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DESCRIPTION

Title of Invention
THERMOSETTING RESIN FILM, FIRST PROTECTIVE FILM FORNG SHEET,

AND METHOD FOR FORMING FIRST PROTECTIVE FILM

Technical Field

[0001]

The present invention relates to a thermosetgsmrfilm, a first protective film
forming sheet using the thermosetting resin filmd a method for forming a first
protective film.

Priority is claimed on Japanese Patent ApplicaNon2015-217117, filed on

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

Background Art

[0002]

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

[0003]

The semiconductor chip that is used in this magntethod is obtained by, for
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example, grinding a surface opposite to a cirauifage of a semiconductor wafer having
bumps formed on the circuit surface and dicingsimmiconductor wafer into pieces. In
the process of obtaining the above-described sewiatior chip, generally, for the
purpose of protecting a circuit surface and a bofrthe semiconductor wafer, a curable
resin film is attached to the bump-formed surfaee] this film is cured so as to form a
protective film on the bump-formed surface. Theable resin film containing a
thermosetting component cured by heating has bédglywsed, and as a protective film
forming sheet provided with such a thermosettirggr&lm, a protective film forming
sheet formed by stacking a thermoplastic resinrlagging a predetermined thermal
elastic modulus on the film and further stackirthermoplastic resin layer which is not
plastic at 28C on the uppermost layer of the thermoplastic rissiar has been disclosed
(refer to Patent Document 1). In addition, acaogdo Patent Document 1, this
protective film forming sheet is excellent in terofsoump filling properties of the
protective film, wafer workability, electric conrtean reliability after resin sealing, and
the like.

[0004]

However, there was a problem in that the protedilm formed of the
thermosetting resin film may contain bubbles in earases. If bubbles are present in
the protective film, the adhesion between the bdionpied surface and the protective
film is lowered, or a protection function agairts¢ ttircuit surface and the bump of the
protective film is deteriorated such that the prote film cannot sufficiently exhibit the
protection function in some cases. In additiomubbles are present in the protective
film, when this protective film is heated by soldefiow or the like, the bubbles are
expanded and the adhesion between the bump-foranisate and the protective film is

lowered, or in a case where the bubbles are rapiihanded, the protective film is
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ruptured, and the protective film and the semicatoiuchip are separated, or the
semiconductor chip is damaged, including the cirsuiface, the bumps, and the like.
In addition, in the protective film disclosed int@at Document 1, it is not certain

whether or not containing of the bubbles can b@mgsed.

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

Publication No. 2005-028734

Summary of Invention
Technical Problem

[0006]

An object of the present invention is to providiéa@mosetting resin film which
is capable of forming a protective film, in whicbntaining of bubbles is suppressed, on
a bump-formed surface, a protective film formingeathobtained by using the
thermosetting resin film, and a method for formangrotective film by using the

thermosetting resin film.

Solution to Problem

[0007]

According to the present invention, there is piled a thermosetting resin film
for forming a first protective film on a surfacevirag a bump of a semiconductor wafer

by being attached to the surface and being theyroaled, in which when the
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thermosetting resin film before curing is heated &dising temperature speed of
10°C/min, a time during which a viscosity at a shede of 1 8 is equal to or lower than
100,000 P# is equal to or longer than 500 seconds.

In addition, according to the present inventitweré is provided a first
protective film forming sheet including the therrati;g resin film on one surface of a
first supporting sheet.

In addition, according to the present inventitveré is provided a method for
forming a first protective film including formindpé first protective film by thermally
curing the thermosetting resin film while pressimgzat a pressure of equal to or greater

than 0.1 Pa.

Advantageous Effects of Invention

[0008]

It is possible to form a protective film, in whiclbntaining bubbles is
suppressed, on a bump-formed surface by usingrmdisetting resin film and a first
protective film forming sheet of the present invent and by employing a method for

forming the protective film of the present invemtio

Brief Description of Drawings

[0009]

FIG. 1 is a sectional view schematically showingegaample of a state in which
a first protective film is formed on a bump-formaaface by using a thermosetting resin
film of the present invention.

FIG. 2 is a sectional view schematically showingeaample of a state in which

a protective film is formed on a bump-formed suefdy using the thermosetting resin
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FIG. 3 is a sectional view schematically showingeanbodiment of a first
protective film forming sheet of the present invent

FIG. 4 is a sectional view schematically showingtaer embodiment of the first
protective film forming sheet of the present invent

FIG. 5 is a sectional view schematically showiti another embodiment of the
first protective film forming sheet of the preséntention.

FIG. 6 is a graph showing a relationship betwesatihg time, temperature, and

shear viscosity (V1) of samples in Examples 1 aad@ Comparative Example 1.

Description of Embodiments

[0010]

The present invention relates to a thermosetsmrfilm for forming a first
protective film on a surface having a bump of aisenductor wafer by being attached
to the surface and being thermally cured, in whitfen the thermosetting resin film
before curing is heated at a raising temperatugedpf 10°C/min, a time during which
the viscosity at a shear rate of iis equal to or lower than 100,000 equal to or
longer than 500 seconds.

In addition, the first protective film forming shieof the present invention is
provided with the thermosetting resin film of thegent invention on one surface of the
first supporting sheet. In the first protectivienfiforming sheet, the “thermosetting resin
film” may be referred to as a “thermosetting rdaiyer”.

[0011]

The first protective film forming sheet of the peat invention is used by

attaching the thermosetting resin layer (a thermtiogeresin film) to the surface having
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the bump of the semiconductor wafer (that is, eutirsurface). Then, the
thermosetting resin layer after attachment hasierease in fluidity by heating, spreads
between the bumps so as to cover the bumps, is ctostact with the circuit surface, and
embeds the bump while covering the surface of theg particularly, the surface of the
portion in the vicinity of the circuit surface. @&hermosetting resin layer in such a
state is further thermally cured by heating scodally form the first protective film
and protects the bump in a state of being in abosgact with the surface on the circuit
surface. After the surface of the semiconductdewan which the first protective film
forming sheet, attached, for example, onto theaserbpposite to the circuit surface is
ground, the first supporting sheet is removed. nJtige bumps are embedded by
heating of the thermosetting resin layer and foghahthe first protective film are
performed, and finally, the semiconductor wafencrporated into the semiconductor
device in a state of being provided with this fpsbtective film.

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

[0012]

In the thermosetting resin film (thermosettingmdayer) of the present
invention, as described above, from the state beaforing, when the thermosetting resin
film before curing is heated at a raising tempesgpeed of 10C/min, a time
(hereinafter, abbreviated a&t1” in some cases) during which a viscosity at @ashate
(hereinafter, abbreviated as “shear viscosity (Mfi)3ome cases) of 1'ss equal to or
lower than 100,000 F&is equal to or longer than 500 seconds. Thathien heating is
performed so as to satisfy the raising temperatpeed before curing, the thermosetting

resin film of the present invention is softened@aad thus the shear viscosity (V1) is



10

15

20

25

7

decreased. Thereatfter, the shear viscosity (Vilirised to be increased, and thereby a
first protective film is finally formed as a curethterial. In addition, in a time zone
when such a shear viscosity (V1) is decreasedtterdturned to be decreased, a low
shear viscosity (V1) of equal to or lower than DOO, P&s, and also, such a low shear
viscosity (V1) can be maintained for comparativielyg time of equal to or longer than
500 seconds. In the thermosetting resin film efgihesent invention, while maintaining
such a low shear viscosity (V1) for a long timasipossible to sufficiently enable
bubbles (voids) contained in the stage before gunrpermeate through the inside of the
thermosetting resin film itself, and to be releatethe outside, and little or no bubbles
are contained at all when curing is completed. eNbat, in the present specification,
the bubbles contained in the thermosetting reBmifiefore the curing include the
bubbles present between the thermosetting resindiiid the bump-formed surface.
Accordingly, in a case where the thermosettingréen of the present
invention is used, finally, the first protectivéniialso contains little or no bubbles, and
thus the adhesion between the bump-formed surfadtéhe first protective film is high,
and the first protective film can sufficiently ekitiits function such as high protection
function to the circuit surface and the bump offile protective film. In addition,
even though this first protective film is heateddmjder reflow or the like, expansion of
bubbles does not occur at all or is suppressedtrarsithe adhesion between the
bump-formed surface and the first protective fisiawered, rupture of the first
protective film suppressed, protection functionha first protective film is maintained,
or damage of the semiconductor chip is suppressad.described above, when the
thermosetting resin film of the present inventisrused, the circuit surface, a portion in
the vicinity of the circuit surface of the bumpatlis, a base portion are sufficiently

protected by the first protective film.



10

15

20

25

[0013]

FIG. 1 is a sectional view schematically showingeaample of a state in which
a first protective film is formed on a bump-form&atface by using the thermosetting
resin film of the present invention. Note thatthe drawings used in the following
description, for the sake of easy understandirntgefeatures of the present invention,
and for the sake of convenience, a portion seraig main part is sometimes enlarged
and the dimensional ratio and the like of each camept is not necessarily the same as
the actual one.

[0014]

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, the shape of a
sphere a part of which is cut out along a flatatef and a flat surface corresponding to a
portion exposed by cutting out the above-descrgaatlis in contact with the circuit
surface 90a of the semiconductor wafer 90.

The first protective film 12’ is formed with thed@rmosetting resin film of the

present invention, covers the circuit surface 90t@ semiconductor wafer 90, and

further covers the top surface of the bump 91 asdsaof the surface 91a of the bump 91.

In this way, the first protective film 12’ is closentact with the top surface of the bump
91 and the surface 91a other than the portiortsevicinity thereof, and is also close
contact with the circuit surface 90a of the semitartor wafer 90 so as to embed the
bump 91.

The bubbles are not present between the surfacefdhe bump 91 and the
circuit surface 90a of the semiconductor wafertB8i is, between the bump-formed
surface and the first protective film 12’, and aldee bubbles are not present inside the

first protective film 12°.  Such a substantiallyhgpical shape of the bump 91 is
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particularly advantageous for forming the firsteagive film in which the containing of
bubbles is suppressed.

[0015]

When a diameter of the bump 91 in a direction lfgr the circuit surface 90a
is increased as the height from the lowermost o the bump 91 (in other words, the
contact portion with the circuit surface 90a) isreased, and becomes the maximum, the
size thereof turns to be decreased. In other wardpace sandwiched between the
surface 91a at a base portion of the bump 91 @@opan the vicinity of the circuit
surface 90a) and the circuit surface 90a is pdatityunarrow in the space above the
bump-formed surface, and becomes narrow as it appes the bottom of the bump 91.
In such a space, the protective film is difficdtfil and the bubbles in the protective
film are difficult to escape, so that the bubblersd to remain particularly.

However, by using the thermosetting resin filnthe present invention, it is
possible to form the first protective film 12’ inhieh the containing of bubbles is
sufficiently suppressed even in such a narrow spacaerefore, the substantially
spherical shape of the bump 91 is particularly athgeous in that the protection action
of the first protective film 12’ can be sufficieptbbtained at the base portion of the bump
91.

[0016]

Note that, the semiconductor wafer to be useth®thermosetting resin film of
the present invention is not limited to that shawkIG. 1, and a configuration in which
a part of the configuration is changed, delete@dduted within a range that does not
impair the effect of the present invention may bedu For example, FIG. 1 shows a
bump having a substantially spherical shape (aeslmawhich a part of a sphere is cut

out by a plane) as described above, and example®ft#red bumps include a bump
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having a shape obtained by stretching the bummpaisubstantially spherical shape in
a height direction (direction orthogonal to thecuit surface 90a of the semiconductor
wafer 90 in FIG. 1), that is, the shape of a spidendich is substantially a long and
spherical shape (a shape in which a portion inolydne end in the major axis direction
of a spheroid which is a long and spherical shameii out by a plane), and a bump
having a shape obtained by crushing the bump havspstantially spherical shape in
the height direction, that is, a shape of a spkesdiich is substantially oblate (a shape in
which a portion including one end in the minor adiiection of a spheroid which is
substantially oblate is cut out by a plane). Saitlump having a substantially
spheroidal shape is also particularly advantagému®rming the first protective film in
which containing of bubbles is suppressed, simdahe substantially spherical bump.

Note that, the shape of the bump described sis faerely an example of a
preferable example in applying the thermosettimgnrélm of the present invention, and
the shape of the bump is not limited to these éengiresent invention.

[0017]

On the other hand, FIG. 2 is a sectional view s@teally showing an example
of a state in which a protective film is formedabump-formed surface by using the
thermosetting resin film in the related art. Medile, in FIG.2, the same constituent
element as in FIG. 2 is given the same referempeas in FIG. 1 and will not be
described in detail.

The protective film 92’ described here is formguausing the thermosetting
resin film in the related art. Bubbles 8 are pn¢seaside of the protective film 92’, and
present between the surface 91a of the bump 9thandrcuit surface 90a of the
semiconductor wafer 90, that is, between the buonméd surface and the protective

film 92'.  Particularly, the bubbles 8 are likely temain between the surface 91a on the
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base portion of the bump 91 and the protective §h Further, the bubbles 8 are
likely to remain on the protective film 92’ of apion sandwiched between the surface
91a on the base portion of the bump 91 and theitsarface 90a.

[0018]

As described above, when the thermosetting rdsinof the present invention
is heated at the raising temperature speed 6€C1fin before the curing, it hagl of
equal to or longer than 500 seconds, and\Mhecan be adjusted by the kinds and
amounts of contained components of the thermosgettisin film to be described later.

TheAtl of the thermosetting resin film of the presemeintion is preferably
equal to or longer than 520 seconds, and for exampdy be any one of equal to or
longer than 540 seconds, equal to or longer th@wsB6onds, equal to or longer than 580
seconds, equal to or longer than 600 seconds,&2hds, and equal to or longer than
640 seconds.

On the other hand, an upper limit value of Ak of the thermosetting resin film
of the present invention is not particularly lintite From the viewpoint that the
thermosetting resin film has excellent thermosgtproperties, thétl is preferably
equal to or shorter than 10,000 seconds, morerat#feequal to or shorter than 5,000
seconds, still more preferably equal to or shahan 3,000 seconds, and particularly
preferably equal to or shorter than 2,000 secaams for example, may be equal to or
shorter than 1,000 seconds.

[0019]

As described above, when the heating is perforatdlde raising temperature
speed of 10C/min before the curing, the thermosetting redim ff the present

invention is softened once, and thereby the shisaosity (V1) is decreased, the shear
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viscosity (V1) becomes equal to or lower than 100,Bas while the time is equal to or
longer than 500 seconds. The lower limit valuéhefshear viscosity (V1) of the
thermosetting resin film of the present inventiorihe process of heating is not
particularly limited, and is preferably 3,000[®anore preferably 6,000 Baand
particularly preferably 9,000 Ea

[0020]

A lower limit value of the temperature of the tlm@setting resin film in which
the shear viscosity is equal to or lower than 100,Pas when the thermosetting resin
film, before curing, of the present invention istexl at the raising temperature speed of
10°C/min is not particularly limited, and is preferalfi0’C, more preferably 6%, and
is particularly preferably 7C.

An upper limit value of the temperature of therthesetting resin film in which
the shear viscosity is equal to or lower than 100,Pas when the thermosetting resin
film of the present invention is heated at theingisemperature speed of 10/min is
not particularly limited, and is preferably T80 more preferably 13C, and is
particularly preferably 14C.

When the temperature of the thermosetting reBmifi in such a range, the
effect of suppressing the containing of bubblethéfirst protective film is further
enhanced.

[0021]

Note that, in the present invention, the raisgmgperature speed of the
thermosetting resin film at the time of determiniktd is 10°C/min, and for example,
even when measuring the time during which the stisaosity is equal to or lower than

100,000 P& at a raising temperature speed of about 9.8.®°00min other than the
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raising temperature speed of XD /min, usually, the time is not much differentrirétl.

[0022]

The thermosetting resin film before curing of ghesent invention is preferably
thermally cured while being pressurized after beitigched to the bump-formed surface
of the semiconductor wafer, and more preferablyemstihe bump by heating and
increasing the fluidity (that is, softening) andhermally cured by further heating and
pressurizing so as to form the first protectivenfil In this way, the effect of suppressing
the containing of bubbles in the first protectiimfis further enhanced by pressurizing
the thermosetting resin film at the time of theigiby heating.

[0023]

The pressure applied at the time of softeningamuhg by heating the
thermosetting resin film of the present inventioaynbbe appropriately adjusted, and is
preferably equal to or greater than 0.1 Pa, magéepably 0.1 MPa to 1 MPa, still more
preferably 0.2 MPa to 0.8 MPa, and particularlyfgrably 0.4 MPa to 0.6 MPa. When
the pressure is equal to or higher than the loingt Value, the effect of suppressing the
containing of bubbles in the first protective filmfurther enhanced, and when the
pressure is equal to or lower than the upper Maliie, an effect of suppressing damage
to the circuit surface of the semiconductor waseenhanced.

[0024]

The thermosetting resin film before curing of fhesent invention is preferably
pressurized by placing in a pressurized atmospdh@iag softening and curing by
heating. With such a configuration, the thermasgttesin film can be easily
pressurized.

[0025]

The heating temperature at which the thermosetéam film of the present
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invention is softened and cured by heating mayppeapriately adjusted according to
the kind of the thermosetting resin film, and isfprably, for example, 8C to 200C.

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

[0026]

First Supporting Sheet

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

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

[0027]

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

base material.
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[0028]

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

FIG. 3 is a sectional view schematically showingeanbodiment of the first
protective film forming sheet of the present invent The first protective film forming
sheet 1 as shown here uses the first supportirej shéained by stacking the first
pressure-sensitive adhesive layer on the first beerial. That is, the first protective
film forming sheet 1 is configured to include thwst pressure-sensitive adhesive layer 13
on the first base material 11, and the thermoget8sin layer (thermosetting resin film)
12 on the first pressure-sensitive adhesive lager The first supporting sheet 101 is a
stacked body of the first base material 11 anditeepressure-sensitive adhesive layer
13, in which the thermosetting resin layer 12 mvifed on one surface 101a of the first
supporting sheet 101, that is, on one surface l8&dirst pressure-sensitive adhesive
layer 13.

In the first protective film forming sheet 1, where heating is performed on the
thermosetting resin layer 12 at the raising tentpegaspeed of 10C/min from the time
before curing as described abokél is equal to or longer than 500 seconds.

[0029]

FIG. 4 is a sectional view schematically showingtaer embodiment of the first
protective film forming sheet of the present invent Meanwhile, in FIG. 4, the same
constituent element as in FIG. 3 is given the seefexence sign as in FIG. 3 and will not
be described in detail. What has been describedeais also true for FIG. 5 and the
subsequent drawings.

The first protective film forming sheet 2 as shadware uses the first supporting
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sheet obtained by stacking the first interlayethenfirst base material, and stacking the
first pressure-sensitive adhesive layer on theifiterlayer. That is, the first protective
film forming sheet 2 is configured to include tlstf interlayer 14 on the first base
material 11, the first pressure-sensitive adhesiyer 13 on the first interlayer 14, and
the thermosetting resin layer (thermosetting rébim 12 on the first pressure-sensitive
adhesive layer 13. The first supporting sheetid@stacked body obtained by stacking
the first base material 11, the first interlayey 4dd the first pressure-sensitive adhesive
layer 13 in this order, in which the thermosettiagin layer 12 is provided on one
surface 102a of the first supporting sheet 103,itha@n one surface 13a of the first
pressure-sensitive adhesive layer 13.

In other words, the first protective film formirspeet 2 is further provided with
the first interlayer 14 between the first base maltd1 and the first pressure-sensitive
adhesive layer 13 in the first protective film fong sheet 1 as shown in FIG. 3.

In the first protective film forming sheet 2, whire heating is performed on the
thermosetting resin layer 12 at the raising tentpegaspeed of 10C/min from the time
before curing as described abokél is equal to or longer than 500 seconds.

[0030]

FIG. 5 is a sectional view schematically showiti another embodiment of the
first protective film forming sheet of the preséntention.

In the first protective film forming sheet 3 aam here, the first supporting
sheet is formed of only the first base materialhaflis, the first protective film forming
sheet 3 is configured to include the thermosettasin layer (thermosetting resin film)
12 on the first base material 11. The first suppgrsheet 103 is formed of only the
first base material 11, the thermosetting resiedd? is provided in direct contact with

on one surface 103a of the first supporting sh@gt that is, one surface 11a of the first
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base material 11.

In other words, the first protective film formirseet 3 is formed by removing
the first pressure-sensitive adhesive layer 18efirst protective film forming sheet 1 as
shown in FIG. 3.

In the first protective film forming sheet 3, whie heating is performed on the
thermosetting resin layer 12 at the raising tentpeesspeed of 10C/min from the time
before curing as described abodél is equal to or longer than 500 seconds.

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

[0031]

First Base Material

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

Examples of the resins include polyethylene scloa-density polyethylene
(LDPE), linear low-density polyethylene (LLDPE),dahigh-density polyethylene
(HDPE); polyolefin other than polyethylene suchpa/propylene, polybutene,
polybutadiene, polymethylpentene, and norbornesi@seethylene-based copolymers
(copolymers obtained using ethylene as monomecs) as ethylene-vinyl acetate
copolymers, ethylene-(meth)acrylate copolymersylette-(meth)acrylic acid ester
copolymers, and ethylene-norbornene copolymers] einloride-based resins (resins
obtained using vinyl chloride as monomers) sucpagvinyl chloride and vinyl chloride
copolymers; polystyrene; polycycloolefin; polyestsuch as polyethylene terephthalate,
polyethylene naphthalate, polybutylene terephtbaladlyethylene isophthalate,
polyethylene-2,6-naphthalene dicarboxylate, andliwf@@omatic polyesters in which all
constituent units have an aromatic cyclic grougotgmers of two or more polyester

described above; poly(meth)acrylic acid estersyyreithane; polyurethane acrylate;
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polyimide; polyamide; polycarbonate; fluororesiojyacetal; modified polyphenylene
oxides; polyphenylene sulfides; polysulfone; pdiggtketones; and the like.

In addition, exemplary examples of the resins aistude polymer alloys such
as mixtures of the polyester and other resins. pkigmer alloys of the polyester and
other resin are preferably polymer alloys in whic@ amount of the resin 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 each other; modified resins such
as ionomers for which one or more resins exemetifetbove are used; and the like.

[0032]

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

[0033]

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

[0034]

The first base material may be a single layer @hyer) or a plurality of layers
(two or more layers), and, in a case in which trst base material is a plurality of layers,
the respective layers in the plurality of layersyrba identical to or different from one
another, and the combination of the plurality g&les is not particularly limited.

[0035]



18

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

Here, “the thickness of the first base materiaférs to the thickness of the

5 entire first base material, and, for example, thekness of the first base material made
up of a plurality of layers refers to the totalckniess of all of the layers constituting the
first base material.

[0036]

The first base material is preferably a first bamsgerial having a high accuracy

10 in thickness, that is, a first base material inchtthe variation of the thickness is
suppressed throughout the entire portion. Amoegtiove-described constituent
materials, examples of materials that can be usedristitute the above-described first
base material having a high accuracy in thickneslside polyethylene, polyolefin other
than polyethylene, polyethylene terephthalate,letigrvinyl acetate copolymers, and the

15 like.

[0037]

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

20 (plasticizer).

[0038]

The first base material may be transparent or epamnd may be colored
depending on the purpose. In addition, other yeay be deposited on the first base
material.

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

[0039]

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

[0040]

First Pressure-Sensitive Adhesive Layer

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

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

[0041]

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

trigger such as heat or water, and the like.
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[0042]

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

[0043]

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

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

[0044]

The first pressure-sensitive adhesive layer may faest pressure-sensitive
adhesive layer formed using an energy ray-curatdsspire-sensitive adhesive or a first
pressure-sensitive adhesive layer formed usinghaenergy ray-curable
pressure-sensitive adhesive. For the first pressensitive adhesive layer formed using
an energy ray-curable pressure-sensitive adhasiggossible to easily adjust the
properties before curing and after curing.

In the present invention, “energy rays” referags having energy quanta in
electromagnetic waves or charged particle radiaaod examples thereof include
ultraviolet rays, radiation, electron beams, arallitke.

Ultraviolet rays can be radiated using, for examplhigh-pressure mercury
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lamp, a fusion H lamp, a xenon lamp, black lightED lamp, or the like as an
ultraviolet ray source. As the electron beams;ted® beams generated using an
electron beam accelerator or the like can be radliat

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

[0045]

<<First Pressure-Sensitive Adhesive Composition>>

The first pressure-sensitive adhesive layer caioimeed using a first
pressure-sensitive adhesive composition contaiaipgessure-sensitive adhesive.  For
example, the first pressure-sensitive adhesive lege be formed at an intended portion
by applying the first pressure-sensitive adhesoraposition to a target surface on which
the first pressure-sensitive adhesive layer isstéobmed and drying the first
pressure-sensitive adhesive composition as negessamore specific method for
forming the first pressure-sensitive adhesive layifirbe described below in detail
together with methods for forming other layers. eThtio between the amounts of
components, which do not gasify at normal tempeeain the first pressure-sensitive
adhesive composition is, generally, identical ® tiatio between the amounts of the
above-described components in the first pressursitbee adhesive layer. Meanwhile,
in the present specification, “normal temperatueders to a temperature that is not
particularly cooled or heated, that is, a tempeeaitn an ordinary state, and examples
thereof include a temperature of’Csto 25C and the like.

[0046]

The first pressure-sensitive adhesive compositiag be applied using a

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

[0047]

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

[0048]

In a case in which the first pressure-sensitivieeaive layer is energy
ray-curable, examples of the first pressure-semsitdhesive composition containing an
energy ray-curable pressure-sensitive adhesiveisthan energy ray-curable first
pressure-sensitive adhesive composition includestdressure-sensitive adhesive
composition (I-1) containing a non-energy ray-clegiressure-sensitive adhesive resin
(I-1a) (hereinafter, in some cases, abbreviatéthaspressure-sensitive adhesive resin
(I-1a)”) and an energy ray-curable compound; d firessure-sensitive adhesive
composition (I-2) containing an energy ray-curgiessure-sensitive adhesive resin
(I-2a) in which an unsaturated group is introduited a side chain of the non-energy
ray-curable pressure-sensitive adhesive resin)((Fxeinafter, in some cases,
abbreviated as “the pressure-sensitive adhesive (le2a)”); a first pressure-sensitive
adhesive composition (I-3) containing the pressgnesitive adhesive resin (I-2a) and an
energy ray-curable low-molecular-weight compound the like.

[0049]
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<First Pressure-Sensitive Adhesive Compositioh)¥l-

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

[0050]

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

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

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

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

[0051]

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

More specific examples of the alkyl (meth)acrylagude methyl
(meth)acrylate, ethyl (meth)acrylate, n-propyl (matrylate, isopropyl (meth)acrylate,
n-butyl (meth)acrylate, isobutyl (meth)acrylate;-geityl (meth)acrylate, tert-butyl
(meth)acrylate, pentyl (meth)acrylate, hexyl (mathnylate, heptyl (meth)acrylate,
2-ethylhexyl (meth)acrylate, isooctyl (meth)acrglat-octyl (meth)acrylate, n-nonyl
(meth)acrylate, isononyl (meth)acrylate, decyl (mat¢rylate, undecyl (meth)acrylate,
dodecyl (meth)acrylate (lauryl (meth)acrylate)déagyl (meth)acrylate, tetradecyl
(meth)acrylate (myristyl (meth)acrylate), pentadényeth)acrylate, hexadecyl

(meth)acrylate (palmityl (meth)acrylate), heptad€nyeth)acrylate, octadecyl
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(meth)acrylate (stearyl (meth)acrylate), nonadéeyth)acrylate, icosyl (meth)acrylate,

and the like.

[0052]

Since the pressure-sensitive adhesive force dirigressure-sensitive
adhesive layer improves, the acrylic polymer pedgr has a constituent unit derived
from an alkyl (meth)acrylate in which the numbercafbon atoms in the alkyl group is
four or more. In addition, since the pressure-sigesadhesive force of the first
pressure-sensitive adhesive layer further improvesnumber of carbon atoms in the
alkyl group is preferably 4 to 12 and more preférabto 8. In addition, the alkyl
(meth)acrylate in which the number of carbon atamtie alkyl group is four or more is
preferably alkyl acrylate.

[0053]

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

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

[0054]

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

That is, examples of the functional group-contagmonomer include hydroxyl
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group-containing monomers, carboxy group-contaimianomers, amino
group-containing monomers, epoxy group-containimgnomers, and the like.

[0055]

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

[0056]

Examples of the carboxy group-containing monomesiside ethylenic
unsaturated monocarboxylic acids such as (metHjaagid and crotonic acid
(monocarboxylic acids having an ethylenic unsaagtdtond); ethylenic unsaturated
dicarboxylic acids such as fumaric acid, itacomiclamaleic acid, and citraconic acid
(dicarboxylic acids having an ethylenic unsaturdiedd); anhydrides of the ethylenic
unsaturated dicarboxylic acid; carboxyalkyl (methytates such as 2-carboxyethyl
methacrylate; and the like.

[0057]

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

[0058]

The acrylic polymer may be constituted of only dy@e or two or more types of
the functional group-containing monomers, and, aase in which the acrylic polymer is

constituted of two or more types of the functiogieup-containing monomers, the
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combination and ratio thereof can be arbitrariliesied.

[0059]

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

[0060]

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

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

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

[0061]

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

[0062]

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

Meanwhile, a substance obtained by causing artunasad group-containing
compound having an energy ray-polymerizable unatgdrgroup (energy

ray-polymerizable group) to react with the functibgroup in the acrylic polymer can be
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used as the energy ray-curable pressure-sensithesive resin (I-2a).

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

[0063]

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

[0064]

In the first pressure-sensitive adhesive compmwsiti-1), the amount of the
pressure-sensitive adhesive resin (I-1a) is prefe£6 to 99% by mass, more
preferably 10% to 95% by mass, and particularlygrebly 15% to 90% by mass.

[0065]

[Energy Ray-Curable Compounds]

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

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

(meth)acrylate; and the like.
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Among the energy ray-curable compounds, examlebgomers include
oligomers obtained by polymerizing the monomerwioled as exemplary examples
above.

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

[0066]

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

[0067]

In the first pressure-sensitive adhesive compmsiti-1), the amount of the
energy ray-curable compound is preferably 1% to ®%nass, more preferably 5% to
90% by mass, and particularly preferably 10% to &jfmass.

[0068]

[Crosslinking Agent]

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

[0069]
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The crosslinking agent is, for example, a substdhat reacts with the
functional group and thus crosslinks the pressaresiive adhesive resins (I-1a).

Examples of the crosslinking agent include isoeyafbased crosslinking agents
(crosslinking agents having an isocyanate grouph s tolylene diisocyanate,
hexamethylene diisocyanate, xylylene diisocyaraid,adduct bodies of the
above-described diisocyanate; epoxy-based crogsfjrdgents (crosslinking agents
having a glycidyl group) such as ethylene glycgtalyl ether; aziridine-based
crosslinking agents (crosslinking agents havingandinyl group) such as
hexa[1-(2-methyl)-aziridinyl]triphosphatriazine; tabchelate-based crosslinking agents
(crosslinking agents having a metal chelate stregtsuch as aluminum chelates;
isocyanurate-based crosslinking agents (crossliin&gents having an isocyanuric acid
skeleton); and the like.

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

[0070]

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

[0071]

In the first pressure-sensitive adhesive compmsiti-1), the amount of the
crosslinking agent is preferably 0.01 to 50 paytsrnass, more preferably 0.1 to 20 parts

by mass, and particularly preferably 1 to 10 plytsnass of the amount (100 parts by
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mass) of the pressure-sensitive adhesive resia)(l-1

[0072]

[Photopolymerization Initiator]

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

[0073]

Examples of the photopolymerization initiator imdé benzoin compounds such
as benzoin, benzoin methyl ether, benzoin eth@retienzoin isopropyl ether, benzoin
isobutyl ether, benzoin benzoate, methyl benzonzbate, and benzoin dimethyl ketal;
acetophenone compounds such as acetophenone,
2-hydroxy-2-methyl-1-phenyl-propane-1-one, and
2,2-dimethoxy-1,2-diphenylethane-1-one; acylphaspluxide compounds such as
bis(2,4,6-trimethylbenzoyl)phenylphosphine oxidé an
2,4,6-trimethylbenzoyldiphenylphosphine oxide; sldfcompounds such as
benzylphenyl sulfide and tetramethylthiuram monfide] a-ketol compounds such as
1-hydroxycyclohexyl phenyl ketone; azo compoundshsas azobisisobutylonitrile;
titanocene compounds such as titanocene; thioxaatbompounds such as
thioxanthone; peroxide compounds; diketone compswadh as diacetyle; benzyl,
dibenzyl, benzophenone, 2,4-diethylthioxanthon2diphenylmethane,
2-hydroxy-2-methyl-1-[4-(1-methylvinyl)phenyl]propane, 2-chloroanthraquinone, and
the like.

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

[0074]

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

[0075]

In the first pressure-sensitive adhesive compmsiti-1), the amount of the
photopolymerization initiator is preferably 0.0120 parts by mass, more preferably 0.03
to 10 parts by mass, and particularly preferabp@o 5 parts by mass of the amount
(100 parts by mass) of the energy ray-curable camgo

[0076]

[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 varatwell-known additives such
as an antistatic agent, an antioxidant, a softeag@nt (plasticizer), a filler (filler), an
antirust agent, a colorant (a pigment or a dysgrssitizer, a tackifier, a reaction retardant,
and a crosslinking accelerator (catalyst).

Meanwhile, the reaction retardant is a substamaesuppresses the progress of
an unintended crosslinking reaction in the firggsure-sensitive adhesive composition

(I-1) under storage due to, for example, the aabiotie catalyst mixed into the first
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pressure-sensitive adhesive composition (I-1). niplas of the reaction retardant
include reaction retardants that form a chelateptexndue to a chelate with respect to
the catalyst, and more specific examples therafide substances having two or more
carbonyl groups (-C(=0)-) in one molecule.

[0077]

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

[0078]

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

[0079]

[Solvent]

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

[0080]

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

[0081]
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As the solvent, a solvent used during the manufaxg of the pressure-sensitive
adhesive resin (I-1a) may be continuously usetaerfitst pressure-sensitive adhesive
composition (I-1) without being removed from thegsure-sensitive adhesive resin
(I-1a) or a solvent of the same type as or a diffetype from the solvent used during the
manufacturing of the pressure-sensitive adhessia (&1a) may be separately added
during the manufacturing of the first pressure-gamsadhesive composition (I-1).

[0082]

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

[0083]

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

[0084]

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

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

[0085]

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

The pressure-sensitive adhesive resin (I-2a) easbkained by, for example,
causing an unsaturated group-containing compouvithdpan energy ray-polymerizable

unsaturated group to react with the functional griouthe pressure-sensitive adhesive
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resin (I-1a).

[0086]

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

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

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

[0087]

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

[0088]

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

[0089]

In the first pressure-sensitive adhesive compwsiti-2), the amount of the
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pressure-sensitive adhesive resin (I-2a) is prefg£b6 to 99% by mass, more
preferably 10% to 95% by mass, and particularlyguedbly 10% to 90% by mass.

[0090]

[Crosslinking Agent]

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

[0091]

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

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

[0092]

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

[0093]

[Photopolymerization Initiator]

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

[0094]

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

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

[0095]

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

[0096]

[Other Additives]

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

Examples of the other additives in the first poesssensitive adhesive

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

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

[0097]

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

[0098]

[Solvent]

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

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

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

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

[0099]

<First Pressure-Sensitive Adhesive Compositias)¥l-
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As described above, the first pressure-sensititesive composition (I-3)
contains the pressure-sensitive adhesive resia)(&2d an energy ray-curable
low-molecular-weight compound.

[0100]

In the first pressure-sensitive adhesive compmsii-3), the amount of the
pressure-sensitive adhesive resin (I-2a) is prefg&do to 99% by mass, more
preferably 10% to 95% by mass, and particularlygrebly 15% to 90% by mass.

[0101]

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

Examples of the energy ray-curable low-moleculargiit compound contained
in the first pressure-sensitive adhesive compas(fi€3) include monomers or oligomers
which have an energy ray-polymerizable unsaturgtedp and can be cured by being
irradiated with energy rays and include the saneggnray-curable compounds as that in
the first pressure-sensitive adhesive compositidi).

The first pressure-sensitive adhesive compos(ti@&) may contain only one
type or two or more types of the energy ray-cur&le molecular-weight compounds,
and, in a case in which the first pressure-sermsdhesive composition (I-3) contains
two or more types of the energy ray-curable lowaualar-weight compounds, the
combination and ratio thereof can be arbitrarillested.

[0102]

In the first pressure-sensitive adhesive compmsii-3), the amount of the
energy ray-curable low-molecular-weight compoungreferably 0.01 to 300 parts by
mass, more preferably 0.03 to 200 parts by masksparticularly preferably 0.05 to 100
parts by mass with respect to the amount (100 parteass) of the pressure-sensitive

adhesive resin (I-2a).
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[0103]

[Photopolymerization Initiator]

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

[0104]

Examples of the photopolymerization initiator re ffirst pressure-sensitive
adhesive composition (I-3) include the same phdjoperization initiators as those in
the first pressure-sensitive adhesive compositidi).

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

[0105]

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 commbun

[0106]

[Other Additives]

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

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

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

[0107]

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

[0108]

[Solvent]

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

Examples of the solvent in the first pressureis@rsadhesive composition
(I-3) include the same solvents as those in ths firessure-sensitive adhesive
composition (I-1).

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

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

[0109]

<First Pressure-Sensitive Adhesive CompositiofeOthan 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 otherttfeabove-described three types of
first pressure-sensitive adhesive compositiongh@present specification, referred to as
the first pressure-sensitive adhesive compositithgr than the first pressure-sensitive
adhesive compositions (I-1) to (I-3)).

[0110]

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

Examples of the non-energy ray-curable pressursitbee adhesive
compositions include non-energy ray-curable pressensitive adhesive compositions
containing a pressure-sensitive adhesive resinasi@m acrylic resin (a resin having a
(meth)acryloyl group), an urethane-based resiegmrmaving a urethane bond), a
rubber-based resin (a resin having a rubber streicta silicone-based resin (a resin
having a siloxane bond), an epoxy-based resinsfa re&ving an epoxy group), a
polyvinyl ether, or a polycarbonate, and non-eneayycurable pressure-sensitive

adhesive compositions containing an acrylic restnpaeferred.
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[0111]

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

[0112]

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

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

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

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

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

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

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

[0113]

First Interlayer

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

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

[0114]

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

[0115]

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

preferably 50 to 60im, more preferably 70 to 5@0n, and particularly preferably 80 to
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400pum since it is possible to relatively easily abstmd influence of bumps having a
relatively high height.

Here, “the thickness of the first interlayer” neféo the thickness of the entire
first interlayer, and, for example, the thicknetthe first interlayer made up of a
plurality of layers refers to the total thickne$sab of the layers constituting the first
interlayer.

[0116]

<<First Interlayer Forming Composition>>

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

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

[0117]

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

coater, a curtain coater, a die coater, a kniféecpa screen coater, a Mayer bar coater,
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and a kiss coater are used.

[0118]

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

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

[0119]

Examples of the first interlayer forming compamitinclude a first interlayer
forming composition containing urethane (meth)aatgy/l(l1-1) and the like.

[0120]

<First Interlayer Forming Composition (lI-1)>

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

[0121]

[Urethane (Meth)acrylate]

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

The urethane (meth)acrylate may be a monofundtimeghane (meth)acrylate
(urethane (meth)acrylate having only one (meth)aghgroup in one molecule) or may
be a di- or higher-functional urethane (meth)adeylarethane (meth)acrylate having two

or more (meth)acryloyl groups in one molecule)f teaa multifunctional urethane
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(meth)acrylate. However, in the present inventibis, preferable to use at least
monofunctional urethane (meth)acrylate.

[0122]

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

[0123]

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

[0124]

(Polyol Compound)

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

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

[0125]

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

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

[0126]

[Polyether-Type Polyol

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

[0127]

[Chemical Formula 1]

HO‘ER“O%’I}—H e (1)

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

[0128]

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

[0129]

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

[0130]

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

[0131]

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

[0132]

[Chemical Formula 2]

R0} —
4% 0 -+ (1a)

(In the formula, R and n are the same as descabede)
[0133]
[Polyester-Type Polyol

The polyester-type polyol is not particularly ltetdl, 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 pltyadif atoms but also to one atom.

[0134]

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

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

[0135]

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

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

Examples of the aromatic polybasic acids includeratic 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.

[0136]

Examples of the derivatives of the polybasic atdfude acid anhydrides of the

saturated aliphatic polybasic acids, the unsatdraliphatic polybasic acids, and the
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aromatic polybasic acids described above, hydrdgdr@gimer acids, and the like.

[0137]

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

[0138]

The polybasic acid is preferably the aromatic pa8ic acid since the aromatic
polybasic acid is suitable for the formation of imhfilms having an appropriate
hardness.

[0139]

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

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

[0140]

[Polycarbonate-Type Polyol

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

Here, one type of any of the glycol and the alkglearbonate may be used
singly or two or more types of any of the glycotlahe alkylene carbonate may be

jointly used, and, in a case in which two or mgyeet of any of the glycol and the
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alkylene carbonate are jointly used, the combimadiod ratio thereof can be arbitrarily
selected.

[0141]

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

The number-average molecular weight computed tfwerhydroxyl value of the
polyol compound refers to a value computed fromfefiewing expression.

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

[0142]

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

[0143]

(Polyhydric Isocyanate Compound)

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

One type of the polyhydric isocyanate compound bwysed singly or two or

more types of the polyhydric isocyanate compoundg be jointly used, and, in a case in



10

15

20

25

53

which two or more types of the polyhydric isocyaebmpounds are jointly used, the
combination and ratio thereof can be arbitrariliesied.

[0144]

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

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

[0145]

((Meth)acrylic Compound)

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

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

[0146]

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

(meth)acrylate, 3-hydroxypropyl (meth)acrylate,\2dxybutyl (meth)acrylate,
3-hyroxybuyl (meth)acrylate, 4-hydroxybutyl (metbijgdate, 4-hydroxycyclohexyl
(meth)acrylate, 5-hydroxycyclooxtyl (meth)acryla2ehydroxy-3-phenyloxypropyl
(meth)acrylate, pentaerythritol triimeth)acrylgielyethylene glycol
mono(meth)acrylate, and polypropylene glycol moretfacrylate; hydroxyl
group-containing (meth)acrylamides such as N-methyheth)acrylamide; reactants
obtained by reacting (meth)acrylic acid with viaytohol, vinyl phenol, or bisphenol A
glycidyl ether; and the like.

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

[0147]

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

[0148]

Conditions during the reaction between the terigmyanate urethane
prepolymer and the (meth)acrylic compound may he@piately adjusted, and, for
example, the reaction temperature is preferabhz@06 100C, and the reaction time is
preferably one to four hours.

[0149]

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

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

particularly preferably 5,000 to 65,000. Whenwedght-average molecular weight is
1,000 or more, it becomes easy to optimize thertemsl of the first interlayer due to the
intermolecular force between structures derivethftbe urethane (meth)acrylate in
polymers of the urethane (meth)acrylate and a peliable monomer described below.

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

[0150]

[Polymerizable Monomer]

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

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

[0151]

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

group; compounds having a vinyl group; compoundsngaan allyl group; and the like.
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[0152]

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

[0153]

Examples of functional group-containing (meth)dcrgerivatives include
hydroxyl group-containing (meth)acrylic acid esteush as 2-hydroxyethyl
(meth)acrylate, 2-hydroxypropyl (meth)acrylate,\@Hoxypropyl (meth)acrylate,
2-hydroxybutyl (meth)acrylate, 3-hydroxybutyl (mgbrylate, and 4-hydroxybutyl
(meth)acrylate; (meth)acrylamides such as (metilamide, N,N-dimethyl
(meth)acrylamide, N-butyl (meth)acrylamide, N-méthymeth)acrylamide,
N-methylolpropane (meth)acrylamide, N-methoxymeilnyéth)acrylamide, and
N-butoxymethyl (meth)acrylamide and derivativesdiog; (meth)acrylic acid esters
having an amino group (hereinafter, in some casésired to as “the amino
group-containing (meth)acrylic acid esters”); (mathmylic acid esters having a

monosubstituted amino group which are formed bysuiing one hydrogen atom in an
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amino group with a group other than a hydrogen gtwneinafter, in some cases,
referred to as “the monosubstituted amino grougaiomg (meth)acrylic acid esters”);
(meth)acrylic acid esters having a disubstitutethamgroup 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 (meth)iacacid esters”); and the like.

[0154]

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

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

[0155]

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

adamantyl (meth)acrylate, and the like.
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[0156]

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

[0157]

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

Examples of the (meth)acrylic acid esters havihgt@rocyclic group include
tetrahydrofurfuryl (meth)acrylate, (meth)acryloybrpholine, and the like.

[0158]

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

[0159]

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

[0160]

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

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

[0161]

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

[0162]

In the first interlayer forming composition (lI51the amount of the
polymerizable monomer is preferably 10% to 99% lassy more preferably 15% to 95%
by mass, still more preferably 20% to 90% by maass, particularly preferably 25% to
80% by mass.

[0163]

[Photopolymerization Initiator]

The first interlayer forming composition (ll-1) malso contain, in addition to
the urethane (meth)acrylate and the polymerizaloieamer, a photopolymerization
initiator.  The first interlayer forming compositigll-1) containing the
photopolymerization initiator sufficiently proceeagh a curing reaction even when
irradiated with energy rays having a relatively lemergy such as ultraviolet rays.

[0164]

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

[0165]

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

selected.
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[0166]

In the first interlayer forming composition (II;1he 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 uretifareth)acrylate and the
polymerizable monomer.

[0167]

[Resin Components Other Than Urethane (Meth)atalyla

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

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

[0168]

[Other Additives]

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

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

Examples of the chain transfer agent include ttdohpounds having at least

one thiol group (mercapto group) in one molecule.
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[0169]

Examples of the thiol compounds include nonyl raptan, 1-dodecanethiol,
1,2-ethanedithiol, 1,3-propandithiol, triazinethitvlazinedithiol, triazinetrithiol,
1,2,3-propanetrithiol, tetraethylene glycol bis(8naptopropionate), trimethylolpropane
tris(3-mercaptopropionate), pentaerythritol tets§Bimercaptopropionate),
pentaerythritol tetrakisthioglycolate, dipentaeritti hexakis(3-mercaptopropionate),
tris[(3-mercaptopropioniloxy)-ethyl]-isocyanurafied-bis(3-mercaptobutyryloxy)butane,
pentaerythritol tetrakis(3-mercaptobutylate),
1,3,5-tris(3-mercaptobutyloxyethyl)-1,3,5-triazi@et, 6-(1H,3H,5H)-trione, and the like.

[0170]

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

[0171]

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

[0172]

[Solvent]

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

[0173]

<<Method for Manufacturing First Interlayer Formi€omposition>>
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The first interlayer forming composition such ks first interlayer forming
composition (lI-1) can be obtained by blending udiiial components for constituting
the first interlayer forming composition.

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

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

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

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.

[0174]

Thermosetting Resin layer

The thermosetting resin layer (thermosetting rébm) is a layer for protecting

a circuit surface of the semiconductor wafer anghjsi provided on the circuit surface
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and forms the first protective film by curing.

[0175]

When the thermosetting resin layer is heatedeatdtsing temperature speed of
10°C/min from a state of the thermosetting resin keefarring Atl is equal to or longer
than 500 seconds as described above.

The thermosetting resin layer can be formed uaititgermosetting resin layer
forming composition containing a constituent matittereof.

Accordingly, theAtl of the thermosetting resin layer can be cordcbbly
adjusting one or both of the kinds and the amoahtke contained components of the
thermosetting resin layer forming composition.

The thermosetting resin layer forming composiaoma a method of
manufacturing thereof will be described in detail.

[0176]

For example, thAtl can be more easily controlled to be in a préfersange by
decreasing, particularly, the amount of the compotieat increases the viscosity among
the contained components in the thermosetting fagar forming composition. As the
component that increases the viscosity, for exangpldler (D) to be described later and
the like can be mentioned, but is not limited th®re

In addition, for example, th&t1 can be more easily controlled to be in a
preferable range by increasing, particularly, tiant of the component that decreases
the viscosity among the contained components ithemosetting resin layer forming
composition. As the component that decreasesisicesity, for example, thermoplastic
resin to be mentioned later and the like can betioed, but is not limited thereto.

In addition, for example, thi&tl can be more easily adjusted to be in a
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preferable range by decreasing, particularly thewarhof the thermosetting component,
and by using a thermosetting component whosetaffeuild, among the contained
components in the thermosetting resin layer fornasimgpposition. The thermosetting
component can be appropriately selected from,Xanmple, a thermosetting component
(B) (for example, an epoxy resin (B1) and a theroming agent (B2)) described later,
but is not limited thereto.

[0177]

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

[0178]

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

In a case where there is a plurality of the thesmiiting resin layers, the entire
thermosetting resin layers may satisfy the abovatimeed condition ofAt1.

[0179]

The thickness of the thermosetting resin layg@réferably 1 to 10Qum, more

preferably 5 to 7%m, and particularly preferably 5 to p@n. When the thickness of
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the thermosetting resin layer is equal to or mbaatthe lower limit value, it is possible
to form a first protective film having a higher pgotion function. In addition, when the
thickness of the thermosetting resin layer is etjuak less than the upper limit value, an
effect that containing of the bubbles in the fpsitective film is suppressed.

Here, “the thickness of the thermosetting resyetarefers to the thickness of
the entire thermosetting resin layer, and, for g¥arthe thickness of the thermosetting
resin layer made up of a plurality of layers referghe total thickness of all of the layers
constituting the thermosetting resin layer.

[0180]

<<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 d@gdmportion by applying the
thermosetting resin layer forming composition tai@et surface on which the
thermosetting resin layer is to be formed and dyyire thermosetting resin layer forming
composition as necessary. The ratio between tloeiais of components, which do not
gasify at normal temperature, in the thermosett@sin layer forming composition is,
generally, identical to the ratio between the an®ohthe above-described components
in the thermosetting resin layer. Here, “normatperature” is as described above.

[0181]

The thermosetting resin layer forming compositiaaly 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, adzer, a gravure coater, a roll coater, a
roll knife coater, a curtain coater, a die coadetnife coater, a screen coater, a Mayer bar

coater, and a kiss coater are used.



10

15

20

25

66
[0182]

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

[0183]

<Resin Layer Forming Composition (IlI-1)>

Examples of the thermosetting resin layer forndamposition 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 cosipon (l11-1)") and the like.

[0184]

[Polymer Component (A)]

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

The resin layer forming composition (IlI-1) anctttihermosetting resin layer
may contain only one type or two or more typeshefpolymer components (A), and, in
a case in which the resin layer forming compositiod the thermosetting resin layer
contain two or more types of the polymer componehts combination and ratio thereof
can be arbitrarily selected.

[0185]

Examples of the polymer component (A) include Bemgsins (resins having a

(meth)acryloyl group), polyesters, urethane-bassths (resins having a urethane bond),
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acrylic urethane resins, silicone-based resinsn(tesving a siloxane bond), rubber-based
resins (resins having a rubber structure), phemesins, thermosetting polyimides, and
the like, and acrylic resins are preferred.

[0186]

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

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

[0187]

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

[0188]

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
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acrylamide, and the like; and the like.

[0189]

Examples of the (meth)acrylic acid esters constiguthe acrylic resin include
alkyl (meth)acrylic acid esters in which an alkybgp constituting the alkyl ester has 1
to 18 carbon atoms and has a chain-like shapeasiotethyl (meth)acrylate, ethyl
(meth)acrylate, n-propyl (meth)acrylate, isoprofwieth)acrylate, n-butyl (meth)acrylate,
isobutyl (meth)acrylate, sec-butyl (meth)acrylaget-butyl (meth)acrylate, pentyl
(meth)acrylate, hexyl (meth)acrylate, heptyl (mathylate, 2-ethylhexyl (meth)acrylate,
isooctyl (meth)acrylate, n-octyl (meth)acrylatenanyl (meth)acrylate, isononyl
(meth)acrylate, decyl (meth)acrylate, undecyl (jettylate, dodecyl (meth)acrylate
(lauryl (meth)acrylate), tridecyl (meth)acrylatetradecyl (meth)acrylate (myristyl
(meth)acrylate), pentadecyl (meth)acrylate, hexgdaeeth)acrylate (palmityl
(meth)acrylate), heptadecyl (meth)acrylate, anddetyl (meth)acrylate (stearyl
(meth)acrylate) and the like;

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

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

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

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

imide (meth)acrylate;

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

hydroxyl group-containing (meth)acrylic acid estsuch as hydroxymethyl
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(meth)acrylate, 2-hydroxyethyl (meth)acrylate, ZHoxypropyl (meth)acrylate,

3-hydroxypropyl (meth)acrylate, 2-hydorybutyl (mttrylate, 3-hydroxybutyl
(meth)acrylate, and 4-hydroxybutyl (meth)acrylated

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

[0190]

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.

[0191]

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

[0192]

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 througbsslonking agent (F) described
below or may be directly bonded to other compoumidisout the crosslinking agent (F).
When the acrylic resin is bonded to other compouhadsigh the functional group, there
is a tendency that the reliability of packages iolata using the first protective film

forming sheet improves.
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[0193]

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

[0194]

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

[0195]

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

[0196]

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

[0197]

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

[0198]

In the resin layer forming composition (IlI-1) etinatio of the amount of the
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polymer component (A) (that is, the amount of tbeymer component (A) in the
thermosetting resin layer) with respect to theltataount of all of the components other
than the solvent is preferably 5% to 85% by maskraare preferably 5% to 80% by
mass regardless of the type of the polymer compggi#gnand for example, may be one
of 5% to 70% by mass, 5% to 60% by mass, 5% to B@p¥hass, 5% to 40% by mass,
and 5% to 30% by mass. However, these amounkeiresin layer forming
composition (IlI-1) are mere examples.

[0199]

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

[0200]

[Thermosetting Component (B)]

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

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

[0201]

Examples of the thermosetting component (B) ineladoxy-based
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thermosetting resins, thermosetting polyimidesyp@thanes, unsaturated polyesters,
silicone resins, and the like, and epoxy-basedrnbsetting resins are preferred.

[0202]

(Epoxy-Based Thermosetting Resin)

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

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

[0203]

[Epoxy Resin (B1)

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

Examples thereof include polyfunctional epoxy restiiphenyl compounds, bisphenol A
diglycidyl ethers and hydrogenated substancesahesehocresol novolac epoxy resins,
dicyclopentadiene-type epoxy resins, biphenyl-tgpexy resins, bisphenol A-type
epoxy resins, bisphenol F-type epoxy resins, pleseykkeleton-type epoxy resins, and
the like, and di- or higher-functional epoxy compds.

[0204]

As the epoxy resin (B1), an epoxy resin havingiasaturated hydrocarbon
group may also be used. The epoxy resin havinghaaturated hydrocarbon group has
more favorable compatibility with acrylic resinathepoxy resins not having an
unsaturated hydrocarbon group. Therefore, wheeploay resin having an unsaturated

hydrocarbon group is used, the reliability of pagsobtained using the first protective
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film forming sheet improves.

[0205]

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

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

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

[0206]

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

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

[0207]

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

used, the combination and ratio thereof can bdrarby selected.



10

15

20

25

74
[0208]

[Thermal Curing Agent (B2)

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

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

[0209]

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

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

[0210]

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

Examples of the thermal curing agent (B2) havingiasaturated hydrocarbon
group include compounds formed by substituting ra gighydroxyl groups in a phenolic
resin with groups having an unsaturated hydrocagvoup, compounds formed by

directly bonding a group having an unsaturated dwaifon group to an aromatic ring of
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a phenolic resin, and the like.

The unsaturated hydrocarbon group in the theromahg agent (B2) is identical
to the unsaturated hydrocarbon group in the abegertbed epoxy resin having an
unsaturated hydrocarbon group.

[0211]

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 propeasnfthe first supporting sheet of the
first protective film improves.

[0212]

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

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

[0213]

One type of the thermal curing agent (B2) may $edusingly or two or more
types thereof may be jointly used, and, in a casehich two or more types thereof are
jointly used, the combination and ratio thereof bararbitrarily selected.

[0214]

In the resin layer forming composition (IlI-1) atiee thermosetting resin layer,
the amount of the thermal curing agent (B2) isgnadly 0.1 to 500 parts by mass, more

preferably 1 to 200 parts by mass, and may be aayb5 to 100 parts by mass, 10 to
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80 parts by mass, and 15 to 60 parts by mass @stect to the amount (100 parts by

mass) of the epoxy resin (B1). When the amoutit®thermal curing agent (B2) is
equal to or more than the lower limit value, it bees easier for the curing of the
thermosetting resin layer to proceed. In additi@inen the amount of the thermal
curing agent (B2) is equal to or lower than theargpnit value, the moisture
absorptivity of the thermosetting resin layer isrdased, and thus the reliability of
packages obtained by using the first protectiva filrming sheet further improves.

[0215]

In the resin layer forming composition (IlI-1) atiee thermosetting resin layer,
the amount of the thermosetting component (B) éiample, the total amount of the
epoxy resin (B1) and the thermal curing agent (B2preferably 50 to 1,000 parts by
mass, more preferably 100 to 900 parts by mastcpiarly preferably 150 to 800 parts
by mass, and may be, for example, any one of 2000garts by mass, and 250 to 650
parts by mass with respect to the amount (100 pgrteass) of the polymer component
(A). When the amount of the thermosetting compoi@Bhis in the above-described
range, the adhesive force between the first priotetitm and the first supporting sheet is
suppressed, and thus the peeling property of tsiesiipporting sheet improves.

[0216]

[Curing Accelerator (C)]

The resin layer forming composition (IlI-1) ancttihermosetting resin layer
may also contain a curing accelerator (C). Thénguaccelerator (C) is a component
for adjusting the speed of curing the resin lageming composition (llI-1).

Examples of preferred curing accelerators (Cideltertiary amines such as
triethylene diamine, benzyldimethylamine, triethianane, dimethylaminoethanol, and

tris(dimethylaminomethyl)phenol; imidazoles (imidées in which one or more
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hydrogen atoms are substituted with groups othaer thhydrogen atom) such as
2-methylimidazole, 2-phenyl imidazole, 2-phenyl-4thylimidazole,
2-phenyl-4,5-dihydroxymethylimidazole, and
2,-phenyl-4-methyl-5-hydroxymethylimidazole; orgaphosphines (phosphines in
which one or more hydrogen atoms are substitutéd evganic groups) such as tributyl
phosphine, diphenyl phosphine, and triphenyl phimephetraphenyl boron salts such as
tetraphenyl phosphonium tetraphenyl borate antiengl phosphine tetraphenyl borate;
and the like.

[0217]

The resin layer forming composition (l1l-1) ane tthermosetting resin layer
may contain only one type or two or more typeshefc¢uring accelerators (C), and, in a
case in which the resin layer forming compositiod ¢he thermosetting resin layer
contains two or more types of the curing accelesat®), the combination and ratio
thereof can be arbitrarily selected.

[0218]

In a case in which the curing accelerator (C)sisd) in the resin layer forming
composition (IlI-1) and the thermosetting resindgythe amount of the curing
accelerator (C) is preferably 0.01 to 10 parts lagsand more preferably 0.05 to 5 parts
by mass, and may be 0.1 to 5 parts by mass wigecé$o the amount (100 parts by
mass) of the thermosetting component (B). Wheratheunt of the curing accelerator
(C) is equal to or more than the lower limit valtree effects of the use of the curing
accelerator (C) can be more significantly obtainedhen the amount of the curing
accelerator (C) is equal to or less than the ujapérvalue, for example, an effect that a
segregation and migration of a highly polar cuiegelerator (C) toward the adhesion

interface with adherends in the thermosetting rkesiar under high temperature and high
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humidity conditions are suppressed becomes sigmifjand the reliability of packages
obtained using the first protective film formingegt further improves.

[0219]

[Filler (D)]

The resin layer forming composition (IlI-1) ancttthermosetting resin layer
may also contain a filler (D). When the thermasegttesin layer contains the filler (D),
coefficient of thermal expansion of the first pidtee film obtained by curing the
thermosetting resin layer can be easily adjustédirther, when this coefficient of
thermal expansion is optimized for a subject onchtthe first protective film is to be
formed, the reliability of packages obtained usimgfirst protective film forming sheet
further improves. In addition, when the thermaegttesin layer contains the filler (D),
it is also possible to decrease the moisture absiypof the first protective film or
improving the heat dissipation property.

[0220]

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

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

Among these, the inorganic filler is preferabllcsi or alumina.

[0221]

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

may contain only one type or two or more typesheffillers (D), and, in a case in which
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the resin layer forming composition and the therettrsg resin layer contains two or
more types of the fillers (D), the combination aatio thereof can be arbitrarily selected.

[0222]

In a case in which the filler (D) is used, in tiesin layer forming composition
(111-1), the ratio of the amount of the filler (dhat is, the amount of the filler (D) in the
thermosetting resin layer) to the total amountliobfathe components other than the
solvent is preferably 5% to 35% by mass and moeéepably 5% to 30% by mass, and
may be 7% to 25% by mass. When the amount ofiltee (D) is equal to or less than
the lower limit value, the above-mentioned adjustiwe the coefficient of thermal
expansion becomes easier, and when the amoure &flén (D) is less than the upper
limit value, the control oAtl becomes easier.

[0223]

In the present invention, in terms of making contrf Atl easier, in the resin
layer forming composition (l11-1), the ratio of tlaenount of the filler (D) (that is, the
amount of the filler (D) in the thermosetting rekdger) to the total amount of all of the
components other than the solvent is preferablaletguor less than 35% by mass and
more preferably equal to or less than 30% by nass$for example, may be equal to or
less than 25% by mass, and 0% by mass.

[0224]

[Coupling Agent (E)]

The resin layer forming composition (IlI-1) ancttthermosetting resin layer
may also contain a coupling agent (E). When a laogiagent having a functional
group capable of reacting with an inorganic comgbonan organic compound is used
as the coupling agent (E), it is possible to imprtve adhesiveness and adhesion of the

thermosetting resin layer to adherends. In additichen the coupling agent (E) is used,
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the first protective film obtained by curing theettnosetting resin layer is not impaired
in the thermal resistance and is improved in tesfriee water resistance.
[0225]
The coupling agent (E) is preferably a compoundritpa functional group
5 capable of reacting with the functional group ia tfolymer component (A), the
thermosetting component (B), or the like and maedgrably a silane coupling agent.
Examples of preferred silane coupling agents aelu
3-glycidyloxypropyltrimethoxysilane, 3-glycidyloxyppylmethyldiethoxysilane,
3-glycidyloxypropyltriethoxysilane, 3-glycidyloxyrtieyldiethoxysilane,

10 2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane,
3-methacryloyloxypropyltrimethoxysilane, 3-aminopytirimethoxysilane,
3-(2-aminoethylamino)propyltrimethoxysilane,
3-(2-aminoethylamino)propylmethyldiethoxysilane,
3-(phenylamino)propyltrimethoxysilane, 3-anilinopgtrimethoxysilane,

15 3-ureidopropyltrimethoxysilane, 3-mercaptopropwteithoxysilane,
3-mercaptopropylmethyldimethoxysilane, bis(3-tr@tysilylpropyl)tetrasulfane,
methyltrimethoxysilane, methyltriethoxysilane, Vitnynethoxysilane,
vinyltriacetoxysilane, imidazolesilane, and theelik

[0226]

20 The resin layer forming composition (IlI-1) anctttihermosetting resin layer
may contain only one type or two or more typeshefdoupling agents (E), and, in a case
in which the resin layer forming composition and thermosetting resin layer contains
two or more types of the coupling agents, the coation and ratio thereof can be
arbitrarily selected.

25 [0227]
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In a case where the coupling agent (E) is usettheimesin layer forming
composition (llI-1) and the thermosetting resindgythe amount of the coupling agent
(E) is preferably 0.03 to 20 parts by mass, moedégpably 0.05 to 10 parts by mass, and
particularly preferably 0.1 to 5 parts by mass weébpect to the total amount (100 parts
by mass of the polymer component (A) and the theatimg component (B)). When
the amount of the coupling agent (E) is equal tmore than the lower limit value, the
effects of the use of the coupling agent (E) sisctha improvement of the dispersibility
of the filler (D) in resins and the improvementtloé adhesiveness of the thermosetting
resin layer to adherends can be significantly oleti In addition, when the amount of
the coupling agent (E) is equal to or less tharughger limit value, the generation of
outgas is further suppressed.

[0228]

[Crosslinking Agent (F)]

In a case in which a polymer component havingnatianal group such as a
vinyl group, a (meth)acryloyl group, an amino grpagydroxyl group, a carboxy group,
or an isocyanate group which are capable of bonirgher compounds such as the
above-described acrylic resin is used as the palyomponent (A), the resin layer
forming composition (lll-1) and the thermosettirggin layer may also contain a
crosslinking agent (F). The crosslinking agentigFg component for crosslinking the
functional group in the polymer component (A) byntdimg with the other compound,
and the initial adhesive force and the agglomeedtivce of the thermosetting resin layer
can be adjusted by crosslinking in this way.

[0229]

Examples of the crosslinking agent (F) includeaaig polyhydric isocyanate

compounds, organic polyhydric imine compounds, hatalate-based crosslinking
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agents (crosslinking agents having a metal chetatieture), aziridine-based crosslinking
agents (crosslinking agents having an aziridingugi), and the like.

[0230]

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

[0231]

Specific examples of the organic polyhydric isowt@ 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-methyldiphergthane diisocyanate;
hexamethylene diisocyanate; isophorone diisocyanate
dicyclohexylmethane-4,4’-diisocyanate; dicyclohewgthane-2,4'-diisocyanate;

compounds obtained by adding any one or more typedylene diisocyanate,
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hexamethylene diisocyanate, and xylylene diisocigatmall or some of hydroxyl groups
in a polyol such as trimethylolpropane; lysine altiganate; and the like.

[0232]

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.

[0233]

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
introduce a crosslinking structure into the therettisg resin layer by a reaction between
the crosslinking agent (F) and the polymer compb(&hn

[0234]

The resin layer forming composition (l1l-1) ane tthermosetting resin layer
may contain only one type or two or more typeshefdrosslinking agents (F), and, in a
case in which the resin layer forming compositibhkl) and the thermosetting resin
layer contains two or more types of the crossligkagents (F), the combination and ratio
thereof can be arbitrarily selected.

[0235]

In a case in which the crosslinking agent (F)sedy in the resin layer forming
composition (lll-1), the amount of the crosslinkiagent (F) is preferably 0.01 to 20
parts by mass, more preferably 0.1 to 10 parts &dysyand particularly preferably 0.5 to

5 parts by mass with respect to the amount (108 pgrmass) of the polymer
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component (A). When the amount of the crosslinlaggnt (F) is equal to or more than
the lower limit value, the effects of the use a tirosslinking agent (F) can be
significantly obtained. In addition, when the ambaf the crosslinking agent (F) is
equal to or less than the upper limit value, theesg use of the crosslinking agent (F) is
suppressed.

[0236]

[Energy Ray-Curable Resin (G)]

The resin layer forming composition (l1I-1) mayntain an energy ray-curable
resin (G). When the thermosetting resin layer @imistthe energy ray-curable resin (G),
it is possible to change the characteristics bpdp@&radiated with energy rays.

[0237]

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

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

[0238]

Examples of the acrylate-based compounds inclbdadike aliphatic
skeleton-containing (meth)acrylates such as trigielibropane tri(meth)acrylate,
tetramethylolmethane tetra(meth)acrylate, penthatgt triimeth)acrylate,
pentaerythritol tetra(meth)acrylate, dipentaerythrinonohydroxy penta(meth)acrylate,
dipentaerythritol hexa(meth)acrylate, 1,4-butylgheol di(meth)acrylate, and
1,6-hexanediol di(meth)acrylate; cyclic aliphateeton-containing (meth)acrylates
such as dicyclopentanyl di(meth)acrylate; polyadky glycol (meth)acrylates such as

polyethylene glycol di(meth)acrylate; oligo estereth)acrylates; urethane
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(meth)acrylate oligomers; epoxy-modified (meth)éatss; polyether (meth)acrylates

other than the above-described polyalkylene glyem®th)acrylates; itaconic acid
oligomers; and the like.

[0239]

The weight-average molecular weight of the eneayycurable compound is
preferably 100 to 30,000 and more preferably 3000000.

[0240]

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

[0241]

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

[0242]

In a case of using the energy ray-curable res)nt{@ amount of the energy
ray-curable resin (G) in the resin layer formingngmsition (I1I-1) is preferably 1% to
95% by mass, more preferably 5% to 90% by masspartdtularly preferably 10% to
85% by mass.

[0243]

[Photopolymerization Initiator (H)]

In the case of containing the energy ray-curadgdanr(G), the resin layer

forming composition (l11-1) may also contain a pbypolymerization initiator (H) in order
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to cause the polymerization reaction of the eneagycurable resin (G) to more
efficiently proceed.

[0244]

Examples of the resin layer forming compositidir1) include the same
photopolymerization initiators (H) as those in tinst pressure-sensitive adhesive
composition (I-1).

[0245]

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

[0246]

In a case in which the photopolymerization indratH) is used, in the resin
layer forming composition (Ill-1), the amount oktphotopolymerization initiators (H) is
preferably 0.1 to 20 parts by mass, more preferality10 parts by mass, and
particularly preferably 2 to 5 parts by mass ofdhsount (100 parts by mass) of the
energy ray-curable resin (G).

[0247]

[Versatile Additive (1)]

The resin layer forming composition (IlI-1) anctttihermosetting resin layer
may also contain a versatile additive (I) as losghe effects of the present invention are
not impaired.

The versatile additive (I) may be a well-knownsazdile additive, can be
arbitrarily selected depending on the purpose,ignadt particularly limited, and

examples of preferred versatile additives inclugkeaticizer, an antistatic agent, an
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antioxidant, a colorant (a pigment or a dye), aegety agent, and the like.

[0248]

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

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

[0249]

[Solvent]

The resin layer forming composition (I11-1) predity further contains a solvent.
The resin layer forming composition (l1l-1) contizmig 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; alcahuls as methanol, ethanol,
2-propanol, isobutyl alcohol (2-methyl propane-}-ahd 1-butanol; esters such as ethyl
acetate; ketones such as acetone and methyl ettorids ethers such as tetrahydrofuran;
amides (compounds having an amide bond) such athipirformamide and N-methyl
pyrrolidone, and the like.

The resin layer forming composition (I11-1) mayntain only one type or two or
more types of the solvents, and, in a case in wifieHirst pressure-sensitive adhesive
composition contains two or more types of the sulsethe combination and ratio

thereof can be arbitrarily selected.
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[0250]

The solvent contained in the resin layer formiogposition (l1I-1) is
preferably methyl ethyl ketone or the like sincesipossible to more uniformly mix the
components contained in the resin layer forming position (111-1).

[0251]

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

The thermosetting resin layer forming composisoach as the resin layer
forming composition (l11-1) can be obtained by llérg individual components for
constituting the thermosetting resin layer formaognposition.

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

In a case in which the solvent is used, the solv&y be used by mixing the
solvent with all of the blending components othmrt the solvent so as to dilute these
blending components in advance or may be used kiyngihe solvent with the blending
components without diluting all of the blending 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 togdtheotating a stirring stick, a
stirring blade, or the like; a method in which twmponents are mixed together using a
mixer, and a method in which the components aredirgether by applying ultrasonic
waves thereto.

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

[0252]

Method for Manufacturing First Protective Film Fong Sheet

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

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

[0253]

Meanwhile, for example, in a case in which thertiesetting resin layer is
further stacked on the first pressure-sensitiveeaidie layer that has been stacked on the
first base material, the thermosetting resin lapgar be directly formed by applying the
thermosetting resin layer forming composition om finst pressure-sensitive adhesive
layer. Similarly, in a case in which the first gsare-sensitive adhesive layer is further
stacked on the first interlayer that has been sthck the first base material, the first
pressure-sensitive adhesive layer can be direatigéd by applying the first
pressure-sensitive adhesive composition onto tkeifiterlayer. As described above, in

a case in which a stacking structure of two comtirsulayers is formed using any
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compositions, it is possible to newly form a lapgrfurther applying the composition
onto a layer formed of the above-described comijposit Here, the stacking structure of
two continuous layers is preferably formed by fargyibetween these two layers, the
layer which is stacked later on a separate peélingn advance using the
above-described composition and attaching the expssrface of the already-formed
layer opposite to the surface in contact with teelimg film to the exposed surface of the
other layer that has been formed. At this time,ahove-described composition is
preferably applied onto a peeling-treated surfddeepeeling film. The peeling film
may be removed as necessary after the formatitimed$tacking structure.

[0254]

For example, in a case in which a first protecfilre forming sheet formed by
stacking the first pressure-sensitive adhesiverlagehe first base material and stacking
the thermosetting resin layer on the first pressersitive adhesive layer (the first
protective film forming sheet in which the firstpporting sheet is a stack of the first
base material and the first pressure-sensitivesagdhéayer) is manufactured, the first
protective film forming sheet can be obtained bglgipg the first pressure-sensitive
adhesive composition onto the first base matendldrying the first pressure-sensitive
adhesive composition as necessary so as to stadkdhpressure-sensitive adhesive
layer on the first base material, separately, apglthe thermosetting resin layer forming
composition onto the peeling film and drying therthosetting resin layer forming
composition as necessary so as to form the thettimageesin layer on the peeling film,
and attaching the exposed surface of the therniogetsin layer to the exposed surface
of the first pressure-sensitive adhesive layer hlaatbeen stacked on the first base
material so as to stack the thermosetting resierlay the first pressure-sensitive

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

In this case, the first protective film forming sthean be obtained by, for example,
separately, further applying the thermosettingrésyer forming composition onto the
peeling film and drying the thermosetting resirelajorming composition as necessary
so as to form the thermosetting resin layer orp#ading film and attaching the exposed
surface of the thermosetting resin layer to theoegg surface of the first
pressure-sensitive adhesive layer that has beekestan the first interlayer so as to
stack the thermosetting resin layer on the firespure-sensitive adhesive layer.

[0255]

Meanwhile, in a case in which the first pressigrsitive 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 fitsase material, applying the first
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pressure-sensitive adhesive composition or theifiterlayer forming composition onto
the peeling film and drying the composition or digting the composition with energy
rays as necessary so as to form the first presansitive adhesive layer or the first
interlayer on the peeling film and attaching thpased surface of this layer to one
surface of the first base material.

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

[0256]

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

[0257]

Meanwhile, the first protective film forming shest generally, stored in a state
in which the peeling film is attached to the suefat the outermost layer on the opposite
side to the first supporting sheet (for example,tttermosetting resin layer). Therefore,
the first protective film forming sheet can alsodiained by applying a composition for
forming a layer constituting the outermost layestsas thermosetting resin layer
forming composition onto the peeling film (prefelsathe peeling-treated surface
thereof) and drying the thermosetting resin lageming composition as necessary so as
to form the layer constituting the outermost lagerthe peeling film, stacking the
remaining layers on the exposed surface on thesigpside to the surface of the layer in

contact with the peeling film using any of the aéalescribed methods, and leaving the
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layers in the attached state without removing #ipg film.

[Examples]

[0258]

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

[0259]

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

[Polymer Component

Polymer component (A)-1: An acrylic resin havingi@ight-average molecular
weight of 800,000 and a glass transition tempeeabdiir28C obtained by
copolymerizing butyl acrylate (hereinafter, abbeted as “BA”) (55 parts by mass),
methyl acrylate (hereinafter, abbreviated as “M&Y) parts by mass), glycidyl
methacrylate (hereinafter, abbreviated as “GMAQ farts by mass), and
2-hydroxyethyl acrylate (hereinafter, abbreviatedlEA”) (15 parts by mass).

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)

[Thermal Curing Agent
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Thermal curing agent (B2)-1: A novolac-type phenasin (“‘BRG-556"

manufactured by Showa Denko KK)

[Curing Accelerator

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

5 PHZ-PW” manufactured by Shikoku Chemicals Corporati

[Filler

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

[0260]

10 [Manufacturing Example 1]

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

2-ethylhexyl acrylate (hereinafter, abbreviated2sHA") (80 parts by mass)
and HEA (20 parts by mass) were set as raw magexfa copolymer, and then a
polymerization reaction was performed so as toinlaa acrylic polymer.

15 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 &C5for 48 hours in an air stream so as to
obtain a target pressure-sensitive adhesive regia) (

[0261]
20 [Example 1]
<Manufacturing of First Protective Film Formingesit>
(Manufacturing of Thermosetting Resin Layer Forgn@omposition)
The polymer component (A)-1, the epoxy resin (Bl)he epoxy resin (B1)-2,
the epoxy resin (B1)-3, the thermal curing ager®){B, the curing accelerator (C)-1, and

25 thefiller (D)-1 were dissolved or dispersed in hyg¢ethyl ketone such that the ratios of



10

15

20

25

9t

these amounts are the values indicated in thewoilp Table 1, and stirred at 23 so as
to obtain a resin layer forming composition (I11413ving a solid amount concentration
of 55% by mass as a thermosetting resin layer fggroomposition.

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

[0262]

(Manufacturing of First Pressure-Sensitive Adhesdomposition)

As an isocyanate crosslinking agent, a tolyleisodyanate trimer adduct of
trimethylolpropane (“Coronate L” manufactured bys®b Corporation) (0.5 parts by
mass) was added to the pressure-sensitive adhresive(l-2a) (100 parts by mass)
obtained in Manufacturing Example 1, and stirred3C so as to obtain a first
pressure-sensitive adhesive composition (I-2) lagisolid amount concentration of
30% by mass, as the first pressure-sensitive aghesmposition.

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

[0263]

(Manufacturing of First Protective Film Formingesi)

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 treatmen&on
single surface of a polyethylene terephthalate Vilith a silicone treatment and was
heated and dried at 120°C for two minutes, thefeliping a first pressure-sensitive
adhesive layer with a thickness of 6.

Next, a stacked film with a thickness of 106 formed by stacking a polyolefin
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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 maateran
exposed surface of the first pressure-sensitivesidé layer, thereby obtaining a first
supporting sheet.

[0264]

The above-obtained thermosetting resin layer foghgiomposition was applied
onto a peeling-treated surface of a peeling filBR*PET381031" manufactured by
Lintec Corporation, thickness: 38n) obtained by carrying out a peeling treatmenaon
single surface of a polyethylene terephthalate Vilith a silicone treatment and was
dried at 100C for two minutes, thereby manufacturing a therrttosgeresin film with a
thickness of 4@um (thermosetting resin layer).

[0265]

Next, the peeling film was removed from the fpséssure-sensitive adhesive
layer of the above-obtained first supporting shaetexposed surface of the
thermosetting resin film obtained above was attd¢bean exposed surface of the first
pressure-sensitive adhesive layer, thereby ob@mithe first protective film forming
sheet formed by stacking the first base matehalfirst pressure-sensitive adhesive layer,
the thermosetting resin layer, and the peeling iirthis order in the thickness direction.

[0266]

<Evaluation of Thermosetting Resin Film>

(Measuring of Shear Rate (V1) afitd of Thermosetting Resin Film)

With the thermosetting resin layer forming comgosi obtained above, a

thermosetting resin film with a thickness of 500 was manufactured by the same
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method as that of manufacturing the first protexfilm forming sheet except that the
application amount was different.

Subsequently, an evaluation sample with a dianoét2b mm and a thickness of
500um was prepared from this thermosetting resin fdmg this sample was set in a
shear viscosity measuring apparatus. At this timehe shear viscosity measuring
apparatus, a place where a sample was installettepast 70C in advance, the sample
was placed on the installation place in this stt@easuring jig was pressurized against
an upper surface of the sample, and the samplesetand installed at the installation
place.

After holding this state for five minutes, the sdenwas heated at a set
temperature of 13C by using a temperature control system. As dtigke uncured
sample was softened and then cured so as to foured material. The raising
temperature speed of the sample at this time wd€A0in. Then, the viscosity of the
sample at the shear rate of 1is the curing process from the softening by heptifthis
sample was measured so as to olMiln which was 550 seconds. The results are
indicated in Table 3. In Table 3, the heating tinoen the start of the heating of the
sample at the set temperature of I3@nd the temperature of the sample at that time ar
excerpted. In addition, the relationship betwdentieating time, the temperature, and
the shear viscosity (V1) of the sample at this tismehown in FIG. 6. In the heating
process, it was confirmed that as time elapsedyaaler spilled out of the installation
place of the sample, and with this phenomenonsdneple was sufficiently cured and
finally turned into a gel.

[0267]

(Confirmation of Effect of Suppressing ContainmfgBubble in First Protective
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Film)

While applying a pressure of 0.5 MPa to the thesatting resin layer
(thermosetting resin film) of the first protectifien forming sheet obtained above using
a pressure and thermal curing apparatus (“RAD-910@fufactured by Lintec
Corporation), the thermosetting resin layer (thesetting resin film) was heated at a set
temperature of 13 for two hours so as to be softened and then ctliedeby forming
the first protective film.

Subsequently, the first protective film formingesh having a thermosetting
resin layer that had been cured was taken out fhenpressure and thermal curing
apparatus, and the first protective film was obsdmwith an optical microscope. As a
result, the first protective film did not containlibles at all. The results are indicated in
Table 3.

[0268]

<Manufacturing of First Protective Film Formingeg and Evaluation of
Thermosetting Resin Film>

[Examples 2 to 7 and Comparative Examples 1 to 3]

A first protective film forming sheet was manufaetd in the same method as
that explained in Example 1 except that the coethtbomponent and the amount of the
thermosetting resin layer forming composition weeeas indicated in Table 1 or 2, and
the thermosetting resin film was evaluated.

As a result, in Examples 2 to 7, thel of the samples are 520 to 1,780 seconds,
and the first protective films did not contain thabbles at all; whereas in Comparative
Examples 1 to 3, thatl of the samples are 0 or 320 seconds, and #tepfintective film
contained the bubbles. The results are indicatd@lble 3 or 4, and the results of

Examples 1 and 2 and Comparative Example 1 aredteti in FIG. 6 separately.
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[0269]
[Table 1]
Examplel | Example2 | Example3 | Example4 | Example5 | Example6 | Example7
Contained ng'g;“negm (A)-1 100 100 100 100 100 100 200
Componetm (B1)-1 13E 13E 37¢F 37E 13E 37E 13E
((ag:fsug Epoxy resin| (B1)-2 oC 90 : : oC i oC
nﬁ’ass)) gf (B1)-3 150 150 - - 150 - 150
thermosettin| _'nermal | go g 180 180 180 180 180 180 180
resin layer curlng_agent
forming ac%zl“er;gtor (©)-1 1 1 0.5 1 1 1 1
composition :
post Filler D)1 160 - - : 40 220 160
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[0270]
[Table 2]
Comparative Comparative Comparative
Example 1 Example 2 Example 3
Polymer (A)-1 100 100 50
component
(B1)-1 13t 37t 37t
Contained component (amount Epoxy resin ggigé 1920 — —
(parts by mass)) of thermosetting Thermal curin
resin layer forming composition agentu N9 (B2)-1 180 180 180
Curing (©)-1 1 1 1
accelerator
Filler (D)-1 990 320 640
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[0271]
[Table 3]
Examplel | Example2 | Example3 | Exampled Example7
Heatingtime and
ézmp?éazg?;r?f 6 seconds| 6 seconds| 6 seconds| 6 seconds| 6 seconds| 6 seconds| 6 seconds
P 91 s0.07C 49.77C 50.02C 50.02C 50.02C

temperature initial
stage)

Heating Heating time and
conditions temperature of
of sample samgle (raising 486 seconds 487 seconds 486 seconds 486 seconds 486 seconds 486 seconds 486 seconds
temperature 130.4C 130.4C 130.6C 130.6C 130.6C
completion)
Ra's'”%;‘;;”gerat”re 10°C/min | 10°C/min | 10°C/min | 10°C/min 10°C/min
Atl Orzgiir?ﬂ%settmg%o seconds 920 seconds 1,780 seqdn@2is0 seconds/80 seconds 530 seconds 520 secq
Evaluation Presence an
restits | ahsence of bubbles Absence Absence Absencs Absence hce eneeds

in first protective

film




[0272]

[Table 4]

10z

Comparative Examp 1

Comparative Examp 2

Comparative Examp 3

Heatingtime and
temperature of sample
(raising temperature

initial stage)

6 seconds
49.87C

6 seconds
50.02C

6 seconds
50.02C

Heating ——
conditions Heating time and
of samole temperature of sample 492 seconds 486 seconds 486 seconds
P (raising temperature 130.4C 130.6C 130.6C
completion)
Raising temperature . . .
speed 10°C/min 10C/min 10C/min
Atl of th_ermosettlng 0 seconds 320 seconds 0 seconds
. resin film
Evaluation
results Presence angl a_bsence of
bubbles in first Presence Presence Presence

protective film
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[0273]

As apparent from the above results, in Exampli@s7lin which theAtl of the
thermosetting resin film is equal to or longer @0 seconds (520 to 1,780 seconds),
the first protective film did not contain the bueblat all. In these examples, it was
considered that a time zone during which the shisapsity (V1) of the thermosetting
resin film is secured to be sufficiently long urtie end of the curing of the
thermosetting resin film, and during this time zotie bubbles in the thermosetting resin
film went out to the outside.

In contrast, in Comparative Examples 1 to 3, itgt protective film contained
the bubbles. In these comparative examples, itooasidered that the time zone during
which the shear viscosity (V1) of the thermosettiagin film was low was not present at
all or was short until the end of the curing of thermosetting resin film, and thus during

this time zone, some of the bubbles in the therttiogeresin film remained as it was.

Industrial Applicability
[0274]
The present invention can be used for manufagwaisemiconductor chip or

the like having a bump at a connection pad pottieed in a flip chip mounting method.

Reference Signs List
[0275]
1, 2, 3... FIRST PROTECTIVE FILM FORMING SHEET,
11... FIRST BASE MATERIAL,
11a... SURFACE OF FIRST BASE MATERIAL,

12... THERMOSETTING RESIN LAYER (THERMOSETTING RESIN
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FILM),

104

12’... FIRST PROTECTIVE FILM,

13... FIRST PRESSURE-SENSITIVE ADHESIVE LAYER,

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

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

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

90... SEMICONDUCTOR WAFER,

90a... CIRCUIT SURFACE OF SEMICONDUCTOR WAFER,

91... BUMP,

9l1a... SURFACE OF BUMP



10

15

10t
CLAIMS

What is claimed is:

1. Athermosetting resin film for forming a fingtotective film on a surface
having a bump of a semiconductor wafer by beinacatd to the surface and being
thermally cured,

wherein when the thermosetting resin film befardgrgy is heated at a raising

temperature speed of CW'min, a time during which a viscosity at a sheae of 1 & is

equal to or lower than 100,000[®# equal to or longer than 500 seconds.

2. Afirst protective film forming sheet compnsj the thermosetting resin film

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

3. A method for forming a first protective filropmprising:
forming the first protective film by thermally cag the thermosetting resin film

according to Claim 1 while pressurizing at a pressi equal to or greater than 0.1 Pa.



