acrylate,
sec-butyl (meth)acrylate, tert-butyl (meth)acryjagentyl (meth)acrylate, hexyl
(meth)acrylate, heptyl (meth)acrylate, 2-ethylhegeth)acrylate, isooctyl (meth)acrylate,
n-octyl (meth)acrylate, n-nonyl (meth)acrylate nenyl (meth)acrylate, decyl
(meth)acrylate, undecyl (meth)acrylate, dodecyltfhaerylate (lauryl (meth)acrylate),
tridecyl (meth)acrylate, tetradecyl (meth)acrylatgristyl (meth)acrylate), pentadecyl
(meth)acrylate, hexadecyl (meth)acrylate (palniitykth)acrylate), heptadecyl
(meth)acrylate, and octadecyl (meth)acrylate (gt€areth)acrylate) and the like.

[0296]

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

cycloalkyl (meth)acrylic acid esters such as isagbfmeth)acrylate and dicyclopentanyl
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(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; and the like.

[0297]

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

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

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

[0298]

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

[0299]

Examples of the polymer (b) at least a part ofclwhs crosslinked with a
crosslinking agent and which does not have theggmary-curable group include
polymers in which a reactive functional group ie fholymer (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 aigolyyanate 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 group ithhtghly reactive with isocyanate
groups is preferred. In addition, in a case inchtthe crosslinking agent is an
epoxy-based compound, examples of the reactivdifurat group include a carboxy
group, an amino group, an amide group, and the dikd, among these, the carboxy group
that is highly reactive with epoxy groups is preder  Here, the reactive functional

group is preferably a group other than a carboxygifrom the viewpoint of preventing
the corrosion of circuits of semiconductor wafersemiconductor chips.

[0300]

Examples of the polymer (b) which has the readivetional group but does not
have any energy ray-curable groups include polymbtained 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 consgtthe acrylic polymer, monomers
having a reactive functional group may be used.aniples of the polymer (b) having a
hydroxyl group as the reactive functional groudude polymers obtained by
polymerizing hydroxyl group-containing (meth)aceyéicid ester and also include
polymers obtained by polymerizing monomers formgdudbstituting one or more
hydrogen atoms in the previously exemplified acrgionomer or non-acrylic monomer
with the reactive functional group.

[0301]

In the polymer (b) having a reactive functionauw, the ratio (amount) of the
amount of a constituent unit derived from a monohea/ing a reactive functional group is
preferably 1 to 20% by mass and more preferabty 206 by mass with respect to the

total amount of constituent units constituting pgadymer. 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.

[0302]

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 tlesin layer forming composition (IV-1)
becomes more preferable.

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

[0303]

The resin layer forming composition (IV-1) and greergy ray-curable resin layer
may contain only one type or two or more typeshefpolymers (b) not having any energy
ray-curable groups, and, in a case in which thia tager forming composition and the
energy ray-curable resin layer contain two or nigpes of the polymers not having any
energy ray-curable groups, the combination and tagreof can be arbitrarily selected.

[0304]

Examples of the resin layer forming compositiovt 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 a polymer (bXhaving an energy ray-curable group,
and in this case, the polymer (al) is further peddly contained. In addition, the resin
layer forming composition (IV-1) may contain thelyooer (al) and the polymer (b) not
having any energy ray-curable groups without combgi the compound (a2).

[0305]

In a case where the resin layer forming compasitig-1) contains the polymer

(al), the compound (a2), and the polymer (b) neirggany energy ray-curable groups, in
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the resin layer forming composition (IV-1), the ambof the compound (a2) is preferably
10 to 400 parts by mass, and more preferably 3B@oparts by mass with respect to the
total amount (100 parts by mass) of the polyme) &atl the polymer (b) not having any
energy ray-curable groups.

[0306]

In the resin layer forming composition (IV-1), traio of the total amount of the
energy ray-curable component (a) and the polymendbhaving 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 inghergy 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 tieegy ray-curable component is in
the above-described range, the energy ray-curioggpty of the energy ray-curable resin
layer becomes more favorable.

[0307]

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 photopetization initiator, a filler, a
coupling agent, a crosslinking agent, and a vdesatiditive depending on the purpose.
For example, when the resin layer forming compaosi{iV-1) containing the energy
ray-curable component and a thermosetting compasersied, the adhesive force of an
energy ray-curable resin layer to be formed to estias improves by heating, and the
strength of the first protective film formed of $kenergy ray-curable resin layer also
improves.

[0308]
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As the thermosetting component, the photopolyraéion initiator, the filler, the
coupling agent, the crosslinking agent, and theatde additive in the resin layer forming
composition (IV-1), it is possible to exemplify gs@which are the same as the
thermosetting component (B), the photopolymerizaiiatiator (H), the filler (D), the
coupling agent (E), the crosslinking agent (F), dredversatile additive (1) in the resin
layer forming composition (l11-1).

[0309]

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

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

[0310]

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

Examples of the solvent contained in the resieddgrming composition (I1V-1)
include the same solvent as that in the resin leyreting composition (I11-1).

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

[0311]
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<<Method for Manufacturing of Energy Ray-Curablesi Layer Forming
Composition>>

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

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

In a case in which the solvent is used, the soliey 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 kingihe solvent with the blending
components without diluting all of the blending quonents 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 togethi@otating a stirring stick, a stirring
blade, or the like; a method in which the composi@né mixed together using a mixer,
and a method in which the components are mixedhegdédy 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.

[0312]

Method for Manufacturing First Protective Film Fong Sheet

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

For example, in the manufacturing of the firstmuing sheet, in a case in which
the first pressure-sensitive adhesive layer ofitheinterlayer is stacked on the first base
material, the first pressure-sensitive adhesiverlay the first interlayer can be stacked by
applying the first pressure-sensitive adhesive asiion or the first interlayer forming
composition described above onto the first basen@tand drying the composition or
irradiating the composition with energy rays asassary.

[0313]

Meanwhile, for example, in a case in which theabie 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 be direatyed by applying the thermosetting resin
layer forming composition or the energy ray-curaielgin layer forming composition on
the first pressure-sensitive adhesive layer. @ilyilin a case in which the first
pressure-sensitive adhesive layer is further sthokethe first interlayer that has been
stacked on the first base material, the first pressensitive adhesive layer can be directly
formed by applying the first pressure-sensitiveesmille composition onto the first
interlayer. As described above, in a case in whiskacking structure of two continuous
layers is formed using any compositions, it is gmegso newly form a layer by further
applying the composition onto a layer formed of dabeve-described composition. Here,
the stacking structure of two continuous layegréferably formed by forming, between
these two layers, the layer which is stacked latea separate peeling film in advance
using the above-described composition and attadhigxposed surface of the
already-formed layer opposite to the surface intacrwith the peeling film to the

exposed surface of the other layer that has beemeth At this time, the
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above-described composition is preferably appliet @ peeling-treated surface of the
peeling film. The peeling film may be removed asessary after the formation of the
stacking structure.

[0314]

For example, in a case in which a first protecfie forming sheet formed by
stacking the first pressure-sensitive adhesiverlagehe first base material and stacking
the curable resin layer on the first pressure-tigasadhesive layer is manufactured (the
first protective film forming sheet in which thedi supporting sheet is a stack of the first
base material and the first pressure-sensitivesaddhéayer), 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 tluesetting resin layer forming composition
or the energy ray-curable resin layer forming cosmgan onto the peeling film and drying
the curable resin layer forming composition as ssagsy so as to form the curable resin
layer on the peeling film, and attaching the expgos&face of the curable resin layer to
the exposed surface of the first pressure-sengtihesive layer that has been stacked on
the first base material so as to stack the cunasia 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 enal and stacking the first
pressure-sensitive adhesive layer on the firstlater is manufactured, the first
supporting sheet can be obtained by applying tiseifiterlayer forming composition onto
the first base material and drying the first irdgdr forming composition or irradiating the

first interlayer forming composition with energyysaas necessary so as to stack the first
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interlayer on the first base material, separatgplying the first pressure-sensitive
adhesive composition onto the peeling film andrmiyythe first pressure-sensitive adhesive
composition as necessary so as to form the fiegtqure-sensitive adhesive layer on the
peeling film, and attaching the exposed surfadbefirst pressure-sensitive adhesive
layer to the exposed surface of the first intenidaiiat has been stacked on the first base
material so as to stack the first pressure-seesitilhesive layer on the first interlayer. In
this case, the first protective film forming sheat be obtained by, for example,
separately, further applying the thermosettingréssyer forming composition or the
energy ray-curable resin layer forming compositioto the peeling film and drying the
curable resin layer forming composition as necgssass to form the curable resin layer
on the peeling film and attaching the exposed sertd the curable resin layer to the
exposed surface of the first pressure-sensitivesidé layer that has been stacked on the
first interlayer so as to stack the curable resyef on the first pressure-sensitive adhesive
layer.

[0315]

Meanwhile, in a case in which the first presswgesgtive adhesive layer or the
first interlayer is stacked on the first base mateas described above, the first
pressure-sensitive adhesive layer or the firstlager 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 fitsise material, applying the first
pressure-sensitive adhesive composition or theifitsrlayer forming composition onto
the peeling film and drying the composition or diating the composition with energy
rays as necessary so as to form the first presansitive adhesive layer or the first
interlayer on the peeling film and attaching thpa@sed surface of this layer to one surface

of the first base material so as to stack the firessure-sensitive adhesive layer or the
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first interlayer on the first base material.

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

[0316]

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

[0317]

Meanwhile, the first protective film forming shest generally, stored in a state in
which the peeling film is attached to the surfatéhe 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 beadbéed by applying a composition for
forming a layer constituting the outermost layestsas thermosetting resin layer forming
composition or the energy ray-curable resin lapeming composition onto the peeling
film (preferably the peeling-treated surface théraad drying the applied peeling film as
necessary so as to form the layer constitutingptiermost layer on the peeling film,
stacking the remaining layers on the exposed seiidacthe opposite side to the surface of
the layer in contact with the peeling film using/af the above-described methods, and
leaving the layers in the attached state withoomongng the peeling film.

[Examples]

[0318]

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

[0319]

The components used for manufacturing the therttingaesin 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 tempeeadfir28C) 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 “GMAT ffarts by mass), and 2-hydroxyethyl
acrylate (hereinafter, abbreviated as “HEA”) (15tpdy 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.)

Epoxy resin (B1)-3: A dicyclopentadiene type epoasin (“EPICLON HP-7200"
manufactured by DIC Corporation)

Orhermal Curing Agent

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

[(Curing Accelerator

Curing accelerator (C)-1: 2-phenyl-4,5-dihydroxyhyimidazole (“Curezol 2

PHZ-PW” manufactured by Shikoku Chemicals Corporgti
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CFiller

Filler (D)-1: A spherical silica modified with apoxy group (“Admanano YA
050 C-MKK” manufactured by Admatechs., an averagigle diameter: 50 nm)

Filler (D)-2: A spherical silica modified with apoxy group (“Admanano SC
1050-MA” manufactured by Admatechs., an averagégb@diameter: 300 nm)

Filler (D)-3: A spherical silica modified with apoxy group (“Admanano SC
2050-MA” manufactured by Admatechs., an averagéghadiameter: 500 nm)

Filler (D)-4: A spherical silica modified with apoxy group (“Admanano SC
4050-MA” manufactured by Admatechs., an averagéghaidiameter: 1000 nm)

Filler (D)-5: A spherical silica modified with apoxy group (“Admanano YC
100 C-MJK” manufactured by Admatechs., an averagéqgbe diameter: 100 nm)

[0320]

[Manufacturing Example 1]

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

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

2-methacryloyloxyethyl isocyanate (hereinaftehraviated as “MOI”) (22 parts
by mass, approximately 80 mol% with respect to HEA} added to the acrylic polymer,
and an addition reaction was performed &Csfor 48 hours in an air stream so as to
obtain a target pressure-sensitive adhesive regi)(

[0321]

[Example 1]

<Manufacturing of First Protective Film Formingegit>

(Manufacturing of Thermosetting Resin Layer Forgn@omposition)
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The polymer component (A)-1, the epoxy resin (B1)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 was dissolved or dispersed in nyé#thyl ketone such that the ratios of
these amounts are the values indicated in thewWoilp Table 1, and stirred at 23 so as
to obtain a resin layer forming composition (1114igving the solid content concentration
of 55% by mass as a thermosetting resin layer fogroomposition. Note that, the
description “-” in the column of contained compotgeim the following Table 1 means that
the thermosetting resin layer forming compositioesinot contain that component.

[0322]

(Manufacturing of First Pressure-Sensitive Adhe$domposition)

As an isocyanate crosslinking agent, a tolylemsodyanate trimer adduct of
trimethylolpropane (“Coronate L” manufactured bysdh Corporation) (0.5 parts by
mass) was added to the pressure-sensitive adiresive(I-2a) (100 parts by mass)
obtained in Manufacturing Example 1 and stirred3C so as to obtain a first
pressure-sensitive adhesive composition (I-2) ltathe solid content concentration of
30% by mass, as the first pressure-sensitive aghesimposition. Note that, the number
of compounding parts in this “Manufacturing of EiFressure-Sensitive Adhesive
Composition” is all in terms of solid content.

[0323]

(Manufacturing of First Protective Film Formingegi)

The above-obtained first pressure-sensitive adeasimposition was applied
onto a peeling-treated surface of a peeling fil®R*PET381031” manufactured by Lintec
Corporation, thickness: 38n) obtained by carrying out a peeling treatmenaaingle
surface of a polyethylene terephthalate film witkilwone treatment and was heated and

dried at 120°C for two minutes, thereby formingratfpressure-sensitive adhesive layer
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with a thickness of 60m.

Next, a stacked film with a thickness of 0% formed by stacking a polyolefin
film (thickness: 25um), an adhesive layer (thickness: grb), a polyethylene
terephthalate film (thickness: %@n), an adhesive layer (thickness: grB), and a
polyolefin film (thickness: 2um) in this order was attached as a first base mahteran
exposed surface of the first pressure-sensitivesidé layer, thereby obtaining a first
supporting sheet.

[0324]

The above-obtained thermosetting resin layer fogngiomposition was applied
onto a peeling-treated surface of a peeling fil®BR*PET381031" manufactured by Lintec
Corporation, thickness: 38n) obtained by carrying out a peeling treatmena simgle
surface of a polyethylene terephthalate film witkilecone treatment and was dried at
100°C for two minutes, thereby forming a thermosettiegin film (thermosetting resin
layer) with a thickness of 4om.

[0325]

Next, the peeling film was removed from the fps¢ssure-sensitive
adhesive layer of the above-obtained first suppgrsheet, an exposed surface of the
thermosetting resin film obtained above was attd¢bhean exposed surface of the first
pressure-sensitive adhesive layer, thereby obtihia first protective film forming sheet
formed by stacking the first base material, thst firessure-sensitive adhesive layer, the
thermosetting resin layer, and the peeling filnthis order in the thickness direction.

[0326]

<Evaluation of Cured Material of Thermosetting ReSilm>

(Measurement ofHaze {hof Surface of Cured Material of Thermosetting iRes

Film)
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After removing the peeling film from the first gective film forming sheet
obtained as described above, the exposed thernmgsessin film (thermosetting resin
layer) was attached to a glass plate. Next, tisé supporting sheet was peeled from the
thermosetting resin film, and the thermosettingnréidm remaining on the glass plate
was heated at 18Q for one hour so as to be thermally cured. Sulseity, the haze of
the surface of the thermosetting film after beinged (that is, the first protective film)
was measured by using a haze meter (“NDH 5000” fieatwred by NIPPON
DENSHOKU INDUSTRIES CO., LTD).

The procedures described above were repeatedtihmes, the average value of
the obtained measurement values of the haze waslatd, and the average value was
regarded as the haze)lof the surface of the thermosetting film afteigecured. The
results are indicated in Table 1.

[0327]

(Evaluation of Optical Properties of Cured MateoBThermosetting Resin
Film)

The above-obtained thermosetting resin layer flogngiomposition was applied
onto a peeling-treated surface of a peeling fil®R*PET381031” manufactured by Lintec
Corporation, thickness: 38n) obtained by carrying out a peeling treatmena simgle
surface of a polyethylene terephthalate film witkileone treatment and was dried at
100°C for two minutes, thereby forming a thermosettiegin film with a thickness of 40
pm. Next, a cured material (that is, the first potive film) was obtained by heating the
thermosetting resin film at 186G for one hour so as to be thermally cured.

The cured material of the thermosetting resin biotained above was placed on
a wood-free paper on which a blue “+” mark havirgjze of 1 mm in length and 1 mm in

width was printed on the surface, and by usingnaera set above this cured material, the
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visibility of the “+” mark on the surface of the wd-free paper through the cured material
was evaluated according to the following evaluatateria. The results are indicated in
Table 1.

A: Mark is clearly recognized.

B: Mark is not clear, and is not clearly recoguize

[0328]

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

[Examples 2 and 3 and Comparative Examples 1 to 5]

A first protective film forming sheet was manuia@d in the same method as
that used in Example 1 except that the containegpoment 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.
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[0329]
[Table 1]
Example | Example | Example | Comparative | Comparative | Comparative | Comparative | Comparative
1 2 3 Example 1 Example 2 Example 3 Example 4 Example 5
Polymer 5y 100 100 100 100 100 100 100 100
component
(B1)-1 135 135 135 135 135 135 135 135
Epoxy (B1)-2 90 90 90 90 90 90 90 90
resin
Contained (B1)-3 150 150 150 150 150 150 150 150
comnent | ol
(parts by curing (B2)-1 180 180 180 180 180 180 180 180
mass)) of Ca gent
thermosetting urmg (©)-1 1 1 1 1 1 1 1 1
resin layer accelerator
forming (D)-1 160
composition (D)-2 160 20 30
Filler (D)-3 160 140 130
(D)-4 80 160
(D)-5 160 80
h1 of thermosetting
resin film after 25.6 43.8 32.3 99.3 99.7 99.4 55.1 78.1
Evaluation .belng cureo}
Optical properties of
results . .
thermosetting resin A A A B B B B B

film after being
cured
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[0330]

As apparent from the above results, in Examples3, the haze ¢ of the
surface of the cured material of the thermosettasin film is as small as 25.6 to 43.8 and
the cured material of the thermosetting resin filas excellent in optical properties.

On the other hand, in Comparative Examples 1 tbhéhaze (}) of the surface
of the cured material of the thermosetting redn fivas equal to or more than 55.1 and

the cured material of the thermosetting resin fias inferior in optical properties.

Industrial Applicability
[0331]
The present invention can be used for manufagwisemiconductor chip or the

like having bumps at a connection pad portion usedflip chip mounting method.

Reference Signs List
[0332]

1, 2, 3... FIRST PROTECTIVE FILM FORMING SHEET, 11..IRST BASE
MATERIAL, 11a... SURFACE OF FIRST BASE MATERIAL, 12.CURABLE RESIN
LAYER (CURABLE RESIN FILM), 12'... FIRST PROTECTIVEIEM, 13... FIRST
PRESSURE-SENSITIVE ADHESIVE LAYER, 13a... SURFACE GRST
PRESSURE-SENSITIVE ADHESIVE LAYER, 14... FIRST INTERYER, 101, 102,
103... FIRST SUPPORTING SHEET, 101a, 102a, 103a... {THFOF FIRST
SUPPORTING SHEET, 90... SEMICONDUCTOR WAFER, 90a... CIRT SURFACE

OF SEMICONDUCTOR WAFER, 91... BUMP, 91a... SURFACE OB8P
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CLAIMS

What is claimed is:

1. A curable resin film for forming a first protéa film on a surface
having bumps of a semiconductor wafer by beingchttd to the surface and being cured,
wherein a haze hof a surface of the curable resin film after lgegured is 50

or lower when the curable resin film is cured byptireg at 160C for one hour.

2. A curable resin film for forming a first protéa film on a surface
having bumps of a semiconductor wafer by beingchttd to the surface and being cured,
wherein a haze ¢hof a surface of the curable resin film after lgeaured is 50
or lower when the curable resin film is cured bynigdarradiated with ultra violet ray in a
condition where intensity of illumination is 230 ikt and quantity of light is 510

mJ/cnd.

3. The curable resin film according to claim 12pwherein the curable

resin film includes a filler with an average padidiameter of 250 nm or less.

4. A sheet for forming a first protective film cpnising:
the curable resin film according to any one ofrokil to 3 on one surface of a

first supporting sheet.



