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DESCRIPTION

Title of Invention

PROTECTIVE FILM-FORMING COMPOSITE SHEET

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.

Priority is claimed on Japanese Patent Applicalon2016-042689, filed on

March 4, 2016, the content of which is incorpordtecein by reference.

Background Art

[0002]

In recent years, semiconductor devices are manu&tusing a mounting
method which is referred to as a face down systeim.a face down system, a
semiconductor chip having an electrode such asrgphan a circuit surface is used so
that the electrode and a substrate are bondecattoather. In some cases, the rear
surface of the chip on a side opposite to the tisuurface is exposed.

[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 afteicand step or packaging.

[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 basterie 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-formifilm or the pressure sensitive
adhesive layer of the base material is subjectedstarface treatment in some cases.
The protective film-forming composite sheet camime into a sheet in which the
protective film-forming film has a protective filfiorming ability, the support sheet can
function as a dicing sheet, and the protective-finming film and the dicing sheet are
integrated with each other.

[0005]

One or both surfaces of the base material befeirgytprocessed 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
cases where the base material does not have arrusbkape. 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 shown in FIG.
4. FIG. 4 is a cross-sectional view schematicstigwing an example of a protective
film-forming composite sheet of the related artn the accompanying drawings used for
description below, in order to facilitate understimg of the characteristics of the

protective film-forming composite sheet, portioeswsng as main portions are shown in
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an enlarged manner in some cases for convenierib@atthe dimension ratios of
respective constituent elements are not necessaeilgame as the actual dimension
ratios thereof.

[0007]

A protective film-forming composite sheet 9 of tiedated art shown 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 suefé@ar surface) 90b of the support
sheet 90 on a side opposite to a surface (frofdcse)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 surfatiethe protective film-forming
composite sheet 9, since the rear surface 91kedidbe material 91 is an uneven surface
as described above, blocking is suppressed whepatbee material 91 is wound to be
formed into aroll. In other words, adhesion betwéhe laminated portions in the
protective film-forming composite sheet 9, morecsfieally, adhesion between the rear
surface 91b of the base material 91 and an expaséace (front surface) 15a of the
release film 15 is suppressed.

[0008]

In the protective film-forming composite sheet #urface on the support sheet
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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
some cases. The laser printing is performed byliating 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 laggimy becomes unclear.

[0009]

As a protective film-forming composite sheet whisltapable of preventing
such irregular reflection of light, a protectiveriforming composite sheet 8 having a
configuration shown in FIG. 5 has been known (faraple, see Patent Document 1).

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

[0010]

A protective film-forming composite sheet 8 of ttedated art shown here
includes a support sheet 80; and a protective filrming film 13 on the support sheet
90 similar to the protective film-forming composttkeet 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 sh8, a surface (front surface) 81a of

the base material 81 where the pressure sensihesave layer 12 is provided is an
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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
sheet 80, the protective film-forming film 13, at@ release film 15 are respectively the
same as the base material 91 in the support sbetieprotective 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 su(fiam@ 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 fodh@to 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 peate 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 havgfecently large thickness so as to
eliminate the uneven shape from the surface 81laedbase 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 beas unclear.

As described above, in the related art, a pratediim-forming composite sheet

which is capable of achieving both suppression@tking and clear laser printing on a



protective film has not been present.

Citation List
Patent Literature
5 [0012]

[Patent Document 1] Japanese Patent No. 5432853

Summary of Invention
Technical Problem
10 [0013]
An object of the present invention is to provideratective film-forming
composite sheet which is used for forming a protedtlm on a rear surface of a
semiconductor chip and is capable of suppressimgckiyig and performing clear laser
printing on the protective film.
15
Solution to Problem
[0014]
According to the present invention, there is ptled a protective film-forming
composite sheet including: a support sheet; a giigeefilm-forming film provided on
20 one surface of the support sheet; and a coatirgy [apvided on a surface of the support
sheet on a side opposite to a side where the piradim-forming film is provided, in
which a surface roughness Ra of a surface of taBngplayer on a side opposite to a side
where the coating layer is in contact with the suppheet is smaller than that of the
surface of the support sheet on a side where thgngolayer is provided.

25 [0015]



10

15

20

25

7

In the protective film-forming composite sheetlué present invention, a
peeling force of a release film measured accortbrtge following method using the
protective film-forming composite sheet which fuathincludes the release film on the
protective film-forming film may be 10 mN/50 mm 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 whosee@utermost layer is the coating layer
and the other outermost layer is the release filroverlapping a plurality of the
protective film-forming composite sheets such #ibthe coating layers are directed to
the same direction and a total thickness of théirgéayers is in a range of 10 to A,
the laminate is allowed to stand af@Cdfor 3 days in a lamination direction of the
protective film-forming composite sheet while adenf 980.665 mN is applied thereto,
and the peeling force when the release film cloeite coating layer which is the
outermost layer in the lamination direction is peedbff from the coating layer adjacent
to the release film under conditions of a peeleig 0of 300 mm/min and a peeling angle
of 180 is measured.

[0016]

In the protective film-forming composite sheetloé present invention, the
support sheet may include a base material andsayme= sensitive adhesive layer which
are laminated on each other, and the protectirefirming composite sheet may be
formed by laminating the coating layer, the baséenil, the pressure sensitive adhesive
layer, and the protective film-forming film in thisder.

In the protective film-forming composite sheetloé present invention, the

pressure sensitive adhesive layer may be energyuraple or non-energy ray curable.
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In the protective film-forming composite sheetloé present invention, the

protective film-forming film may be thermosetting @nergy ray curable.

Advantageous Effects of Invention

[0017]

The protective film-forming composite sheet of fresent invention is used for
forming a protective film on a rear surface of mgmwnductor chip. By using this
protective film-forming composite sheet, blockinglwe protective film-forming
composite sheet can be suppressed and clear tag@rgpcan be performed on the

protective film.

Brief Description of Drawings

[0018]

FIG. 1 is a cross-sectional view schematicallyshg an embodiment of a
protective film-forming composite sheet accordiodtte present invention.

FIG. 2 is a cross-sectional view schematicallyshg another embodiment of a
protective film-forming composite sheet accordiadtte present invention.

FIG. 3 is a plan view showing a protective filnrffong composite sheet
produced in an example.

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

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

protective film-forming composite sheet of the tethart.

Description of Embodiments
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Protective film-forming composite sheet

A protective film-forming composite sheet accoglin the present invention
includes a support sheet; a protective film-formiilg provided on one surface of the
support sheet; and a coating layer provided orstinace of the support sheet on a side
opposite to a side where the protective film-forgniitm is provided, in which a surface
roughness Ra of the surface of the coating layex side opposite to a side where the
coating layer is in contact with the support sheesmaller than that of the surface of the
support sheet on a side where the coating laysoigded.

[0020]

In the protective film-forming composite sheet surface roughness Ra of the
surface of the coating layer on a side oppositeswle where the coating layer is in
contact with the support sheet is smaller thandh#te surface of the support sheet on a
side where the coating layer is provided. In otherds, the surface of the coating layer
on a side opposite to a side where the coating laya contact with the support sheet is
a smooth surface or a surface with a degree ofregappd unevenness. Therefore, in a
case where the surface of the coating layer witlwasurface roughness Ra is irradiated
with laser light, irregular reflection of lasertigon the surface is suppressed.
Accordingly, the protective film obtained after thtective film-forming film is cured
is irradiated with laser light through the supmitéet from the coating layer side, clear
laser printing can be performed on the protective. f

[0021]

Further, the coating layer in the protective filonming composite sheet is
easily and moderately slides against the materiabntact with the coating layer and has

antistatic properties. Therefore, adhesion betvieemaminated portions of the
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protective film-forming composite sheet, that imdking is suppressed when the
protective film-forming composite sheet is wound&formed into a roll.

[0022]

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 lang@dagtructure of the support sheet and
the protective film is maintained. Further, inase where the support sheet in the
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 finming 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.

[0023]

FIG. 1 is a cross-sectional view schematicallyshg an embodiment of a
protective film-forming composite sheet accordiodtte present invention.

A protective film-forming composite sheet 1 showere includes a support
sheet 10; a protective film-forming film 13 on oswface 10a of the support sheet 10;
and a coating layer 14 on the other surface (nedace) 10b 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 othemahaides the pressure sensitive
adhesive layer 12 on one surface 11a of the baterialdll; the coating layer 14 on the
other surface (rear surface) 11b of the base raatetj 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 fBrorithe protective film-forming film
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13, and the release film 15 is removed at the binesing the protective film-forming
composite sheet 1. A protective film is obtaindtew the protective film-forming film
13 is cured.

[0024]

In the protective film-forming composite sheetHe 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 tearface 12a of the pressure sensitive
adhesive layer 12. Further, the release film 18nsnated on the exposed surface on
which the protective film-forming film 13 is notrténated in the surface 12a of the
pressure sensitive adhesive layer 12 and a sutfzecéthat is, the upper surface and the
side surfaces) of the protective film-forming filk8.

A gap portion may be present between the relelmsd b 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 likelylde generated in the side surfaces of
the protective film-forming film 13 and in a regiamthe vicinity of the protective
film-forming film 13 in the surface 12a of the psese sensitive adhesive layer 12.

[0025]

In the protective film-forming composite sheetHte 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 unesweface. In addition, the coating
layer 14 is provided by covering this uneven swgfacThe surface roughness Ra of the
surface (rear surface) 14b of the coating layeori4 side opposite to the surface (front

surface) 14a where the coating layer 14 is in aimtéh the support sheet 10 (base
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material 11) is smaller than that of the rear si.@fa0b of the support sheet 10 (that is,
the rear surface 11b of the base material 11).a dase where laser printing is performed
on the protective film (not shown) formed from th®tective 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, theface roughness Ra of the rear
surface 14b of the coating layer 14 is small, 4 irregular reflection of laser light on
the coating layer 14 is suppressed. Thereforar tdser printing can be performed on
the protective film.

[0026]

In the present specification, the “surface rougisrea” indicates a so-called
arithmetic average roughness which is defined$nBI0601:2001 unless otherwise
noted.

[0027]

Further, since the protective film-forming compgesheet 1 includes the coating
layer 14, adhesion between laminated portionseptiotective film-forming composite
sheet 1, that is, blocking is suppressed evercasa where the protective film-forming
composite sheet 1 is wound to be formed into a rdilore specifically, adhesion
between the rear surface 11b of the base matdriahd the exposed surface (front
surface) 15a of the release film 15 is suppressed.

[0028]

The surface 11a of the base material 11 in thieptive 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
is a smooth surface from the viewpoint that gememaaf a gap portion between the base

material 11 and the pressure sensitive adhesieg E/is suppressed and the protective
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film-forming composite sheet 1 are likely to havefprable characteristics.

[0029]

When the protective film-forming composite sheshbwn in FIG. 1 is used, the
release film 15 is removed and the rear surfacesefmiconductor wafer (not shown) is
allowed to adhere to the surface 13a of the proteitm-forming film 13. Further, the
exposed surface, in the surface 12a of the pressmstive adhesive layer 12, on which
the protective film-forming film 13 is not laminatés allowed to adhere to a jig such as a
ring frame.

[0030]

FIG. 2 is a cross-sectional view schematicallyshg another embodiment of a
protective film-forming composite sheet accordiadtte present invention. In FIG. 2,
the same constituent elements as those shown irlFd(& denoted by the same
reference numerals as in FIG. 1 and the descrigiiereof will not be repeated. The
same applies to the accompanying drawings subsetpuEiG. 2.

[0031]

In a protective film-forming composite sheet 2\whdere, a protective
film-forming film 23 is laminated on the entire face 12a of a pressure sensitive
adhesive layer 12, and an adhesive layer 16 figria jaminated on a part of a surface
23a of the protective film-forming film 23. Furthén the protective film-forming
composite sheet 2, a release film 15 is laminatethe exposed surface on which the
adhesive layer 16 for a jig is not laminated inshe&ace 23a of the protective
film-forming film 23 and a surface 16a (the upperface and the side surfaces) of the
adhesive layer 16 for a jig. Except for these {mithe protective film-forming
composite sheet 2 is the same as the protectimefétming composite sheet 1 shown in

FIG. 1.
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[0032]

A gap portion may be present between the relemsd 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 getestan the side surfaces of the adhesive
layer 16 for a jig and in a region in the vicindf/the adhesive layer 16 for a jig in the
surface 23a of the protective film-forming film 23.

[0033]

Even in the protective film-forming composite sh2esimilar to the case of the
protective film-forming composite sheet 1, the rearface 10b (the rear surface 11b of
the base material 11) of the support sheet 10 isyamen surface, and the coating layer
14 is provided by covering the uneven surface. ofaingly, the surface roughness Ra
of the rear surface 14b of the coating layer 18maller than that of the rear surface 10b
of the support sheet 10. Therefore, clear lasatipg can be performed on the
protective film formed from the protective film-foing film 23.

[0034]

Since the protective film-forming composite sh2atcludes the coating layer
14, adhesion between laminated portions of theeptve film-forming composite sheet
2, that is, blocking is suppressed even in a cdmravthe protective film-forming
composite sheet 2 is wound to be formed into a roll

[0035]

When the protective film-forming composite shesh®wn in FIG. 2 is used, the
release film 15 is removed and the rear surfackeoemiconductor wafer (not shown) is
allowed to adhere to the surface 23a of the proe&itm-forming film 23. Further, the
upper surface in the surface 16a of the adhesyes [E6 for a jig is allowed to adhere to

a jig such as a ring frame.



10

15

20

25

15
[0036]

The protective film-forming composite sheet of gresent invention is not
limited to those shown in FIGS. 1 and 2, a pathefconfigurations shown in FIGS. 1
and 2 may be changed or eliminated within the rarmjelamaging the effects of the
present invention, and other configurations magdded to the configurations which
have been described so far.

Hereinafter, each configuration of the protecfilra-forming composite sheet
according to the present invention will be desaillemore detail.

[0037]

Support sheet

The support sheet is not particularly limited @sgl as the protective
film-forming film can be provided thereon. Examgplef the support sheet include a
sheet that plays a role of a release sheet usguideenting attachment of dust or the like
to the surface of the protective film-forming filmnd a sheet that plays a role of a dicing
sheet used for protecting the surface of the ptigte@lm-forming film 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 figfighrocessing sheets of semiconductor
wafers; and a sheet formed by laminating a basermaband a pressure sensitive
adhesive layer on each other.

[0038]

The support sheet may be formed of one layer lgsiiager) or two or more
layers (plurality of layers). In a case wheregbpport 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
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layers may be the same as one another. Furthecase where a plurality of layers are
different from one another, the combination of arality of these layers is not
particularly limited. Here, the expression of ‘larlity of layers are different from one
another” means that at least one of the matenmalstze thicknesses of respective layers
are different from one another.

[0039]

The thickness of the support sheet may be apptabyiselected 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®
pum from the viewpoints of performing clearer lasanging on the protective film,
imparting sufficient flexibility to the protectivildm-forming composite sheet, and
improving the adhesiveness of the support shetbietsemiconductor wafer.  Further,

for example, the thickness thereof may be in agaiglO to 17%m or in a range of 50

to 150um.

Here, the “thickness of the support sheet” indisdhe total thickness of
respective layers constituting the support sheBar 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 indicihies$otal value of the thickness of the
base material and the thickness of the pressusttiseradhesive layer.

Further, at least one surface of the support shagtbe an uneven surface. In
a portion having a projection in the uneven surfafciie support sheet, the thickness of
the support sheet can be calculated using thd thisoprojection as one starting point.

[0040]

Base material
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As the material of the base material, variousweare preferable.

Specific examples of the resins include polyethglésuch as low density
polyethylene (LDPE), linear low density polyethyeti LDPE), or high density
polyethylene (HDPE)), polypropylene, an ethylenepgtene copolymer, polybutene,
polybutadiene, polymethylpentene, polyvinyl chleria vinyl chloride copolymer,
polyethylene terephthalate, polyethylene naphtbafatlybutylene terephthalate,
polyurethane, polyurethane acrylate, polyimideetinylene-vinyl acetate copolymer, an
ionomer resin, an ethylene-(meth)acrylic acid cppar, an ethylene-(meth)acrylic acid
ester copolymer, polystyrene, polycarbonate, aith@oresin, and a water additive, a
modified product, a cross-linked product, or a dgper of any of these resins.

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

[0041]

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 thadetd purpose thereof, but is
preferably in a range of 15 to 30fn and more preferably in a range of 20 to P60
Further, for example, the thickness thereof mayntserange of 30 to 17%m, in a range
of 40 to 150um, or in a range of 50 to 12Bn. In a case where the thickness of the
base material is in the above-described rangd]ekibility of the protective
film-forming composite sheet and the adhesivenéfisedbase material to the
semiconductor wafer or the semiconductor chip artér improved.

[0042]

The base material may be formed of one layer Isilager) or two or more

layers (plurality of layers). In a case wherelthse material is formed of a plurality of
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layers, a plurality of these layers may be the sasner different from one another.
Here, the expression of “a plurality of layers nteythe 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 formedphdrality of layers, the total
thickness of respective layers may be set to balbee-described preferable thickness
of the base material.

[0043]

The surface roughness Ra of the surface (frofsey 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 thefipaserial can be adjusted by
changing conditions for forming the base mateniatanditions for the surface treatment
of the base material.

[0044]

Examples of a method of dicing a semiconductoewtf be individualized into
a semiconductor chip include a method of usingéiding 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 lasertlighan infrared region so as to be

focused on a focal point set in a semiconductoewand applying a force to the
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semiconductor wafer after a modified layer is fodnethe semiconductor wafer so that
the semiconductor wafer is divided and individuadizn the portion where the modified
layer is formed is exemplary example not includethe methods using 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 semicondwudfer is individualized by forming
a modified layer in the semiconductor wafer.

[0045]

The surface roughness Ra of the surface (reaac)rbf the base material on a
side opposite to the surface (front surface) wiieeepressure sensitive adhesive layer is
provided, that is, the surface roughness Ra o$uiniace (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 thanqueildéo 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 baseemak and the conditions for the
surface treatment of the base material.

[0046]
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The resin serving as the material of the basenmaataay be cross-linked.

Further, the base material using a resin as ditgers material may be formed
into a sheet by extrusion forming of a thermoptasgsin, stretched, or formed into a
sheet by being thinned or cured by known meana farrable resin.

Further, the base material may be colored or gulint

[0047]

From the viewpoint that the base material has rdipg 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.

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 layéta&o or more layers) of a
polypropylene layer and resin layers other thaygrolpylene.

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

[0048]

In order to improve the adhesiveness betweenrdgspre sensitive adhesive
layer provided on the base material and the piigeéitm-forming film, the surface of
the base material may be subjected to a roughérgagnent 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
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air treatment. In addition, the surface of thecbasterial may be subjected to a primer
treatment.

[0049]

Pressure sensitive adhesive layer

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

The pressure sensitive adhesive layer can be tbusieg a pressure sensitive
adhesive composition containing various componsmts as a pressure sensitive
adhesive for constituting the pressure sensitiveeside layer. The ratio of the amounts
of components in the pressure sensitive adhesivgasition that do not vaporize at
ordinary temperature is typically the same as #tie of the amounts of components in
the pressure sensitive adhesive layer. In theeptespecification, “ordinary
temperature” indicates a temperature which is adigqularly cooled or heated, that is,
normal temperature, and a temperature 6C1® 25C is an exemplary example.

[0050]

The thickness of the pressure sensitive adheayer 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 3to 50um. Further, for example, the thickness thereof teyjn a range of 3 to 35
um, in a range of 3 to 20m, or in a range of 3 to Jm.

[0051]

The pressure sensitive adhesive layer may be tbofhene layer (single layer)
or two or more layers (plurality of layers). Ilitase where the pressure sensitive

adhesive layer is formed of a plurality of layexglurality of these layers may be the
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same as or different from one another. Here, tpeession of “a plurality of layers
may be the same as or different from one anothes the same definition as in the case
of the support sheet described above.

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

[0052]

Examples of the pressure sensitive adhesive indugressure sensitive
adhesive resin such as an acrylic resin, a uretbased resin, a rubber-based resin, a
silicone-based resin, or a vinyl ether-based resin.a case of classification from the
viewpoint of the function of the resin, an energy curable resin or the like is an
exemplary example of the pressure sensitive adhesiv

[0053]

In the present specification, the “energy ray”idaties one that has an energy
guantum in an electromagnetic wave or a chargetitjfgaray, and examples thereof
include ultraviolet rays, radiation, and electr@ains. Ultraviolet rays can be applied
using a high pressure mercury lamp, a fusion H |aangenon lamp, a black light, or an
LED lamp as an ultraviolet ray source. The elettsteams can be used by applying
those generated by an electron beam acceleratbe tike.

In the present specification, the term “energyaasable” indicates the property
of being cured by irradiation with energy rays éimel term “non-energy ray curable”
indicates the property of not being cured evernriadiation with energy rays.

[0054]

Examples of the energy ray curable resin incledens having polymerizable

groups such as a (meth)acryloyl group and a virglig.
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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.

[0055]

The pressure sensitive adhesive layer becomegyersr curable in a case
where the pressure sensitive adhesive layer cantaimponents 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 polymdrizaeirradiation with energy rays.

[0056]

<<Pressure sensitive adhesive composition>>

Preferred examples of the pressure sensitive aghesmposition include those
containing components to be polymerized by irradimtwith energy rays. Examples of
such a pressure sensitive adhesive compositiondac composition that contains an
acrylic resin and an energy ray polymerizable cammgo(hereinafter, also abbreviated as
a “pressure sensitive adhesive composition (i) aecomposition that contains an
acrylic resin containing a hydroxyl group and aypmtrizable group in a side chain and
an isocyanate-based cross-linking agent (herematto abbreviated as a “pressure
sensitive adhesive composition (ii)"). Exampleshaf acrylic resin which contains a
hydroxyl group and a polymerizable group in a sidain include an acrylic resin which
contains a hydroxyl group and a polymerizable grioup side chain through a urethane
bond.

[0057]
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<Pressure sensitive adhesive composition (i)>

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

Hereinafter, each component will be described.

[0058]

[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.

[0059]

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 (metilate, propyl (meth)acrylate, butyl
(meth)acrylate, pentyl (meth)acrylate, hexyl (mathnylate, heptyl (meth)acrylate,
n-octyl (meth)acrylate, isooctyl (meth)acrylategtylhexyl (meth)acrylate, n-nonyl
(meth)acrylate, isononyl (meth)acrylate, decyl (matrylate, undecyl (meth)acrylate,
dodecyl (meth)acrylate (lauryl (meth)acrylate)dédyl (meth)acrylate, tetradecyl
(meth)acrylate (myristyl (meth)acrylate), a pentadiémeth)acrylate group, hexadecyl
(meth)acrylate (palmityl (meth)acrylate), heptaddnyeth)acrylate, octadecyl
(meth)acrylate (stearyl (meth)acrylate), or isodetyl (meth)acrylate (isostearyl
(meth)acrylate); (meth)acrylic acid cycloalkyl essech as isobornyl (meth)acrylate or
dicyclopentanyl (meth)acrylate; (meth)acrylic aardlkyl ester such as benzyl
(meth)acrylate; (meth)acrylic acid cycloalkenylegguch as (meth)acrylic acid

dicyclopentenyl ester; (meth)acrylic acid cycloaldexy alkyl ester such as
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(meth)acrylic acid dicyclopentenyloxy ethyl esiemide (meth)acrylate; glycidyl

group-containing (meth)acrylic acid ester suchlgsidyl (meth)acrylate; and hydroxyl
group-containing (meth)acrylic acid ester suchyadxymethyl (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.

[0060]

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

[0061]

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.

[0062]

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

[0063]

The amount of the acrylic resin in the pressunsis@e adhesive composition
(i) is preferably in a range of 40% to 99% by maisd more preferably in a range of 50%
to 91% by mass with respect to the total amouiaflafomponents contained in the
pressure sensitive adhesive composition (i) otien the solvent.

[0064]

[Energy ray polymerizable compound]

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

[0065]

Examples of the energy ray polymerizable compadoaolide a
low-molecular-weight compound (a monofunctionapotyfunctional monomer or
oligomer) containing an energy ray polymerizableugr.

More specific examples of the energy ray polynadie compound include
acrylates such as acrylate such as trimethylolprepaacrylate, tetramethylolmethane
tetraacrylate, pentaerythritol triacrylate, dipemgahritol monohydroxypentaacrylate,
dipentaerythritol hexaacrylate, 1,4-butylene glydiaicrylate, or 1,6-hexanediol
diacrylate; cyclic aliphatic skeleton-containingyate such as dicyclopentadiene
dimethoxy diacrylate; and an acrylate-based comg@uich as polyethylene glycol
diacrylate, oligoester acrylate, urethane acryddigomer, epoxy-modified acrylate,
polyether acrylate, or itaconic acid oligomer.

[0066]

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

[0067]

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

[0068]

The amount of the energy ray polymerizable comgaarthe pressure sensitive
adhesive composition (i) is preferably in a ranf& o 125 parts by mass and more

preferably in a range of 10 to 125 parts by masis weispect to 100 parts by mass of the
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amount of the acrylic resin.

[0069]

[Photopolymerization initiator]

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

A known one may be used as the photopolymerizatibiator.

Specific examples of the photopolymerization atir include am-ketol-based
compound such as 4-(2-hydroxyethoxy)phenyl(2-hygi®»propyl)ketone,
a-hydroxy-a,a’-dimethylacetophenone, 2-methyl-2-hydroxypropiopbee,
1-hydroxycyclohexylphenylketone, or
2-hydroxy-1-{4-[4-(2-hydroxy-2-methyl-propionyl)-lbeyl]phenyl}-2-methyl-propan-1-
one; an acetophenone-based compound such as matietogphenone,
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-naphthalenengufbloride; a photoactive
oxime-based compound such as
1-phenone-1,1-propanedione-2-(o-ethoxycarbonyl)exiambenzophenone-based
compound such as benzophenone, benzoylbenzoicaaicid,
3,3’-dimethyl-4-methoxybenzophenone; a thioxanthbased compound such as
thioxanthone, 2-chlorothioxanthone, 2-methylthiakeme, 2,4-dimethylthioxanthone,
isopropylthioxanthone, 2,4-dichlorothioxanthonel-g8iethylthioxanthone, or

2,4-diisopropylthioxanthone; camphor quinone; haluged ketone; acyl phosphine
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oxide; and acyl phosphonate.

[0070]

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

[0071]

In a case of using the photopolymerization initiathe amount of the
photopolymerization initiator in the pressure stwsiadhesive composition (i) is
preferably in a range of 0.1 to 10 parts by massmaare preferably in a range of 1 to 5
parts by mass with respect to 100 parts by madseaimount of the energy ray
polymerizable compound. In a case where the amafuihe 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 amount of the photopolymerization initias less than or equal to the
above-described upper limit, generation of by-potsldue to an excessive amount of
photopolymerization initiator is suppressed andpiessure sensitive adhesive layer is
more satisfactorily cured.

[0072]

[Cross-linking agent]

The pressure sensitive adhesive composition (§) coatain a cross-linking
agent other than the acrylic resin and the enexgyolymerizable compound.

Examples of the cross-linking agent include araonig polyvalent isocyanate
compound and an organic polyvalent imine compound.

[0073]

Examples of the organic polyvalent isocyanate caump include an aromatic

polyvalent isocyanate compound, an aliphatic pdmaisocyanate compound, an
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alicyclic polyvalent isocyanate compound, trimefsh@se compounds, an isocyanurate
product, an adduct product, and a terminal isodgangethane prepolymer obtained by
reacting the aromatic polyvalent isocyanate comgpthre aliphatic polyvalent
isocyanate compound or the alicyclic polyvalentysmate compound, and a polyol
compound. The adduct product indicates a reaofahie aromatic polyvalent
isocyanate compound, the aliphatic polyvalent isoeye compound or the alicyclic
polyvalent isocyanate compound, and a low-molecdéive hydrogen-containing
compound such as ethylene glycol, propylene glyoabpentyl glycol,
trimethylolpropane, or castor oil.

[0074]

More specific examples of the organic polyvalesayanate 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 dipHemgthane diisocyanate;
hexamethylene diisocyanate; isophorone diisocyanate
dicylohexylmethane-4,4’-diisocyanate; dicyclohexglimane-2,4’-diisocyanate; a
compound obtained by adding any or both of tolyldieocyanate and hexamethylene
diisocyanate to all or some hydroxyl groups in fyglosuch as trimethylolpropane; and
lysine diisocyanate.

[0075]

Examples of the organic polyvalent imine compoinuiude
N,N-diphenylmethane-4,4’-bis(1-aziridinecarboxamjde
trimethylolpropane-tr3-aziridinyl propionate, tetramethylolmethanefraziridinyl
propionate, and N,N’-toluene-2,4-bis(1-aziridindzatamide)triethylene melamine.

[0076]
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In a case where an isocyanate compound is usedrass-linking agent, it is
preferable to use a hydroxyl group-containing payms an acrylic resin. In a case
where the cross-linking agent contains an isocyageadup and the acrylic resin contains
a hydroxyl group, a cross-linked structure candmlg introduced into the pressure
sensitive adhesive layer by reacting the isocyagratep with the hydroxyl group.

[0077]

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

[0078]

In a case of using a cross-linking agent, the arhotithe 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 amount of the acrylic resin.

[0079]

[Solvent]

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

The solvent is not particularly limited.

Preferred examples thereof include a hydrocarbich as toluene or xylene; an
alcohol such as methanol, ethanol, 2-propanol uigblalcohol (2-methylpropan-1-ol), or
1-butanol; an ester such as ethyl acetate; a kestaeteas acetone or methyl ethyl ketone;
an ether such as tetrahydrofuran; and an amideni@eund having an amide bond) such
as dimethylformamide or N-methylpyrrolidone.

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

[0080]

The amount of the solvent in the pressure seesitilhesive composition (i) in a
case where the pressure sensitive adhesive compasjtcontains a solvent is
preferably in a range of 40% to 90% by mass ancermpozferably in a range of 50% to
80% by mass.

[0081]

[Other components]

The pressure sensitive adhesive composition (J) 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 approprisécted depending on
the intended purpose thereof, and is not partiulemited. Preferred examples of
other components include various additives suchdge, a pigment, a deterioration
inhibitor, an antistatic agent, a flame retardargilicone compound, and a chain transfer
agent.

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

[0082]

<Pressure sensitive adhesive composition (ii)>

The pressure sensitive adhesive compositiondi}ans an acrylic resin
containing a hydroxyl group and a polymerizableugran a side chain; and an
isocyanate-based cross-linking agent as indispé&samponents. Here, as the acrylic

resin, an acrylic resin containing a hydroxyl gr@uy a polymerizable group in a side
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chain through a urethane bond is an exemplary ebeamp

In a case of using the pressure sensitive adhesiwposition (i), 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 amel pick-up properties of the
semiconductor chip provided with a protective faime 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.

[0083]

[Acrylic resin]

Examples of the acrylic resin containing a polyizedsle group in a side chain
include those obtained by reacting an isocyanatepgof a compound, which contains
an isocyanate group and a polymerizable group, avligdroxyl group of a hydroxyl
group-containing copolymer obtained by copolymegdz{meth)acrylic acid ester free
from a hydroxyl group (in the present specificatialso referred to as “(meth)acrylic
acid ester free from a hydroxyl group”) and a hygt@roup-containing compound such
as (meth)acrylic acid ester containing a hydroxglug (in the present specification, also
referred to as “hydroxyl group-containing (methjdicracid ester”) as monomers and
forming a urethane bond.

[0084]

Examples of the (meth)acrylic acid ester free feohydroxyl group include

those other than the hydroxyl group-containing (yetrylic acid ester among examples
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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.

[0085]

Examples of the compound containing an isocyagatep 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.

[0086]

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

[0087]

The amount of the acrylic resin of the pressursisige 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.

[0088]

[Isocyanate-based cross-linking agent]

Examples of the isocyanate-based cross-linkingteeye the same as those for

the organic polyvalent isocyanate compound whidhescross-linking agent in the
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pressure sensitive adhesive composition (i).

[0089]

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

[0090]

The number of moles of the isocyanate group coathin the isocyanate-based
cross-linking agent in the pressure sensitive adbeomposition (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@tiove-described lower limit, peeling
properties from an adherend due to degradatioacsdriess 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.

[0091]

It is preferable that the amount of the isocyaittsed cross-linking agent in the
pressure sensitive adhesive composition (i) ig@mpately adjusted such that the
number of moles of the isocyanate group is seetmtthe above-described range.

In a case where such a condition for the numbernalés of the isocyanate
group is satisfied, the amount of the isocyanasetaross-linking agent of the pressure
sensitive adhesive composition (ii) is preferablyirange of 0.01 to 20 parts by mass,
more preferably in a range of 0.1 to 15 parts bgspand particularly preferably in a

range of 0.3 to 12 parts by mass with respect @o@tdts by mass of the amount of the
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acrylic resin.

[0092]

[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.

[0093]

In a case of using the photopolymerization indiathe amount of the
photopolymerization initiator in the pressure stwsiadhesive composition (ii) is
preferably in a range of 0.05 to 20 parts by ma#s respect to 100 parts by mass of the
amount of the acrylic resin.

In a case where the amount of the photopolymeoizanitiator is greater than
or equal to the above-described lower limit, tHea$ obtained by using a
photopolymerization initiator can be sufficientlgtained. Further, in a case where the
amount of the photopolymerization initiator is léisan 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.

[0094]

[Solvent]

It is preferable that the pressure sensitive adée®mposition (ii) further
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contains a solvent other than the acrylic resintardsocyanate-based cross-linking
agent.

Examples of the solvent are the same as in treafabe 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.

[0095]

The amount of the solvent in the pressure seesitilnesive composition (ii) in
a case where the pressure sensitive adhesive ciiopds) contains a solvent is
preferably in a range of 40% to 90% by mass ancerpogferably in a range of 50% to
80% by mass.

[0096]

[Other components]

The pressure sensitive adhesive composition @y oontain other components
which do not correspond to the photopolymerizaiiotiator 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 icette 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

[0097]

Hereinbefore, the pressure sensitive adhesive @sitign 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
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composition that does not contain the component& tpolymerized by irradiation with
energy rays. In other words, the pressure seastilhesive layer may be a non-energy
ray curable layer that does not have energy raghilits.

Preferred examples of such a non-energy ray caaelssure sensitive adhesive
composition include a composition containing aryécresin and a cross-linking agent
(hereinafter, also abbreviated as a “pressuretsanaidhesive composition (iii)”). The
pressure sensitive adhesive composition (iii) maytain optional components such as a
solvent and other components that do not correspmtite solvent.

[0098]

<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 the acrylic resin, the cross-linking agent,sthlgent, and other components in the
pressure sensitive adhesive composition (i).

[0099]

The amount of the acrylic resin in the pressunsisige 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 amofiatl components contained in the
pressure sensitive adhesive composition (iii) othan the solvent.

[0100]

The amount of the cross-linking agent in the pressensitive 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 amount of the
acrylic resin.

[0101]
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The pressure sensitive adhesive compositionh@s) the same definition as the
pressure sensitive adhesive composition (i) otem the above-described points.

[0102]

<<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 theedirblending 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 séeldrom known methods such as a
method of mixing components by rotating a stirnea atirring 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 adjustedthetemperature is preferably in a
range of 15C to 30C.

[0103]

Protective film-forming film

The protective film-forming film may be thermoseg or energy ray curable.
The protective film-forming film finally becomespaiotective film having high impact
resistance after being cured. This protective filmvents occurrence of cracks in the

semiconductor chip after the dicing step.
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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 dgrotective film-forming
composition”) described below.

[0104]

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 pluraliof these layers may be the same as or
different from one another, and the combinatioa pfurality of these layers is not
particularly limited.

[0105]

The thickness of the protective film-forming fiisinot particularly limited, but
is preferably in a range of 1 to 1fh, more preferably in a range of 5 tops, 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-forgnfihlm to a semiconductor wafer or a
semiconductor chip serving as an adherend is isetea 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 semittator chip.

[0106]

Thermosetting protective film-forming film

Preferred examples of the thermosetting protediiveforming film include
those containing a polymer component (A) and anlesetting component (B). The

polymer component (A) is a component to be consies being formed by a
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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
invention also includes a polycondensation reaction

[0107]

<<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 tithe thermosetting protective
film-forming film is to be formed, with the thermeting protective film-forming
composition and drying the surface as necessarke rdtio of the amounts of
components in the thermosetting protective filmforg composition that do not
vaporize at ordinary temperature is typically taeng as the ratio of the amounts of
components in the thermosetting protective filnmforg film. Here, “ordinary
temperature” is as described above.

[0108]

The thermosetting protective film-forming compasitmay be applied
according to a known method, and examples thenetiide 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,eaadiater, a knife coater, a screen coater, a
Meyer bar coater, and a kiss coater.

[0109]

The conditions for drying the thermosetting prtitexfilm-forming composition

are not particularly limited, but it is preferatthat the thermosetting protective
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film-forming composition is heated and dried inase of containing a solvent described
below. In this case, it is preferable that thenieesetting protective film-forming
composition containing a solvent is dried undezragerature condition of 7Q to

130°C for 10 seconds to 5 minutes.

[0110]

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

Examples of the thermosetting protective film-fargrhcomposition include a
thermosetting protective film-forming compositidii-() that contains a polymer
component (A) and a thermosetting component (B)hgnpresent specification, also
abbreviated as a “protective film-forming compasitillI-1)”).

[0111]

[Polymer component (A)]

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

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

[0112]

Examples of the polymer component (A) include aryl&c resin (a resin
containing a (meth)acryloyl group), polyester, ethiane-based resin (a resin having a
urethane bond), an acrylurethane resin, a silitxa®ed resin (a resin having a siloxane
bond), a rubber-based resin (a resin having a ndthecture), a phenoxy resin, and a

thermosetting polyimide. Among these, an acrydim is preferable.
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[0113]

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

The weight-average molecular weight (Mw) of theylic resin is preferably in
a range of 10000 to 2000000 and more preferaldyrange 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-fangifilm is improved. Further, in a
case where the weight-average molecular weighteoftrylic resin is less than or equal
to the above-described upper limit, the thermasgrotective 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.

[0114]

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*GGo 50C. In a case where the
Tg of the acrylic resin is higher than or equatht® 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 eguiaihe above-described upper limit, the
adhesive strength between the thermosetting pregefiim-forming film and the
adherend of the protective film is improved.

[0115]

Examples of the acrylic resin include a polymeowé or two or more
(meth)acrylic acid esters; and a copolymer of twmore monomers selected from

(meth)acrylic acid, itaconic acid, vinyl acetaterydonitrile, styrene, and N-methylol
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acrylamide.

[0116]

Examples of the (meth)acrylic acid ester constiguan acrylic resin include
(meth)acrylic acid alkyl ester in which an alkybgp constituting alkyl ester has a chain
structure having 1 to 18 carbon atoms such as mttgth)acrylate, ethyl
(meth)acrylate, n-propyl (meth)acrylate, isoprofwieth)acrylate, n-butyl (meth)acrylate,
isobutyl (meth)acrylate, sec-butyl (meth)acrylaget-butyl (meth)acrylate, pentyl
(meth)acrylate, hexyl (meth)acrylate, heptyl (mathylate, 2-ethylhexyl (meth)acrylate,
isooctyl (meth)acrylate, n-octyl (meth)acrylatenanyl (meth)acrylate, isononyl
(meth)acrylate, decyl (meth)acrylate, undecyl (jettylate, dodecyl (meth)acrylate
(lauryl (meth)acrylate), tridecyl (meth)acrylatetradecyl (meth)acrylate (myristyl
(meth)acrylate), a pentadecyl (meth)acrylate, heggld meth)acrylate (palmityl
(meth)acrylate), heptadecyl (meth)acrylate, ordetsl (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 cycloalkenylegguch as (meth)acrylic acid
dicyclopentenyl ester; (meth)acrylic acid cycloaldexy alkyl ester such as
(meth)acrylic acid dicyclopentenyloxy ethyl estiemide (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 asrgnoup-containing (meth)acrylic
acid ester such as N-methylaminoethyl (meth)acylaHere, the “substituted amino

group” indicates a group formed by one or two hgératoms in an amino group being
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substituted with a group other than a hydrogen atom

[0117]

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

[0118]

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.

[0119]

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

[0120]

In the present invention, as the polymer compo(#&hta 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 props of the protective film
from the support sheet are improved, and the theefting protective film-forming film

is likely to follow the uneven surface of the addvet. Therefore, occurrence of voids
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between the adherend and the thermosetting pregeidtn-forming film is further
suppressed.

[0121]

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

[0122]

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 °*@Go 120C.

[0123]

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

[0124]

The thermoplastic resin contained in the protectivm-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 thenbelastic resin is formed of two or
more kinds thereof, the combination and the radio lse optionally selected.

[0125]

The ratio of the amount of the polymer compon@tt¢ the total amount of all
components other than the solvent in the protedifiveforming composition (I11-1)
(that is, the amount of the polymer component (Abhie 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 padily in a range of 15% to 35% by
mass regardless of the kind of the polymer compo@#en

[0126]

The polymer component (A) corresponds to the tlesetiing component (B) in
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some cases. In the present invention, in a caseanthe protective film-forming
composition (llI-1) contains a component that csp@nds to both of the polymer
component (A) and the thermosetting component{&) protective film-forming
composition (IlI-1) is considered to contain théypeer component (A) and the
thermosetting component (B).

[0127]

[Thermosetting component (B)]

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

The thermosetting component (B) contained in timégetive 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
(B) is formed of two or more kinds thereof, the dmnation and the ratio can be
optionally selected.

[0128]

Examples of the thermosetting component (B) inelad epoxy-based
thermosetting resin, thermosetting polyimide, padybiane, unsaturated polyester, and a
silicone resin. Among these, an epoxy-based theettiag resin is preferable.

[0129]

(Epoxy-based thermosetting resin)

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

The epoxy-based thermosetting resin containeldptotective 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 cabemn the epoxy-based thermosetting
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resin is formed of two or more kinds thereof, tbenbination and the ratio can be
optionally selected.

[0130]

Epoxy resin (B1)

As the epoxy resin (B1), known resins are exemypaamples, and examples
thereof include a bi- or higher functional epoxymmund such as a polyfunctional
epoxy resin, a biphenyl compound, a bisphenol Aydidyl ether and a hydrogenated
product thereof, an orthocresol novolak epoxy residicyclopentadiene type epoxy
resin, a biphenyl type epoxy resin, a bisphenglpetepoxy resin, a bisphenol F type
epoxy resin, or a phenylene skeleton type epoxwy.res

[0131]

As the epoxy resin (B1), an epoxy resin havingiasaturated hydrocarbon
group may be used. The epoxy resin containingaaturated 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 grihgpreliability of a package obtained
using the protective film-forming composite shesimproved.

[0132]

Examples of the epoxy resin containing an unstgdraydrocarbon group
include a compound formed by some epoxy groupspiolgunctional 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 bngdi group that contains an
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unsaturated hydrocarbon group to an aromatic nirtgelike constituting an epoxy
resin.

The unsaturated hydrocarbon group is a polymeezafsaturated group, and
specific examples thereof include an ethenyl griinyl 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 origieahpound being substituted with
groups (substituents) other than a hydrogen atom.

[0133]

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 dd 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) esf@rably in a range of 100 to
1100 g/eq and more preferably in a range of 150Q0 g/eq.

[0134]

The epoxy resin (B1) may be used alone or in coatlin 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.

[0135]

Thermosetting agent (B2)

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

As the thermosetting agent (B2), a compound coimgitwo or more functional
groups which can react with an epoxy group in onéenule is an exemplary example.
Examples of the functional group include a phenlajidroxyl group, an alcoholic
hydroxyl group, an amino group, a carboxy grou, amgroup obtained by forming an
acid group into an anhydride. Among these, a pliehgdroxyl group, an amino
group, or a group obtained by forming an acid grimtip an anhydride is preferable, and
a phenolic hydroxyl group or an amino group is nuneferable.

[0136]

Among examples of the thermosetting agent (B2 mgdes 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 (BZmgdes of an amine-based
curing agent containing an amino group include aclfamide (hereinafter, also
abbreviated as “DICY”).

[0137]

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

Examples of the thermosetting agent (B2) contgimin unsaturated
hydrocarbon group include a compound formed by sbydeoxyl groups in a phenol
resin being substituted with groups containing asaturated hydrocarbon group; and a
compound formed by directly bonding a group cornt&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 containectialibve-described epoxy resin
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containing an unsaturated hydrocarbon group.

[0138]

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

[0139]

It is preferable that the thermosetting agent (B2) thermosetting agent which
is in a solid state at ordinary temperature and chae exhibit curing activity with respect
to the epoxy resin (B1), but is dissolved when &égand exhibits curing activity with
respect to the epoxy resin (B1) (hereinafter, alsreviated as a “thermally active latent
epoxy resin curing agent”).

In the thermosetting protective film-forming filthe thermally active latent
epoxy resin curing agent is stably dispersed irefhexy resin (B1) at ordinary
temperature, but is compatible with the epoxy réBih) when heated and reacts with the
epoxy resin (B1). The storage stability of thetpctive film-forming composite sheet
is significantly improved by using the thermallytige latent epoxy resin curing agent.
For example, movement of the curing agent fromptimective film-forming film to the
support sheet adjacent to the curing agent is ssppd, and degradation of thermosetting
properties of the thermosetting protective filmahimg 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 &rgher improved.

[0140]

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

[0141]

The number average molecular weight of resin corapts 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 componeath ss biphenol and
dicyandiamide in the thermosetting agent (B2) ispaoticularly limited, but is
preferably in a range of 60 to 500.

[0142]

The thermosetting agent (B2) may be used aloie @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.

[0143]

The amount of the thermosetting agent (B2) inpttweective film-forming
composition (IlI-1) and the thermosetting proteetfirm-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 atoduhe epoxy resin (B1). In a case
where the amount of the thermosetting agent (Bgjaater 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 amaiuiie 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 tlediability of a package to be obtained
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using the protective film-forming composite shesefurther improved.

[0144]

The amount of the thermosetting component (B) éiample, the total amount
of the epoxy resin (B1) and the thermosetting al@8}) in the protective film-forming
composition (IlI-1) and the thermosetting proteetfilm-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 &dte by mass with respect to 100 parts
by mass of the amount of the polymer component (A). a case where the amount of
the thermosetting component (B) is in the abovestilesd range, the adhesive strength
between the protective film and the support stestippressed and the peeling properties
of the support sheet are improved.

[0145]

[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 gxtve film-forming composition
(11-1).

Preferred examples of the curing acceleratorii€ude a tertiary amine such as
triethylenediamine, benzyldimethylamine, triethamine, dimethylaminoethanol, or
tris(dimethylaminomethyl)phenol; imidazoles (imidézin which one or more hydrogen
atoms are substituted with groups other than adggir 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 witArocggroups) such as
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tributylphosphine, diphenylphosphine, and triphghglsphine; and tetraphenylboron salt

such as tetraphenylphosphonium tetraphenyl boratgpbenylphosphine tetraphenyl
borate.

[0146]

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 thenguaccelerator (C) is formed of two
or more kinds thereof, the combination and theratithese can be optionally selected.

[0147]

In a case where the curing accelerator (C) is,usedamount of the curing
accelerator (C) in the protective film-forming coosjtion (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
amount of the thermosetting component (B). Insecahere the amount 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 amount of the curing acceleratois(loyver than or equal to the
above-described upper limit, the effect of supprgssmovement of the curing
accelerator (C) having a high polarity to an adhesiterface side between the adherend
and the curing accelerator (C) to be segregatéfitithermosetting 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.

[0148]

[Filler (D)]
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The protective film-forming composition (IlI-1) drihe 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
protective film obtained by curing the thermosettprotective film-forming film is
easily adjusted. In addition, the reliability opackage obtained 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 dasegl or heat radiation can be improved.

[0149]

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

Preferred examples of the inorganic filler inclym®vder 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 crydila¢rs of these inorganic fillers; and
glass fibers.

Among these, silica or alumina is preferable asitlorganic filler.

[0150]

The filler (D) contained in the protective filmffaing composition (I11-1) 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.

[0151]

In a case of using the filler (D), the ratio o thmount of the filler (D) to the
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total amount of all components contained in theqmive film-forming composition
(IN-1) other than the solvent (in other words, #mount of the filer (D) in the
thermosetting protective film-forming film) is pegfibly in a range of 5% to 80% by
mass and more preferably in a range of 7% to 60%hdss. In a case where the
amount of the filler (D) is in the above-descrilvadge, the above-described thermal
expansion coefficient can be more easily adjusted.

[0152]

[Coupling agent (E)]

The protective film-forming composition (IlI-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 thellaerend 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.

[0153]

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

Preferred examples of the silane coupling agatide
3-glycidyloxypropyltrimethoxysilane, 3-glycidyloxyppylmethyldiethoxysilane,
3-glycidyloxypropyltriethoxysilane, 3-glycidyloxyntieyldiethoxysilane,

2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane,
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3-methacryloyloxypropyltrimethoxysilane, 3-aminopytirimethoxysilane,
3-(2-aminoethylamino)propyltrimethoxysilane,
3-(2-aminoethylamino)propylmethyldiethoxysilane,
3-(phenylamino)propyltrimethoxysilane, 3-anilinopgitrimethoxysilane,
3-ureidopropyltriethoxysilane, 3-mercaptopropyltetimoxysilane,
3-mercaptopropylmethyldimethoxysilane, bis(3-tre@tysilylpropyl)tetrasulfane,
methyltrimethoxysilane, methyltriethoxysilane, Vitngnethoxysilane,
vinyltriacetoxysilane, and imidazole silane.

[0154]

The coupling agent (E) contained in the protediive-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 thelog agent (E) is formed of two or
more kinds thereof, the combination and the raftithese can be optionally selected.

[0155]

In a case of using the coupling agent (E), thewarhof the coupling agent (E) in
the protective film-forming composition (l11-1) aride 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 partigytaeferably in a range of 0.1 to 5 parts
by mass with respect to 100 parts by mass of tia¢ damount of the polymer component
(A) and the thermosetting component (B). In a a@isere the amount 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®thiermosetting protective
film-forming film to the adherend, are sufficientptained. Further, in a case where

the amount of the coupling agent (E) is less thaegoial to the above-described upper
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limit, generation of outgas is further suppressed.

[0156]

[Cross-linking agent (F)]

In a case where a component containing a fundtgmoaip such as a vinyl group,
a (meth)acryloyl group, an amino group, a hydraygup, 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 (llI-1) and the thermosetting proteetfiim-forming film may contain a
cross-linking agent (F). The cross-linking agé)tis a component for bonding the
functional group in the polymer component (A) t@#rer compound so as to be
cross-linked, and the initial adhesive strength #wedcohesive force of the thermosetting
protective film-forming film can be adjusted by tb®ss-linking.

[0157]

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 havimgedal chelate structure), and an
aziridine-based cross-linking agent (a cross-ligkagent having an aziridinyl group).

[0158]

Examples of the organic polyvalent isocyanate amump include an aromatic
polyvalent isocyanate compound, an aliphatic pdgmvaisocyanate 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.
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The adduct product indicates a reactant of the atiorpolyvalent isocyanate compound,
the aliphatic polyvalent isocyanate compound orali@yclic polyvalent isocyanate
compound, and a low-molecular active hydrogen-doirtg compound such as ethylene
glycol, propylene glycol, neopentyl glycol, trimgtblpropane, or castor oil. Examples
of the adduct product include a xylylene diisocytaradduct of trimethylolpropane
described below. Further, the “terminal isocyanatthane prepolymer” is as
described above.

[0159]

More specific examples of the organic polyvalesatyanate compound include
2,4-tolylene diisocyanate; 2,6-tolylene diisocyandt 3-xylylene diisocyanate;
1,4-xylene diisocyanate; diphenylmethane-4,4’-dijsmate;
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, andesyé/diisocyanate to all or some
hydroxyl groups in a polyol such as trimethylolpaog; and lysine diisocyanate.

[0160]

Examples of the organic polyvalent imine compoinuiude
N,N-diphenylmethane-4,4’-bis(1-aziridinecarboxamjde
trimethylolpropane-tr3-aziridinyl propionate, tetramethylolmethanefraziridinyl
propionate, and N,N’-toluene-2,4-bis(1-aziridindzatamide)triethylene melamine.

[0161]

In a case where an organic polyvalent isocyaratgound is used as the

cross-linking agent (F), it is preferable to udgydroxyl group-containing polymer as the
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polymer component (A). In a case where the criog$nlg agent (F) contains an
isocyanate group and the polymer component (A)ainata hydroxyl group, a
cross-linked structure can be easily introduced thé thermosetting protective
film-forming film by reacting the cross-linking agie(F) with the polymer component
(A).

[0162]

The cross-linking agent (F) contained in the e 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 cabem the cross-linking agent (F) is
formed of two or more kinds thereof, the combinai@md the ratio of these can be
optionally selected.

[0163]

In a case of using the cross-linking agent (F§,amount 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 amount of the polymer component (A a tase where the amount of the
cross-linking agent (F) is greater than or equalhéoabove-described lower limit, the
effects obtained by using the cross-linking agétcén be sufficiently obtained.
Further, in a case where the amount of the crog#lj 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 theort sheet or adhesive strength of
the thermosetting protective film-forming film tbe semiconductor wafer or the
semiconductor chip is suppressed.

In the present invention, the effects of the pnese/ention can be sufficiently
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obtained without using the cross-linking agent (F).

[0164]

[Energy ray curable resin (G)]

The protective film-forming composition (llI-1) maontain the energy ray

5 curable resin (G). In a case where the thermaosgttiotective film-forming film
contains the energy ray curable resin (G), theatharistics thereof can be changed by
irradiation with energy rays.

[0165]

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

10 ray curable compound.

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

[0166]

15 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

20 1,6-hexanediol di(meth)acrylate; cyclic aliphatkeketon-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; polyetlereth)acrylate other than the
polyalkylene glycol (meth)acrylate; and itaconiedaaligomer.

25 [0167]
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The weight-average molecular weight of the eneayycurable compound is
preferably in a range of 100 to 30000 and moreepadily 300 to 10000.

[0168]

The energy ray curable compound used for polyratam may be formed of
only one or two or more kinds thereof. In a cabems the energy ray curable
compound is formed of two or more kinds theread, tombination and the ratio of these
can be optionally selected.

[0169]

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

[0170]

In a case of using the energy ray curable resjnt{té amount of the energy ray
curable resin (G) in the protective film-formingneposition (l11-1) is preferably in a
range of 1% to 95% by mass, more preferably imgeaf 2% to 90% by mass, and
particularly preferably in a range of 3% to 85%rbass.

[0171]

[Photopolymerization initiator (H)]

In a case where the protective film-forming comas (111-1) contains the
energy ray curable resin (G), the protective filnafing composition (I1I-1) may contain
a photopolymerization initiator (H) in order toieféntly proceed the polymerization
reaction of the energy ray curable resin (G).

[0172]

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

[0173]

The photopolymerization initiator (H) containedtive protective film-forming
composition (I11-1) may be formed of only one oroher 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.

[0174]

In a case of using the photopolymerization initigH), the amount of the
photopolymerization initiator (H) in the protectifien-forming composition (llI-1) is
preferably in a range of 0.1 to 20 parts by massemreferably in a range of 1 to 10
parts by mass, and particularly preferably in ayeaof 2 to 5 parts by mass with respect
to 100 parts by mass of the amount of the energgueable resin (G).

[0175]

[Colorant (1)]

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

Examples of the colorant (1) include inorganicrpants, organic pigments,
organic dyes, and known ones.

[0176]

Examples of the organic pigments and the orgayes éhclude an
aluminum-based dye, a cyanine-based dye, a meroeybased dye, a croconium-based
dye, a squarylium-based dye, an azulenium-basedadyelymethine-based dye, a
naphthoquinone-based dye, a pyrylium-based dybtrejocyanine-based dye, a

naphthalocyanine-based dye, a naphtholactam-bgsedd azo-based dye, a condensed
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azo-based dye, an indigo-based dye, a perinonetiolyge a perylene-based dye, a

dioxazine-based dye, a quinacridone-based dyescamdolinone-based dye, a
qguinophthalone-based dye, a pyrrole-based dyepmdigo-based dye, a metal
complex-based dye (metal complex salt dye), adithietal complex-based dye, an
indole phenol-based dye, a triallyimethane-base&xq dgy anthraquinone-based dye, a
dioxazine-based dye, a naphthol-based dye, an damadased dye, a
benzimidazolone-based dye, a pyranthrone-baseddygea threne-based dye.

[0177]

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

[0178]

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 coloiqm {ormed of two or more kinds
thereof, the combination and the ratio of theselmanptionally selected.

[0179]

In a case of using the colorant (I), the amounhefcolorant (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 printiigibility can be adjusted by adjusting the
amount of the colorant (I) in the thermosettingtpative film-forming film and adjusting

the optical transparency of the protective filmn addition, by adjusting the amount of
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the colorant (I) in the thermosetting protectivenfforming film, design properties of the
protective film can be improved or grinding markstbe rear surface of the
semiconductor wafer can be made less visible. oisideration of the above-described
points, the ratio of the amount of the colorantdgl}he total amount of all components in
the protective film-forming composition (IlI-1) aththan the solvent (that is, the amount
of the colorant (I) in the thermosetting protectien-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%rbgiss. For example, the ratio thereof
may be in a range of 0.1% to 3% by mass or in gaaf 0.1% to 1% by mass. Ina
case where the amount of the colorant (I) is greatn or equal to the above-described
lower limit, the effects to be obtained by using tolorant (1) are sufficiently obtained.
Further, in a case where the amount of the coldiaig less than or greater than the
above-described upper limit, an extreme decreaegptinal transparency of the
thermosetting protective film-forming film is sugssed.

[0180]

[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 purposeof, and is not particularly
limited. Preferred examples of the general-purmidtive (J) include a plasticizer, an
antistatic agent, an antioxidant, and a gettergena

[0181]

The general-purpose additive (I) contained ingratective film-forming
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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 general-purpose additive (1)
is formed of two or more kinds thereof, the comboraand the ratio of these can be
optionally selected.

The amount of the general-purpose additive (theprotective film-forming
composition (IlI-1) and the thermosetting proteetfitm-forming film is not particularly
limited and may be appropriately selected dependimthe intended purpose thereof.

[0182]

[Solvent]

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

The solvent is not particularly limited.

Preferred examples thereof include a hydrocarbich as toluene or xylene; an
alcohol such as methanol, ethanol, 2-propanol uigblalcohol (2-methylpropan-1-ol), or
1-butanol; an ester such as ethyl acetate or lbasthte; a ketone such as acetone or
methyl ethyl ketone; an ether such as tetrahydaofuand an amide (a compound having
an amide bond) such as dimethylformamide or N-nipygolidone.

The solvent contained in the protective film-fongpicomposition (lI-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 ameltatio of these can be optionally
selected.

[0183]

From the viewpoint that the components containettié protective

film-forming composition (l11-1) can be uniformly ixed, it is preferable that the solvent
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contained in the protective film-forming compositiili-1) is methyl ethyl ketone or the
like.

[0184]

<<Method of producing thermosetting protectivenfilorming composition>>

The thermosetting protective film-forming compasitsuch as the protective
film-forming composition (IlI-1) is obtained by biding 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 andiniyuhe blending components in
advance or may be used by being mixed with thesedithg components without
diluting any of blending components other thangblrent in advance.

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 longhesblending components are not
deteriorated and may be appropriately adjustedth@temperature is preferably in a
range of 18C to 30°C.

[0185]

Energy ray curable protective film-forming film

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

It is preferable that the energy ray curable caomept (a) is uncured or has
tackiness and more preferable that the energyusbte component (a) is uncured and
has tackiness. Here, the terms “energy ray” anértgy ray curable” have the same
definitions as those described above.

[0186]

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

The energy ray curable protective film-formingnfican 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 targgase, on which the energy ray curable
protective film-forming film is to be formed, witine energy ray curable protective
film-forming composition and drying the surfacerexessary. The ratio of the amounts
of components in the energy ray curable protediireforming composition that do not
vaporize at ordinary temperature is typically taeng as the ratio of the amounts of
components in the energy ray curable protective-forming film. Here, “ordinary
temperature” is as described above.

[0187]

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,eadtiater, a knife coater, a screen coater, a
Meyer bar coater, and a kiss coater.

[0188]

The conditions for drying the energy ray curabletective film-forming



10

15

20

25

68

composition are not particularly limited, but itgeeferable that the energy ray curable
protective film-forming composition is heated anded in a case of containing a solvent
described below. It is preferable that the eneayycurable protective film-forming
composition containing a solvent is dried undezragerature condition of 7G to

130°C for 10 seconds to 5 minutes.

[0189]

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

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

[0190]

[Energy ray curable component (a)]

The energy ray curable component (a) is a comganerd by irradiation with
energy rays and used for imparting film-formingmedies 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. The/pwr (al) may have at least a
portion that is cross-linked by a cross-linking ratger may not be cross-linked.

[0191]

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

Examples of the polymer (al) containing an eneagycurable group and a
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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 corgd in another compound and an
energy ray curable compound (al2) containing amtbat reacts with the functional
group and an energy ray curable group such asemgyeray curable double bond.

[0192]

Examples of the functional group that can reathwaigroup contained in
another compound include a hydroxyl group, a caylgpup, an amino group, a
substituted amino group (group formed by one oryrogen 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
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.

[0193]

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 mononmr-&crylic monomers) may be
copolymerized.

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

[0194]

Examples of the acrylic monomer containing thecfiamal group include a
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hydroxyl group-containing monomer, a carboxy graoptaining monomer, an amino
group-containing monomer, a substituted amino gr@aaining monomer, and an
€epoxy group-containing monomer.

[0195]

Examples of the hydroxyl group-containing monomnetude hydroxyalkyl
(meth)acrylate such as hydroxymethyl (meth)acrylateydroxyethyl (meth)acrylate,
2-hydroxypropyl (meth)acrylate, 3-hydroxypropy! @mgcrylate, 2-hydroxybutyl
(meth)acrylate, 3-hydroxybutyl (meth)acrylate, emyiroxybutyl (meth)acrylate; and
non-(meth)acrylic unsaturated alcohol (unsaturatedhol that does not have a
(meth)acryloyl skeleton) such as vinyl alcohol itylalcohol.

[0196]

Examples of the carboxyl group-containing monomelude an ethylenically
unsaturated monocarboxylic acid (monocarboxylid &giving 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; ane(m)acrylic acid carboxy alkyl ester
such as 2-carboxyethyl methacrylate.

[0197]

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

[0198]

The acrylic monomer containing the functional grébat constitutes the acrylic

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

[0199]

Examples of the acrylic monomer that does notaiarthe functional group

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

10 isooctyl (meth)acrylate, n-octyl (meth)acrylatenenyl (meth)acrylate, isononyl
(meth)acrylate, decyl (meth)acrylate, undecyl (jettylate, dodecyl (meth)acrylate
(lauryl (meth)acrylate), tridecyl (meth)acrylatetradecyl (meth)acrylate (myristyl
(meth)acrylate), pentadecyl (meth)acrylate, hexgd@ceth)acrylate (palmityl
(meth)acrylate), heptadecyl (meth)acrylate, or detgl (meth)acrylate (stearyl

15 (meth)acrylate).

[0200]

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 (methykate, ethoxymethyl

20 (meth)acrylate, or ethoxyethyl (meth)acrylate; (m@trylic acid ester containing an
aromatic group which contains (meth)acrylic acig aster such as phenyl
(meth)acrylate; noncrosslinkable (meth)acrylamide a derivative thereof; and
(meth)acrylic acid ester containing a noncrosslimgaertiary amino group such as
N,N-dimethylaminoethyl (meth)acrylate or N,N-dimg#minopropyl (meth)acrylate.

25 [0201]
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The acrylic monomer that constitutes the acrytitymer (all) and does not
contain the functional group may be formed of amiy 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.

[0202]

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

The non-acrylic monomer constituting the acryldymer (all) may be formed
of only one or two or more kinds thereof. In aecadhere the non-acrylic monomer is
formed of two or more kinds thereof, the combinai@md the ratio of these can be
optionally selected.

[0203]

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 amafuthie energy ray curable group in the
acrylic resin (al-1) obtained by copolymerizatidnie acrylic polymer (all) and the
energy ray curable compound (al2) can be easilystatj such that the degree of curing
the protective film is in a preferable range.

[0204]

The acrylic polymer (all) constituting the acrybsin (al-1) may be formed of
only one or two or more kind thereof. In a casemtthe acrylic polymer (all) is

formed of two or more kinds thereof, the combinai@md the ratio can be optionally
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selected.

[0205]

The amount of the acrylic resin (al-1) in the pctive film-forming
composition (IV-1) is preferably in a range of 1&6640% by mass, more preferably in a
range of 2% to 30% by mass, and particularly pedfigrin a range of 3% to 20% by
mass.

[0206]

Energy ray curable compound (al2)

It is preferable that the energy ray curable cammplo(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 gimetional group contained in the
acrylic polymer (all) and more preferable thateghergy ray curable compound (al12)
contains an isocyanate group as the group. Is@waere 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.

[0207]

It is preferable that the energy ray curable cammpo(al2) contains one to five
energy ray curable groups in one molecule and materable that the energy ray
curable compound (al2) contains one or two enexgyurable groups in one molecule.

[0208]

Examples of the energy ray curable compound (atR)de
2-methacryloyloxyethyl isocyanate, meth-isopropemyl-dimethylbenzylisocyanate,
methacryloyl isocyanate, allyl isocyanate, 1,14brgloyloxymethyl)ethyl isocyanate; an

acryloyl monoisocyanate compound obtained by regaidiisocyanate compound or a
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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 (al12).

[0209]

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 (a12) is formed of two or moralkithereof, the combination and the
ratio of these can be optionally selected.

[0210]

The ratio of the amount of the energy ray curaipteip derived from the energy
ray curable compound (al2) to the amount of thetfanal 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 wtiereontent 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) compothupper limit of the content ratio
becomes 100% by mole. In addition, in a case wtiherenergy ray curable compound
(al12) 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.

[0211]

The weight-average molecular weight (Mw) of théypter (al) is preferably in

a range of 100000 to 2000000 and more preferakdyrange of 300000 to 1500000.
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Here, the “weight-average molecular weight” iglascribed above.

[0212]

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 mon@messituting the acrylic polymer
(all) and may be cross-linked in a group reactiitly &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 (a12).

[0213]

The polymer (al) contained in the protective filonming composition (1V-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 thgrpet (al) is formed of two or more
kinds thereof, the combination and the ratio okéhean be optionally selected.

[0214]

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

Examples of the energy ray curable group contaimedcompound (2)
containing an energy ray curable group and havimpkecular weight of 100 to 80000
include a group having an energy ray curable dolbbtel, and preferred examples
thereof include a (meth)acryloyl group and a vigrgup.

[0215]

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 eposiyreontaining an energy ray curable
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group, and a phenol resin containing an energyusgble group.

[0216]

Among the examples of the compound (a2), as themolecular-weight
compound containing an energy ray curable groygm/gunctional monomer or
oligomer is an exemplary example, and preferredngtas thereof include an
acrylate-based compound containing a (meth)acngoyip.

Examples of the acrylate-based compound inclutdmtiional (meth)acrylate
such as 2-hydroxy-3-(meth)acryloyloxypropyl metlyéette, polyethylene glycol
di(meth)acrylate, propoxylated ethoxylated bisphéndi(meth)acrylate,
2,2-bis[4-((meth)acryloxypolyethoxy)phenyl]propae¢hoxylated bisphenol A
di(meth)acrylate, 2,2-bis[4-((meth)acryloxydiethplyenyl]propane,
9,9-bis[4-(2-(meth)acryloyloxyethoxy)phenyl]fluoren
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-((ting@cryloxyethoxy)phenyl]propane,
neopentyl glycol di(meth)acrylate, ethoxylated pobpylene glycol di(meth)acrylate, or
2-hydroxy-1,3-di(meth)acryloxypropane; polyfunctiimeth)acrylate such as
tris(2-(meth)acryloxyethyl)isocyanuratecaprolactone-modified
tris-(2-(meth)acryloxyethyl)isocyanurate, ethoxglaglycerin trilmeth)acrylate,
pentaerythritol tri(meth)acrylate, trimethylolpropatri(meth)acrylate,
ditrimethylolpropane tetra(meth)acrylate, ethoxgthpentaerythritol tetra(meth)acrylate,

pentaerythritol tetra(meth)acrylate, dipentaerythipoly(meth)acrylate, or
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dipentaerythritol hexa(meth)acrylate; and polyfimm@al (meth)acrylate oligomer such as
urethane (meth)acrylate oligomer.

[0217]

Among the examples of the compound (a2), thoseribes! in paragraph 0043
of “Japanese Unexamined Patent Application, Fipgilisation No. 2013-194102” can
be used as the epoxy resin containing an energyuiaple group and the phenol resin
containing an energy ray curable group. Suchia edso corresponds to the resin
constituting a thermosetting component describdéopédut is handled as the compound
(a2) in the present invention.

[0218]

The weight-average molecular weight of the complo@2) is preferably in a
range of 100 to 30000 and more preferably in agafd@00 to 10000.

[0219]

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.

[0220]

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

In a case where the protective film-forming compas (IV-1) and the energy
ray curable protective film-forming film containgltompound (a2) as the energy ray
curable component (a), it is preferable that tlwtqmtive film-forming compound (IV-1)
and the energy ray curable protective film-formiihg 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
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cross-linking agent or may not be cross-linked.

[0221]

Examples of the polymer (b) that does not cordaienergy ray curable group
include an acrylic polymer, a phenoxy resin, ahagte resin, polyester, a rubber-based
resin, and an acrylic urethane resin.

Among these, it is preferable that the polymeligl@n acrylic polymer
(hereinafter, also abbreviated as an “acrylic payip-1)").

[0222]

The acrylic polymer (b-1) may be known. For exénthe acrylic polymer
(b-1) may be a homopolymer of one acrylic monoraeppolymer 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 thanoomeo or more kinds of acrylic
monomers.

[0223]

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.

[0224]

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 (metilate, n-propyl (meth)acrylate,
isopropyl (meth)acrylate, n-butyl (meth)acrylasgbutyl (meth)acrylate, sec-butyl

(meth)acrylate, tert-butyl (meth)acrylate, pentyketh)acrylate, hexyl (meth)acrylate,
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heptyl (meth)acrylate, 2-ethylhexyl (meth)acrylaseoctyl (meth)acrylate, n-octyl

(meth)acrylate, n-nonyl (meth)acrylate, isononyktiacrylate, decyl (meth)acrylate,
undecyl (meth)acrylate, dodecyl (meth)acrylatergla(meth)acrylate), tridecyl
(meth)acrylate, tetradecyl (meth)acrylate (myrigtgeth)acrylate), pentadecyl
(meth)acrylate, hexadecyl (meth)acrylate (palnitykth)acrylate), heptadecyl
(meth)acrylate, or octadecyl (meth)acrylate (ste@mgth)acrylate).

[0225]

Examples of the (meth)acrylic acid ester havimydaic skeleton include
(meth)acrylic acid cycloalkyl ester such as isolgbfmeth)acrylate or dicyclopentanyl
(meth)acrylate; (meth)acrylic acid aralkyl estectsas benzyl (meth)acrylate;
(meth)acrylic acid cycloalkenyl ester such as (ryaattylic acid dicyclopentenyl ester;
and (meth)acrylic acid cycloalkenyloxy alkyl esseich as (meth)acrylic acid
dicyclopentenyloxy ethyl ester.

[0226]

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

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

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

[0227]

Examples of the non-acrylic monomer constitutimg &crylic polymer (b-1)

include olefin such as ethylene or norbornene;haicgtate; and styrene.
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[0228]

As the polymer (b) which has at least a portiasstlinked by a cross-linking
agent and does not contain the energy ray curablgoga polymer obtained by reacting
a reactive functional group in the polymer (b) watleross-linking agent is an exemplary
example.

The reactive functional group may be appropriaselgcted according to the
kind of cross-linking agent and is not particuldngited. For example, in a case where
the cross-linking agent is a polyisocyanate compparamples of the reactive
functional group include a hydroxyl group, a capgxoup, and an amino group.
Among these, a hydroxyl group having a high re@gtiwith an isocyanate group is
preferable. Further, in a case where the cro&mljnagent is an epoxy-based
compound, examples of the reactive functional griocjude 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\t@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 funefigroup.

[0229]

Examples of the polymer (b) which contains thectiga functional group and
does not contain an energy ray curable group irctudolymer obtained by
polymerizing a monomer containing at least thetreadunctional group. In a case of
the acrylic polymer (b-1), monomers containing iteactive functional groups may be
used as any one or both of the acrylic monomettlaaaon-acrylic monomer
exemplified by the monomer constituting the acrplatymer (b-1). For example, a
polymer obtained by polymerizing hydroxyl group-taining (meth)acrylic acid ester is

an exemplary example as the polymer (b) contaiaihgdroxyl group as a reactive
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functional group. Other examples thereof inclugmblmer obtained by polymerizing
a monomer formed by one or two or more hydrogematbeing substituted with the
reactive functional groups in the acrylic monometh@ non-acrylic monomer described
above.

[0230]

In the polymer (b) containing a reactive functiog@up, the ratio (content) of
the amount of the constitutional unit derived fratmonomer containing a reactive
functional group to the total amount of the consitinal 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#s a case where the ratio thereof
is in the above-described range, the degree ofdiasng in the polymer (b) is in the
more preferable range.

[0231]

From the viewpoint of further improving the filnetiming 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 desaibbove.

[0232]

The polymer (b) which is contained in the protexfilm-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@mnsvo 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.

[0233]
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Examples of the protective film-forming compositifiV-1) include those
containing any one or both of the polymer (al) gtredcompound (a2). Further, in a
case where the protective film-forming compositbmmtains 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
the polymer (al) and the polymer (b) that doescnatain an energy ray curable group
without containing the compound (a2).

[0234]

In a case where the protective film-forming compaos (1V-1) contains the
polymer (al), the compound (a2), and the polymgth#t does not contain an energy ray
curable group, the amount of the compound (a)emprotective film-forming
composition (IV-1) is preferably in a range of B0400 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 amount of the polymer (al) and the polymériiat does not contain an energy ray
curable group.

[0235]

The ratio of the total amount of the energy ragable component (a) and the
polymer (b) that does not contain an energy raglgergroup to the total amount of the
components in the protective film-forming compasitiIV-1) other than the solvent (in
other words, the total amount of the energy ragloler component (a) and the polymer
(b) that does not contain an energy ray curablammo 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 padily in a range of 20% to 70% by
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mass. In a case where the content ratio of theygmay curable component is in the
above-described range, the energy ray curabilith@®nergy ray curable protective
film-forming film is further improved.

[0236]

The protective film-forming composition (IV-1) mayntain one or two or more
kinds selected from the group consisting of thernttesetting component, the
photopolymerization initiator, the filler, the cdiny agent, the cross-linking agent, the
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 strengtheoéhergy ray curable protective
film-forming film to be formed to the adherend msproved by being heated and the
strength of the protective film formed from the myyeray curable protective
film-forming film is also improved.

[0237]

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), thleermosetting component (B), the
photopolymerization initiator (H), the filler (D¥ye coupling agent (E), the cross-linking
agent (F), the colorant (I), and the general-pugaditive (J) in the protective
film-forming composition (IlI-1) are respective erplary examples.

[0238]

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
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combination of two or more kinds thereof. In aecahere a combination of two or
more kinds thereof is used, the combination anddtie of these can be optionally
selected.

The amounts of the thermosetting component, tistoplolymerization initiator,
the filler, the coupling agent, the cross-linkirggeat, the colorant, and the
general-purpose additive in the protective filmafiarg composition (IV-1) may be
appropriately adjusted depending on the intendepgse thereof and are not particularly
limited.

[0239]

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

Examples of the solvent contained in the protediivn-forming composition
(IV-1) are the same as those for the solvent irptis¢ective film-forming composition
(11-1).

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

[0240]

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

The energy ray curable protective film-forming qmsition such as the
protective film-forming composition (IV-1) is obted 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
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blending components other than the solvent andiniyuhe blending components in
advance or may be used by being mixed with themeditig components without
diluting any of blending components other thangblrent in advance.

The method of mixing respective components atithe of blending is not
particularly limited and may be appropriately sédedrom known methods such as a
method of mixing components by rotating a stirnea atirring blade; a method of
mixing components using a mixer; and a method admgicomponents 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 30C.

[0241]

Coating layer

The coating layer is not particularly limited asd as the surface roughness Ra
of the surface of the coating layer on a side op@®s a side where the coating layer is
in contact with the support sheet is smaller theat of the surface of the support sheet
where the coating layer is provided.

As the coating layer, a layer that contains adpreduct obtained by being
irradiated with energy rays to be cured or a lajsained by curing a coating
composition that is polymerized by irradiation withergy rays and contains an energy
ray polymerizable compound is preferable. Furtités,preferable that the energy ray
polymerizable compound is (meth)acrylic acid oeahtive thereof.

[0242]

The protective film-forming composite sheet mayéa function of forming a
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protective film for protecting the rear surfaceacdemiconductor chip obtained by
performing dicing as well as a function of servasga dicing sheet at the time of dicing a
semiconductor wafer. Further, the semiconductdemta which the protective
film-forming composite sheet adheres is occasigratpanded at the time of dicing the
semiconductor wafer. In this case, the protedilaeforming composite sheet is
required to have moderate flexibility. In ordelingpart moderate flexibility to the
protective film-forming composite sheet, for examm flexible resin such as propylene
is selected as the material constituting the sugbmet. 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 bynguhe composition which is a raw
material through irradiation with energy rays witheuring the composition with heat.

[0243]

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 topkB, and particularly

preferably in a range of 0.8 to in. In a case where the thickness of the coatiyey la

is greater than or equal to the above-describediddimit, 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 easdyedised 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 fibmafiing composite sheet has adhered
thereto is inspected using an infrared cameraeolikh through the sheet, and the dicing
of the semiconductor wafer accompanied by exparsorbe more easily performed.

By covering the uneven surface of the supporttshiék the coating layer as
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described above, the surface where the coating iaye 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 coal@tygr can be calculated using the tip of
this projection as one starting point.

[0244]

The surface roughness Ra of the surface of thingoayer on a side opposite
to a side where the coating layer is in contacdh Wit support sheet is preferably Qr
or less, more preferably On or less, still more preferably Ou.8n or less, and
particularly preferably 0.fm or less. In a case where the surface roughrness fRe
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.

In other words, the surface roughness Ra is @blgin a range of 0.005 to 0.5
um, more preferably in a range of 0.005 to [, still more preferably in a range of
0.005 to 0.3um, and particularly preferably in a range of 0.009.2um or less.

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

[0245]

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
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preferably in a range of 0.1 to 30, more preferatlg 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, théasie roughness Ra of the surface of
the coating layer on a side opposite to a side evtier coating layer is in contact with the
support sheet is further decreased. Thereforaradaser printing can be performed on
the protective film and the effect of suppressitagking of 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.

[0246]

The gloss value of the surface of the coatingrlayea side opposite to a side
(the support sheet side) where the coating layeraésntact with the support sheet is
preferably in a range of 32 to 95, more preferablg range of 40 to 90, and particularly
preferably in a range of 45 to 85. For example,gloss value thereof may be in a
range of 50 to 80. In a case where the gloss \@ltlee coating layer is in the
above-described range, clearer laser printing egpeloformed on the protective film.
Further, in a case where the gloss value of thérgphayer is greater than or equal to the
above-described lower limit, a clearer inspectimage can be obtained when the state of
the semiconductor wafer after the protective filmmfiing composite sheet has adhered
thereto is inspected using an infrared cameraeolikk 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 phenommremowhich 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 inflarv@mera or the like is more easily

performed.
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Further, the gloss value indicates a value obthinyemeasuring the specular
glossiness of the surface of the coating layefafrdm a side of the coating layer
opposite to the support sheet side in conformith WS K 7105.

[0247]

The value of the haze of the protective film-fangcomposite sheet measured
from the coating layer side is preferably 47% gslenore 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 theeptive film-forming composite sheet
is less than or equal to the above-described Uppi¢r light scattering is suppressed, and
clear laser printing can be performed on the ptotedilm. Further, a clearer
inspection image can be obtained when the stateeaemiconductor 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 indesaa value of the haze measured in a
direction of the surface of the coating layer ®id®e 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.

[0248]

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
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as the coating layer or the support sheet whiclstdates the protective film-forming
composite sheet, the components contained in timpasition (for example, the coating
composition described below) used for forming eafcthese layers, and the like.

[0249]

<<Coating composition>>

It is preferable that the coating composition eorg any one or bothu} of a
silica sol and a silica fine particle to which dical polymerizable unsaturated
group-containing organic compound is bonded (hefeen also abbreviated as a
“component ¢)”); and one or two or more kindB)selected from the group consisting
of a polyfunctional acrylate-based monomer andaylae-based prepolymer
(hereinafter, also abbreviated as a “compon@)ij.(

[0250]

[Componentd)]

The component) is a component for decreasing the refractivexrafehe
coating layer, decreasing curing shrinkage andheat shrinkage of the protective
film-forming composite sheet, and suppressing agecwe of curling in the protective
film-forming composite sheet due to the shrinkage.

[0251]

As the silica sol in the componed)( colloidal silica formed by silica fine
particles being suspended in an organic solverit ag@lcohol or ether (cellosolve)
derived from ethylene glycol in a colloidal statean exemplary example. The average
particle diameter of the silica fine particles liesuspended is preferably in a range of
0.001 to Jum and more preferably in a range of 0.03 to Eb

[0252]
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The silica fine particles, to which a radical polrizable unsaturated
group-containing organic compound is bonded, irctraponentd) are cross-linked
and cured by irradiation with energy rays.

Examples of the silica fine particle to which théical polymerizable
unsaturated group-containing organic compound i&led include particles obtained by
reacting a silanol group present on the surfagesilica fine particle with a functional
group in a radical polymerizable unsaturated grooptaining organic compound, and
the average particle diameter of the silica findiplas 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 can react
with the silanol group in the silica fine particle.

[0253]

As the radical polymerizable unsaturated grouptaiaimg organic compound
that contains the functional group, a compoundesgmted by Formula (1) is exemplary
example.

[0254]

R'

[
CH. = C — COR?

(1)

(In the formula, Rrepresents a hydrogen atom or a methyl groupfRand
represents a halogen atom or a group representanybgf Formulae (2a) to (2f).)

[0255]
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— OCH2CHsNCO. —OCH2CH — CHz2 . —OCH2CH —CHa .

N/
(2a) (2b) 0 (2¢) N
H
— OCH2CH20H. —OH. — O(CHz); — Si(OCHs)3
(2d) (2 e) (2 )
[0256]

Examples of the halogen atom &sifitlude a chlorine atom, a bromine atom,

and an iodine atom.
5 [0257]

Preferred examples of the radical polymerizabkaturated group-containing
organic compound include (meth)acrylic acid, (matiylic acid chloride,
2-isocyanatoethyl (meth)acrylate, glycidyl (methydate, 2,3-iminopropy!
(meth)acrylate, 2-hydroxyethyl (meth)acrylate, and

10 (3-(meth)acryloyloxypropyltrimethoxysilane.

[0258]

In the present invention, the radical polymerizalnhsaturated group-containing
organic compound may be used alone or in combinatidwo or more kinds thereof.

[0259]

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

[0260]

As the componentxr, only the silica sol may be used; only the sifica

20 particle to which the radical polymerizable unsated group-containing organic

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

[0261]

It is preferable that the amount of the compoigepin the coating composition
is selected according to the refractive index efgdhpport sheet. However, typically, it
is preferable that the content thereof is setwalae such that the amount of the silica
derived from the component) of the coating layer is in a range of 20% to G@¢4anass.
In a case where the amount of silica is greater tnaequal 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 protedtiseforming composite sheet are
further increased. Further, in a case where theuabof silica is less than or equal to
the above-described upper limit, the coating layenore easily formed, and the effect of
suppressing a decrease in hardness of the coatiagit further increased.

From the viewpoints of improving the refractiveléx of the coating layer,
easily forming the coating layer, improving thedvaess thereof, and suppressing
occurrence of curling in the protective film-forrgisiomposite sheet, the amount of silica
derived from the componera) of the coating layer is more preferably in a o 20%
to 45% by mass.

[0262]

[Component§)]

The component3) is a main photocurable component that forms daticg
layer.

[0263]

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

Preferred examples of the polyfunctional acrylased monomer include
1,4-butanediol di(meth)acrylate, 1,6-hexanediangith)acrylate, neopentyl glycol
di(meth)acrylate, polyethylene glycol di(meth)aatg, hydroxypivalic acid neopentyl
glycol di(meth)acrylate, dicyclopentanyl di(methdate, caprolactone-modified
dicyclopentenyl di(meth)acrylate, ethylene oxidesified phosphoric acid
di(meth)acrylate, allylated cyclohexyl di(meth)detg, isocyanurate di(meth)acrylate,
trimethylolpropane triimeth)acrylate, dipentaerittirtriimeth)acrylate, propionic
acid-modified dipentaerythritol triimeth)acrylapentaerythritol trilmeth)acrylate,
propylene oxide-modified trimethylolpropane tri(injgtcrylate,
tris(acryloxyethyl)isocyanurate, dipentaerythripeinta(meth)acrylate, propionic
acid-modified dipentaerythritol penta(meth)acrylatg@entaerythritol hexa(meth)acrylate,
and caprolactone-modified dipentaerythritol hexafryeecrylate.

[0264]

The acrylate-based prepolymer in the compor{@nis(not particularly limited
as long as the acrylate-based prepolymer is (mati@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-bpssublymer, a urethane
acrylate-based prepolymer, and a polyol acrylas=tarepolymer.

[0265]

Examples of the polyester acrylate-based prepalynotude a prepolymer

obtained by esterifying hydroxyl groups in a potge®ligomer containing hydroxyl
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groups in both terminals of a molecule, obtaine@ lmpndensation reaction between
polyvalent carboxylic acid and polyhydric alcohasing (meth)acrylic acid; and a
prepolymer obtained by esterifying a hydroxyl graaphe terminal of an oligomer,
obtained by adding alkylene oxide to polyvalenboaglic 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{nacrylic acid.

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

[0266]

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

[0267]

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

[0268]

[Solvent]

It is preferable that the coating compositionfiertcontains a solvent other than

the component() and the componenB). In a case where the coating composition
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contains a solvent, a coating film for forming dwating 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.

[0269]

Examples of the solvent include an aliphatic hgdrbon such as hexane,
heptane, or cyclohexane; an aromatic hydrocarboh as toluene or xylene; a
halogenated hydrocarbon such as methylene chloridéhylene chloride; an alcohol
such as methanol, ethanol, propanol, butanol, meflzoxy-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).

[0270]

[Optional components]

The coating composition may contain various ogti@@mponents such as a
monofunctional acrylate-based monomer, a photopetization initiator, a
photosensitizer, a polymerization inhibitor, a srtisking agent, an antioxidant, an
ultraviolet absorbing agent, a light stabilizele@eling 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.

[0271]

(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
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photocurable component and also a (meth)acrylid derivative containing only one
(meth)acryloyl group in one molecule.

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

[0272]

(Photopolymerization initiator)

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

Preferred examples of the photopolymerizationdtot include an aryl
ketone-based photopolymerization initiator suchmacetophenone-based compound, a
benzophenone-based compound, an alkylaminobenzopbédrased compound, a
benzyl-based compound, a benzoin-based compourehzin ether-based compound, a
benzyl dimethyl acetal-based compound, a benzoytdegte-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 phosphite; and an anthraquinone-based
compound.

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

[0273]

The amount of the photopolymerization initiatottlve coating composition is

preferably in a range of 0.2 to 10 parts by masismaare preferably in a range of 0.5 to 7
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parts by mass with respect to 100 parts by massedbtal amount of the photocurable
components.

[0274]

(Photosensitizer)

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

The amount of the photosensitizer in the coatompmosition is preferably in a
range of 1 to 20 parts by mass and more preferaldyange of 2 to 10 parts by mass
with respect to 100 parts by mass of the total arhotithe photocurable components.

[0275]

(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
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 energysaslissipation from a cured layer
with time is suppressed and the functions of tlveseponents are exhibited for a long
period of time.

[0276]

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

In a case where the coating layer contains swsilica sol, the effect of

suppressing blocking of the protective film-formiogmposite sheet is further increased.
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In addition, a larger amount of such a silica sgiresent 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 igrt increased. In order to unevenly
distribute components contained in the coating amsitipn such as a silica sol in the
coating layer, the conditions for applying the aogtomposition may be adjusted.

[0277]

<<Method of producing coating composition>>

The coating composition is obtained by blendirgpeetive components for
constituting the coating composition, for examgie, energy ray polymerizable
compounds such as the componentand the componenB) and other components as
necessary. The coating composition is obtainedrdomy to the same method as the
method for the above-described pressure sensifivesitve composition except that the
blending components for the coating compositiondifferent 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 digblv Further, the concentration or
the viscosity of each component in the coating aastin is not particularly limited as
long as the coating composition can be applied.

[0278]

Method of producing protective film-forming comjgessheet



10

15

20

25

10C

The protective film-forming composite sheet acaaydo the present invention
can be produced by forming a protective film-forgiim using the protective
film-forming composition, forming a coating layesing the coating composition, and
laminating the coating layer, the support sheat,tha protective film-forming film in
this order. In a case where the support sheetrisefd of a plurality of layers, the
support sheet may be prepared by laminating alfijucd these layers on one another.
For example, in a case where the support sheetrisefl by laminating the base material
and the pressure sensitive adhesive layer, theymesensitive adhesive layer may be
formed using the pressure sensitive adhesive catigros

[0279]

The order of forming respective layers (the captayer, the support sheet, and
the protective film-forming film) constituting th@otective film-forming composite
sheet is not particularly limited. Further, thenfiation 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 compogteet 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 adtwetiee surface of the adjacent layer in
the state of the protective film-forming compositeet. Here, it is preferable that the
coating layer is formed by directly coating the were surface of the support sheet with
the coating composition in order to suppress geioeraf a gap portion between the
coating layer and the uneven surface (rear surfafdde support sheet.

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

[0280]

It is preferable that the coating layer is fornbgdcoating the uneven surface (in
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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 ssagy.

[0281]

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.

[0282]

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

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

[0283]

The conditions for drying the coating compositaye not particularly limited,
but it is preferable that the coating compositi®heated and dried. In this case, it is

preferable that the coating composition is driedesra temperature condition of°TDto

130°C for 0.5 to 5 minutes.
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The conditions for curing the coating film formedm 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 800 mJ/crhusing a high pressure
mercury lamp, a fusion H lamp, a xenon lamp, alblatt, or an LED lamp as an
ultraviolet ray source. Further, in a case whieedpating film is irradiated with
electron beams, the irradiation may be performeddnerating electron beams using an
electron beam accelerator or the like and sethegrtadiation dose to be preferably in a
range of 150 to 350 kV. Among these, it is prdiérdhat the coating layer is formed
by irradiation with ultraviolet rays.

[0285]

In a case where the support sheet is formed bin&ting the base material and
the pressure sensitive adhesive layer, the preseusstive adhesive layer can be formed
by directly coating the surface (the surface 1ldénefbase 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 releaagnent has been applied, with the
pressure sensitive adhesive composition, dryingtinface, adhering the formed
pressure sensitive adhesive layer to the surfatieedfase material, removing the release
sheet to separately form a pressure sensitive aghager, and adhering the pressure
sensitive adhesive layer to the surface of the baerial.

[0286]
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The target surface can be coated with the presamstive adhesive
composition according to the same method as icdle of the coating composition.

[0287]

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.

[0288]

In both of a case where the support sheet is fommhenly 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
being laminated on each other, the surface (in FIG8d 2, the surface 10a of the
support sheet 10, that is, the surface 12a of tbespre 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, watiptbtective 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 prefitm-forming film to the surface of
the support sheet.

[0289]

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

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

[0290]

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 invention can also beumed 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 sensitiieside layer using the pressure
sensitive adhesive composition, forming a protectibn-forming film using the
protective film-forming composition to obtain a larvate formed by laminating the
pressure sensitive adhesive layer and the progefitm-forming film, and adhering the
surface of the base material (the surface 11aeobéise material 11 in FIGS. 1 and 2) on
which the coating layer is provided to the surf@be 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 sensigigihesive layer and the
protective film-forming film in this case are thanse as in the case of the
above-described method.

[0291]

For example, when the protective film-forming camipe sheet is seen from the
above in a plan view as shown in FIG. 1, in a adg@oducing a protective film-forming
composite sheet that includes a protective filnmfiog film having a surface area
smaller than that of the pressure sensitive adadaper, the protective film-forming film
cut into have a predetermined size and a predaterhshape in advance may be

provided on the pressure sensitive adhesive lapearding to the above-described
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production method.

[0292]

Method of using protective film-forming composttkeeet

For example, a method of using the protective-fitmming composite sheet
according to the present invention is as desciiatolw.

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

In this case, first, the rear surface of the sendactor 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.

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

[0293]

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 pmive film-forming composite sheet.

In this case, as described above, the surface nesghRa 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 sufficiently small, and the reafaxe of the coating layer is a smooth
surface or a surface with a degree of suppressedeuness. Accordingly, when laser
light is applied, irregular reflection of the ladight on the rear surface of the coating

layer is suppressed and clear laser printing cgrebiermed on the protective film.
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[0294]

Further, the state of the semiconductor waferreediicing is performed or the
semiconductor chip obtained by performing dicingésasionally inspected by
observing the semiconductor wafer or the semicotdwhip from the rear surface (the
surface to which the protective film-forming comjgesheet 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 invention, as described above, the surtagghness Ra of the surface (rear
surface) of the coating layer on a side oppositesme where the coating layer is in
contact with the support sheet is sufficiently dpadd occurrence of a gap portion
between the coating layer and the uneven surfaee géurface) of the support sheet is
suppressed. Accordingly, since a clear inspedtimye can be obtained when the
semiconductor wafer or the semiconductor chip seoled through the protective
film-forming composite sheet from the coating lagete using an infrared camera or the
like, inspection can be performed with high premmisi

[0295]

Next, the semiconductor chip and the protective &dhering to the rear surface
thereof are peeled off and picked up from the stpgieeet, 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 mahtnd the pressure sensitive
adhesive layer and the pressure sensitive adhlesieeis 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 adhethmgrear surface thereof from the
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cured pressure sensitive adhesive layer.

[0296]

For example, in a case of using the protective-fiblrming composite sheet 1
shown in FIG. 1, the rear surface of the semicotutueafer is allowed to adhere to the
protective film-forming film 13 of the protectivdrh-forming composite sheet 1, the
exposed support sheet 10 (pressure sensitive adHager 12) is allowed to adhere to a
dicing jig (not shown) such as a ring frame, arelghotective film-forming composite
sheet 1 is fixed to a dicing device. Next, thet@ecove film-forming film 13 is cured to
obtain a protective film, the protective film is&x-printed and then diced, a region of the
pressure sensitive adhesive layer 12 other thasideewhere the pressure sensitive
adhesive layer 12 adheres to the jig is curedragliation with energy rays as necessary,
and the semiconductor chip provided with a protectim may be picked up. As
described above, in a case where the protectivefirming composite sheet 1 including
the pressure sensitive adhesive layer 12 whichasyy ray curable is used, adjustment is
required such that a specific region of the pressensitive adhesive layer 12 is not
cured in order for the protective film-forming coagite sheet 1 not to be peeled off from
the jig. In the case of using the protective fiionming composite sheet 1, it is not
necessary to separately provide a configuratiomdivering the protective film-forming
composite sheet 1 to the jig.

[0297]

Meanwhile, in a case of using the protective fitmming composite sheet 2
shown in FIG. 2, the rear surface of the semicotutueafer is allowed to adhere to the
protective film-forming film 23 of the protectivérh-forming composite sheet 2, the
adhesive layer 16 for a jig is allowed to adhera thcing jig (not shown) such as a ring

frame, and the protective film-forming compositesh? is fixed to a dicing device.
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Next, the protective film-forming film 23 is curéd obtain a protective film, the
protective film is laser-printed and then diced; pinessure sensitive adhesive layer 12 is
cured by irradiation with energy rays as necessany,the semiconductor chip provided
with a protective film may be picked up. As deked above, a case where the
protective film-forming composite sheet 2 includiig 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 sens#oleesive 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 differéram 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.

[0298]

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

In this case, first, the rear surface of the semdactor 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.

[0299]
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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 pmive film-forming composite sheet.
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 edgrmed on the protective film and the
inspection can be performed using an infrared caraethe like with high precision.

[0300]

Next, a semiconductor chip provided with a pratectiim 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 caseemththe support sheet of the
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 semiconduetafer 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 semiconductqgp.chi

[0301]

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 senaitivesive layer is energy ray curable, a
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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 shedbded to a dicing device similar to the
above-described case where the protective film-fogrfilm is thermosetting.

Next, the protective film is irradiated with lagight from the coating layer side
of the protective film-forming composite sheetnging is performed on the surface of
the protective film, and the semiconductor wafeticed to obtain a semiconductor chip.
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 eégrmed on the protective film and the
inspection can be performed using an infrared caraethe like with high precision.

[0302]

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 adhetimgrear surface thereof are picked
up from the cured pressure sensitive adhesive, l#hy@reby obtaining a semiconductor
chip provided with a protective film.

[0303]

Meanwhile, in a case where a long protective fiitnmming composite sheet is
wound, a protective film-forming composite sheeaistate in which the release film (the
release film 15 in FIGS. 1 and 2) is laminatedlenédxposed surface of the protective
film-forming film is typically used. In all configrations (for example, both of the
protective film-forming composite sheet 1 showrri®. 1 and the protective

film-forming composite sheet 2 shown in FIG. 2}lué protective film-forming
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composite sheet according to the present invergi®the protective film-forming
composite sheet is wound in a roll shape, a larioatt 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 radiedation of the roll. As a result, between
laminate units in contact with each other in thaiabdirection of the roll, the surface (the
surface on a side opposite to a side where thegne¢ film-forming film is provided) of
the release film in one laminate unit and the seaface (the surface on a side opposite to
a side where the coating layer is in contact withltase material) of the coating layer in
another laminate unit are in a state of being mact with each other and being pressed
against each other, and thus the roll of the ptiveeéim-forming composite sheet is
stored in this state. However, since the coatayet is provided, adhesion between the
release film and the coating layer is suppressesdds the laminate units, and thus
blocking is suppressed in the protective film-fangncomposite sheet according to the
present invention.

[0304]

The protective film-forming composite sheet of fresent invention which has
a width of 50 mm and a length of 100 mm in a siat®hich the release film is provided
on the protective film-forming film is formed intlaminate whose one outermost layer
is the coating layer and the other outermost lasy/ére release film by overlapping a
plurality of the protective film-forming composigheets such that all the coating layers
are directed to the same direction and the totekniess of the coating layers is in a
range of 10 to 6Qim, the laminate is allowed to stand at@@or 3 days in a lamination
direction of the protective film-forming composgheet while a force (external force) of
980.665 mN (that is, 100 gf) is applied thereta #re peeling force when the release

film closest to the coating layer which is the ootest layer in the lamination direction is
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peeled off from the coating layer (the coating faglesest to the coating layer as the
outermost layer in the lamination direction) adjstde the release film under conditions
of a peeling rate of 300 mm/min and a peeling angE8C is preferably 10 mN/50 mm
or less, more preferably 7.5 mN/50 mm or less,@articularly preferably 5 mN/50 mm
or less. Here, all of the plurality of sheetsh## protective film-forming composite
sheet are considered to have the same configuratiearther, the number of sheets of
the protective film-forming composite sheet to tecked is preferably 10. It can be
confirmed that the effect of suppressing blockipig¢king resistance) of the protective
film-forming composite sheet according to the pnesevention is excellent based on the
peeling force of the release film.

Examples

[0305]

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.

[0306]

<Production of protective film-forming compositecet>

[Example 1]

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

[0307]

[Production of first laminate]

(Preparation of thermosetting protective film-famg composition)

The following components with the following amosiigsolid contents) were
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blended, and methyl ethyl ketone was blended waghntixture, thereby obtaining a

protective film-forming composition (IlI-1) having solid content concentration of 51%
by mass.

[0308]

(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

(Thermosetting component (B))

Epoxy resin (B1)

(B1)-1: 60 parts by mass of bisphenol A type ep@sin (“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@smn (“JER1055”
manufactured by Mitsubishi Chemical Corporatiorpxgpequivalent 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 (solgpérsion type latent curing
agent, “ADEKA HARDENER EH-3636AS” manufactured bypAKA CORPORATION,
active hydrogen amount of 21 g/eq)

(Curing accelerator (C))

(C)-1: 2 parts by mass of 2-phenyl-4,5-dihydroxyimyémidazole (“CUAZOL
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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)

(Colorant (1))

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

[0309]

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

The surface of a first release film (“SP-P5020106tdnufactured by LINTEC
Corporation, thickness of §@n), on which a release treatment was performed, was
coated with the protective film-forming compositi@i-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
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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 refese numeral w1l of the protective
film-forming composite sheet 1 shown in FIG. 3) veas from this laminate.

[0310]

Further, this cut laminate was subjected to hatifireg, 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
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 hg\wa circular shape in a plan view in
this order, on the surface of the first releasa fih which a release treatment was
performed was obtained. The circular protectilra-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 sheethbwn in FIG. 3.

[0311]

(Preparation of coating composition)

100 parts by mass of a hard coating agent formhedethane acrylate and a
polyfunctional acrylate monomer (“BEAM SET 575CB'anufactured by Arakawa
Chemical Industries, Ltd., solid content concergrabf 100% by mass, containing
photopolymerization initiator) was blended with 158rts by mass of a dispersion liquid

(“OSCAL1632" manufactured by JGC C&C, silica solvimgy particle diameter of 30 to
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50 nm, solid content concentration of 30% by mé&sshed by a silica sol being
dispersed in 2-ethoxyethanol (ethyl cellosolvedréby obtaining a coating composition
(solid content concentration of 30% by mass).

[0312]

(Formation of coating layer)

Next, an uneven surface of a polypropylene badenmb(thickness of 10Qm,
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 unewdace, with a surface
roughness Ra of 0.Q#n was coated with the coating composition obtainetie
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 atowalayer (thickness of @m).

[0313]

(Preparation of pressure sensitive adhesive cotigros

100 parts by mass of a (meth)acrylic acid alkyeesopolymer 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.
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(Formation of pressure sensitive adhesive laygpsrt sheet) and production
of second laminate)

A surface of a third release film (“SP-PET381031Ganufactured by LINTEC
Corporation), having a surface on which a releesstrnent was performed by forming a
silicone-based release agent layer thereon, foohadolyethylene terephthalate film
having a thickness of 38n was coated with the pressure sensitive adhesivgpasition
(iii) obtained in the above-described manner usitkgife coater and dried, thereby
forming a pressure sensitive adhesive layer (taskrof 5um).

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 wl of the ptotedilm-forming composite sheet 1
shown in FIG. 3) was cut from this second laminate.

[0315]

(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 prigeetitm-forming film was exposed.

Further, the third release film was removed from$bBcond laminate obtained in the
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above-described manner so that the pressure seraithesive layer was exposed. In
addition, the exposed surface of the above-destpbetective 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 baséenm, the pressure sensitive adhesive
layer, the protective film-forming film, and thedt release film in this order.

[0316]

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
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 presansitive 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 refese numeral w1l of the protective
film-forming composite sheet 1 shown in FIG. 3}td third laminate, at a position
separated from the circle having a diameter of B0 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 showrri®. 3. Further, the distance (20

mm) between the circle having a diameter of 270 amehthe arcs corresponds to the
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reference numeral w2 in the protective film-formemmposite sheet 1 shown in FIG. 3.

[0317]

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 compositeeet 1 shown in FIG. 3), and half
cutting for making a notch in all of the coatingéa, the base material, and the pressure
sensitive adhesive layer was performed from théimgpdayer side such that two straight
lines connecting arcs at sites adjacent to eadr aitthe longitudinal direction in a plan
view were drawn. The notch corresponding to twaight lines forms a planar
peripheral portion on the pressure sensitive adbdayer indicated by the reference
numeral 122 in the protective film-forming compessheet 1 shown in FIG. 3.

Next, the protective film-forming composite shekown in FIGS. 1 and 3 was
obtained by removing the coating layer, the basteenad, 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 correspotwthe circular pressure sensitive
adhesive layer 12 (support sheet 10) having a demd@ 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.

[0318]

[Example 2]

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
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surface roughness Ra ofiin was used in place of the base material havinghamen
surface with a surface roughness Ra ofi®r4 as listed in Table 1.

[0319]

[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 ofyidand the thickness of the coating layer was
set to 1um in place of 3um, as listed in Table 1.

[0320]

[Example 4]

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

[0321]

[Example 5]

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 havinghanen
surface with a surface roughness Ra ofifrdand the thickness of the coating layer was
set to 6um in place of 3um, as listed in Table 1.

[0322]

[Example 6]

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 makené@hg an uneven surface with a
surface roughness Ra ofith was used in place of the base material havinghamen
surface with a surface roughness Ra ofirdand the thickness of the coating layer was
set to 6um in place of 3um, as listed in Table 1.

[0323]

[Comparative Example 1]

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
surface with a surface roughness Ra ofi@rdand the coating layer was not formed, as
listed in Table 1.

[0324]

[Comparative Example 2]

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

[0325]

[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 matenéhg an uneven surface with a
surface roughness Ra ofiin was used in place of the base material havingnamen

surface with a surface roughness Ra ofyiy} the base material was disposed such that
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the uneven surface was directed to the opposiee sicbther words, the pressure
sensitive adhesive layer side (inside), and thérapayer was not formed (in other
words, the configuration of the related art showFkIG. 5 was employed), as listed in
Table 1.

[0326]

[Comparative Example 4]

A coating composition was prepared according éosime method as in
Example 1 except that spherical silica (“SC2050M#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 wasl uis place of a dispersion liquid in
which the silica sol was dispersed in 2-ethoxyethan

Further, a protective film-forming composite she@s 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.

[0327]

<Evaluation of protective film-forming compositeeet>

[Laser printability]

In each of the obtained protective film-formingwuosite 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 biNLCEC Corporation), and the
protective film-forming film was allowed to adhewethe rear surface of a silicon wafer
(outer diameter of 8 inches, thickness of i) heated to AT.

Next, the protective film-forming film was therrhatured by performing a heat



10

15

20

25

12¢

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 conditofra 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 lasentmp was performed on the
protective film in the following two patterns (tpattern 1 and the pattern 2).

(Pattern)

Pattern 1: character size of 0.4 mrd.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

[0328]

Next, the visibility (laser printability) of theharacters, from the base material
side, formed on the protective film by performiig 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 wobear 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 thermpaitwere able to be read without
problem.

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

[0329]

[Blocking resistance (1)]



10

15

20

25

124

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

Next, in the protective film-forming composite sl of Examples 1 to 6 and
Comparative Example 4, ten laminate units formedthhyinating the coating layer, the
base material, the pressure sensitive adhesive thgeprotective film-forming film, and
the first release film in this order were sent outurther, in the protective film-forming
composite sheets of Comparative Examples 1 ta8eghe coating layer was not
present, ten laminate units formed by laminatirgglihse material, the pressure sensitive
adhesive layer, the protective film-forming filrmdathe first release film in this order
were sent out. At this time, the presence of adhdsetween contact portions of the
protective film-forming composite sheet which wareontact with each other at the
time of winding and the degree of adhesion in & edsere adhesion occurred were
evaluated based on the following criteria. Theiltesare listed in Table 1.

(Evaluation criteria)

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

B: A low degree of adhesion between the contartges was found, but the
protective film-forming composite sheet was abl&dosent out without problem.

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

[0330]

[Blocking resistance (2)]

Each of the obtained protective film-forming comjpe sheets of each example
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and each comparative example was cut into tapegavividth 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-descnitaather were prepared to
obtain a test piece by laminating these sheetspaf.t At this time, in all cases of
Examples 1 to 6 and Comparative Example 4, thesetslof tape were laminated such
that the coating layer faced upward. Further]linases of Comparative Examples 1 to
3, since the coating layer was not present, thesets of tape were laminated such that
the base material faced upward. Next, this testepwas interposed between two glass
plates (width of 75 mm, length of 15 mm, and thie&s of 5 mm), the entire laminate
formed of these glass plates and the test piecelaasd on a predetermined site using
one glass plate as the bottom layer, and the iest pvas pressed by placing a weight on
the other glass plate used as the top layer. dioe fapplied to the test piece in the
lamination direction of the tape at this time w&9.$65 mN (in other words, 100 gf).
The entire laminate formed of the glass platesthadest piece was stored in a moist
heat promoter (manufactured by ESPEC Corp.) & 40r 3 days in this state, and a
heating and pressing promotion test was performeith@® test piece.

[0331]

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 adja¢édn the first release film were
removed, the exposed pressure sensitive adhegeevas allowed to adhere to the
support plate through double-sided adhesive tapeitee test piece, after the heating and
pressing promotion test was performed, from whicly the first release film as the

bottom layer and the protective film-forming filndjacent to the first release film were
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removed was fixed to the support plate.

Next, in the above-described fixed test piecénendases of Examples 1 to 6 and
Comparative Example 4, the laminate formed of theting layer as the top layer furthest
from the support plate, the base material, thespressensitive adhesive layer, and the
protective film-forming film was removed, the pegjiforce when the exposed first
release film was peeled off from the coating laadjacent to the first release film using a
tensile testing machine under conditions of a pgaiate of 300 mm/min and a peeling
angle of 180 was measured. In the above-described fixed tesé pin the cases of
Comparative Examples 1 to 3, the laminate formeth@base material as the top layer
furthest from the support plate, the pressure seasidhesive layer, and the protective
film-forming film was removed, the peeling force ermthe exposed first release film
was peeled off from the base material adjacertdditst release film using a tensile
testing machine under conditions of a peeling 0&@®00 mm/min and a peeling angle of
180 was measured. The measured value of the peeling 6f the first release film
obtained in the above-described manner was set sslex of the blocking resistance of
the protective 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 6 and Comparative Example 4 and the base maitetize cases of Comparative
Examples 1 to 3) adjacent to the first release fitst when the protective film-forming
film adjacent to the first release film as the bottlayer (the first release film in contact
with the glass plate as the bottom layer) as desdrabove was intended to be removed
from the test piece taken out from the moist heatnpter. In this case, the first release

film as the bottom layer was removed from the péste taken out from the moist heat
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promoter, the protective film-forming film was alled to adhere to the support plate
through double-sided adhesive tape without remothigyprotective film-forming film
adjacent to the first release film, the test pieom which only the first release film as
the bottom layer was removed was fixed to the stpgmate, and the peeling force of the
first release film was measured with respect te filxed test piece.

The results are listed in Table 1.

[0332]

[Surface roughness Ra of outermost surface onrbaserial side]

In each of the obtained protective film-formingrguosite sheets of Examples 1
to 6 and Comparative Example 4, the surface rougghRa of the outermost surface on
the base material side, in other words, the surdhtiee coating layer on a side opposite
to the base material side was measured using actdgipe surface roughness meter
(“SURFTEST SV-3000”, manufactured by Mitutoyo Corgiion) by setting a cutoff
valueAc to 0.8 mm and an evaluation length Ln to 4 mrmoanformity with JIS B
0601:2001. The results are listed in Table 1. thenprotective film-forming composite
sheets of Comparative Examples 1 to 3, the surfagghness Ra of the surface of the
base material on a side opposite to the pressnsitise adhesive layer side was listed as
the surface roughness Ra of the outermost surfate twase material side, in Table 1.

[0333]

[Gloss value of surface of coating layer]

In each of the obtained protective film-formingwuosite sheets of Examples 1
to 6 and Comparative Example 4, the specular glessiof the surface of the coating
layer at 20 was measured from the coating layer side opptsitee base material side
using a gloss meter (gloss meter “VG 2000”, marufacd by Nippon Denshoku

Industries Co., Ltd.) in conformity with JIS K 710&nd the measured value was set as
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the gloss value of the surface of the coating layd@ihe results are listed in Table 1.

[0334]

[Value of haze measured from coating layer side]

In each of the obtained protective film-formingwuosite sheets of Examples 1
to 6 and Comparative Example 4, the haze was meg$urm the coating layer side
using a haze meter (“NDH-2000" manufactured by Mippenshoku Industries Co.,

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



[0335]
[Table 1]
Example Comparative Examp
1 2 3 4 5 6 1 2 3 4
Coating laye Present (3Present (3Present (1Present (1Present (6Present (6) Absent | Absent| Absenf Present|(3)
(thickness im)) i 7
Orientation of uneven surface of b3 ourside | Outsidel Outside  Outsige  Outside  Outgide si@ed| Inside | Inside| Outsidg
Surface roughness Ra of uneven
surface of base material 0.4 1 1 0.4 1 3 1 0.4 1 0.4
(um)
Surface roughness Ra of surface |of
base material on side opposite t A
Configuration uneven surface 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
of protective (nm)
film-forming| Surface roughness Ra of outermgst
composite surface of base material side 0.02 0.02 0.1 0. 02 0.02 0.05 1 0. 02 0.0p 0.8
sheet (um)
[Thickness um) of coating
layer]/[Surface roughness Ran) of| 7.5 3.0 1.0 2.5 6.0 2.0 - - - 7.5
uneven surface of base material
Thickness of pressure sensitive
adhesive layer 5 5 5 5 5 5 5 5 5 5
(um) _
Haze of ccz;a/(tjl)ng layer side 9 13 29 9 9 15 ) ) ) 48
Gloss value of surface of coating la 74 66 52 68 73 63 - - - 31
Laser printabilit: A A B A A B C B C C
. Blocking resistance ( A A A A B B A C C A
Evaluation - -
results .Blockmg resistance ( .
(peeling force (MN/50 mm) of firsf <5 <5 <5 <5 5 5 <5 22 27 <5
release film)




10

15

20

25

13C
[0336]

Since each of the protective film-forming compesheets of Examples 1 to 6
includes the coating layer on the outermost layethe base material side, both of the
laser printability and the blocking resistance wexeellent.

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, in each of the protective film-forming compesheets of Examples 1, 2, 4, and 5,
the value of “[thicknesgufn) of coating layer]/[surface roughness R} of uneven
surface of base material]” is greater and the ikdhickness of the coating layer with
respect to the surface roughness Ra of the unewéats of the base material is larger so
that the surface roughness Ranj of the outermost surface (surface of the codtaygr
on a side opposite to the base material side) ®badlse material side is smaller.

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 thenrdasthis 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-formingnaposite sheets of Examples
1 to 6, a gap portion between the base materiattengressure sensitive adhesive layer
was not found.

[0337]

Meanwhile, the protective film-forming compositeeet of Comparative
Example 1 had excellent blocking resistance, beitaker printability thereof was

degraded because the surface (rear surface) bbeematerial on a side opposite to the
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surface (front surface) where the pressure seastilhesive layer was provided was
uneven surface and the coating layer was not presenmilar to the sheet shown in FIG.
4,

[0338]

Similar to the sheet shown in FIG. 5, the protecfilm-forming composite
sheet of Comparative Example 2 had excellent lagetability, but the blocking
resistance thereof was degraded because the s(idacesurface) of the base material on
a side opposite to the surface (front surface) w/liee 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. Theorefs this was assumed that the
surface (front surface) of the base material oie where the pressure sensitive
adhesive layer was provided was an uneven surfatéha surface roughness Ra thereof
was larger than that of the protective film-formicgmposite 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 prietefitm because the surface roughness
Ra of the uneven surface was large, and the defuagevenness 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 thselr printability was further degraded.
Further, in both protective film-forming composstieeets of Comparative Examples 2
and 3, a gap portion was found between the unawéace 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
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the uneven surface was larger than that of comparBxample 2. Therefore, it was
assumed that irregular reflection of light wasliertincreased and the laser printability
was further degraded in the case of Comparativenpi&3 compared to the case of
Comparative Example 2.

[0339]

Similar to the protective film-forming compositeet 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 oppostieetsurface (front surface) where the
pressure sensitive adhesive layer was providecawaseven surface and the coating
layer was also present. The reason for this wasaesd that the surface roughness Ra
(um) of the outermost surface (surface of the codtiggr on a side opposite to the base
material side) on the base material side was ldhgar that of the surface (rear surface)
of the base material on a side opposite to thaserffront surface) where the pressure
sensitive adhesive layer is provided in the cagb@protective film-forming composite

sheet of Comparative Example 4.

Industrial Applicability
[0340]
The present invention can be used for manufagwaisemiconductor chip or

the like whose rear surface is protected by a ptiotefilm.

Reference Signs List
[0341]

1, 2: protective film-forming composite sheet
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10: support sheet

10a: surface of support sheet

10b: rear surface of support sheet

11: base material

1l1a: surface of base material

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

What is claimed is:
1. A protective film-forming composite sheet, comprising:

a support sheet;

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

a coating layer provided on a surface of the support sheet on a side opposite to
the side on which the protective film-forming film is provided,

wherein the coating layer contains a cured product of a coating composition
containing a photopolymerization initiator, and

a surface roughness Ra of a surface of the coating layer on a side opposite to a
side on which the coating layer is in contact with the support sheet is smaller than that of

the surface of the support sheet on a side on which the coating layer is provided.

2. A protective film-forming composite sheet, comprising:

a support sheet;

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

a coating layer provided on a surface of the support sheet on a side opposite to
the side on which the protective film-forming film is provided,

wherein the coating layer is obtained by curing a coating composition containing
an energetic radiation-polymerizable compound polymerized through irradiation with
energetic radiation and a photopolymerization initiator and the energetic
radiation-polymerizable compound is (meth)acrylic acid or derivatives thereof, and

a surface roughness Ra of a surface of the coating layer on a side opposite to the
side on which the coating layer is in contact with the support sheet is smaller than that of

the surface of the support sheet on the side on which the coating layer is provided.
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3. A protective film-forming composite sheet, comprising:

a support sheet;

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

a coating layer provided on a surface of the support sheet on a side opposite to
the side on which the protective film-forming film is provided,

wherein a surface roughness Ra of a surface of the coating layer on the side
opposite to a side on which the coating layer is in contact with the support sheet is
smaller than that of the surface of the support sheet on the side on which the coating layer
is provided, and

a value of [a thickness (um) of the coating layer]/[a surface roughness Ra (um)
of the surface of the support sheet on the side on which the coating layer is provided] is

0.5 to 10.

4. The protective film-forming composite sheet according to any one of claims 1 to

wherein a peeling force of a release film measured according to the following
method using the protective film-forming composite sheet which further includes the
release film on the protective film-forming film is 10 mN/50 mm ore less;

(method of measuring peeling force of release film)

the protective film-forming composite sheet having a width of 50 mm and a
length of 200 mm which includes the protective film-forming film on which the release
film is provided is formed into a laminate whose outermost layer is the coating layer and
the other outermost layer is the release film using a plurality of the protective

film-forming composite sheets which overlap each other so that all of the coating layers
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are directed in the same direction and a total thickness of the coating layers is within a
range of 10 to 60 um,

the laminate is allowed to stand at 40 °C for 3 days in a lamination direction of
the protective film-forming composite sheet while being subjected to a force of 980.665
mN, and then the peeling force when the release film closest to the coating layer which is
the outermost layer in the lamination direction is peeled off from the coating layer
adjacent to the release film under conditions that are a peeling rate of 300 mm/min and a

peeling angle of 180° is measured.

5. The protective film-forming composite sheet according to any one of claims 1 to

wherein the support sheet includes a base material and a pressure sensitive
adhesive layer which are laminated on each other, and

the protective film-forming composite sheet is formed by laminating the coating
layer, the base material, the pressure sensitive adhesive layer, and the protective

film-forming film in this order.

6. The protective film-forming composite sheet according to claim 5,

wherein the pressure sensitive adhesive layer is energetic radiation curable or

non-energetic radiation curable.

7. The protective film-forming composite sheet according to any one of claims 1 to

wherein the protective film-forming film is thermosetting or energetic radiation

curable.



