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DESCRIPTION

Title of Invention
THERMOSETTING RESIN FILM., FIRST PROTECTIVE FHNM FORMING SHEILST,

AND METHOD FOR FORMING FIRST PROTFCTIVE FILM

Technicat Field

|0001 |

T he present invention relates to a thermosetting resin film, a first protective film
forming sheet using the thermosctting resin film, and a method tor fornting a first
protective film.

Priority is claimed on Japanese Patent Application No. 20135-217117. fifed on

November 4, 2015, the content of which 1s incorporated herem oy reference.

Background Art

[0002]

[n the refeted art. ina case m which a multi-pin LST package, which is used in
MPU or a gate array. is mounted on a printed wiring board, a lip chip mounting method
in which a semiconductor chip iy which convex clectrodes (bumps) made of cutectic
salder, high-temperature solder. metal. or the like are formed in connection pad portions
is used. and these bumps are made to tace, brought into contac: with, and
melting-diftusion-joined to the corresponding terminal portions on a chip mounting
substrate using a so-called tace down method has been emploved.

[0D03]

The semiconductor ¢hip that is used in this mounting method is obained by, tor
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example, grinding a surface opposite 1o a cireait surface ol a semiconductor wafer having
bumps formed on the circut surface and dicing the semiconductor waler into pieces.  In
the process of obtaining the above-described semiconductor chip. generally, for the
purpase of protecting a circut surface and a bump of the semiconductor wafer, a curable
5 resin film is attached o the bump-formed surtace, and this 1ilm is cured 50 as to torm a
protective film on the bump-tormed surface,  The curable resin tilm containing a
thermosetting component cured by heating has been widely used, and as a protective (ilm
forming sheet provided with such a thermosetting resin film. a protective film forming
sheet formed by stacking a thermoplastic resin laver having a predetermined thermal
10 elastic moduilus on the film and further stacking a thermoplastic resin laver which is not
plastic at 257C on the uppermost layer of the thermoplastic resin faver has been disclosed
{refer to Patent Document 1), In addition, according to Patent Document |, this
protective film forming sheet 1s excelient in terms of bump filling properiies of the
protective film, waler workabidity, electeie connection reliability atter resin seading. and
15 the hke.
[0004 |
However. there was i problem in that the protective film formed of the
thermosctting resin film may contain bubbles in some cases. I bubbles are present in
the pratective Hilm, the adhesion between the bump-formed surface and the protective
200 il s lowered. or a protection function against the cireuit surface and the bump of the
protective fitm 1s deteriorated such that the protective film cannot sulfictently cxhibit the
protection function i some cases.  In addition, 1f hubbles are present in the protective
filin, when this protective film is heated by solder reflow or the like, the bubbles are
expanded and the adhesion between the bump-torned surface and the protective film is

25 lowered. or in a case where the bubbles are rapidly expanded. the protective film s
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ruptured. and the protective film and the semiconductor chip are separated. or the
semiconductor chip is damaged. including the erreuit surface. the bumps., and the like.
In addition. in the protective film disclosed in Patent Document 1. it is nol certain

whether or not containing of the bubbles can be suppressed.

Citation st
Patent |iterature
| 0003 |
[ Patent Document 1] Japanese Unexamined Patent Anplication. First

Publication No. 2003-028734

Summary of Invention
‘Technical Problem

[0006]

An object of the present invention is to provide a thermosetting resin film which
is capable of torming a protective film. 1 which containing of bubbles is suppressed. on
a bump-formed surtaee, @ protective film forming sheet obtamed by using the
thermosctting resin filn. and a method for forming a protective film by using the

thermosetting resin fikn.

Solution to Problem

|0607]

According to the present invention, there is provided 4 thermosetting resin {ilm
for Tormuing a tirst protective film on a surtice having a bump ot a semicanductor water

by being attached to the surtace and being thermatiy cured. in whiclh when the
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thermosetting resin filin before curing is heated at i raising temperature speed of
10°C“min. a time during which a viscosity at a shear rate of 1 s is equal to or lower than
100,000 Pa-s 15 equal to or Tonger than 300 scconds.

[n addition. according to the present invention, there is provided a first
protective film forning sheet including the thermosetting resin [1hn on one surtace of a
first suppaorting sheet.

In addition. according to the present invention, there is provided a method for
forming a {irst protect ve film including forming the tirst protective tilm by thermally
curing the thermosetting resin film while pressurizing at a pressure of equal to or greater

than 0.1 Pa.

Advintageous Lffects of Invention

[ODOR |

[t 1s possible to form a protective film, in which containing bubbles 1y
suppressed, on a bamp-formed surface by using a thermosetting resin film and a first
protective film forming sheet of the present invention, and by employving a method for

torming the protective titm of the present invention.

Brief Description of Drawings

[0009]

FIG. 118 g seetional view schematically showing an example of u siae in which
a first protective film is ‘ormed on a bump-tormed surface by using a thermosetting resin
lilm of the present imvention.

FIGL 2 s a sectional view schematically show ing an example of a state in swhich

a protective flm s tormed on a bump-formed surtace by usig the thermosetting resin
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film in the related ant.

FIG. 3 1y @ sectional view schematically showmg an embodiment ot a first
protective film forning sheet of the present invention.

FTIGL 4 s & seetional view schematically showing another embaodiment of the first
protective tilm {forming sheet of the present imvention,

FIG. 3 s g sectional view schematically showmg still another embodiment ol the
first protective film forming sheet of the present invention.

FI1G. 6 is & graph showing a relationship between heating time. temperature, and

shear viscosity (Vi) of samples in Examples | and 2 and Comparative Lxample |.

Description of L.mbodiments

[0010]

The present invention relates to a thermosetting resin Elm for forming a first
protective film on a surfiace having a bump ot a semiconductor water by being attached
to the surface and being thermally cured. i which when the thermosetting resin 1ilm
before curing is heated at a raising temperature speed of 10 Cmin. a time during which
the viscosity at a sicar tate of 1y is equal oo lower than 100,000 Pass is equal o or
longer than S0 seconds.

[n addition, the fiest protective film forming sheet of the present invention is
provided with the thermosetting resin {ilm ot the present invention on one surface of the
{irse supporting shegt.  in the [rse prewetive 1lHm [orming sheet, the thermoseLing resin
film™ may be reterred to as a “thermosetting resin laver™.

[0011]

The first protective [lm torming sheet of the present invention is used by

attaching the thermosetting resin laver (a thermosetting resin film} to the surtiace having
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the bump of the semiconductor wafer (that is, a circuit surtace). Then, the
thermosetting resin laver afler attachment has an increase in flusdity by heating, spreads
between the bumps so as to cover the bumps, is close contact with the cireuit surtace, and
embeds the bump while covering the surtace of the bump. particularly, the surface of the
5 portion in the vieinity of the circuit surtace.  The thermoscetting resin laver in such a
state 15 further thermadly cured by heating so as 1 Linally form the first protective film
and protects the bump in a state ol being in close contact with the surface on the circuit
surface.  After the surface of the semiconductor wafer, on which the first protective film
forming sheet, attached. tor example, onto the surface opposite to the circuit surface is
10 ground. the first suppertng sheet 1s removed.  Then, the bumps are embedded by
heating of the thermosctiing resin layver and forming of the first protective {ilm are
pertormed. and finally, the semiconductor wafer is incorparated into the semiconductor
device in a state of being provided with this first protective film.
[n this specitication, the bump surtace and the circuit surface of the
15 semiconductor water are collectively referred to as “bump-formed surtace™ i some
CUsLS.
[0012]
[n the thermosctting resin 1lm (thermoscetting resin layer) of the present
invention. as described ghove. from tlke state before curing. when the thermosetting resin
200 film before curing is heated at @ raising temperature speed of 10 °C min, a time
(hereinafter. abbreviated as “AtE™ m some cases) during which a viscosity at a shear rate
thereinatier, abbreviated as “shear viscosity (V117 in some cases) of 157 s equal to or
lower than 10G.000 Pa-s is cqual to or longer than 500 scconds.  That is, when heating is
petformed so as o satisfy the raising temperatuee speed before curing, the thesmosetiing

25 resin film ot the present mvention is soltened once and thus the shear viscosity (V1) is
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decreased.  Therealter, the shear viscosity (V1) is turned o be increased. and thereby a
first protective tilm s finally formed as a cured material.  In addiion, m a time zone
when such a shear viscosity (V1) 1s decreased. and then turned (o be decreased. a low

shear viscosity (V1) of equal to or lower than 100,000 Pa-s, and also, such a low shear

th

viscosity (V1) can be maintained for comparatively long time of equal to or longer than
300 seconds.  In the thermosetting resin film of the present invention, while maintaining
such a low shear viscosiiy (V) for a long time. 1t is possible to sufTiciently enable
bubbles {voids) contained in the stage betore curing to permeate through the inside of the
thermosetting resin filn itsetf. and to be released to the outside, and littke or no bubbles
1 are contained at ali when curing is completed.  Note that, in the present specification,
the bubbles contained in the thermosetting resin film before the curing include the
bubbles present betw een the thermaosetting resin tilm and the bump-formed surface.
Accordingly, in a case where the thermosetting resin {tim of the present
invention is used. dnally, the first protective tilin also contains little or no bubbles, and
15 thus the adhesion between the bump-tormed surface and the first protective film is high,
and the first protective tilm can sulticiently exhibit its function such as high protection
function te the cirant surface and the bump of the first protective {film. In addition,
even though this first protective filim is heated by solder reflow or the like, expansion of
bubbles does not occur at all or is suppressed. and thus the adhesion between the
200 bump-formed surface and the first protective ftlm s lowered. rapture ot the first
protective film suppressed. protection function of the first protective ilm s maintained,
or damage of the semiconductor chip is suppressed.  As deserihed above, when the
thermoscetting resin film of the present invention s used. the cireuit surface, a portion in
the vicinity of the circuit surtace of the bump. that 1s. a base pertion are suiliciently

25 proweeted by the [1rst protective {ihm.
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[0013]

FIG. T 15 @ sectional view schematically showmg an example of a state in which
a first protective {ilm is Jormed on a bump-tormed surface by using the thermaosetting
resin film of the present invention. Note that. in the drawings used in the following
description, tor the sake of casy understanding of the teatures of the present invention,
and for the sake of convenience, 4 portion seryving as a main part is sometimes enlarged
and the dimensional ratio and the like ot each component is not necessarily the same as
the actual one.

[O014]

On a circutt surtace Y0a of the semiconductor water Y0 shown in the drawing.
plurality ot the bumps 91 is provided.  The hump 91 has. tor example. the shape of a
sphere a part of which s cut ot along a flat surlace. and a tlat surface corresponding to
portion cxposed by cuttizg out the above-deseribed part is in contact with the eireuit
surface 90a of the semiconductor wafer 90,

The first protective film 12718 formed with the thermaesetting resin film of the
present invention. covers the circwt surfisce 90a ol the semiconductor water 90, and
further covers the top surface of the bump Y1 and areas of the surface 9 La of the bump 91,
In this way, the first protective film 12715 ¢lose contact with the top surface ot the bump
91 and the surface 91a other than the portions i the viemity thereod, and is also close
contact with the circuit surface 90a of the seonconductor water H) so as to embed the
bump 1.

The bubbics are not present between the surlace Y1a of the bump 91 and the
cireuit surface 90a of the semtconductor water 90. that is. hetween the bump-formed
surface and the first protective film 127, and also. the bubbles are not present inside the

fiest protective film 127, Such a substantially spherical shape of the bump 91 is
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particularly advantageous for farming the {irst protective film in which the containing of
bubbles is suppressed.
[0015]
When a diameter of the bump 91 in a direction parallel to the cireut surface 90a
5 s inereased as the height from the lowermost portion of the bump 91 (n other words, the
comntact portion with the circuit surface 90a) is increased. and becomes the maximum, the
size thereot turns o be decreased.  In other words., & space sandwiched between the
surface 91a at a base portion of the bump 91 (a portion in the vicinity of the ¢ireuit
surfiace 90a) and the cireuit surface 90a is particularly narrow i the space above the
10 bump-formed surface. and becomes narrow as it approaches the bottom of the bump V1.
In such a space. the protective tilm is diflicult to {ill and the bubbles in the protective
film are difficult w eseape, so that the bubbles tend to remain particularly.
[However, by using the thermosetiing resin film of the present invention, it is
possible to form the first protective film 127 in which the contaiing of bubbles is
15 sufficiently suppressed even in such a narrow space.  ‘Therefore, the substantially
spherical shape of the bump 91 is particudarly advantageous 1 that the protection action
of the first protective film 127 can be sutTiciently obtatned at the base portion of the bump
Q1.
[0016]
20 Note that. the sennconductor wader to be used tor the thermosetting resin film of
the present invention is not limited to that shown in FIG. 1. and a contiguration in which
a part of the configuration is changed, deleted. or added within a range that does not
impair the effect of the present invention may be used.  For example, FIG. 1 shows a

bump having a substantially spherical shape (a shape in which @ part of o sphere is cut

12
AN

out by a planc) as descrihed above. and examples of preferred bumps include a bump
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having a shape obiained by stretehing the bump having a substantially spherical shape in
a height direction (direction orthogonal to the circutt surface 90¢ of the semiconductor
witfer Y0 in FIG. 1) that s, the shape of a spheroid which is substantially a long and
spherical shape ta shape in which a portion including one end i the major axis direction
ot a spheroid which is a fong and spherical shape is cut out by a plane). and a bump
having a shape obtained by crushing the bump having a substantially spherical shape in
the height direetion, that is. a shape ot a spheroid which is substantially oblate (a shape in
which a portion including one end in the minor axis direction of a spheroid which 1s
substantially oblate is cut out by a planc).  Such a bump having a substantialfly
spherotdal shape 1s also particularly advantageous for forming the first protective filmin
which containing of bubbles is suppressed, similar to the substantially spherical bump.

Nate that. the shape of the bump deseribed so tar is merely an example of a
preferable example in applyving the thermosetting resin film of the present invention, and
the shape of the bump is not timited to these in the present invention.

[0017]

On the other haad. FIG. 2 1s a sectional view schematically sliowing an example
of a state in which a protective film s formed on a bump-formel surface by wsing the
thermosctting resin filmin the related art,. Meanwhile, in FIG2, the same constituent
clement as in G, 2 18 given the same reference sign as in FIGL T and will not be
deseribed in detail

The protective film 927 deseribed here is formed by usimg the thermosetting
resin film in the related art. Bubbles 8 are present inside of the protective film 927, and
present between the surtace Yl1a of the bump 91 and the circust surface 90a ot the
semiconductor waler Q0. that is. between the bump-formed surface and the protective

1lm 927 Particularly, the bubbles 8 are likely to remain between the surface 91a on the
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base portion of the bump 91 and the protective 11lm 927, Further. the bubbles 8 are
likely to remain on the protective {ilm 927 of a portion sandwiched between the surface
9ta on the base portion of the bump 91 and the circuit surface 90a.

[0018)

As described akove, when the thermosetting resin film of the present invention
is heated at the ruising temperature speed ol 10 2 Cr/min before the caring, it has At of
equal 1w or longer than 500 seconds, and the Atl can be adjusted by the kinds and
amounts of contained components of the thermosetting resin film to be described later.

The A1l of the thermosetting resin (1lm of the present invention is preferably
equal 1o or longer than 320 seconds, and for example, may be any one of equal to or
longer thun 340 seconds, equal to or Tonger than 360 sceonds, equal to or longer than 380
seconds. equad to or longer than 600 seeonds, 620 seconds. and equal to or fonger than
640 seconds.

On the other haad., an upper limit value ot the At of the thermosetting resin 1ilm
of the present invention is not particularly limited. — Irom the viewpoint that the
thermaosetting restn fikn has excellent thermosetting properties, the Atl is preferably
et 1o or shorter than 10,000 seconds, more preferably equal (o or shorter than 5,000
seconds. still more preferably equat to or shorter than 3000 seconds. and particularly
preterably equal to or shorter than 2,000 seconds. and tor example, may be equal to or
shorter than 1,000 seconds.

10019

As deseribed akove, when the heating 18 performied at the raising temperature
spreed of 10 7C min before the curing. the thermosetting resin {6m of the present

invention 1s soflened once. and thereby the shear viscosity (V1) is decreased. the shear
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viscosity {V1) becomes equal o or lower than 100.000 Pa-s while the time is equal to or
[onger than 300 seeonds  The Tower limit value of tle shear viscosity (V1) of the
thermosetting resin filn of the present invention in the process of heating is not
particularly timited. and iy preferably 3,000 Pa-s, more preferably 6,000 Pa-s, and
particularly preferably 9,000 Pa-s.

(0020

A lower limit vatue of the temiperature of the thermosetting resin filnt in which
the shear viscosity s equal o or lower than 100.000 Pa-s when the thermosetting resin
filim, before curing, of the present invention is heated at the raising temperature speed of
10-“Comin is not particularly limited, and is preferably 607C. more preferably 65°C, and
is particularly preferably 709

An upper limit value of the temperiture ot the thermaosetting resin tilm in which
the shear viscosity is equal to or lower than 100,000 Pa-s when the thermosetting resin
Iihm of the present invention 18 heated at the raising temperature speed of 10 - Comin s
not particutarly limited. and is preferably 1607°C, mre preferably 1530°C, and is
particularty preferably 140°C.

When the temperature of the thermosctting resin film is in such a range, the
effect of suppressing tie containing of bubbles in the tirst protective film is further
cnhanced.

[0021 |

Nate that, in the present invention, the raising temperature speed of the
thermosetting resin filn at the time of determining At is 10 “C'min, and for example.
even when measuring the tinwe during which the shear viscosity is equal to or lower than

100000 Pa-s at a mising temperature speed of about ©.X to 10.2 °Comin other than the
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raising temperature speed of 10 °C mm. usually, the time is not much difterent from Atl.

(0022

i he thermosetting resin [1lm before curing of the present invention 15 preterably
thermally cured white being pressurized after being attached te the bump-tormed surface
of the semiconducor water, and more preferably embeds the bump by heating and
increasing the tluidity (that is, softening) and is thermally cured by further heating and
pressurizing so as 1o torm the first protective film. o this way the effect of suppressing
the containing of kubbles in the first protective film is further enhanced by pressurizing
the thermosetting resin Blnvat the time of the curing by heating,

[0023)

The pressure applied at the time of seftening and curing by heating the
thermosetting resin filn of the present invention may be appropriately adjusted. and is
preterably equal to or greater than 0.1 Pa. more preferably 0.1 MPa to 1 M. still more
preferably 0.2 MPa to 0.8 MPa, and particularty preferably 0.4 MPato 0.6 MPa.  When
the pressure is equal to or higher than the lower limit vahue, the effect of suppressing the
containing of bubbles in (he lirst protective film s lurther enhanced. and when the
pressure s cqual to or Jower than the upper Timit value, an ctiect ot suppressing damage
10 the cireuit surface of the semiconductor water is enhanced.

| 0024

The thermosetting resi il belore curing of the present invention is preferably
pressurized by placing in a pressurized atmosphere during softening and curing by
heating.  With such a contiguration, the thermosetting resin film can he casity
pressurized.

[0025]

The heating temperature at which the thermosetting resin tilim of the present
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invention is seftencd and cured by hewting may be appropriately adjusted according to
the kind of the thermosetting resin {ilm. and 1s preferably, for example, 60°C 1o 200°C,

Herenatter. the configuration of the present invention will be described i
detail.

[0026)]

[1irst Supporting Sheet

The first supporting sheet may be a sheet made of a siagle faver (monolaver) or
a sheet made ot a plurality of lavers (two or more lavers).  Ina case in which the
supporting sheet is made of a plurality of Tavers. the constituent materials and the
thicknesses of the plurality of Tavers may be identical to or different from one another,
and the combination of the plurality of favers is not particularly limited as long as the
effects of the present invention are not impaired.

Meanwhile, in the present specification, the sentence "a plurality of lavers may
be identical 10 or different from one another™ means that ~ull olthe layers may he
identical to one another. all of the layvers may be different from one another, or only some
of the lavers may be identical to one another™. and furthermore. the sentence “a plurality
of Tayers is different trom vne another™ means that “at least one of the constituent
matcrials and the thicknesses of the respective layers are different from one another™.,
which will be true not only tor the first supporting sheet but alse lor other elemenls.

| 0027

[.xamples of a preferred the first supporting shecet include a structure formed by
stacking a first pressure-sensitive adhesive layver on a lirst base material, a structure
formed by stacking a first interlaver on the first base material and stacking the first
pressure-sensitive adhesive layer on the first interlaver, and a structure formed of the first

base material.
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[0028 ]

An example ol the first protective film forning sheet of the present invention
will be described with reference 10 the folfowing drawings for cach kind of such first
supporting sheet.

FIG. 3 s a sectional view schematically showmg an embodiment ot the tirst
protective film fornimyg sheet of the present invention,  The first protective hllm lorming
sheet T as shown here uses the tirst supporting sheet obtained by stacking the first
pressure-sensttive adhesive layer on the fiest base material.  That is. the first protective
film forming sheet 1is configured to include the first pressure-sensitive adhesive laver 13
on the first base material 11, and the thermaosetting resin layer ithermosetting resin {ilm)
12 on the first pressure-sensitive adhesive laver 130 The first supporting sheet 101 is a
stacked bady ot the 1irst base matertal 11 and the first pressure-sensitive adhesive layer
13, 1in which the thermosetting resin laver 12 15 provided on one surface 101a ot the first
supporting sheet 191, that is. on one surtace 13a of the first pressure-sensitive adhesive
laver 13,

In the first protective film tonming sheet i. when the beating 1s pertormed on the
thermosetting resin layer 12 at the ratsing temperature speed of 10 “Cmin from the time
before curing as described above, ALl is equal to or longer than 500 seconds.

10029

FIG. 4 is @ sectional view schematically showing another embaodiment of the first
proetive (iim forming shitel of the presentinvention.  Meanwhile, in FIG. 4, the sume
constituent element as in FICGL 3 1s given the same reference sign as i FIG. 3 and will not
be deseribed indetail. What has been deseribed above s also true for FIGE S and the
subsequent drawings.

The first proteetive film torming sheet 2 as shown here uses the first supporting
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sheet abtained by stacking the first interlayer on the first base material, and stacking the
first pressure-sensitive adhesive laver on the first interlayer.  That is. the first protective
film {forming sheet 2 1s configured to include the first interlayer 14 on the first base
material T1. the finst pressure-sensitive adhesive Taver 13 on the first interlaver 14, and
the thermosetting resin layer {thermosetting resin 11ln) 12 on the 1irst pressure-sensitive
adhesive layer 13, The [iest supporting sheet 102 1s @ stacked body obtained by stacking
the first base material 11, the first interlayver 14, and the first pressure-sensitive adhesive
layer 13 in this order. in which the thermosctting resin layer 12 s provided on one
surface 102a ot the first supporting sheet 102, that is. on one surface 134 of the first
pressure-sensitive adhesive laver 13,

In other words, the first protective tilm torming sheet 2 is further provided with
the first mterkayer 14 between the first base material T1 and the first pressure-sensitive
adhesive laver 13 in the first protective tilm forming sheet 1 as shown in FIG. 3.

[n the first protective film forming sheet 20 when the beating is performed on the
thermoscetting resin layer 12 at the raising temperature speed of 10 #C min from the time
before curing as described above, Atl s equal to or longer than S00 seconds.

10030

IICGE 5 15 seetional view schematically showing still another embodiment of the
{irst protective film forming sheet of the present invention.

[n the first protective 11Im forming sheet 3 as shown here, the first supporting
sheet 1s Tormed ol only the (st base material.  That s, the [irst protective 1ilm lorming
sheet 3 s configured to include the thermosetting resin layver (thermoscetting resin film)
12 on the 1irst base material 11, The st supporting sheet 103 s tormed of ondy the
first base material 11, the thermosetiing resin layer 12 1s provided in direct contact with

on vne surlace 102 of the first supporting sheet 103, that 1s. one surface [la of the {irst
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base material 11.

In other words, the first protective film forming sheet 2 s formed by removing
the first pressure-sensitive adhesive laver 13 in the first protective film forming sheet 1 as
shown in IF1GL 3,

[n the first protective film forming sheet 3, when the Eeating is performed on the
thermosetting resin laver 12 at the raising temperature speed of 10 °Coamin from the time
before curing as described above., Atl s equal to or longer than 500 scconds.

Next. the contiguration of the first supporting sheet will be described in detail.

[0031]

First Base Material

The first base material is a sheet-form or tifm-form base material, and examples
of a constituent material thereol include a variety of resins,

Exampies of the resins include polyethyvlene such as low-density polyvethvlene
(I.DPEY Iinear low-density polvethylene (1.1 DPE). and high-density pofvethyvlene
{(1IDPE): polyoletin other than polyethyiene such as polypropylene. polyhutene,
polvbutadiene, polvmethylpentene, and norbornene resins; cthylene-based copolyvimers
{copolymiers obtained using cthylenc as monomcerst such as cthvlene-vinyl acerare
copolyvmers. ethyvlene-fmetliacryvlate copolvimers, ethyvlene-tmellacryvlic acid ester
copolvmers, and cthvlene-norbornene copolyviners: vinyl chloride-based resins (resins
obtained using vinyl chloride as monomers) such as polyvinyl chioride and viny chloride
copolymers: pulysiyrene: polyveveloosleling polyvesters such as polyethylene erephthalae,
polvethiviene naphthatate. polvbutylene terephthalate, polyethyvlene wsophthalate.
polvethylene-2. 6-naphthalene dicarboxylate, and wholly aromatic pelyesters in which all
constituent units have ar aromatic cvelic group: copoivimuers of two or more polyester

deseribed above: polyvtmethlacrylic acid esters: polvurethance: polvurethance acryvlate:
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polvimide: polvamide: polyearbonate: {Tuororesin: polyacetal: modified polyphenylene
oxtdes: polvphenylene sulfides: polysaulfone: polvether ketones: and the like.

In addition, exemplary examples of the resing alse inclade polymer allovs such
as mixtures of the polvester and other resins,  The polviner aliovs of the polvester and
other resin are preferably polvimer alloys in which the amount of the resin other than the
polvester 1s relatively small.

In addition, examples of the resins atso include crosslinked resins in which one
or more resins exemplified above are crosstinked with cach other: modified resins such
as ionomeers for which one or more resing exemplifired above ere used: and the like.

0032

Mcanwhile. in the present specification, “(meth)acrvlic acid™ refers 10 both
“acrylic acid™ and "methacrylic acid™. What has been described above is also true for
terminologies stmilar to (methaerylie acid. for example, “(methyaerylate™ refers to both
“aervlate™ and “methacrvlate™. and “a (methyacryloyl group™ refers to hoth ~an acryloyl
group” and “a methacryloyl group™

[0033

Only one type or two or more types of resing may constitute the first base
material. and, in a case 11 which two or more types of resins constitute the first base
material. the combination and ratio thereot can be arbitrarily selected.

[0034]

The first base material may he a single layer (monolayer) or a plurality of lavers
{two or more layers), and, in a case (n which the tirst base material s a plurality of layers,
the respective lavers in the plurality of lavers may be tdentical to or ditferent from one
another, and the combination of the plurality of layers is not particularly limited.

[0035)
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The thickness of the first base material is preterably 510 1,000 pum, more
preterably 10 10 300 pm, still more preterably 13 to 300 pum, and particularly preferably
2000 150 pm,

Here, “the thickness of the first base material™ refers to the thickness of the
endire first base material. and. [or example. the thickness of the tirst base material made
up of a plurality of lavers reters to the total thickness of all of the layers constituting the
first base material.

[0D36]

The first base material is preferably a first base material having a high accuracy
in thickness, that is. a first base material in which the variation of the thickness is
suppressaed throughout the entire portion.  Among the above-described constituent
materials, examples ot materials that can be used to constitute the above-described first
base material having a high accuracy in thickness include polvethylene. polvoletin other
than polyethylene, polyethyvlene terephthalate, ethylene-vinyl acetate copolymers, and the
like.

[0037)

1 he tirst base materiad may also contany. n addition to the main constituent
material such as the resin, a variety of well-known additives such as a filler. a colorant,
an anfistatic agent, an antioxidant. an organic lubricant, a catalysi. and a softening agent
{plasticizer).

|0038]

The tirst base material may he transpareat or opaque and may he colored
depending on the purpose.  In addition, other lavers may be deposited on the fiest base
material.

In a case in which the first pressure-sensitive adhesive laver described below or
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the curable resin layver is energy ray-curable, the [irst base material preferably trunsmits
CHLTEY TaVS,

[0039]

The first base material can be manufactured using a well-known method.  lor
example, the {irst base material containing the resin can he manutactured by forming a
resin composition contaming the resin.

|0040)]

First Pressure-Sensitive Adhesive Laver

The first pressure-sensitive adhesive laver has a sheet torm or a film torm and
contains a pressure-sensitive adhesive.

Exampices of the pressurc-sensitive adhesive include pressure-sensitive adhesive
resing such as acryvhie resins (pressure-sensitive adhesives made of a resin having a
(methjacryvloyl greup), urethane-based resing (pressure-sensitive adhesives made of'a
resin having a urcthane bond). rubber-based resins (pressure-sensitive adhesives made of
a resin having a rubber structure). silicone-based resins (pressure-sensitive adhesives
made of a resin having a siloxane bond). epoxy-based resing (pressure-sensitive
adhesives made of & resm having an epoxy group). polvvinyl ethers. and polyearbonate.
and acrylic resins are preferred.

[0041]

Meanwhile, in the present invention, “pressure-sensitive adhesive resins™ refer
to hath resins having a pressure-sensitive adhesiveness and resing having an adhestveness,
and examples thereof incfude not only resing having an adhesiveness for themselves but
also resins exhihiting a pressure-sensitive adhesiveness when jointly used with other
coniponents such as additives, resins exhibiting an adhesiveness due to the presence of'a

trigger such as beat or water, and the like.



[0042]

The first pressure-sensitive adhesive layer may he a sirgle laver ¢monolayer) or
a plurality of lavers of two or more kavers, and. in a case in which the first
pressure-sensitive adhesive laver s a plurality of lavers, the respective lavers in the

5 plurality of Tavers may he ilentical to or different trom one anaother. and the combination

ol the plurality ol lavers is nat particularly limited.

[0043)

The thickness of the first pressure-sensitive adhesive layer is preferably 1 to
1.O0G pum. more preferably 5 10 500 pom. and particularly prefersably 10 o 100 pm.

10 [Tere, “the thickness of the first pressure-sensitive adhesive laver™ refers to the
thickness of the entire first pressure-sensitive adhiesive Jayer, and. tor example. the
thickness of the first pressure-sensitive adhesive layer made up of a plurality of Tavers
refers to the total thickness of all of the lavers constituting the Frst pressure-sensitive
adhesive Jayer.

(N [O034 ]

The first pressure-sensitive adhesive l[ayer may be a lirst pressure-sensitive
adhesive layer formed using an energy rav-curable pressure-sensitive adhesive or a first
pressure-sensitive adhesive laver formed using a non-energy ray-curabic
pressure-sensitive adhesive,  For the {irst pressure-sensitive adhesive layer formed using

200 an energy rav-curable pressure-sensitive adhesive, it is possible to casily adjust the
propertics before curing and after curing.

In the present invention, “energy rays”™ reler 1o ravs having energy quanta in
clectromagnetic waves or charged particle radiation, and exampoles thereol include
ultraviolet ravs, radiat: on, electron beams, and the like.

28 Ultraviolet rayvs can be radiated using. for example. a high-pressure mercury
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l[amp. a tusion H lamp. o xenon lamp, black light, a LED lamp. or the Like as an
ultraviolet ray source.  As the electron beams, clectron beams zenerated using an
electron beam accelerator or the like can be radiated.
In the present invention, “heing caergy rav-curable™ refers to a property of being
5 cured by being irradiated with energy ravs, and “being non-encrey ray-curable™ reters (o
a property of not being cured by being irradiated with energy rays.
|0045|
~=First Pressure-Sensitive Adhesive Composition':-
The first pressure-sensitive adhesive laver can be formed using a first
10 pressure-sensitive adhesive composition containing a pressure-sensitive adhesive.  lor
example. the first pressure-sensitive adhesive laver can be lTormed at an intended portion
by applyving the (imst pressure-sensitive adhesive composition 1o & target surtace on which
the first pressure-sensitive adhesive layer is to be formed and drying the tirst
pressure-sensitive adhesive compostion as necessary. A more specilic method for
15 forming the first pressure-sensitive adhesive layver will be deseribed below in detail
together with meth:ods for forming other lavers.  The ratio between the amounts of
components. which do not gasify at normal temperature, in the Jirst pressure-sensitive
adhesive composition is, generally, identical to the ratio hetween the amounts of the
above-deseribed components in the first pressure-sensitive adhesive laver. Meanwhile,
200 in the present spectfication, "normal temperature”™ refers to a temperature that is not
particularly cooled or heated. that is. a temperature in an ordinary state, and examples
thereof inctude a temperature of 153°C to 25°C and the Tike,
[0046]
The first pressure-sensitive adhesive composition may be applied using a

25 well-known miethed. and examples thereof inelude methods inwhich a variety of coaters
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such as an air knite cogter, & blade coater. a bar coater, a gravure coater, a roll coater, a
roll knife coater. a curtain coater, a die coater, a knife coater, a screen coater, a Maver bar
coater, and a Kiss coater are used.

[0047)

) The drying conditions of the first pressure-sensitive adhesive composition are
not particularly limited: however. m a case in which the first pressure-sensilive adhesive
composition contains a solvent deseribed below, the first pressure-sensitive adhesive
composition is preferably heated and dried. The first pressure-sensitive adhesive
composition containing a sobvent 15 preterably dried at 707°C 10 1307C for 10 seconds to 5

1t minutes.

[0048]

[n a case in which the first pressure-sensitive adhesive laver 18 energy
rav-curabic. examples of the first pressure-sensitive adhesive composition containing an
encrgy rav-curable pressure-sensitive adhesive, that is. an encrgy ray-curable tirst

15 pressure~sensitive adhesive composition include a first pressure-sensitive adhesive

composition (I-1) containing a non-energy ray-curable pressure-sensitive adhesive resin
(I-Ta) (hereinatter in some cases, abbreviated as “the pressure-sensitive adhesive resin
-1y and an encrgy rav-curable compound: a first pressure-sensitive adhesive
compaosition (1-2) containing an energy ray-curable pressure-sensitive adhesive resin

200 (-2 i which an unsaturated group is introduced into a stde chain of the non-cnergy

rav-curable pressure-sensitive adhestve resin (1-1a) (hereinaficr in some cases.,
abbreviated as “the pressure-sensitive adhesive resin (1-2a)7); a first pressure-sensitive
adhesive composttion (I-3) containing the pressure-sensitive adhesive resin (1-2a) and an
energy rav-curable low-molecular-weight compound: and the like.,

2% 0049
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-~ First Pressure-Sensitive Adhesive Composition (1-1)«

Ax deseribed above, the first pressure-sensitive adhesive composition (I-1)
contains the non-eaergy ray-curable pressure-sensitive adhesive resin (1-1a) and an
energy rav-curable compound.

3 [0050]

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

The pressure-sensitive adhesive resin (1-1a) is preferably an acryvlic resin.

Examples of the acryiic resin include acryvlic polymers having at least a
constituent unit derived from an atkvl tmeth)acrylate.

10} The acryi:c resin may have only one type or 1wo or more tvpes of constituent
units, and. in a case in which the aervlic resin has two or more types ol constituent units,
the combination and ratio thereof can be arbitrarily sclected.

OO

Examples of the alkyt tmethucryvlate include alky] imeth)acrylates in which the

15 number of carbon atoms in an alky] group constituting the alkylester is 1 to 20, and the
alkyl group is preterably a linear alkyvl group or a branched alkyl group.

Moaore speciiic examples of the alky] (methaerylate melude methy]
(methjacrylate, cthyl imethyacrylate, n-propyl timethacrylate, sopropyl (methyacrylate,
n-butyl tmethlacrvlate. 1sobutyl tmethlacrylate, sec-butyl tmetacrylate. tert-butyl

200 (methyacrviate, pentvl (meth)acryvlate, hexyl (methaervlaie, heptyl (methyacrylate,
2-cthylhesyl tmethlacryviate, iscoctyl (methlacrylate. n-octy] imethyacrvlate, n-nonyl
{methiacrylate, isononvi (methyacrylate. deevl (methiacrylate, endecyl (methyacrylate,
dodeeyl (meth)acrylate (auryl imethacrylate). tndeeyl (methjacrvlate, tetradecyl

{methlacrvlate emyristy] tmethyacryvlate). pentadeey| tmethjacryvlate. hexadecyl

12
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{methjacrvlate (palmity ] timethacrylate), heptadecyl (meth)acrylate, octadecyl
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{methiacrylate (steary] (meth)acrylate), nonadeeyl (meth)acryiate. icosyl (methjacrylaie.
and the like.

[0052)

Since the pressure-sensitive adhesive toree of the first pressure-sensitive
adhesive layer improves, the acrylic polymer preterably has a constituent unit derived
from an alkyl imethyacrylate in which the number of carbon atoms i the alky] group is
four or more.  In addition, sinee the pressure-sensitive adhesive foree of the first
pressure-sensttive adhesive layer [urther improves, the number of carbon atoms in the
alkyl group is preterably 4 to 12 and more preferably 4 to 8. In addition, the alkvl
(methiacrylate in which the number of carbon atoms in the alkyl group is tour or more 1s
preferably alkyvl acrvlate.

[00S3|

The acryiic polymer preferably turther has. in addition to the constituent unit
derived from the alky] (meth)acrylate. a constituent unit derived trom a functional
Lroup-contamning monorkr.

Examples of the tunctional group-containg monmmer include monamers in
which the functional group reacts with a crosslinking agent deseribed below and thus
serves as d starting point of crosstinking or the functional group reacts with an
unsaturated group in an unsaturated group-containing compound and thus enables e
introduction of the unsaturated group into a side chain of the acrylic polvimer.

[ Q054

Examptes of the tunctonal group in the functional group-containing monomer
include a hvdroxyl group. a carboxy group. an amiro group. an epoxy group. and the
like.

That 1s, examples of the functional group-containing monomer include hvdroxy!
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group-contiining monorers. carboxy group-confaining monoeners, aminoe
Lroup-cONtnIng MoNoeREs, Cpoxy group-containing monomers, and the like.
[0055)
Fxamptes of the bydroxy] group-containing monomers include hvdroxyalkyl
5 {methacrvlates such as hvdroxymethyl (methjacrylate, 2-hvdroxvethyl (methlacerylate,
2-hydroxypropyl tmethiacrylate, 3-hydroxypropy! imethiacrylate. 2-hvdroxybutyl
{methacrylate, 3-hydroxyvbutyl (meth)acrylate, and 4-hyvdroxyhutyl (meth)aervlate;
non-gmethjacrylic unsaturated ateohols such as vinyl aleobol and alivl aleohol
(unsuaturated alcohols not having a (meth)acryloyl skeleton): and the like.
10 [0036]

Exampies of the carboxy group-containing monomers include cthylenic
unsaturated monocarbuxylic actds such as (meth)acrylic acid and crotonic acid
(monocarboxylic actds having an cthylenic unsaturated bond); cthvlenic unsaturated
dicarboxylic acids such as fumaric acid. itaconic acid, maleic acid, and citraconic acid

15 {dicarboxylic acids having an ethyvlenie unsaturated bond): anhydrides of the ethyvlenic
unsaturated dicarboxyvlic acid: carboxyatkyl Gnethacrvlates such as 2-carboxyvethyl
methacryvlate: and the Tike.

(0057

The tunctional group-containing monamer is preferably the hydroxy]

200 group-containing menorer or the carboxy group-containing monomer and more
preferably the hvdroxy] group-contatning monomer.

|0058]|

{ he acrviic polyvmer mav be constituted of only one type or two or more tvpes of

the functional group-containing monomers. and. in a case in which the acrylic polymer is

12
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constituted of two or more types of the functional group-contaming monomers, the
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combination and ratio thereo! can be arbitrarily selected.

|0059]

In the acrvlic potvmer. the amount of the constituent unit derived from the
functional group-contairing monomer is preterably 126 to 35% by mass, more preferably
3% 10 329 by mass. and particularty preferably 3% to 3040 by mass of the mass of the
consutuent units.

[0060|

The acryiie polymer may further have, in addition to the constituent unit derived
from the alkyvl tmethyacrviate and the constituent unit derived from the functional
group-containing menorier. 4 constituent unit derived from a different monomer.

The different mononier is not particularly fimiiced as long as the monomer can be
copolymerized with the alky]l tmeth)acrylate or the like,

Examples of the difterent monomer include styrene. a-methylstyrene, vinyl
toluene, vinyl [ormate, vinyl acctate, acrvlonitrile, aervliamide, and the like.

[o06! |

The acryie polymer may be constituted of only one type oF two or more types of
the different monomers, and, 11t a case in which the acrylic polymer is constituted of two
or morc types of the ditferent nmonomers. the connection and ratio thereot can be
arbitrarily selected.

(0062

Uhe acryic polymer can be used as the non-energy ray-curable
pressure-sensitive adhesive resm (-1a).

Meanwhile, a substance obtained by causing an unsaturated group-containing
compound having an energy rav-potvinerizable unsaturated groap tenergy

ray-polymerizable eroup) to react with the tunctional group in the acryvlic polymer can be
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used as the energy ray-curable pressure-sensitive adhesive resin (1-2a).

Mceanw hile, in the present invention, “being energy rav-polymerizable™ refers to
& property of being polvmerized by being irradiated with energy ravs.

[0063]

The first pressure-sensitive adhesive composition (I1-1) may contain only one
type or two or more Lypes of the pressure-sensitive adhesive resins (I-1a). and. in & case
in which the tirst pressure-sensitive adhesive composition contains two or more types of
the pressure-sensitive adhesive compositions, the combination and ratio thereof can be
arbitrarily sclected.

|0064]

In the 1irst pressure-sensitive adhesive composition (I-1). the amount of the
pressure-sensitive adhesive resin (I-Ta) is preferably 3% o 99% by mass, more
preferably 10%0 to 93% by mass. and particularly preterably [5% to 90%, by mass.

[0065]

| Energy Ray-Curable Compounds|

Examples of the energy rav-curable compound contained in the Hirst
pressure-sensitive adhesive composttion (I-1) melude monomers or oligomers which
have an energy ray-polymerizable unsaturated group and can be cured by being irradiated
with encrgy rayvs.

Among the energy rayv-curable compounds, examples of monomers iclude
polvhydric (methlaeryvlaies such as trimethvlol propane tritmeth: Jacrylate, pentacrythritol
{methiacrylate, pentaervhritol tetragmethyacrylate, dipentaervthritol hexatmeth jacrylate,
1. 4-butvlene glveol diymethacrvlate, and 1.6-hexanediol imethyacrylate: urethane
{methacrvlate: polvether imethiacrylate: polvether (methacrylate: cpoxy

{methyacrvlate: and the like.
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Among the energy ray-curable compounds, examples of oligomers include
ohigomers obtained by polvmerizing the monomers provided as exemplary examples
above.

The energy rav-curable compound is preterably urethane (meth)acrylate or a
urcthane (methacrylate oligomer since the molecular weight is retatively great and the
storage elastic modulus ol the first pressure-sensitive adhesive layer is not casily
deereased.

[ 0066

The first pressure-sensitive adhesive compuosition (I-1) may contain only one
tvpe or two or more types of the energy rav-curable compounds, and, in a case in which
thu first pressure-sensitive adhesive compuosition containg two or more types of the
energy ray-curable compounds, the combination and ratio thereot can be arbitrarily
selected.

[0067]

[n the first pressure-sensttive adhesive compeosition (1-11. the amount of the
energy rav-curable compound is prederably 190 to 953% by mass. more preferably 5% to
Q0% by mass, and particularly preferably 10%o to 853% by mass,

[0068]

[Crosslinking Agent]

In a case in which the acrylic polvmer further having, i addition to the
constitucnt unit derived from the alkyl (methaervlate, the constituent unit derived from
the functional group-containing monamer as the pressure-sensitive adhesive resin ([-1a),
the first pressure-sensitive adhesive composition {I-1) preferably turther contains a
crosslinking agent.

(0069
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The crosslinking agent is. for example. a substance thay reacts with the
functional group and thus crosslinks the pressure-sensitive adhesive resins (I-1ua).

Exampies of the crosslinking agent include isocvanate-based crosslinking agents
(crosslinking agents having an isocvanate group) such as tolvlene diisocvanate,
hexamethylene ditsoevanate, xyvlvlene ditsoeyanate, and adduct bodies of the
above-described disocyvanate: epoxy-based crosstinking agents {crosshinking agents
having a glvetdyl group) such as cthylene giveol glveidyl ether: aziridine-based
crosslinking agents (crosslinking agents having an aziridiny] group) such as
hexal - 2-methyh-azinidinvl [tniphosphatriazine: metal chelate-based crosslinking agents
{crosshinking agents having a metal chelate structure) such as aluminum chelates:
isocvanurate-based crosslinking agents (crosslinking agents having an isocyvanuric acid
skeleton): and the like

The crosshinking agent is preferably the ssoevanate-based crosslinking agent
since the isocyanate-based crosslinking agent improves the cohesive force of the
pressure-sensitive adhesive so as 1o improve the pressure-sensitive adhesive foree of the
first pressure-sensitive adhesive Taver, is casily procurable. and the like.

[0070]

The first pressure-sensitive adhesive composition (I-1) may contain onty one
tvpe or two or more types of the crosslinking agents. and. in a case in which the first
pressure-sensitive adhesive compositton contains two or more tvpes of the crosslinking
agents. the combination and ratio thereof can be arbitrarily selected.

0071 |

In the first pressure-sensttive adhesive composition (-1}, the amount of the
crosslinking agent is preterably 0.01 to SO parts by mass. more preferably (0.1 to 20 parts

by mass. and particularly preferahly 1 to 10 parts by mass of the amount (100 parts by
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masy) of the pressure-sensitive adhesive resin (1-1a).

0072

[Photopolvmerization Initiator|

The first pressure-sensitive adhesive composition (I-1) may also further contain
a photopolymerization inttiator.  The first pressure-sensitive adhesive composition ¢1-1)
cotaining the photopolymeerization imitiator sulliciently proceeds with a curing reaction
even when irradiated with energy ravs having a relatively low energy such as ultravivlet
ravs.

|0073]

Examples of the photopolymerization inatiater include benzoin compounds such
a3 benzoin, benzoin metavl ether. benzoin ethy] ether. benzoin isopropy] cther. benzoin
isobutyl ether. benzain benzoate, methyl benzoin benzoate. and benzoin dimethyl ketal:
acetophenone compounds such as acctophenone,
2-hydroxy-2-mcthyl- I-phenyl-propanc- [-one. and
2.2-dimethoxy-1.2-diphenylethane-f-one: acyviphosphine oxide compounds such as
bis(2.4.6-trimethvlbenzevlphenylphosphine oxide and
2 A.6-trimethyibenzovlid:phenylphosphine oxide: sullide compounds such as
benzytphenyl sulfide and tetramethylthiuram muonosulfide: a-ketol compounds such as
I-hydroxyeyelohexyl phenyl ketone: azo compounds such as azobisisobutylonitrile:
titanocene compounds such as titanocene: thioxanthone compounds such as
thioxanthong: perexide compounds: diketone compounds such as diacetyle: benzvl
dibenzyl, benzophenone, 2.4-dicthylthioxanthone, 1.2-diphenyvlmethane,
2-hydroxy-2-methyvl-1-[4-t [-methvivinyDphenyl | propanone., 2-chloroanthraquinone. and
the like.

[n addition. as the photopolymerization initiator. tor example. a guinone
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compoumnd such as 1-chloroanthraquinone: @ photosensitizer sach as amine: or the like
can also be used.

[0074)

The first pressure-sensitive adhesive composition (I-1) may contain only one
type or two or more types of the photopolymerization initiators, and. in a case in which
the first pressure-sensitive adhesive composition contiins two or more [ypes of the
photopolvimerization initiators, the combination and ratio thereof can be arbitrarily
selected.

|O075]

[n the first pressure-sensitive adhesive composttion (I-1 ) the amount of the
photopelymerization initiator is preferably 0.01 to 20 parts by mass, more preterably 0.03
to 10 parts by mass. and particularly preferably (.05 o & parts by mass of the amount
{100 parts by mass) ol the energy rav-curable compound.

[0076]

[Other Additives|

I he first pressure-sensitive adliesive composition (I-1) may also contain other
additives which de nat correspond to any of the above-deseribed components as long as
the cfleets of the present invention are not impaired.

Exampies of the other additives include a variety of well-known additives such
as an antistatic agent, an antioxidant. a softening agent (plasticizer), a filler (filer). an
antirust agent. a coloram (a pigment or & dye). a sensitizer, a tackifter. a reaction retardant.
and a crosslinking accelerator (catalvsth

Meanwhile, the reaction retardant ts a substance that suppresses the progress of
an unintended crosslinking reaction in the first pressure-sensitive adhesive composition

{I-1) under storage duce to, for example. the action of the catalyst mixed into the first
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pressure-sensitive adhesive composition (=13 Examples of the reaction retardant
include reaction retardants that form a chelate complex due to a chelate with respect to
the catalvst. and more specific examples thereof include substances having two or more
carbonyl groups (-C¢ O)-} in one molecule.

[0077|

The first pressure-sensitive adhesive composition (1-1) may comain only one
type or two or more tvpes of the other additives, and, in a case tn which the lirst
pressure-sensttive adhesive composttion contains two or imore tvpes of the other additives,
the combination and ratio thereof can be arbitrarify selected.

0078

In the 1irst pressure-sensitive adhesive composition (I-1). the amount of the
other additives is not particularly limited and may be appropriately selected depending on
the type of the additives.

[0079]

[ Solvent|

I he first pressure-sensitive adhiesive composition (I-1) may also contain a
solvent.  When the first pressure-sensitive adhesive composition (1-1) contains a solvent,
the coating aptitude to a coating target surfiace improves.

[00RO]

The solvent is preferably an orgamie solvent. and examples of the organie
solvent include ketones such as methy] ethyvl ketone and acetone: esters {carboxvlic acid
esters) such as ethyl acetate: ethers such as tetrahydrofuran and dioxane: aliphatic
hivdrocarbons such as cyvelohexane and n-hexane: aromatic hyérocarbons such as toluene
and xvlene: alcohols such as 1-propanol and 2-propanol: and the like.

[O00R1)
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As the solvent. a solvent used during the manulacturing of the pressure-sensitive
adhesive resin (1-1a) may be continuously used in the first pressure-sensitive adhesive
compaosition (I-1) without being removed from the pressure-sensitive adhesive resin
(I-1a) or a solvent of the same type as or a different tvpe from the solvent used during the
manutacturing of the pressure-sensitive adhesive resin (1-1a) may be separately added
during the manutacturing of the first pressure-sensitive adhesive composition (1-1)

[0082|

The first pressure-sensitive adhesive composition (1-1) may contain only one
type or two or more types of the solvents. and. in a case in which the first
pressure-sensitive adhesive composition contams two or more types of the solvents, the
combination and ratio thereol can be arbitrarily selected.

[00R3|

[n the first pressure-sensitive adhesive composttion (I-1), the amount of the
solvent is not particutarly limited and may be appropriately adjusted.

[0084]

«I7irst Pressure-Sensitive Adhesive Compaosition (1-2)

Ar deseribed above, the first pressure-sensitive adhesive composition (1-2)
contains an cnergy rav-cerable pressurc-scnsitive adhesive resie (1-2a) in which an
unsaturated group is introduced into a side chain of the non-energy ray-curable
pressure-sensitive adhesive resin (I-Tad.

|OORS|

| Pressure-Sensitive Adhesive Resin (1-2a)]

| he pressure-sensitive adhesive resin {1-2a) can be obiained by, for example,
causing an unsaturiied group-containing compound having an energy ray-polymerizable

unsaturated group to react with the functional group in the pressure-sensitive adhesive
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resin (I-la).

[1HIR6]

I he unsaturated group-containing compound is a compound turther having, in
addition 1o 1he energy rav-polymerizable unsaturated group. a group that can be bonded
with the pressure-sensitive adhesive resin (-1a2) by reacting wita the tunctional proup in
the pressure-sensitive adhesive resin (1-1a).

Examples of the energy ra-poly merizable unsaturated group include a
tmethaceylov] group. a viny] group tetheny] grouph. an alls] group (2-propeny | grouph.
and the hke. and @ tmethaceryloy group is preferred.

Fxamples of the group that can be bonded with the functional group in the
pressure=sensitive adhes.ve resin (I-1a) include isoevanate growss and glyeidy] groups
that can be bonded with a hydroxyl group or an amino group. hydroxy] groups and amino
eroups that can be bonded with a carhoxy group or an epoxy group. and the hike.

[0087T]

Fxamples of the unsaturated group-containing compound include
tmethiacey loy lonseths Lisocvanate, (meth)aeryloyt isocyanate, zlyeudyi emethyaerylate.
and the like,

[OORY]

The fiest pressure-sensitive adhesive composition (1-2) may contain only one
type or two or more (ypes of the pressure-sensitive adhesive resins (1-2a), and, in a case
in which the first pressure-sensitive adhesive compaosition contiins two or more tyvpes ot
the pressure-sensitive adhestve resins, the combination and ratio thereot can be arbitranly
selected.

[D0KY|

In the 1irdt pressure-sensitive adhesive compuosition (-2, the amount of the
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pressure-sensitive adhesive resin (1-2a) is preferably 3% 10 99% by mass, more
preterably 10% to 93% by mass, and particularly preferably T a to 90% by mass.

[0090]

[Crosslinking Agent |

[n a case in which, as the pressure-sensitive adhesive resin (1-2a), for example,
the acrylic polymer having a constituent unit derived from the fanctional
group-containing monorer. which is the same as that in the pressure-sensitive adhesive
resin {(I-1a) is used, the first pressure-sensitive adhesive composition (-2) may further
contains a crosslinking agent.

0091 |

Exampices of the crosslinking agent in the first pressure-sensitive adhesive
composition (1-2) include the same crosslinking agents as those in the first
pressure-sensitive adhesive composition (I-1).

The first pressure-sensitive adhiexive composition (1-2) may contain only one
type or two or more Lvpes of the crosslinking agents, and. in a case in which the first
pressure-sensitive adhesive composition contains two or more types of the crosslinking
agents. the combination and ratio thereot can be arbitrurtly seleeted.

[0092]

[n the first pressure-sensitive adbesive composition (1-2). the anmount of the
crosslinking agent is preferably 0.0 to 50 parts by mass. more preferably 0.1 to 20 parts
by mass, and particularly preterably 1 to 10 parls by mass with respect to the amount
{ 1O0) parts by mass) of the pressure-sensitive adhesive resin ([-2a).

[0093]

[ Photopolvimerization Initiator|

The first pressure-sensitive adhesive compaosition (1-2) may also further contain
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a photopolymerization intiator. The {irst pressure-sensitive adhesive composition ¢1-2)
containing the photopalymerization initiator sutticiently proceeds with a curing reaction
even when irradiated with energy ravs having a relatively low energy such as ultravialet
rays.

[0094]

Exampies ol the photopolymerization initiator in the 1i7st pressure-sensitive
adhesive composition (1-2) include the same photopolvmerization initiators as those in
the first pressure-sensitive adhesive composition (1-1).

The first pressure-sensitive adhesive compuosition (1-2) may contain only one
tvpe or two or more types of the photopolymerization initiators, and. in a case in which
thu first pressure-sensitive adhesive compuosition containg two or more types of the
photopolymerization initiators, the combination and ratio thereol can be arbitrarily
seleeted.

[0095]

[n the first pressure-sensttive adhesive compeosition (1-2). the amount of the
photopalyimerization initiator is preferably 0.01 to 20 parts by mass, more preferably 0.03
o 10 parts by mass. und particudarly preterably 0.05 to 5 parts by mass with respect to
the amount (100 parts by mass) of the pressure-sensitive adhesive resin (I-2a).

[0096]

[(nher Additives|

The first pressure-sensitive adhesive composition (1-2) mav also contain other
additives which de not correspond to any of the above-described components as long as
the effects of the present invention are not impaired.

Examples ol the other additives in the first pressure-sensitive adhesive

coniposition (1-2) include the same other additives as those in the first pressure-sensitive
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The first pressure-sensitive adhesive composition (1-2) may contain only one
Lvpe or two or meore types of the other additives, and. in a case in which the first
pressure-sensitive adhesive composition (I-2) contains two or more tvpes of the other
additives, the combination and ratio thereof can he arbitrarily sclected.

|0097|

In the first pressure-sensitive adhesive composition ([-2). the amount of the
other additives is not particularly limited and may be appropriztely selected depending on
the type of the additives.

[009K|

| Solvent|

The first pressure-sensitive adhesive compostiion (I-2) may also contain a
solvent for the same purpose as in the case of the tirst pressure-sensitive adhesive
composition (I-1).

Examptes of the solvent in the first pressure-sensitive adhesive composition
(I-2) include the same solvents as those in the First pressure-sensitive adhesive
composition (I-1).

The first pressure-sensitive adhesive composition (1-2) may contain onty one
tvpue or two or more tvpes of the selvents. and. in a case i which the irst
pressure-sensitive adhesive composition contains two or more tvpes of the solvents, the
combination and ratio thercof can be arbrtrarily selecied.

In the first pressure-sensitive adhesive composition ([-2), the amount of the
solvent is not particutarly limited and may be appropriately adpusted.

[(09Y |

<'First Pressure-Sensitive Adhesive Composition (1-3)
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As described akove, the first pressure-sensitive adhesive composition (1-3)
contains the pressure-sensitive adhesive resin (1-24) and an energy rayv-curable
low-molecular-werght compound.
[0100)

N [n the first pressure-sensitive adhesive composition ([-3), the amount of the
pressure-sensitive adhesive resm (1-2a) 1s preterably 3% 10 99% by mass. more
preferably 109 to 953% by mass, and particularly preferably 1590 to 90% by mass.

[0101]
| Energy Rayv-Curable Low-Molecular-Weight Compound]

10} Examples ol the energy ray-curable low-molecular-weight compound contained
in the 1irst pressure-sensitive adhesive composition (1-3} include mononwers or oligomers
which have an energy rav-polymerizable unsaturated group and can be cured by being
ircadiated with encrey ravs and include the same energy ray-curable compounds as that in
the first pressure-sensitive adhesive compaosition (1-1).

IS The first pressure-sensitive adhesive composition (1-3) may contain only one
type or two or more types of the energy rav-curable low-molecular-weight compounds.
and. in a case in which the first pressure-sensitive adhesive composition (1-3) containg
two or more types of the energy ray-curable low-molecular-weight compounds, the
combination und ratio thereol can be arbitrarily selected.

20 [0102]

In the first pressure-sensitive adhesive compaosition (1-3). the amount of the
energy rav-curable low-molecular-weight compound is preferably (101 to 300 parts by
mass. more preferably .03 (o 200 parts by mass. and particularly preferabty (.05 1o 100

parts by mass with respect 1o the amount (HOO parts by mass) of the pressure-sensitive

12
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adhesive resin (1-2a).
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|0103]

| Photopolvimierization Initiator|

The first pressure-sensitive adhesive composition (1-3) may also further contain
& photapolvmerization initiator.  The first pressure-sensitive adhesive composition ¢1-3)
containing the photopolymerization initiator sufliciently proceeds with a curing reaction
even when irradiated with energy ravs having a relatively low energy such as ultraviolet
ravs.

[0104]

Exampies of the photopolymerization initiator in the first pressure-sensitive
adhesive compaosttion ([-3) include the same photopolymerization inttiators as those in
thu first pressure-sensitive adhesive composition {1-1 ).

The first pressure-sensitive adhesive compostiion (1-3) may contain only one
type or two or more types of the photopolymerization initiators, and. in a case in which
the first pressure-sensitive adhesive compaosition contains two or more types of the
photopolvmerization initiators, the combination and ratio thereol can be arbitrarily
selected.

[0105]

In the first pressurc-sensitive adhesive compeosition (1-3). the amount of the
photopaolymerization initiator is prederably (.01 10 20 parts by mass. more preferably 0.03
to ) parts by mass, und particularly preferably .03 to 5 parts by mass with respect to
the total amoeunt (100 parts by mass) of the pressure-sensitive cdhesive resin (1-2a) and
the encrgy ray-curable low-molecular-weight compound.

10106

[Other Additives]

The first pressure-sensitive adhesive compaosition (1-3) may also contain other
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additives which do not correspond to any of the above-described components as long as
the ettects of the present invention are not impaired.

Examptes of the other additives inciude the same other additives as those in the
first pressure-sensitive adhesive composition (1-1).

R The first pressure-sensitive adhesive composition (1-3) may contain only one
type or two or more Lypes of the other additives. and. i a case in which the st
pressure-sensitive adhesive composition contains two or more types of the other additives.
the combination and ratio thereod can be arbitrarily selected.

[0107]

10} [n the first pressure-sensitive adhesive composttion (I-3), the amount of the
other additives is not particularly limited and may be appropriately selected depending on
the tvpe of the additives.

[O10K]
[Solvent]

IS The first pressure-sensitive adhesive composition (1-3) may also contain a
selvent for the same purpose as in the case of the tirst pressure-sensitive adhiesive
composition (I-1).

[.xampies of the solvent in the first pressurc-sensitive adhesive composition
(I-3) include the sume solvents as those in the first pressure-sensitive adhesive

200 composition (I-1).

The first pressure-sensitive adhesive composition (1-3) may contain only one
tvpe or two or more types of the solvents, and. 1 a case m which the first
pressure-sensitive adhesive composition contains two or more types ol the solvents, the

combination and ratio thereof can be arbrtrarily selected.

12
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n the 1irst pressure-sensttive adhesive composttion (1-3), the antount of the
In the first p 1sit ih n tion (1-3), the amount of ¢t
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selvent s not particularly limtited and miay be appropriately adpusted.

|0109]

“First Pressure-Sensitive Adhesive Compaositions Other Than First
Pressure-Sensitive Adhesive Compaositions {(I-1) to ([-3).-

I itherto, the first pressure-sensitive adhesive composition ¢1-1). the first
pressure-sensitive adhesive composition (1-2). and the first pressure-sensitive adhesive
composition (1-3) have been mainly deseribed. but the substances described as the
comained components thereol can also be used in the same marner in general first
pressure-sensitive adhesive compositions other than the above-described three types of
first pressure-sensitive adhesive compositions (in the present specification, referred to as
thu first pressure-sensitive adhesive compuositions other than the first pressure-sensitive
adhesive compositions ([-1) to (1-3)).

[OT10]

Examples of the first pressure-sensitive adhesive compositions other than the
first pressure-sensitive adhesive compositions (1-1) to (1-3) inciude, in addition 1o, the
energy rayv-curable pressure-sensitive adhesive compositions, anon-energy rav-curable
pressure-sensitive adhesive composition.

[.xamples of the non-cnergy ray-curable pressurc-sensitive adhesive
conpositions include non-energy ray-curable pressure-sensitive adhesive compositions
containing a pressure-sensitive adhesive resin such as an acrylic resin (& resin having a
{methiacrvlovl group), an urcthanc-based resin (a resin having a urethane bond). a
rubber-bused resin (a resin having a rubber structure). a silicone-based resin (a resin
having a stloxane hond). an cpoxy-based resin (a resin having an epoxy group). a
polvviny] ether. or a polvearbonate. and non-cnergy rav-curable pressure-sensitive

adhesive composttions containing an acrvlic resin are preferred.
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[OL11]

The first pressure-sensitive adhiesive compositions other than the first
pressure-sensitive adhesive compositions (1-1) to (I-3) preferably contain one or more
tvpes of crosslinking agents. and the amount thereol can be set to be the same as that in
the case of the above-described {irst pressure-sensitive adhestve composition (I-1) or the
like.

|0112]

-~=Method for Manufacturing First Pressure-Sensitive Adhesive Composition:~-

The first pressure-sensitive adhesive compuositions such as the first
pressure-sensitive adhesive composittons (1-13 to ¢1-3) can be ohtained by blending
individual components tor constituting the 1irst pressure-sensitive adhesive compositions
such as the pressure-sensitive adhesive, components other than the pressure-sensitive
adhesive as necessary, and the like.

The additiom order during the blending of the respective components is not
particularly limited. and two or more types of components may be added at the same
tme.

[n a case in which the solvent is used, the solvent may be used by mixing the
solvent with all of the blending components other than the solvent so as o dilute these
blending components in advance or may be used by mixing the solvent with the blending
components without diluting all of the blending components other than the sofvent in
advance.

A method for meixing the respective components during blending is not
particutarty limited and may be appropriately selected from well-known methoeds such as
a4 method in which the components are mixed together by rotating o stirring stick.

stirring blade, or the Tike: a method m which the components are mixed together using a
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mixer, and a method in which the compoenents are mised together by applying altrasonic
waves thereto.

The temperature and the time during the addition and mixing of the respective
components are net particularly imited as long as the respective blending compaonents do
not deteriorate and may be appropriately adjusted. but the temperature is preferably [5°C
0 30°C,

[O113]

First Interlayer

The first interlaver has a sheet form or a 1ifm form, and a constituent nxaterial
thereot may be appropriately selected depending on the purpose and s not particularly
limited.

For example, ina case in which the purpose is to suppress the deformation of the
protective film by reflecing the shape of bunmips present on a semiconductor surtace m
the protective film that covers the semiconductor surtuce., examples of a preferred
constituent material of the first interlaver include urethane (metiaerylate and the like
from the viewpoinl of further improving the attachment property of the first interlaver.

[0T14]

he tirst interlaver may be a single laver (monolayer) or a plurality of lavers of
o or more lavers, and. 1o a case 0 which the first interlayver is a plurulity of lavers., the
respective tavers in the pluratity of layers may be identical o or different from one
another, and (the combinadion of the pluratity of lavers is not particularly limiwed.

[OT15]

The thickness of the Hirst interlayer can be appropriately adjusted depending on
the height of bumps on the semiconductor surface which is a protection target, but is

preferably 30 1o 600 pum, more preterably 70 to 500 ., and particularly preferabhly 80 to
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400 um sinee 1t 1s possible to relatively easily absorb the influence of bumps having a
relatively high height.

Here. “the thickness of the first micrlaver™ refers o the thickness of the entire
lirst interlayer, and, for example, the thickness of the tirst interlayer made up of a
plurality of lavers refers (o the total thickness of all of the lavers constituting the first
interlayer.

[O116]

<wIFirst Interlayer Forming Composition™

The first mterlayer can be formed using a tirst tuterlayer lorming compaosition
coraining the constituent material.

IFor example. the first interlaver can be formed at an iniended portion by
applying the first mterlayver forming composition 1o a target surface on which the first
interlayer 1s to be formed and drying the first interlayer forming composition or curing
the first interlayver torming composition by being irradiated with energy rayvs as necessary.
Amore speeitic method for forming the first interfaver will be deseribed below in detail
together with methods tor lorming other layvers.  The ratio between the amounts of
components, which do not gasify at normal temperature, in the Sirst interlayer forming
composition is, generally, identical to the ratio berween the amounts of' the
above-desceribed components in the first interlayer.  Here. "normal temperature™ is as
described above.

[0117]

The first nterlayer forming composition may be applied using a well-known
method. and examples thereof include methads in which a variety of coaters such as an
air knite coater, a blade coater, a bar coater, a gravure coater, a roll coater, a roll knife

coater, a curtain coater, a die coater. a knife coater, a screen coater. a Maver bar coater.
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and a Kiss coater are used.

[O11R]

The drving conditions of the first interlayver forming composition are not
particularty limited.  FFor example. in this case, the first interlaver forming composition
containing the solvent described helow 1s preterabiy heated and dried. and in this case. it
is preferably dried under conditions of, for example, 70°C {0 130°C and 10 seconds to
five minutes.

[n a casce in which the first interlaver forming compos:tion 1s energy rav-curahle,
the first mtertaver forming composition is preferably further cured by bemy irradiated
with energy ravs alter drving.

[0119]

Examples of the first interlaver forming composition include a tirst interlayer
forming composition containing urcthane (meth)acrvlate (-1 and the like.

10120]

< First Interlayer Forming Composition (11-1y>

As deseribed above. the first interlayer lorming composition (I1-1) contains
urcthane (methiacrylate.

[0121]

[ Urethine (Metiaerylate |

The urethane (methacrylate is a compound having at least a (methjaeryloyl
group and a urcthane bond in one molecule and is encrgy ray-polymerizable.

The urethane (methjacryvlate may be a monofunctionai urethane (methjacrylate
{urcthane (methyacrvlate having only one tmethaervloyl group in one molecule) or may
be a di- or higher-functional urethane (methhacrylate (urethane (meth)acrylate having two

or more (methyaeryloyl groups in one molecule). that is. a multifinctional urethane
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{methiacrylate.  However, in the present invention, it is preterable to ase at least
monofunctional urethane (methjacrylate.

[0122

Fxamptes of the vrethane (methyacervlate contained in the first interlaver forming
compaosition include urcthane {methjacrylate obtaied by further causing a (methjacrylic
compound having a hydroxy] group and a (meth)acry loyl group to react with a ternunal
isocyanate urethane prepolymer oblained by reacting a pofyvol compound and a
polvhyidric isoeyanate compound.  Here, “the terminal isocyanate urethane prepolvmer™
refers to a prepolvimer having a urcthane bond and having an isecyanate group at &
ternyinal portion of the molecule.

[0123]

The first mterlayer forming composition {H-1) may contain only one type or two
or more types of the urethane (methjacrylate, and. in a case in which the first interlaver
forming composition (-1} contains two or more {vpes of the urethane (meth)acry late,
the combination and ratio thereod can be arbitrarily selected.

[0124]

(Polyol Compound)

The polyot compound is not particularly hmited as long as the compound has
two or more hvdroxyl groups in one molecule.

One type of the polvol campound may be used singly or two or more types of’
the polvol compounds may be jointly used; however, in a case in which two or more
tvpes of the polyol compounds are jointly used. the combination and ratio thereot can be
arbitrarily sclected.

[O125)]

Fxampies of the potvol compound include alkvlenediol, polvether-tvpe potvols,
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polvester-type polyols. polycarbonate-type polvols, and the like.
The polyvol cempound may be any one of a difunctional diol, a trifunctional triol,
and tetra- or higher-functional polvols, but a diol is preferred since the diol can be casily

procured and 1s excellent in terms of versatility. reactivity, and the like,

'h

|0126]

- Polyvether-Tyvpe Polyol

The polyvether-type polyol is not particularly limited. but ts preferably a
polyvether-type diol, and examples of the polyvether-type diol include compounds
represented by General Formula (1),
1} (0127

[Chemical Formula 1]

HO—ER—o%n-H e (D)

(In the lormuia, n represents an integer of 2 or meore: R represents o divalent
hvdrocarbon group, and a plurality of RS may be identical to e different from one
IS5 another}
[O12%]
In the formula. n represents the number of repeating urits ot a group represented
by Gueneral Formuia ~-R-0-"and is not particularly limited as jong as nis an integer of 2
ormore.  Among these, nois preferably 10 to 250, more preferably 25 to 205, and
20 particulariy preferably 40 to {85
10129]

[n the formula, R is nod particularly imited as long as R 1s a divalent
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hydrocarbon group, but s preferably an alkylene group, more preferably an alkylene
group having 1 to 6 carbon atoms, still more preferably an ethylene group. a propyiene
group. or a tetramethvlene group. and particularty preferably a propylene group or a
tetramethvlene greup.
5 [0130]

The compound represented by Formula (1) 18 preferably polyethylene glveol.
polypropyiene glveal or polvtetramethylene glyeol and more preferably polypropylene
glyeol or polyvtetramethylene glyeol.

[O131]

10} When the polvether-type diol and the polyvhydric 1socyvanate compound are
reacted with cach other, urethane (methiacrvlate having an ether bond portion
represented by General Formula (La) as the terminal isocyvanate urethane prepolvimer can
be obtained.  In addition. when the above-described terminal isocevanate urethane
prepolymer ts used, the urethane (methiacrylate has the ether bond portion, that is, has a

15 consttuent unit derived trom the polyether-type diol.

(0132

[Chemical Formula 2]

frod—
n (1a)

(In the tormula, R and o are the same as deseribed abeve)
20 |0133]
- Polyester-Type Polyvol

1he polvester-type potvol is not particularly [imited. and examples thereof
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include polyols oblained by causing an esterification reaction vsing a polybasic acid or a
denvative thereof, and the ke, Meanwhile. in the present specification, unless
particularty otherwise described. “a derivative™ refers 1o a compound in which one or
more groups are substituted with other groups (substituents).  Here, “a group™ refers not
only to an atomie group formed by bonding a plurality of atoms but also to one atom.

[0134]

Exampies of the polyvbasic acid or the derivative thereol include polvbasic acids
that are ordinarily used as a manufacturing raw material of polyvesters and derivatives
thereof.

Examples ol the polybasic acids include saturated aliphatic polvbasic ucids.
unsaturated aliphatic poivbasic acids, aromatic polvbasic acids, and the like. and dinter
acids corresponding te any of the above-described polvbasic acids may also be used.

[O135]

Exampies of the saturated aliphatic polybasic acids include saturated aliphatic
dibasic acids such as oxalic acid. malonivc actd. suceinic acid, glutaric acid, adipic acid.
pimelic actd. suberic acid. azclaic acid. and sebacic acid. and the like.

Examples of the unsaturated aliphatic polvbaste acids nclude unsaturated
aliphatic dibasic actds such as maleic acid and tumaric acid.

Exampies of the aromatic polvbasic acids include aromatic dibasic acids such as
phthalic acid. isophthalic ucid. terephthalic acid. and 2.6-naphthalenedicarboxylic acid:
aromatic tribasic acids such as trimellitic acid; aromatic tetrabasic acids such as
pyromellitic acid: and the fike.

|0136|

Examples ol the derivatives of the polyvbasic acids include acid anhyvdrides of the

saturated aliphatic polvbasic acids, the unsaturated aliphatic pelvbasic acids, and the



aromatic polybaste acids deseribed above, hydrogenated dimer acids, and the Like,
|0137]
One tvpe of any of the polvbasic acids or the derivatives thereof may be used
singly or two or more tvaes of any of the polvbasic acids or the derivatives thereof may

5 bejointly used. and. in a case in which two or more types of any ot the polybasic actds or

the derivatives thereod are jointly used. the combination and ratio thereof can e
arbitrarily selected.

[O138]

The polvbasic acid is preterably the aromatic polvbasic acid since the aromatic

10 polvhasic acid s suitable for the tormation ol coated films having an appropriate
hardness.

10139
[n the esteritication reaction for obtaining the polvester-type polvol. a
well-known catalyst may also he used as necessary.

IS Examptes of the catalyst include tin compounds such as dibutyltin oxide and
stannous octanoate: alkoxy titanium such as tetrabuty | titanate and tetrapropy] titanate;
and the like.

[0140]
- Polvcarbonate- I'ype Polyol

20 The polycarbonate-type polbyol is nod particularly limized. and examples thereof
nelude polycarbonates vbtained by reacting the same glveol as the compound
represented by Formuda (1) and alkvlene carbomate, and the like.

ITere. one type of any of the glveol and the alkvlene carbonate may be used
singly or two or more tyoaes of any of the glyeol and the alkvlene carbonate may be

25 jJomtly used. and. in a case in which two or more types of any o the glyveol and the
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alkyvlene carbonate are jointly used. the combination and ratio thercot can he arbitrarily
selected.

[O141]

The number-average molecutar weight computed from the hydroxy] value of the
polvol compound is preferahly 1000 to 10,000, more preterably 2,000 to 9000, and
particularty prelerably 3.000 to 7.000.  When the number-average molecular weight ts
1000 or more. the exeess generation of urcthane bonds is suppressed. and it becomes
casier to suppress the viscoelastic characteristic of the first interlaver.  In addition. when
the number-average molecular weight is 10,000 or less. the excess softening of the first
interlayer 1s suppressed.

The number-average molecutar weight computed from the hivdroxy] value of the
polvol compound relers to @ value computed from the {otlow ing expression.

| The number-average molecular weight ot the polyol compound] = [the number
ol Tunctional groups i the polyol compound | x 36,11 x 10007 the Tivdroxy] yvalue of the
polyol compound tunit; ngKOH g)|

[0142]

The polyol compound is preferably the polvether-type polyol and more
preterably a polvether-type diol.

[0143]

(Polyhyvdrie Isocvanate Compound)

The polyhvdric isocyanate compound that iy reacted with the polyvol compound
is not particularly fimited as long as the polvhydric isocvanate compound his two or
MOTC ISOCYARUC groups.

One tvpe of the polvhydric isocvanate compound may be used singly or two or

more types of the polvhydric isocvanate compounds may be jointly used, and. in a case in
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which two or mare types ol the polyvhvdric isocyanate compounds are jointly used. the
combination and ratio thereod can be arbitrarily selected.

[O144)

Fxamptes of the potvhydric isocvanate compound inciude cham-like aliphatic

5 dissocyanates such as tetramethylene diisocyanate, hexamethylene diisoevanate, and

trimethyl hexamethylene ditsocyanate: cyelic aliphatic diisocyvanates such as isophorone
diisocyanate. norbornane diisocvanate, dievelohexyvimethane-4 4 -diisoevanate,
dicyelohexyimethane-2 4 -diisocvanate, and oo -ditsocvanate dimethyl evelohexane:
aromatic ditsocvanates such as 4.47-diphenyt methane diisocyanate. tolviene diisocyvanate.

10 awylvlene dilsocvanate, tolidine ditsocvanate, wiramethylene xvlvlene diisacvanate, and
naphthalene-1.S-diisecyvanate: and the like.

Amaong these, the polvhydric isocyanate compound is preferably isophorone
dilsocvanate, hexamethylene diisocyvanate. or xviviene diisocvanate trom the viewpoint
of the handling property.

(N IEN

((Metlacrylic Compound)

The tmethlerylic compound that s reacted with the terminal isocyanate
urcthane prepolyimer is not particularly limited as long as the compound has at 1cast a
nvdroxyl group and a {methyacryloyl group in one molecule.

20 One type of the (methacryvlic compound may be used singly or two or more
types of the imethiacrylic compounds may be jointly used. and. 10 a case in which two or
more tvpes of the (methlacryvlic compounds are jointly used. the combimation and ratio
thercot can be arbitrarily sclected.

[0146]

28 Examptes of the {methyacrylic compound include hydroayl group-contaiming
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{methierylic acid esters such as 2-hyroxyethyle (metherylate, 2-hydroxypropyl
(methyacrvlate. 3-hydroxvpropy]l (methlacryvlate. 2-hvroxyvbutyl (meth)acrvlate,
J-hyroxvbuyl tmethjacrylate, J-hyvdroxybutyvl (meth)acryiate, 4-hvdroxyevelohexvl
(methiacrvlate, S-hvdroxyevelooxtyl tmethkervlate, 2-hyvdroxy-3-phenyvloxypropyi
(methiacrvlate, pentacryvthritol trigmethiaceylate, polyvethylene glyeol
mono(methacrylate. and polypropylene glveol monotmeth jacryvlate: hivdroxyt
group-containing (methjacryvlamides such as N-methyvlol (methJacrviamide: reactants
obtained by reacting (methjacrylic acid with vinyl alcohol, viny] phenol, or bisphenol A
glveidyl ether: and the like.

Amuong these. the (methpacrylic compaound is preferably the hydroxyvi
group-containing (methjuervlic acid ester, more preterably a hydroxy] group-containing
alkyv] tmeth)acrylate, and particularly preterably 2-hyvdroxyvethy! (methiaerylate.

[0147]

The reaction between the terminal isocvanate urcthane prepolymer and the
(metheryvlic compound may be caused using a solvent. a catalyst. and the like as
NCCCSSary.

[OT1%]

Conditions during the reaction between the terminal isocyanate nrethane
prepolviner and the tmeth)acrvlic compound may be appropriately adjusted. and. for
example, the reaction temperature is preferably 607C to 100°C, and the reaction time s
preterably one to four hours,

|0149]

The urethane (methjacryvlate may be any of an oligomer. a polynier and
mixture of an oligomer and a polymer and s preterably an oligomer.

For example. the weight-average molecular weight of the urethane
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{methiacrylate is preferably 1.000 o 100,000, more preferably 3,000 o 80,000, and
particularly preferably 5,000 to 65,000, When the weight-average molecular weight is
1,000 or more, it becomes casy o optimize the hardness of the first interlaver due to the
intermolecudar foree between structures derived from the urethane (methacryvlate in
polvmers of the urcthane (methjacrylate and a polvmerizable monomer described helow.

Meanwhile. in the present specilication, unless particelarly otherwise described.
the weight-average molecular weight refers to a polystyrene-eguivalent value measured
using gel permeation chromatography (GPC).

[0150]

| Polymerizable Monomer|

The first interlayer forming composition (-1} may also contain. in addition to
the urethane (meth)acrvhate. a polymerizable monomer from the view point of turther
improving the film-forming property.

The polymerizable mononer refers to polvimerizable monomers except {or
oligomers and polymers which are energy ray-potvinerizable and have a wetght-average
maolecular wetght ot 1.000 or more and is preferably a compound having at least one
{methjacryvloyl greup in one molecule.

[0151 |

Exampies of the polvmerizable monomer include alky] imethiacrylates in which
an wlkyl group constituting the alkyl ester has | 1o 30 carbon atoms and has & chain-like
shape: functional group-containing tmethyacryvlic compounds kaving a functional group
such as a hydroxyl greup, an amide group, an amingo group. or an ¢poxy group:
{(methjacryhic acid esters having an aliphatic cvelic group: (meth)acrylic acid esters
having an aromatic hyvdrocarbon group: tmethiservlic acid esters having o heterocyclic

group. compounds having a vinyl group: compounds having an allyt group: and the hke.



(152
Examples of the alky ] tmethjacrylates having a chain-like alky | group having |
to 30 carbon atoms melude methyl (meth)acrvlate. ethyi tmethyacry late. n-propyl
{methyaerylate. isopropyl (mcthiaeryiate. n-butyl (methiacrs Iate, tsobutyl (methiaeryvlate,
5 see-buta L tmethiacrylate, tert-butyl (meth)acrydate, penty] (methyeryvlate. hexyl
(methiacrylate, hepty limethaeryate, n-octyl tmethieryvlate, iswocty] imethaerylate,
2-ethylhexy] fmethiery ate, n-nony] (mieth)aerviate. isonony I enethiery late, decy |
fmethrerylate, undeey | rmethoaers late, dodeey] (methkaers Jate daars | imethjaers fate.
tndeeyl timethaery fate. tetradeeyl emethiaerylate tmyristyl tme:hjaers late ). pentadecy
[0 tmethiaerylate. hevadees | imethiaerylawe epalmnyl imethyacrs ate). heptadecyl
tmethiaerylate. octadecy imethaeryvlate (stearvl imethiaerylate), sooctadecy |
{methiacryvlate Gsostearyl imethuerylate), nonadeeyl (methiacerstate, 1cosyl
{muthlacrylate, and the hke.

[0133]

‘n

Examples of ‘unctional group-comaining (methrcrylic dervatives include
hydroxs T group-containing (methjacryviic acid esters such as 2-hvdroxyethyd
(methrerylate, 2-hyvdrosy propy L imethiacrvlate, 3 hvdrosyprops [ imeth erylate,
2-hvdrosybuts I tmethieryliate, 3-hvdroxybuts emethnaerylate, and 4-hvdroxy butyl
tmethiacnylate: tmethiaery lamides such as emetlnacrs kunsde, N N-dimethyd
200 tmethiaersiamide. N-busyT emethiaers lamide, N-methwlol emethkacrs lamide.
N-methylalpropane (methiacrylamide. N-methoxsmethy] tmetl yaerylamide. and
N-butoxymietha | (methjacrvlamide and derivatives thereot (meth yaery lic acid esters
having an ammeo group (herenalier. i some cases. relerred to as “the ammo
group-contaming tmethiacry lic acid esters™): tmethiaeryhie acid esters having a

25 muonosubstituted anino zroup which are formed by substituting one hvdrogen atom in an
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amino group with a group other than a hydrogen atom (hereinalier. in some cases.
referred to as “the monosubstituted amine group-containmy (meth)acryvlic actd esters™);
{methjacrylic acid esters having a disubstituted amino group which are formed by
substituting two hyvdrogen atoms in an amino group with groups other than a hyvdrogen
atom ¢hereiafter, in somwe cases. reterred o as “the disubstituted amino group-containing
{methjacryhic acid esters™) (meth)acrylic acid esters having un epoxy group such as
glyveidy] (methhaerviate and methyl glveidyl imethyaerylate (hereinafter. in sone cases.
referred to as “the epoxy group-containing (methacrylic acid esters™); and the like.

[O154]

Iere, “the amino group-containing (methacrylic acid ester™ refers toa
compound formed by substituting one or more hydrogen atoms in a (methjacrylic acid
ester with an amuno group (-NHE )Y Similarly, “the monosubstituted amino
group-containing (methiacrylic acid ester™ refers to a compourd formed by substituting
one or more hydrogen atoms in a {meth)acrylic acid ester with a monosubstituted amino
group. and “the disubstituted amino group-containing (methacrylic acid ester™ reters w a
compound formed by substituting one or more hvdrogen atoms in a (methjacrvlic acid
ester with g disubstituted amina group,

[.xamples of the group other than a hydrogen atom which substitutes the
hydrogen atom (that is. the substituent) in “the monosubstituted amino group™ and “the
disubstituted amino group”™ include alkyvl groups and the like.

[O155]

Examptes of the fmethaerylic acid esters having an aliphatic ¢yvelic group
include isobornyl (methiacrviate. dicvelopentenyl (metivacryviate, dicvclopentanyl
(methiacrvlate, dicyelopentenyloxyvethy] tmethacryviate. cvclohexyl tmeth)acrylate,

adamantyl tmethacrvlate, and the ke,
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Examples of the fmethyacervlic acid esters having an aromatic hvdrocarbon group
include phenyl hydroxypropyl (meth)aerylate, benzy! {meth)acrylate.
2-hyroxy-3-phenoxypropyl (methyacrylate, and the like.

[0157]

The heteroeyelic group in the tmethxcrylic acid ester having a heterocyelic
group may be any ot an aromatic heteroeyvelic group and an aliphatic heteroeyelic group.

Examples of the ¢metlacrylic acid esters having a heteroeyelie group include
tetrahydroturturyl (meth)acrylate, (meth)acryvloyl morphotine. and the tike.

[O158]

Exampies of the compounds having a vinyl group include styrene, hyvdroxvethyl
vinvl ether. hydroaybuts] vinyl ether, N-vigvlformamide, N-vinylpyrrolidone.
N-vinvicaprolaciam, and the like.

[0159]

Examptes of the compounds having an allyl group inctude allvl glverdy] ethers
and the like.

[0160]

I'rom the viewpoint ol good compatibility with the urcthane {meth)acrylate, the
polvimerizable monomer preferably has a refatively bulky group.

Fxampies of the polvimerizable monomer include (methyacrylic acid esters
having an aliphatic evclic group. (meth)acryvlic acid esters having an aromatic
hydrocarbon group. and (methiacryiic actd esters having a heteroeyelic group, und
{methjacrylic acid esters having an aliphatic cyvelic group are more preferred.

[Ot61]

The first interlayer torming compasition (H-1} may coentain only one (vpe or two
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or more types of the pelymerizable monomers. and. in & case in which the first interlayer
forming composition contains two or more types of the polvmerizable monomers, the
combination and ratio thercof can be arbitrarily selected.

[0162)

[n the first interlaver forming composition ([1-1), the amount of the
polymerizable monomer is preferably 1025 to 99% by mass. more preferably 5% (0 95%
by mass, still more preferably 20%0 to 90" o by mass. and particularly preferably 25% 1o
80 by mass.

[0163]

| Photapolymernization Initiator|

The first interlayer forming composition (-1} may also contain. in addition to
the urethane (meth)acryhate and the polvimerizable monomer, a photopolvmerization
initiator.  The first interlaver forming composition (I11-1) containing the
photopolymerization initiator sutficiently proceeds with a curing reaction even when
irradiated with encrgy ravs having a relatively low energy such as uitraviolet rays.

[0164]

Examples of the photopolymerization initiator in the At interlaver forming
composition (1I-1) inciude the same photopolymerization initiators as those in the first
pressure-sensitive adhesive composition (-1

[0165]

The first interlayer forming compasition (1-1) may contain only one type or two
or more types of the photopolymerization initiators, and. in a case in which the 1irst
interlaver torming composition (I1- 1) contains two or more tvpes of the
photopolvinerization initiators, the combination and ratio thereof can be arbitrarnily

selected.
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|0166]

In the first interlayver forming composition (1513, the emount of the
photopolymerization initiator is preferably 0.01 to 20 parts by mass. more preferably 0.03
to 10 parts by mass, and particularly preferably 0.05 to 5 parts by mass with respect to
the total amount (100 narts by mass) ot the urethane tmethjacrylate and the
polymerizable monomer,

0167

| Resin Components Other Than [rethane {Meth)aeryvilae|

The first interlayer torming composition (-1 may also contain resin
components other than the urethane (niethjacrylate as long as the effects of the present
invention are nol impaired.

The types of the resin compoenents and the amount thereof in the first interkiyer
forming composition (11-1) may be appropriately selected depending on the purpose and
are not particulary limited.

0168

[Other Additives]

The first interlaver forming compasition (H-11 may also contain other additives
whtch do not correspond to any of the above-described components as long as the cfiects
of the present invention are not impaired.

Fxampies of the other additives include a variety of well-known additives such
as a crosshinking agent. an antistatic agent. an antioxidant. a chain transter agent. a
softening agent (plasticizer), a filler. an antirust agent, and o colorant (a pignent or a
dye).

Examples of the chain transter agent include thiol compounds having at Jeast

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

Exampies of the thivl compounds include nonyl mercaptan. 1-dodecancthiol,
1. 2-cthanedithiol. 1.3-propandithiol. triazinethiol. triazinedithiol. triazinetrithiol.
1.2 3-propanctrithiol. tetracthylene glyeol bist3-mercaptopropicnate), trinkethylotpropane
tris 3-mercaptopropionate ), pentacrythritol tetrakis(3-mercaptopropionate).
pentacrythntol tetrakisthioglycolate. dipentaeryibritol hexakis(2-mercaptopropionate),
tris{{ 3-mercaptopropioniloxy)-ethyl|-tsocvanurate, 1.4-bis3-mercaptobutyryvioxyibutane,
pentacrythritol tetrakis2-mercaptobutylate).
1 3. S8-tris(3-mercaptobutyloxvethyl)- 1.3 5-triazine-2 4.6-¢ F1 L3S D-trione. and the like.

|0170]

The first interlayer forming composition (11-1) may centain only one tvpe or two
or more tvpes of the other additives, and. in a case in which the fiest interlaver forming
compuosition contains two or more types of the other additives., the comhination and ratio
thereof can be arbitrarily selected.

[O171]

In the tirst interlaver forming composition ([1-1). the amount of the other
additives s not particularly limited and may be appropriately selected depending on the
type of the additives.

[0172]

[Solvent|

The first interlayer forming compasition (11-1) may also contain a selvent.
When the first interlayer forming composition (11-13 contains a solvent, the coating
aptitude to a coating target surface improves.

[0173)

==Method tor Manufacturing First Interlayer Forming Composition™-
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The first interlayer forming composition such as the first interlayer forming
compuosition (1-1) can be obtained by blending individual components for constituting
the first interlaver forming composition.

The addit:on order during the blending of the respective components is not
particularty [imited. and two or more types of components may be added at the same
time,

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

A methad tor mixing the respective components during blending 1s not
particularty Eimited and may be appropriately selected from well-known methods such as
i method i which the components are mixed together by rotating a stirring stick. a
stirring blade. or the like: a method in which the components are mixed together using a
mixer. and a method in which the components are mixed together by applyving ultrasonic
waves thereto.

The temperature and the time during the addition and mixing of the respective
components are net particularly limited as long as the respective blending components do
not deteriorate and may be appropriately adjusted. but the temperature is preterably [57C
o MY,

[0174)

Thermosetting Resin layer

The thermosetting resin laver (thermosetiing resin film) is a laver for protecting

a4 cireutt surtace of the semiconductor water and bumps provided on the cireunt surface
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and torms the 1irst protective film by curing.

[0175]

When the thermosetting resin faver is heated at the rasing emperature speed of
160-°C min from a state ol the thermosetting resin betore curing, At is equal t or fonger
than S(H} seconds as desertbed abuove,

The thermosetting restn Layer can be formed usmg @ thermosetung resin laver
forming compasition contiining a constituent material thereof,

Accordingly, the At of the thermosetting resin Liver can be controlled by
adjusting one or both of the kinds and the amounts of the contamed components ot the
thermosetting resin laver forming composition,

Ihe thermosetting resin fayer torming composition ané a method of
manutacturing thereot will be described in detail.

[0176]

Far example. the At] can be more casily controlled o be ina preferable range by
decrcasing, particularly. the amount of the component that mereises the viscosity among
the contined conmonents ut the thermaosetting resin fayer tormimg composition.  As the
camponent that increases the viscosity. tor example, a hiller (110 be desenibed ater and
the like can be mentioned. but is not limited thereto.

fn addivon. for example. the ALl can be more eastly controlled 1o be ina
preterable range by increasing. particularly, the amount of the component that decreases
the v iscostty among the contained components in the thermosetmg resin kaver [orming
composition.  As the component that decreases the viscosity. for example. thermoplastic
resin 1o be mentioned later and the Tike can be mentioned. but s not limited thereto.

In addison. for example. the Atl can be muore easily adjusted to be mna
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preferable range by decreasing, particularly the amount of the thermosetting component,
and by using  a thermosetting component whose effect is mild. among the contained
components in the thermosetting resin laver forming composition.  The thermosetting
component can be appropriately selected from., tor example. a thermosetting component
{B) (tor example, an epoxy resin (B1) and a thermal curing agent (832)) descrthed later.
but s not limited thereto.

0177

Examples of a preferred thermosetting resin fayer include thermosetting resin
lavers containing & polymer component (A) and a thermosetting component (B). - fhe
polvmer component {A) Is & compaonent considered to he formed by a polymerization
reuction ol’a polvmenizable compound.  In addition, the thermosetting component (13) is
dcomponent capable ol a curing (polvmerization) reaction using heat as a trigger of the
reaction.  Mceanwhile. In the present invention. a polveondensation reaction is also
considered 1o be the polymerization reaction.

[0178]

I he thermosetting resin layver may be a single layver (monolayer) or a plurality of
layers of two or more layvers,and. in a case in which the thermosetting resin layver is a
plurality of layvers, the respective layers in the plurality of layvers may be identical to or
different from one another, and the combination of the plurality of lavers is not
particulariy limited.

In a case where there 1s a plurality of the thermoseiting resin lavers, the entire
thermosetting resin lavers may satisfy the above-mentioned condition of Atl.

[0179]

The thickness of the thermosetting resin layer is preferabiy 1 to 100 pm. more

preferably 5 to 75 pun. and particularty preferably 5 o 30 pum. - When the thickness of
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the thermosetling resin laver is equal 1o or more than the lower limit value, it is possible
to form a first protective film having a higher protection function.  In addition, when the
thickness of the thermosetting resin laver is equal to or less than the upper limit vatue, an
effect that containing of the bubbles in the first protective film is suppressed.

ITere, the thickness of the thermosetting resin laver™ reters to the thickness of
the entire thermosetting resin laver, and. for example, the thickoess of the thermosetling
resin laver made up of a plurality of layers refers to the total thickness ot all of the lavers
constituting the thermosetting resin laver.

[O1RO]

<<’Thermosetting Resm Laver Forming Composition >

The thermosetting resin laver can be formed asing a thermosetting resin laver
forming composition containing a constituent materktl thereof,  For example. the
thermosetting resin layver can be tormed at an intended portion by applving the
ihermosetting resin layer forming composition to a target surtace on which the
thermosetling resin Javer is to be tormed and drying the thermosetting resin layer forming
composition as necessary,  [he ratio between the amounts of components. which do not
aasify ot normal temperature. in the thermosetting resin layer forming composition is,
ecncrilly, identica; to the ratio between the amounts of the above-deseribed components
in the thermosetting resian laver.  Here, "normal temperature™ is as described above.

[0S

The thermosetting resin laver forming composition may be applied using a
well-known methed, and examples thereof include metiods in which a variety of coaters
such as an air knife coater, a blade coater. a bar coater. a gravure coater. a roll coater., a
roll knife coater, a curtain coater. o die coater, a knile coater. a screen coater. ¢ Maver bar

coater, and a Kiss coater are used.
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[0182]

The drying conditions of the thermosetting resin layer ‘orming composition are
not particufarly limited: however. in a case in which the thermosetting resin laver
torming campaosition contains a solvent deseribed below, the thermosetting resin laver
torming composition is preferably heated and dried.  The thermosetting resin laver
forming composition containing a selvent is preferably dried at 70%C to 130°C Jor 10
seconds to 5 minutes.

0183

< Resin Laver Forming Compaosition ([T1-1)

Iixamples of the thermosetting resin layer forming composition includu ¢
thermosctting resin layer forming composition (IH-1) contawining the polymer component
{A) and the thermoscetting component (1) (in the present specification. in some cases,
simply abbreviated as “tae resin layver torming composition (111-1)7) and the like.

[O184]

[ Polymer Component (A}

The polymer component (A} is & polymer compound for imparting a
tilm-torming property. flexibility, and the like to the thermosetting resin faver.

The resin layer forming composition (I1[- 1} and the thermosetting resin layer
may contain only one bvpe or lwo or more 1ypes of the polvimer components (A). and. m
a case in which the resin laver forming composition and the thermosetting resin layer
contain two or more types of the polymer components. the combination and ratio thereof
can be arbitrarily selected.

[O185]

Examples of the polyvmer component (A} include acrvie resins (resins having a

{methacrylovl greup), polyesters, urethane-based resins (resins having a urethane bond).
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acryvlic urethane resing, silicone-based resins (resin having a siloxane bond), rubber-based
resins {resins having a rubber structure). phenoxy resins, thermosetting polyimides, and
the like. and acrvlic resins are preferred.

[0186]

R Examples of the acrytic resin in the polvmer component (A} include well-known

acryvlic polymers,

The weight-average molecular weight (Mw) of the acryvlie resin is preferably
10.000 to 2,000,060 and more preferably 100,000 t [.300.000.  When the
welght-average molecular weight of the acrvlic resin is equal to or more than the tower

10 Tt vatue, the shape stability (aging stability during storage) of the thermoscetting resin
laver improves.  In addition. when the weight-average molecular weight ot the acrvlic
resin is equal 1o or less than the upper Limit vatue. it becomes cosy for the thermosetting
resin laver to folfow the uneven surfaces of adherends.

[0187]

18 The glass transition temperature (T'g) of the acrylic resin is preferably -607°C to
TOPC and more preferably S30°C o S07C, When the Tg of the acrylic resin is equal to
or higher than the jower limit value. the adhesive force herween the tirst protective film
and the first supporting sheet 1s suppressed. and thus the peeling property of the lirst
supporting sheet improves.  [n addition, when the Tg of the acrvlie resin s egual o or

200 lower than the upper limit value, the adhesive toree of the thermosetting resin layer and
the [irst protective 11Im w adherends improves.

[OTRE]
Examples of the acryiic resin include polvmers ol one or more typre of’

(meth)acrylic acid esters: copolyniers of two or more types of monomers selected from

t9
'h

(methiacrvlie acid. itaconic acid. vinvl acctate, acrylonitrile, styrene, N-methyvlol
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acrylamide, and the ke and the like,
0189
Examptes of the tmethacrvlic acid esters constituting the acryvlic resin include
alkyl (methyacrvlic acid esters in which an atky] group constiteting the alkyl ester has |
5 to I8 carbon atoms and has a chain-like shape such as methyl (methlacrylate, cthyl
{methjacrylate, n-propyl (methjacrylate. isopropyl (methjcrylate. n-buty ] (meth)acryviate.,
isobutyl {meth)acrylate. see-butyl imeth)aerylate. tert-butyl imeth)acrylate. pentyl
{methyacrylate, hexyl tmethiacrviate. heptyl imethaerylate. 2-ethylhexy] (methyacryvlate,
isooctyl (meth)aerylate, n-octyl (meth)acryiate. n-nonyl (methjeerylate, isononyl
100 (methacrylate, decvl imethyacryvlate, undeeyl tineth)acrylate, dodeeyl (methacrvlate
{lauryl (tmethacrviater, ridecy] tmeth)aeryvlate, tetradeevl (methjacryviate (myvristyl
{(methiacrylate). pentadeeyl (methacrylate. bexadecyl (methyacryiate (paimityl
(muethjacrylate), heptadecy] (methhaerylate, and octadeeyvl (methyacrylate (stearyl
(methjacrylate) and the like:
15 eveloalkyl tmethacrylic acid esters such as isoborny] (meth)aceylate and
dicyclopentany! (methjacryvlate:
aralkyl (meth)aerylic actd esters such us bensyl (methjacrvlate:
eyveloalkenyl imethjacrylic acid osters such as dicyelonentenyl (methyacrylic
acid esters:
20 cyveloalkenyvloxy alkyl (meth)acrvlic acid esters such as dicvelopentenyloxyethyl
{methyacrvlic acid esters:
imide (methacrvlate:
glyeidvl group-containing (methjacrvlic acid esters such as glyveidyl

{methiacrvlate:

12
AN

hydroxyt group-containing (methjacryvlic acid esters such as hyvdroxymethyl
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{methiacrylate. 2-hvdroxyethy! (meth)acrviate, 2-hydroxypropy] (methacrylate.
3-hydroxyvpropyl (metherylate, 2-hydorvbutyl (meth)acrylate, 3-hvdroxvhutyl
{methjacryvlate, and 4-hvdroxyvbutyvt (methaceryvlate: and

substituted amino group-containing (methjacrylic acid esters such as
N-methylaminoctly] tmethacerylate: and the like.  [lere, “the substituted amino group™
refers o a group formed by substituling one or two hvdrogen atoms in an anmimo group
with & group other than a hvdrogen atom.

|0190)]

The acrviie resin may be. for example, in addition to the (meth)aeryvlic acid ester.
a resin formed by the conolymerization of one or more types o mononers selected from
{(methiacrvlic acid. itaconic acid. vinyl acetate, acrvlonitrile, styvrene, N-methyvlol
acrylamide, and the hke.

[O191]

The acrylic resin may be constituted of only one type ar iwo or more types of
monomers, and. in a case in which the acrylic resin (s constituted of two or more types of
monomers. the combination and ratie thereof can be arbitrarity selected.

[0192]

The acryiic resin may also have a functional group capable of bonding to other
compounds such as a vinyl group. & Gneth)jacryvlov] group. an amino group, & hvdroxyl
group. a carboxy group. or an isecvanate group.  The functional group in the acrvlic
resin may be bonded to other compounds through a crosslinking agent (F) deseribed
below or niay be direetly bonded 10 other compounds without the crosslinking agent (F).
When the acryvlic resin is bonded to other compounds through the functional group. there
is @ tendencey that the reliability of packages obtained using the first protective tilin

forming sheet improves.
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In the present invention, as the polymer component (A), a thermoplastic resin
other than the acrvlic resin (hereinafler. in some cases. simply abbreviated as “the
thermoplastic restn™) may be used singly without using the acrvlic resin or may be jointly
used with the acrvite resin. - When the thermoplastic resin is used. there are cases in
which the peeling property ol the first protective {ithn from the first supporting sheet
improves and it becomoes casy for the theemosetting resin fayver to follow the aneven
surfaces of adherends.

[0194]

The weight-average molecular weight of the thermoplastic resin is preferably
1.000 to 100,000 and more preterably 3,000 to 80.000.

|0195]

The glass transition temperature (1'g) of the thermoplastic resin is preferably
=30°C 10 1307C and mone preferably =207 w0 120°C.

[0196]

Examptes of the thermoplastic resin include polyvesters. polyurethanes, phenoyy
resins, polybutene, polybutadienes, polystyrenes, and the like.

[0197]

The resin layer torming composition (I11-1) and the thermosetting resin layer
may contat only one Bype or twa or more types of the thermopiastic resins, and. in a case
in which the resin layer jorming compuosition and the thermosctiing resin laver contains
two or more types of the thermoplastic resins, the combination and ratio thereof can he
arbitrarily selected.

|0198]

In the resin layer torming composition (111-1), the ratio of the amount of the
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polvmer component {A) (that is. the amount ot the polymer component (A) in the
thermaoscetting resin laver) wiih respect to the total amount of all of the components other
than the solventis preferably 5% 1o 853%, by mass and more pre:erably 5% to 80% by
mass regardless of the type of the polvinter component (A ), and for example, may be one
of 374 to 706 by mass, 3% 10 60%0 by mass, 3% to 50% by mass. 3% to 40% by mass.
and 3% 1o 30% by mass.  However, these amounts in the resin layer forming
composition (HI-1) are mere examples.

0199

There are cases 1n which the polymier component (A) corresponds to the
thermoscetting componert (131, In the present invention, ina cese in which the resin
laver Forming composition ([H-1) contains components corresponding both the polvimer
component (A) and the thermosettimg component (B as described above, the resin layver
forming composition (11-1) is considered to contain the polymer component (A) and the
thermosetting componert (B)

10200

| Thermosctting Component (B)]

The thermosetting component (B) 1s & component tor curing the thermosetting
resin layer so as to form a rigid first protective fitm.

The resin faver torming compaosition (IT-11 and the thermosetting resin laver
may contain only one tvpe or two or more tvpes of the thermiosetting components (B).
and. m a case m which the resin laver forming composition and the thermoselting resin
layer contains two or more types ol the thermasetting components. the combination and
ratio thereot can be arbitrary selected.

[0201)

Examptes of the thermosetting component (B) include epoxy-based
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thermosetting resins, thermosetting polvimides, polvurethanes, ansaturated polyesters,
sificomne resins, and the ke, and epoxy-hased thermaosetting resins are preferred.

[0202]

(Fpoxy-Iased Thermosetting Resin)

The epoxy-bascd thermosetting resin is made up of an epoxy resin (B1) and a
thermal curing agent (32),

The resin Jayer forming composition (111-1) and the thermosetting resin laver
may contain only one type or two or more types of the epoxy-based thermosetting resins,
and. in a case in which the resin laver forming composition and the thermoscetting resin
layer contains two or more 1ypes of the epoxv-based thermosctting resins, the
combination and ratio thereol can be arbitrarily selected.

[0203]

 Epaxy Resin (B31)

As the epoxy resin tB 1L well-known epoxy resins car be exemplified.
Ixamples thereof include polviunctional epoxy resins. biphenyl compounds, bisphenol A
diglyeidyl ethers and hvdrogenated substances thereol. orthoeresol novolac epoxy resins,
dicyclopentadiene-ty pe epoxy resins, biphenvl-type epoxy resins, bisphenol A-type
¢poxy resins, hisphenol F-type epoxy resins, phenvlene skeleten-type epoxy resins, and
the like. and di- or higher-tunctional epoxy compounds.

[0204]

As the cpoxy resin (B, an cpoxy resin having an unsaturated hydrocarbon
group may also be used.  The epoxy resin having an unsaturated hyvdrocarbon group has
more favorable compatibility with acrvlic resins than epoxy resins not having an
unsaturated hvdrocarbor group.  Theretore, when the epoxy resin having an unsaturated

hydrocarbon group 15 used. the reliabitity of packages obtained using the tirst protective
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film forming sheet improves.

|0205]

Exampies of the epoxy resin having an unsaturated hyvdrocarbon group include
compounds formed by converting a part of epoxy groups ina polytunctional epoxy resin
to groups having an unsaturated hvdrocarbon group.  The above-described compound
can be obtamed by, for example. an addition reaction ol tmethuerylic acid or a derivative
thercof to an epoxy group.

[n addition. examples of the epoxy resin having an unsaturated hydrocarbon
group include compounds in which a group having an unsaturated hydrocarbon group is
dircctly bonded to an aromatic rig or the Itke constituting an cpoxy resin and the like.

The unsaturated hydrocarbon group is a polvmerizable unsaturated group. and
specilic examples thereel include ethenyl groups (viny] groups). 2-propenyl group {ally]
eroup). (methacerviovi groups. (meth)acrvlamide groups., and the like, and acryloyl
groups are preferred.

[0206)]

I he number-gverage molecutar weight of the epoxy resin (B 1) is not particularly
limited. but 15 preterably 300 to 30,000, more preferably (100 to 10,000, and particularly
preterably 500 to 5.000 srom the viewpomt of the curing property of the thermosciting
resin laver and the strength and thermal resistance of the first protective filim after curing.

The epoxy equivalent of the epoxy resin (1313 is preferably 100 to LOOO g'eq and
more preferably 300 o 800 grey.

[0207]

One type of the epoxy resin (B1) may be used singly or two or more types
thereot may be jointly used. and. in a case in which two or more types thercof are jointly

used, the combination and ratio thereof can be arbitrarily selected.
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[020K]

- ‘Thermal Curing Agent (B2}

i he thermal curing agent (B2) functions as a curing agent of the cpoxy resin
{B1).

Exampies ol the thermal curing agent (B2) include compounds having two or
more functional groups capable of reacting with an ¢poxy group in one molecule.
lxamples of the funct:onal group include phenolic hyvdroxyi groups, alcoholic hydroxyl
groups, an antng group. a carboxy group. groups n which an acid group is turned into an
anhydride. and the like. phenolic hydroxy! groups. aminoe groups. or groups in which an
acid group is turned mte an anhvdride are preferred. and phenelic hydroxyl groups or
amino groups are more preferred.

10209

As the thermal curing agent (B2), examples of phenolic curing agents having a
phenolic hvdroxyt group include polytunctional phenolic resins, biphenol, novolac-tvpe
phenolie resins, dicvelopentadiene-based phenolie resins. aralkylphenolic resing, and the
like.

As the thermal curing agent (32), examples of amine-kased curing agents
having an amino group include dicvandiamide (hercinatter, in some cases, abbreviated as
“PICY™), and the like,

[0210]

Uhe thermal curing agent (B32) may also bave an unsaturated hydrocarbon group.

Exampies of the thermal curing agent (B2) having an unsaturated hvdrocarbon
group include compounds formed by substituting a part of hydroxyvl groups in a phenolic
resin with groups having an unsaturated hydrocarbon group, compounds lormed by

directly bonding a group having an unsaturated hydrocarbon group to an aromatic ring of
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The unsawrated hydrocarbon group in the thermal curing agent (B2) 15 identical
to the unsaturated hvdrocarbon group in the above-desceribed epoxy resin having an
unsaturated hvdrocarbor group.

[0211]

In a case in which a phenolic curing agent 1s used as the thermal curing agent
{B2), the thermal curing agent (B2} preferably has a high softening point or glass
transition temperature sinee the peeling property from the tirst supporting sheet of the
first protective film improves.

[0212]

The number-average molecutar weight of the resin component such as a
poly functional phenolie resing a novolac-type phenolic resin, a dicvelopentadiene-based
phenolie resin, or an aralkyvlphenolie resm as the thermal curing agent (B2) is preferably
300 to 30,000, more preterably 400 to 10,000, and particularly preferably 300 to 3 .000.

The molfecular weight of a non-resin component. tor example. biphenol or
dicyandiamide as the thenmal curing agent (12) 1s not particudarly limited. and 1s
preferably, for example, 60 to 300.

[0213]

Ome type of the thermal curing agent (B2) may be used singly or two or more

tyvpes thercof may be jointly used. and. in a case in which two or mere types thereot are

Jjoimntly used, the combination and ratio thereod can be arbitrarily selected.

[0214]
In the resin laver forming composition (I11-1) and the thermosetting resin laver,
the amount of the therimal curing agent (B2) 1s preferably 0.1 to 500 parts by mass. more

preferably 1 to 200 parts by mass, and may be any one of S to 100 parts by mass, 10 to
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80O parts by mass, and 15 1o 60 parts by mass with respect to the amount (1OO parts by
mass) of the epoxy resin (131). - When the amount of the thermal curing agent (B2) is
equal 1o or more than the fower limit value, it becomes casier ter the curing of the
thermosetting resin laver to praceed. I addition, when the amount of the thermad

5 curing agent (132} s equal to or lower than the upper limit value, the moisture

absorptivity ol the thermosetting resin layer i1s decreased. and thus the reliability of
packages obtained by using the first protective film forming sheet further improves.
[0215]
[n the resin laver torming composition ¢111-1) and the thermosetting resin layer.

10 the amount of the thermosetting component (B) (for example, the total amount ot the
epoxy resin (B1) and the thermal curing agent {B2)) is preferably SO to 1.000 parts by
mass, more preferably T} to Q00 parts by mass, particubarly preferably 150 1o 8O0 parts
by mass. and may be, for example, any one of 200 (o 700 parts by mass, and 2350 to 650
parts by mass with respect 1o the amount ( HO0 parts by miass) of the polyner component

IS5 (A) When the amount of the thermosetting component (B} 1 in the above-deseribed
range. the adlesive foree between the first protective film and he first supporting sheet is
suppressed, and thus the peeling property of the first supporting sheet improves,

[(216]
[Curing Accelerator (C)]

20 The resin layer forming composition (I11-11 and the thermosetting resin layver
may also contain a curing accelerator (C). "The curing accclerator (C) is a componeitt
for adjusting the speed of curing the resin layer forming composition ¢1E-1).

Examples of preterred curing accelerators (C) include terttary amines such as

tricthylene dianiine. benzyvldimethylamine. triethanolamine, dimethvlaminocthanol. and
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tris(dimethy laminomethvhphenol: imidazoles (imidazoles in which one or more
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hyvdrogen atoms are substituted with groups other than a hydrogen atom) such as
2-methylimidaszole, 2-phenyl imidazole, 2-phenyl-4-methyhmiudazole,

2-phenvl-4. S-dihvdroxymethvlimidazole, and
2.-phenyl-4-imethyl-S-hvdroxymethviimidazole: organic phosplines (phosphines in

5 which onc or more hydrogen atoms are substituted with organic groups) such as tributvi

phosphine. diphenyl phosphine. and tripheny| phosphine: tetraphenyl boron salis such as
tetraphenyl phosphonium tetrapheny] borate and tripheny| phosphine tetrapheny| borate:
and the like,

[0217]

10} The resin Tayer forming composition ([11-1) and the thermosetting resin laver
may contatn only one 1vpe or two or more tvpes of the curing accelerators (O). and. in a
¢ase in which the resin layer forming composition and the thermosetting resin layer
contains two or more types of the euring accelerators (C). the combination and ratio
thereof can be arbitrarily selected.

15 [0218]

[n a case i which the curing accelerator (C) s used. 1 the resin layer forming
compuosition {111-1) and the thermosetting resin layer, the amount of the curing
accclerator (O is preferably 0.01 to 10 parts by mass and more preterabty .05 w 5 parts
by mass. and may be 0.1 to S parts by mass with respect to the amount ¢ HOO parts by

200 mass) of the thermosetting component (B). - When the amount of the curing acceelerator
{C) s equal to or more than the Tower limit value. the effeets o the use of the curing
accelerator (Cy can be more significantly ablained.  When the amount of the curing
aecelerator (O s cqual to or Tess than the upper limit value, tor example, an eliect that a

segregation and migration ot a highly polar curing accelerator «O) toward the adhesion
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interface with adherends in the thermosetting resin laver under high temperature and high
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humidity conditions are suppressed becomes significant, and the reliability ol packages
obtained using the first protective film forming sheet further improves.

[0219]

[FFiller (1]

The resin layer forming composition (111-1} and the thermosetting resin layer
may also contain a filter (DY, When the (hermosetting resin faver contains the filler (1),
coeflicient ol thermal expansion of the {irst protective 1ilm obtained by curing the
thermosctting resin fayver can be easily adjusted.  Further, when this coefficient of
thermal expansion is eptimized tor a subject on which the first protective film is 1o be
formed. the reliability of packages obtained using the first protective film forming sheet
further improves.  In addition. when the thermosetting resin laver contains the filler (D).
it 1s also possible 10 decrease the moisture absorptivity of the first protective film or
improving the heat dissipation property.

[0220]

The filler (I2) may be any one of an organie filler and an inorganic tiller. but is
preterably an inorganse filler.

Examples of preferred morgante fillers include powder of silica, atumina. tale,
caleium carbonate. ttanium white, colcothar, silicon carbide, boron nitride, and the like:
beads obtained by spherodizing these inorganic fillers: surface-modified products of
these morgante fillers: single crystal fibers of these inorganic fillers: glass fibers: and the
like.

Amuong these. the inorganic filler 1s preferably silica or alumina.

[0221]

I he resin faver torming composition {(I11-1) and the thermosetting resin layer

may contatn only one type or two or more types of the fillers (D). and. in a case in which
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the resin layer forming composition and the thermosetting resin Liyer contains two or
more types of the fillers (1), the combination and ratio thereof can be arbitrarily selected.

[0222

Ina case in which the filler (1) is used. in the resin layer torming composition
(I11-1}. the ratio of the amount of the filler (1) (that 1s. the amount of the filler (1) i the
thermosetting resin laver) o the total amount of all of the components other than the
solvent is preferably 5%o 10 35% by mass and more preterably 3% to 3070 by mass. and
may be 7% to 23% by mass. - When the amount of the (itler (D) s egual to or less than
the lower limit value, the above-mentioned adjustment ot the ceeflicient of thermal
expansion becomes caster, and when the amount of the filier (1) s less than the upper
limit vatue. the control of Atl becones casieer.

[0223]

In the present invention, in terms of making control of Atl casier. in the resin
laver forming composition (I1-1). the ratio of the amount of the filler (1) (that is. the
amount ot the iller (13} in the thermosetting resin Javer) to the total amount of all ot the
components other than the solvent is preferably equal 10 or less than 35% by mass und
maore preterably equal to or less than 30 by mass. and tor example, mayv he cqual to or
less than 253% by mass., and 0% by mass.

[0224]

| Coupling Agert (1)

1 he resin layer (oming composition { -1} und the thermoseting resin laver
may also contain a coupiing agent (). When a coupling agen: having a functional
group capable of reacting with an inorganic compound or an organic compound is used
as the coupling agent (F). it is possible o improve the adhesiveness and adbesion of the

thermoscetiing resin laver 1o adherends.  In addition. when the coupling agent (k) 15 used.,
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the first protective film obtained by curing the thermosetting resin Liver ts not impaired
in the thermal resistance and is improved in terms of the water resistance.
[0225]
The coupling agent (19 is preferably a compound having a functional group

5 capahle of reacting with the functional group in the polymer component {A). the

thermosetiing componert (B). or the like and more preferably a silane coupling agent.
Exampies of preferred silane coupling agents include

J-glyveidyloxypropyltrumethoxysilane, 3-glyeidy loxypropyimethyldicthoxysilane.

3-glvcidvioxypropyltricthoxysilane. 3-glyvcidyvloxymethyldicthoxvsilane,

10 2-034-cpoxyveyvelohexyliethyvltrimethoxyvsilanc,
J-methacrviovioxypropylirimethoxysilune. 3-aminopropyltrimethoxysilance,
3-2-aminoethylamino lpropylrinmethoxysilane,
3-2-aminecthylaminopropyimethyldicthoxysilane.
3-(phenylamino)propy lrimethoxysilane, 3-milinopropyltrimethoxysilane,

15 3-ureidopropyvitrimethoxystiane. 3-mercaptopropyitrimethoxysilane,
J-mercaptopropylmethy'dimethoxvsilane. bis(3-tricthoxvsilvipropyhietrasul fane.
methvltrimethoxysilane, methyitricthoxysilane. vinyltrimethoxysilane,
vinvltrincctoxysilane, imidazolesilanc, and the like.

[(0226]

20 The resin layer forming composition (I11-11 and the thermosetting resin layver
may contam only one 1ype or twe or more types of the coupling agents (1<), and. in a case
in which the resin Layer sorming compasition and the thermosetting eesin laver contains
two or more types of the coupling agents, the combination and ratio thereol can be

arbitrartly selected.
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In a case where the coupling agent (F) is used. in the resin Tayer forming
compuosition (1H1-1) and the thermosetting resin layer, the amount of the coupling agent
() 15 preferably 0.03 to 20 parts by mass. more preferably 0.05 to 10 parts by mass. and
particularty preterably 0.1 to 5 parts by mass with respect to the total amount (100 parts
by mass of the polymer component (A) and the thermosetting component (B)). - When
the amount of the coupling agent (E) is equal to or more than the lower limut value, the
effects of the use of the coupting agent (1) such as the improvement of the dispersibitity
of the filler (D) in resing and the improvement of the adhesiveness of the thermosetting
resin laver to adherends can be significantly obtained.  In addition, when the amount of
the coupling agent {19) 1s equal to or less than the upper limit value, the gencration of
outgas iy further suppressed.

[0228]

| Crosslinking Agent (F)

[n a case in which a polyvmer component having a functional group such as a
vimvl group, a (methlacryloyvt group. an amine group. a hyvdroxyl group, a carboxy group.
or an isecvanate group which are capable of bondimg to other compounds such as the
above-deseribed aervlic resin is used ax the polymer compaonent (A ) the resin layer
forming composition {I[l-1) and the thermoscetting resin layer may also contain a
crosslinking agent (F). The crossiinking agent (1) is a compaontent for crosslinking the
functional group in the polyimer component (A) by honding with the other compound.
and the initial adhesive foree and the aggiomerative force of the thermosetting resin laver
can be adjusted by crosslinking in this way.

[0229)

Examples of the crosslinking agent (F) include organic polvhvdric isocvanate

compounds, organic polvhydric imine compounds, metal chelate-based crossiintking
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agents (crosslinking agents having a metal chelate structure), azridine-based crosslinking
agents (erosslinking agents having an azindinyl group). and the like.

[0230]

Fxamptes of the organic potvhydric isocvanate compounds include aromatic
polvhydric 1socyanate compounds. aliphatic polvhydric tsocyanate compounds, and
alicvehie polyvhydric isocyvanate compounds (hereinalter. i some cases. these compounds
will be collectively abhreviated as ~aromatic polvhydric isoevanate compounds and the
[Tke™): timers. isocvanurate bodies, and adduct bodies of the aromatic polyvhydrie
isocvanate compounds and the like: terminal isocyanate urethane prepolyvmers obtained
by reacting the aromatic polyhydric tsecyanate compounds and the ltke and a polyol
compound.  The “adduct body™ refers to a reactant of the aromatic polvhvdric
isocyanate compound. the aliphatic polyhydric isocyanate compound. or the alicyelic
polvhydric isocyanate compound and & low-molecular-weight active

hyvdrogen-containing compound such ax ethylence giveol. propylene glyveol. neopentyl

glyceol. trimethylolpropane. or castor oil.  Examples of the addact body include xylylene
ditsocvanate adduets of rimethylolpropance as described below and the like.  In addition.
“the terminal isocyanate urethane prepolvmer™ is as deseribed above.

(0231

Specific examples of the organic polvhydric isecvanate compowwd include
2 A-tolvlene diisocvanate: 2.6-tolvlene dissocyanate: [3-xvlyvlene ditsocvanate:
1 A-svlvlene diisocvanate: diphenvimoethane-1.4 -ditsocvanate:
diphenvimethane-2 4 -diisocvanate: 3-methyldiphenylmethane ditsocyanate:
hexamethylene ditsocvanate; isophorone ditsocvanate:
dicyeclohexylmethane-4.4 -diisocvanate: dicvelohexylmethane-2 4 -ditsocvanate:

conpounds obtainad by adding any one or more tvpes of tolvlene ditsocvanate,
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hexamethylene diisocvanute, and xyvlvlene ditsoevanide 1o all of soime of hyvdrosy] groups
i a polvol such as tmethylolpropane: Ivsine ditsocvanate: and the like.

[0232

Fexamptes of the organic potvhvdric imine compounds include
NN -diphenyimethane-4 47 -bist [-aziridinecarboxamide). trimethvlolpropane
tri-P-aziridinytpropionate. wiramethytolmethune-tri-B-uziridinylpropionate.

NN -toluene-2 4-hist L-aziridinecarboxamide) tricthvlene melamine, and the like.

[0233]

In @ case i which the organic polyvhydric isocvanate compound 1s used as the
crosslinking agent (19, a hvdroxyl group-containing polvier is preferabiy used as the
polvimer component (A). In a case in which the crosslinking agent (F) has an isocvanate
group and the polvmer component (A) has a hvdroxyl group. itis possible w simply
introduce a crossiinking structure into the thermosetting resin faver by a reaction between
the crosslinking agent (£ and the polvmer component (A).

[0234]

The resin fayer torming composition ([L- 1) and the thermosetting resin laver
may contain only one type or two or more types of the crosslinking agents (1), and. in a
sase in which the resin layer forming composition (HI-1) and the thermoserting resin
layer contains two or more types of the crossiinking agents (1), the combination and ratio
thercot can be arbitrarily selected.

[0235]

In a case in which the crosslinking agent (F) ix used. 10 the resin laver forming
composition (HI-1). the amount of the crosslinking agent (1) is preferably 0.01 to 20
parts by mass, more preferably 0.1 W 10 parts by mass, and particularly preferably 0.5 to

S parts by mass with respect to the amount {14 parts by mass) of the polvmer
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component (A).  When the amount of the crosslinking agent (F) is ¢qual to or more thun
the lower linit value, the effects of the use of the crosshinking agent (F) can he
significantly obtained. I addition, when the amount of the crosslinking agent (F) is
equal to or less than the upper limit value, the excess use of the crosslinking agent (1) s
suppressed.

[0236]

| Energy Ray-Curable Resin (G

The resin fayer torming compaosition ([1-1) may contain an energy ray-curable
resin (Cr). When the thermosetting resin layer contains the energy ray-curable resin (G).
it s possibie to change the characteristics by being irradiated with cnergy rays.

[0237]

The energy rav-curable resin (G) s obtained by polymerizing {¢uring) an eneroy
rav-curablc compound.

Exampies of the energy ray-curable compound include compounds having at
least one polymerizable double bond in the molecule, and acryvlate-based compounds
having a tmeth)acryloyl group are preterred.

|0238]

[xamples of the acryiate-based compounds include chain-like aliphatic
skeleton-containing (mkth)acrylates such as trimethylolpropane trigimethjacrylate,
tetramethylolmethane teragmetlacrylate, pentacerythritol trigmetiacrylate.
pentacrvthritol tetraimeth)aerylate. dipentaervthritol monohvdroxy pentagmeth)acryvlate,
dipentaerythritol hexaimethjacryiate, Ld-butvlene glyeol digmeth)acrylate, and
1.6-hexanediol difmetnacrylate: cvetic aliphatic skeleton-containing {methjacrylates
such as dicyelopertanyl ditimethyacrylate: poivaikylene glveol imethacrvlates such as

polyethylene glyeol digmethacrylate: oligo ester (methjacrylates: urethane
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{methiacrylate ofigomers: epoxy-modifted (meth)acrvlates: poyether (meth)acrylutes
ather than the above-deseribed polvalkvlene glveol (methdacevlates: taconie acid
oligomers: and the like.

[0239)

1he weight-average molecular weight of the energy rayv-curabie conpound is
prelerably 100 to 30,006 and more preterably 300 10 10,000,

|0240)]

Only one type or two or more types of the energy ray-curable compounds may
be used for polvmerization, and, in a case in which two or more tvpes of the encrgy
ray-curable compaounds are used, the combrnation and ratio thereof can be arbitrarily
selected.

[0241

The resin layer forming composition (I111-1) may contain only one type or two or
more types of the energy rav-curable resins (G), and. i a case in which the resin laver
forming composition containg two or more types of the energy ray-curable resins, the
combination and ratio thereot can be arbitrarily selected.

[0212]

In a case of using the energy ray-curable resin (G, the amount of the energy
ray-curable resin (G in the resin layer forming composition (1111 is preferably %% 10
93" by mass. more preferably 3% to 90% by mass, and panticularly preferably 10% to
{359 by mass.

[0243]

[ Photapolvmerization Inttiator (1)

[n the case of containimg the energy rav-curable resin (Y., the resin layver

forming composition (-1} may also contain a photopolymerization initiator (H) in order
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to cause the polvmerization reaction of the energy ray curable resin (G} to more
citiciently proceed.

[0244)

Fexamptes of the resin aver forming composition (H1-1) include the same
photopoalymerization initiators (LD as those in the Hirst pressure-sensitive adhesive
composition (I-1).

10245

The resin fayer torming compaosition (I1-1} may contain only one type or two or
more types of the photopoivmerization mitiators ¢11). and. in a case in which the resin
layer forming composition contains two or more types of the photopolymertzation
initiators. the combination and ratio thereof can be arbitrarily sclected.

[0246]

[n a casce in which the photopolymerization initiator (HY is used, in the resin
laver forming composition ([H-1). the amount of the photopolymerization initiators (H1 is
preterably 0.1 to 20 paris by mass, more preferabty 1 to 10 paris by mass, and
particularty preterably 2 to S parts by mass of the amount (100 parts by mass) of the
energy ray-curable resin (G).

[0247]

[ Versatile Additive (1))

The resin layer forming composition (I11-11 and the thermosetting resin layver
may alse contain a versatile additive (D) as long as the effeets of the present invention are
ot impaired.

| he versatile additive (1) may be a wetl-known versatile additive, can be
arbitrartly selected depending on the purpose. and is not particularly fimited. and

examples of preterred versatile additives include a plasticizer. an antistatic agent, an
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antioxidant. a colorant a pigment or a dye), a gettering agent, and the Tike,

|0248]

T'he resin javer forming composition {111-1) and the thermosetting resin laver
may contain only one 1ype or twao or more tvpes of the versatile additive (1, and. ina
case in which the resin layer forming composition and the thermosetting resin layer
comtains two or more types ol the thermosetting components. e combination and ratio
thercof can be arbitrarily selected.

The amount of the versatile additive (1) in the resin layer forming compuosition
(IT1-1'y and the thermosetting resin laver is not particularly limized and may be
appropriately selected depending on the purpose.

(0249

[ Solvent|

The resin layer forming composition (111-1) preferably turther contains a solvent.
The resin layer torming composition (11-1) containing & solvenl improves in terms of the
handling property.

I he solvent is not particularly limited. but preterred examples thereof include
hydrocarbons such as toluene and xyvlyvene: aleoholds such as methanol, ethanol.
2-propanod, isvbuty] aleohol (2-methyi propanc-1-ol). and 1-butanol: esters such as cthyl
acetate: Retones such as acetone and methyl ethyvl ketone: ethers such as tetrahvdroturan;
amides {compounds having an amide bond) such as dimethyl formamide and N-methyl
pyrralidone. and the like.

The resin layer forming composition (I1- 1) may contain only one type or two or
more tvpes of the solvents. and, ina case in which the first pressure-sensitive adhesive
coniposition contains two ar more tvpes ot the solvents. the conbination and ratio

thereot can be arbitrartly selected.
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The solvent contained in the resin Taver forming composition (111-1) 18
preferably methyl cthyl ketone or the like sinee it 1s possible e more uniformly mix the
components contained in the resin laver torming compuosition (I1-1).

[O251]

< Method [or Manufacturing Thermosetling Resin [ayer Forming
Composition:--

The thermosetting resin layer forming composition such as the resin laver
forming composition (111-1) can be obtained by blending individual components for
constituting the thermosetting resin layer forming composttion.

The addit:on order during the blending of the respective companents is not
particulaghy limited. and two or more types of components may be added at the same
tme.

[n a case in which the solvent is used. the solvent may he used by mixing the
solvent with all of the blending components other than the solvent so as to dilute these
blending components in advance or may be used by mixing the solvent with the blending
components without diluting all of the blending components other thun the solvent in
advance.

A method tor mixing the respective components during blending is not
particulardy limited and may be appropriately selected from well-known miethods such ax
a method in which the components are mixed together by rotating a stirring stick. a
strring blade, or the like; 2 method i which the components are mixed together using a
mixer, and a method in which the components are mixed together by applying ultrasonic
waves thereto.

The temperature and the time during the addition and mixing of the respective
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components are nel particularly fimited ax Tong as the respective blending components do
not deteriorate and may be appropriately adjusted. but the temperature is preferably [57°C
to 30°C.

[0252]

Method tor Manufacturing First Protective Film Forming Sheet

The first protective film forming sheet can be manufacured by sequentially
stacking the respective lavers described above so as 1o obtain the coresponding
pusitional relationship.  The methods for torming the respective lavers are as described
dbove.

For example. im the manulacturing of the tirst supporting sheet. in a case in
which the first pressure-sensitive adhesive layer or the first interlayer is stacked on the
first base material. the first pressure-sensitive adhesive layer or the tirst interlayer can be
stacked by applying the first pressure-sensitive adhesive composition or the first
interlayver forming composition described above onto the first hase matertal and drying
the composition or irradiating the composition with energy rays s necessary.

[0253]

Meanwhile, for example, in a case in which the thermosetting resin laver is
further stacked on the first pressure-sensitive adhesive laver that has been stacked on the
{irst base material. the thermosetting resin laver can be directly formed by applving the
thermosetting resin laver forming coniposition on the tirst pressure-sensitive adhesive
laver.  Similarly, in g cuse in which the first pressure-sensiiive adhesive laver is (urther
stacked on the first interiaver that has been stacked on the first base material. the first
pressure-sensitive adhesive laver can be directly formed by appoving the biest
pressure-sensitive adhesive composition onto the first interdaser. As described above, in

a case In which a stackirg structure of two contintious layvers 1s formed using any
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compositions, it is possible to newly form a layer by {urther applying the composition
anto a laver formed of the above-deseribed composition.  Here, the stacking strugture of
two continuous layvers is preferably tormed by forming, between these two lavers. the
laver which is stacked later on @ separate peeling {ilm in advance using the
abuve-deseribed composition and attaching the exposed surface of the alreadv-tormed
layer opposite to Lhe surface in contact with the peeling tilm to the exposed surlace ot the
other layer that has been formed. At this time, the above-deseribed composition is
preferably applied onto a peeling-treated surface of the peeling film. The peeling film
may be removed as necessary atter the tormation of the stacking structure.

[00254]

For example. ina case in which a first protective film forming sheet formed by
stacking the first pressure-sensitive adhestyve layer on the first base material and stacking
the thermosetting resin laver on the first pressure-sensitive adhesive laver (the first
protective film forning sheet in which the first supporting sheet is a stack of the first
base maierial and the first pressure-sensitive adhesive layer} is manuafactured, the first
protective film forning sheet can be obtained by applyving the 1irst pressure-sensitive
adhesive composition onto the first base material and deving the first pressure-sensitive
adhesive composition as necessary so as to stack the first pressire-sensitive adhesive
laver on the first base material, separately. applyving the thermosetting resin laver formuing
conmpaosition onto the peeling 11im and dryving the thermosetting resin layer forming
COMPOSILON as necessary so as to form the thermasetting resin laver on the pecling tilm,
and attaching the exposed surface of the thermosctting resin koer to the exposed surface
of the first pressure-sensitive adhesive laver that has been stacked on the first base
material so as to stack the thermosetting resin layer on the irst pressure-sensitive

adhesive laver.
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In addinon, for exampile. in a case in which a first supporting sheet formed by
stacking the first interlayer on the {irst base material and stacking the pressure-sensitive
adhesive laver on the first interlaver is manufactured, the first supporting sheet can be
obtained by applving the first interlayver fonning compaosition ento the first hase material
and dryving the first interlayer torming composition or irradiating the first interlayer
forming composition with energy rayvs as necessary so as to stack the tirst intertayer on
the first base material. separately. applving the [irst pressure-sensitive adhesive
composition onto the peeling fiim and dryving the first pressure-sensitive adhesive
conposition as necessary so as to form the first pressurc-sensitive adhesive layer on the
pecling film, and attaching the exposed surface of the {irst pressure-sensitive adhesive
laver to the exposed surface of the finst interlayver that has been stacked on the first base
material sa as to stack the fiest pressure-sensitive adhesive laver on the first interlayver.
In this case, the tirst protective 1ilm forming sheet can be obtaired by, for example,
separately, further applying the thermosetting resin laver formirg composition onte the
peeling (ilm and drying the thermosetting resin layer forming composition as necessary
50 as to Torm the thermosetting resin laver on the peeling film and attaching the exposed
surface of the thermosetting resin layer to the exposed surface of the firs
pressurc-sensitive adhesive layer that has been stacked on the first interlayer so as to
stack the thermosetting resin faver on the first pressure-sensitive adhesive laver.

[0255]

Meanwhile, in a case in which the first pressure-sensitive adhesive layer or the
first interlayer is stacked on the first base matertal. as described above, the irst
pressure-sensitive adhesive laver or the first interlaver may be stacked on the first hase
material by, instead of applying the first pressure-sensitive adhesive composition or the

first imterlayer forming composition onto the first base materiac, applving the tirst
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pressure-sensitive adhesive composition or the first interlaver forming composition onto
the pecting film and drving the composttion or irradiating the composition with energy
Favs as necessary so as o form the first pressure-sensitive adhesive laver or the first
interlayer on the peeling 1ilm and attaching the exposed surface of this layer to one
surface of the first base matertal.

In any ol the methods. the peeling film may be removed at an arbitrary timing
after the tormation of the intended stacking structure.

[0256]

As described above, all of the layvers other than the first base material which
constitute the first protective film forming sheet can be stacked using a methad in which
thue lavers are tormed on the peeling fibm in advance and attached on d surfiace ofan
intended layer. and thus the first protective im forming sheet may be manulactured by
appropriately selecting lavers for which the above-deserthed steps are emploved as
NCCCSSATY.

[0257]

Meanwhile. the first protective film forming sheet is, generally, stored it a state
in which the pecing tilm 1s attached to the surface of the outermost Taver on the opposite
side to the first supporting sheet (for example, the thermoscetting resin layer). Therelore,
the first protective 11lm forming sheet can also be obtained by applyving a composition for
forming a laver constituting the outermost laver such as thermosetting resin layer
forming composition eme the peeling fifm {preferably the peeling-treated surtace
thereot) and drving the thermosetting resin laver forming composition as necessary so as
to torm the taver constituting the outermost laver on the peeling film, stacking the
remaining lavers on the exposed surface on the opposite side to the surfice of the taver in

confact with the peeling filny using any of the above-desceribed methods, and leaving the
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lavers in the aftached state without remaoving the peeling (ilm.

| Examples|

[0258]

ITereinafter, the present invention will be more specificalty described using
speetiic examples.  However, the present invention is not himited to examples described
below.,

[0259)

The components used for manufacturing the thermosetting resin layer torming
composition are indicated below,

- Polvimer Companent

Palytuer component (A= 12 Anacrylic resin having a weight-average molecular
weight of 0000 and a glass transition temperature of -28°C phtained by
copolvmerizing butvt acrvlate (heremafter. abbreviated as "BA™) (55 parts by mass).
methyl acrvlate thereinafier, abbreviated as “MATY (10 parts by mass). ghveidyl
methaerylate thercinafier, abbreviated as “GMA™)Y (20 parts by mass). and
2-hvdroxyethyl acrvlate Chereinatier, abbreviated as “HEATY (15 parts by mass).

- Lpaxy Resin

Epoxy resin (8)-1: A liquid bisphenol F type epoxy resin V1. 983 1.7
manutactured by Miusubishi Chemical Corporation)

Epoxy resin (31)-2: A polviuncttonal aromatic tvpe epoxy resin ("EPPN-3021
manutaciured by Nippon Kavako Co., 1id.)

Epoxy resin (330)-3: A dieyelopentadiene type epoxy resin (CEPICT.ON
FIP-72007 manufactured by DIC Corporation)

- Thermal Curing Agent
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Thermal curing ageni (32)-1: A novolac-1ype phenolic resin ("BRG-5336
manutactured by Showa Denko KK

- Curing Accelerator

Curing aceelerator (C)-1: 2-phenyi-4. S-dihvdroxymethylimidasole ("Curezol 2
PHZ-PW™ manufactured by Shikoku Chemicals Corporation)

< Filler

Iiller (D)-1: A spherical silica moditied with an ¢poxy group (C"Admanano YA
030 C-MKK™ manufactured by Admatechs.)

[0260]

| Manutacturing Example 1]

(Manufacluring ol Pressure-Sensitive Adhesive Resin (1-2a))

2-cthvihexy! acrvlate (hereinatter. abbreviated as "21HA™Y (80 purts by mass)
and TH=A (20 parts by miass) were set as raw materials ol a copelymer. and then a
polvimerization redction was performed so as to obtain an acrvlic polvimer.

Zamethacryloyloxyethyl isocyvanate (hereinatter. abbreviated as “MOI™) (22 parts
by mass, upproximately 80 mol®e with respect to FHEA)Y was added to the acryhic polymer,
and an addition reaction was pertformed at S0°C for 4% hours inan air stream so s to
obtain a target pressure-sensitive adhesive resin (-2a)

[0261]

| Example 1]

< Mantfacturing of bFirst Protective Film Forming Sheet

(Manufacturing of Thermosetting Resin Laver Forming Composition)

The polvmer component (A)-1. the epoxy resin (B1)-1, the epoxy resin (B1)-2.
the cpoxy resin (B1)-3, the thermal curing agent (B2)- 1L the cwing aceeleratonr (C)-1. and

the filler (D1 were dissolved or dispersed in methyl ethy] ketone such that the ratios of
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these amounts are the values indicated in the following Table | and stirred at 237C so as
1o abtain a resin laver forming compaosition (1H-11 having a solid amount concentration
of 33% by mass as a thermosetting resin layver forming composition.

Note that. the description =7 in the column of contained components in the
following Table | means that the thermosetting resin layer forming composition does not
contain that component.

[0262)

(Manutacluring of First Pressure-Sensitive Adhesive Composition)

As an isocyvanate crosshnking agent. a tolyvlene diisocyanate trimer adduct of
trimethviolpropane CCoronate 1.7 manutactured by Tosoh Comoration) (€13 parts by
mass ) was added to the pressure-sensitive adhesive resin (1-2a) { 100 parts by mass)
obtained in Manutacturing Example 1, and stirred at 23C so as to abtain a first
pressure-sensitive adhesive composttion (I-21 having a solid amount concentration of’
30% by mass, as the first pressure-sensitive adhesive composition.

Note that, the number of compounding parts in this “Manutacturing of First
Pressure-Sensitive Adhesive Composition™ is afl in terms of solid amount.

(0263

(Manutacturing of First Protective Iilny I'orming Sheet)

The above-ohtained first pressure-sensitive adhesive composition was applied
onto a pecting-treated surface of a peeling 1ifm (CSP-PETIRTO3TT manufactured by
I intec Corporation, thickness: 38 pmy obtained by carryving oul a peeling treatment on d
single surface of a polvethvlene terephthalate filim with a silicone treatment and was
healed and dried at 12070 for two mmutes, therehy torming a first pressure-sensitive
adhesive laver with a thickness of 60 pm.

Next, a stacked 11im with & thickness of 103 pm formed by stacking a polvolefin
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film (thickness: 25 pm). an adhesive laver (thickness: 2.5 pm). a polyethylene
terephthalate film (thickness: 30 pm). an adhesive laver (thickness: 2.5 pm), and
polvolefin film (thickness: 25 pm) in this order was attached as a first base material to an
exposed surtace of the first pressure-sensitive adhesive laver, thereby obtaining a first
5 supporting sheet.
10264
The above-obtained thermosetting resin laver forming composition was applicd
onto a peeling-treated surface of a peeling film ("SP-PET3I810317 manufactured by
Lintee Corporation, thickness: 38 pum) obtained by carrving out i peeling treatment on a
1+ single surface of a polvethylene terephthatate fili with a silicone treatment and was
dried at 100°C tor two minutes. thereby manufacturing a thenmosetting resin 1im with a
thickness of 40 pm (thermosetting resin layer).
|0265]

Next, the peeting 11Im was reimoved from the first pressure-sensitive adhesive

th

laver of the above-obtained first supporting sheet. an exposed surtace of the

thermoscetting resin filin obtained above was attached to an exposed surface of the first
pressure-sensitive adhesive laver. thereby obtainimg a the first protective tilm forming
sheet formed by stacking the first base material, the first pressure-sensitive adhesive faver,
the thermosetiing resin layer. and the peeling {iim in this order in the thickness dicection.
20 [0266]

~byuluation of Thermosetting Resin Fidhmes

(Measuring of Shear Rate (V1) and Atl of Thermosetting Resin Film)

With the thermaosetting resin layver forming composition obtained above, a

thermosetting resin tilm with a thickness of 300 um was manufactured by the same
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method as that of manufacturing the first protective film forming sheet except that the
application amount was different.

Subseguently, an evaluation sample with a diameter o7 25 mm and a thickness of
SO0 pm was prepared from this thermosetting resin film., and this sample was set ina
shear viscostty measuring apparatus. At this time, in the shear viscosity measuring
apparatus, a place where a sample was installed was kept at 70°C in advance, the sample
was placed on the installation place in this state, a measuring jig was pressurized against
an upper surtace of the sample, and the sample was set and ins:alled at the installation
place.

Alter holding this state tor five minutes. the sample was heated at a set
temperature of 13070 by using a temperatare contrel svstem,  As a result, the uncured
sample was softened and then cured so as to form a cured matenial, The raising
temperature speed of the sample at this tme was 10 “Comin. Then, the viscosity of the
sample at the shear rate of 157 in the curing process from the softening by heating of this
sample was measured 50 as to obtain Atl, which was 350 scconds.  'he results are
indicated in Table 3. In Table 3. the heating time from the start of the heating of the
sample at the set temperature of 130°C and the temperature of te sample at that tme are
excerpted.  In addition, the relationship between the heating time. the temperature, and
the shear viscosity (V1) of the sampie at this time 15 shown in FIG 6. In the heating
process. it was corfirmed that as time elapsed. the powder spilied out of the installation
place of the sample. and with this phenomenon, the sample was sutficiently cured and
finally turned into a gel.

[0267)

(Confirmation of Eilect of Suppressing Containing of Bubble in First Protective
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While applving a pressure of 0.5 MPa 1o the thermosetiing resin layer
{thermosetting resin {ilm} of the first protective {ilm forming sheet obtained above using
& pressure and thenmal curing apparatus (RAD-9 1007 manufactured by Lintee
Corporation). the thermosetting resin laver (thermosetting resin filim) was heated at a set
temperature of 1307C for two hours so as to be sotlened and then cured, thereby torming
the first protective film.

Subseqguently, the first protective {ilm forming sheet having a thermoscetting
resin laver that had been cured was taken out from the pressure and thermal curing
apparatus, and the first protective film was observed with an optical microscope. As i
resutt. the first protective film did not contain bubbles at all. - The resuits are indicated in
Tuble 3.

[0268)

< Manufacturing of First Protective Filim orming Sheet and Evaluation of
Thermosetting Restn Filme»

| Examples 2 to 7 and Comparative Examples 1 to 3|

Airst protective film torming sheet was manufactured in the same method as
that explained in Example 1 except that the contained component and the amount of the
thermoseiting resin laver forming composiiion were set as indicated in Table 1 or 2, and
the thermosetting resin film was evaluated.

As aresult. in Bxamples 2 ta 7. the At of the samples are 520 te 1780 secunds.
and the first protective tilms did not contain the bubbles at all: whereas in Comparative
Examples T to 3, the Atl of the samples are O or 320 seconds. und the tirst protective 1im
contained the bubbles.  The results are indicated in Fabke 3 ord, and the results of

Lxamples 1 and 2 and Comparative Example | are indicated in FIG. 6 separately.
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As apparent from the above results, in Examples 110 7 in which the At] of the
thermosetting resin ik is equal o or Tenger than 320 seconds (520 to 1780 sceonds).
the first protective Hlm did not contam the bubbles at all.  In these examples. it was
considered that a tme zone during which the shear viscosity (V1) of the thermosetting
resin film is secured to be sufliciently long until the end of the curing of the
thermosetting resin filn. and during this time zone, the bubbles in the thermosetting resin
{ilm went out o the outside.

In contrasl. in Comparative Examples 1o 3. the 1irst protective tilim contained
the bubbles.  In these comparative examples, it was considered that the time zone during
which the shear viscosity (V1) of the themmosetting resin film was low was not present at
all or was short until the end ot the curing of the thermosetting resin tilm, and thus during

this time zone. some of the bubbles in the thermosetting resin film remained as it was.

Industrial Applicability
[0274]
The present invention can be used for manufacturing a semiconductor chip or

the like having a bump at ¢ connection pad portion used in a flip chip mounting method.

Reference Signs [ist
[0275]
[. 2.3,  FIRST PROTECTIVE FILM FORMING SHEET.
LI FIRST BASE MATERIAL,
[Ta... SURFACI OF FIRST BASE MATERIAL,

120 THERMOSETTING RESIN FAYER (THERMOSETTING RESIN



10

FILM).

104

127 FIRST PROTECTIVE FIT M,

[3... FIRST PRESSURE-SENSITIVE ADHESIVE LAY ER.

[3a... SURFACE OF FIRST PRESSURE-SENSITIVE ADHESTVIS LAYER.
[4... FIRST INTERLAYER.

101,102,103, FIRST SUPPORTING SHELT.

[0Ta. 102a, 103a... SURFACE OF FIRST SUPPORTING SHEFT.

90, .. SEMICONDUCTOR WAFER,

Q0a... CIRCUTI SURFACE OF SEMICONDUCTOR WAFLER,

91... BUMP.

9la... SURFACE OF BUMP
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CLAIMS

What s claimed 1s:

[, Athermosctting resin fitm for forming a tirst protective film on a surface
having a bump ot'a semiconductor waier by being attached to the surface and being
thermally cured,

wherein when the thermosetting resin {ibm betore curing is heated at a raising
emperature speed of HFC mmn, a time during which a viscosity at a shear rate of 157 13

equal 1o or lower than {00,000 Pass is equal to or longer than 300 seconds.

20 Adfirst protective film forming sheet comprising te thermaosetting resin film

according to Clatim 1 on one surface ol a Hirst supporting sheet.

3. Amethod for formting a first protective film. comprising:
torming the first profective (iim by thermally cuning the thermuosetting resin film

according to Claim 1 while pressurizing at a pressure ol equal o or greater than (1.1 Pa.



