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DESCRIPTION

Title of Invention

PROTECTIVE FILM-FORMING COMPOSITE SHEET

5
Technical Field
[0001]
The present invention relates to a protective-fibtnming composite sheet for
forming a protective film on a rear surface of ms®nductor chip.
10 Priority is claimed on Japanese Patent Applicaon2016-042690, filed on
March 4, 2016, the content of which is incorpordtecein by reference.
Background Art
[0002]
15 In recent years, a semiconductor device is matwiad using a mounting
method which is referred to as a so-called facerdsystem. In the face down system,
a semiconductor chip having an electrode suchbasm on a circuit surface is used so
that the electrode and a substrate are bondeattoatlaer. Accordingly, the rear
surface of the chip on a side opposite to the tisurface is exposed in some cases.
20 [0003]

A resin film formed of an organic material is fathon the exposed rear surface
of the chip as a protective film and is occasigntken into a semiconductor device as a
semiconductor chip provided with a protective filmA protective film is used for
preventing occurrence of cracks in a chip afteicang step or packaging.

25 [0004]
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A protective film-forming composite sheet thatlirdes a support sheet and a
protective film-forming film on the support shestused for forming such a protective
film. As the support sheet, for example, a basteried made of a resin or a laminated
structure of a base material, a pressure sensitiiesive layer, and the like is used, and
the lamination surface of the protective film-fongifilm of the base material or the
pressure sensitive adhesive layer is subjectedtoface treatment in some cases. The
protective film-forming composite sheet can be miade a sheet in which the protective
film-forming film has a protective film-forming ality, the support sheet can function as
a dicing sheet, and the protective film-formingrfiand the dicing sheet are integrated
with each other.

[0005]

One or both surfaces of the base material befeirggtprocessed to be used as a
support sheet typically has an uneven shape. i3hiscause, when the base material is
wound to be formed as a roll, the contact surfaetween the base materials adhere to
each other so that blocking occurs, and thus tee beaterial becomes difficult to use in
a case where the base material does not have sarusbape. In a case where at least
one of the contact surfaces between the base alatkas an uneven shape, the area of
the contact surfaces is decreased and thus thieifdois suppressed.

[0006]

In the related art, a protective film-forming comsfie sheet formed by using a
base material having such an uneven surface typitas a configuration illustrated in
FIG. 4. FIG. 4 is a cross-sectional view schenaditidllustrating an example of a
protective film-forming composite sheet of the tethart. In the accompanying
drawings used for description below, in order tdlfate understanding of the

characteristics of the protective film-forming coosfie sheet, portions serving as main
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portions are shown in an enlarged manner in sosesdar convenience so that the
dimension ratios of respective constituent elemaregsnot necessarily the same as the
actual dimension ratios thereof.

[0007]

A protective film-forming composite sheet 9 of tiedated art illustrated here
includes a support sheet 90; and a protective filrming film 13 on the support sheet
90, the support sheet 90 has a laminated struofuadase material 91 and a pressure
sensitive adhesive layer 12, and the protective-fdrming film 13 is provided on the
pressure sensitive adhesive layer 12. The pretetitm-forming film 13 becomes a
protective film by being cured. Further, the potitee film-forming composite sheet 9
includes a release film 15 on the protective filmafiing film 13, and the release film 15
is removed at the time of using the protective fibrming composite sheet 9. In the
protective film-forming composite sheet 9, a sueféi@ar surface) 90b of the support
sheet 90 on a side opposite to a surface (frofdce)y 90a where the protective
film-forming film 13 is provided, that is, a suria¢rear surface) 91b of the base material
91 on a side opposite to a surface (front surfAta)where the pressure sensitive
adhesive layer 12 is provided is an uneven surfatrethe protective film-forming
composite sheet 9, since the rear surface 91kedidbe material 91 is an uneven surface
as described above, the rear surface 91b of therbaterial 91 and an exposed surface
(front surface) 15a of the release film 15 adhereach other, that is, blocking is
suppressed when the base material 91 is woundfurined as a roll.

[0008]

In the protective film-forming composite sheet #urface on the support sheet
side of the protective film formed of the proteetiilm-forming film is printed

(hereinafter, also referred to as “laser printingy)being irradiated with laser light in
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some cases. The laser printing is performed lagliating the surface with laser light
from a side opposite to the side where the pratediim of the support sheet is formed.
At this time, for example, in a case of the pratecfilm-forming composite sheet 9, the
protective film is irradiated with laser light thrgh the support sheet 90 from the rear
surface 91b side of the base material 91. Howeimee the rear surface 91b of the
base material 91 is an uneven surface, thererigldgm in that the light is irregularly
reflected on the uneven surface so that the lag&ing becomes unclear.

[0009]

As a protective film-forming composite sheet whisltapable of preventing
such irregular reflection of light, a protectivéniforming composite sheet 8 having a
configuration illustrated in FIG. 5 has been kndifar example, see PTL 1).

FIG. 5 is a cross-sectional view schematicallysilfating another example of a
protective film-forming composite sheet of the tethart.

[0010]

A protective film-forming composite sheet 8 of tledated art illustrated here
includes a support sheet 80; and a protectivefilmming film 13 on the support sheet
90 similar to the protective film-forming composgkeet 9, the support sheet 80 has a
laminated structure of a base material 81 and sspre sensitive adhesive layer 12, and
the protective film-forming film 13 is provided dhe pressure sensitive adhesive layer
12. In this case of the support sheet 80, theodiipn of an uneven surface on the base
material 81 is opposite to that of the base mdt@tian the support sheet 90. In other
words, in the protective film-forming composite eh8, a surface (front surface) 81a of
the base material 81 where the pressure sensithesave layer 12 is provided is an
uneven surface, and a surface (rear surface) 8ttie dfase material 81 on a side

opposite to the surface 81a is a smooth surfacle base material 81 in the support
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sheet 80, the protective film-forming film 13, athe release film 15 are respectively the
same as the base material 91 in the support sBetiéprotective film-forming film 13,
and the release film 15.

[0011]

However, in the case of the protective film-forgpcomposite sheet 8, since the
rear surface 81b of the base material 81, thatssirface (rear surface) 80b of the
support sheet 80 on a side opposite to the suffiemm@ surface) 80a where the pressure
sensitive adhesive layer 12 is provided is a smsotface, the rear surface 81b of the
base material 81 and an exposed surface (frorac@)rfl5a of the release film 15 adhere
to each other, in other words, blocking cannotuppsessed when the protective
film-forming composite sheet 8 is wound to be fodhaes a roll. In a case where
blocking occurs, wrinkles are generated in theqatdte film-forming composite sheet 8
or the release film 15 is peeled off from the petite film-forming film 13 when the
protective film-forming composite sheet 8 is feanfrthe roll. Further, the pressure
sensitive adhesive layer 12 is required to havdfecently large thickness so as to
eliminate the uneven shape from the surface 8tlaedbase material 81. In a case
where the thickness thereof is not sufficienthg&rsince a surface (rear surface) 13b of
the protective film-forming film 13 on the suppstteet 80 side has an uneven shape by
reflecting the uneven shape of the base materjah@te is a problem in that laser
printing performed on the surface of the protecfie formed from the protective

film-forming film 13 on the support sheet side bews unclear.

Citation List
Patent Literature

[0012]
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[PTL1] Japanese Patent No. 5432853

Summary of Invention
Technical Problem

[0013]

As described above, in the related art, a protediim-forming composite sheet
which is capable of achieving both of suppressionlacking and clear laser printing on
a protective film has not been present.

The present invention has been made in considerafithe above-described
circumstances, and an object thereof is to proaigeotective film-forming composite
sheet which is used for forming a protective filmarear surface of a semiconductor
chip and is capable of suppressing blocking antbpaing clear laser printing on the

protective film.

Solution to Problem

[0014]

An aspect of the present invention is as follows.

(1) According to an embodiment of the presentiom, there is provided a
protective film-forming composite sheet includirgsupport sheet; a protective
film-forming film provided on one surface of thepmort sheet; and a coating layer
provided on a surface of the support sheet oneaggghosite to a side where the
protective film-forming film is provided, in which gloss value of a surface of the
coating layer on a side opposite to a side wheretlating layer and the support sheet
are in contact with each other is in a range oio325.

[0015]
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(2) In the protective film-forming composite shaetording to (1), a peeling
force of a release film measured according to tiewing method using the protective
film-forming composite sheet which further includbe release film on the protective
film-forming film is 10 mN/50 mm or less.

(Method of measuring peeling force of release)film

The protective film-forming composite sheet havingidth of 50 mm and a
length of 200 mm which includes the protective fiflonming film on which the release
film is provided is formed into a laminate whosstioutermost layer is the coating layer
and second outermost layer is the release filmveylapping a plurality of the coating
layers such that all the coating layers are dicktiehe same direction and a total
thickness of the coating layers is in a range afol®0um, the laminate is allowed to
stand at 4%C for 3 days in a lamination direction of the potitee film-forming
composite sheet while a force of 980.665 mN isiagdghereto, and the peeling force
when the release film closest to the coating laymdch is the first outermost layer in the
lamination direction is peeled off from the coatlager adjacent to the release film
under conditions of a peeling rate of 300 mm/mid arpeeling angle of 180s
measured.

[0016]

(3) In the protective film-forming composite sheetording to (1) or (2), the
support sheet may include a base material andsayme= sensitive adhesive layer which
are laminated on each other, and the protectirefitrming composite sheet may be
formed by laminating the coating layer, the baséenl, the pressure sensitive adhesive
layer, and the protective film-forming film in thasder.

(4) In the protective film-forming composite shaetording to (3), the pressure

sensitive adhesive layer may be energy ray cu@ht®n-energy ray curable.
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In the protective film-forming composite sheet@rcling to any one of (1) to (4),

the protective film-forming film may be thermosagior energy ray curable.

Advantageous Effects of Invention

[0017]

According to the present invention, it is posstiolgprovide a protective
film-forming composite sheet which is used for famma protective film on a rear
surface of a semiconductor chip and is capablegb®ssing blocking and performing

clear laser printing on the protective film.

Brief Description of Drawings

[0018]

FIG. 1 is a cross-sectional view schematicallysiitating an embodiment of a
protective film-forming composite sheet accordiog@h embodiment of the present
invention.

FIG. 2 is a cross-sectional view schematicallysiating another embodiment of
a protective film-forming composite sheet accordimgn embodiment of the present
invention.

FIG. 3 is a plan view illustrating a protectivarfiforming composite sheet
produced in an example.

FIG. 4 is a cross-sectional view schematicallysiitating an example of a
protective film-forming composite sheet of the tethart.

FIG. 5 is a cross-sectional view schematicallysilfating another example of a

protective film-forming composite sheet of the tethart.
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[0019]

Protective film-forming composite sheet

A protective film-forming composite sheet accoglio the present embodiment
includes a support sheet; a protective film-formiilg provided on one surface of the
support sheet; and a coating layer provided orrfaciof the support sheet on a side
opposite to a side where the protective film-forgniitm is provided, in which a gloss
value of a surface of the coating layer on a spgjeosite to a side where the coating layer
and the support sheet are in contact with eachr athe a range of 32 to 95.

In the protective film-forming composite sheetaigase where the gloss value
of the surface of the coating layer on a side oppds a side where the coating layer and
the support sheet are in contact with each othiertise above-described specific range,
since laser light efficiently and stably reaches photective film when the protective film
obtained after the protective film-forming filmasired is irradiated with laser light from
the coating layer side, and thus clear laser mgntian be performed on the protective
film.

Further, since the protective film-forming compgesheet includes the coating
layer having sliding properties and antistatic gmies, blocking is suppressed when the
protective film-forming composite sheet is woundformed into a roll.

[0020]

In the present specification, in a case whergtbtective film-forming film in
the protective film-forming composite sheet is cuby being heated or being irradiated
with energy rays to obtain a protective film, tiest is referred to as a protective
film-forming composite sheet as long as the lanedatructure of the support sheet and

the protective film is maintained. Further, inase where the support sheet in the



10

15

20

25

1C

protective film-forming composite sheet has a laated structure of the base material
and the pressure sensitive adhesive layer, the glithea cured pressure sensitive
adhesive layer is referred to as a protective fiinming composite sheet as long as the
laminated structure of the base material, the cpreduct of the pressure sensitive
adhesive layer, and the protective film-formingnfibr the protective film is maintained.

[0021]

FIG. 1 is a cross-sectional view schematicallysiitating an embodiment of a
protective film-forming composite sheet accordiaog@h embodiment of the present
invention.

A protective film-forming composite sheet 1 illceged here includes a support
sheet 10; a protective film-forming film 13 on afsie 10 of the support sheet 10a; and
a coating layer 14 on the other surface (rear se)faOb of the support sheet 10.
Further, the support sheet 10 is formed by a bagenal 11 and a pressure sensitive
adhesive layer 12 being laminated on each othemehades the pressure sensitive
adhesive layer 12 on one surface 11a of the bateriaidll; the coating layer 14 on the
other surface (rear surface) 11b of the base matetj and the protective film-forming
film 13 on the pressure sensitive adhesive layer Rurther, the protective film-forming
composite sheet 1 further includes a release firrithe protective film-forming film
13, and the release film 15 is removed at the tingsing the protective film-forming
composite sheet 1. A protective film is obtaindtew the protective film-forming film
13 is cured.

[0022]

In the protective film-forming composite sheette pressure sensitive adhesive
layer 12 is laminated on the surface 11a of the baaterial 11, and the protective

film-forming film 13 is laminated on a part of arface 12a of the pressure sensitive
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adhesive layer 12. Further, the release film 18nsnated on the exposed surface on
which the protective film-forming film 13 is notrt@nated in the surface 12a of the
pressure sensitive adhesive layer 12 and a sutfzec¢the upper surface and the side
surfaces) of the protective film-forming film 13.

A gap portion may be present between the relamselb and the surface 12a of
the pressure sensitive adhesive layer 12 or tHacufi3a of the protective film-forming
film 13. For example, the gap portion is likelylte generated in a region in the vicinity
of the protective film-forming film 13 in the sidwrfaces of the protective film-forming
film 13 and the surface 12a of the pressure sgasitiihesive layer 12.

[0023]

In the protective film-forming composite sheette gloss value of a surface
(rear surface) 14b of the coating layer 14 on a sjgposite to a surface (front surface)
14a where the coating layer 14 is in contact withgupport sheet 10 (base material 11)
is in a range of 32 to 95. In this manner, cleaet printing can be performed on the
protective film.

The “gloss value of the surface of the coatingtayn the present embodiment
indicates a value obtained by measuring the spegldasiness of the surface of the
coating layer at 20from a side of the coating layer opposite to thyep®rt sheet side in
conformity with JIS K 7105 unless otherwise noted.

[0024]

Since the protective film-forming composite shked@icludes the coating layer
14, adhesion between the rear surface 11b of the ibaterial 11 and the exposed
surface (front surface) 15a of the release filmti&t is, blocking is suppressed even in a
case where the protective film-forming compositeetti is wound to be formed into a

roll.
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[0025]

In the protective film-forming composite sheette surface (rear surface) 10b
of the support sheet 10 on a side opposite toutface (front surface) 10a where the
protective film-forming film 13 is provided, that,ithe surface (rear surface) 11b of the
base material 11 on a side opposite to the su(fema surface) 11a where the pressure
sensitive adhesive layer 12 is provided is an unsweface having a low smoothness
here, but may also be a smooth surface. In awhsee laser printing is performed on
the protective film (not illustrated) formed frommet protective film-forming film 13, the
surface of the protective film on the support si€eside is irradiated with laser light
from the coating layer 14 side. At this time, gintlbe rear surface 10b (the rear surface
11b of the base material 11) of the support sheéd tovered with the coating layer 14
even in a case where the rear surface 10b is arenrsirface or a smooth surface, the
smoothness of the surface (rear surface) 14b afdhtng layer 14 on a side opposite to
the surface (front surface) 14a where the coatiggrl 14 is in contact with the support
sheet 10 (base material 11) is high and a surfagghness Ra thereof is small.
Therefore, irregular reflection of laser light dretcoating layer 14 is suppressed and thus
clear laser printing can be performed on the ptotediim.

[0026]

In the present specification, the “surface rougisriga” indicates a so-called
arithmetic average roughness which is definedShBI601:2001 unless otherwise
noted.

[0027]

The surface 11a of the base material 11 in theeptige film-forming composite
sheet 1 is a smooth surface here, but may be arenrseirface with a low smoothness.

However, as described below, it is preferable tiratsurface 11a of the base material 11
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is a smooth surface from the viewpoint that gememaaf a gap portion between the
surface 11a of the base material 11 and the peessumsitive adhesive layer is
suppressed and the protective film-forming compgosiiteet 1 are likely to have
preferable characteristics.

[0028]

The protective film-forming composite sheet 1sthated in FIG. 1 is used by
the rear surface of a semiconductor wafer (nostitated) adhering to the surface 13a of
the protective film-forming film 13 and by the exgaal surface, in the surface 12a of the
pressure sensitive adhesive layer 12, on whiclptbctive film-forming film 13 is not
laminated adhering to a jig such as a ring framee state in which the release film 15 is
removed.

[0029]

FIG. 2 is a cross-sectional view schematicallysiitating another embodiment of
a protective film-forming composite sheet accordimgn embodiment of the present
invention. In FIG. 2, the same elements as thassriated in FIG. 1 are denoted by the
same reference numerals as in FIG. 1 and the gé@sarthereof will not be repeated.
The same applies to the accompanying drawings qubséto FIG. 2.

A protective film-forming composite sheet 2 illceged here is the same as the
protective film-forming composite sheet 1 illusadtin FIG. 1 except that a protective
film-forming film 23 is laminated on the entire fare 12a of a pressure sensitive
adhesive layer 12, an adhesive layer 16 for asjlgminated on a part of a surface 23a of
the protective film-forming film 23, and a reled#m 15 is laminated on the exposed
surface on which the adhesive layer 16 for a jigoslaminated in the surface 23a of the
protective film-forming film 23 and a surface 1&g upper surface and the side

surfaces) of the adhesive layer 16 for a jig.
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[0030]

A gap portion may be present between the relelmsd b and the surface 23a of
the protective film-forming film 23 or the surfatééa of the adhesive layer 16 for a jig.
For example, the gap portion is likely to be geteztan a region in the vicinity of the
adhesive layer 16 for a jig in the side surfacethefadhesive layer 16 for a jig and the
surface 23a of the protective film-forming film 23.

[0031]

Even in the protective film-forming composite sh2esimilar to the case of the
protective film-forming composite sheet 1, the gloalue of a surface (rear surface) 14b
of the coating layer 14 on a side opposite to tasar(front surface) 14a where the
coating layer 14 is in contact with the supportetti® (base material 11) is in a range of
3210 95. Therefore, clear laser printing can &dgosmed on the protective film formed
from the protective film-forming film 23.

[0032]

Since the protective film-forming composite sh2atcludes the coating layer
14, blocking is suppressed even in a case whergrthective film-forming composite
sheet 2 is wound to be formed into a roll.

[0033]

The protective film-forming composite sheet 2sthated in FIG. 2 is used by
the rear surface of a semiconductor wafer (nostitated) adhering to the surface 23a of
the protective film-forming film 23 and by the upmirface 16a of the adhesive layer 16
for a jig adhering to a jig such as a ring frama state in which the release film 15 is
removed.

[0034]

The protective film-forming composite sheet of fresent invention is not
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limited to those illustrated in FIGS. 1 and 2, atjoh the configurations illustrated in
FIGS. 1 and 2 may be changed or eliminated wittnrange not damaging the effects of
the present invention, and other configurations im&gpdded to the configurations which
have been described so far.

Hereinafter, each configuration of the protecfilra-forming composite sheet
according to an embodiment of the present inventitiroe described in more detail.

[0035]

Support sheet

The support sheet is not particularly limited @sgl as the protective
film-forming film can be provided thereon, and exaes thereof include a sheet that
plays a role of a release sheet for preventinglattent of dust or the like to the surface
of the protective film-forming film; and a sheetttplays a role of a dicing sheet for
protecting the surface of the protective film-fongifilm by performing a dicing step or
the like.

Preferred examples of the support sheet inclusteeat formed of only a base
material which has been typically used in the fi#fighrocessing sheets of semiconductor
wafers; and a sheet formed by laminating a basermaband a pressure sensitive
adhesive layer on each other.

[0036]

The support sheet may be formed of one layer Igsiiager) or two or more
layers (plurality of layers). In a case whereshpport sheet is formed of a plurality of
layers, a plurality of these layers may be the sasner different from one another. In
other words, all layers may be the same as orrdiffdrom one another or only some
layers may be the same as one another. Furthecase where a plurality of layers are

different from one another, the combination of arglity of these layers is not
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particularly limited. Here, the expression of ‘larglity of layers are different from one
another” means that at least one of the matemaldfze thicknesses of respective layers
are different from one another.

[0037]

The thickness of the support sheet may be apptafyiselected depending on
the intended purpose thereof, but is preferably iange of 10 to 500m, more
preferably in a range of 20 to 3ffn, and particularly preferably in a range of 3@0®
um from the viewpoints of imparting sufficient fldoiity to the protective film-forming
composite sheet and improving the adhesivenesedupport sheet to the
semiconductor wafer.

Here, the “thickness of the support sheet” in@isdhe total thickness of
respective layers constituting the support sheear example, in a case where the
support sheet is formed by laminating a base nat@nd a pressure sensitive adhesive
layer, the thickness of the support sheet indicdtesotal value of the thickness of the
base material and the thickness of the pressusitiseradhesive layer.

Further, at least one surface of the support shagtbe an uneven surface. In
a portion having a projection in the uneven surfaice support sheet, the thickness of
the support sheet may be calculated using the tipi®projection as one starting point.

[0038]

Base material

As the material of the base material, variousweare preferable, and specific
examples thereof include polyethylene (such asdemsity polyethylene (LDPE), linear
low density polyethylene (LLDPE), or high densitlyethylene (HDPE)),
polypropylene, an ethylene-propylene copolymerylpatene, polybutadiene,

polymethylpentene, polyvinyl chloride, a vinyl chitbe copolymer, polyethylene
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terephthalate, polyethylene naphthalate, polybowy/lkerephthalate, polyurethane,

polyurethane acrylate, polyimide, an ethylene-vexgtate copolymer, an ionomer resin,
an ethylene-(meth)acrylic acid copolymer, an ethgiémeth)acrylic acid ester
copolymer, polystyrene, polycarbonate, a fluoriegin, and a water additive, a modified
product, a cross-linked product, or a copolymearof of these resins.

In the present specification, the concept “(meath)iec acid” includes both of
“acrylic acid” and “methacrylic acid”.

[0039]

In a case where the support sheet is formed bin&ting a base material and
other layers such as a pressure sensitive adHagee the thickness of the base material
can be appropriately selected depending on thadet® purpose thereof, but is
preferably in a range of 15 to 3Qn and more preferably in a range of 20 to 6D
In a case where the thickness of the base maigiathe above-described range, the
flexibility of the protective film-forming compogtsheet and the adhesiveness of the
base material to the semiconductor wafer or thecmrductor chip are further improved.

[0040]

The base material may be formed of one layer Igilager) or two or more
layers (plurality of layers). In a case wherelthse material is formed of a plurality of
layers, a plurality of these layers may be the sasner different from one another.

Here, the expression of “a plurality of layers nieythe same as or different from one
another” has the same definition as in the caskeo$upport sheet described above.

In the case where the base material is formedpbirality of layers, the total
thickness of respective layers may be set to baloge-described preferable thickness
of the base material.

[0041]
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The surface roughness Ra of the surface (frofisey of the base material on
which the pressure sensitive adhesive layer isigealis preferably in a range of 0.001
to 0.1um, more preferably in a range of 0.005 to Qu@8 and particularly preferably in
arange of 0.01 to 0.Q4m. In a case where the surface roughness Ra stitfece of
the base material is less than or equal to theeadescribed upper limit, clear laser
printing can be performed on the protective film.

The surface roughness Ra of the surface of thebaserial can be adjusted by
changing conditions for forming the base matenatanditions for the surface treatment.

[0042]

Examples of a method of dicing a semiconductoewsd be individualized into
a semiconductor chip include a method of usingéldiding for cutting a semiconductor
wafer using a blade; a method of using laser dit@ngutting a semiconductor wafer
through laser irradiation; and a method of usingewdicing for cutting a semiconductor
wafer by blowing water containing an abrasive.

Further, as the method of individualizing a semawctor wafer into a
semiconductor chip, a method of applying lasertligtan infrared region so as to be
focused on a focal point set in a semiconductoewand applying a force to the
semiconductor wafer after a modified layer is fodnmethe semiconductor wafer so that
the semiconductor wafer is divided and individugdizn the portion where the modified
layer is formed is exemplified other than the mdthasing the above-described dicing.

In a case where the surface roughness Ra of tfecelof the base material is in
a range of 0.01 to 0j2m, the protective film-forming composite sheet intthg such a
base material is suitably used when the semicondugifer is individualized by forming
a modified layer in the semiconductor wafer.

[0043]
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The surface roughness Ra of the surface (reaac)rbf the base material on a
side opposite to the surface (front surface) whieeepressure sensitive adhesive layer is
provided, that is, the surface roughness Ra oftiniace (rear surface) of the support
sheet on a side opposite to the surface (fronasejfwhere the protective film-forming
film is provided is preferably in a range of 0.a014 um, more preferably in a range of
0.005 to 3.7um, still more preferably in a range of 0.01 to @M, and particularly
preferably in a range of 0.02 to 3un. In a case where the surface roughness Ra of the
rear surface of the base material is less thanqueldéo the above-described upper limit,
the surface roughness Ra of the surface of théngplatyer on a side opposite to the side
where the coating layer is in contact with the suppheet can be easily decreased and
clear laser printing can be more easily performethe protective film.

The surface roughness Ra of the rear surfaceedfdbe material can be adjusted
by changing the conditions for forming the baseemat and the conditions for the
surface treatment.

[0044]

The resin serving as the material of the basenmahteay be cross-linked.

Further, the resin serving as the material otidige material may be formed into
a sheet by extrusion forming of a thermoplasticrestretched, or formed into a sheet by
being thinned or cured by known means for a curedsa.

Further, the base material may be colored or gulint

[0045]

From the viewpoint that the base material has edipg suitability and
improved pick-up suitability in a case where theebmaterial has excellent heat

resistance and moderate flexibility, it is prefdeaihat the base material contains

polypropylene.
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The base material containing polypropylene mag base material formed of a
single layer that is formed of only polypropyleneamplurality of layers or may be a base
material formed by laminating a plurality of layexfsa polypropylene layer and resin
layers other than polypropylene.

In a case where the protective film-forming filsthermosetting, deterioration
of the base material due to heat is suppressed@narence of defects in the
manufacturing process of a semiconductor devicebeagffectively suppressed by means
of the base material having the heat resistance.

[0046]

In order to improve the adhesiveness betweenrégspre sensitive adhesive
layer provided on the base material and the prigettm-forming film, the surface of
the base material may be subjected to a roughergagment such as a sand blast
treatment or a solvent treatment; or an oxidatieattnent such as a corona discharge
treatment, an electron beam irradiation treatreeptasma treatment, an ozone and
ultraviolet ray irradiation treatment, a flame traant, a chromic acid treatment, or a hot
air treatment. In addition, the surface of thecbasterial may be subjected to a primer
treatment.

[0047]

Pressure sensitive adhesive layer

As the pressure sensitive adhesive layer, a kravecan be used as
appropriate.

The pressure sensitive adhesive layer can be tbusieg a pressure sensitive
adhesive composition containing various componsmt as a pressure sensitive
adhesive for constituting the pressure sensitiveeside layer. The ratio of the contents

of components in the pressure sensitive adhesivgasition that do not vaporize at
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room temperature is typically the same as the @ittbe contents of components in the
pressure sensitive adhesive layer. In the presgutification, “room temperature”
indicates the temperature which is not particulddgreased or increased, that is, normal
temperature, and a temperature of%o 25C is exemplified.

[0048]

The thickness of the pressure sensitive adheajas tan be appropriately
selected depending on the intended purpose thdmebis preferably in a range of 1 to
100um, more preferably in a range of 2 to|8®, and particularly preferably in a range
of 3 to 50um.

[0049]

The pressure sensitive adhesive layer may be tbohene layer (single layer)
or two or more layers (plurality of layers). Irtase where the pressure sensitive
adhesive layer is formed of a plurality of layexslurality of these layers may be the
same as or different from one another. Here, tpeession of “a plurality of layers
may be the same as or different from one anothesthe same definition as in the case
of the support sheet described above.

In the case where the pressure sensitive adhlesieis formed of a plurality of
layers, the total thickness of respective layerg beaset to be the above-described
preferable thickness of the pressure sensitivesighéayer.

[0050]

Examples of the pressure sensitive adhesive indupressure sensitive
adhesive resin such as an acrylic resin, a uretbased resin, a rubber-based resin, a
silicone-based resin, or a vinyl ether-based resid,in a case of paying attention to the
function of the resin, an energy ray curable resithe like is exemplified.

In the present specification, the “energy ray”idaties one that has an energy
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guantum in an electromagnetic wave or a chargetitjfgaray, and examples thereof
include ultraviolet rays and electron beams. Witket rays can be applied using a high
pressure mercury lamp, a fusion H lamp, or a xdamp as an ultraviolet ray source.
The electron beams can be used by applying thasergied by an electron beam
accelerator or the like.

[0051]

Examples of the energy ray curable resin incledéns having polymerizable
groups such as a (meth)acryloyl group and a virglig.

As the pressure sensitive adhesive resin, aniacedin is preferable and a
(meth)acrylic acid ester copolymer having a coastihal unit derived from
(meth)acrylic acid ester is more preferable.

[0052]

The pressure sensitive adhesive layer becomegyersr curable in a case
where the pressure sensitive adhesive layer caentaimponents to be polymerized by
irradiation with energy rays such as an energyctagble resin, and a semiconductor
chip provided with a protective film is likely teelpicked up by irradiating the pressure
sensitive adhesive layer with energy rays to deerélae tackiness thereof. Such a
pressure sensitive adhesive layer can be formed wsirious pressure sensitive adhesive
compositions containing components to be polymdriaeirradiation with energy rays.

[0053]

Pressure sensitive adhesive composition

Preferred examples of the pressure sensitive aghesmposition include those
containing components to be polymerized by irradimtvith energy rays, and examples
of such a pressure sensitive adhesive composiinde a composition that contains an

acrylic resin and an energy ray polymerizable cammgo(hereinafter, also abbreviated as
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a “pressure sensitive adhesive composition (i)); @eomposition that contains an
acrylic resin (for example, a resin containing drayxyl group and a polymerizable
group in a side chain through a urethane bond)agang a hydroxyl group and a
polymerizable group in a side chain and an isodgabased cross-linking agent
(hereinafter, also abbreviated as a “pressuretsanaidhesive composition (ii)”).

[0054]

<Pressure sensitive adhesive composition (i)>

The pressure sensitive adhesive composition (iJaies an acrylic resin and an
energy ray polymerizable compound as indispensaiigonents.

Hereinafter, each component will be described.

[0055]

[Acrylic resin]

Preferred examples of the acrylic resin in thesguee sensitive adhesive
composition (i) include a (meth)acrylic acid estepolymer obtained by polymerizing
(meth)acrylic acid ester as a monomer and anotle@omer other than (meth)acrylic
acid ester used as necessary.

[0056]

Examples of the (meth)acrylic acid ester includeth)acrylic acid alkyl ester in
which an alkyl group constituting alkyl ester hashain structure having 1 to 18 carbon
atoms such as methyl (meth)acrylate, ethyl (methlate, propyl (meth)acrylate, butyl
(meth)acrylate, pentyl (meth)acrylate, hexyl (matnylate, heptyl (meth)acrylate,
n-octyl (meth)acrylate, isooctyl (meth)acrylategtBylhexyl (meth)acrylate, n-nonyl
(meth)acrylate, isononyl (meth)acrylate, decyl (matrylate, undecyl (meth)acrylate,
dodecyl (meth)acrylate (lauryl (meth)acrylate)dégyl (meth)acrylate, tetradecyl

(meth)acrylate (myristyl (meth)acrylate), a pentadémeth)acrylate group, hexadecyl
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(meth)acrylate (palmityl (meth)acrylate), heptad€nyeth)acrylate, octadecyl

(meth)acrylate (stearyl (meth)acrylate), or isodetyl (meth)acrylate (isostearyl
(meth)acrylate); (meth)acrylic acid cycloalkyl estech as isobornyl (meth)acrylate or
dicyclopentanyl (meth)acrylate; (meth)acrylic aardlkyl ester such as benzyl
(meth)acrylate; (meth)acrylic acid cycloalkenylegstuch as (meth)acrylic acid
dicyclopentenyl ester; (meth)acrylic acid cycloadexy alkyl ester such as
(meth)acrylic acid dicyclopentenyloxy ethyl estiemide (meth)acrylate; glycidyl
group-containing (meth)acrylic acid ester suchlgsidyl (meth)acrylate; and hydroxyl
group-containing (meth)acrylic acid ester suchyakdxymethyl (meth)acrylate,
2-hydroxyethyl (meth)acrylate, 2-hydroxypropyl (imgtcrylate, 3-hydroxypropyl
(meth)acrylate, 2-hydroxybutyl (meth)acrylate, 3}toxybutyl (meth)acrylate, or
4-hydroxybutyl (meth)acrylate.

[0057]

Examples of the monomer other than (meth)acrylid aester include
(meth)acrylic acid, itaconic acid, vinyl acetaterydonitrile, styrene, and N-methylol
acrylamide.

[0058]

Various monomers such as (meth)acrylic acid estestituting an acrylic resin,
monomers other than the (meth)acrylic acid estet,the like may be formed of only one
or two or more kinds thereof.

[0059]

The acrylic resin contained in the pressure seasitdhesive composition (i)
may be formed of only one or two or more kinds ¢oér

[0060]

The content of the acrylic resin in the presseresgive adhesive composition
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to 91% by mass with respect to the total amousilafomponents contained in the
pressure sensitive adhesive composition (i) otien the solvent.

[0061]

[Energy ray polymerizable compound]

The energy ray polymerizable compound is a comggatymerized and cured
by irradiation with energy rays, and examples tbeieclude a compound containing an
energy ray polymerizable group such as an energgueable double bond in a
molecule.

[0062]

Examples of the energy ray polymerizable compauoaollide a
low-molecular-weight compound (a monofunctionapotyfunctional monomer or
oligomer) containing an energy ray polymerizableugy, and more specific examples
thereof include acrylates such as acrylate su¢hrasthylolpropane triacrylate,
tetramethylolmethane tetraacrylate, pentaerythuitacrylate, dipentaerythritol
monohydroxypentaacrylate, dipentaerythritol hexglate, 1,4-butylene glycol diacrylate,
or 1,6-hexanediol diacrylate; cyclic aliphatic skeh-containing acrylate such as
dicyclopentadiene dimethoxy diacrylate; and anlateybased compound such as
polyethylene glycol diacrylate, oligoester acrylateethane acrylate oligomer,
epoxy-modified acrylate, polyether acrylate, ocdtaic acid oligomer.

[0063]

The molecular weight of the energy ray polymeriegaitompound is preferably
in a range of 100 to 30000 and more preferablyrange of 300 to 10000.

[0064]

The energy ray polymerizable compound containgtierpressure sensitive
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adhesive composition (i) may be formed of only onéwvo or more kinds thereof.

[0065]

The content of the energy ray polymerizable compan the pressure sensitive
adhesive composition (i) is preferably in a ranfj& to 125 parts by mass and more
preferably in a range of 10 to 125 parts by masis mispect to 100 parts by mass of the
content of the acrylic resin.

[0066]

[Photopolymerization initiator]

The pressure sensitive adhesive composition (§) coatain a
photopolymerization initiator other than the aaryksin and the energy ray
polymerizable compound.

A known one may be used as the photopolymerizatitator, and specific
examples thereof include anketol-based compound such as
4-(2-hydroxyethoxy)phenyl(2-hydroxy-2-propyl)ketone
a-hydroxy-a,a’-dimethylacetophenone, 2-methyl-2-hydroxypropiopbee,
1-hydroxycyclohexylphenylketone, or
2-hydroxy-1-{4-[4-(2-hydroxy-2-methyl-propionyl)-loeyl]phenyl}-2-methyl-propan-1-
one; an acetophenone-based compound such as matietoghenone,
2,2-dimethoxy-2-phenylacetophenone, 2,2-diethoxigmtenone, or
2-methyl-1-[4-(methylthio)phenyl]-2-morpholinoprapd.-one; a benzoin ether-based
compound such as benzoin ethyl ether, benzoinaggpether, or anisoin methyl ether; a
ketal-based compound such as benzyl dimethyl katedromatic sulfonyl
chloride-based compound such as 2-naphthalenenguifbloride; a photoactive
oxime-based compound such as

1-phenone-1,1-propanedione-2-(o-ethoxycarbonyl)exianbenzophenone-based
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compound such as benzophenone, benzoylbenzoicaacid,
3,3’-dimethyl-4-methoxybenzophenone; a thioxanthbased compound such as
thioxanthone, 2-chlorothioxanthone, 2-methylthiakame, 2,4-dimethylthioxanthone,
isopropylthioxanthone, 2,4-dichlorothioxanthonel-g8iethylthioxanthone, or
2,4-diisopropylthioxanthone; camphor quinone; halwed ketone; acyl phosphine
oxide; and acyl phosphonate.

[0067]

The photopolymerization initiator contained in firessure sensitive adhesive
composition (i) may be formed of only one or twawore kinds thereof.

[0068]

In a case of using the photopolymerization indiathe content of the
photopolymerization initiator in the pressure sewsiadhesive composition (i) is
preferably in a range of 0.1 to 10 parts by massraare preferably in arange of 1to 5
parts by mass with respect to 100 parts by madseatontent of the energy ray
polymerizable compound. In a case where the coofehe photopolymerization
initiator is greater than or equal to the abovecdbed lower limit, the effects obtained
by using a photopolymerization initiator can befisigntly obtained. Further, in a case
where the content of the photopolymerization initidas less than or equal to the
above-described upper limit, generation of by-pasidue to an excessive amount of
photopolymerization initiator is suppressed andpifesssure sensitive adhesive layer is
more satisfactorily cured.

[0069]

[Cross-linking agent]

The pressure sensitive adhesive composition (J) coatain a cross-linking

agent other than the acrylic resin and the enexgyolymerizable compound.
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Examples of the cross-linking agent include araoig polyvalent isocyanate
compound and an organic polyvalent imine compound.

[0070]

Examples of the organic polyvalent isocyanate amump include an aromatic
polyvalent isocyanate compound, an aliphatic pdgmvaisocyanate compound, an
alicyclic polyvalent isocyanate compound, trimefrsh@se compounds, an isocyanurate
product, an adduct product, and a terminal isodgangthane prepolymer obtained by
reacting the aromatic polyvalent isocyanate comgotire aliphatic polyvalent
isocyanate compound or the alicyclic polyvalenty@mate compound, and a polyol
compound. The adduct product indicates a reaofahie aromatic polyvalent
isocyanate compound, the aliphatic polyvalent isoege compound or the alicyclic
polyvalent isocyanate compound, and a low-molecadéive hydrogen-containing
compound such as ethylene glycol, propylene glywabpentyl glycol,
trimethylolpropane, or castor oil.

[0071]

More specific examples of the organic polyvalesacyanate compound include
2,4-tolylene diisocyanate; 2,6-tolylene diisocyandt 3-xylylene diisocyanate;
1,4-xylene diisocyanate; diphenylmethane-4,4’-dijgmate;
diphenylmethane-2,4’-diisocyanate; 3-methyl dipHergthane diisocyanate;
hexamethylene diisocyanate; isophorone diisocyanate
dicylohexylmethane-4,4’-diisocyanate; dicyclohexglimane-2,4’-diisocyanate; a
compound obtained by adding any or both of tolyldiocyanate and hexamethylene
diisocyanate to all or some hydroxyl groups in iyplosuch as trimethylolpropane; and
lysine diisocyanate.

[0072]
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Examples of the organic polyvalent imine compounuiude
N,N-diphenylmethane-4,4’-bis(1-aziridinecarboxan)jde
trimethylolpropane-tr3-aziridinyl propionate, tetramethylolmethanefiraziridinyl
propionate, and N,N’-toluene-2,4-bis(1-aziridindmatamide)triethylene melamine.

[0073]

In a case where an isocyanate compound is use@drass-linking agent, it is
preferable to use a hydroxyl group-containing payras an acrylic resin. In a case
where the cross-linking agent contains an isocyagaiup and the acrylic resin contains
a hydroxyl group, a cross-linked structure candmgly introduced into the pressure
sensitive adhesive layer by reacting the isocyagiatep with the hydroxyl group.

[0074]

The cross-linking agent contained in the pressarsitive adhesive composition
(i) may be formed of only one or two or more kiridsreof.

[0075]

In a case of using a cross-linking agent, theardnif the cross-linking agent in
the pressure sensitive adhesive composition fijagerably in a range of 0.01 to 20 parts
by mass and more preferably in a range of 0.1 tpal®& by mass with respect to 100
parts by mass of the content of the acrylic resin.

[0076]

[Solvent]

It is preferable that the pressure sensitive adée®mposition (i) further
contains a solvent other than the acrylic resintardenergy ray polymerizable
compound.

The solvent is not particularly limited, and preéel examples thereof include a

hydrocarbon such as toluene or xylene; an alcalait as methanol, ethanol, 2-propanol,
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isobutyl alcohol (2-methylpropan-1-ol), or 1-butram ester such as ethyl acetate; a
ketone such as acetone or methyl ethyl ketonethaar such as tetrahydrofuran;
dimethylformamide; and an amide (a compound haamgmide bond) such as
N-methylpyrrolidone.

The solvent contained in the pressure sensitiheside composition (i) may be
formed of only one or two or more kinds thereof.

[0077]

The content of the solvent in a case where thgspre sensitive adhesive
composition (i) contains a solvent is preferablairange of 40% to 90% by mass and
more preferably in a range of 50% to 80% by mass.

[0078]

[Other components]

The pressure sensitive adhesive composition (§) coatain other components
which do not correspond to the photopolymerizaiiotiator, the cross-linking agent,
and the solvent other than the acrylic resin aecetiergy ray polymerizable compound
within the range not damaging the effects of tresent invention.

Other components may be known, can be appropris¢éécted depending on
the intended purpose thereof, and is not partiulanited. Preferred examples thereof
include various additives such as a dye, a pignaedéterioration inhibitor, an antistatic
agent, a flame retardant, a silicone compound aactthin transfer agent.

Other components contained in the pressure sensitihesive composition (i)
may be formed of only one or two or more kinds ¢oér

[0079]

<Pressure sensitive adhesive composition (ii)>

The pressure sensitive adhesive compositiondiifans an acrylic resin
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containing a hydroxyl group and a polymerizableugran a side chain (for example, a
resin containing a hydroxyl group and a polymerieaoup in a side chain through a
urethane bond); and an isocyanate-based crossdirigent as indispensable
components.

In a case of using the pressure sensitive adhesiwg@osition (ii), since the

acrylic resin contains a polymerizable group inde £hain, peeling properties from an

adherend due to degradation of tackiness of th&spre sensitive adhesive layer after the

polymerization reaction (curing) are improved alnel pick-up properties of the

semiconductor chip provided with a protective fame improved compared to a case of a

polymerization reaction through irradiation witheegy rays using the energy ray
polymerizable compound as in the pressure sensitihesive composition (i).

In the present specification, the descriptionasfrylic resin” in the pressure
sensitive adhesive composition (ii) indicates therylic resin containing a
polymerizable group in a side chain” unless othsewioted.

[0080]

[Acrylic resin]

Examples of the acrylic resin containing a polyizedsle group in a side chain
include those obtained by reacting an isocyanatepyof a compound, which contains
an isocyanate group and a polymerizable group, avtigdroxyl group of a hydroxyl
group-containing copolymer obtained by copolymexz{meth)acrylic acid ester free
from a hydroxyl group and a hydroxyl group-contaghcompound such as hydroxyl
group-containing (meth)acrylic acid ester contagrenhydroxyl group as monomers and
forming a urethane bond.

[0081]

Examples of the (meth)acrylic acid ester free feohydroxyl group include
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those other than the hydroxyl group-containing (yetrylic acid ester among examples
of the (meth)acrylic acid ester in the pressureiter adhesive composition (i).

Examples of the hydroxyl group-containing compoanelthe same as those for
the hydroxyl group-containing (meth)acrylic acidezsn the pressure sensitive adhesive
composition (i).

The (meth)acrylic acid ester free from a hydrayyup and the hydroxyl
group-containing compound constituting the acrgdisin may be respectively formed of
only one or two or more kinds thereof.

[0082]

Examples of the compound containing an isocyagtep and a polymerizable
group include isocyanate group-containing (metlylacacid ester such as
2-metacryloyloxy ethyl isocyanate.

The compound containing an isocyanate group gralyemerizable group
constituting the acrylic resin may be formed ofyomhe or two or more kinds thereof.

[0083]

The acrylic resin contained in the pressure sersiidhesive composition (ii)
may be formed of only one or two or more kinds ¢oér

[0084]

The content of the acrylic resin of the presseresgive adhesive composition
(ii) is preferably in a range of 80% to 99% by masd more preferably in a range of
90% to 97% by mass with respect to the total amofiatl components contained in the
pressure sensitive adhesive composition (ii) otinen the solvent.

[0085]

[Isocyanate-based cross-linking agent]

Examples of the isocyanate-based cross-linkingte@ye the same as those for
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the organic polyvalent isocyanate compound whigheascross-linking agent in the
pressure sensitive adhesive composition (i).

[0086]

The isocyanate-based cross-linking agent contam#te pressure sensitive
adhesive composition (i) may be formed of only onéwo or more kinds thereof.

[0087]

The number of moles of the isocyanate group coathin the isocyanate-based
cross-linking agent in the pressure sensitive adée®mposition (ii) is preferably 0.2 to
3 times the number of moles of the hydroxyl groaptained in the acrylic resin in the
pressure sensitive adhesive composition (ii). ¢ase where the number of moles of
the isocyanate group is greater than or equale@biove-described lower limit, peeling
properties from an adherend due to degradatioacidriess of the pressure sensitive
adhesive layer after curing are improved and thk-pp properties of the semiconductor
chip provided with a protective film are improvedrurther, in a case where the number
of moles of the isocyanate group is less than oakip the above-described upper limit,
generation of by-products due to the reaction betwsocyanate-based cross-linking
agents can be further suppressed.

[0088]

The content of the isocyanate-based cross-linkgent in the pressure sensitive
adhesive composition (i) may be appropriately ajd such that the number of moles of
the isocyanate group is set to be in the aboveritbescrange. In a case where such a
condition is satisfied, the content thereof is erably in a range of 0.01 to 20 parts by
mass, more preferably in a range of 0.1 to 15 friwass, and particularly preferably in
a range of 0.3 to 12 parts by mass with respet®@oparts by mass of the content of the

acrylic resin.
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[0089]

[Photopolymerization initiator]

The pressure sensitive adhesive composition @y oontain a
photopolymerization initiator other than the aarykesin and the isocyanate-based
cross-linking agent.

Examples of the photopolymerization initiator #re same as in case of the
pressure sensitive adhesive composition (i).

The photopolymerization initiator contained in firessure sensitive adhesive
composition (i) may be formed of only one or twoneore kinds thereof.

[0090]

In a case of using the photopolymerization indiathe content of the
photopolymerization initiator in the pressure sewsiadhesive composition (ii) is
preferably in a range of 0.05 to 20 parts by mais iespect to 100 parts by mass of the
content of the acrylic resin.

In a case where the content of the photopolym@oizanitiator is greater than or
equal to the above-described lower limit, the éffebtained by using a
photopolymerization initiator can be sufficientlgtained. Further, in a case where the
content of the photopolymerization initiator isdgban or equal to the above-described
upper limit, generation of by-products due to acessive amount of
photopolymerization initiator is suppressed andpifesssure sensitive adhesive layer is
more satisfactorily cured.

[0091]

[Solvent]

It is preferable that the pressure sensitive adbe®mposition (ii) further

contains a solvent other than the acrylic resintardsocyanate-based cross-linking
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agent.

Examples of the solvent are the same as in theeafabe pressure sensitive
adhesive composition (i).

The solvent contained in the pressure sensitiheside composition (i) may be
formed of only one or two or more kinds thereof.

[0092]

The content of the solvent in a case where thespre sensitive adhesive
composition (ii) contains a solvent is preferalmyairange of 40% to 90% by mass and
more preferably in a range of 50% to 80% by mass.

[0093]

[Other components]

The pressure sensitive adhesive composition @y oontain other components
which do not correspond to the photopolymerizatiotiator and the solvent other than
the acrylic resin and the isocyanate-based croksily agent within the range not
damaging the effects of the present invention.

Examples of other components are the same as icatfe of the pressure
sensitive adhesive composition (i).

Other components contained in the pressure semsitihesive composition (ii)
may be formed of only one or two or more kinds ¢oér

[0094]

Hereinbefore, the pressure sensitive adhesive asitign containing
components to be polymerized by irradiation witergy rays has been described, but
the pressure sensitive adhesive layer may be fousied a pressure sensitive adhesive
composition that does not contain the componente tpolymerized by irradiation with

energy rays. In other words, the pressure seastilhesive layer may be a non-energy
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ray curable layer that does not have energy ragility.

Preferred examples of such a non-energy ray ceigaielssure sensitive adhesive
composition include a composition containing aryécresin and a cross-linking agent
(hereinafter, also abbreviated as a “pressuretsanaidhesive composition (iii)"), and
the composition may contain optional component$ sigca solvent and other
components that do not correspond to the solvent.

[0095]

<Pressure sensitive adhesive composition (iii)>

The acrylic resin, the cross-linking agent, thivesat, and other components
contained in the pressure sensitive adhesive catigpo§ii) have the same definitions
as those in the pressure sensitive adhesive cotigpo§).

[0096]

The content of the acrylic resin in the presseresgive adhesive composition
(iii) is preferably in a range of 40% to 99% by masid more preferably in a range of
50% to 93% by mass with respect to the total amotiatl components contained in the
pressure sensitive adhesive composition (iii) othan the solvent.

[0097]

The content of the cross-linking agent in the gues sensitive adhesive
composition (iii) is preferably in a range of 330 parts by mass and more preferably in
a range of 5 to 25 parts by mass with respect @ophbts by mass of the content of the
acrylic resin.

[0098]

The pressure sensitive adhesive compositionh@s) the same definition as the
pressure sensitive adhesive composition (i) otem the above-described points.

[0099]
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<<Method of producing pressure sensitive adhesiveposition>>
The pressure sensitive adhesive compositions (i)ix are obtained by blending

components for constituting each pressure sengitihesive composition such as the

pressure sensitive adhesive and components othrethb pressure sensitive adhesive as

necessary.

The order of each component to be added at threedfrblending is not
particularly limited, and two or more componentsyrba added at the same time.

The method of mixing respective components atithe of blending is not
particularly limited and may be appropriately s&eldrom known methods such as a
method of mixing components by rotating a stirnea stirring blade; a method of
mixing components using a mixer; and a method efmgicomponents by adding
ultrasonic waves thereto.

The temperature and the time for the additionthedmixing of respective
components are not particularly limited as longresblending components are not
deteriorated and may be appropriately adjustedineutemperature is preferably in a
range of 15C to 30C.

[0100]

Protective film-forming film

The protective film-forming film may be thermosett or energy ray curable.
The protective film-forming film finally becomesmaotective film having high impact
resistance after being cured. This protective filvents occurrence of cracks in the
semiconductor chip after the dicing step.

The protective film-forming film can be formed ngia thermosetting protective
film-forming composition or an energy ray curabtetgctive film-forming composition

(hereinafter, these are collectively referred ta égrotective film-forming
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composition”) described below.

[0101]

The protective film-forming film may be formed ofie layer (single layer) or
two or more layers (plurality of layers). In a eaghere the protective film-forming
film is formed of a plurality of layers, a pluralibf these layers may be the same as or
different from one another, and the combinatioa pfurality of these layers is not
particularly limited.

[0102]

The thickness of the protective film-forming fiilsinot particularly limited, but
is preferably in a range of 1 to 1fh, more preferably in a range of 5 to|#h, and
particularly preferably in a range of 5 to . In a case where the thickness of the
protective film-forming film is greater than or exjuo the above-described lower limit,
the adhesive strength of the protective film-forgnfilm to a semiconductor wafer or a
semiconductor chip serving as an adherend is isecta Further, in a case where the
thickness of the protective film-forming film isde than or equal to the above-described
upper limit, the protective film which is a curembguct can be more easily cut using the
shearing force at the time of picking up the semizactor chip.

[0103]

Thermosetting protective film-forming film

Preferred examples of the thermosetting protediineforming film include
those containing a polymer component (A) and antlesetting component (B). The
polymer component (A) is a component to be consii@s being formed by a
polymerization reaction of a polymerizable compauné&urther, the thermosetting
component (B) is a component that can be curegifpaiized) using heat as a trigger of

the reaction. In addition, the concept of the pwyization reaction of the present
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embodiment includes a polycondensation reaction.

[0104]

<<Thermosetting protective film-forming compositie>

The thermosetting protective film-forming film cae formed using a
thermosetting protective film-forming compositioontaining the constituent material
thereof. For example, a thermosetting protective-forming film can be formed on a
target portion by coating a target surface, on tile thermosetting protective
film-forming film is to be formed, with the thermeting protective film-forming
composition and drying the surface as necessarke ratio of the contents of
components in the thermosetting protective filmyforg composition that do not
vaporize at room temperature is typically the saséhe ratio of the contents of
components in the thermosetting protective filnmforg film. Here, “room
temperature” is as described above.

[0105]

The thermosetting protective film-forming compasitmay be applied
according to a known method, and examples thenetide methods using various
coaters such as an air knife coater, a blade ¢@abar coater, a gravure coater, a roll
coater, a roll knife coater, a curtain coater,eadtiater, a knife coater, a screen coater, a
Meyer bar coater, and a kiss coater.

[0106]

The conditions for drying the thermosetting prtitecfilm-forming composition
are not particularly limited, but it is preferaltkat the thermosetting protective
film-forming composition is heated and dried inage of containing a solvent described
below. In this case, it is preferable that thenieesetting protective film-forming

composition is dried under a temperature condibionC’C to 130C for 10 seconds to 5
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minutes.

[0107]

<Protective film-forming composition (I11-1)>

Examples of the thermosetting protective film-faxgncomposition include a
thermosetting protective film-forming compositidii-(L) that contains a polymer
component (A) and a thermosetting component (B)h@present specification, also
abbreviated as a “protective film-forming compasiti(lll-1)”).

[0108]

[Polymer component (A)]

The polymer component (A) is a polymer compourrdrfgoarting film-forming
properties or flexibility to the thermosetting protive film-forming film.

The polymer component (A) contained in the protedilm-forming
composition (IlI-1) and the thermosetting proteetfitm-forming film may be formed of
only one or two or more kinds thereof, and in secabere the polymer component (A) is
formed of two or more kinds thereof, the combinatmd the ratio of these components
can be optionally selected.

[0109]

Examples of the polymer component (A) include arylec resin (a resin
containing a (meth)acryloyl group), polyester, ethane-based resin (a resin having a
urethane bond), an acrylurethane resin, a silitiased resin (a resin having a siloxane
bond), a rubber-based resin (a resin having a rnithécture), a phenoxy resin, and a
thermosetting polyimide. Among these, an acndisim is preferable.

[0110]

Examples of the acrylic resin in the polymer comgrat (A) include known

acrylic polymers.
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The weight-average molecular weight (Mw) of theylic resin is preferably in
a range of 10000 to 2000000 and more preferabdyrange of 100000 to 1500000. In
a case where the weight-average molecular weigthteoécrylic resin is greater than or
equal to the above-described lower limit, the shatpbility (temporal stability during
storage) of the thermosetting protective film-fongnifilm is improved. Further, in a
case where the weight-average molecular weighteftrylic resin is less than or equal
to the above-described upper limit, the thermasgpirotective film-forming film is
likely to follow the uneven surface of the adherendhat occurrence of voids between
the adherend and the thermosetting protective fldmiing film is further suppressed.

[0111]

The glass transition temperature (Tg) of the &crgsin is preferably in a range
of -60°C to 70C and more preferably in a range of*3do 50C. In a case where the
Tg of the acrylic resin is higher than or equathe above-described lower limit, the
adhesive strength between the protective film aedstipport sheet is suppressed and
thus the peeling properties of the support sheeinaproved. Further, in a case where
the Tg of the acrylic resin is lower than or equathe above-described upper limit, the
adhesive strength between the thermosetting pregefiim-forming film and the
adherend of the protective film is improved.

[0112]

Examples of the acrylic resin include a polymeooné or two or more
(meth)acrylic acid esters; and a copolymer of twanore monomers selected from
(meth)acrylic acid, itaconic acid, vinyl acetaterydonitrile, styrene, and N-methylol
acrylamide.

[0113]

Examples of the (meth)acrylic acid ester constiguan acrylic resin include
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(meth)acrylic acid alkyl ester in which an alkybgp constituting alkyl ester has a chain
structure having 1 to 18 carbon atoms such as rhgtigth)acrylate, ethyl
(meth)acrylate, n-propyl (meth)acrylate, isoprofwieth)acrylate, n-butyl (meth)acrylate,
isobutyl (meth)acrylate, sec-butyl (meth)acrylaget-butyl (meth)acrylate, pentyl
(meth)acrylate, hexyl (meth)acrylate, heptyl (mathnylate, 2-ethylhexyl (meth)acrylate,
isooctyl (meth)acrylate, n-octyl (meth)acrylatenanyl (meth)acrylate, isononyl
(meth)acrylate, decyl (meth)acrylate, undecyl (ryethylate, dodecyl (meth)acrylate
(lauryl (meth)acrylate), tridecyl (meth)acrylatetradecyl (meth)acrylate (myristyl
(meth)acrylate), a pentadecyl (meth)acrylate grbepadecyl (meth)acrylate (palmityl
(meth)acrylate), heptadecyl (meth)acrylate, or detgl (meth)acrylate (stearyl
(meth)acrylate); (meth)acrylic acid cycloalkyl estech as isobornyl (meth)acrylate or
dicyclopentanyl (meth)acrylate; (meth)acrylic aardlkyl ester such as benzyl
(meth)acrylate; (meth)acrylic acid cycloalkenylegstuch as (meth)acrylic acid
dicyclopentenyl ester; (meth)acrylic acid cycloaldexy alkyl ester such as
(meth)acrylic acid dicyclopentenyloxy ethyl esiemide (meth)acrylate; glycidyl
group-containing (meth)acrylic acid ester suchlgsidyl (meth)acrylate; hydroxyl
group-containing (meth)acrylic acid ester suchyasdxymethyl (meth)acrylate,
2-hydroxyethyl (meth)acrylate, 2-hydroxypropyl (tmgtcrylate, 3-hydroxypropyl
(meth)acrylate, 2-hydroxybutyl (meth)acrylate, 3Hgxybutyl (meth)acrylate, or
4-hydroxybutyl (meth)acrylate; and substituted amgnoup-containing (meth)acrylic
acid ester such as N-methylaminoethyl (meth)aaylatHere, the “substituted amino
group” indicates a group formed by one or two hgématoms in an amino group being
substituted with a group other than a hydrogen atom

[0114]

The acrylic resin may be formed by copolymerizomg or two or more
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monomers selected from (meth)acrylic acid, itacaaid, vinyl acetate, acrylonitrile,
styrene, and N-methylolacrylamide other than thetfracrylic acid ester.

[0115]

The monomer constituting the acrylic resin maydsened of only one or two or
more kinds thereof. In a case where the mononfernsed of two or more kinds
thereof, the combination and the ratio of theselmanptionally selected.

[0116]

The acrylic resin may contain a functional grougak can be bonded to
another compound such as a vinyl group, a (metiadrgroup, an amino group, a
hydroxyl group, a carboxy group, or an isocyanateig. The functional group in the
acrylic resin may be bonded to another compouralthir a cross-linking agent (F)
described below or may be directly bonded to anatbeypound without interposing the
cross-linking agent (F) therebetween. In a caserevthe acrylic resin is bonded to
another compound using the functional group, thiabiity of a package obtained using
the protective film-forming composite sheet teralbé improved.

[0117]

In the present embodiment, as the polymer compgdAgna thermoplastic resin
(hereinafter, also simply referred to as a “thertasiic resin”) other than the acrylic
resin may be used together with the acrylic resin.

By using the thermoplastic resin, the peeling propes of the protective film
from the support sheet are improved, and the theetting protective film-forming film
is likely to follow the uneven surface of the addvet. Therefore, occurrence of voids
between the adherend and the thermosetting pregeidtn-forming film is further
suppressed.

[0118]
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The weight-average molecular weight of the therastr resin is preferably in
a range of 1000 to 100000 and more preferablyrange of 3000 to 80000.

[0119]

The glass transition temperature (Tg) of the tlugiastic resin is preferably in a
range of -30C to 150C and more preferably in a range of *2Go 120C.

[0120]

Examples of the thermoplastic resin include pdbepolyurethane, a phenoxy
resin, polybutene, polybutadiene, and polystyrene.

[0121]

The thermoplastic resin contained in the protectivn-forming composition
(IN-1) and the thermosetting protective film-forg film may be formed of only one or
two or more kinds thereof. In a case where thentbplastic resin is formed of two or
more kinds thereof, the combination and the radio loe optionally selected.

[0122]

The ratio of the content of the polymer compor{@jtto the total content of all
components other than the solvent in the protediiveforming composition (111-1)
(that is, the content of the polymer componenti(®he thermosetting protective
film-forming film) is preferably in a range of 5% 60% by mass, more preferably in a
range of 10% to 40% by mass, and particularly padle in a range of 15% to 35% by
mass regardless of the kind of the polymer compioffen

[0123]

The polymer component (A) corresponds to the tlesetting component (B) in
some cases. In the present embodiment, in a daese=vthe protective film-forming
composition (llI-1) contains a component that csp@nds to both of the polymer

component (A) and the thermosetting component(i) prrotective film-forming
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composition (lll-1) is considered to contain théypeer component (A) and the
thermosetting component (B).

[0124]

[Thermosetting component (B)]

5 The thermosetting component (B) is a componentdioing the thermosetting
protective film-forming film to form a hard protéet film.

The thermosetting component (B) contained in ttaégotive film-forming
composition (llI-1) and the thermosetting proteetfiim-forming film may be formed of
only one or two or more kinds thereof. In a caben the thermosetting component

10 (B) is formed of two or more kinds thereof, the ¢mnation and the ratio can be
optionally selected.

[0125]

Examples of the thermosetting component (B) inelad epoxy-based
thermosetting resin, thermosetting polyimide, padybane, unsaturated polyester, and a

15 silicone resin. Among these, an epoxy-based thgetting resin is preferable.

[0126]

(Epoxy-based thermosetting resin)

The epoxy-based thermosetting resin contains aryeqesin (B1) and a
thermosetting agent (B2).

20 The epoxy-based thermosetting resin containekdrptotective film-forming
composition (IlI-1) and the thermosetting proteetfitm-forming film may be formed of
only one or two or more kinds thereof. In a cabem the epoxy-based thermosetting
resin is formed of two or more kinds thereof, tbenbination and the ratio can be
optionally selected.

25 [0127]
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Epoxy resin (B1)

As the epoxy resin (B1), known resins are exengglifand examples thereof
include a bi- or higher functional epoxy compoundisas a polyfunctional epoxy resin,
a biphenyl compound, a bisphenol A diglycidyl ethad a hydrogenated product thereof,
an orthocresol novolak epoxy resin, a dicyclopeetaeltype epoxy resin, a biphenyl
type epoxy resin, a bisphenol A type epoxy resimisphenol F type epoxy resin, or a
phenylene skeleton type epoxy resin.

[0128]

As the epoxy resin (B1), an epoxy resin havingiasaturated hydrocarbon
group may be used. The epoxy resin containingwaturated hydrocarbon group has
a higher compatibility with an acrylic resin thdretcompatibility of the epoxy resin that
does not contain an unsaturated hydrocarbon grotiperefore, by using the epoxy
resin containing an unsaturated hydrocarbon grigpreliability of a package obtained
using the protective film-forming composite shesimproved.

[0129]

Examples of the epoxy resin containing an unsttdraydrocarbon group
include a compound formed by some epoxy groupspialunctional epoxy resin being
substituted with groups containing an unsaturayetidtarbon group. Such a
compound is obtained by adding (meth)acrylic acid derivative thereof to an epoxy
group to cause a reaction.

Further, examples of the epoxy resin containingrasaturated hydrocarbon
group include a compound obtained by directly bogdi group that contains an
unsaturated hydrocarbon group to an aromatic nirtgeolike constituting an epoxy
resin.

The unsaturated hydrocarbon group is a polymelezasaturated group, and
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specific examples thereof include an ethenyl grmimpyl group), a 2-propenyl group
(allyl group), a (meth)acryloyl group, and a (mettrylamide group. Among these, an
acryloyl group is preferable.

Further, the “derivative” in the present specifica indicates a derivative
formed by one or more hydrogen atoms in an origioahpound being substituted with
groups (substituents) other than a hydrogen atom.

[0130]

The number average molecular weight of the epeginr(B1) is not particularly
limited, but is preferably in a range of 300 to B0Pmore preferably in a range of 300 to
10000, and particularly preferably in a range d 893000 from the viewpoints of the
curability of the thermosetting protective film-fomg film and the strength and the heat
resistance of the protective film obtained after tirermosetting protective film-forming
film is cured.

The epoxy equivalent of the epoxy resin (B1) sf@rably in a range of 100 to
1100 g/eq and more preferably in a range of 15M&0 g/eq.

[0131]

The epoxy resin (B1) may be used alone or in coatlwn of two or more kinds
thereof. In a case where a combination of two oretkinds thereof is used, the
combination and the ratio of these can be optigrsalected.

[0132]

Thermosetting agent (B2)

The thermosetting agent (B2) functions as a cuaiggnt with respect to the
epoxy resin (B1).

As the thermosetting agent (B2), a compound comtgitwo or more functional

groups which can react with an epoxy group in ooéepule is exemplified. Examples
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of the functional group include a phenolic hydrogybup, an alcoholic hydroxyl group,
an amino group, a carboxy group, and a group obdday forming an acid group into an
anhydride. Among these, a phenolic hydroxyl grarmpamino group, or a group
obtained by forming an acid group into an anhydridereferable, and a phenolic
hydroxyl group or an amino group is more preferable

[0133]

Among examples of the thermosetting agent (B2mgles of a phenol-based
curing agent containing a phenolic hydroxyl gronglude a polyfunctional phenol resin,
biphenol, a novolak type phenol resin, a dicycldpdiene-based phenol resin, and an
aralkyl phenol resin.

Among examples of the thermosetting agent (BZnmgdes of an amine-based
curing agent containing an amino group include acljfamide (hereinafter, also
abbreviated as “DICY”).

[0134]

The thermosetting agent (B2) may contain an unaggd hydrocarbon group.

Examples of the thermosetting agent (B2) contgi@ain unsaturated
hydrocarbon group include a compound formed by sbyaeoxyl groups in a phenol
resin being substituted with groups containing asaturated hydrocarbon group; and a
compound formed by directly bonding a group cont&jran unsaturated hydrocarbon
group to an aromatic ring of a phenol resin.

The unsaturated hydrocarbon group in the therrtiogedgent (B2) is the same
as an unsaturated hydrocarbon group containecinlibve-described epoxy resin
containing an unsaturated hydrocarbon group.

[0135]

In a case where a phenol-based curing agent isassthe thermosetting agent
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(B2), it is preferable that the thermosetting ag&2) has a high softening point or glass
transition temperature from the viewpoint of imgraypeeling properties of the
protective film from the support sheet.

[0136]

It is preferable that the thermosetting agent (B2) thermosetting agent which
is in a solid state at room temperature and doeextobit curing activity with respect to
the epoxy resin (B1), but is dissolved when heatatiexhibits curing activity with
respect to the epoxy resin (B1) (hereinafter, alsareviated as a “thermally active latent
epoxy resin curing agent”).

In the thermosetting protective film-forming filithe thermally active latent
epoxy resin curing agent is stably dispersed irefhexy resin (B1) at room temperature,
but is compatible with the epoxy resin (B1) wheatlkd and reacts with the epoxy resin
(B1). The storage stability of the protective fiforming composite sheet is
significantly improved by using the thermally aetilatent epoxy resin curing agent.

For example, movement of the curing agent fronptto¢ective film-forming film to the
support sheet adjacent to the curing agent is ssppd, and degradation of thermosetting
properties of the thermosetting protective filmaamg film is effectively suppressed.
Further, since the thermosetting degree of thartbsetting protective film-forming film

is further increased when heated and the peakapepies of the semiconductor chip
provided with a protective film described below argher improved.

[0137]

Examples of the thermally active latent epoxyrresiring agent include an
onium salt, dibasic acid hydrazide, dicyandiamate] an amine adduct of a curing
agent.

[0138]
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The number average molecular weight of resin comapts such as a
polyfunctional phenol resin, a novolak type phemsin, a dicyclopentadiene-based
phenol resin, and an aralkyl phenol resin in tlegrttosetting agent (B2) is preferably in
a range of 300 to 30000, more preferably in a rarig0 to 10000, and particularly
preferably in a range of 500 to 3000.

The molecular weight of the non-resin componeuath ss biphenol and
dicyandiamide in the thermosetting agent (B2) iispasticularly limited, but is
preferably in a range of 60 to 500.

[0139]

The thermosetting agent (B2) may be used alofre @ymbination of two or
more kinds thereof. In a case where a combinatidwo or more kinds thereof is used,
the combination and the ratio of these can be palip selected.

[0140]

The content of the thermosetting agent (B2) ingiagective film-forming
composition (IlI-1) and the thermosetting proteetfiim-forming film is preferably in a
range of 0.1 to 500 parts by mass and more prdfeirab range of 1 to 200 parts by
mass with respect to 100 parts by mass of the nbotehe epoxy resin (B1). In acase
where the content of the thermosetting agent (Bgyeater than or equal to the
above-described lower limit, the thermosetting @ctive film-forming film is more
easily cured. Further, in a case where the cowmtiethie thermosetting agent (B2) is less
than or equal to the upper limit, the moisture apison rate of the thermosetting
protective film-forming film is decreased and tle¢iability of a package to be obtained
using the protective film-forming composite shesefurther improved.

[0141]

The content of the thermosetting component (B) ébample, the total content
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of the epoxy resin (B1) and the thermosetting a¢g@Rj}) in the protective film-forming
composition (IlI-1) and the thermosetting proteetfiim-forming film is preferably in a
range of 1 to 100 parts by mass, more preferabdyramge of 1.5 to 85 parts by mass,
and particularly preferably in a range of 2 to &0te by mass with respect to 100 parts
by mass of the content of the polymer component (A a case where the content of
the thermosetting component (B) is in the abovesdesd range, the adhesive strength
between the protective film and the support stestippressed and the peeling properties
of the support sheet are improved.

[0142]

[Curing accelerator (C)]

The protective film-forming composition (IlI-1) drthe thermosetting protective
film-forming film may contain a curing accelera{@&). The curing accelerator (C) is a
component for adjusting the curing rate of the grtive film-forming composition
(11-1).

Preferred examples of the curing acceleratorr€lude a tertiary amine such as
triethylenediamine, benzyldimethylamine, triethamoine, dimethylaminoethanol, or
tris(dimethylaminomethyl)phenol; imidazoles (imidéz in which one or more hydrogen
atoms are substituted with groups other than adggdr atom) such as
2-methylimidazole, 2-phenylimidazole, 2-phenyl-4thdimidazole,
2-phenyl-4,5-dihydroxymethylimidazole, and
2-phenyl-4-methyl-5-hydroxymethylimidazole; orgapicosphines (phosphine in which
one or more hydrogen atoms are substituted withrocggroups) such as
tributylphosphine, diphenylphosphine, and triphghglsphine; and tetraphenylboron salt
such as tetraphenylphosphonium tetraphenyl boratgpbenylphosphine tetraphenyl

borate.
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[0143]

The curing accelerator (C) contained in the ptotedilm-forming composition
(111-1) and the thermosetting protective film-fomgj film may be formed of only one or
two or more kinds thereof. In a case where thanguaccelerator (C) is formed of two
or more kinds thereof, the combination and theratithese can be optionally selected.

[0144]

In a case where the curing accelerator (C) is,ubedcontent of the curing
accelerator (C) in the protective film-forming coaosition (ll1I-1) and the thermosetting
protective film-forming film is preferably in a rga of 0.01 to 10 parts by mass and more
preferably in a range of 0.1 to 5 parts by mashk véspect to 100 parts by mass of the
content of the thermosetting component (B). lmasecwhere the content of the curing
accelerator (C) is greater than or equal to thevedolescribed lower limit, the effects to
be obtained by using the curing accelerator (Ckaficiently obtained. Further, in a
case where the content of the curing acceleratpis(ldwer than or equal to the
above-described upper limit, the effect of suppregssiovement of the curing
accelerator (C) having a high polarity to an adhesiterface side between the adherend
and the curing accelerator (C) to be segregatétkithermosetting protective
film-forming film under high temperature and highrhidity conditions, and the
reliability of a package obtained by using the pctive film-forming composite sheet is
further improved.

[0145]

[Filler (D)]

The protective film-forming composition (IlI-1) drthe thermosetting protective
film-forming film may contain a filler (D). In aase where the thermosetting protective

film-forming film contains the filler (D), the theral expansion coefficient of the
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protective film obtained by curing the thermosegtprotective film-forming film is

easily adjusted, and the reliability of a packalgamed by using the protective
film-forming composite sheet is further improveddgptimizing the thermal expansion
coefficient for a target on which a protective filgto be formed. Moreover, in a case
where the thermosetting protective film-formingrficontains the filler (D), the moisture
absorption rate of the protective film can be daseg or heat radiation can be improved.

[0146]

The filler (D) may be an organic filler or an iganic filler, but an inorganic
filler is preferable.

Preferred examples of the inorganic filler inclymevder such as silica, alumina,
talc, calcium carbonate, titanium white, red oxisiBcon carbide, or boron nitride; beads
obtained by forming these inorganic fillers in &spcal shape; surface modified
products of these inorganic fillers; single crydiiaérs of these inorganic fillers; and
glass fibers.

Among these, silica or alumina is preferable asiniorganic filler.

[0147]

The filler (D) contained in the protective filmffaing composition (IlI-1) and
the thermosetting protective film-forming film mag formed of only one or two or
more kinds thereof. In a case where the filleri@fprmed of two or more kinds
thereof, the combination and the ratio of theselmanptionally selected.

[0148]

In a case of using the filler (D), the ratio oé tbontent of the filler (D) to the
total content of all components contained in theggmtive film-forming composition
(IN-1) other than the solvent (in other words, twntent of the filer (D) in the

thermosetting protective film-forming film) is pexfbly in a range of 5% to 80% by
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mass and more preferably in a range of 7% to 60%&ss. In a case where the
content of the filler (D) is in the above-descrilvadge, the above-described thermal
expansion coefficient can be more easily adjusted.

[0149]

[Coupling agent (E)]

The protective film-forming composition (lll-1) drthe thermosetting protective
film-forming film may contain a coupling agent (E)By using a coupling agent
containing a functional group which can react veithinorganic compound or an organic
compound as the coupling agent (E), the adhesigeara adhesion properties of the
thermosetting protective film-forming film to thetaerend can be improved. Further,
by using the coupling agent (E), the water resitasf the protective film obtained by
curing the thermosetting protective film-formingniis improved without damaging the
heat resistance.

[0150]

It is preferable that the coupling agent (E) soenpound containing a functional
group which can react with the functional groupteamed in the polymer component (A),
the thermosetting component(B), or the like andenpeferable that the coupling agent
(E) is a silane coupling agent.

Preferred examples of the silane coupling agatide
3-glycidyloxypropyltrimethoxysilane, 3-glycidyloxyppylmethyldiethoxysilane,
3-glycidyloxypropyltriethoxysilane, 3-glycidyloxyntigyldiethoxysilane,
2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane,
3-methacryloyloxypropyltrimethoxysilane, 3-aminopytirimethoxysilane,
3-(2-aminoethylamino)propyltrimethoxysilane,

3-(2-aminoethylamino)propylmethyldiethoxysilane,
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3-(phenylamino)propyltrimethoxysilane, 3-anilinopgitrimethoxysilane,
3-ureidopropyltriethoxysilane, 3-mercaptopropyltetmoxysilane,
3-mercaptopropylmethyldimethoxysilane, bis(3-tretysilylpropyl)tetrasulfane,
methyltrimethoxysilane, methyltriethoxysilane, Vitngnethoxysilane,
vinyltriacetoxysilane, and imidazole silane.

[0151]

The coupling agent (E) contained in the protediive-forming composition
(IN-1) and the thermosetting protective film-formg film may be formed of only one or
two or more kinds thereof. In a case where thelog agent (E) is formed of two or
more kinds thereof, the combination and the ratithese can be optionally selected.

[0152]

In a case of using the coupling agent (E), theerdrof the coupling agent (E) in
the protective film-forming composition (IlI-1) artde thermosetting protective
film-forming film is preferably in a range of 0.@8 20 parts by mass, more preferably in
a range of 0.05 to 10 parts by mass, and partigysaeferably in a range of 0.1 to 5 parts
by mass with respect to 100 parts by mass of tlaé ¢ontent of the polymer component
(A) and the thermosetting component (B). In a aglsere the content of the coupling
agent (E) is greater than or equal to the aboveritbesl lower limit, the effects to be
obtained by using the coupling agent (E), suchmgsavement of dispersity of the filler
(D) in a resin and improvement of adhesivenesh@tiermosetting protective
film-forming film to the adherend, are sufficientiptained. Further, in a case where
the content of the coupling agent (E) is less thraequal to the above-described upper
limit, generation of outgas is further suppressed.

[0153]

[Cross-linking agent (F)]
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In a case where a component containing a fundtgnoap such as a vinyl group,
a (meth)acryloyl group, an amino group, a hydraxgup, a carboxy group, or an
isocyanate group which can be bonded to anothepoond such as the above-described
acrylic resin is used as the polymer component {t#8 protective film-forming
composition (IlI-1) and the thermosetting proteetfilm-forming film may contain a
cross-linking agent (F) for bonding the functiogedup to another compound so as to be
cross-linked. The initial adhesive strength areldbhesive force of the thermosetting
protective film-forming film can be adjusted by fmming cross-linking using the
cross-linking agent (F).

[0154]

Examples of the cross-linking agent (F) includeoeganic polyvalent
isocyanate compound, an organic polyvalent imimamaund, a metal chelate-based
cross-linking agent (a cross-linking agent havingetal chelate structure), and an
aziridine-based cross-linking agent (a cross-ligkagent having an aziridinyl group).

[0155]

Examples of the organic polyvalent isocyanate caump include an aromatic
polyvalent isocyanate compound, an aliphatic pdBmaisocyanate compound, and an
alicyclic polyvalent isocyanate compound (hereigiafthese compounds are collectively
abbreviated as “an aromatic polyvalent isocyanatepound and the like”); trimers of
the aromatic polyvalent isocyanate compound andikbean isocyanurate product and
an adduct product; and a terminal isocyanate unetpaepolymer obtained by reacting
the aromatic polyvalent isocyanate compound andikbevith a polyol compound.

The adduct product indicates a reactant of the atispolyvalent isocyanate compound,
the aliphatic polyvalent isocyanate compound oralieyclic polyvalent isocyanate

compound, and a low-molecular active hydrogen-doimtg compound such as ethylene
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glycol, propylene glycol, neopentyl glycol, trimgtblpropane, or castor oil. Examples
thereof include a xylylene diisocyanate adductiaiéthylolpropane described below.
Further, the “terminal isocyanate urethane prepelyris as described above.

[0156]

More specific examples of the organic polyvaleaiciyanate compound include
2,4-tolylene diisocyanate; 2,6-tolylene diisocyandt,3-xylylene diisocyanate;
1,4-xylene diisocyanate; diphenylmethane-4,4’-dij@mate;
diphenylmethane-2,4’-diisocyanate; 3-methyl dipHemgthane diisocyanate;
hexamethylene diisocyanate; isophorone diisocyanate
dicylohexylmethane-4,4’-diisocyanate; dicyclohexglimane-2,4’-diisocyanate; a
compound obtained by adding any one or two or rkisrés from among tolylene
diisocyanate, hexamethylene diisocyanate, andeqyé/diisocyanate to all or some
hydroxyl groups in a polyol such as trimethylolpaog; and lysine diisocyanate.

[0157]

Examples of the organic polyvalent imine compounuiude
N,N-diphenylmethane-4,4’-bis(1-aziridinecarboxan)jde
trimethylolpropane-tr3-aziridinyl propionate, tetramethylolmethanefiraziridinyl
propionate, and N,N’-toluene-2,4-bis(1-aziridindmatamide)triethylene melamine.

[0158]

In a case where an organic polyvalent isocyar@atgound is used as the
cross-linking agent (F), it is preferable to udgydroxyl group-containing polymer as the
polymer component (A). In a case where the criog$nlg agent (F) contains an
isocyanate group and the polymer component (A)ansata hydroxyl group, a
cross-linked structure can be easily introduced thé thermosetting protective

film-forming film by reacting the cross-linking age(F) with the polymer component
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(A).

[0159]

The cross-linking agent (F) contained in the e film-forming
composition (IlI-1) and the thermosetting proteetfitm-forming film may be formed of
only one or two or more kinds thereof. In a cabem the cross-linking agent (F) is
formed of two or more kinds thereof, the combinatmd the ratio of these can be
optionally selected.

[0160]

In a case of using the cross-linking agent (F§,dbntent of the cross-linking
agent (F) in the protective film-forming compositidll-1) is preferably in a range of
0.01 to 20 parts by mass, more preferably in agari@.1 to 10 parts by mass, and
particularly preferably in a range of 0.5 to 5 pay mass with respect to 100 parts by
mass of the content of the polymer component (A). a case where the content of the
cross-linking agent (F) is greater than or equah&above-described lower limit, the
effects obtained by using the cross-linking agéhtc@n be sufficiently obtained.
Further, in a case where the content of the clioksif agent (F) is less than or equal to
the above-described upper limit, an extreme deergaadhesive strength of the
thermosetting protective film-forming film to theport sheet or adhesive strength of
the thermosetting protective film-forming film tbe semiconductor wafer or the
semiconductor chip is suppressed.

In the present embodiment, the effects of thegmeimvention can be
sufficiently obtained without using the cross-lingiagent (F).

[0161]

[Energy ray curable resin (G)]

The protective film-forming composition (IlI-1) maontain the energy ray
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curable resin (G). In a case where the thermoggtiotective film-forming film
contains the energy ray curable resin (G), theadtaristics thereof can be changed by
irradiation with energy rays.

[0162]

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

Examples of the energy ray curable compound ircludompound having at
least one polymerizable double bond in a molecukemong such compounds, an
acrylate-based compound containing a (meth)acrgoylip is preferable.

[0163]

Examples of the acrylate-based compound includencdliphatic
skeleton-containing (meth)acrylate such as trimetpyopane tri(meth)acrylate,
tetramethylolmethane tetra(meth)acrylate, penthatgt triimeth)acrylate,
pentaerythritol tetra(meth)acrylate, dipentaerythrinonohydroxypenta(meth)acrylate,
dipentaerythritol hexa(meth)acrylate, 1,4-butylgheol di(meth)acrylate, or
1,6-hexanediol di(meth)acrylate; cyclic aliphateleton-containing (meth)acrylate such
as dicyclopentanyl di(meth)acrylate; polyalkylemgcgl (meth)acrylate such as
polyethylene glycol di(meth)acrylate; oligoester{hacrylate; urethane (meth)acrylate
oligomer; epoxy-modified (meth)acrylate; polyetiieeth)acrylate other than the
polyalkylene glycol (meth)acrylate; and itaconiddaaligomer.

[0164]

The weight-average molecular weight of the eneayycurable compound is
preferably in a range of 100 to 30000 and moreepadiy 300 to 10000.

[0165]

The energy ray curable compound used for polyragaz may be formed of
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only one or two or more kinds thereof. In a cabem the energy ray curable
compound is formed of two or more kinds therecdé, ¢tbmbination and the ratio of these
can be optionally selected.

[0166]

The energy ray curable resin (G) contained inptiméective film-forming
composition (I11-1) may be formed of only one oroher more kinds thereof. In a case
where the energy ray curable resin (G) is formetivofor more kinds thereof, the
combination and the ratio of these can be optigrsalected.

[0167]

The content of the energy ray curable resin (Ghénprotective film-forming
composition (lll-1) is preferably in a range of 1895% by mass, more preferably in a
range of 2% to 90% by mass, and particularly peddigrin a range of 3% to 85% by
mass.

[0168]

[Photopolymerization initiator (H)]

In a case where the protective film-forming compaos (111-1) contains the
energy ray curable resin (G), the protective filnafiing composition (IlI-1) may contain
a photopolymerization initiator (H) in order toieféntly proceed the polymerization
reaction of the energy ray curable resin (G).

[0169]

Examples of the photopolymerization initiator (H)the protective film-forming
composition (IlI-1) are the same as those for thet@polymerization initiator in the
pressure sensitive adhesive composition (ii).

[0170]

The photopolymerization initiator (H) containedtie protective film-forming
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composition (IlI-1) may be formed of only one orotwr more kinds thereof. In a case
where the photopolymerization initiator is formddwo or more kinds thereof, the
combination and the ratio of these can be optigrsalected.

[0171]

The content of the photopolymerization initiatbl) {n the protective
film-forming composition (IlI-1) is preferably in@nge of 0.1 to 20 parts by mass, more
preferably in a range of 1 to 10 parts by mass,pamticularly preferably in a range of 2
to 5 parts by mass with respect to 100 parts bysrohthe content of the energy ray
curable resin (G).

[0172]

[Colorant (1)]

The protective film-forming composition (IlI-1) drthe thermosetting protective
film-forming film may contain a colorant (I).

Examples of the colorant () include inorganicrp&nts, organic pigments,
organic dyes, and known ones.

[0173]

Examples of the organic pigments and the orgayes thclude an
aluminum-based dye, a cyanine-based dye, a merimeybased dye, a croconium-based
dye, a squarylium-based dye, an azulenium-basedadyelymethine-based dye, a
naphthoquinone-based dye, a pyrylium-based dybtra|ocyanine-based dye, a
naphthalocyanine-based dye, a naphtholactam-basedn azo-based dye, a condensed
azo-based dye, an indigo-based dye, a perinonetlolyse a perylene-based dye, a
dioxazine-based dye, a quinacridone-based dyescamdolinone-based dye, a
quinophthalone-based dye, a pyrrole-based dyepmdigo-based dye, a metal

complex-based dye (metal complex salt dye), adithetal complex-based dye, an
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indole phenol-based dye, a triallyimethane-based dg anthraquinone-based dye, a
dioxazine-based dye, a naphthol-based dye, an daoraéased dye, a
benzimidazolone-based dye, a pyranthrone-baseddygea threne-based dye.

[0174]

Examples of the inorganic pigment include carblach a cobalt-based dye, an
iron-based dye, a chromium-based dye, a titaniusedaye, a vanadium-based dye, a
zirconium-based dye, a molybdenum-based dye, amitm-based dye, a
platinum-based dye, an indium tin oxide (ITO)-badgd, and an antimony tin oxide
(ATO)-based dye.

[0175]

The colorant (I) contained in the protective fiforming composition (l11-1) and
the thermosetting protective film-forming film mag formed of only one or two or
more kinds thereof. In a case where the coloiaig {ormed of two or more kinds
thereof, the combination and the ratio of theselmanptionally selected.

[0176]

In a case of using the colorant (1), the contérthe colorant (I) of the
thermosetting protective film-forming film may bp@opriately adjusted depending on
the intended purpose thereof. For example, tlsesecase where the protective film is
printed by irradiation with laser so that printivigibility can be adjusted by adjusting the
content of the colorant (l) in the thermosettingtpctive film-forming film and adjusting
the optical transparency of the protective filmn addition, by adjusting the content of
the colorant (1) in the thermosetting protectidenfforming film, design properties of the
protective film can be improved or grinding markstbe rear surface of the
semiconductor wafer can be made less visible. ofsiceration of the above-described

points, the ratio of the content of the colorahtdlthe total content of all components in
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the protective film-forming composition (l11-1) a¢h than the solvent (that is, the content
of the colorant (1) in the thermosetting protectifm-forming film) is preferably in a

range of 0.1% to 10% by mass, more preferablyramge of 0.1% to 7.5% by mass, and
particularly preferably in a range of 0.1% to 5%rbgss. In a case where the content of
the colorant (I) is greater than or equal to thevebdescribed lower limit, the effects to

be obtained by using the colorant () are suffitieabtained. Further, in a case where
the content of the colorant (1) is less than oatgethan the above-described upper limit,
an extreme decrease in optical transparency ah#renosetting protective film-forming
film is suppressed.

[0177]

[General-purpose additive (J)]

The protective film-forming composition (IlI-1) drthe thermosetting protective
film-forming film may contain a general-purpose #ne (J) within the range not
damaging the effects of the present invention.

The general-purpose additive (J) may be known beaoptionally selected from
known additives depending on the intended purposeeof, and is not particularly
limited. Preferred examples of the general-pur@@ak#tive include a plasticizer, an
antistatic agent, an antioxidant, and a gettergena

[0178]

The general-purpose additive (l) contained ingiraective film-forming
composition (IlI-1) and the thermosetting proteetfitm-forming film may be formed of
only one or two or more kinds thereof. In a cabems the general-purpose additive (1)
is formed of two or more kinds thereof, the comboraand the ratio of these can be
optionally selected.

The content of the general-purpose additive (thenprotective film-forming
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composition (llI-1) and the thermosetting proteetfiim-forming film is not particularly
limited and may be appropriately selected dependmthe intended purpose thereof.

[0179]

[Solvent]

It is preferable that the protective film-formingmposition (111-1) may further
contain a solvent. In a case where the proteéitimeforming composition (l1I-1)
contains a solvent, handling properties thereofrapoved.

The solvent is not particularly limited, and preéel examples thereof include a
hydrocarbon such as toluene or xylene; an alcalat as methanol, ethanol, 2-propanol,
isobutyl alcohol (2-methylpropan-1-ol), or 1-butgram ester such as ethyl acetate or
butyl acetate; a ketone such as acetone or metiyllleetone; an ether such as
tetrahydrofuran; dimethylformamide; and an amided@pound having an amide bond)
such as N-methylpyrrolidone.

The solvent contained in the protective film-fongicomposition (IlI-1) may be
formed of only one or two or more kinds thereofn alcase where the solvent is formed
of two or more kinds thereof, the combination amel tatio of these can be optionally
selected.

[0180]

From the viewpoint that the components containetié protective
film-forming composition (IlI-1) can be uniformly ixed, it is preferable that the solvent
contained in the protective film-forming compositi@ll-1) is methyl ethyl ketone or the
like.

[0181]

<<Method of producing thermosetting protectivenfilorming composition>>

The thermosetting protective film-forming compasitsuch as the protective



10

15

20

25

65

film-forming composition (l11-1) is obtained by biding respective components for
constituting the composition.

The order of each component to be added at threedfmblending is not
particularly limited, and two or more componentsyrba added at the same time.

In a case of using a solvent, the solvent mayseel by being mixed with any of
blending components other than the solvent andinijuhe blending components in
advance or may be used by diluting any of blendmgponents other than the solvent in
advance and being mixed with these blending compuisne

The method of mixing respective components atithe of blending is not
particularly limited and may be appropriately s&eldrom known methods such as a
method of mixing components by rotating a stirnea stirring blade; a method of
mixing components using a mixer; and a method efmgicomponents by adding
ultrasonic waves thereto.

The temperature and the time for the additiontardmixing of respective
components are not particularly limited as longresblending components are not
deteriorated and may be appropriately adjustedineutemperature is preferably in a
range of 18C to 30°C.

[0182]

Energy ray curable protective film-forming film

The energy ray curable protective film-formingrficontains an energy ray
curable component (a).

It is preferable that the energy ray curable camept (a) is uncured or has
tackiness and more preferable that the energyusbte component (a) is uncured and
has tackiness. Here, the terms “energy ray” aneérgy ray curable” have the same

definitions as those described above.
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[0183]

<<Energy ray curable protective film-forming consgmn>>

The energy ray curable protective film-formingyfican be formed using an
energy ray curable protective film-forming compimsitcontaining the constituent
material thereof. For example, an energy ray darpiotective film-forming film can
be formed on a target portion by coating a targgtse, on which the energy ray curable
protective film-forming film is to be formed, witihe energy ray curable protective
film-forming composition and drying the surfaceresessary. The ratio of the contents
of components in the energy ray curable protedtieforming composition that do not
vaporize at room temperature is typically the saséhe ratio of the contents of
components in the energy ray curable protective-forming film. Here, “room
temperature” is as described above.

[0184]

The energy ray curable protective film-forming qmsition may be applied
according to a known method, and examples thenetide methods using various
coaters such as an air knife coater, a blade ¢@abar coater, a gravure coater, a roll
coater, a roll knife coater, a curtain coater,eaatiater, a knife coater, a screen coater, a
Meyer bar coater, and a kiss coater.

[0185]

The conditions for drying the energy ray curabigtgctive film-forming
composition are not particularly limited, but itgeeferable that the energy ray curable
protective film-forming composition is heated angkd in a case of containing a solvent
described below. In this case, it is preferabé the energy ray curable protective
film-forming composition is dried under a temperataondition of 70C to 130C for 10

seconds to 5 minutes.
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[0186]

<Protective film-forming composition (IV-1)>

Examples of the energy ray curable protective-fimming composition include
an energy ray curable protective film-forming comition (IV-1) that contains an energy
ray curable component (a) (in the present spetificaalso abbreviated as a “protective
film-forming composition (IV-1)").

[0187]

[Energy ray curable component (a)]

The energy ray curable component (a) is a comgangrad by irradiation with
energy rays and used for imparting film-forminggedies or flexibility to the energy
ray curable protective film-forming film.

Examples of the energy ray curable componenn(@ide a polymer (al)
containing an energy ray curable group and haviwgight-average molecular weight of
80000 to 2000000; and a compound (a2) containingnangy ray curable group and
having a molecular weight of 100 to 80000. Theypwr (al) may have at least a
portion that is cross-linked by a cross-linking rstger may not be cross-linked.

[0188]

(Polymer (al) containing energy ray curable grang having weight-average
molecular weight of 80000 to 2000000)

Examples of the polymer (al) containing an eneagycurable group and a
weight-average molecular weight of 80000 to 2000@@ude an acrylic resin (al-1)
formed by causing an addition reaction betweencaylia polymer (all) containing a
functional group which can react with a group cored in another compound and an
energy ray curable compound (al12) containing agtbat reacts with the functional

group and an energy ray curable group such asemeray curable double bond.
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[0189]

Examples of the functional group that can reatih &igroup contained in
another compound include a hydroxyl group, a caylgy®up, an amino group, a
substituted amino group (group formed by one orlwmrogen atoms in an amino group
being substituted with groups other than a hydragem), and an epoxy group. Here,

from the viewpoint of preventing corrosion of acciit such as a semiconductor wafer or
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a semiconductor chip, it is preferable that thecfiomal group is a group other than a
carboxy group.

Among these, it is preferable that the functiagralup is a hydroxyl group.

[0190]

Acrylic polymer (all) containing functional group

Examples of the acrylic polymer (all) containing functional group include
those obtained by copolymerizing an acrylic monoowettaining the functional group
and an acrylic monomer which does not have thetimmal group. In addition to these
monomers, monomers other than the acrylic mononaar-acrylic monomers) may be
copolymerized.

Further, the acrylic polymer (all) may be a randoolymer or a block
copolymer.

[0191]

Examples of the acrylic monomer containing thecfiomal group include a
hydroxyl group-containing monomer, a carboxy graoptaining monomer, an amino
group-containing monomer, a substituted amino grmaptaining monomer, and an
epoxy group-containing monomer.

[0192]

Examples of the hydroxyl group-containing monoimelude hydroxyalky!
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(meth)acrylate such as hydroxymethyl (meth)acrylateydroxyethyl (meth)acrylate,

2-hydroxypropy! (meth)acrylate, 3-hydroxypropyl! (mgcrylate, 2-hydroxybutyl
(meth)acrylate, 3-hydroxybutyl (meth)acrylate, enytiroxybutyl (meth)acrylate; and
non-(meth)acrylic unsaturated alcohol (unsaturatedhol that does not have a
(meth)acryloyl skeleton) such as vinyl alcohol itylalcohol.

[0193]

Examples of the carboxyl group-containing monomelude an ethylenically
unsaturated monocarboxylic acid (monocarboxylid &eving an ethylenically
unsaturated bond) such as (meth)acrylic acid donio acid; ethylenically unsaturated
dicarboxylic acid (dicarboxylic acid having an d#jically unsaturated bond) such as
fumaric acid, itaconic acid, maleic acid, or citvac acid; an anhydride of the
ethylenically unsaturated dicarboxylic acid; anc{m)acrylic acid carboxy alkyl ester
such as 2-carboxyethyl methacrylate.

[0194]

As the acrylic monomer containing the functionaup, a hydroxyl
group-containing monomer or a carboxy group-cotmmagimonomer is preferable and a
hydroxyl group-containing monomer is more prefegabl

[0195]

The acrylic monomer containing the functional graliat constitutes the acrylic
polymer (all) may be formed of only one or two arenkinds thereof. In a case
where the acrylic monomer is formed of two or mkireds thereof, the combination and
the ratio of these can be optionally selected.

[0196]

Examples of the acrylic monomer that does notaiarthe functional group

include (meth)acrylic acid alkyl ester in whichakyl group constituting alkyl ester has
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a chain structure having 1 to 18 carbon atoms asahethyl (meth)acrylate, ethyl
(meth)acrylate, n-propyl (meth)acrylate, isoprofigketh)acrylate, n-butyl (meth)acrylate,
isobutyl (meth)acrylate, sec-butyl (meth)acrylaget-butyl (meth)acrylate, pentyl
(meth)acrylate, hexyl (meth)acrylate, heptyl (matnylate, 2-ethylhexyl (meth)acrylate,

5 isooctyl (meth)acrylate, n-octyl (meth)acrylatenamyl (meth)acrylate, isononyl
(meth)acrylate, decyl (meth)acrylate, undecyl (iyethylate, dodecyl (meth)acrylate
(lauryl (meth)acrylate), tridecyl (meth)acrylatetradecyl (meth)acrylate (myristyl
(meth)acrylate), pentadecyl (meth)acrylate, hexgdaeeth)acrylate (palmityl
(meth)acrylate), heptadecyl (meth)acrylate, or detgl (meth)acrylate (stearyl

10 (meth)acrylate).

[0197]

Further, other examples of the acrylic monomer do@s not contain the
functional group include alkoxyalkyl group-contaigi(meth)acrylic acid ester such as
methoxymethyl (meth)acrylate, methoxyethyl (methykte, ethoxymethyl

15 (meth)acrylate, or ethoxyethyl (meth)acrylate; (matrylic acid ester containing an
aromatic group which contains (meth)acrylic acil aster such as phenyl
(meth)acrylate; noncrosslinkable (meth)acrylamide a derivative thereof; and
(meth)acrylic acid ester containing a noncrossliéaertiary amino group such as
N,N-dimethylaminoethyl (meth)acrylate or N,N-dimgtminopropyl (meth)acrylate.

20 [0198]

The acrylic monomer that constitutes the acrytitymer (all) and does not
contain the functional group may be formed of ame or two or more kinds thereof.
In a case where the acrylic monomer is formed of &wwmore kinds thereof, the
combination and the ratio of these can be optigrsalected.

25 [0199]
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Examples of the non-acrylic monomer include olsfich as ethylene or
norbornene; vinyl acetate; and styrene.

The non-acrylic monomer constituting the acrylidyoner (all) may be formed
of only one or two or more kinds thereof. In aecasere the non-acrylic monomer is
formed of two or more kinds thereof, the combinatmd the ratio of these can be
optionally selected.

[0200]

In the acrylic polymer (all), the ratio of the amb(content) of a constitutional
unit derived from the acrylic monomer containing tonctional group to the total
amount of the constitutional unit constituting #exylic polymer (all) is preferably in a
range of 0.1% to 50% by mass, more preferablyramge of 1% to 40% by mass, and
particularly preferably in a range of 3% to 30%rbgss. In a case where the ratio
thereof is in the above-described range, the cowofethe energy ray curable group in the
acrylic resin (al-1) obtained by copolymerizatidithe acrylic polymer (all) and the
energy ray curable compound (al12) can be easilstj such that the degree of curing
the protective film is in a preferable range.

[0201]

The acrylic polymer (all) constituting the acryksin (al-1) may be formed of
only one or two or more kind thereof. In a casekelthe acrylic polymer (all) is
formed of two or more kinds thereof, the combinatmd the ratio can be optionally
selected.

[0202]

The content of the acrylic resin (al-1) in thetpetive film-forming
composition (IV-1) is preferably in a range of 16640% by mass, more preferably in a

range of 2% to 30% by mass, and particularly peddigrin a range of 3% to 20% by
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mass.

[0203]

Energy ray curable compound (al2)

It is preferable that the energy ray curable cammpo(al2) contains one or two
or more selected from the group consisting of anyianate group, an epoxy group, and a
carboxy group as a group which can react with timetional group contained in the
acrylic polymer (al1l) and more preferable thatahergy ray curable compound (al2)
contains an isocyanate group as the group. Is@where the energy ray curable
compound (al2) contains an isocyanate group agrtlup, the isocyanate group easily
reacts with a hydroxyl group of the acrylic polynatl) that contains a hydroxyl group
as the functional group.

[0204]

It is preferable that the energy ray curable cammgo(al2) contains one to five
energy ray curable groups in one molecule and m@terable that the energy ray
curable compound (al12) contains one or two enexgygurable groups in one molecule.

[0205]

Examples of the energy ray curable compound (extR)de
2-methacryloyloxyethyl isocyanate, meth-isopropemyl-dimethylbenzylisocyanate,
methacryloyl isocyanate, allyl isocyanate, 1,1dbirgloyloxymethyl)ethyl isocyanate; an
acryloyl monoisocyanate compound obtained by regaidiisocyanate compound or a
polyisocyanate compound with hydroxyethyl (methytate; and an acryloyl
monoisocyanate compound obtained by reacting aayigmate compound or a
polyisocyanate compound, a polyol compound, anddxgethyl (meth)acrylate.

Among these, 2-methacryloyloxy ethyl isocyanatereferable as the energy ray

curable compound (a12).
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[0206]

The energy ray curable compound (al2) constitutiegacrylic resin (al-1) may
be formed of only one or two or more kinds theredh a case where the energy ray
curable compound (al2) is formed of two or morealgithereof, the combination and the
ratio of these can be optionally selected.

[0207]

The ratio of the content of the energy ray curaboteip derived from the energy
ray curable compound (al2) to the content of tinetional group derived from the
acrylic polymer (all) in the acrylic resin (al-& preferably in a range of 20% to 120%
by mole, more preferably in a range of 35% to 1@826nole, and particularly preferably
in a range of 50% to 100% by mole. In a case wtiere&ontent ratio is in the
above-described range, the adhesive strength girtiective film after curing is further
increased. In a case where the energy ray cucabipound (al2) is a monofunctional
(one group is contained in one molecule) compotheupper limit of the content ratio
becomes 100% by mole. In addition, in a case wterenergy ray curable compound
(al2) is a polyfunctional (two or more groups avatained in one molecule) compound,
the upper limit of the content ratio exceeds 10@2miole in some cases.

[0208]

The weight-average molecular weight (Mw) of théypter (al) is preferably in
a range of 100000 to 2000000 and more preferaldyrange of 300000 to 1500000.

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

[0209]

In a case where the polymer (al) has at leasttepdhat is cross-linked by a
cross-linking agent, the polymer (al) does notespond to any of the above-described

monomers which have been described as the monamessituting the acrylic polymer
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(al1l1) and may be cross-linked in a group reactiitiy &cross-linking agent by
polymerization of a monomer containing the grougctimg with a cross-linking agent or
may be cross-linked in a group reacting with thecfional group derived from the
energy ray curable compound (al12).

[0210]

The polymer (al) contained in the protective ffionming composition (I1V-1)
and the energy ray curable protective film-formiiig may be formed of only one or
two or more kinds thereof. In a case where thgmel (al) is formed of two or more
kinds thereof, the combination and the ratio okéhean be optionally selected.

[0211]

(Compound (a2) containing energy ray curable giemgb having molecular
weight of 100 to 80000)

Examples of the energy ray curable group contaimedcompound (a2)
containing an energy ray curable group and havimgpkecular weight of 100 to 80000
include a group having an energy ray curable doobiel, and preferred examples
thereof include a (meth)acryloyl group and a vigsdup.

[0212]

The compound (a2) is not particularly limited asd as the above-described
conditions are satisfied, and examples thereotidek low-molecular-weight compound
containing an energy ray curable group, an eposiyireontaining an energy ray curable
group, and a phenol resin containing an energyuagble group.

[0213]

Among the examples of the compound (a2), as thenolecular-weight
compound containing an energy ray curable groygmlyunctional monomer or

oligomer is exemplified, and preferred examplesdbtinclude an acrylate-based
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compound containing a (meth)acryloyl group.

Examples of the acrylate-based compound includmbiional (meth)acrylate
such as 2-hydroxy-3-(meth)acryloyloxypropyl metlyette, polyethylene glycol
di(meth)acrylate, propoxylated ethoxylated bispthéndi(meth)acrylate,
2,2-bis[4-((meth)acryloxypolyethoxy)phenyl]propaeghoxylated bisphenol A
di(meth)acrylate, 2,2-bis[4-((meth)acryloxydiethipdyenyl]propane,
9,9-bis[4-(2-(meth)acryloyloxyethoxy)phenyl]fluoren
2,2-bis[4-((meth)acryloxypolypropoxy)phenyl]propamecyclodecanedimethanol
di(meth)acrylate, 1,10-decanediol di(meth)acrylaté;hexanediol di(meth)acrylate,
1,9-nonanediol di(meth)acrylate, dipropylene glydidieth)acrylate, tripropylene glycol
di(meth)acrylate, polypropylene glycol di(meth)datg, polytetramethylene glycol
di(meth)acrylate, ethylene glycol di(meth)acrylatethylene glycol di(meth)acrylate,
triethylene glycol di(meth)acrylate, 2,2-bis[4-((tng@cryloxyethoxy)phenyl]propane,
neopentyl glycol di(meth)acrylate, ethoxylated pobpylene glycol di(meth)acrylate, or
2-hydroxy-1,3-di(meth)acryloxypropane; polyfuncidiimeth)acrylate such as
tris(2-(meth)acryloxyethyl)isocyanuratecaprolactone-modified
tris-(2-(meth)acryloxyethyl)isocyanurate, ethoxgliglycerin trilmeth)acrylate,
pentaerythritol trilmeth)acrylate, trimethylolprayatri(meth)acrylate,
ditrimethylolpropane tetra(meth)acrylate, ethoxgthpentaerythritol tetra(meth)acrylate,
pentaerythritol tetra(meth)acrylate, dipentaerytthgpoly(meth)acrylate, or
dipentaerythritol hexa(meth)acrylate; and polyfimtal (meth)acrylate oligomer such as
urethane (meth)acrylate oligomer.

[0214]

Among the examples of the compound (a2), thoserithes! in paragraph 0043

of “Japanese Unexamined Patent Application Firgili&ption No. 2013-194102" can be
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used as the epoxy resin containing an energy nabtigroup and the phenol resin
containing an energy ray curable group. Suchia edso corresponds to the resin
constituting a thermosetting component describéalWédut is handled as the compound
(a2) in the present embodiment.

[0215]

The weight-average molecular weight of the complo{@®) is preferably in a
range of 100 to 30000 and more preferably in agafd300 to 10000.

[0216]

The compound (a2) contained in the protective-fitmming composition (IV-1)
and the energy ray curable protective film-formiihg may be formed of only one or
two or more kinds thereof. In a case where thepmmd (a2) is formed of two or more
kinds thereof, the combination and the ratio okéhean be optionally selected.

[0217]

[Polymer (b) that does not contain energy ray lolergroup]

In a case where the protective film-forming compaos (1V-1) and the energy
ray curable protective film-forming film containgttompound (a2) as the energy ray
curable component (a), it is preferable that tleqative film-forming compound (IV-1)
and the energy ray curable protective film-formiitigy contain a polymer (b) that does
not contain an energy ray curable group.

The polymer (b) may have at least a portion wisatross-linked by a
cross-linking agent or may not be cross-linked.

[0218]

Examples of the polymer (b) that does not coraaienergy ray curable group
include an acrylic polymer, a phenoxy resin, ahage resin, polyester, a rubber-based

resin, and an acrylic urethane resin.
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Among these, it is preferable that the polymeriglgn acrylic polymer
(hereinafter, also abbreviated as an “acrylic p@yi-1)).

[0219]

The acrylic polymer (b-1) may be known. For exénthe acrylic polymer
(b-1) may be a homopolymer of one acrylic monoraempolymer of two or more kinds
of acrylic monomers, or a copolymer of one or twonmre kinds of acrylic monomers
and monomers (non-acrylic monomers) other thanooeo or more kinds of acrylic
monomers.

[0220]

Examples of the acrylic monomer constituting tbeylic polymer (b-1) include
(meth)acrylic acid alkyl ester, (meth)acrylic aester having a cyclic skeleton, glycidyl
group-containing (meth)acrylic acid ester, hydrogsdup-containing (meth)acrylic acid
ester, and substituted amino group-containing (yaetklic acid ester. Here, the
“substituted amino group” is as described above.

[0221]

Examples of the (meth)acrylic acid ester incluteth)acrylic acid alkyl ester in
which an alkyl group constituting alkyl ester hashain structure having 1 to 18 carbon
atoms such as methyl (meth)acrylate, ethyl (methlatie, n-propyl (meth)acrylate,
isopropyl (meth)acrylate, n-butyl (meth)acrylasgbutyl (meth)acrylate, sec-butyl
(meth)acrylate, tert-butyl (meth)acrylate, pentgeth)acrylate, hexyl (meth)acrylate,
heptyl (meth)acrylate, 2-ethylhexyl (meth)acrylaseoctyl (meth)acrylate, n-octyl
(meth)acrylate, n-nonyl (meth)acrylate, isononyetmacrylate, decyl (meth)acrylate,
undecyl (meth)acrylate, dodecyl (meth)acrylaterfta(meth)acrylate), tridecyl
(meth)acrylate, tetradecyl (meth)acrylate (myrigtgeth)acrylate), pentadecyl

(meth)acrylate, hexadecyl (meth)acrylate (paln(tyéth)acrylate), heptadecyl
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(meth)acrylate, or octadecyl (meth)acrylate (ste@ngth)acrylate).

[0222]

Examples of the (meth)acrylic acid ester havimycic skeleton include
(meth)acrylic acid cycloalkyl ester such as isolgb(meth)acrylate or dicyclopentanyl
(meth)acrylate; (meth)acrylic acid aralkyl esteclsas benzyl (meth)acrylate;
(meth)acrylic acid cycloalkenyl ester such as (yeattylic acid dicyclopentenyl ester;
and (meth)acrylic acid cycloalkenyloxy alkyl esseich as (meth)acrylic acid
dicyclopentenyloxy ethyl ester.

[0223]

Examples of the glycidyl group-containing (methjdic acid ester include
glycidyl (meth)acrylate.

Examples of the hydroxyl group-containing (metiny&ic acid ester include
hydroxymethyl (meth)acrylate, 2-hydroxyethyl (meitrylate, 2-hydroxypropyl
(meth)acrylate, 3-hydroxypropyl (meth)acrylate,\2Hoxybutyl (meth)acrylate,
3-hydroxybutyl (meth)acrylate, and 4-hydroxybutylgth)acrylate.

Examples of the substituted amino group-contaiinegth)acrylic acid ester
include N-methylaminoethyl (meth)acrylate.

[0224]

Examples of the non-acrylic monomer constitutimg acrylic polymer (b-1)
include olefin such as ethylene or norbornene;haicgtate; and styrene.

[0225]

As the polymer (b) which has at least a portiassflinked by a cross-linking
agent and does not contain the energy ray curablgga polymer obtained by reacting
a reactive functional group in the polymer (b) watleross-linking agent is exemplified.

The reactive functional group may be appropriaselected according to the
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kind of cross-linking agent and is not particuldntgited. For example, in a case where
the cross-linking agent is a polyisocyanate compparamples of the reactive
functional group include a hydroxyl group, a canpgrxoup, and an amino group.
Among these, a hydroxyl group having a high redgtivith an isocyanate group is
preferable. Further, in a case where the crogmliragent is an epoxy-based
compound, examples of the reactive functional griogfude a carboxy group, an amino
group, and an amide group. Among these, a cargmyp having a high reactivity

with an epoxy group is preferable. Here, from\@vpoint of preventing corrosion of
a circuit such as a semiconductor wafer or a samigctor chip, a group other than a
carboxy group is preferable as the reactive funetigroup.

[0226]

Examples of the polymer (b) which contains thectiga functional group and
does not contain an energy ray curable group irectudolymer obtained by
polymerizing a monomer containing at least thetread¢unctional group. In a case of
the acrylic polymer (b-1), monomers containing risective functional groups may be
used as any one or both of the acrylic monomertlamaon-acrylic monomer
exemplified as the monomer constituting the aciybtymer (b-1). For example, a
polymer obtained by polymerizing hydroxyl group-taining (meth)acrylic acid ester is
exemplified as the polymer (b) containing a hyditaypup as a reactive functional
group. Other examples thereof include a polyméaiabd by polymerizing a monomer
formed by one or two or more hydrogen atoms beirgttuted with the reactive
functional groups in the acrylic monomer and the-aorylic monomer described above.

[0227]

In the polymer (b) containing a reactive functiog@up, the ratio (content) of

the amount of the constitutional unit derived frarmonomer containing a reactive
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functional group to the total amount of the comsiinal unit constituting the polymer

(b) containing a reactive functional group is prabdy in a range of 1% to 20% by mass
and more preferably in a range of 2% to 10% by ma#sa case where the ratio thereof
is in the above-described range, the degree ofdiasing in the polymer (b) is in the
more preferable range.

[0228]

From the viewpoint of further improving the filnesining properties of the
protective film-forming composition (IV-1), the wght-average molecular weight (Mw)
of the polymer (b) that does not contain an eneagycurable group is preferably in a
range of 10000 to 2000000 and more preferablyramge of 100000 to 1500000. Here,
the “weight-average molecular weight” is as desdibbove.

[0229]

The polymer (b) which is contained in the protefilm-forming composition
(Iv-1) and the energy ray curable protective filarrhing film and does not contain an
energy ray curable group may be formed of only@mnvo or more kinds thereof. Ina
case where the polymer (b) is formed of two or nianels thereof, the combination and
the ratio of these can be optionally selected.

[0230]

Examples of the protective film-forming compoaitiiV-1) include those
containing any one or both of the polymer (al) tredcompound (a2). Further, in a
case where the protective film-forming composittmmtains the compound (a2), it is
preferable that the protective film-forming compimsi (IV-1) further contains the
polymer (b) that does not contain an energy ragldergroup. In this case, it is also
preferable that the protective film-forming compimsi (IV-1) further contains the

polymer (al). Moreover, the protective film-forrginomposition (IV-1) may contain
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the polymer (al) and the polymer (b) that doescoatain an energy ray curable group
without containing the compound (a2).

[0231]

In a case where the protective film-forming compas (IV-1) contains the
polymer (al), the compound (a2), and the polymgth@t does not contain an energy ray
curable group, the content of the compound (a®)erprotective film-forming
composition (IV-1) is preferably in a range of D0400 parts by mass and more
preferably in a range of 30 to 350 parts by masis mispect to 100 parts by mass of the
total content of the polymer (al) and the polynigrtilat does not contain an energy ray
curable group.

[0232]

The ratio of the total content of the energy rayable component (a) and the
polymer (b) that does not contain an energy raglaergroup to the total content of the
components in the protective film-forming compasitiIV-1) other than the solvent (in
other words, the total content of the energy rawlole component (a) and the polymer
(b) that does not contain an energy ray curablamno the energy ray curable protective
film-forming film) is preferably in a range of 5% ©0% by mass, more preferably in a
range of 10% to 80% by mass, and particularly padlg in a range of 20% to 70% by
mass. In a case where the content ratio of theygmay curable component is in the
above-described range, the energy ray curabilith@fenergy ray curable protective
film-forming film is further improved.

[0233]

The protective film-forming composition (IV-1) m&pntain one or two or more
kinds selected from the group consisting of thertizsetting component, the

photopolymerization initiator, the filler, the cding agent, the cross-linking agent, the
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colorant, and the general-purpose additive otrem the energy ray curable component
depending on the intended purpose thereof. Fanpba by using the protective
film-forming composition (IV-1) containing the emgrray curable component and the
thermosetting component, the adhesive strengtheoébergy ray curable protective
film-forming film to be formed to the adherend iisproved by being heated and the
strength of the protective film formed from the myyeray curable protective
film-forming film is also improved.

[0234]

As the thermosetting component, the photopolyraéion initiator, the filler, the
coupling agent, the cross-linking agent, the colgrand the general-purpose additive in
the protective film-forming composition (IV-1), tlileermosetting component (B), the
photopolymerization initiator (H), the filler (Djhe coupling agent (E), the cross-linking
agent (F), the colorant (I), and the general-pugditive (J) in the protective
film-forming composition (l11-1) are respectivelxemplified.

[0235]

The thermosetting component, the photopolymenpmatiitiator, the filler, the
coupling agent, the cross-linking agent, the colgrand the general-purpose additive in
the protective film-forming composition (IV-1) mée respectively used alone or in
combination of two or more kinds thereof. In aecadere a combination of two or
more kinds thereof is used, the combination anddtie of these can be optionally
selected.

The contents of the thermosetting component, tiwégpolymerization initiator,
the filler, the coupling agent, the cross-linkirgeat, the colorant, and the
general-purpose additive in the protective filmafiang composition (1V-1) may be

appropriately adjusted depending on the intendegdgse thereof and are not particularly
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limited.

[0236]

From the viewpoint of improving the handling prages through dilution, it is
preferable that the protective film-forming comgimsi (IV-1) further contains a solvent.

Examples of the solvent contained in the protedtivn-forming composition
(IV-1) are the same as those for the solvent irptis¢ective film-forming composition
(1-1).

The solvent contained in the protective film-fongicomposition (IV-1) may be
formed of only one or two or more kinds thereof.

[0237]

<<Method of producing energy ray curable protexfiim-forming
composition>>

The energy ray curable protective film-forming qmsition such as the
protective film-forming composition (IV-1) is obteed by blending respective
components for constituting the composition.

The order of each component to be added at theedirblending is not
particularly limited, and two or more componentsyrba added at the same time.

In a case of using a solvent, the solvent mayseel by being mixed with any of
blending components other than the solvent andinijuhe blending components in
advance or may be used by diluting any of blendmgponents other than the solvent in
advance and being mixed with these blending commutsne

The method of mixing respective components atithe of blending is not
particularly limited and may be appropriately s&eldrom known methods such as a
method of mixing components by rotating a stirnea stirring blade; a method of

mixing components using a mixer; and a method efmgicomponents by adding
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ultrasonic waves thereto.

The temperature and the time for the additiontardnixing of respective
components are not particularly limited as longhesblending components are not
deteriorated and may be appropriately adjustedtheutemperature is preferably in a
range of 18C to 30°C.

[0238]

Coating layer

The coating layer is not particularly limited asd as the gloss value of the
surface of the coating layer on a side oppositegmle where the coating layer and the
support sheet are in contact with each other &range of 32 to 95.

As a preferable coating layer, a layer that costai cured product obtained by
being irradiated with energy rays to be cured layar obtained by curing a coating
composition that is polymerized by irradiation withergy rays and contains an energy
ray polymerizable compound is preferable.

Further, it is preferable that the energy ray pwyizable compound is
(meth)acrylic acid or a derivative thereof.

[0239]

The protective film-forming composite sheet mayéa function of forming a
protective film for protecting the rear surfaceacsemiconductor chip obtained by
performing dicing as well as a function of servagja dicing sheet at the time of dicing a
semiconductor wafer. Further, the semiconductdemta which the protective
film-forming composite sheet adheres is occasigr@tpanded at the time of dicing the
semiconductor wafer. In this case, the protedilueforming composite sheet is
required to have moderate flexibility. In ordeiningpart moderate flexibility to the

protective film-forming composite sheet, for examp flexible resin such as propylene
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is selected as the material constituting the sumbmet. Meanwhile, such a flexible
resin or the like is deformed by being heated ankied in some cases. Therefore, it is
desired that the coating layer can be formed biguhe composition which is a raw
material through irradiation with energy rays wihauring the composition with heat.

[0240]

The thickness of the coating layer is not paréidyllimited, but is preferably in
a range of 0.1 to 20m, more preferably in a range of 0.4 topB, and particularly
preferably in a range of 0.8 to ifn. In a case where the thickness of the coatiyey la
is greater than or equal to the above-describedrdwmit, the surface roughness Ra of
the surface of the coating layer on a side opptsiteside where the coating layer is in
contact with the support sheet can be more eastdyedised and the effect of suppressing
blocking of the protective film-forming compositeet is further increased. Further, in
a case where the thickness of the coating laylesssthan or equal to the
above-described upper limit, a clearer inspectioage can be obtained when the state of
the semiconductor wafer after the protective filmmfiing composite sheet has adhered
thereto is inspected using an infrared cameraeolikte through the sheet, and the dicing
of the semiconductor wafer accompanied by exparsorbe more easily performed.

By covering the uneven surface of the supporttsigk the coating layer as
described above, the surface where the coating isye contact with the support sheet
may become an uneven surface. In a portion havimgjection in the uneven surface
of the coating layer, the thickness of the coalaygr may be calculated using the tip of
this projection as one starting point.

[0241]

The surface roughness Ra of the surface of thingdayer on a side opposite

to a side where the coating layer is in contachwite support sheet is preferably Qr&
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or less, more preferably Odn or less, still more preferably Ou.8n or less, and
particularly preferably 0.@m or less. In a case where the surface roughrness Re
coating layer is less than or equal to the uppeit,liclear laser printing can be performed
on the protective film.

Further, the lower limit of the surface roughnBssof the surface of the coating
layer on a side opposite to a side where the apédiyer is in contact with the support
sheet is not particularly limited, but can be s€d.005um or the like.

The surface roughness Ra of the coating layebeaadjusted according to the
surface roughness Ra of the surface of the sugpesdt on a side where the coating layer
is provided, the thickness of the coating layeg, ttethod of applying the coating
composition described below which is used for forgnihe coating layer, or the like.

[0242]

In the coating layer, the value of [thicknegm] of coating layer]/[surface
roughness RauMm) of surface of support sheet on side where cgdaiyer is provided] is
preferably in a range of 0.1 to 30, more preferablg range of 0.3 to 20, and
particularly preferably in a range of 0.5 to 10n alcase where the value is greater than
or equal to the above-described lower limit, théasze roughness Ra of the surface of
the coating layer on a side opposite to a side evtiex coating layer is in contact with the
support sheet is further decreased, and thus lelear printing can be performed on the
protective film and the effect of suppressing blogkof the protective film-forming
composite sheet is further increased. In addiiioa, case where the value is less than
or equal to the above-described upper limit, aressive increase in thickness of the
coating layer is prevented.

[0243]
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The gloss value of the surface of the coatingrlayea side opposite to a side
(the support sheet side) where the coating layieraésntact with the support sheet is in a
range of 32 to 95, preferably in a range of 40Gpahd more preferably in a range of 45
to 85. In a case where the gloss value of therapéyer is in the above-described
range, clearer laser printing can be performederptotective film. Further, in a case
where the gloss value of the coating layer is gretfitan or equal to the above-described
lower limit, a clearer inspection image can be i#d when the state of the
semiconductor wafer after the protective film-fongicomposite sheet has adhered
thereto is inspected using an infrared cameraeolikh through the sheet. Further, in a
case where the gloss value of the coating laylesssthan or equal to the
above-described upper limit, similarly, a phenonremowhich the coating layer is
lighting is suppressed when the state of the samdiector wafer is inspected and visual
inspection of the inspection image using an infitaxamera or the like is more easily
performed.

[0244]

The value of the haze of the protective film-fangnicomposite sheet measured
from the coating layer side is preferably 47% as|anore preferably in a range of 1% to
47%, still more preferably in a range of 2% to 4@¥d particularly preferably in a range
of 3% to 30%. In a case where the haze of theeptiot film-forming composite sheet
is less than or equal to the above-described Uppity light scattering is suppressed, and
clear laser printing can be performed on the ptatedilm. Further, a clearer
inspection image can be obtained when the stateeaddemiconductor wafer after the
protective film-forming composite sheet has adhéhedeto is inspected using an
infrared camera or the like through the sheet. eHire measured value of the haze of

the protective film-forming composite sheet indé&saa value of the haze measured in a
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direction of the surface of the coating layer aide opposite to a side where the coating
layer is in contact with the support sheet in theqrtive film-forming composite sheet.

Further, the haze is a value obtained by perfogmieasurement in conformity
with JIS K 7136.

[0245]

Various characteristics of the coating layer saglhe gloss value thereof can be
adjusted according to the thickness of the codéper, the components contained in the
coating composition described below which is useddrming the coating layer, and the
like.

The value of the haze of the protective film-fangnicomposite sheet measured
from the coating layer side can be adjusted acogrtti the thickness of each layer such
as the coating layer or the support sheet whiclstdates the protective film-forming
composite sheet, the components contained in tmpasition (for example, the coating
composition described below) used for forming eaictinese layers, and the like.

[0246]

<<Coating composition>>

It is preferable that the coating composition earg any one or botluj of a
silica sol and a silica fine particle to which dical polymerizable unsaturated
group-containing organic compound is bonded (haften also abbreviated as a
“component ¢)”); and one or more kind$) selected from the group consisting of a
polyfunctional acrylate-based monomer and an ateflased prepolymer (hereinafter,
also abbreviated as a “compondBit).

[0247]

[Componentd)]
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The componeni) is a component that decreases the refractivexiotithe
coating layer, decreases curing shrinkage and eagtshrinkage of the protective
film-forming composite sheet, and suppresses oenag of curling in the protective
film-forming composite sheet due to the shrinkage.

[0248]

As the silica sol in the componend)( colloidal silica formed by silica fine
particles being suspended in an organic solverit as@lcohol or ether (cellosolve)
derived from ethylene glycol in a colloidal staseexemplified, and the average particle
diameter of the silica fine particles being susgehid preferably in a range of 0.001 to 1
pum and more preferably in a range of 0.03 to QuA6

[0249]

The silica fine particles, to which a radical polrizable unsaturated
group-containing organic compound is bonded, incttraponentd) are cross-linked or
cured by irradiation with energy rays.

Examples of the silica fine particle to which th€ical polymerizable
unsaturated group-containing organic compound m&led include particles obtained by
reacting a silanol group present on the surfagelica fine particle with a functional
group in a radical polymerizable unsaturated groomaining organic compound, and
the average particle diameter of the silica fingiplas is preferably in a range of 0.005
to 1um. The functional group in a radical polymerizablesaturated group-containing
organic compound is not particularly limited asdas the functional group is obtained
by reacting with the silanol group in the silicadiparticle.

[0250]

As the radical polymerizable unsaturated groupaiaoing organic compound



9C
that contains the functional group, a compoundesgnted by Formula (1) is
exemplified.
[0251]
Rl
I
CH; = C — COR?

(1)

5 (In the formula, Rrepresents a hydrogen atom or a methy!l groupfRand
represents a halogen atom or a group representadybyf Formulae (2a) to (2f).)

[0252]

— OCH2CH2NCO. —OCH2CH — CH2 . — OCH2CH — CHz.
N/

N

H
— OCH2CH.0H. —OH. —O(CH2); — Si(OCHa)s

(2a) (2b) 0 (2¢)

(2d) (2e) (2 f)
[0253]
10 Examples of the halogen atom gsiftlude a chlorine atom, a bromine atom,

and an iodine atom.
[0254]
Preferred examples of the radical polymerizabkaturated group-containing
organic compound include (meth)acrylic acid, (mathylic acid chloride,
15 2-isocyanatoethyl (meth)acrylate, glycidyl (methydate, 2,3-iminopropyl
(meth)acrylate, 2-hydroxyethyl (meth)acrylate, and
(3-(meth)acryloyloxypropyl)trimethoxysilane.

[0255]
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In the present embodiment, the radical polymeteahsaturated
group-containing organic compound may be used abotire combination of two or more
kinds thereof.

[0256]

In the component), the silica sol and the silica fine particle thiah the
radical polymerizable unsaturated group-contaimirganic compound is bonded may be
respectively formed of only one or two or more Idridereof.

[0257]

As the componentxr, only the silica sol may be used; only the sifica
particle to which the radical polymerizable unsated group-containing organic
compound is bonded may be used; or a combinatidimeasilica sol and the silica fine
particle to which the radical polymerizable unsated group-containing organic
compound is bonded may be used.

[0258]

It is preferable that the content of the comporfehin the coating composition
is selected according to the refractive index efghpport sheet. However, typically, it
is preferable that the content thereof is setwalae such that the content of the silica
derived from the component) of the coating layer is in a range of 20% to G@¢4amass.
In a case where the content of silica is greaten tr equal to the above-described lower
limit, the effect of decreasing the refractive inad the coating layer and the effect of
suppressing occurrence of curing in the protedtimeforming composite sheet are
further increased. Further, in a case where théeoo of silica is less than or equal to
the above-described upper limit, the coating lay@nore easily formed, and the effect of

suppressing a decrease in hardness of the coatiagit further increased.
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From the viewpoints of improving the refractiveléx of the coating layer,

easily forming the coating layer, improving thedreass thereof, and suppressing

occurrence of curling in the protective film-forrgisomposite sheet, the content of silica

derived from the component) of the coating layer is more preferably in a miof 20%
to 45% by mass.

[0259]

[Component§)]

The componenf) is a main photocurable component that forms taticg
layer.

[0260]

The polyfunctional acrylate-based monomer in thi@gonent§) is not
particularly limited as long as the polyfunctiomarylate-based monomer is a
(meth)acrylic acid derivative containing two or m@meth)acryloyl groups in one
molecule.

Preferred examples of the polyfunctional acrylssed monomer include
1,4-butanediol di(meth)acrylate, 1,6-hexanediaingith)acrylate, neopentyl glycol
di(meth)acrylate, polyethylene glycol di(meth)aetg, hydroxypivalic acid neopentyl
glycol di(meth)acrylate, dicyclopentanyl di(lmethjgdate, caprolactone-modified
dicyclopentenyl di(meth)acrylate, ethylene oxidesified phosphoric acid
di(meth)acrylate, allylated cyclohexyl di(meth)detg, isocyanurate di(meth)acrylate,
trimethylolpropane tri(meth)acrylate, dipentaerittiirtri(meth)acrylate, propionic
acid-modified dipentaerythritol triimeth)acrylapentaerythritol trilmeth)acrylate,
propylene oxide-modified trimethylolpropane tri(injgtcrylate,

tris(acryloxyethyl)isocyanurate, dipentaerythrpenta(meth)acrylate, propionic
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acid-modified dipentaerythritol penta(meth)acrylatg@entaerythritol hexa(meth)acrylate,

and caprolactone-modified dipentaerythritol hexafryeerylate.

[0261]

The acrylate-based prepolymer in the compor{@nis(not particularly limited
as long as the acrylate-based prepolymer is (m&ti@acid ester and also a polymer or
an oligomer having photocurability.

Preferred examples of the acrylate-based prepalymkide a polyester
acrylate-based prepolymer, an epoxy acrylate-bpssgublymer, a urethane
acrylate-based prepolymer, and a polyol acrylas=tarepolymer.

[0262]

Examples of the polyester acrylate-based prepalynoiude a prepolymer
obtained by esterifying hydroxyl groups in a potge®ligomer containing hydroxyl
groups in both terminals of a molecule, obtained lmpndensation reaction between
polyvalent carboxylic acid and polyhydric alcohaging (meth)acrylic acid; and a
prepolymer obtained by esterifying a hydroxyl granphe terminal of an oligomer,
obtained by adding alkylene oxide to polyvalenbecaylic acid to cause a reaction,
using (meth)acrylic acid.

Examples of the epoxy acrylate-based prepolynaude a prepolymer
obtained by reacting (meth)acrylic acid with anrare ring of a bisphenol type epoxy
resin or a novolak type epoxy resin having a reddyilow molecular weight and
esterifying the reactant.

Examples of the urethane acrylate-based prepolymkrde a prepolymer
obtained by esterifying a polyurethane oligometaoied by reacting a polyether polyol
or a polyester polyol with polyisocyanate, using{hnacrylic acid.

Examples of the polyol acrylate-based prepolymeluide a prepolymer
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obtained by esterifying a hydroxyl group in a poher polyol using (meth)acrylic acid.

[0263]

The polyfunctional acrylate-based monomer andatitglate-based prepolymer
in the component3) may be formed of only one or two or more kindsréof.

[0264]

As the componenf3), only the polyfunctional acrylate-based monomaroe
used; only the acrylate-based prepolymer may be; wsea combination of the
polyfunctional acrylate-based monomer with the Eteybased prepolymer may be used.

[0265]

[Solvent]

It is preferable that the coating compositionfiertcontains a solvent other than
the component() and the componenB). In a case where the coating composition
contains a solvent, a coating film for forming twating layer can be more easily formed
by applying and drying the coating composition esadibed below.

The solvent may be used alone or in combinatiamvofor more kinds thereof.

[0266]

Examples of the solvent include an aliphatic hgdrbon such as hexane,
heptane, or cyclohexane; an aromatic hydrocarbohn as toluene or xylene; a
halogenated hydrocarbon such as methylene chloridéhylene chloride; an alcohol
such as methanol, ethanol, propanol, butanol, meflioxy-2-propanol; a ketone such as
acetone, methyl ethyl ketone, 2-pentanone, isopt®ror cyclohexanone; an ester such
as ethyl acetate or butyl acetate; and a cellosaled as 2-ethoxyethanol (ethyl
cellosolve).

[0267]

[Optional components]
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The coating composition may contain various ogti@@mponents such as a
monofunctional acrylate-based monomer, a photopetiation initiator, a
photosensitizer, a polymerization inhibitor, a ertisking agent, an antioxidant, an
ultraviolet absorbing agent, a light stabilizelezeling agent, and an antifoaming agent
in addition to the component) and the componen) within the range not damaging
the effects of the present invention.

The optional components may be used alone orrtbamation of two or more
kind thereof.

[0268]

(Monofunctional acrylate-based monomer)

The monofunctional acrylate-based monomer as &ar@ component is not
particularly limited as long as the monofunctioaatylate-based monomer is a
photocurable component and also a (meth)acrylit defivative containing only one
(meth)acryloyl group in one molecule.

Preferred examples of the monofunctional acryteteed monomer include
cyclohexyl (meth)acrylate, 2-ethylhexyl (meth)aetg, dodecyl (meth)acrylate (lauryl
(meth)acrylate), octadecyl (meth)acrylate (ste@ndth)acrylate), and isobornyl
(meth)acrylate.

[0269]

(Photopolymerization initiator)

As the photopolymerization initiator as an optior@mponent, known
components of the related art which have been issaddical polymerization are
exemplified.

Preferred examples of the photopolymerizationdtot include an aryl

ketone-based photopolymerization initiator suchrascetophenone-based compound, a



10

15

20

25

96

benzophenone-based compound, an alkylaminobenzopbdrased compound, a
benzyl-based compound, a benzoin-based compourehzin ether-based compound, a
benzyl dimethyl acetal-based compound, a benzaytdmete-based compound, or an
a-acyloxime ester-based compound; a sulfur-contgipimtopolymerization initiator
such as a sulfide-based compound or a thioxanthased compound; an acylphosphine
oxide-based compound such as acyl diaryl phosphkite; and an anthraquinone-based
compound.

Further, in a case where the coating composiiauied by irradiation with
electron beams, a photopolymerization initiataras necessary.

[0270]

The content of the photopolymerization initiatoithe coating composition is
preferably in a range of 0.2 to 10 parts by massraare preferably in a range of 0.5 to 7
parts by mass with respect to 100 parts by magsedbtal content of the photocurable
components.

[0271]

(Photosensitizer)

Examples of the photosensitizer include tertianyrees,
p-dimethylaminobenzoic acid ester, and a thiol-dasnsitizer.

The content of the photosensitizer in the coatimyposition is preferably in a
range of 1 to 20 parts by mass and more prefematadyrange of 2 to 10 parts by mass
with respect to 100 parts by mass of the totalexarf the photocurable components.

[0272]

(Antioxidant, ultraviolet absorbing agent, anchligtabilizer)

The antioxidant, the ultraviolet absorbing agent] the light stabilizer may be

known, but a reactive antioxidant, a reactive uloket absorbing agent, and a reactive



10

15

20

25

97

light stabilizer containing a (meth)acryloyl groapthe like in a molecule are preferable.
Since these antioxidant, ultraviolet absorbing &gamd light stabilizer are bonded to a
polymer chain formed by irradiation with energysaglissipation from a cured layer
with time is suppressed and the functions of tlveseponents are exhibited for a long
period of time.

[0273]

It is preferable that the coating composition eor a silica sol as the
componentd) and more preferable that the coating composttamtains a silica sol
having silica fine particles, suspended in a cddibstate, with an average particle
diameter of 0.03 to 0.G3m.

In a case where the coating layer contains swsilica sol, the effect of
suppressing blocking of the protective film-formiogmposite sheet is further increased.
In addition, a larger amount of such a silica sqiresent and unevenly distributed in the
surface of the coating layer on a side oppositegésupport sheet side and a region in
the vicinity of the coating layer than other regipthe effect of suppressing blocking of
the protective film-forming composite sheet is figrt increased. In order to unevenly
distribute components contained in the coating amsitpn such as a silica sol in the
coating layer, the conditions for applying the aogcomposition may be adjusted.

[0274]

<<Method of producing coating composition>>

The coating composition is obtained by blendirgpestive components for
constituting the coating composition, for examgie, energy ray polymerizable
compounds such as the componentgnd the componenB) and other components as
necessary. The coating composition is obtainedrdotg to the same method as the

method for the above-described pressure sensitivesive composition except that the
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blending components for the coating compositiondiiferent from those for the
pressure sensitive adhesive composition.

In a case of using a solvent, the solvent mayseel by being mixed with any of
blending components other than the solvent andinijuhe blending components in
advance or may be used by being mixed with themedibhg components without
diluting any of blending components other thangblrent in advance.

The components in the coating composition othan thhe solvent may be
dissolved or may be dispersed without being digsblv Further, the concentration or
the viscosity of each component in the coating amstin is not particularly limited as
long as the coating composition can be applied.

[0275]

Method of producing protective film-forming comjgessheet

The protective film-forming composite sheet acaogdo the present
embodiment can be produced by forming a protediiveforming film using the
protective film-forming composition, forming a coa layer using the coating
composition, and laminating the coating layer,gbpport sheet, and the protective
film-forming film in this order.

In a case where the support sheet is formed afralpy of layers, the support
sheet may be prepared by laminating a pluralithe$e layers on one another. For
example, in a case where the support sheet is tbhiyéaminating the base material and
the pressure sensitive adhesive layer, the pressasative adhesive layer may be formed
using the pressure sensitive adhesive composition.

[0276]

The order of forming respective layers (the captayer, the support sheet, and

the protective film-forming film) constituting th@otective film-forming composite
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sheet is not particularly limited. Further, thenfation of each of these layers from the
compositions thereof may be performed directlylendurface of the adjacent layer in
the state of the protective film-forming composteet or the formation may be
performed on the surface of a release film usiegparate release film (release sheet)
and then the formed layer may be allowed to adteetiee surface of the adjacent layer in
the state of the protective film-forming compositeet. Here, in a case where the
surface (rear surface) of the support sheet odeaagpposite to the surface (front surface)
where the protective film-forming film is providesian uneven surface, it is preferable
that the coating layer is formed by directly cogtihe uneven surface of the support
sheet with the coating composition in order to sapp generation of a gap portion
between the coating layer and the uneven surfaee éurface) of the support sheet.

Hereinafter, a preferred example of a method oflpcing the protective
film-forming composite sheet will be described.

[0277]

It is preferable that the coating layer is fornbgdcoating the uneven surface (in
FIGS. 1 and 2, the rear surface 10b of the sughet 10, that is, the rear surface 11b of
the base material 11) of the support sheet witlttiaging composition, drying the
surface, and curing the formed coating film as asagy.

[0278]

The application of the coating composition to tduget surface may be
performed according to a known method, and exanmpbrgof include methods using
various coaters such as an air knife coater, eeldadter, a bar coater, a gravure coater, a
roll coater, a roll knife coater, a curtain coatedie coater, a knife coater, a screen coater,
a Meyer bar coater, and a kiss coater.

[0279]
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In a case where the uneven surface of the suppest is coated with the
coating composition, it is preferable that generatf a gap portion between the coating
layer and the uneven surface of the support seketgpressed. By suppressing
generation of the gap portion, irregular reflectidright at the boundary between the
coating layer and the uneven surface of the supgbet and clearer laser printing can be
performed on the protective film.

In order to suppress generation of the gap paqriias preferable to use a
coating composition having a low viscosity. In gide, the coating composition
containing an energy ray polymerizable compoungsisally suitable for suppressing
generation of the gap portion.

[0280]

The conditions for drying the coating compositaae not particularly limited,
but it is preferable that the coating compositi®héated and dried. In this case, itis
preferable that the coating composition is driedasra temperature condition of’Tdto
130°C for 0.5 to 5 minutes.

[0281]

The conditions for curing the coating film formdm the coating composition
are not particularly limited, and the coating filnay be cured according to a known
method.

In a case where the coating film is cured by iafidn with energy rays and, for
example, irradiated with ultraviolet rays, the digtion may be performed by setting the
irradiation dose to be preferably in a range of 0800 mJ/crhusing a high pressure
mercury lamp, a fusion H lamp, or a xenon lampraslaaviolet ray source. Further,
in a case where the coating film is irradiated veitbctron beams, the irradiation may be

performed by generating electron beams using aretebeam accelerator or the like
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and setting the irradiation dose to be preferably range of 150 to 350 kV. Among

these, it is preferable that the coating layeorsied by irradiation with ultraviolet rays.

[0282]

In a case where the support sheet is formed bin&ting the base material and
the pressure sensitive adhesive layer, the pressasitive adhesive layer can be formed
by directly coating the surface (the surface 11thefbase material 11 in FIGS. 1 and 2)
of the base material in contact with the coatirygtavith the pressure sensitive adhesive
composition. However, it is usually preferableetoploy a method of coating the
surface of the release sheet, to which a releaagnient has been applied, with the
pressure sensitive adhesive composition, dryingtiniace, adhering the formed
pressure sensitive adhesive layer to the surfateediase material, removing the release
sheet to separately form a pressure sensitive agheger, and adhering the pressure
sensitive adhesive layer to the surface of the begerial.

[0283]

The target surface can be coated with the pressamstive adhesive
composition according to the same method as icdke of the coating composition.

[0284]

The applied pressure sensitive adhesive compositay be cross-linked by
being heated and the cross-linking by heating tmeposition may be performed while
drying. The composition can be heated under camditof a temperature of 190 to
130C°C for 1 to 5 minutes, but the heating conditiores ot limited to these.

[0285]

In both of a case where the support sheet is formhenly one layer (single
layer) such as a base material and a case wheseppert sheet is formed of a plurality

of layers by, for example, the base material aedptiessure sensitive adhesive layer
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being laminated on each other, the surface (in FIG&hd 2, the surface 10a of the
support sheet 10, that is, the surface 12a of tbgspre sensitive adhesive layer 12) of
the support sheet in contact with the coating lager be directly coated with the
protective film-forming composition to form a proteve film-forming film. However,

it is usually preferable to employ a method of awathe surface of the release sheet, to
which a release treatment has been applied, wétlptbtective film-forming composition,
drying the surface, adhering the formed protedilme-forming film to the surface of the
support sheet, removing the release sheet as aegésseparately form a pressure
sensitive adhesive layer, and adhering the pregé&tm-forming film to the surface of
the support sheet.

[0286]

The target surface can be coated with the pretétm-forming composition
according to the same method as in the case afoiding composition.

The conditions for drying the protective film-formg composition are not
particularly limited, but the protective film-formg composition can be dried according
to the same method as in the case of the coatimgasition.

[0287]

In a case where the support sheet is formed bin&ting the base material and
the pressure sensitive adhesive layer, the pregefitm-forming composite sheet
according to the present embodiment can also upea using a method other than the
above-described method. For example, the pro&étim-forming composite sheet can
also be produced by forming a pressure sensitiiesade layer using the pressure
sensitive adhesive composition, forming a protectibn-forming film using the
protective film-forming composition to obtain a larate formed by laminating the

pressure sensitive adhesive layer and the progefikm-forming film, and adhering the
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surface of the base material (the surface 11aeob#ise material 11 in FIGS. 1 and 2) on
which the coating layer is provided to the surfébe surface which is not provided with
the protective film-forming film of the pressurenséive adhesive layer) of the pressure
sensitive adhesive layer in this laminate.

The conditions for forming the pressure sensisigtbesive layer and the
protective film-forming film in this case are thanse as in the case of the
above-described method.

[0288]

In a case where the surface (rear surface) afupport sheet on a side opposite
to the surface (front surface) where the protedilaeforming film is provided is not an
uneven surface but a smooth surface, the proteftiinéorming composite sheet
according to the present embodiment can also upea using a method other than the
above-described method. For example, the pro&étim-forming composite sheet can
also be produced by forming a coating layer udirggdoating composition, adhering the
coating layer to the smooth surface of the supgueet to obtain a laminate, forming a
protective film-forming film using the protectivérm-forming composition, and bonding
the protective film-forming film to the exposed e (the surface of the support sheet
which is not provided with the coating layer) oé tbupport sheet in the laminate. The
order of adhering the coating layer and the pratediim-forming film, which have been
separately formed, to the support sheet may beghesite to the order described above,
and the protective film-forming composite sheet akso be produced by adhering the
protective film-forming film to one surface of teapport sheet and then adhering the
coating layer to the other surface (the surfadh@support sheet which is not provided
with the protective film-forming film) of the suppcsheet.

Further, the protective film-forming composite ehean also be produced by



10

15

20

25

104

forming a protective film-forming film on one sud@ of the support sheet using the
protective film-forming composition, forming a coa layer using the coating
composition, and adhering the coating layer toetkgosed surface (the surface of the
support sheet which is not provided with the pritecfiim-forming film) of the support
sheet.

The conditions for forming the coating layer ahd protective film-forming
film in these cases are the same as in the cabe above-described method.

[0289]

For example, when the protective film-forming carajpe sheet is seen from the
above in a plan view as illustrated in FIG. 1, iceae of producing a protective
film-forming composite sheet that includes a prowecfiim-forming film having a
surface area smaller than that of the pressurdtisersdhesive layer, the protective
film-forming film cut into have a predeterminedesiand a predetermined shape in
advance may be provided on the pressure sensitvesave layer according to the
above-described production method.

[0290]

Method of using protective film-forming composstkeet

For example, a method of using the protective-fimming composite sheet
according to the present embodiment is as deschbkmxlv.

First, a method of using the protective film-fongicomposite sheet in a case
where the protective film-forming film is thermogeg will be described.

In this case, first, the rear surface of the senteictor wafer is allowed to
adhere to the protective film-forming film of theopective film-forming composite sheet,
and the protective film-forming composite shedtded to a dicing device.

Next, the protective film-forming film is heateddicured to obtain a protective
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film. In a case where back grinding tape adheyeké surface (the surface on which an
electrode is formed) of the semiconductor wafgmaective film is typically formed
after the back grinding tape is removed from thmisenductor wafer.

[0291]

Next, a semiconductor chip is obtained by dicimg $emiconductor wafer.
During the period from the formation of the proteetfilm to the dicing, printing can be
performed on the surface of the protective filmigdiating the protective film with
laser light from the coating layer side of the pobive film-forming composite sheet.

In this case, as described above, clear laseimginan be performed on the protective
film by setting the gloss value of the surface r(iraface) of the coating layer on a side
opposite to a side where the coating layer is mtax with the support sheet to be in the
above-described specific range.

[0292]

Further, the state of the semiconductor waferreediccing is performed or the
semiconductor chip obtained by performing dicingdsasionally inspected by
observing the semiconductor wafer or the semicatedwhip from the rear surface (the
surface to which the protective film-forming compesheet adheres) thereof using a
semiconductor camera or the like. For exampleptheence of damage such as
chipping or cracking is occasionally inspected taae of the semiconductor chip.

In the semiconductor chip provided with a protexfilm according to the
present embodiment, as described above, the ghtss of the surface (rear surface) of
the coating layer on a side opposite to a side evtier coating layer is in contact with the
support sheet is in the above-described spectiigaaoccurrence of a gap portion
between the coating layer and the rear surfackeeo$uipport sheet is suppressed.

Accordingly, since a clear inspection image caolmained when the semiconductor
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wafer or the semiconductor chip is observed thrabghprotective film-forming
composite sheet from the coating layer side usmmpfrared camera or the like,
inspection can be performed with high precision.

[0293]

Next, the semiconductor chip and the protectie &dhering to the rear surface
thereof are peeled off and picked up from the stgieeet, thereby obtaining a
semiconductor chip provided with a protective film-or example, in a case where the
support sheet is formed by laminating the base ma&tend the pressure sensitive
adhesive layer and the pressure sensitive adhlasi@eis energy ray curable, the
semiconductor chip provided with a protective fisreasily obtained by curing the
pressure sensitive adhesive layer through irradiatiith energy rays and picking up the
semiconductor chip and the protective film adhethmgyrear surface thereof from the
cured pressure sensitive adhesive layer.

[0294]

For example, in a case of using the protective-fidrming composite sheet 1
illustrated in FIG. 1, the rear surface of the sEmductor wafer is allowed to adhere to
the protective film-forming film 13 of the proteesi film-forming composite sheet 1, the
exposed support sheet 10 (pressure sensitive adHager 12) is allowed to adhere to a
dicing jig (not illustrated) such as a ring fraraed the protective film-forming
composite sheet 1 is fixed to a dicing device. tN#ve protective film-forming film 13
is cured to obtain a protective film, the proteetfim is laser-printed and then diced, a
region of the pressure sensitive adhesive layatli@r than the side where the pressure
sensitive adhesive layer 12 adheres to the jigrisctby irradiation with energy rays as
necessary, and the semiconductor chip providedavgiotective film may be picked up.

As described above, in a case where the protefiindorming composite sheet 1
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including the pressure sensitive adhesive layewtigh is energy ray curable is used,
adjustment is required such that a specific regidhe pressure sensitive adhesive layer
12 is not cured in order for the pressure sens#dteesive layer 12 not to be peeled off
from the jig. In the case of using the protecfilra-forming composite sheet 1, it is not
necessary to separately provide a configuratiomdivering the protective film-forming
composite sheet 1 to the jig.

[0295]

Meanwhile, in a case of using the protective fibomming composite sheet 2
illustrated in FIG. 2, the rear surface of the sEmductor wafer is allowed to adhere to
the protective film-forming film 23 of the protee#i film-forming composite sheet 2, the
adhesive layer 16 for a jig is allowed to adhera thcing jig (not illustrated) such as a
ring frame, and the protective film-forming compgessheet 2 is fixed to a dicing device.
Next, the protective film-forming film 23 is curéd obtain a protective film, the
protective film is laser-printed and then dicea; pinessure sensitive adhesive layer 12 is
cured by irradiation with energy rays as necesseny,the semiconductor chip provided
with a protective film may be picked up. As deed above, the case where the
protective film-forming composite sheet 2 includithg pressure sensitive adhesive layer
12 which is energy ray curable is used is diffefearn the case where the protective
film-forming composite sheet 1 is used, it is net@ssary to perform adjustment such
that the specific region of the pressure sensdtlteesive layer 12 is not cured.

However, it is necessary to provide the adhesiyerla6 for a jig for the protective
film-forming composite sheet 2, which is differérdm the case of the protective
film-forming composite sheet 1. By providing thdhasive layer 16 for a jig, a
composition for forming the pressure sensitive atleelayer 12 can be selected from

various kinds of compositions depending on thenidésl purpose thereof.
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[0296]

Next, a method of using the protective film-forgnicomposite sheet in a case
where the protective film-forming film is energyraurable will be described.

In this case, first, the rear surface of the senweictor wafer is allowed to
adhere to the protective film-forming film of theopective film-forming composite sheet,
and the protective film-forming composite shedbded to a dicing device similar to the
above-described case where the protective film-fogrfilm is thermosetting.

Next, the protective film-forming film is cured layadiation with energy rays to
obtain a protective film. In a case where backdjrig tape adheres to the surface (the
surface on which an electrode is formed) of theisenductor wafer, a protective film is
typically formed after the back grinding tape immved from the semiconductor wafer.

[0297]

Next, a semiconductor chip is obtained by dicimg $emiconductor wafer.
During the period from the formation of the proteetfilm to the dicing, printing can be
performed on the surface of the protective filmrogdiating the protective film with
laser light from the coating layer side of the pobive film-forming composite sheet.
The process from the printing to the dicing campédormed in the same manner as in
the above-described case where the protectivefiming film is thermosetting.
Similar to this case, clear laser printing can edgrmed on the protective film and the
inspection can be performed using an infrared caraethe like with high precision.

[0298]

Next, a semiconductor chip provided with a pratecfilm is obtained by
peeling and picking up the semiconductor chip togewith the protective film adhering
to the rear surface of the semiconductor chip ftieensupport sheet.

This method is particularly suitable for a casesrehthe support sheet of the
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protective film-forming composite sheet is formadléminating the base material and
the pressure sensitive adhesive layer and theyseessnsitive adhesive layer is
non-energy ray curable. Here, the case wherertitegtive film-forming film is cured
by irradiation with energy rays, the semiconduegtafer is diced, and the semiconductor
chip provided with a protective film is picked upshbeen described. However, in the
case where the pressure sensitive adhesive lagenignergy ray curable, the curing of
the protective film-forming film by irradiation witenergy rays can be performed at any
stage up to the picking up of the semiconductgp.chi

[0299]

For example, in a case of using the protective-fiirming composite sheet in
which the support sheet is formed by laminatingtthse material and the pressure
sensitive adhesive layer and the pressure senattiivesive layer is energy ray curable, a
method described below is preferable.

In other words, first, the rear surface of the isemductor wafer is allowed to
adhere to the protective film-forming film of theopective film-forming composite sheet,
and the protective film-forming composite shedixed to a dicing device similar to the
above-described case where the protective film-iogrfilm is thermosetting.

Next, the protective film is irradiated with lagight from the coating layer side
of the protective film-forming composite sheetnting is performed on the surface of
the protective film, and the semiconductor wafeaticed to obtain a semiconductor chip.
The process from the printing to the dicing campedormed in the same manner as in
the above-described case where the protectivefiming film is thermosetting.

Similar to this case, clear laser printing can eégrmed on the protective film and the
inspection can be performed using an infrared caraethe like with high precision.

[0300]
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Next, the protective film-forming film is cured lipeing irradiated with energy
rays to obtain a protective film, the pressure gi@rsadhesive layer is cured, and the
semiconductor chip and the protective film adhethgrear surface thereof are picked
up from the cured pressure sensitive adhesive,ltyereby obtaining a semiconductor
chip provided with a protective film.

[0301]

Meanwhile, in a case where a long protective fiitmming composite sheet is
wound, a protective film-forming composite sheetistate in which the release film (the
release film 15 in FIGS. 1 and 2) is laminatedlenéxposed surface of the protective
film-forming film is typically used. In all configrations (for example, both of the
protective film-forming composite sheet 1 illusedtin FIG. 1 and the protective
film-forming composite sheet 2 illustrated in F&.of the protective film-forming
composite sheet according to the present embodijragtihe protective film-forming
composite sheet is wound in a roll shape, a larioait formed by laminating the
coating layer, the support sheet, the protective-forming film, and the release film in
this order is sequentially stacked in the radiegation of the roll. As the result,
between laminate units in contact with each othéhé radial direction of the roll, the
surface (the surface on a side opposite to a diagenthe protective film-forming film is
provided) of the release film in one laminate @mitl the rear surface (the surface on a
side opposite to a side where the coating layer ¢entact with the base material) of the
coating layer in another laminate unit are in @estd being in contact with each other
and being pressed against each other, and thusltioé the protective film-forming
composite sheet is stored in this state. Howewece the coating layer is provided,
adhesion between the release film and the coadyey Is suppressed between the

laminate units, and thus blocking is suppressetdarprotective film-forming composite
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sheet according to the present embodiment.

[0302]

The peeling force of the release film measuredmeg to the following
method using the protective film-forming composteet which includes the release
film on the protective film-forming film is prefeldy 10 mN/50 mm or less, more
preferably 7.5 mN/50 mm or less, and particularlgferably 5 mN/50 mm or less.

(Method of measuring peeling force of release)film

The protective film-forming composite sheet of fresent embodiment which
has a width of 50 mm and a length of 100 mm ira¢est which the release film is
provided on the protective film-forming film is foeed into a laminate whose first
outermost layer is the coating layer and secondrmgst layer is the release film by
overlapping a plurality of the coating layers stitét all the coating layers are directed to
the same direction and the total thickness of tatig layers is in a range of 10 to 60
um, the laminate is allowed to stand at@Q@or 3 days in a lamination direction of the
protective film-forming composite sheet while ader(external force) of 980.665 mN
(that is, 100 gf) is applied thereto, and the megforce when the release film closest to
the coating layer which is the first outermost laiyethe lamination direction is peeled
off from the coating layer (the coating layer clsts® the coating layer as the first
outermost layer in the lamination direction) adjgde the release film under conditions
of a peeling rate of 300 mm/min and a peeling an§E8C is measured. Here, all of
the plurality of sheets of the protective film-fanmg composite sheet are considered to
have the same configuration. Further, the numbsheets of the protective
film-forming composite sheet to be stacked is pediy 10. It can be confirmed that
the effect of suppressing blocking (blocking resise) of the protective film-forming

composite sheet according to the present embodisientellent based on the peeling
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force of the release film.

Examples

[0303]

Hereinafter, the present invention will be desedilin more detail with reference
to the specific examples. However, the presemrition is not limited to the following
examples.

[0304]

<Production of protective film-forming compositeeet>

[Example 1]

The protective film-forming composite sheet ilhased in FIG. 1 was produced.
FIG. 3 is a plan view of this protective film-forng composite sheet. More specifically,
the production was performed as follows.

[0305]

[Production of first laminate]

(Preparation of thermosetting protective film-famg composition)

The following components with the following amosiigsolid contents) were
blended, and methyl ethyl ketone was blended waghntixture, thereby obtaining a
protective film-forming composition (111-1) having solid content concentration of 51%
by mass.

[0306]

(Polymer component (A))

(A)-1: 150 parts by mass of acrylic resin (weighttrage molecular weight of
400000, glass transition temperature 6fG)Iformed by copolymerizing 10 parts by
mass of n-butyl acrylate, 70 parts by mass of nietbyylate, 5 parts by mass of glycidyl

methacrylate, and 15 parts by mass of 2-hydroxyettnylate
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(Thermosetting component (B))

Epoxy resin (B1)

(B1)-1: 60 parts by mass of bisphenol A type ep@smn (“JER828”
manufactured by Mitsubishi Chemical Corporatiompgpequivalent of 183 to 194 g/eq,
molecular weight of 370)

(B1)-2: 10 parts by mass of bisphenol A type ep@simn (“JER1055”
manufactured by Mitsubishi Chemical Corporatiompgpequivalent of 800 to 900 g/eq,
molecular weight of 1600)

(B1)-3: 30 parts by mass of dicyclopentadiene gpexy resin (“EPICLON
HP-7200HH" manufactured by DIC Corporation, epogyigalent of 274 to 286 g/eq)

Thermosetting agent (B2)

(B2)-1: 2 parts by mass of dicyandiamide (solspdrsion type latent curing
agent, “ADEKA HARDENER EH-3636AS” manufactured byp)AKA CORPORATION,
active hydrogen amount of 21 g/eq)

(Curing accelerator (C))

(C)-1: 2 parts by mass of 2-phenyl-4,5-dihydroxyimyémidazole (“CUAZOL
2PHZ", manufactured by SHIKOKU CHEMICALS CORPORAMYD

(Filler (D))

(D)-1: 320 parts by mass of silica filler (“SC2088” manufactured by
Admatechs Co., Ltd., surface was modified with gpbased compound, average
particle diameter of 0.am)

(Coupling agent (E))

(E)-1: 0.4 parts by mass piglycidoxypropyltrimethoxysilane (silane coupling
agent, “KBM403” manufactured by Shin-Etsu Chemf€al, Ltd., methoxy equivalent

of 12.7 mmol/g, molecular weight of 236.3)
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(Colorant (1))

(I)-1: 1.2 parts by mass of carbon black (pigm&#A600B” manufactured by
Mitsubishi Chemical Corporation, average particenteter of 28 nm)

[0307]

(Formation of protective film-forming film and ptaction of first laminate)

The surface of a first release film (“SP-P502010tdnufactured by LINTEC
Corporation, thickness of §@n), on which a release treatment was performed, was
coated with the protective film-forming compositi@t-1) obtained in the
above-described manner using a knife coater aed @t 120C for 2 minutes, thereby
forming a protective film-forming film (thicknesg 85 um).

Next, the surface of a second release film (“SH38.031C” manufactured by
LINTEC Corporation, thickness of 38n), on which a release treatment was performed,
was allowed to adhere to the surface of the prieéitm-forming film on a side
opposite to the surface on which the first relddsewas provided, and a long laminate
formed by laminating the first release film, thetective film-forming film, and the
second release film in this order was obtained. xt Nhis long laminate was wound to
be formed into a roll, and only a portion havingize of 300 mm in the width direction
(the direction of the width indicated by the refeze numeral wl of the protective
film-forming composite sheet 1 illustrated in FB}.was cut from this laminate.

[0308]

Further, this cut laminate was subjected to hatlfireg, in the central portion in
the width direction, for making a notch in the setoelease film and the protective
film-forming film from the second release film side as to draw a circle having a

diameter of 220 mm in a plan view. Further, thiatpview” of the laminate in the
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present specification means that the laminateds f®m the above in the lamination
direction thereof. In addition, by removing thesed release film and the protective
film-forming film from the laminate such that ortlye circular portion formed by the
half cutting remained, a first laminate formed agninating the protective film-forming
film and the second release film, respectively hgw circular shape in a plan view in
this order, on the surface of the first release fin which a release treatment was
performed was obtained. The circular protectilre-fiorming film in the first laminate
corresponds to the circular protective film-formiiigh 13 having a diameter d1 of 220
mm in the protective film-forming composite sheelldstrated in FIG. 3.

[0309]

(Preparation of coating composition)

100 parts by mass of a hard coating agent forrhedethane acrylate and a
polyfunctional acrylate monomer (“BEAM SET 575CB'anufactured by Arakawa
Chemical Industries, Ltd., solid content concerdgrabf 100% by mass, containing
photopolymerization initiator) was blended with 1&drts by mass of a dispersion liquid
(“OSCAL1632" manufactured by JGC C&C, silica solvimgy particle diameter of 30 to
50 nm, solid content concentration of 30% by mé&sshed by a silica sol being
dispersed in 2-ethoxyethanol (ethyl cellosolvedréiny obtaining a coating composition
(solid content concentration of 30% by mass).

[0310]

(Formation of coating layer)

Next, an uneven surface of a polypropylene bagenmb(thickness of 10Am,
melting point of 14€C to 160C) having an uneven surface with a surface roughRes

of 0.4um and a surface, on the opposite side of the uneweace, with a surface

roughness Ra of 0.Q#n was coated with the coating composition obtainetie
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above-described manner using a Meyer bar coated dt 80C for 1 minute, and
irradiated with ultraviolet rays at a light doesapiproximately 230 mJ/chso that the
dried coating film was cured, thereby forming atoaalayer (thickness of @m).

[0311]

(Preparation of pressure sensitive adhesive cotigros

100 parts by mass of a (meth)acrylic acid alky¢esopolymer and 10 parts by
mass (solid content) of an aromatic polyisocyaratapound (cross-linking agent,
“TAKENATE D110N” manufactured by Mitsui Chemicalsic.) were blended with each
other, and methyl ethyl ketone was blended withrésellting mixture, thereby obtaining
a pressure sensitive adhesive composition (iii)rigag solid content concentration of
30% by mass.

The (meth)acrylic acid alkyl ester copolymer isaanylic resin having a
weight-average molecular weight of 600000 whicforsned by copolymerizing 40 parts
by mass of n-butyl acrylate, 55 parts by mass eft84hexyl acrylate, and 5 parts by
mass of 2-hydroxyethyl acrylate.

[0312]

(Formation of pressure sensitive adhesive laygpsrt sheet) and production
of second laminate)

A surface of a third release film (“SP-PET38103IGanufactured by LINTEC
Corporation), having a surface on which a releeesstrinent was performed by forming a
silicone-based release agent layer thereon, foohadolyethylene terephthalate film
having a thickness of 38n was coasted with the pressure sensitive adhesive
composition (iii) obtained in the above-describeahmer using a knife coater and dried,

thereby forming a pressure sensitive adhesive Kglymkness of fum).
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Next, the surface of the above-described basermakten which the coating
layer was formed, on a side opposite to the unsuéiace was subjected to a corona
treatment, the above-described pressure sensithvesave layer was allowed to adhere to
the surface on which the corona treatment was pedd, and the coating layer, the base
material, the pressure sensitive adhesive laydrtlanthird release film were laminated
on one another in this order, thereby obtainingrg Isecond laminate including a
support sheet.

Thereatfter, this long second laminate was wourigettormed into a roll, and
only a portion having a size of 300 mm in the widitection (the direction of the width
indicated by the reference numeral w1l of the ptotedilm-forming composite sheet 1
illustrated in FIG. 3) was cut from this second ilaate.

[0313]

(Production of protective film-forming compositee®t)

The second release film was removed from thelfirsinate obtained in the
above-described manner so that the circular priggetitm-forming film was exposed.
Further, the third release film was removed from$bBcond laminate obtained in the
above-described manner so that the pressure seraithesive layer was exposed. In
addition, the exposed surface of the above-destpbatective film-forming film was
allowed to adhere to the exposed surface of thespre sensitive adhesive layer, thereby
obtaining a third laminate corresponding to thegxtive film-forming composite sheet
formed by laminating the coating layer, the baséen, the pressure sensitive adhesive
layer, the protective film-forming film, and thedt release film in this order.

[0314]

The third laminate obtained in the above-describadner was subjected to half

cutting for making a notch in all of the coatingea, the base material, and the pressure
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sensitive adhesive layer from the coating layee siol as to draw a circle having a
diameter of 270 mm in a plan view. In this halftig, a notch was made in all of the
coating layer, the base material, and the presmmsitive adhesive layer such that the
circle having a diameter of 270 mm was concentitb tne circle having a diameter of
220 mm, on which the protective film-forming filmas formed, in a plan view.

Next, the third laminate was subjected to halfiogtfor making a notch in all of
the coating layer, the base material, and the presensitive adhesive layer from the
coating layer side so as to draw a pair of ar@shépeach other in the width direction
(the direction of the width indicated by the refeze numeral w1l of the protective
film-forming composite sheet 1 illustrated in FB}.of the third laminate, at a position
separated from the circle having a diameter offBA®by a distance of 20 mm outward
in the radial direction of this circle in a plarew.

This notch corresponding to the pair of arcs foentsirved peripheral portion on
the pressure sensitive adhesive layer indicatetidyeference numeral 121 in the
protective film-forming composite sheet 1 illusedtin FIG. 3. Further, the distance (20
mm) between the circle having a diameter of 270 ameh the arcs corresponds to the
reference numeral w2 in the protective film-formemmposite sheet 1 illustrated in FIG.
3.

[0315]

The above-described half cutting for drawing twacentric circles and a pair
of arcs was performed at a plurality of sites @f third laminate in the longitudinal
direction (the direction orthogonal to the direntiaf the width indicated by the reference
numeral wl of the protective film-forming compossteeet 1 illustrated in FIG. 3), and
half cutting for making a notch in all of the cowfilayer, the base material, and the

pressure sensitive adhesive layer was performed fine coating layer side such that two
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straight lines connecting arcs at sites adjaceaatt other in the longitudinal direction
in a plan view were drawn. The notch correspondirigvo straight lines forms a
planar peripheral portion on the pressure sensitilfesive layer indicated by the
reference numeral 122 in the protective film-forgngomposite sheet 1 illustrated in FIG.
3.

Next, the protective film-forming composite shidletstrated in FIGS. 1 and 3
was obtained by removing the coating layer, the lmaaterial, and the pressure sensitive
adhesive layer from the portion between the cineleing a diameter of 270 mm and the
pair of arcs and the portion interposed betweendtnaight lines connecting the arcs in a
plan view. The circular pressure sensitive adleeksiyer (support sheet) in the
protective film-forming composite sheet correspotadthe circular pressure sensitive
adhesive layer 12 (support sheet 10) having a demak of 270 mm in FIG. 3. In
addition, the first release film in the protectfiten-forming composite sheet corresponds
to the release film 15 in FIG. 3.

[0316]

[Example 2]

A protective film-forming composite sheet was afta according to the same
method as in Example 1 except that a base maktenéhg an uneven surface with a
surface roughness Ra ofiin was used in place of the base material havinghamen
surface with a surface roughness Ra offi4 as listed in Table 1.

[0317]

[Example 3]

A protective film-forming composite sheet was af¢a according to the same
method as in Example 1 except that a base makenahg an uneven surface with a

surface roughness Ra ofiin was used in place of the base material havinghamen
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surface with a surface roughness Ra ofifrdand the thickness of the coating layer was
set to 1um in place of 3um, as listed in Table 1.

[0318]

[Example 4]

A protective film-forming composite sheet was am¢a according to the same
method as in Example 1 except that the thicknesiseofoating layer was set tquin in
place of 3um, as listed in Table 1.

[0319]

[Example 5]

A protective film-forming composite sheet was af¢a according to the same
method as in Example 1 except that a base matenéhg an uneven surface with a
surface roughness Ra ofiin was used in place of the base material havinghamen
surface with a surface roughness Ra ofyidand the thickness of the coating layer was
set to 6um in place of 3um, as listed in Table 1.

[0320]

[Example 6]

A protective film-forming composite sheet was af¢a according to the same
method as in Example 1 except that a base makenahg an uneven surface with a
surface roughness Ra ofith was used in place of the base material havinghamen
surface with a surface roughness Ra ofidrdand the thickness of the coating layer was
set to 6um in place of 3um, as listed in Table 1.

[0321]

[Comparative Example 1]

A protective film-forming composite sheet was af¢a according to the same
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method as in Example 1 except that a base makenahg an uneven surface with a
surface roughness Ra ofiin was used in place of the base material havinghamen
surface with a surface roughness Ra ofi@rdand the coating layer was not formed, as
listed in Table 1.

[0322]

[Comparative Example 2]

A protective film-forming composite sheet was af¢a according to the same
method as in Example 1 except that the base miateagdisposed such that the uneven
surface was directed to the opposite side, in atlweds, the pressure sensitive adhesive
layer side (inside) and the coating layer was aohéd (in other words, the
configuration of the related art illustrated in FBGwvas employed), as listed in Table 1.

[0323]

[Comparative Example 3]

A protective film-forming composite sheet was am¢a according to the same
method as in Example 1 except that a base makenéhg an uneven surface with a
surface roughness Ra ofuin was used in place of the base material havingnamen
surface with a surface roughness Ra ofyiy} the base material was disposed such that
the uneven surface was directed to the opposies sicbther words, the pressure
sensitive adhesive layer side (inside), and thérapayer was not formed (in other
words, the configuration of the related art illaséd in FIG. 5 was employed), as listed in
Table 1.

[0324]

[Comparative Example 4]

A coating composition was prepared according ¢ostime method as in
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Example 1 except that spherical silica (“SC2050Mw#dnufactured by Admatechs Co.,

Ltd., average particle diameter of u&) which had the same solid content as silica sol
and was surface-modified with an epoxy group wasluis place of a dispersion liquid in
which the silica sol was dispersed in 2-ethoxyethan

Further, a protective film-forming composite sheets obtained according to
the same method as in Example 1 except that thisngpcomposition was used.

In the obtained protective film-forming compositeeet, the surface roughness
Ra of the outermost surface on the base matedialvgas 0.§im as listed in Table 1.

[0325]

<Evaluation of protective film-forming compositeeet>

[Laser printability]

In each of the obtained protective film-formingwguosite sheets of each
example and each comparative example, the firsasel film was removed, the pressure
sensitive adhesive layer was allowed to adherestaialess steel ring frame using an
adhering device (“RAD-2700F/12”, manufactured bNTEC Corporation), and the
protective film-forming film was allowed to adhdrethe rear surface of a silicon wafer
(outer diameter of 8 inches, thickness of i) heated to 7.

Next, the protective film-forming film was therrhatured by performing a heat
treatment on the protective film-forming film at®®& for 2 hours, thereby forming a
protective film.

Next, the protective film was irradiated with latight having a wavelength of
532 nm from the base material side under conditidras output of 0.6 W, a frequency
of 40 kHz, and a scanning speed of 100 mm/sec asprinting device (“VK9700”

manufactured by KEYENCE CORPORATION), and lasentong was performed on the
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protective film in the following two patterns (tpattern 1 and the pattern 2).

(Pattern)

Pattern 1: character size of 0.4 mr.5 mm, character spacing of 0.3 mm,
number of characters: 20

Pattern 2: character size of 0.2 mrd.5 mm, character spacing of 0.3 mm,
number of characters: 20

[0326]

Next, the visibility (laser printability) of theharacters, from the base material
side, formed on the protective film by performihg taser printing was evaluated based
on the following criteria. The results are listedrable 1.

(Evaluation criteria)

A: All the characters in the patterns 1 and 2 weear and the characters in the
patterns 1 and 2 were able to be read without probl

B: At least some characters in the pattern 2 waptear, but all characters in the
pattern 1 were clear and the characters in thempatt were able to be read without
problem.

C: At least some characters in both patterns 12andre unclear.

[0327]

[Blocking resistance (1)]

Each of the obtained protective film-forming corape sheets of each example
and each comparative example was wound aroundea made of an ABS resin with a
diameter of 3 inches, to have a length of 10 madlmived to stand in this state at room
temperature for 3 days.

Next, in the protective film-forming composite siteof Examples 1 to 5, ten

laminate units formed by laminating the coatingelayhe base material, the pressure
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sensitive adhesive layer, the protective film-fargifilm, and the first release film in this
order were sent out. Further, in the protectilra-forming composite sheets of
Comparative Examples 1 to 3, since the coating lexges not present, ten laminate units
formed by laminating the base material, the pressansitive adhesive layer, the
protective film-forming film, and the first releafibm in this order were sent out. At
this time, the presence of adhesion between coptatibns of the protective
film-forming composite sheet which were in contaith each other at the time of
winding and the degree of adhesion in a case wdsitesion occurred were evaluated
based on the following criteria. The results &s&ed in Table 1.

(Evaluation criteria)

A: Adhesion between the contact portions was oond at all.

B: Alow degree of adhesion between the contadigts was found, but the
protective film-forming composite sheet was ablédosent out without problem.

C: The contact portions partially adhered to eatbler completely and the first
release film was peeled off from the pressure sgasadhesive layer when the protective
film-forming composite sheet was sent out.

[0328]

[Blocking resistance (2)]

Each of the obtained protective film-forming corape sheets of each example
and each comparative example was cut into tapepavividth of 50 mm and a length of
100 mm. Further, during the cutting, the lengttection of the tape was made to
coincide with the application direction of the meie sensitive adhesive composition.

10 sheets of tape obtained in the above-descnizether were prepared to
obtain a test piece by laminating these sheetpaf.t At this time, in all cases of

Examples 1 to 5, these sheets of tape were landisaieh that the coating layer faced
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upward. Further, in all cases of Comparative EXamf to 3, since the coating layer
was not present, these sheets of tape were lardisath that the base material faced
upward. Next, this test piece was interposed batveo glass plates (width of 75 mm,
length of 15 mm, and thickness of 5 mm), the emdéinginate formed of these glass plates
and the test piece was placed on a predetermiteedssng one glass plate as the bottom
layer, and the test piece was pressed by placimgjght on the other glass plate used as
the top layer. The force applied to the test piadbe lamination direction of the tape
at this time was 980.665 mN (in other words, 100 giThe entire laminate formed of
the glass plates and the test piece was storechimist heat promoter (manufactured by
ESPEC Corp.) at 4C for 3 days in this state, and a heating and prggsomotion test
was performed on the test piece.

[0329]

Next, the test piece was taken out from the ni@st promoter, the first release
film as the bottom layer (the first release filmciontact with the glass plate as the bottom
layer) and the protective film-forming film adjadédn the first release film were
removed, the exposed pressure sensitive adhegeevas allowed to adhere to the
support plate through double-sided adhesive tapkttee test piece, after the heating and
pressing promotion test was performed, from whialy the first release film as the
bottom layer and the protective film-forming filrdjacent to the first release film were
removed was fixed to the support plate.

Next, in the above-described fixed test piecdnendases of Examples 1 to 5, the
laminate formed of the coating layer as the topiddyrthest from the support plate, the
base material, the pressure sensitive adhesive kye the protective film-forming film
was removed, the peeling force when the exposstrétease film was peeled off from

the coating layer adjacent to the first release fising a tensile testing machine under
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conditions of a peeling rate of 300 mm/min and @lipg angle of 180was measured.

In the above-described fixed test piece in thexas€omparative Examples 1 to 3, the
laminate formed of the base material as the togrlayrthest from the support plate, the
pressure sensitive adhesive layer, and the pregefttin-forming film was removed, the
peeling force when the exposed first release filas weeled off from the base material
adjacent to the first release film using a ten&ifting machine under conditions of a
peeling rate of 300 mm/min and a peeling angle86f Wvas measured. The measured
value of the peeling force of the first releasmfobtained in the above-described manner
was set as an index of the blocking resistancheptotective film-forming composite
sheet.

Further, in a case where the peeling force ofiteerelease film to be measured
was sufficiently small, the first release film whiwas the measurement target of the
peeling force was peeled off from the layer (thattw layer in the cases of Examples 1
to 5 and the base material in the cases of Coniparfakamples 1 to 3) adjacent to the
first release film first when the protective filmoftming film adjacent to the first release
film as the bottom layer (the first release filmciontact with the glass plate as the bottom
layer) as described above was intended to be reifoven the test piece taken out from
the moist heat promoter. In this case, the felase film as the bottom layer was
removed from the test piece taken out from the ti@at promoter, the protective
film-forming film was allowed to adhere to the sopipplate through double-sided
adhesive tape without removing this protective fitmrming film adjacent to the first
release film, the test piece from which only thstfrelease film as the bottom layer was
removed was fixed to the support plate, and thémgetorce of the first release film was
measured with respect to this fixed test piece.

The results are listed in Table 1.
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[Surface roughness Ra of outermost surface onrbaserial side]

In each of the obtained protective film-formingwguosite sheets of each
example and each comparative example, the surfacgness Ra of the outermost
surface on the base material side, in other wahdssurface of the coating layer on a
side opposite to the base material side was mahsisieg a contact type surface
roughness meter (“SURFTEST SV-3000”, manufactuseihutoyo Corporation) by
setting a cutoff valuac to 0.8 mm and an evaluation length Ln to 4 mmainformity
with JIS B 0601:2001. The results are listed ibl&dl. In the protective film-forming
composite sheets of Comparative Examples 1 toe3suiface roughness Ra of the
surface of the base material on a side oppositeetpressure sensitive adhesive layer
side was listed as the surface roughness Ra afuteemost surface of the base material
side, in Table 1.

[0331]

[Gloss value of surface of coating layer]

In each of the obtained protective film-formingwguosite sheets of each
example and each comparative example, the spegloksiness of the surface of the
coating layer at 20was measured from the coating layer side oppusiiee base
material side using a gloss meter (gloss meter 2030”, manufactured by Nippon
Denshoku Industries Co., Ltd.) in conformity will$ X 7105, and the measured value
was set as the gloss value of the surface of thgngplayer. The results are listed in
Table 1.

[0332]

[Value of haze measured from coating layer side]

In each of the obtained protective film-formingwguosite sheets of each
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example and each comparative example, the hazeneasured from the coating layer
side using a haze meter (“NDH-2000" manufacturedNippon Denshoku Industries Co.,

Ltd.) in conformity with JIS K 7136. The resultedisted in Table 1.



[0333]

[Table 1]

Example

Com

parative Examp

1

2

3

4

5

6

1

2

3

4

Coating laye
(thickness jim))

Present (3Present (3

Present (1

Present (1

Present (6

Present (6

) Absent

Absent

Absent

Present|(3)

Orientation of uneven surface of b
material

Outside

Qutside

Outsidg

> Outsid

e

Outside

Outg

ide siGait

Inside

Inside

Qutsid

Surface roughness Ra of uneven
surface of base material

(km)

0.4

0.4

0.4

0.4

Configuratiof
of protectiv

Surface roughness Ra of surface |of
base material on side opposite to
uneven surface

(um)

0.02

0.02

0.02

0.02

0.02

0.02

0.04

0.02

0.02

film-forming
composite
sheet

Surface roughness Ra of outermast
surface of base material side

(Lm)

0.02

0.02

0.1

0.02

0.02

0.05

0.0

o

[Thickness pm) of coating
layer]/[Surface roughness Ran{) of
uneven surface of base material

7.5

3.0

1.0

2.5

6.0

2.0

7.5

Thickness of pressure sensitive
adhesive layer

(Hm)

Haze of coating layer side
(%)

13

29

15

48

Gloss value of outermost surface
coating layer

66

52

63

31

Laser printability

Evaluation

Blocking resistance (1)

results

Blocking resistance (2)
(peeling force (MN/50 mm) of first
release film)

<5

<5

<5

22

27

<5
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[0334]

Each of the protective film-forming composite siseaf Examples 1 to 6
includes the coating layer on the outermost layethe base material side, and the gloss
value of the surface of the coating layer was specific range so that both of the laser
printability and the blocking resistance were eberl

Particularly, each of the protective film-formingmposite sheets of Examples 1,
2, 4, and 5 has excellent laser printability coredao each of the protective
film-forming composite sheets of Examples 3 andr] the reason for this was assumed
that the gloss value of the surface of the codtiggr in each of the protective
film-forming composite sheets of Examples 1, 2ard 5 was slightly larger and was in a
more suitable range.

Further, each of the protective film-forming corsjte sheets of Examples 1 to 4
has excellent blocking resistance compared to eattie protective film-forming
composite sheets of Examples 5 and 6, and therréasthis was assumed that the
thickness of the coating layer in each of the mtdte film-forming composite sheets of
Examples 1 to 4 was smaller.

Moreover, in each of the protective film-formingnesposite sheets of Examples
1 to 6, a gap portion between the base materiattengressure sensitive adhesive layer
was not found.

[0335]

Meanwhile, the protective film-forming compositeegt of Comparative
Example 1 had excellent blocking resistance, beifdker printability thereof was
degraded because the surface (rear surface) bbeematerial on a side opposite to the
surface (front surface) where the pressure seastilhesive layer was provided was

uneven surface and the coating layer was not presermilar to the sheet illustrated in
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FIG. 4.

[0336]

Similar to the sheet illustrated in FIG. 5, thetpctive film-forming composite
sheet of Comparative Example 2 had excellent lagetability, but the blocking
resistance thereof was degraded because the s(rdacesurface) of the base material on
a side opposite to the surface (front surface) eiiee pressure sensitive adhesive layer
was provided was a smooth surface and the coatyey ivas not present. The
protective film-forming composite sheet of CompaaExample 3 had poor blocking
resistance and laser printability even though tie¢egtive film-forming composite sheet
of Comparative Example 3 had the same configura®the protective film-forming
composite sheet of Comparative Example 2. Theorefts this was assumed that the
surface (front surface) of the base material ol@ where the pressure sensitive
adhesive layer was provided was an uneven surfatéhe surface roughness Ra thereof
was larger than that of the protective film-formicmposite sheet of Comparative
Example 2. In Comparative Example 3, it was asslihat the shape of the uneven
surface was reflected on the surface of the prigtgeéitm because the surface roughness
Ra of the uneven surface was large, and the defragevenness in the surface of the
protective film was higher than the case of ComjpagadExample 2 and thus irregular
reflection of light was further increased and taselr printability was further degraded.
Further, in both protective film-forming composstieeets of Comparative Examples 2
and 3, a gap portion was found between the unawdace of the base material and the
pressure sensitive adhesive layer, and the gappant Comparative Example 3 was
larger than the gap portion of Comparative Exar@psence the surface roughness Ra of
the uneven surface was larger than that of comparBxkample 2. Therefore, it was

assumed that irregular reflection of light wasliertincreased and the laser printability
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was further degraded in the case of Comparativenpl&3 compared to the case of
Comparative Example 2.

[0337]

Similar to the protective film-forming compositeeet of Example 1, the
protective film-forming composite sheet of CompamExample 4 had excellent
blocking resistance, but the laser printability wlagraded because the surface (rear
surface) of the base material on a side oppostiestsurface (front surface) where the
pressure sensitive adhesive layer was providecawaseven surface and the coating
layer was also present. The reason for this waisnasd that the gloss value of the
surface of the coating layer in the protective filonrming composite sheet of

Comparative Example 4 was small and was not iritatda range.

Industrial Applicability
[0338]
The present invention can be used for manufagwisemiconductor chip or

the like whose rear surface is protected by a ptiwefilm.

Reference Signs List
[0339]
1, 2: protective film-forming composite sheet
10: support sheet
10a: surface of support sheet
10b: rear surface of support sheet
11: base material

11a: surface of base material
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11b: rear surface of base material

12: pressure sensitive adhesive layer

12a: surface of pressure sensitive adhesive layer
13, 23: protective film-forming film

13a, 23a: surface of protective film-forming film
14: coating layer

14a: surface of coating layer

14b: rear surface of coating layer

15: release film

15a: surface of release film

16: adhesive layer for jig

16a: surface of adhesive layer for jig
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CLAIMS

1. A protective film-forming composite sheet cammg:

a support sheet;

a protective film-forming film provided on one $are of the support sheet; and

a coating layer provided on a surface of the sttpgieet on a side opposite to a
side where the protective film-forming film is pided,

wherein a gloss value of a surface of the cod#iggr on a side opposite to a
side where the coating layer and the support sireah contact with each other is in a

range of 32 to 95.

2. The protective film-forming composite sheat@ding to claim 1,

wherein a peeling force of a release film measambrding to the following
method using the protective film-forming compositeeet which further includes the
release film on the protective film-forming film 1 mN/50 mm or less,

(method of measuring peeling force of release)film

the protective film-forming composite sheet havingidth of 50 mm and a
length of 200 mm which includes the protective filonming film on which the release
film is provided is formed into a laminate whossffioutermost layer is the coating layer
and second outermost layer is the release filmvieylapping a plurality of the coating
layers such that all the coating layers are ditktiehe same direction and a total
thickness of the coating layers is in a range afol®@0um, the laminate is allowed to
stand at 4€C for 3 days in a lamination direction of the patiee film-forming
composite sheet while a force of 980.665 mN isiapghereto, and the peeling force

when the release film closest to the coating lay@ch is the first outermost layer in the
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lamination direction is peeled off from the coatlager adjacent to the release film
under conditions of a peeling rate of 300 mm/mid arpeeling angle of 180s

measured.

3. The protective film-forming composite sheet@ding to claim 1 or 2,

wherein the support sheet includes a base magaribh pressure sensitive
adhesive layer which are laminated on each othelr, a

the protective film-forming composite sheet isthed by laminating the coating
layer, the base material, the pressure sensitilvesiek layer, and the protective

film-forming film in this order.

4. The protective film-forming composite sheeat@ding to claim 3,
wherein the pressure sensitive adhesive layaerdeg ray curable or

non-energy ray curable.

5. The protective film-forming composite sheet@ding to any one of claims
1to 4,

wherein the protective film-forming film is thermeiting or energy ray curable.



