DESCRIPTION

SUPPORTING SHEET AND COMPOSITE SHEET FOR PROTECTMEM

FORMATION

TECHNICAL FIELD
[0001]
The present invention relates to a supportingtsdeg a composite sheet for
protective film formation.
Priority is claimed on Japanese Patent Applicaion2016-060577, filed on

March 24, 2016, the content of which is incorpaddterein by reference.

BACKGROUND ART
[0002]

In recent years, many semiconductor devices haea produced using a
mounting method known as the so-called face dowthadke In the face down method, a
semiconductor chip having electrodes such as bumjke circuit surface is used, and
these electrodes are bonded to a circuit boarda sult, the back surface of the
semiconductor chip on the opposite side from theudi surface sometimes remains
exposed.

[0003]

A resin film formed from an organic material igrsetimes formed as a protective
film on this exposed back surface of the semicotatuthip, and the semiconductor chip
with the protective film obtained by formation bitprotective film in this manner is

then incorporated in a semiconductor device. Togeptive film is used for preventing



cracks and chips from occurring in the semiconducip, so-called chipping, in the
steps from the dicing step onward.
[0004]

A composite sheet for protective film formatiomtaining a film for protective
film formation (a protective film formation layepyovided on a supporting sheet is used
for formation of this type of protective film. Aminated sheet produced by laminating
an adhesive layer to a resin substrate can be fmsagkample, as the supporting sheet.
In this composite sheet for protective film fornaati the film for protective film
formation has a protective film formation abilityhereas the supporting sheet can
function as a dicing sheet, meaning the compokgetsfor protective film formation can
be used as an integrated combination of a filnpfotective film formation and a dicing
sheet.

[0005]

Prior to processing, the substrate used in thpatipg sheet typically has an
uneven shape on either one or both surfaces. tfieesubstrate prior to processing, the
supporting sheet obtained using this substratdeocomposite sheet for protective film
formation is wound into a roll for storage, if thebstrate does not have a surface having
this type of uneven shape (namely, an uneven ®)tftten blocking tends to occur in
which the contact surfaces of the roll stick toreather, making subsequent use of the
roll problematic. The contact surfaces mentioneihin the case of a roll of the
substrate, refer to the two surfaces of the sulestos in the case of a supporting sheet or
a composite sheet for protective film formatiorferdo the exposed surface of the
substrate that represents the bottom layer, anexbesed surface of the uppermost layer
such as a release film. Particularly in the cdseeammposite sheet for protective film

formation, if blocking occurs then wrinkles tendacur in the sheet, and when the sheet



is fed from the roll, the uppermost layer (typigadl release film) may detach from the
sheet.

In contrast, if one of the contact surfaces ofrtiieis the uneven surface of the
substrate, then blocking is suppressed as a i@&stihié reduction in the surface area of
the roll contact surface.

[0006]

On the other hand, in the production process g&®raiconductor device, printing
by irradiation with a laser light (sometimes reéefito as "laser printing” in this
description) is sometimes performed on the supppgheet-side surface of the
protective film affixed to the semiconductor wagersemiconductor chip. In this case,
the laser light is irradiated through the supparsheet from the opposite side of the
supporting sheet (substrate) from the side on wihietprotective film is formed. In
other words, the laser light passes through thpatipg sheet from the exposed surface
side of the substrate, and reaches the protedhine Accordingly, if the exposed surface
of the substrate is an uneven surface, then agmohtises in that the laser light
undergoes irregular reflection at the surface, nkie laser printing indistinct.

Further, in the production process for a semicotatudevice, the state of the
composite sheet for protective film formation, loe state of the semiconductor wafer or
semiconductor chip provided with a protective filsisometimes examined through the
sheet or the like using an infrared camera orikee IHowever, in cases such as those
described above where laser light undergoes ireegaflection at the exposed surface of
the substrate, a problem arises in that a distikamination image cannot be obtained.
[0007]

One example of a disclosed composite sheet faegtive film formation that can

prevent this type of irregular reflection of lighuch as laser light is a composite sheet (a



dicing tape-integrated semiconductor back surfaoeptive film) which uses a substrate
in which only one surface is an uneven surfacd) wiis uneven surface disposed not as
the exposed surface, but rather as the surfacéaited the film for protective film
formation (see Patent Document 1). With this fibnprotective film formation, the

haze of the laminated sheet (dicing tape) obtaydldminating the substrate and the
adhesive layer is 45% or less.

[0008]

However, in the composite sheet for protectiva fibrmation disclosed in Patent
Document 1, because the exposed surface of thesigis a smooth surface, a problem
arises in that when the composite sheet is wouedaimoll, the blocking described above
cannot be suppressed.

Moreover, in those cases where an adhesive laywovided on the uneven
surface of the substrate, in order to reduce tfeethe uneven surface has on the
adhesive layer, the adhesive layer must be compealsasoft and also formed with
adequate thickness. If the adhesive layer is coatipaly hard, then the adhesive layer
is sometimes unable to fill the regions near treebaf the protrusions on the substrate
surface, and voids can develop. Further, if tHeeatve layer is thin, then the uneven
shape of the substrate surface is reflected, anduhstrate-side surface (back surface) of
the film for protective film formation also becomas uneven surface. If a protective
film is formed from a film for protective film foration having these types of problems
of inadequate filling and coating of the unevenpehan the substrate surface, and laser
printing is then performed on the supporting steee-surface of the protective film,
then the printing becomes indistinct. Furtheristimct examination image of the
semiconductor wafer or semiconductor chip can atgde obtained. On the other hand,

if the adhesive layer is too thick, then the adhefayer is prone to vibration during



cutting in the dicing step, and therefore the semdcictor chips and the semiconductor
wafer undergoing cutting to produce the semicormuchips are also likely to vibrate,
resulting in the application of unwanted forcesh® semiconductor chips or
semiconductor wafer, and an increased likelihoocratks or chips occurring in the

semiconductor chips (hamely, an increased likeliholbchipping).

PRIOR ART LITERATURE
Patent Documents
[0009]
Patent Document 1: Japanese Unexamined PatentAfmh, First Publication

No. 2012-033741

SUMMARY OF THE INVENTION
Problems to be Solved by the Invention
[0010]

The present invention has objects of providingmgosite sheet for protective
film formation that enables suppression of blockidigtinct laser printing to the
protective film, and acquisition of a distinct exaation image of the semiconductor
wafer or semiconductor chip, without the problerharsatisfactory filling and coating
of the substrate surface by the adhesive layett@ndccurrence of chipping, and also
providing a supporting sheet used in the produatiothe composite sheet for protective

film formation.

Means for Solving the Problems

[0011]



The present invention provides a supporting shaeing a substrate, and an
adhesive layer laminated to the substrate, whéneisurface roughness (Ra) of the
surface of the substrate on the side on whichdhesive layer is provided is 0.4 um or
less, and the surface roughness (Ra) of the sunfabe substrate on the opposite side
from the side on which the adhesive layer is predit greater than the surface
roughness of the surface on which the adhesive laymovided, and is from 0.053 to
0.48 um.

[0012]

In the supporting sheet of the present inventioa thickness of the adhesive
layer may be 15 pm or less.

In the supporting sheet of the present inventio&,adhesive layer may be non-
energy-curable.

Further, the present invention also provides apmsite sheet for protective film
formation containing the above supporting sheet,aso containing a film for

protective film formation provided on the adhedaser in the supporting sheet.

Effects of the Invention
[0013]

By using the supporting sheet and the composéetdior protective film
formation of the present invention, suppressiohlotking, distinct laser printing to the
protective film, and acquisition of a distinct exaation image of the semiconductor
wafer or semiconductor chip can all be achievetiouit the problems of unsatisfactory

filling and coating of the substrate surface byddeaesive layer and the occurrence of

chipping.



BRIEF DESCRIPTION OF THE DRAWINGS

[0014]

FIG. 1 is a cross-sectional view schematicallystitating one embodiment of the
supporting sheet of the present invention.

FIG. 2 is a cross-sectional view schematicallystitating one embodiment of the
composite sheet for protective film formation of fpresent invention.

FIG. 3 is a cross-sectional view schematicallystitating another embodiment of
the composite sheet for protective film formatidrite present invention.

FIG. 4 is a cross-sectional view schematicallysiitating yet another
embodiment of the composite sheet for protective formation of the present

invention.

EMBODIMENTS FOR CARRYING OUT THE INVENTION

[0015]
<& Supporting Sheet, Composite Sheet for Proteciive Formation

The supporting sheet of the present inventionahsishstrate, and an adhesive
layer laminated to the substrate, wherein the sarfaughness (Ra) of the surface of the
substrate on the side on which the adhesive layerovided (hereafter sometimes
referred to as "the first surface") is 0.4 um @sleand the surface roughness (Ra) of the
surface of the substrate on the opposite side thenside on which the adhesive layer is
provided (hereafter sometimes referred to as '¢eersd surface”) is greater than the
surface roughness of the surface (the first suyfaeehe side on which the adhesive

layer is provided, and is from 0.053 to 0.48 um.



The supporting sheet is used for producing thepomite sheet for protective film
formation described below, and can be used, fomgia as a semiconductor wafer
processing sheet such as a dicing sheet.

[0016]

In the present description, for the sake of corerare, of the two surfaces of a
substrate, the surface having lower surface rouggh(fer example, the surface having a
surface roughness of 0.4 um or less, the firsaselfis sometimes referred to as the
smooth surface, and the surface having greatemsirbughness (for example, the
surface having surface roughness of 0.053 to O 8tlpe second surface) is sometimes
referred to as the uneven surface. In other wohgsnames smooth surface and uneven
surface used for the substrate do not necessadigate the absolute degree of
smoothness of these surfaces, but rather indicatestative size relationship between
the degrees of smoothness of these surfaces.

[0017]

The composite sheet for protective film formatajrthe present invention
contains the above supporting sheet, and also filas #®r protective film formation
provided on the adhesive layer in the supportiregth

By including a substrate in which the surface r&gs values of the first surface
and the second surface are within specific raraygs,in which the surface roughness of
the second surface is greater than the surfacénnasg of the first surface, the composite
sheet for protective film formation of the presgmention can achieve suppression of
blocking, distinct laser printing to the protectiilen, and acquisition of a distinct
examination image of the semiconductor wafer orisenauctor chip. Further, because
the surface roughness of the first surface of tiistsate is within a specific range (and is

a small value) that represents a low degree ofem®ass, the adhesive layer need not be



comparatively soft or have a certain adequate tigisg, and the problems of
unsatisfactory filling and coating of the first e by the adhesive layer and the
occurrence of chipping can also be suppressed.

[0018]

First, the overall structures of the supportingettand the composite sheet for
protective film formation of the present inventiare described below, with reference to
the drawings. The drawings used in the followiegaiption may sometimes be drawn
with the main portions enlarged as appropriatetidifate comprehension of the features
of the present invention, meaning the dimensicai@bs and the like between the
constituent elements may differ from the actualigal
[0019]

FIG. 1 is a cross-sectional view schematicallysiitating one embodiment of the
supporting sheet of the present invention.

The illustrated supporting sheet 1 has an adhdsyes 12 provided on a
substrate 11, and has a release film 15 providetle@adhesive layer 12.

The adhesive layer 12 is laminated to one suifadiest surface) 11a of the
substrate 11, and the other surface of the substdgtnamely the surface (a second
surface) 11b on the opposite side from the sidetunh the adhesive layer 12 is
provided, is an exposed surface.

[0020]

In the substrate 11, the first surface 11a hasface roughness of 0.4 um or less,

and the second surface 11b has a surface rougthvagss greater than the surface

roughness of the first surface 11a, and is fror6®10 0.48 um.
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In the present description, unless specificaliyest otherwise, the "surface
roughness" means the so-called arithmetical meaghreess measured in accordance
with JIS B 0601:2001, and is sometimes abbreviagtRa".

[0021]

The release film 15 is provided on one surfacthefadhesive layer 12, namely
the surface (hereafter sometimes referred to asfitt surface") 12a on the opposite
side from the side on which the substrate 11 isideal, but at the time of use of the
supporting sheet 1, this release film 15 is rempaed a film for protective film
formation, for example, is laminated to the surfacérm a composite sheet for
protective film formation. The reference numer2b Henotes the other surface of the
adhesive layer 12, namely the surface (hereaftaetimes referred to as "the second
surface") on the side on which the substrate ptdsided.

[0022]

FIG. 2 is a cross-sectional view schematicallysiitating one embodiment of the
composite sheet for protective film formation of fbresent invention. In the figures
from FIG. 2 onward, structural elements that aeeshime as elements illustrated in
figures that have already been described are ldlvétd the same symbols as those used
in the previously described figures, and detailesicdiptions of those elements are
omitted.

The illustrated composite sheet for protectivi fibrmation 101 has an adhesive
layer 12 provided on a substrate 11, and a filnpfotective film formation 13 provided
on the adhesive layer 12. The composite shegtrédective film formation 101 can be
produced using the supporting sheet 1, and carbelsiescribed as a structure in which
the film for protective film formation 13 is prowed on the adhesive layer 12 in the

supporting sheet 1.
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[0023]

The film for protective film formation 13 is lamated across the entire surface of
the first surface 12a of the adhesive layer 12.

Further, a jig adhesive layer 14 is laminated pmdion, namely a region near the
periphery, of a surface (hereafter sometimes redetw as "the first surface") 13a of the
film for protective film formation 13 on the opptsiside from the side on which the
adhesive layer 12 is provided.

Then, a release film 15 is laminated to the partabthe first surface 13a of the
film for protective film formation 13 to which thjey adhesive layer 14 has not been
laminated, and surfaces (a first surface 14a asideasurface 14c) of the jig adhesive
layer 14 that do not contact the film for proteetiim formation 13. Here, the first
surface 14a of the jig adhesive layer 14 is théaserof the jig adhesive layer 14 on the
opposite side from the side that contacts the filmprotective film formation 13, and in
some cases, the boundary between the first sutiéeand the side surface 14c of the jig
adhesive layer 14 may not be able to be clearlyndisished. Further, the release film
15 may sometimes not contact the side surface flihegig adhesive layer 14. The
supporting sheet 1 is usually stored in this siaith the release film 15 attached. In
FIG. 2, symbol 15a indicates the surface (hereafiaretimes referred to as "the first
surface") of the release film 15 on the opposide $fom the side that contacts the film
for protective film formation 13.

[0024]

The composite sheet for protective film formatid is used in a state where the
release film 15 has been removed, by affixing tfe $urface 13a of the film for
protective film formation 13 to the surface (ingthiescription, sometimes referred to as

"the back surface") of a semiconductor wafer (tatven in the figure) on the opposite
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side from the surface on which the circuit is fodh{ this description, sometimes
referred to as "the circuit forming surface"), adfixing the first surface 14a of the jig
adhesive layer 14 to a jig such as a ring frame.

[0025]

In the composite sheet for protective film forroatil01, the second surface 11b
of the substrate 11 has a surface roughness a® @0%48 um, and this surface
roughness is greater than the surface roughnehe @ifst surface 11a of the substrate 11,
and has an appropriate uneven shape. As a retgt the composite sheet for
protective film formation 101 is wound into a rdle contact surfaces within the roll,
namely, for the stacked portions of the compodgitesfor protective film formation 101,
the second surface 11b of the substrate 11 of orimp and the first surface 15a of the
release film 15 of another portion, are preventethfsticking together, and blocking is
suppressed.

[0026]

Further, in the production process for a semicotatudevice, the film for
protective film formation 13 is sometimes cureddon a protective film while affixed
to the surface (the back surface) of the semicandueafer or semiconductor chip on
the opposite side from the circuit forming surfaaed irradiation of a laser light from the
second surface 11b side of the substrate 11 ispiydarmed to perform printing (laser
printing). At this time, the laser light is irradéd through the supporting sheet 1 from
the second surface 11b side of the substrate @ilremches the protective film.
Accordingly, as mentioned above, because the sexanface 11b of the substrate 11 has
an appropriate uneven shape with a low degree®fammess, irregular reflection of the
laser light at the second surface 11b of the satesirl is suppressed, enabling distinct

laser printing to be performed on the protectiv@ fi
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[0027]

Furthermore, in the production process of a sengiaotor device, a
semiconductor wafer or semiconductor chip providétl the composite sheet for
protective film formation 101 or a protective fiisisometimes examined with an
infrared camera or the like through the compogiees for protective film formation 101
or the protective film. At this time, as mentiorsabve, because the second surface 11b
of the substrate 11 has an appropriate uneven stitpa low degree of unevenness,
irregular reflection of the infrared rays at the@®d surface 11b of the substrate 11 is
suppressed, enabling a distinct examination imadpe tacquired.

[0028]

Furthermore, when the adhesive layer is providethe uneven surface of a
substrate, as in the case of a conventional congpsiseet for protective film formation,
in order to reduce the effect the uneven surfaseohahe adhesive layer, the adhesive
layer must be comparatively soft and formed witaadate thickness. This is because if
the adhesive layer is comparatively hard, theratlieesive layer is sometimes unable to
fill the regions near the bases of the protrusmmshe substrate surface, meaning voids
can develop, whereas if the adhesive layer is tham the uneven shape of the substrate
surface is reflected, and the substrate-side su(tzack surface) of the film for
protective film formation also becomes an unevefase. In these types of cases where
the filling and coating of the uneven shape ofdhiestrate surface by the adhesive layer
is inadequate, if laser printing of the protecfil® is conducted in the manner described
above, then the printing becomes indistinct, adéanct examination image of the
semiconductor wafer or semiconductor chip can atgde obtained. However, if the
adhesive layer is too thick, then the adhesiverlayprone to vibration, for example

during cutting in the dicing step, and therefore semiconductor chips and the
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semiconductor wafer undergoing cutting to prodineesemiconductor chips are also
likely to vibrate, resulting in the application miwanted forces to the semiconductor
chips, and an increased likelihood of cracks opglaiccurring (namely, an increased
likelihood of chipping). In this manner, variouoplems can easily arise when
providing an adhesive layer on the uneven surfdeesobstrate.

However, in the composite sheet for protectiva fibormation 101 of the present
invention, the first surface 11a of the substrdt®i which the adhesive layer 12 is
provided has a surface roughness of 0.4 um oritedisating a high level of smoothness
(a low degree of unevenness), and therefore trestgpproblems described above can
be avoided. In other words, in the composite sfuegirotective film formation 101, the
first surface 11a of the substrate 11 can be aatwly filled and coated by the adhesive
layer 12, and because there is no need to forradhesive layer 12 as a thick layer,
chipping can be suppressed.

[0029]

FIG. 3 is a cross-sectional view schematicallysiitating another embodiment of
the composite sheet for protective film formatidrite present invention.

With the exceptions of having a different shapetfe film for protective film
formation and not including a jig adhesive laybg tllustrated composite sheet for
protective film formation 102 is the same as thmposite sheet for protective film
formation 101 illustrated in FIG. 2. In other werdhe composite sheet for protective
film formation 102 has an adhesive layer 12 progtide the substrate 11, and a film for
protective film formation 23 provided on the adlvediayer 12, and also has a release
film 15 provided on the film for protective film fmation 23.

[0030]



15

The film for protective film formation 23 is lamated to a portion of the first
surface 12a of the adhesive layer 12, namely aaeegion in the width direction (the
left-right direction in FIG. 3) of the supportingeet 1.

Further, a release film 15 is laminated to theiporof the first surface 12a of the
adhesive layer 12 to which the film for protectfilm formation 23 is not laminated, and
to the surfaces (a first surface 23a and a sidac3c) of the film for protective film
formation 23 that do not contact the adhesive lagerHere, the first surface 23a of the
film for protective film formation 23 is the surfaof the film for protective film
formation 23 on the opposite side from the sidé tbatacts the adhesive layer 12, and
in some cases, the boundary between the firsts#aa and the side surface 23c of the
film for protective film formation 23 may not belalio be clearly distinguished.
Furthermore, the release film 15 may sometimegootact the side surface 23c of the
film for protective film formation 23. The computsisheet for protective film formation
102 is usually stored in this state, with the re¢elm 15 attached.

[0031]

The composite sheet for protective film formatid?® is used in a state where the
release film 15 has been removed, by affixing tfe $urface 23a of the film for
protective film formation 23 to the back surfaceacdsemiconductor wafer (not shown in
the figure), and affixing the portion of the fiirface 12a of the adhesive layer 12 to
which the film for protective film formation 23 hast been laminated to a jig such as a
ring frame.

[0032]

In the composite sheet for protective film formatil02, the surface roughness of

the first surface 11a of the substrate 11 is 0.4optass, and the surface roughness of the

second surface 11b is greater than the surfacdnesg of the first surface 11a of the
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substrate 11, and is from 0.053 to 0.48 um. Aesalt, in a similar manner to the
composite sheet for protective film formation 1@Ath the composite sheet for
protective film formation 102, suppression of blimgk distinct laser printing to the
protective film, and acquisition of a distinct exaation image of the semiconductor
wafer or semiconductor chip can all be achievetiouit the problems of unsatisfactory
filling and coating of the first surface 11a of thabstrate 11 by the adhesive layer 12,
and the occurrence of chipping.

[0033]

FIG. 4 is a cross-sectional view schematicallysiitating yet another
embodiment of the composite sheet for protective formation of the present
invention.

With the exception that a jig adhesive layer 1dl$® laminated to the portion of
the first surface 12a of the adhesive layer 12ha@kthe film for protective film
formation 23 has not been laminated, namely thionegear the periphery, the illustrated
composite sheet for protective film formation 183he same as the composite sheet for
protective film formation 102 illustrated in FIG. 3
[0034]

The composite sheet for protective film formatid®8 is used in a state where the
release film 15 has been removed, by affixing tirst $urface 23a of the film for
protective film formation 23 to the back surfaceacdsemiconductor wafer (not shown in
the figure), and affixing the first surface 14alud jig adhesive layer 14 to a jig such as a
ring frame.

[0035]
In the composite sheet for protective film formatil03, the surface roughness of

the first surface 11a of the substrate 11 is 0.4optass, and the surface roughness of the
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second surface 11b is greater than the surfacdnesg of the first surface 11a of the
substrate 11, and is from 0.053 to 0.48 um. Aesalt, in a similar manner to the
composite sheet for protective film formation 1@4th the composite sheet for
protective film formation 103, suppression of blmgk distinct laser printing to the
protective film, and acquisition of a distinct exaation image of the semiconductor
wafer or semiconductor chip can all be achievetiouit the problems of unsatisfactory
filling and coating of the first surface 11a of thabstrate 11 by the adhesive layer 12,
and the occurrence of chipping.

[0036]

The composite sheet for protective film formatajrthe present invention is not
limited to the structures illustrated in FIGS. 2taand structures in which a portion of
one of the structures illustrated in one of FIG® 2 has been altered or eliminated, and
structures having an additional structure to thaesecribed above, may also be used,
provided they do not impair the effects of the prgsnvention.

Next is a description of the composition of eayel of the supporting sheet and
the composite sheet for protective film formatidrite present invention.

[0037]
© Substrate

The surface roughness of the surface (the firfasel) of the substrate on the side
on which the adhesive layer is provided is 0.4 phess, and for example, may be set to
any one of 0.37 um or less, 0.3 um or less, 0.2pkess, 0.1 um or less, 0.09 um or
less, 0.08 um or less, 0.07 um or less, or 0.0®pless or the like, but these are merely

examples.
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There are no particular limitations on the lowenit for the surface roughness of
the first surface of the substrate, and for exartiesurface roughness may be 0.01 pm
or greater, but this is merely one example.

Examples of preferred ranges for the surface megh of the first surface include
ranges from 0.01 to 0.4 um, from 0.01 to 0.37 pomf0.01 to 0.3 um, from 0.01 to 0.2
pum, from 0.01 to 0.1 um, from 0.01 to 0.09 um, fié®1 to 0.08 um, from 0.01 to 0.07
pum, and from 0.01 to 0.06 um.

[0038]

The surface roughness of the surface (the seaofate) of the substrate on the
opposite side from the side on which the adhesiyerlis provided is from 0.053 to 0.48
pm, and within this range, the surface roughnesshbmeaset, for example, to at least
0.055 pm, at least 0.08 um, at least 0.15 pmaat @25 pum, or at least 0.35 um or the
like, and may be set to not more than 0.47 umpme than 0.45 um, not more than
0.35 pm, not more than 0.25 pm, or not more thas @m or the like, but these are
merely examples.

Examples of preferred ranges for the surface noeg$ of the second surface
include ranges from 0.053 to 0.47 pm, from 0.058.4%5 pm, from 0.053 to 0.35 pum,
from 0.053 to 0.25 um, and from 0.053 to 0.15 pum.

Other examples of preferred ranges for the sumfagghness of the second
surface include ranges from 0.055 to 0.48 um, f@0d8 to 0.48 um, from 0.15 to 0.48
pum, from 0.25 to 0.48 um, and from 0.35 to 0.48 um.

The surface roughness of the second surface raugater than the surface
roughness of the first surface.

[0039]
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The substrate can be produced, for example, @sgupstrate that functions as
the raw material (hereafter sometimes abbreviatéthe raw material substrate"), either
by a method in which the smooth surface and theemsurface are formed
simultaneously, or a method in which the smootlfeserand the uneven surface are
formed separately.

[0040]

One example of a method for producing the sulestratforming the smooth
surface and the uneven surface simultaneouslynsthod in which the raw material
substrate is sandwiched between a pair of rollavinly different degrees of smoothness
on the roller surfaces, and then passing the raignmasubstrate between the two rollers
while the rollers are rotated, thereby forming aeth surface on the raw material
substrate from the roller surface having a higlegrele of smoothness (the smooth
surface roller), and forming an uneven surfaceherraw material substrate from the
roller surface having a lower degree of smoothiiggsuneven surface roller).

[0041]

On the other hand, one example of a method falyming the substrate by
forming the smooth surface and the uneven surfegarately is a method in which a raw
material substrate having a surface roughnessiqi®. or less on one or both surfaces is
used, one surface is designated as the final snsoothce (the surface having a surface
roughness of 0.4 um or less), and the other suifamgbjected to a smoothing treatment
or a roughening treatment to form an uneven suifiheesurface having a surface
roughness of 0.053 to 0.48 um) having a surfacghmoess that is greater than that of the
smooth surface. In this method, an example ofribthod used for the smoothing

treatment or roughening treatment is the so-caflathping method in which the raw
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material substrate is pressed against an aforeomextismooth surface or uneven surface
of a roller.

In those cases where, as described above, a sswfdice or an uneven surface
is formed on the raw material substrate by transfgthe shape of a roller surface or the
like, the surface roughness of the substrate catjusted by altering the degree of
smoothness of the smooth surface, or the degreresfenness of the uneven surface, of
the roller.

In the method described above, if necessary,utface of the raw material
substrate designated as the final smooth surfaees(irface having a surface roughness
of 0.4 um or less) may also be subjected to a dmraptreatment or a roughening
treatment to adjust the surface roughness to &\afl0.4 pum or less.

[0042]

A description was provided above of a method inctithe smooth surface or
uneven surface of a roller was used to adjustulface roughness of one surface of the
substrate to a value within a range from 0.053.4& @um, but the pattern used to transfer
the smooth surface or uneven surface is not limidedllers, and other shapes such as
plates and blocks may also be used.

Further, besides the stamping method describedkalbther examples of
methods for performing a roughening treatment efdhwrface of the raw material
substrate include sand blasting treatment methodsalvent treatment methods.

[0043]

Up until this point, a method has been describedhich a raw material substrate

having a surface roughness of 0.4 um or less ommpoheth surfaces is used to produce a

substrate for which the surface roughness of hattases satisfy the conditions
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described above, but the substrate can also beigeddfor example, using the method
described below.

In other words, another method for producing thiessrate is a method in which a
raw material substrate having a surface roughnieassleast 0.053 um on one or both
surfaces is used, one surface is designated diméh@neven surface (the surface having
a surface roughness of 0.053 to 0.48 um), andttiex surface is subjected to a
smoothing treatment or a roughening treatmentnm f@ smooth surface (the surface
having a surface roughness of 0.4 um or less) gavsurface roughness that is less than
that of the uneven surface.

In this method, if necessary, the surface of #ve material substrate designated
as the final uneven surface (the surface havingfase roughness of 0.053 to 0.48 um)
may also be subjected to a smoothing treatmentaughening treatment to adjust the
surface roughness to a value within a range fr@&3to 0.48 pum.

[0044]

Among these options, a method in which a raw matsubstrate is used, and the
smooth surface and the uneven surface are formadtaneously is preferred as the
method for producing the substrate.

[0045]

The constituent material for the substrate isqredfly any of various types of
resin, and these resins may be known materials.

However, the substrate preferably exhibits trattamie to light having a
wavelength of 532 nm and light having a wavelergjth,600 nm. Light having a
wavelength of 532 nm is ideal for performing lagenting to the protective film, and
light having a wavelength of 1,600 nm is ideal ferforming infrared examinations of

the semiconductor wafer or semiconductor chips.
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Moreover, in those cases where the adhesive tgaribed below is energy ray-
curable, the substrate preferably also exhibitsstrattance of light in the ultraviolet
region.

The specific constituent material for the substraill be described later.

[0046]

The constituent material for a single layer swistmay be composed of a single
material or two or more materials, and in the azd®/o or more materials, the
combination of materials and the ratio betweemtlaéerials may be adjusted as desired.
[0047]

The tensile modulus of elasticity of the substrateot particularly limited, but is
preferably from 240 to 700 MPa, more preferablyrfrd80 to 650 MPa, and particularly
preferably from 320 to 600 MPa.

[0048]

The substrate may be composed of one layer (s&edager), or may be
composed of a plurality of two or more layers. \Wiige substrate is composed of a
plurality of layers, the plurality of layers may tiee same or different. In other words,
all of the layers may be the same, all of the layeay be mutually different, or only a
portion of the layers may be the same. In thosesahere the plurality of layers are
mutually different, the combination of the plurgldf layers is not particularly limited.
In this description, the expression that the pltyaif layers are mutually different is not
limited to the case of the substrate, and meanstheast one of the constituent material
or the thickness of each layer is different frora tither layers.
[0049]

The thickness of the substrate may be selecteppately in accordance with

the intended purpose, but is preferably from 1300 um and more preferably from 20
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to 200 um, and for example, may be from 30 to 1®0qu from 40 to 120 um or the like.
By ensuring that the thickness of the substrate fethin this type of range, the
flexibility of the composite sheet for protectivinf formation and the fixability to a
semiconductor wafer or semiconductor chip can h@aved.

Here, "the thickness of the substrate” meanshio&riess of the overall substrate,
and for example, the thickness of a substrate ceptbof a plurality of layers means the
total thickness of all of the layers that conséttite substrate.

At least one surface of the substrate is a nom#msurface having an uneven
shape with a surface roughness of at least 0.05&pdnthe thickness of the substrate
can be calculated more accurately in a regionitichides a substrate protrusion, by
including the tip of the protrusion as one measem@point.

[0050]

© Adhesive Layer

The adhesive layer may be a conventional layet tla@re are no particular
limitations. For example, the adhesive layer maygbergy ray-curable or non-energy
ray-curable.

In the present invention, the term "energy rayable” means a property wherein
the material cures upon irradiation with energysrain contrast, a property wherein a
material does not cure even when irradiated witlrgynrays is termed "non-energy ray-
curable”.

In the present invention, "energy rays" means ayeng electromagnetic waves
and charged particle beams that have an energyuquaand specific examples include
ultraviolet rays, radiation, and electron beamsthedike.

Ultraviolet rays can be irradiated, for examplkeing a high-pressure mercury

lamp, a fusion H lamp, a xenon lamp, a black lightan LED lamp or the like as an
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ultraviolet source. Electron beams can be gengiaid irradiated from an electron
beam accelerator or the like.
[0051]

Examples of the constituent materials of the aidledayer include adhesives
such as adhesive resins, and crosslinking agedtthariike.

The adhesive layer preferably exhibits transmittaof both light having a
wavelength of 532 nm and light having a wavelergjth,600 nm. Light having a
wavelength of 532 nm is ideal for performing lagenting to the protective film, and
light having a wavelength of 1,600 nm is ideal ferforming infrared examinations of
the semiconductor wafer or semiconductor chips.

[0052]

The adhesive layer is preferably either energycagble or non-energy ray-
curable, and is more preferably non-energy raytera
[0053]

The storage modulus of the adhesive layer is adtqularly limited, but typically,
is preferably from 0.01 to 1,000 MPa, more prefgrétom 0.01 to 500 MPa, and
particularly preferably from 0.01 to 300 MPa.

The storage modulus of the adhesive layer camljustad by altering the types of
constituent components in the adhesive layer,@athounts of those components.

In the present description, unless specificabiyest otherwise, "the storage
modulus of the adhesive layer" in those cases wheradhesive layer is a curable layer,
means "the storage modulus of the adhesive layartorcuring".

[0054]
The storage modulus of the adhesive layer is aéted using the method

described below.
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In other words, two adhesive layers are bondeethay to produce an adhesive
layer laminate having a thickness of 800 um, thimsihate is stamped to form a circular
test piece with a diameter of 10 mm, a measureayguaratus such as a viscoelasticity
measurement device is used to impart a strainavitequency of 1 Hz to the test piece,
and the storage modulus is then measured witramgerfrom -50 to 150°C, with the
value of the storage modulus at 23°C being recoadetie aforementioned storage
modulus of the adhesive layer.

[0055]

The adhesive layer may be composed of one lay&@ngte layer), or may be
composed of a plurality of two or more layers. \Wihiee adhesive layer is composed of
a plurality of layers, the plurality of layers mbg the same or different. Here, the
expression that "the plurality of layers may besame or different” has the same
meaning as that described above for the substhatiose cases where the plurality of
layers are mutually different, the combinationiu# plurality of layers is not particularly
limited.

[0056]

The thickness of the adhesive layer may be seleqipropriately in accordance
with the intended purpose, but is preferably froto 50 um, more preferably from 1 to
40 um, and particularly preferably from 1 to 30 uBy ensuring that the thickness of
the adhesive layer is at least as large as thesdbwer limit, the bonding strength of the
adhesive layer to the film for protective film foation can be further improved.
Moreover, the effect of the adhesive layer inriliand coating the uneven shape of the
first surface of the substrate is also enhanceatlitaa effect of this uneven shape on the

adhesive layer can be further reduced. On the btned, by ensuring that the thickness
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of the adhesive layer is not more than the abopeulmit, the suppression effect on
chipping is further enhanced, and the dicing stplme better stabilized.
[0057]

Here, "the thickness of the adhesive layer" mélamshickness of the overall
adhesive layer, and for example, the thickness afdhesive layer composed of a
plurality of layers means the total thickness tbéthe layers that constitute the
adhesive layer.

As described above, the surface roughness ofries@irface of the substrate is
0.4 um or less, and depending on the uneven sHapes gurface, the surface of the
adhesive layer on the side on which the substsgteovided (namely, the second
surface) may sometimes be a non-smooth surfacadnavi uneven shape with a surface
roughness of 0.1 um or greater. In such caseshitieness of the adhesive layer can be
calculated more accurately in a region that incdugl@rotrusion in the adhesive layer, by
including the tip of the protrusion as one measem@point.

[0058]

The hardness of the adhesive layer is preferahlysted in accordance with the
thickness of the layer. An example of an indicdibat can be used for determining the
hardness of the adhesive layer is the storage medigdscribed above.

[0059]

For example, in those cases where the thickne®eafdhesive layer preferably
exceeds 15 pm (is thicker than 15 um), or is moeéepably 18 um or greater, the
storage modulus of the adhesive layer is preferablgast 30 kPa, more preferably at
least 40 kPa, and particularly preferably 50 kPgreater. The upper limit for the
storage modulus of the adhesive layer in this ozesgbe the same as the upper limit

described above for a typical case. In this marih#re adhesive layer is comparatively
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hard, then even if the adhesive layer is thick,dtlleesive layer is unlikely to vibrate
during cutting in the dicing step. As a resule #emiconductor chips and the
semiconductor wafer undergoing cutting to prodingesemiconductor chips are also
unlikely to vibrate, meaning application of unwahferces to the semiconductor chips
or semiconductor wafer, resulting in an increadiaglihood of cracks or chips occurring
in the semiconductor chips, namely so-called cigptan be suppressed.

[0060]

On the other hand, in those cases where the téskof the adhesive layer is
preferably 15 um or less, or more preferably amekener value of 10 um or less,
there are no particular limitations on the storagelulus of the adhesive layer. In this
case, even if the adhesive layer is comparativaly the adhesive layer is unlikely to
vibrate during cutting in the dicing step, and #fere similar effects can be obtained to
those described above for the case in which thesadh layer is comparatively hard but
thick.

In this case (where the adhesive layer is thig,storage modulus of the
adhesive layer may be set to a value within theffpange described above, but this is
merely one example. However, even in this caserder to further enhance the
chipping suppression effect, the storage modulukefdhesive layer is preferably set to
a value within the range described above for tise egzhere the adhesive layer is thick.
[0061]

In other words, in the supporting sheet, by emgputiiat the thickness of the
adhesive layer is preferably not more than 15 prd,raore preferably 10 um or less, a
superior chipping suppression effect can be obtwiehout being affected by the
storage modulus of the adhesive layer.

[0062]
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The adhesive layer can be formed using an adhesiwposition containing an
adhesive. For example, the adhesive layer caorbgef in the targeted region by
applying the adhesive composition to the formatamet surface for the adhesive layer,
and then performing drying as necessary. A moeeifp method for forming the
adhesive layer is described below in further detagether with the method for forming
other layers. The ratio between the amounts afedlommponents within the adhesive
composition that do not volatilize at normal tengtere is typically the same as the ratio
between the amounts of those components in thesaghlayer. In this description,
"normal temperature” means a temperature at wrogbanticular cooling or heating is
performed, namely ordinary room temperature, an@fample, is typically a
temperature of 15 to 25°C.

[0063]

The adhesive composition can be obtained by bhgnitie various components
that constitute the adhesive composition, suchasdhesive and those components
besides the adhesive that are added as necessary.

There are no particular limitations on the oraiewhich the components are
added during blending, and two or more componesatg Ioe added simultaneously.

There are no particular limitations on the methedd for mixing the components
during blending, and a method may be selected apptely from among conventional
methods such as methods in which mixing is perfdrimgerotation of a stirring bar or
stirring blade, methods in which mixing is perfoungsing a mixer, and methods in
which mixing is performed by application of ultrasal.

The temperature and time taken during additionranhg of each component
are not particularly limited and may be set as appate provided the blended

component does not degrade, but the temperatprefisrably from 15 to 30°C.
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[0064]

Application of the adhesive composition may beqrened using a conventional
method, and examples include methods that usefargrious coaters such as an air
knife coater, blade coater, bar coater, gravuréecpeoll coater, roll knife coater, curtain
coater, die coater, knife coater, screen coateyellear coater or kiss coater.

[0065]

There are no particular limitations on the dryaugditions for the adhesive
composition, but in those cases where the adhesivposition contains a solvent
described below, drying by heating is preferrech alhesive composition containing a
solvent is preferably dried, for example, underditans of 70 to 130°C for 10 seconds
to 5 minutes.

[0066]

Examples of supporting sheets containing a sulestirsd an adhesive layer
composed of the types of materials described almmhede adhesive sheets composed of
a substrate film and an adhesive layer formed tmeras disclosed in Japanese Patent
(Granted) Publication No. 4805549, adhesive shamtgposed of a substrate film and an
adhesive layer formed thereon, as disclosed inngsggaPatent (Granted) Publication No.
4781633, dicing sheets containing a substrate aratiaesive layer laminated to at least
one surface of the substrate, as disclosed in @apdPatent (Granted) Publication No.
5414953, and sheets for work processing having@sspre-sensitive adhesive resin layer
(an adhesive layer) on at least one surface obstiaie, as disclosed in Japanese
Unexamined Patent Application, First Publication R013-199562.

The supporting sheet of the present inventiomaggpably a sheet in which the

constituent materials are the same as these shedts which the surface roughness of
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the first surface and the second surface have &djested to values within the above
numerical ranges.

[0067]
© Film for Protective Film Formation

The film for protective film formation has curabyl and forms a protective film
upon curing.

The film for protective film formation may be e#thheat-curable or energy ray-
curable.

[0068]
o Heat-Curable Film for Protective Film Formation

An example of a preferred heat-curable film fastpctive film formation
contains a polymer component (A) and a heat-curednieponent (B). The polymer
component (A) is a component that can be considerbdve been formed by a
polymerization reaction of a polymerizable compaukdirther, the heat-curable
component (B) is a component that can undergoiag(oolymerization) reaction with
heat acting as the reaction trigger. In the prieiseention, polymerization reactions are
deemed to include polycondensation reactions.

[0069]

The heat-curable film for protective film formationay be composed of one
layer (a single layer), or may be composed of agfity of two or more layers. When
the heat-curable film for protective film formaticomposed of a plurality of layers,
the plurality of layers may be the same or différddere, the expression that "the
plurality of layers may be the same or differerd’ the same meaning as that described
above for the substrate. In those cases whernglihality of layers are mutually

different, the combination of the plurality of lagas not particularly limited.



31

[0070]

The thickness of the heat-curable film for pratectiim formation is preferably
from 1 to 100 um, more preferably from 5 to 75 jamq particularly preferably from 5
to 50 um. By ensuring that the thickness of thetdeeirable film for protective film
formation is at least as large as the above lowwvet, la protective film having a superior
protective function can be formed. Further, byueimgl that the thickness of the heat-
curable film for protective film formation is notare than the above upper limit, the
protective film can be prevented from becoming szoeely thick.

Here, "the thickness of the heat-curable filmgostective film formation" means
the thickness of the overall heat-curable filmgaostective film formation, and for
example, the thickness of a heat-curable film fotgctive film formation composed of a
plurality of layers means the total thickness tbéthe layers that constitute the heat-
curable film for protective film formation.

[0071]

The curing conditions when affixing the heat-cledidm for protective film
formation to the back surface of a semiconductdewand then curing the film to form
a protective film are not particularly limited, pided the degree of curing is sufficient to
enable the resulting protective film to functionisfactorily, and these curing conditions
may be selected appropriately in accordance weéhythe of heat-curable film for
protective film formation being used.

For example, the heating temperature during cuwfrihe heat-curable film for
protective film formation is preferably from 100200°C, more preferably from 110 to
180°C, and particularly preferably from 120 to 1Z0°The heating time during curing is
preferably from 0.5 to 5 hours, more preferablyrfr0.5 to 3 hours, and particularly

preferably from 1 to 2 hours.
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[0072]
<<Composition for Heat-Curable Protective Film Fatrman>>

The heat-curable film for protective film formatican be formed using a
composition for heat-curable protective film formatcontaining the constituent
materials for the heat-curable film for protectfirjn formation. For example, the heat-
curable film for protective film formation can berfned in the targeted region by
applying the composition for heat-curable protecfiim formation to the formation
target surface for the heat-curable film for pratecfilm formation, and then performing
drying as necessary. The ratio between the amafitii®se components within the
composition for heat-curable protective film formatthat do not volatilize at normal
temperature is typically the same as the ratio etwthe amounts of those components
in the heat-curable film for protective film fornat. Here, "normal temperature” is as
defined above.

[0073]

Application of the composition for heat-curabletective film formation can be
performed, for example, using the same methodsase tdescribed above for application
of the adhesive composition.

[0074]

The drying conditions for the composition for heatable protective film
formation are not particularly limited, but in tleosases where the composition for heat-
curable protective film formation has a solventald®d below, drying by heating is
preferred. A composition for heat-curable protexfilm formation containing a solvent
is preferably dried, for example, under conditioh§0 to 130°C for 10 seconds to 5
minutes.

[0075]
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<Composition for Heat-Curable Protective Film Fotiowa (111-1)>

An example of the composition for heat-curablegrtive film formation is a
composition for heat-curable protective film formoat(l11-1) (in this description,
sometimes abbreviated as simply "the compositid+1]T) containing a polymer
component (A) and a heat-curable component (B).

[0076]
[Polymer Component (A)]

The polymer component (A) is a polymer compouretusr imparting the heat-
curable film for protective film formation with fih forming characteristics and
flexibility and the like.

The polymer component (A) contained in the compmsi(lll-1) and the film for
protective film formation may be a single polymertwo or more polymers, and in the
case of two or more polymers, the combination atid between those polymers may be
selected as desired.

[0077]

Examples of the polymer component (A) include becilyased resins (resins
having (meth)acryloyl groups), polyesters, urethbased resins (resins having urethane
linkages), acrylic urethane resins, silicone-bassths (resins having siloxane linkages),
rubber-based resins (resins having rubber struguobenoxy resins and heat-curable
polyimides, and of these, acrylic-based resinpegéerred.

[0078]

In this description, the term "(meth)acryloyl gpdus deemed to include both

"acryloyl group” and "methacryloyl group”. Termimgar to (meth)acryloyl group are

also similarly defined, and for example, "(methjdicracid" is deemed to include both
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"acrylic acid" and "methacrylic acid", and "(metbjgate" is deemed to include both
"acrylate" and "methacrylate".
[0079]

Examples of the acrylic-based resin for the polyommponent (A) include
conventional acrylic polymers.

The weight average molecular weight (Mw) of theyhc-based resin is
preferably from 10,000 to 2,000,000, and more padfly from 100,000 to 1,500,000.
By ensuring that the weight average molecular weaflthe acrylic-based resin is at
least as large as the above lower limit, the siségdality (the stability over time upon
storage) of the heat-curable film for protectidenfformation improves. Further, by
ensuring that the weight average molecular weifjtii@acrylic-based resin is not more
than the above upper limit, the heat-curable fitmgrotective film formation can more
easily conform to any uneven surfaces on the addetbus suppressing the occurrence
of voids or the like between the adherend and &ag-burable film for protective film
formation.

In this description, unless specifically stateldentvise, the weight average
molecular weight represents the polystyrene-egentatalue measured by a gel
permeation chromatography (GPC) method.

[0080]

The glass transition temperature (Tg) of the &ciyhsed resin is preferably from
-60 to 70°C, and more preferably from -30 to 50Ry. ensuring that the Tg of the
acrylic-based resin is at least as large as theegloover limit, the adhesive strength
between the protective film and the supporting steghesive layer) is suppressed, thus
improving the releasability of the supporting shefeurther, by ensuring that the Tg of

the acrylic-based resin is not more than the albgyper limit, the adhesive strength
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between the heat-curable film for protective filonrhation and the protective film
adherend can be increased.
[0081]

Examples of the acrylic-based resin include pokgwd one or two or more
(meth)acrylate esters; and copolymers of at l@asthhonomers selected from among
(meth)acrylic acid, itaconic acid, vinyl acetaterydonitrile, styrene and N-
methylolacrylamide.

[0082]

Examples of the (meth)acrylate ester that coniestthe acrylic-based resin
include alkyl (meth)acrylate esters in which theybgroup that constitutes the alkyl
ester is a chain-like structure of 1 to 18 carbmmas, such as methyl (meth)acrylate,
ethyl (meth)acrylate, n-propyl (meth)acrylate, iyl (meth)acrylate, n-butyl
(meth)acrylate, isobutyl (meth)acrylate, sec-b(nykth)acrylate, tert-butyl
(meth)acrylate, pentyl (meth)acrylate, hexyl (mathylate, heptyl (meth)acrylate, 2-
ethylhexyl (meth)acrylate, isooctyl (meth)acrylateyctyl (meth)acrylate, n-nonyl
(meth)acrylate, isononyl (meth)acrylate, decyl (matrylate, undecyl (meth)acrylate,
dodecyl (meth)acrylate (lauryl (meth)acrylate)dégyl (meth)acrylate, tetradecyl
(meth)acrylate (myristyl (meth)acrylate), pentad€nyeth)acrylate, hexadecyl
(meth)acrylate (palmityl (meth)acrylate), heptaddnyeth)acrylate, and octadecyl
(meth)acrylate (stearyl (meth)acrylate);

cycloalkyl (meth)acrylate esters such as isobofmgdth)acrylate and
dicyclopentanyl (meth)acrylate;

aralkyl (meth)acrylate esters such as benzyl (yaetilate;

cycloalkenyl (meth)acrylate esters such as dipahenyl (meth)acrylate;
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cycloalkenyloxyalkyl (meth)acrylate esters sucliiggclopentenyloxyethyl
(meth)acrylate;

(meth)acrylimides;

glycidyl group-containing (meth)acrylate esterstsas glycidyl (meth)acrylate;

hydroxyl group-containing (meth)acrylate estershsas hydroxymethyl
(meth)acrylate, 2-hydroxyethyl (meth)acrylate, Zloxypropyl (meth)acrylate, 3-
hydroxypropyl (meth)acrylate, 2-hydroxybutyl (metb)ylate, 3-hydroxybutyl
(meth)acrylate, and 4-hydroxybutyl (meth)acrylated

substituted amino group-containing (meth)acryésiers such as N-
methylaminoethyl (meth)acrylate. Here, a "subttdtamino group” means a group in
which one or two hydrogen atoms of an amino graayelreach been substituted with a
group other than a hydrogen atom.

[0083]

The acrylic-based resin may also be a resin obdaoy copolymerizing one or
two or more monomers selected from among (methljaagid, itaconic acid, vinyl
acetate, acrylonitrile, styrene and N-methylolaamyide in addition to the (meth)acrylate
ester described above.

[0084]

The monomer for forming the acrylic-based resity tn@ composed of a single
monomer or two or more monomers, and in the cas@@br more monomers, the
combination and ratio between those monomers magleeted as desired.

[0085]

The acrylic-based resin may have a functional githat can bond to other

compounds, such as a vinyl group, (meth)acrylogligr amino group, hydroxyl group,

carboxyl group or isocyanate group. This functl@raup of the acrylic-based resin
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may be bonded to another compound via a crossgirkgent (F) described below, or
may be bonded directly to the other compound witleguiring the crosslinking agent
(F). Bonding the acrylic-based resin to anothengound via the above functional group
tends to improve the reliability of a package afeai using the composite sheet for
protective film formation.

[0086]

In the present invention, a thermoplastic resireothan an acrylic-based resin
(hereafter sometimes abbreviated as simply "thertbplastic resin") may be used alone
without using an acrylic-based resin, or may beluseombination with an acrylic-
based resin, as the polymer component (A). Udiaghermoplastic resin can improve
the releasability of the protective film from thgpporting sheet and make the heat-
curable film for protective film formation conformore easily to uneven surfaces on the
adherend, thus better suppressing the occurrenasdsf and the like between the
adherend and the heat-curable film for protective formation.

[0087]

The weight average molecular weight of the therdastfr resin is preferably
from 1,000 to 100,000, and more preferably fron08, 80,000.

[0088]

The glass transition temperature (Tg) of the tlugiastic resin is preferably from
-30 to 150°C, and more preferably from -20 to 120°C
[0089]

Examples of the thermoplastic resin include pabses polyurethanes, phenoxy
resins, polybutenes, polybutadienes and polystgrene

[0090]
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The thermoplastic resin contained in the compmsiflll-1) and the heat-curable
film for protective film formation may be a singiesin or two or more resins, and in the
case of two or more thermoplastic resins, the coatlin and ratio between those resins
may be selected as desired.

[0091]

In the composition (lll-1), regardless of the tygfgolymer component (A), the
proportion of the amount of the polymer compon&)trélative to the total mass of all
the components besides the solvent (namely, theiainod the polymer component (A)
in the heat-curable film for protective film fornnat) is preferably from 5 to 85% by
mass, and more preferably from 5 to 80% by maskf@rexample, may be any one of
10 to 70% by mass, 20 to 60% by mass, or 30 to Bp¥ass.

[0092]

The polymer component (A) may sometimes also spord with the heat-
curable component (B). In the present inventiorihose cases where the composition
(I1-1) contains this type of component that copasds with both the polymer
component (A) and the heat-curable component (®)composition (l1l-1) is deemed to
include both the polymer component (A) and the foeaable component (B).

[0093]
[Heat-Curable Component (B)]

The heat-curable component (B) is the componesd € curing the heat-
curable film for protective film formation to foran hard protective film.

The heat-curable component (B) contained in tmepmsition (I11-1) and the
heat-curable film for protective film formation mag a single component or two or
more components, and in the case of two or morgooents, the combination and ratio

between those components may be selected as desired
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[0094]

Examples of the heat-curable component (B) inckpexy-based heat-curable
resins, heat-curable polyimides, polyurethanesatumated polyesters and silicone resins,
and of these, epoxy-based heat-curable resingeier@d.

[0095]
(Epoxy-Based Heat-Curable Resin)

An epoxy-based heat-curable resin is composed epaxy resin (B1) and a heat
curing agent (B2).

The epoxy-based heat-curable resin containeckica@imposition (IlI-1) and the
heat-curable film for protective film formation mag a single resin or two or more
resins, and in the case of two or more resinsconebination and ratio between those
resins may be selected as desired.

[0096]
- Epoxy Resin (B1)

Examples of the epoxy resin (B1) include converglaesins such as
polyfunctional epoxy resins, biphenyl compoundsphenol A diglycidyl ether and
hydrogenated products thereof, ortho-cresol novepaxy resins, dicyclopentadiene
epoxy resins, biphenyl epoxy resins, bisphenol dxggesins, bisphenol F epoxy resins,
phenylene backbone epoxy resins, and difunctionbigher epoxy compounds.

[0097]

An epoxy resin having an unsaturated hydrocarlsongmay also be used as the
epoxy resin (B1). Epoxy resins having an unsagaratydrocarbon group exhibit better
compatibility with acrylic-based resins than epoagins that do not have an unsaturated

hydrocarbon group. Accordingly, by using an epesin having an unsaturated
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hydrocarbon group, the reliability of semiconduatbips with a protective film obtained
using the composite sheet for protective film fotioracan be improved.
[0098]

Examples of the epoxy resin having an unsatutayeldocarbon group include
compounds in which a portion of the epoxy groupa pblyfunctional epoxy resin have
each been substituted with a group containing aatunated hydrocarbon group.
Examples of this type of compound include compowitained by performing an
addition reaction of (meth)acrylic acid or a detiva thereof to an epoxy group.

Further, other examples of epoxy resins havingresaturated hydrocarbon group
include compounds in which a group having an umaggd hydrocarbon group is bonded
directly to the aromatic ring or the like that ctinges the epoxy resin.

The unsaturated hydrocarbon group is an unsatugateip that has
polymerizability, and specific examples includeedinenyl group (vinyl group), 2-
propenyl group (allyl group), (meth)acryloyl groapd (meth)acrylamide group, and an
acryloyl group is preferred.

[0099]

The number average molecular weight of the epexginr(B1) is not particularly
limited, but from the viewpoints of the curability the heat-curable film for protective
film formation, and the strength and heat resisaofdhe cured protective film, the
number average molecular weight is preferably f&@ to 30,000, more preferably
from 300 to 10,000, and particularly preferablynfir800 to 3,000.

The epoxy equivalent weight of the epoxy resin)(Blpreferably from 100 to
1,000 g/eq, and more preferably from 150 to 95@.g/e

[0100]
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A single epoxy resin (B1) may be used alone, @vrabination of two or more
resins may be used, and in the case of a combmatitwo or more resins, the
combination and ratio between those resins magleeted as desired.

[0101]
- Heat Curing Agent (B2)

The heat curing agent (B2) functions as a curgenafor the epoxy resin (B1).

Examples of the heat curing agent (B2) include mmummds having at least two
functional groups that can react with an epoxy greithin each molecule. Examples of
these functional groups include a phenolic hydrgxtglup, alcoholic hydroxyl group,
amino group, carboxyl group and acid anhydride graund of these, a phenolic
hydroxyl group, amino group or acid anhydride graapreferred, and a phenolic
hydroxyl group or amino group is more preferred.

[0102]

Of the various heat curing agents (B2), examplgshenol-based curing agents
having phenolic hydroxyl groups include polyfunci@b phenol resins, biphenol, novolac
phenol resins, dicyclopentadiene phenol resinsaaalitylphenol resins.

Of the various heat curing agents (B2), examplesrone-based curing agents
having amino groups include dicyandiamide (hereaibenetimes abbreviated as
"DICY") and the like.

[0103]

The heat curing agent (B2) may be a compound gaanunsaturated
hydrocarbon group.

Examples of this heat curing agent (B2) havingiasaturated hydrocarbon group
include compounds in which a portion of the hydiayypups of a phenol resin have

each been substituted with a group having an uragatlihydrocarbon group, and
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compounds in which a group having an unsaturatedolcarbon group has been bonded
directly to an aromatic ring of a phenol resin.

Examples of the unsaturated hydrocarbon grouperheat curing agent (B2)
include the same groups as the unsaturated hythacaroup in the aforementioned
epoxy resin having an unsaturated hydrocarbon group
[0104]

In those cases where a phenol-based curing agyaeéd as the heat curing agent
(B2), in terms of improving the releasability oktprotective film from the supporting
sheet, the heat curing agent (B2) preferably Haglavalue for the softening point or
glass transition temperature.

[0105]

Among the various heat curing agents (B2), thebemaverage molecular weight
of the resin components such as polyfunctional phessins, novolac phenol resins,
dicyclopentadiene phenol resins and aralkylphegsihs is preferably from 300 to
30,000, more preferably from 400 to 10,000, andi@aarly preferably from 500 to
3,000.

Among the heat curing agents (B2), there are miocpéar limitations on the
molecular weight of the non-resin components schihenol and dicyandiamide, but
the molecular weight is preferably from 60 to 500.

[0106]

A single heat curing agent (B2) may be used alona,combination of two or
more curing agents may be used, and in the caseoadr more curing agents, the
combination and ratio between those curing ageatslme selected as desired.

[0107]
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In the composition (llI-1) and the heat-curablmffor protective film formation,
the amount of the heat curing agent (B2), per Hi®y mass of the epoxy resin (B1),
is preferably from 0.1 to 500 parts by mass, andenpoeferably from 1 to 200 parts by
mass, and for example, may be from 1 to 100 pgrtadss, from 1 to 50 parts by mass,
or from 1 to 25 parts by mass. Ensuring that theunt of the heat curing agent (B2) is
at least as large as the above lower limit enahkesuring of the heat-curable film for
protective film formation to proceed more readifurther, by ensuring that the amount
of the heat curing agent (B2) is not more tharathave upper limit, the coefficient of
moisture absorption for the heat-curable film fostpctive film formation is reduced,
and the reliability of a package obtained usingdbmposite sheet for protective film
formation can be further improved.

[0108]

In the composition (lll-1) and the heat-curablmffor protective film formation,
the amount of the heat-curable component (B) (kangple, the total amount of the
epoxy resin (B1) and the heat curing agent (B2)),J90 parts by mass of the polymer
component (A), is preferably from 20 to 500 pagsiass, more preferably from 30 to
300 parts by mass, and particularly preferably fagiio 150 parts by mass, and for
example, may be from 40 to 125 parts by mass, #0rto 100 parts by mass, or from 40
to 75 parts by mass. By ensuring that the amoiutiteoheat-curable component (B) falls
within this type of range, the adhesive strengtiivben the protective film and the
supporting sheet is suppressed, thus improvingdlieasability of the supporting sheet.
[0109]

[Curing Accelerator (C)]
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The composition (11I-1) and the heat-curable fflon protective film formation
may also include a curing accelerator (C). Thénguaccelerator (C) is a component that
is used for adjusting the curing rate of the contrs(IlI-1).

Examples of preferred curing accelerators (Clideltertiary amines such as
triethylenediamine, benzyldimethylamine, triethamoine, dimethylaminoethanol and
tris(dimethylaminomethyl)phenol; imidazoles suclRamethylimidazole, 2-
phenylimidazole, 2-phenyl-4-methylimidazole, 2-pylef,5-dihydroxymethylimidazole,
and 2-phenyl-4-methyl-5-hydroxymethylimidazole (redyn imidazoles in which at least
one hydrogen atom has been substituted with a grthey than a hydrogen atom);
organophosphines such as tributylphosphine, dighbogphine, and triphenylphosphine
(phosphines in which at least one hydrogen atonbbaes substituted with an organic
group); and tetraphenylborates such as tetraphleosfihonium tetraphenylborate and
triphenylphosphine tetraphenylborate.

[0110]

The curing accelerator (C) contained in the contjpos(l11-1) and the heat-
curable film for protective film formation may besagle compound or two or more
compounds, and in the case of two or more compouhesombination and ratio
between those compounds may be selected as desired.

[0111]

In those cases where the curing accelerator (@ed, the amount of the curing
accelerator (C) in the composition (I11-1) and treat-curable film for protective film
formation is preferably from 0.01 to 10 parts byssyaand more preferably from 0.1 to 7
parts by mass, per 100 parts by mass of the healbleucomponent (B). Ensuring that
the amount of the curing accelerator (C) is attleadarge as the above lower limit

enables the effects obtained by using the curicglacator (C) to manifest more
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markedly. Further, ensuring that the amount ofcilméng accelerator (C) is not more
than the above upper limit enables better suppmesdisegregation due to migration of
the high-polarity curing accelerator (C) within theat-curable film for protective film
formation to the bonding interface with the adhdrander conditions of high
temperature and high humidity, meaning the relighif semiconductor chips with a
protective film obtained using the composite slieeprotective film formation can be
further improved.

[0112]

[Filler (D)]

The composition (11I-1) and the heat-curable fflon protective film formation
may also include a filler (D). By including thdlér (D) in the film for protective film
formation, the coefficient of thermal expansiortted protective film obtained by curing
the heat-curable film for protective film formatiocan be more easily adjusted. Further,
by optimizing this coefficient of thermal expansitmm the formation target for the
protective film, the reliability of semiconductdnips with a protective film obtained
using the composite sheet for protective film fotioracan be further improved.
Further, by including the filler (D) in the heatrable film for protective film formation,
the coefficient of moisture absorption for the paiive film can be reduced and the heat
dissipation properties can also be improved.

[0113]

The filler (D) may be an organic filler or an igamnic filler, but is preferably an
inorganic filler.

Examples of preferred inorganic fillers includenplers of silica, alumina, talc,

calcium carbonate, titanium white, red iron oxisiicon carbide, and boron nitride and
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the like; beads formed by spheroidizing these ianigfillers; surface-modified products
of these inorganic fillers; single crystal fibefstloese inorganic fillers; and glass fibers.

Among these, the inorganic filler is preferablicsi or alumina.

[0114]

The filler (D) contained in the composition (l1)-&nd the heat-curable film for
protective film formation may be a single filler wvo or more fillers, and in the case of
two or more fillers, the combination and ratio beén those fillers may be selected as
desired.

[0115]

In those cases where the filler (D) is used, tlop@rtion of the amount of the
filler (D) relative to the total mass of all themaponents besides the solvent in the
composition (llI-1) (namely, the amount of thedill(D) in the heat-curable film for
protective film formation) is preferably from 589% by mass, and more preferably
from 7 to 60% by mass, and for example, may becareyof 10 to 50% by mass, 15 to
45% by mass, or 20 to 40% by mass. Provided theuatrof the filler (D) falls within
this type of range, the aforementioned adjustmétiteocoefficient of thermal expansion
becomes easier.

[0116]
[Coupling Agent (E)]

The composition (IlI-1) and the heat-curable fflon protective film formation
may also include a coupling agent (E). By usimpmpound having a functional group
capable of reacting with inorganic compounds oaoig compounds as a coupling agent
(E), the adhesiveness and adhesion of the heddetfiian for protective film formation

to adherends can be improved. Further, by usiegdupling agent (E), the protective
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film obtained by curing the heat-curable film faogective film formation exhibits
improved water resistance without losing any hesistance.
[0117]

The coupling agent (E) is preferably a compoundritpa functional group
capable of reacting with the functional groupshaf polymer component (A) and the
heat-curable component (B) and the like, and isenpoeferably a silane coupling agent.

Examples of preferred silane coupling agents oel8-
glycidyloxypropyltrimethoxysilane, 3-glycidyloxyppylmethyldiethoxysilane, 3-
glycidyloxypropyltriethoxysilane, 3-glycidyloxymeytdiethoxysilane, 2-(3,4-
epoxycyclohexyl)ethyltrimethoxysilane, 3-methacgtixypropyltrimethoxysilane, 3-
aminopropyltrimethoxysilane, 3-(2-aminoethylaminmypyltrimethoxysilane, 3-(2-
aminoethylamino)propylmethyldiethoxysilane, 3-(pyl@mino)propyltrimethoxysilane,
3-anilinopropyltrimethoxysilane, 3-ureidopropylthexysilane, 3-
mercaptopropyltrimethoxysilane, 3-mercaptopropymgktimethoxysilane, bis(3-
triethoxysilylpropyl)tetrasulfane, methyltrimethesilane, methyltriethoxysilane,
vinyltrimethoxysilane, vinyltriacetoxysilane andigazole silane.

[0118]

The coupling agent (E) contained in the compasifid-1) and the heat-curable
film for protective film formation may be a singtempound or two or more compounds,
and in the case of two or more compounds, the aoatibh and ratio between those
compounds may be selected as desired.

[0119]

In those cases where the coupling agent (E) i, ise amount of the coupling

agent (E) in the composition (l1l-1) and the heatable film for protective film

formation is preferably from 0.03 to 20 parts byssianore preferably from 0.05 to 10
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parts by mass, and particularly preferably fromt0.5% parts by mass, per 100 parts by
mass of the total mass of the polymer componenta(@) the heat-curable component
(B). Ensuring that the amount of the coupling adEh is at least as large as the above
lower limit enables the effects of using the conglagent (E), such as an improvement
in the dispersibility of the filler (D) in the resand an improvement in the adhesion
between the heat-curable film for protective filonrhation and the adherend, to manifest
more markedly. Further, ensuring that the amofittecoupling agent (E) is not more
than the above upper limit better suppresses therggon of out gas.

[0120]

[Crosslinking Agent (F)]

In those cases where a compound having a funtipaap such as a vinyl group,
(meth)acryloyl group, amino group, hydroxyl groaprboxyl group or isocyanate group
that can bond to other compounds such as the aémtéoned acrylic-based resin is used
as the polymer component (A), the compositionI)lland the heat-curable film for
protective film formation may also include a crassihg agent (F). The crosslinking
agent (F) is a component that is used to achiesgstinking by bonding the functional
group in the polymer component (A) to another coamuh and by performing
crosslinking in this manner, the initial adhesitresgth and the cohesion of the heat-
curable film for protective film formation can bdjasted.

[0121]

Examples of the crosslinking agent (F) includeaoig polyvalent isocyanate
compounds, organic polyvalent imine compounds, hotklate-based crosslinking
agents (crosslinking agents having a metal chetatieture), and aziridine-based
crosslinking agents (crosslinking agents havingardinyl group).

[0122]
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Examples of the organic polyvalent isocyanate caumps include aromatic
polyvalent isocyanate compounds, aliphatic polywiaigocyanate compounds and
alicyclic polyvalent isocyanate compounds (hereafteese compounds are sometimes
jointly referred to as "aromatic polyvalent isocggacompounds and the like"); trimers,
isocyanurates and adducts of these aromatic pa@gtaocyanate compounds and the
like; and isocyanate-terminated urethane prepolgraed the like obtained by reacting
an aromatic polyvalent isocyanate compound orikgewith a polyol compound. The
above term "adduct" means a reaction product @ffarementioned aromatic polyvalent
isocyanate compound, aliphatic polyvalent isocyaeampound or alicyclic polyvalent
isocyanate compounds with a low-molecular weighivadydrogen-containing
compound such as ethylene glycol, propylene glyoabpentyl glycol,
trimethylolpropane or castor oil. A specific exalmis a xylylene diisocyanate adduct
of trimethylolpropane described below. Further;iancyanate-terminated urethane
prepolymer" is as described above.

[0123]

Specific examples of the organic polyvalent iso@ta compounds include 2,4-
tolylene diisocyanate, 2,6-tolylene diisocyanat8;Xylylene diisocyanate, 1,4-xylylene
diisocyanate, diphenylmethane-4,4'-diisocyanafghetiylmethane-2,4'-diisocyanate, 3-
methyldiphenylmethane diisocyanate, hexamethyléseayanate, isophorone
diisocyanate, dicyclohexylmethane-4,4'-diisocyanditeyclohexylmethane-2,4'-
diisocyanate, compounds in which one or two or nudrelylene diisocyanate,
hexamethylene diisocyanate and xylylene diisocyamhate been added to some or all of
the hydroxyl groups of a polyol such as trimethgtopbane, and lysine diisocyanate.

[0124]
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Examples of the organic polyvalent imine compoundgide N,N'-
diphenylmethane-4,4'-bis(1-aziridinecarboxamidanethylolpropane-tr{-
aziridinylpropionate, tetramethylolmethanefiraziridinylpropionate, and N,N'-toluene-
2,4-bis(1-aziridinecarboxamide)triethylenemelamine.

[0125]

In those cases where an organic polyvalent is@tgacompound is used as the
crosslinking agent (F), a hydroxyl group-containpalymer is preferably used as the
polymer component (A). When the crosslinking adéijithas isocyanate groups and the
polymer component (A) has hydroxyl groups, reachetween the crosslinking agent (F)
and the polymer component (A) can easily introderosslinked structures into the heat-
curable film for protective film formation.

[0126]

The crosslinking agent (F) contained in the contjmos(lll-1) and the heat-
curable film for protective film formation may besagle compound or two or more
compounds, and in the case of two or more compouhesombination and ratio
between those compounds may be selected as desired.

[0127]

In those cases where the crosslinking agent (&3esl, the amount of the
crosslinking agent (F) in the composition (lll-$)areferably from 0.01 to 20 parts by
mass, more preferably from 0.1 to 10 parts by mess particularly preferably from 0.5
to 5 parts by mass, per 100 parts by mass of tlyengo component (A). Ensuring that
the amount of the crosslinking agent (F) is attleadarge as the above lower limit
enables the effects obtained by using the croselinkgent (F) to manifest more
markedly. Further, by ensuring that the amounhefcrosslinking agent (F) is not more

than the above upper limit, excessive use of thestinking agent (F) is suppressed.
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[0128]
[Energy Ray-Curable Resin (G)]

The composition (IlI-1) may contain an energy cayable resin (G). By
including the energy ray-curable resin (G), thepprties of the heat-curable film for
protective film formation can be altered by irratia with energy rays.

[0129]

The energy ray-curable resin (G) is a resin obtaioy polymerizing (curing) an
energy ray-curable compound.

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

[0130]

Examples of the acrylate-based compounds inclhdandike aliphatic skeleton-
containing (meth)acrylates such as trimethylolprepti(meth)acrylate,
tetramethylolmethane tetra(meth)acrylate, penthatgt triimeth)acrylate,
pentaerythritol tetra(meth)acrylate, dipentaerythrinonohydroxy penta(meth)acrylate,
dipentaerythritol hexa(meth)acrylate, 1,4-butylgheol di(meth)acrylate, and 1,6-
hexanediol di(meth)acrylate; cyclic aliphatic sketecontaining (meth)acrylates such as
dicyclopentanyl di(meth)acrylate; polyalkylene giy¢meth)acrylates such as
polyethylene glycol di(meth)acrylate; oligo estereth)acrylates, urethane
(meth)acrylate oligomers; epoxy-modified (meth)#etgs; polyether (meth)acrylates
other than the above polyalkylene glycol (meth)ktes; and itaconic acid oligomers.
[0131]

The weight average molecular weight of the eneagycurable compound is

preferably from 100 to 30,000, and is more prefigréiom 300 to 10,000.
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[0132]

The energy ray-curable compound used in the paigaigon may be a single
compound or two or more compounds, and in the cbsgo or more compounds, the
combination and ratio between those compounds reaglected as desired.

[0133]

The energy ray-curable resin (G) contained inctiraposition (I11-1) may be a
single resin or two or more resins, and in the cds&/o or more resins, the combination
and ratio between those resins may be selecteesagd.

[0134]

In those cases where the energy ray-curable (€3iis used, the amount of the
energy ray-curable resin (G) in the compositiorX)lis preferably from 1 to 95% by
mass, more preferably from 5 to 90% by mass, anitpkarly preferably from 10 to
85% by mass.

[0135]
[Photopolymerization Initiator (H)]

In those cases where the composition (l1l-1) dostéhe energy ray-curable resin
(G), the composition may also include a photopolynagion initiator (H) to enable the
polymerization reaction of the energy ray-curalel&n (G) to proceed more efficiently.
[0136]

Examples of the photopolymerization initiator {H)the composition (llI-1)
include benzoin compounds such as benzoin, bemaethyl ether, benzoin ethyl ether,
benzoin isopropyl ether, benzoin isobutyl ethenzoén benzoic acid, methyl benzoin
benzoate, and benzoin dimethyl ketal; acetophenomgounds such as acetophenone,
2-hydroxy-2-methyl-1-phenylpropan-1-one, and 2 2etihoxy-1,2-diphenylethan-1-

one; acyl phosphine oxides such as bis(2,4,6-thytie¢nzoyl)phenylphosphine oxide
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and 2,4,6-trimethylbenzoyldiphenylphosphine oxsldfide compounds such as benzyl
phenyl sulfide and tetramethylthiuram monosulfigdsetol compounds such as 1-
hydroxycyclohexyl phenyl ketone; azo compounds saghzobisisobutyronitrile;
titanocene compounds such as titanocene; thioxaatbompounds such as
thioxanthone; peroxide compounds; diketone compswudh as diacetyl; as well as
benzil, benzophenone, 2,4-diethylthioxanthone diphenylmethane, 2-hydroxy-2-
methyl-1-[4-(1-methylvinyl)phenyl]propanone, anaRloroanthraquinone.

Further examples of the photopolymerization itdtianclude quinone
compounds such as 1-chloroanthraquinone; and phrdizers such as amines.
[0137]

The photopolymerization initiator (H) containedtie composition (IlI-1) may
be a single initiator or two or more initiatorsdain the case of two or more initiators, the
combination and ratio between those initiators magelected as desired.

[0138]

In those cases where the photopolymerizatioratoiti(H) is used, the amount of
the photopolymerization initiator (H) in the compmm (I1I-1) is preferably from 0.1 to
20 parts by mass, more preferably from 1 to 10sgaytmass, and particularly preferably
from 2 to 5 parts by mass, per 100 parts by matiseoénergy ray-curable resin (G).
[0139]

[Colorant (1]

The composition (IlI-1) and the heat-curable fflon protective film formation
may also include a colorant (I).

Examples of the colorant (I) include conventiot@lbrants such as inorganic
pigments, organic pigments, and organic dyes amdika.

[0140]
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Examples of the organic pigments and organic dydade aminium-based
colorants, cyanine-based colorants, merocyanineebeslorants, croconium-based
colorants, squalium-based colorants, azuleniumebaskrants, polymethine-based
colorants, naphthoquinone-based colorants, pyrylased colorants, phthalocyanine-
based colorants, naphthalocyanine-based colomag$itholactam-based colorants, azo-
based colorants, condensed azo-based coloranitgyibdsed colorants, perinone-based
colorants, perylene-based colorants, dioxazineebeslrants, quinacridone-based
colorants, isoindolinone-based colorants, quinoglbtie-based colorants, pyrrole-based
colorants, thioindigo-based colorants, metal comypi@sed colorants (metal complex
dyes), dithiol metal complex-based colorants, iadaienol-based colorants,
triarylmethane-based colorants, anthraquinone-beskedants, dioxazine-based
colorants, naphthol-based colorants, azomethineebeslorants, benzimidazolone-based
colorants, pyranthrone-based colorants, and thibased colorants.

[0141]

Examples of the inorganic pigments include carblacks, cobalt-based colorants,
iron-based colorants, chromium-based colorantsitim-based colorants, vanadium-
based colorants, zirconium-based colorants, molyttebased colorants, ruthenium-
based colorants, platinum-based colorants, ITOYmdin oxide)-based colorants, and
ATO (antimony tin oxide)-based colorants.

[0142]

The colorant (I) contained in the composition-{)land the heat-curable film for
protective film formation may be a single colorantwo or more colorants, and in the
case of two or more colorants, the combinationratio between those colorants may be
selected as desired.

[0143]
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In those cases where the colorant (1) is usedaritieunt of the colorant (1) in the
heat-curable film for protective film formation mag set appropriately in accordance
with the intended purpose. For example, by adjgstie amount of the colorant (1) in
the heat-curable film for protective film formatitm adjust the light transmittance of the
protective film, the printing legibility can be adied in those cases where laser printing
is performed on the protective film. Further, lojusting the amount of the colorant (1)
in the heat-curable film for protective film forna, the design aesthetics of the
protective film can be improved, and grinding tsioa the back surface of the
semiconductor wafer can be better concealed. @erisg these points, the proportion
of the amount of the colorant (1) relative to th&at mass of all the components besides
the solvent in the composition (l1l-1) (namely, gr@ount of the colorant (1) in the heat-
curable film for protective film formation) is pefably from 0.1 to 10% by mass, more
preferably from 0.1 to 7.5% by mass, and partid¢ylareferably from 0.1 to 5% by mass.
Ensuring that the amount of the colorant (l) iseast as large as the above lower limit
enables the effects of using the colorant () tmiflest more markedly. Further, by
ensuring that the amount of the colorant (I) ismote than the above upper limit, any
excessive reduction in the light transmittanceheftieat-curable film for protective film
formation can be suppressed.

[0144]
[General-Purpose Additives (J)]

The composition (IlI-1) and the heat-curable fflon protective film formation
may also include general-purpose additives (Jyigeal the effects of the present
invention are not impaired.

The general-purpose additives (J) may be knowitiads, and may be selected

in accordance with the intended purpose, and afffndibere are no particular limitations,
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examples of preferred additives include plastigzantistatic agents, antioxidants, and
gettering agents.
[0145]

Either a single general-purpose additive or twmore general-purpose additives
may be included in the composition (llI-1) and teat-curable film for protective film
formation, and in the case of two or more addititke combination and ratio between
those additives may be selected as desired.

There are no particular limitations on the amafrgeneral-purpose additives in
the composition (IlI-1) and the heat-curable filon protective film formation, and the
amount may be selected appropriately in accordesitbethe intended purpose.

[0146]
[Solvent]

The composition (IlI-1) preferably also includesa@vent. A composition (l11-1)
containing a solvent exhibits improved handlinggendies.

There are no particular limitations on the solyént examples of preferred
solvents include hydrocarbons such as toluene giethe; alcohols such as methanol,
ethanol, 2-propanol, isobutyl alcohol (2-methylpaogl-ol) and 1-butanol; esters such as
ethyl acetate; ketones such as acetone and metiyyketone; ethers such as
tetrahydrofuran; and amides (compounds having ddealimkage) such as
dimethylformamide and N-methylpyrrolidone.

The solvent contained in the composition (IlI-1ayvbe a single solvent or two or
more solvents, and in the case of two or more stdy¢he combination and ratio
between those solvents may be selected as desired.

[0147]
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In terms of enabling the components in the contjpws(llI-1) to be mixed more
uniformly, the solvent contained in the composit{ii1) is preferably methyl ethyl
ketone or the like.

[0148]
<<Method for Producing Composition for Heat-CuraBletective Film Formation>>

The composition for heat-curable protective filbnnhation such as the
composition (Il1-1) can be obtained by blendingdtiger the components that constitute
the composition.

There are no particular limitations on the oraiewhich the components are
added during blending, and two or more componesatg Ioe added simultaneously.

In those cases where a solvent is used, the datv@nfirst be mixed with one of
the other components besides the solvent to die@ther component, or the solvent
may simply be mixed with the other blend componevritsout being used to first dilute
one of the other components.

There are no particular limitations on the methedd for mixing the components
during blending, and a method may be selected &omng conventional methods such
as methods in which mixing is performed by rotatidgth a stirring bar or stirring blade,
methods in which mixing is performed using a mixard methods in which mixing is
performed by application of ultrasound.

The temperature and time during addition and ngixiheach component are not
particularly limited and may be set as appropnmt/ided the blended component does
not degrade, but the temperature is preferably ft&rto 30°C.

[0149]

o Energy Ray-Curable Film for Protective Film Forioat
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The energy ray-curable film for protective filnrfieation contains an energy ray-
curable component (a).

In the energy ray-curable film for protective fiflarmation, the energy ray-
curable component (a) is preferably in an uncutatksand preferably has adhesiveness,
and is more preferably in an uncured state thabésghadhesiveness. Here, the terms
"energy rays" and "energy ray-curable" are as ddfibove.

[0150]

The energy ray-curable film for protective filnrfieation may be composed of
only one layer (a single layer), or may be compasfe plurality of two or more layers,
and in the case of a plurality of layers, the gitya@f layers may be the same or different,
and there are no particular limitations on the cioraion of the plurality of layers.

[0151]

The thickness of the energy ray-curable film fatective film formation is
preferably from 1 to 100 pm, more preferably fromo 55 pum, and particularly
preferably from 5 to 50 um. By ensuring that thiekness of the energy ray-curable
film for protective film formation is at least a@r¢je as the above lower limit, a protective
film having a superior protective function can benfied. Further, by ensuring that the
thickness of the energy ray-curable film for préteefilm formation is not more than
the above upper limit, the protective film can bevented from becoming excessively
thick.

Here, "the thickness of the energy ray-curabta fibr protective film formation”
means the thickness of the overall energy ray-derdin for protective film formation,
and for example, the thickness of an energy ragddarfilm for protective film
formation composed of a plurality of layers medmestotal thickness of all of the layers

that constitute the energy ray-curable film fortpative film formation.
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[0152]

The curing conditions when affixing the energy-cayable film for protective
film formation to the back surface of a semiconduetafer, and then curing the film to
form a protective film are not particularly limiteprovided the degree of curing is
sufficient to enable the resulting protective filonfunction satisfactorily, and these
curing conditions may be selected appropriatelgaoordance with the type of energy
ray-curable film for protective film formation begjrused.

For example, the energy ray illuminance when autire energy ray-curable film
for protective film formation is preferably from Q20 280 mW/crh Further, the energy
ray irradiation dose during curing is preferablyrfr 200 to 1,000 mJ/cm
[0153]
<<Composition for Energy Ray-Curable ProtectiverFHormation>>

The energy ray-curable film for protective filnrfieation can be formed from a
composition for energy ray-curable protective filonmation containing the constituent
materials for the energy ray-curable film for petiee film formation. For example, by
applying the composition for energy ray-curablet@ctve film formation to a formation
target surface for the energy ray-curable filmgoutective film formation, and then
performing drying as necessary, the energy raykterfdim for protective film formation
can be formed in the targeted region. The ratiovden the amounts of those
components within the composition for energy ragable protective film formation that
do not volatilize at normal temperature is typigdlie same as the ratio between the
amounts of those components in the energy ray-tauféim for protective film
formation. Here, "normal temperature” is as definbove.

[0154]
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Application of the composition for energy ray-doieprotective film formation
may be performed, for example, using the same rdetas those described above for
application of the adhesive composition.

[0155]

There are no particular limitations on the dryaogditions for the composition
for energy ray-curable protective film formatiomthn those cases where the
composition for energy ray-curable protective fflonomation contains a solvent
described below, drying by heating is preferredr éxample, the composition for
energy ray-curable protective film formation isferably dried under conditions of 70 to
130°C for 10 seconds to 5 minutes.

[0156]
<Composition for Energy Ray-Curable Protective Ftormation (IV-1)>

An example of the composition for energy ray-clegirotective film formation
is a composition for energy ray-curable protectila formation (IV-1) (in this
description, sometimes abbreviated as simply "tdmeposition (IV-1)") containing the
aforementioned energy ray-curable component (a).

[0157]
[Energy Ray-Curable Component (a)]

The energy ray-curable component (a) is a comfddhahcures upon irradiation
with energy rays, and is a component that is usedrfparting the energy ray-curable
film for protective film formation with film formig characteristics and flexibility, as
well as forming the hard protective film upon cugyin

Examples of the energy ray-curable componenn(@yde polymers (al) having
an energy ray-curable group and having a weightaaeemolecular weight of 80,000 to

2,000,000, and compounds (a2) having an energgueable group and having a
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molecular weight of 100 to 80,000. The polymer) (@hy be at least partially
crosslinked with a crosslinking agent, or may haeerosslinking.

[0158]

(Polymer (al) having an Energy Ray-Curable Groupleaving a Weight Average
Molecular Weight of 80,000 to 2,000,000)

Examples of the polymers (al) having an energycragble group and having a
weight average molecular weight of 80,000 to 2,000,include acrylic-based resins (al-
1) formed by a reaction between an acrylic-basdyhper (all) having a functional
group capable of reacting with a group of anotteengound, and an energy ray-curable
compound (al2) having a group that reacts wittuhetional group and also having an
energy ray-curable group such as an energy rayplaidmuble bond or the like.

[0159]

Examples of the aforementioned functional groypabée of reacting with a
group of another compound include a hydroxyl gragwboxyl group, amino group,
substituted amino group (a group in which one @ hydrogen atoms of an amino group
have each been substituted with a group otheral@amrogen atom), and epoxy group.
However, in terms of preventing corrosion of thewit of the semiconductor wafer or
semiconductor chip or the like, the functional grasi preferably a group other than a
carboxyl group.

Among the above options, the functional groupréfgrably a hydroxyl group.
[0160]

- Acrylic-Based Polymer (all) having a Functionab@

Examples of the acrylic-based polymer (all) hawifignctional group include

polymers obtained by copolymerizing an acrylic-laseonomer having the functional

group and an acrylic-based monomer not havinguhetional group, and polymers
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obtained by copolymerizing these monomers with lagrotmonomer besides the acrylic-
based monomers (namely, a non-acrylic-based morjomer

The acrylic-based polymer (all) may be a randgpolgaer or a block
copolymer, and the polymerization method may emplapnventional method.

[0161]

Examples of the acrylic-based monomer having theementioned functional
group include hydroxyl group-containing monomeegpoxyl group-containing
monomers, amino group-containing monomers, substitamino group-containing
monomers and epoxy group-containing monomers.

[0162]

Examples of the hydroxyl group-containing monomectude hydroxyalkyl
(meth)acrylates such as hydroxymethyl (meth)aceylathydroxyethyl (meth)acrylate,
2-hydroxypropyl (meth)acrylate, 3-hydroxypropy! @mgcrylate, 2-hydroxybutyl
(meth)acrylate, 3-hydroxybutyl (meth)acrylate, @dydroxybutyl (meth)acrylate; and
non-(meth)acrylic-based unsaturated alcohols (ursted alcohols not having a
(meth)acryloyl skeleton) such as vinyl alcohol afigll alcohol.

[0163]

Examples of the carboxyl group-containing mononireckide ethylenic
unsaturated monocarboxylic acids (monocarboxylidsabaving an ethylenic
unsaturated bond) such as (meth)acrylic acid aotbic acid; ethylenic unsaturated
dicarboxylic acids (dicarboxylic acids having ahyd¢nic unsaturated bond) such as
fumaric acid, itaconic acid, maleic acid and citmaic acid; anhydrides of the above
ethylenic unsaturated dicarboxylic acids; and ceybtkyl (meth)acrylate esters such as
2-carboxyethyl methacrylate.

[0164]
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The acrylic-based monomer having the functionalgris preferably a hydroxyl
group-containing monomer.
[0165]

The acrylic-based monomer having a functional grihwat constitutes the acrylic-
based polymer (all) may be a single monomer ootwoore monomers, and in the
case of two or more monomers, the combination atid between those monomers may
be selected as desired.

[0166]

Examples of the aforementioned acrylic-based ma@rmorat having the
functional group include alkyl (meth)acrylate estegr which the alkyl group that
constitutes the alkyl ester is a chain-like struetf 1 to 18 carbon atoms, and specific
examples include methyl (meth)acrylate, ethyl (jethylate, 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,
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)acrylaterfta(meth)acrylate), tridecyl
(meth)acrylate, tetradecyl (meth)acrylate (myrigtgeth)acrylate), pentadecyl
(meth)acrylate, hexadecyl (meth)acrylate (palnitykth)acrylate), heptadecyl
(meth)acrylate, and octadecyl (meth)acrylate (gt€areth)acrylate).

[0167]

Other examples of the acrylic-based monomer nahbahe functional group
include alkoxyalkyl group-containing (meth)acrylagters such as methoxymethyl
(meth)acrylate, methoxyethyl (meth)acrylate, etmo&thyl (meth)acrylate, and

ethoxyethyl (meth)acrylate; (meth)acrylate estengrig an aromatic group, including
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aryl (meth)acrylate esters such as phenyl (metylgter, non-crosslinked
(meth)acrylamides and derivatives thereof; and ecrosslinked (meth)acrylate esters
having a tertiary amino group such as N,N-dimetimpteoethyl (meth)acrylate and N,N-
dimethylaminopropyl (meth)acrylate.

[0168]

The acrylic-based monomer not having a functigmalp that constitutes the
acrylic-based polymer (all) may be a single monané&wrvo or more monomers, and in
the case of two or more monomers, the combinatohratio between those monomers
may be selected as desired.

[0169]

Examples of the aforementioned non-acrylic-basedamer include olefins such
as ethylene and norbornene, as well as vinyl aceatad styrene.

The non-acrylic-based monomer that constitutestngic-based polymer (all)
may be a single monomer or two or more monomeusjrathe case of two or more
monomers, the combination and ratio between thasgomers may be selected as
desired.

[0170]

In the acrylic-based polymer (all), the propor{@amount) of structural units
derived from the aforementioned acrylic-based maramaving a functional group,
relative to the total mass of all the structuratathat constitute the acrylic-based
polymer (all), is preferably from 0.1 to 50% by masore preferably from 1 to 40% by
mass, and particularly preferably from 3 to 30%nBss. By ensuring that this
proportion falls within this type of range, the amo of energy ray-curable groups in the

aforementioned acrylic-based resin (al-1) obtabedopolymerizing the acrylic-based
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polymer (all) and the energy ray-curable compoafa@)(enables the degree of curing
of the protective film to be easily adjusted t@ael within the preferred range.
[0171]

The acrylic-based polymer (all) that constitutesacrylic-based resin (al-1)
may be a single polymer or two or more polymers, iarthe case of two or more
polymers, the combination and ratio between thadgnmers may be selected as desired.
[0172]

In the composition for resin layer formation (1Y-1he proportion of the amount
of the acrylic-based resin (al-1) relative to tht@ltmass of all the components besides
the solvent (namely, the amount of the acrylic-dassin (al-1) in the energy ray-
curable film for protective film formation) is pefably from 1 to 70% by mass, more
preferably from 5 to 60% by mass, and particularferably from 10 to 50% by mass,
and for example, may be from 15 to 50% by mass) 26 to 50% by mass, or from 35
to 50% by mass.

[0173]
- Energy Ray-Curable Compound (al2)

The energy ray-curable compound (al2) is prefgraldompound having one or
two or more groups selected from the group comgjstf an isocyanate group, an epoxy
group and a carboxyl group as the group that ialaapof reacting with the functional
group of the acrylic-based polymer (all), and iseypreferably a compound having an
isocyanate group as that group. In those casemevitne energy ray-curable compound
(al12) has an isocyanate group as the above gitweiggdcyanate group can react easily
with the hydroxyl groups of an acrylic-based polyrtel1) containing hydroxyl groups
as the aforementioned functional group.

[0174]
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The energy ray-curable compound (al12) preferah$yhto 5, and more
preferably 1 to 3, of the energy ray-curable growfiBin a single molecule.
[0175]

Examples of the energy ray-curable compound (atR)de 2-
methacryloyloxyethyl isocyanate, meta-isopropanytdimethylbenzyl isocyanate,
methacryloyl isocyanate, allyl isocyanate, 1,1dbryloyloxymethyl)ethyl isocyanate;

acryloyl monoisocyanate compounds obtained bytirega diisocyanate
compound or a polyisocyanate compound with hydrthgtgmeth)acrylate; and

acryloyl monoisocyanate compounds obtained bytirga diisocyanate
compound or a polyisocyanate compound with a patpohpound and hydroxyethyl
(meth)acrylate.

Among these, the energy ray-curable compound (al®gferably 2-
methacryloyloxyethyl isocyanate.
[0176]

The energy ray-curable compound (al2) that caiesitthe acrylic-based resin
(al1-1) may be a single compound or two or more @amgs, and in the case of two or
more compounds, the combination and ratio betweesetcompounds may be selected
as desired.

[0177]

In the acrylic-based resin (al-1), the ratio & #&mount of energy ray-curable
groups derived from the energy ray-curable compdad@) relative to the amount of the
aforementioned functional groups derived from tbeylec-based polymer (all) is
preferably from 20 to 120 mol%, more preferablynir85 to 100 mol%, and particularly
preferably from 50 to 100 mol%. Ensuring that thi&o between these amounts falls

within this type of range increases the adhesinength of the protective film following
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curing. In those cases where the energy ray-cei@hpound (al2) is a monofunctional
compound (having only one of the above groupssmgle molecule), the upper limit for
the above ratio becomes 100 mol%, but when theggmay-curable compound (al2) is
a polyfunctional compound (having two or more @& groups in a single molecule), the
upper limit for the above ratio may sometimes e’dcEg0 mol%.

[0178]

The weight average molecular weight (Mw) of théypter (al) is preferably
from 100,000 to 2,000,000, and is more preferataynf300,000 to 1,500,000.

Here, the "weight average molecular weight" isleined above.

[0179]

In those cases where the polymer (al) is at fastlly crosslinked with a
crosslinking agent, the polymer (al) may be a pelyobtained by polymerizing a
monomer which corresponds with none of the monomessribed above for forming
the acrylic-based polymer (all) and which has amgtbat reacts with the crosslinking
agent, and then performing crosslinking at the gritnat reacts with the crosslinking
agent, or may be a polymer obtained by performmogsdinking at the group derived
from the energy ray-curable compound (al2) thaitseaith the aforementioned
functional group.

[0180]

The polymer (al) contained in the composition {{Mand the energy ray-curable
film for protective film formation may be a singb®lymer or two or more polymers, and
in the case of two or more polymers, the combimadind ratio between those polymers
may be selected as desired.

[0181]
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(Compound (a2) having an Energy Ray-Curable Growphaving a Molecular Weight
of 100 to 80,000)

Examples of the energy ray-curable group of thepmund (a2) having an energy
ray-curable group and having a molecular weighitGff to 80,000 include groups
containing an energy ray-curable double bond, aafépged groups include a
(meth)acryloyl group and a vinyl group.

[0182]

The compound (a2) is not particularly limited, yided it satisfies the conditions
described above, and examples include low-moleeutgght compounds having an
energy ray-curable group, epoxy resins having amnggnray-curable group, and phenol
resins having an energy ray-curable group.

[0183]

Among these various forms of the compound (aZnetes of the low-molecular
weight compounds having an energy ray-curable gnocipde polyfunctional monomers
and oligomers, and acrylate-based compounds hav{ngeth)acryloyl group are
preferred.

Examples of the above acrylate-based compoundsimdifunctional
(meth)acrylates such as 2-hydroxy-3-(meth)acryboypoopyl methacrylate,
polyethylene glycol di(meth)acrylate, propoxylatttioxylated bisphenol A
di(meth)acrylate, 2,2-bis[4-((meth)acryloxypolyethiiphenyl]propane, ethoxylated
bisphenol A di(meth)acrylate, 2,2-bis[4-((meth)dorydiethoxy)phenyl]propane, 9,9-
bis[4-(2-(meth)acryloyloxyethoxy)phenyl]fluorene22bis[4-
((meth)acryloxypolypropoxy)phenyl]propane, tricygdécanedimethanol
di(meth)acrylate, 1,10-decanediol di(meth)acrylaté;hexanediol di(meth)acrylate, 1,9-

nonanediol di(meth)acrylate, dipropylene glycohu#th)acrylate, tripropylene glycol
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di(meth)acrylate, polypropylene glycol di(meth)datg, polytetramethylene glycol
di(meth)acrylate, ethylene glycol di(meth)acrylatethylene glycol di(meth)acrylate,
triethylene glycol di(meth)acrylate, 2,2-bis[4-((tng@cryloxyethoxy)phenyl]propane,
neopentyl glycol di(meth)acrylate, ethoxylated pobpylene glycol di(meth)acrylate,
and 2-hydroxy-1,3-di(meth)acryloxypropane;

polyfunctional (meth)acrylates such as tris(2-(m@tryloxyethyl)isocyanurate,
g-caprolactone-modified tris(2-(meth)acryloxyethgicyanurate, ethoxylated glycerol
trilmeth)acrylate, pentaerythritol triimeth)acr@atrimethylolpropane trilmeth)acrylate,
ditrimethylolpropane tetra(meth)acrylate, ethoxgthpentaerythritol tetra(meth)acrylate,
pentaerythritol tetra(meth)acrylate, dipentaerythipoly(meth)acrylate, and
dipentaerythritol hexa(meth)acrylate; and

polyfunctional (meth)acrylate oligomers such agthane (meth)acrylate
oligomers.

[0184]

Among the various forms of the compound (a2), gdamof epoxy resins having
an energy ray-curable group and phenol resins baumnenergy ray-curable group that
may be used include those resins disclosed in pgyhd043 of Japanese Unexamined
Patent Application, First Publication No. 2013-1021 These types of resins also
correspond with the resin that constitutes the-beedble component described below,
but in this invention, are treated as the aforernaati compound (a2).

[0185]

The compound (a2) has a weight average molecwayhivthat is preferably

from 100 to 30,000, and more preferably from 30Q2Q@@00.

[0186]



70

The compound (a2) contained in the compositioniJ\and the energy ray-
curable film for protective film formation may besagle compound or two or more
compounds, and in the case of two or more compguhdsombination and ratio
between those compounds may be selected as desired.

[0187]
[Polymer (b) not having an Energy Ray-Curable Gioup

In those cases where the composition (IV-1) arcetiergy ray-curable film for
protective film formation contain the above compada2) as the energy ray-curable
component (a), a polymer (b) not having an eneagycurable group is preferably also
included.

The polymer (b) may be at least partially cross&hwith a crosslinking agent, or
may have no crosslinking.

[0188]

Examples of the polymer (b) not having an eneayyaurable group include
acrylic-based polymers, phenoxy resins, urethasiagepolyesters, rubber-based resins,
and acrylic urethane resins.

Among these, the polymer (b) is preferably an leztyased polymer (hereafter
sometimes referred to as the "acrylic-based polyimds")

[0189]

The acrylic-based polymer (b-1) may be a convealionaterial, and for
example, may be a homopolymer of a single acrydiseld monomer, may be a
copolymer of two or more acrylic-based monomersnay be a copolymer of one or two
or more acrylic-based monomers and one or two aemmnomers other than acrylic-
based monomers (namely, non-acrylic-based monomers)

[0190]
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Examples of the acrylic-based monomers that magtdate the acrylic-based
polymer (b-1) include alkyl (meth)acrylate est€meth)acrylate esters having a cyclic
skeleton, glycidyl group-containing (meth)acrylasters, hydroxyl group-containing
(meth)acrylate esters, and substituted amino gomnpaining (meth)acrylate esters.
Here, a "substituted amino group” is as definedrabo
[0191]

Examples of the above alkyl (meth)acrylate esterside alkyl (meth)acrylate
esters in which the alkyl group that constitutesadtkyl ester is a chain-like structure of 1
to 18 carbon atoms, such as methyl (meth)acryddly] (meth)acrylate, n-propyl
(meth)acrylate, isopropyl (meth)acrylate, n-butyie¢h)acrylate, isobutyl (meth)acrylate,
sec-butyl (meth)acrylate, tert-butyl (meth)acrylagentyl (meth)acrylate, hexyl
(meth)acrylate, heptyl (meth)acrylate, 2-ethylhelgeth)acrylate, isooctyl
(meth)acrylate, n-octyl (meth)acrylate, n-nonyl tmacrylate, isononyl (meth)acrylate,
decyl (meth)acrylate, undecyl (meth)acrylate, dgtiGueth)acrylate (lauryl
(meth)acrylate), tridecyl (meth)acrylate, tetrad€oyeth)acrylate (myristyl
(meth)acrylate), pentadecyl (meth)acrylate, hexgdaeeth)acrylate (palmityl
(meth)acrylate), heptadecyl (meth)acrylate, andd®tyl (meth)acrylate (stearyl
(meth)acrylate).

[0192]

Examples of the (meth)acrylate esters having dacgkeleton include cycloalkyl
(meth)acrylate esters such as isobornyl (meth)aiynd dicyclopentanyl
(meth)acrylate;

aralkyl (meth)acrylate esters such as benzyl (yaetilate;

cycloalkenyl (meth)acrylate esters such as digeahtenyl (meth)acrylate; and
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cycloalkenyloxyalkyl (meth)acrylate esters suchii@yclopentenyloxyethyl
(meth)acrylate.

[0193]

Examples of the glycidyl group-containing (methjdate esters include glycidyl
(meth)acrylate.

Examples of the hydroxyl group-containing (metykate esters include
hydroxymethyl (meth)acrylate, 2-hydroxyethyl (meitrylate, 2-hydroxypropyl
(meth)acrylate, 3-hydroxypropyl (meth)acrylate,\@Hoxybutyl (meth)acrylate, 3-
hydroxybutyl (meth)acrylate, and 4-hydroxybutyl @imecrylate.

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

[0194]

Examples of the aforementioned non-acrylic-basedamers that may constitute
the acrylic-based polymer (b-1) include olefinstsas ethylene and norbornene, as well
as vinyl acetate and styrene.

[0195]

Examples of the polymer (b) not having an eneayyaurable group that has
been at least partially crosslinked with a crosstig agent include polymers in which a
reactive functional group in the polymer (b) hadengone reaction with the crosslinking
agent.

This reactive functional group may be selected@myately in accordance with
the variety and the like of the crosslinking agenigl there are no particular limitations.
For example, when the crosslinking agent is a polyyanate compound, examples of the
reactive functional group include a hydroxyl groaarboxyl group, amino group, or the

like, and among these, a hydroxyl group is pretedee to a higher reactivity with the
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isocyanate group. Further, when the crosslinkognais an epoxy-based compound,
examples of the reactive functional group includsdoxyl group, amino group, amide
group or the like, and among these, a carboxylgrieyreferred due to a higher
reactivity with the epoxy group. However, in terofreventing corrosion of the circuit
of the semiconductor wafer or semiconductor chip,reactive functional group is
preferably a group other than a carboxyl group.

[0196]

Examples of the polymer (b) which has an aforemaat reactive functional
group but does not have an energy ray-curable gralpde polymers obtained by
polymerizing at least a monomer having the readtimetional group. In the case of the
acrylic-based polymer (b-1), a monomer having #aetive functional group may be
used as either one or both of the acrylic-basedomen and non-acrylic-based monomer
described above as the monomer for forming theliadmgsed polymer (b-1). Examples
of the polymer (b) which have a hydroxyl group lae teactive functional group include
polymers obtained by polymerizing an aforementiomgdioxyl group-containing
(meth)acrylate ester, and other examples includignmrs obtained by polymerizing a
monomer in which one or two or more hydrogen atonane of the aforementioned
acrylic-based monomers or non-acrylic-based monsinave each been substituted with
the reactive functional group.

[0197]

In the polymer (b) having a reactive functionaduw, the proportion (amount) of
structural units derived from the monomer havirg bactive functional group, relative
to the total mass of all of the structural unitsttbonstitute the polymer (b), is preferably

from 1 to 20% by mass, and more preferably frorm 20% by mass. Ensuring that the
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proportion falls within this type of range enabllee degree of crosslinking in the
polymer (b) to fall within a preferred range.
[0198]

In terms of achieving more favorable film formiolgaracteristics for the
composition (IV-1), the weight average moleculaighé (Mw) of the polymer (b) not
having an energy ray-curable group is preferaldynfil0,000 to 2,000,000, and is more
preferably from 100,000 to 1,500,000. Here, theigt average molecular weight" is as
defined above.

[0199]

The polymer (b) not having an energy ray-curalpteig contained in the
composition (IV-1) and the energy ray-curable fflon protective film formation may be
a single polymer or two or more polymers, and en¢hse of two or more polymers, the
combination and ratio between those polymers masebexted as desired.

[0200]

Examples of the composition (IV-1) include compiosis containing either one
or both of the aforementioned polymer (al) andefleeementioned compound (a2). In
those cases where the composition (1V-1) contdaassompound (a2), the composition
preferably also contains the polymer (b) not hadngnergy ray-curable group, and in
this case, preferably also contains the aforemeeti¢gal). The composition (IV-1) may
also contain both the polymer (al) and the polytbenot having an energy ray-curable
group, but not contain the compound (a2).

[0201]

In those cases where the composition (IV-1) costttie polymer (al), the

compound (a2) and the polymer (b) not having amgneay-curable group, the amount

of the compound (a2) in the composition (IV-1) isfprably from 10 to 400 parts by
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mass, and more preferably from 30 to 350 parts égsyper 100 parts by mass of the
total amount of the polymer (al) and the polymégmid having an energy ray-curable
group.
[0202]

In the composition (IV-1), the proportion repretsehby the total amount of the
energy ray-curable component (a) and the polymengbhaving an energy ray-curable
group relative to the total mass of all of the comgnts besides the solvent (namely, the
total amount of the energy ray-curable componérarid the polymer (b) not having an
energy ray-curable group in the energy ray-curélotefor protective film formation) is
preferably from 5 to 90% by mass, more preferataynf10 to 80% by mass, and
particularly preferably from 20 to 70% by mass.s#fing that the proportion of the
energy ray-curable component falls within this tgfh@ange makes the energy ray-
curability of the energy ray-curable film for protere film formation more favorable.
[0203]

Besides the energy ray-curable components deslcaibeve, the composition
(IV-1) may also contain one or two or more compdseselected from the group
consisting of heat-curable components, fillers,pliog agents, crosslinking agents,
photopolymerization initiators, colorants and gahg@urpose additives depending on the
intended purpose of the composition. For exaniplejsing a composition (1V-1)
containing an aforementioned energy ray-curablepmrant and a heat-curable
component, the adhesive strength of the formedygnary-curable film for protective
film formation to an adherend can be improved batimg, and the strength of the
protective film formed from this energy ray-curable for protective film formation
can also be improved.

[0204]
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Examples of heat-curable components, fillers, tngmgents, crosslinking
agents, photopolymerization initiators, coloramtd general-purpose additives that may
be included in the composition (IV-1) include tlar®e materials as those described
above for the heat-curable component (B), therf{I¥, the coupling agent (E), the
crosslinking agent (F), the photopolymerizationiator (H), the colorant (I) and the
general-purpose additives (J) in the composititrL{lL
[0205]

In the composition (IV-1) for each of the heatahle component, filler, coupling
agent, crosslinking agent, photopolymerizationianitr, colorant and general-purpose
additives, a single component may be used alorecombination of two or more
components may be used, and in the case of a catidirof two or more components,
the combination and ratio between those compomeaysbe selected as desired.

The amounts of the heat-curable components,djllewupling agents,
crosslinking agents, photopolymerization initiafaslorants and general-purpose
additives in the composition (IV-1) may be set appiately in accordance with the
intended purpose, and there are no particulardiioits.

[0206]

Because the handling of the composition (IV-1) iayes upon dilution, the
composition preferably also contains a solvent.

Examples of the solvent contained in the compasitiV-1) include the same
solvents as those mentioned above for use in tpaosition (111-1).

The solvent contained in the composition (IV-1)yrb& a single solvent or two or
more solvents.

[0207]
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<<Method for Producing Composition for Energy Rayréble Protective Film
Formation>>

The energy-curable composition for protective fimmation such as the
composition (IV-1) can be obtained by blending tbge the components that constitute
the composition.

There are no particular limitations on the oraewhich the components are
added during blending, and two or more componeiatg Ine added simultaneously.

In those cases where a solvent is used, the datv@nfirst be mixed with one of
the other components besides the solvent to die@ther component, or the solvent
may simply be mixed with the other blend componewitsout being used to first dilute
one of the other components.

There are no particular limitations on the metbhedd for mixing the components
during blending, and a method may be selected &mmong conventional methods such
as methods in which mixing is performed by rotatidgth a stirring bar or stirring blade,
methods in which mixing is performed using a mixargd methods in which mixing is
performed by application of ultrasound.

The temperature and time during addition and ngixxheach component are not
particularly limited and may be set as appropripteyided the blended component does
not degrade, but the temperature is preferably ft&rto 30°C.

[0208]
< Method for Producing Supporting Sheet, MethodHayducing Composite Sheet for

Protective Film Formation
The supporting sheet and the composite sheetdbegtive film formation

described above can be produced by sequentialiyédimg the various layers described
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above to achieve the desired positional relatigpsshetween the layers. The method
used for forming each layer is as described above.

For example, when producing the supporting shee¢n laminating the adhesive
layer to the substrate, the adhesive compositisordeed above may be applied to the
substrate, with drying then performed if necessary.

[0209]

On the other hand, when producing the composéetdior protective film
formation, when the film for protective film forman is laminated onto the adhesive
layer that has already been laminated to the satbsthe film for protective film
formation can be formed directly by coating the position for heat-curable protective
film formation or the composition for energy rayrable protective film formation onto
the adhesive layer. In these cases where one afttmpositions is used to form a
continuous two-layer laminated structure, an addél composition may be applied to
the layer formed from the above composition to famother new layer. However, it is
preferable that the continuous two-layer laminatedcture is produced by forming the
second of these two laminated layers in advancgplication of the composition to a
separate release film, and then subsequently rdfitkie exposed surface of this
preformed layer, on the opposite side from the #hdé contacts the release film, to the
exposed surface of the other layer that has alrbadg formed. In this case, the above
composition is preferably applied to a releasetéaurface of the release film. The
release film may be removed if necessary after &ion of the laminated structure.
[0210]

In other words, when producing the composite sfeggirotective film
formation, the composite sheet for protective fibommation can be obtained by

laminating the adhesive layer to the substrateppyyang the adhesive composition to
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the substrate and performing drying as necessamyirig the film for protective film
formation separately on a release film by applyhmgcomposition for heat-curable
protective film formation or the composition forexgy ray-curable protective film
formation to a release film and performing dryirsgnecessary, and then affixing the
exposed surface of the film for protective filmrfwation to the exposed surface of the
adhesive layer laminated to the substrate, thderbinating the film for protective film
formation to the adhesive layer.

[0211]

On the other hand, when laminating the adhesir I the substrate, instead of
using the method of applying the adhesive compusit the substrate, the adhesive
layer may also be laminated to the substrate Byfiarming the adhesive layer on a
release film by applying the adhesive compositothe release film and performing
drying as necessary, and subsequently affixing@kp®sed surface of this adhesive layer
to one surface of the substrate.

In either method, the release film may be remateghy arbitrary timing
following formation of the target laminated strueu
[0212]

In this manner, any of the layers besides thetsatkegnamely, the adhesive layer
or the film for protective film formation) that cstitute the composite sheet for
protective film formation may be formed in advameea release film, and then
laminated using a method in which the exposed serigaffixed to the surface of the
target layer, and the composite sheet for protediin formation may be produced by
appropriately selecting, as necessary, the lapemsliich these types of steps are
employed.

[0213]
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However, in the present invention, in those cadesre the surface roughness of
the surface of the substrate to which the adhdaper is laminated, namely the first
surface, is from 0.1 to 0.4 um or is a value clostnis range, meaning the degree of
unevenness of the surface cannot be ignored, thesae layer is preferably formed
(thereby forming the supporting sheet) by the mettinowvhich the adhesive composition
is applied to the substrate. This is because #diresive layer that has been formed in
advance is affixed to this type of uneven surféiwen the adhesive layer tends to be
unable to fill the regions near the bases of tlsérpsions on the surface, meaning voids
develop, and the filling and coating of the surfé@be first surface) by the adhesive layer
is inadequate. If this type of inadequate fillangd coating of the first surface occurs,
then the types of problems described above teonddor.

[0214]

In contrast, when the adhesive layer is formedfplying an adhesive
composition to the first surface of the substregsause the adhesive composition has
fluidity, the composition readily fills even thegiens near the bases of the protrusions
on the first surface, and as a result, these regiom satisfactorily coated with the
adhesive layer, enabling occurrence of the typgsaslems described above to be well
suppressed. However, when affixing the adhesiyer [t the first surface of the
substrate, occurrence of the voids described atavelso be suppressed by heating and
softening the adhesive layer. Accordingly, in sarases the method in which an
adhesive layer that has been formed in advandéxedto the first surface may also be
used.

[0215]
The composite sheet for protective film formatistypically stored in a state

where a release film has been affixed to the serédi¢he outermost layer on the
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opposite side from the supporting sheet (for exatple film for protective film
formation). Accordingly, the composite sheet fostpctive film formation can also be
obtained by applying the composition for forming tayer that constitutes the outermost
layer, such as the composition for heat-curabléeptive film formation or the
composition for energy ray-curable protective fflonmation, to this release film
(preferably a release-treated surface of the reléas) and performing drying as
necessary to form the layer that constitutes thermost layer on the release film,
subsequently using one of the above methods tomimeach of the remaining layers to
the exposed surface of this layer on the oppogitefsom the side that contacts the
release film, and then not removing the release, filut rather keeping the release film

affixed to the laminated structure.

EXAMPLES
[0216]

The present invention is described below in furthetail using a series of
specific examples. However, the present invengan no way limited by the examples
described below.

The composition of each of the layers of the caositpsheets for protective film
formation described in the following examples amel like is shown below.

[0217]

<Substrate>
The substrates that constitute the supportingtstage shown below.
Substrate Bm1: a substrate containing polyprogybesithe main constituent

material, having a thickness of 80 um, a tensileluhgs of elasticity of 360 MPa, a
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surface roughness (Ra) of the smooth surface &f|dn9, and a surface roughness (Ra)
of the uneven surface of 0.1 um.

Substrate Bm2: a substrate containing polyprogybsnthe main constituent
material, having a thickness of 80 um, a tensileluhgs of elasticity of 360 MPa, a
surface roughness (Ra) of the smooth surface &f |9, and a surface roughness (Ra)
of the uneven surface of 0.2 um.

Substrate Bm3: a substrate containing polyprogybsnthe main constituent
material, having a thickness of 80 um, a tensileluhgs of elasticity of 360 MPa, a
surface roughness (Ra) of the smooth surface &f|0n@, and a surface roughness (Ra)
of the uneven surface of 0.3 um.

Substrate Bm4: a substrate containing polybutyterephthalate as the main
constituent material, having a thickness of 80 gpitensile modulus of elasticity of 500
MPa, a surface roughness (Ra) of the smooth suofa@®5 um, and a surface
roughness (Ra) of the uneven surface of 0.3 pm.

Substrate Bm5: a substrate containing polyprogybesithe main constituent
material, having a thickness of 80 pum, a tensileluhgs of elasticity of 360 MPa, and a
surface roughness (Ra) for both surfaces of 0.05 pm

Substrate Bm6: a substrate containing polyprogybsnthe main constituent
material, having a thickness of 80 um, a tensileuhgs of elasticity of 360 MPa, a
surface roughness (Ra) of the smooth surface &fjdn9, and a surface roughness (Ra)
of the uneven surface of 0.5 um.

Substrate Bm7: a substrate containing polyprogybsnthe main constituent
material, having a thickness of 80 um, a tensileluhgs of elasticity of 360 MPa, a
surface roughness (Ra) of the smooth surface &f|0n@, and a surface roughness (Ra)

of the uneven surface of 0.055 pm.
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Substrate Bm8: a substrate containing polyprogybesithe main constituent
material, having a thickness of 80 pum, a tensileluhgs of elasticity of 360 MPa, a
surface roughness (Ra) of the smooth surface 8f |9, and a surface roughness (Ra)
of the uneven surface of 0.4 um.

Substrate Bm9: a substrate containing polyprogybsnthe main constituent
material, having a thickness of 80 um, a tensileuhgs of elasticity of 360 MPa, a
surface roughness (Ra) of the smooth surface 8f |9, and a surface roughness (Ra)
of the uneven surface of 0.47 um.

Substrate Bm10: a substrate containing polypromykes the main constituent
material, having a thickness of 80 um, a tensileluhgs of elasticity of 360 MPa, a
surface roughness (Ra) of the smooth surface &f|0n3, and a surface roughness (Ra)
of the uneven surface of 0.4 um.

Substrate Bm11: a substrate containing polypromybes the main constituent
material, having a thickness of 80 um, a tensileluhgs of elasticity of 360 MPa, a
surface roughness (Ra) of the smooth surface @f|0n3, and a surface roughness (Ra)
of the uneven surface of 0.47 um.

Substrate Bm12: a substrate containing polypromykes the main constituent
material, having a thickness of 80 um, a tensileluhgs of elasticity of 360 MPa, a
surface roughness (Ra) of the smooth surface 8fjdrd, and a surface roughness (Ra)
of the uneven surface of 0.47 pm.

The above tensile modulus of elasticity and serfacighness values represent
values measured using the methods described below.

[0218]

(Measurement of Substrate Tensile Modulus of Eag]i
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The substrate was cut to prepare a test pieceharénsile modulus of elasticity
(Young's modulus) of the test piece at 23°C wassoneal in accordance with JIS K
7161:1994. At this time, the width of the testgei@luring measurement was 15 mm, and
the distance between the grippers was 100 mm.

(Measurement of Substrate Surface Roughness)

The surface roughness (Ra) values of the substnateces were measured in
accordance with JIS B 0601:2001, using a contatasel shape measuring apparatus
(SURFTEST SV-3000, manufactured by Mitutoyo Corpiorg, with the cutoff valuec
set to 0.8 mm, and the evaluation length Ln séOtonm.

[0219]
<Adhesive Resin>

The adhesive resins used for forming the adhdapers are shown below.

Adhesive resin (i)-1: an acrylic-based polymerait¢d by copolymerizing n-
butyl acrylate (hereafter abbreviated as "BA") (8bts by mass) and 2-hydroxyethyl
acrylate (hereafter abbreviated as "HEA") (15 phytsnass), weight average molecular
weight: 600,000.

Adhesive resin (i)-2: an acrylic-based polymeraaied by copolymerizing 2-
ethylhexyl acrylate (hereafter abbreviated as "2EHA0 parts by mass), isobornyl
acrylate (hereafter abbreviated as "iBA") (50 pastsnass), and HEA and (20 parts by
mass), weight average molecular weight: 800,000.

[0220]
<Production Raw Materials for Compositions for Bative Film Formation>

The raw materials used in the production of thepasitions for protective film

formation are shown below.

[Polymer Component (A)]
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(A)-1: an acrylic-based resin obtained by copolsimeg BA (10 parts by mass),
methyl acrylate (70 parts by mass), glycidyl metiate (5 parts by mass) and HEA (15
parts by mass) (weight average molecular weigh; @D, glass transition temperature: -
1°C)

[Heat-Curable Component (B)]
- Epoxy Resin (B1)

(B1)-1: a bisphenol A epoxy resin (JER828, manuified by Mitsubishi
Chemical Corporation, epoxy equivalent weight: 18394 g/eq, number average
molecular weight: 370)

(B1)-2 a bisphenol A epoxy resin (JER1055, martufed by Mitsubishi
Chemical Corporation, epoxy equivalent weight: 8000 g/eq, number average
molecular weight: 1,600)

(B1)-3: a dicyclopentadiene epoxy resin (EPICLOR-FH200HH, manufactured
by DIC Corporation, epoxy equivalent weight: 25269 g/eq)

- Heat Curing Agent (B2)

(B2)-1: dicyandiamide (a heat-activated latenb@pesin curing agent, ADEKA
HARDNER EH-3636AS, manufactured by ADEKA Corporati@mount of active
hydrogen: 21 g/eq)

[Curing Accelerator (C)]

(C)-1: 2-phenyl-4,5-dihydroxymethylimidazole (CURBL 2PHZ, manufactured
by Shikoku Corporation)
[Filler (D)]

(D)-1: a silica filler (SC2050MA, manufactured Bgmatechs Co., Ltd., surface-
modified with an epoxy-based compound, averagegiadize: 0.5 pm)

[Coupling Agent (E)]
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(E)-1: 3-glycidoxypropyltrimethoxysilane (3-glygibxypropyltrimethoxysilane)
(a silane coupling agent, KBM403, manufactured bin&Etsu Chemical Co., Ltd.,
methoxy equivalent weight: 12.7 mmol/g, moleculaight: 236.3)

[Crosslinking Agent (F)]

(F)-1: tolylene diisocyanate-based crosslinkingradBHS 8515, manufactured
by TOYOCHEM Co., Ltd.)
[Photopolymerization Initiator (H)]

Photopolymerization initiator (H)-1: 1-hydroxycgtiexyl phenyl ketone
(IRGACURE (a registered trademark) 184, manufackine BASF Corporation)
[Colorant (1)]

(I)-1: a carbon black (MA600B, manufactured by $divishi Chemical
Corporation, average patrticle size: 28 nm)

[Energy Ray-Curable Component (a)]

Energy ray-curable component (a)-1: an ultravicdgtcurable acrylic-based
copolymer having methacryloyloxy groups as sidarchand having a weight average
molecular weight of 800,000 and a glass transionperature of -10°C, obtained by
reacting an acrylic-based polymer obtained by oppelizing 2EHA (80 parts by mass)
and HEA (20 parts by mass) with 2-methacryloylokyétsocyanate (hereafter
sometimes abbreviated as "MOI") (an amount sufficie provide a total number of
moles of isocyanate groups in the 2-methacryloydtiyl isocyanate that is 0.8 times the
total number of moles of hydroxyl groups deriveahfrHEA in the acrylic-based
polymer).

[0221]
<Production of Composite Sheet for Protective Flonmation>

[Example 1]
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(Production of Composition for Heat-Curable PratexFilm Formation (111-1))

The polymer component (A)-1 (40 parts by mas®) eghoxy resin (B1)-1 (5 parts
by mass), the epoxy resin (B1)-2 (4 parts by make)epoxy resin (B1)-3 (10 parts by
mass), the heat curing agent (B2)-1 (1 part by jn#ss curing accelerator (C)-1 (1 part
by mass), the filler (D)-1 (36 parts by mass),¢bapling agent (E)-1 (1 part by mass)
and the colorant (I)-1 (2 parts by mass) were mixggther and then diluted with
sufficient methyl ethyl ketone to obtained a sdtattion concentration of 45% by mass,
thus obtaining a composition for heat-curable prte film formation (IlI-1). The
above blend amounts of all of the components exbepinethyl ethyl ketone represent
solid fraction amounts.

[0222]
(Formation of Film for Protective film Formation)

The composition (I1I-1) obtained above was apptiethe release-treated surface
of a release film prepared by subjecting one sartda polyethylene terephthalate film
to a silicone release treatment (SP-PET381031, faetued by Lintec Corporation,
thickness: 38 um), and the composition was thezddat 100°C for 3 minutes, thus
forming a film for protective film formation Pfl kieng a thickness of 25 pum.

[0223]
(Production of Adhesive Composition)

The adhesive resin (i)-1 (100 parts by mass) heddlylene diisocyanate-based
crosslinking agent (BHS 8515 manufactured by TOY@&WHCo., Ltd.) (1 part by mass)
were mixed together and then diluted with sufficierethyl ethyl ketone to obtained a

solid fraction concentration of 35% by mass, thbsming a non-energy-curable
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adhesive composition (I-4)-1. The above blend amsaf all of the components except
the methyl ethyl ketone represent solid fractioroans.

[0224]

(Formation of Adhesive Layer, Production of SuppagriSheet)

The adhesive composition (I-4)-1 obtained above a@plied to the smooth
surface of the aforementioned substrate Bm1 haaisigrface roughness of 0.05 um, and
by drying the adhesive composition at 100°C for omeute, a non-energy-curable
adhesive layer Adl having a thickness of 5 um waséd, thus obtaining a supporting
sheet Ss1.

[0225]
(Production of Composite Sheet for Protective Fommation)

The exposed surface of the obtained film for priote film formation Pf1 on the
side not provided with the release film, and thpased surface of the adhesive layer
Ad1 of the supporting sheet Ss1 were laminatedti@gethus obtaining a composite
sheet for protective film formation of the stru@ultustrated in FIG. 2.

This composite sheet for protective film formatiwas composed of the substrate
Bm1l, the adhesive layer Ad1, the film for proteetiim formation Pf1 and the release
film, laminated in that order through the thickndggction, wherein the surface of the
substrate Bm1 on the side on which the adhesiar lagil was provided was the smooth
surface, and the surface (exposed surface) ofuthetrsite Bm1 on the opposite side from
the side on which the adhesive layer Ad1l was pexvidas the uneven surface. The
composition of this composite sheet for protecfire formation is shown in Table 1.
[0226]

[Example 2]
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With the exception of using a supporting sheet@zained by altering the
amount of the adhesive composition (I-4)-1 apptladng formation of the adhesive
layer, so as to form a non-energy-curable adhdapar Ad2 having a thickness of 20
um rather than 5 um, the same method as Exampés ged to produce a composite
sheet for protective film formation.

In other words, this composite sheet for protectiim formation was composed
of the substrate Bm1, the adhesive layer Ad2,ithefbr protective film formation Pfl
and the release film, laminated in that order thhothe thickness direction, wherein the
surface of the substrate Bm1 on the side on wihietathesive layer Ad2 was provided
was the smooth surface, and the surface (exposttslof the substrate Bm1 on the
opposite side from the side on which the adhesiyerlAd2 was provided was the
uneven surface. The composition of this compadiget for protective film formation is
shown in Table 1.

[0227]
[Example 3]
(Production of Adhesive Composition)

The adhesive resin (i)-2 (100 parts by mass) haddlylene diisocyanate-based
crosslinking agent (BHS 8515 manufactured by TOY®&BEHCo., Ltd.) (10 parts by
mass) were mixed together and then diluted witfigeht methyl ethyl ketone to
obtained a solid fraction concentration of 35% kgss) thus obtaining a non-energy-
curable adhesive composition (I-4)-2. The aboeadlamounts of all of the components
except the methyl ethyl ketone represent solidifsacamounts.

[0228]

(Formation of Adhesive Layer, Production of SuppgriSheet)
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The adhesive composition (I-4)-2 obtained abovs &@plied to the smooth
surface of the aforementioned substrate Bm1 hawvisigrface roughness of 0.05 pm, and
by drying the adhesive composition at 100°C for omeute, a non-energy-curable
adhesive layer Ad3 having a thickness of 5 um wa®séd, thus obtaining a supporting
sheet Ss3.

[0229]
(Production of Composite Sheet for Protective Hiommation)

With the exception of using the supporting shes® &tained above instead of
the supporting sheet Ss1, the same method as Exdnws used to produce a
composite sheet for protective film formation.

In other words, this composite sheet for protectiim formation was composed
of the substrate Bm1, the adhesive layer Ad3,itivefbr protective film formation Pfl
and the release film, laminated in that order thlothe thickness direction, wherein the
surface of the substrate Bm1 on the side on wiietatihesive layer Ad3 was provided
was the smooth surface, and the surface (exposttslof the substrate Bm1 on the
opposite side from the side on which the adhesiyerlAd3 was provided was the
uneven surface. The composition of this compadiget for protective film formation is
shown in Table 1.

[0230]
[Example 4]
(Production of Adhesive Composition)

The adhesive composition (I-4)-2 was obtainedgitiie same method as
Example 3.

[0231]

(Formation of Adhesive Layer, Production of SuppgriSheet)
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The adhesive composition (I-4)-2 obtained abovs &@plied to the smooth
surface of the aforementioned substrate Bm2 hawisigrface roughness of 0.05 pm, and
by drying the adhesive composition at 100°C for omeute, a non-energy-curable
adhesive layer Ad3 having a thickness of 5 um wa®séd, thus obtaining a supporting
sheet Ss4.

[0232]
(Production of Composite Sheet for Protective Hiommation)

With the exception of using the supporting shesgt &tained above instead of
the supporting sheet Ss1, the same method as Exdnws used to produce a
composite sheet for protective film formation.

In other words, this composite sheet for protectiim formation was composed
of the substrate Bm2, the adhesive layer Ad3,itivefbr protective film formation Pfl
and the release film, laminated in that order thlothe thickness direction, wherein the
surface of the substrate Bm2 on the side on wiietatihesive layer Ad3 was provided
was the smooth surface, and the surface (exposttslof the substrate Bm2 on the
opposite side from the side on which the adhesiyerlAd3 was provided was the
uneven surface. The composition of this compadiget for protective film formation is
shown in Table 1.

[0233]
[Example 5]
(Production of Adhesive Composition)

The adhesive composition (I-4)-2 was obtainedgitiie same method as
Example 3.

[0234]

(Formation of Adhesive Layer, Production of SuppgriSheet)
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The adhesive composition (I-4)-2 obtained abovs &@plied to the smooth
surface of the aforementioned substrate Bm3 hawisigrface roughness of 0.05 pm, and
by drying the adhesive composition at 100°C for omeute, a non-energy-curable
adhesive layer Ad3 having a thickness of 5 um wa®séd, thus obtaining a supporting
sheet Ssb.

[0235]
(Production of Composite Sheet for Protective Hiommation)

With the exception of using the supporting shes&t &tained above instead of
the supporting sheet Ss1, the same method as Exdnws used to produce a
composite sheet for protective film formation.

In other words, this composite sheet for protectiim formation was composed
of the substrate Bm3, the adhesive layer Ad3,itivefbr protective film formation Pfl
and the release film, laminated in that order thlothe thickness direction, wherein the
surface of the substrate Bm3 on the side on wiietatihesive layer Ad3 was provided
was the smooth surface, and the surface (exposttslof the substrate Bm3 on the
opposite side from the side on which the adhesiyerlAd3 was provided was the
uneven surface. The composition of this compadiget for protective film formation is
shown in Table 1.

[0236]
[Example 6]
(Production of Adhesive Composition)

The adhesive composition (I-4)-2 was obtainedgitiie same method as
Example 3.

[0237]

(Formation of Adhesive Layer, Production of SuppgriSheet)
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The adhesive composition (I-4)-2 obtained abovs &@plied to the smooth
surface of the aforementioned substrate Bm4 hawisigrface roughness of 0.05 pm, and
by drying the adhesive composition at 100°C for omeute, a non-energy-curable
adhesive layer Ad3 having a thickness of 5 um wa®séd, thus obtaining a supporting
sheet Ss6.

[0238]
(Production of Composite Sheet for Protective Hiommation)

With the exception of using the supporting shest &tained above instead of
the supporting sheet Ss1, the same method as Exdnws used to produce a
composite sheet for protective film formation.

In other words, this composite sheet for protectiim formation was composed
of the substrate Bm4, the adhesive layer Ad3,itivefbr protective film formation Pfl
and the release film, laminated in that order thlothe thickness direction, wherein the
surface of the substrate Bm4 on the side on wiietatihesive layer Ad3 was provided
was the smooth surface, and the surface (exposttslof the substrate Bm4 on the
opposite side from the side on which the adhesiyerlAd3 was provided was the
uneven surface. The composition of this compadiget for protective film formation is
shown in Table 1.

[0239]
[Example 7]
(Production of Composition for Energy Ray-Curabtetctive Film Formation (IV-1))

The energy ray-curable component (a)-1 (42 partméss), the filler (D)-1 (55
parts by mass), the coupling agent (E)-1 (0.3 gaytsass), the crosslinking agent (F)-1
(1 part by mass), the photopolymerization initigta)-1 (0.3 parts by mass), and the

colorant (I)-1 (1 part by mass) were mixed togetoat then diluted with sufficient
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methyl ethyl ketone to obtained a solid fraction@entration of 45% by mass, thus
obtaining an composition for energy ray-curableigetve film formation (IV-1). The
above blend amounts of all of the components exteptethyl ethyl ketone represent
solid fraction amounts.

[0240]

(Formation of Film for Protective film Formation)

The composition (IV-1) obtained above was applethe release-treated surface
of a release film prepared by subjecting one sartda polyethylene terephthalate film
to a silicone release treatment (SP-PET381031, faetued by Lintec Corporation,
thickness: 38 um), and the composition was thezddat 100°C for 3 minutes, thus
forming a film for protective film formation Pf2 kisng a thickness of 25 pm.

[0241]
(Production of Adhesive Composition)

The adhesive composition (I-4)-2 was obtainedgitiie same method as
Example 3.

[0242]
(Formation of Adhesive Layer, Production of SuppgriSheet)

The adhesive layer Ad3 was formed and the suppupsieet Ss5 was obtained
using the same method as Example 5.

[0243]
(Production of Composite Sheet for Protective Hiommation)

The exposed surface of the film for protectivenffiormation obtained above, on
the side not provided with the release film, arelékposed surface of the adhesive layer
Ad3 of the supporting sheet Ss5 were laminatedti@gethus obtaining a composite

sheet for protective film formation of the stru@ultustrated in FIG. 2.



95

This composite sheet for protective film formatiwas composed of the substrate
Bm3, the adhesive layer Ad3, the film for proteetfim formation Pf2 and the release
film, laminated in that order through the thickndggction, wherein the surface of the
substrate Bm3 on the side on which the adhesiar lagi3 was provided was the smooth
surface, and the surface (exposed surface) ofuth&trsite Bm3 on the opposite side from
the side on which the adhesive layer Ad3 was pexidas the uneven surface. The
composition of this composite sheet for protectire formation is shown in Table 1.
[0244]

[Example 8]
(Formation of Film for Protective film Formation)

The film for protective film formation Pf1 was foed using the same method as
Example 1.

[0245]
(Formation of Adhesive Layer, Production of SuppgriSheet)

With the exception of using the substrate Bm7 dlesd above instead of the
substrate Bm1, and using the smooth surface dfuhstrate Bm7 having a surface
roughness of 0.05 pm as the surface for formatigheoadhesive layer Adl, the same
method as Example 1 was used to obtain a suppatieet Ss11.

[0246]
(Production of Composite Sheet for Protective Hiommation)

The exposed surface of the film for protectivenffiormation Pf1 obtained above,
on the side not provided with the release film, Hredlexposed surface of the adhesive
layer Ad1 of the supporting sheet Ss11 were larath&igether, thus obtaining a

composite sheet for protective film formation of structure illustrated in FIG. 2.
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This composite sheet for protective film formatiwas composed of the substrate
Bm7, the adhesive layer Ad1, the film for proteetfim formation Pf1 and the release
film, laminated in that order through the thickndggction, wherein the surface of the
substrate Bm7 on the side on which the adhesiwar lagil was provided was the smooth
surface, and the surface (exposed surface) ofuth&trsite Bm7 on the opposite side from
the side on which the adhesive layer Ad1l was pexidas the uneven surface. The
composition of this composite sheet for protectire formation is shown in Table 2.
[0247]

[Example 9]
(Formation of Film for Protective film Formation)

The film for protective film formation Pf1 was foed using the same method as
Example 1.

[0248]
(Formation of Adhesive Layer, Production of SuppgriSheet)

With the exception of using the substrate Bm8 dlesd above instead of the
substrate Bm1, and using the smooth surface dfuhstrate Bm8 having a surface
roughness of 0.03 pm as the surface for formatigheoadhesive layer Adl, the same
method as Example 1 was used to obtain a suppatieegt Ss12.

[0249]
(Production of Composite Sheet for Protective Hiommation)

The exposed surface of the film for protectivenffiormation Pf1 obtained above,
on the side not provided with the release film, Hredlexposed surface of the adhesive
layer Ad1 of the supporting sheet Ss12 were larath&igether, thus obtaining a

composite sheet for protective film formation o structure illustrated in FIG. 2.
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This composite sheet for protective film formatiwas composed of the substrate
Bm8, the adhesive layer Ad1, the film for proteetfim formation Pf1 and the release
film, laminated in that order through the thickndggction, wherein the surface of the
substrate Bm8 on the side on which the adhesiwar lagil was provided was the smooth
surface, and the surface (exposed surface) ofuthetrsite Bm8 on the opposite side from
the side on which the adhesive layer Ad1l was pex/idas the uneven surface. The
composition of this composite sheet for protectire formation is shown in Table 2.
[0250]

[Example 10]
(Formation of Film for Protective film Formation)

The film for protective film formation Pf1 was foed using the same method as
Example 1.

[0251]
(Formation of Adhesive Layer, Production of SuppgriSheet)

With the exception of using the substrate Bm9 dlesd above instead of the
substrate Bm1, and using the smooth surface dfuhstrate Bm9 having a surface
roughness of 0.03 pm as the surface for formatigheoadhesive layer Adl, the same
method as Example 1 was used to obtain a suppatieet Ss13.

[0252]
(Production of Composite Sheet for Protective Hiommation)

The exposed surface of the film for protectivenffiormation Pf1 obtained above,
on the side not provided with the release film, Hredlexposed surface of the adhesive
layer Ad1 of the supporting sheet Ss13 were larath&igether, thus obtaining a

composite sheet for protective film formation of structure illustrated in FIG. 2.
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This composite sheet for protective film formatiwas composed of the substrate
Bm9, the adhesive layer Ad1, the film for proteetfim formation Pf1 and the release
film, laminated in that order through the thickndggction, wherein the surface of the
substrate Bm9 on the side on which the adhesiwar lagil was provided was the smooth
surface, and the surface (exposed surface) ofuth&trsite Bm9 on the opposite side from
the side on which the adhesive layer Ad1l was pexvidas the uneven surface. The
composition of this composite sheet for protectire formation is shown in Table 2.
[0253]

[Example 11]
(Formation of Film for Protective film Formation)

The film for protective film formation Pf1 was foed using the same method as
Example 1.

[0254]
(Formation of Adhesive Layer, Production of SuppgriSheet)

With the exception of using the substrate Bm1@udleed above instead of the
substrate Bm1, and using the smooth surface dfuhstrate Bm10 having a surface
roughness of 0.35 pm as the surface for formatigheoadhesive layer Adl, the same
method as Example 1 was used to obtain a suppatieet Ss14.

[0255]
(Production of Composite Sheet for Protective Hiommation)

The exposed surface of the film for protectivenffiormation Pf1 obtained above,
on the side not provided with the release film, Hredlexposed surface of the adhesive
layer Ad1 of the supporting sheet Ss14 were larath&igether, thus obtaining a

composite sheet for protective film formation of ttructure illustrated in FIG. 2.
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This composite sheet for protective film formatiwas composed of the substrate
Bm10, the adhesive layer Ad1l, the film for proteetfilm formation Pf1l and the release
film, laminated in that order through the thickndggction, wherein the surface of the
substrate Bm10 on the side on which the adhesjsr I&d1 was provided was the
smooth surface, and the surface (exposed surfatie¢ substrate Bm10 on the opposite
side from the side on which the adhesive layer wd$ provided was the uneven
surface. The composition of this composite sheepfotective film formation is shown
in Table 2.

[0256]
[Example 12]
(Formation of Film for Protective film Formation)

The film for protective film formation Pf1 was foed using the same method as
Example 1.

[0257]
(Formation of Adhesive Layer, Production of SuppgriSheet)

With the exception of using the substrate Bm1Xuesd above instead of the
substrate Bm1, and using the smooth surface cfuhbstrate Bm11 having a surface
roughness of 0.37 um as the surface for formatidheoadhesive layer Adl, the same
method as Example 1 was used to obtain a suppatieet Ss15.

[0258]
(Production of Composite Sheet for Protective Hiommation)

The exposed surface of the film for protectivenffiormation Pf1 obtained above,
on the side not provided with the release film, Hredexposed surface of the adhesive
layer Ad1 of the supporting sheet Ss15 were larath&igether, thus obtaining a

composite sheet for protective film formation o ttructure illustrated in FIG. 2.
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This composite sheet for protective film formatiwas composed of the substrate
Bm11, the adhesive layer Ad1l, the film for proteetfilm formation Pf1l and the release
film, laminated in that order through the thickndggction, wherein the surface of the
substrate Bm11 on the side on which the adhesjr I&d1 was provided was the
smooth surface, and the surface (exposed surfatie¢ substrate Bm11 on the opposite
side from the side on which the adhesive layer wd$ provided was the uneven
surface. The composition of this composite sheepfotective film formation is shown
in Table 2.

[0259]
[Reference Example 1]
(Formation of Film for Protective film Formation)

The film for protective film formation Pf1 was foed using the same method as
Example 1.

[0260]
(Formation of Adhesive Layer, Production of SuppgriSheet)

With the exception of altering the amount of théesive composition (I-4)-2
applied during formation of the adhesive layerasdo form an adhesive layer Ad4
having a thickness of 20 um rather than 5 um, @angesmethod as Example 4 was used
to obtain a supporting sheet Ss7.

[0261]
(Production of Composite Sheet for Protective Hiommation)

The exposed surface of the film for protectivenffiormation Pf1 obtained above,
on the side not provided with the release film, Hredexposed surface of the adhesive
layer Ad4 of the supporting sheet Ss7 were lamédhtdgether, thus obtaining a

composite sheet for protective film formation o ttructure illustrated in FIG. 2.
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This composite sheet for protective film formatiwas composed of the substrate
Bm2, the adhesive layer Ad4, the film for proteetfim formation Pf1 and the release
film, laminated in that order through the thickndggction, wherein the surface of the
substrate Bm2 on the side on which the adhesiar lagi4 was provided was the smooth
surface, and the surface (exposed surface) ofuth&trsite Bm2 on the opposite side from
the side on which the adhesive layer Ad4 was pexvidas the uneven surface. The
composition of this composite sheet for protectire formation is shown in Table 3.
[0262]

[Comparative Example 1]
(Formation of Film for Protective film Formation)

The film for protective film formation Pf1 was foed using the same method as
Example 1.

[0263]
(Formation of Adhesive Layer, Production of SuppgriSheet)

With the exception of using the substrate Bm5 dlesd above instead of the
substrate Bm1, and forming the adhesive layer Al avthickness of 5 um on one
surface (the smooth surface) of the substrate Bme5same method as Example 1 was
used to obtain a supporting sheet Ss8.

[0264]
(Production of Composite Sheet for Protective Hiommation)

The exposed surface of the film for protectivenffiormation Pf1 obtained above,
on the side not provided with the release film, Hrelexposed surface of the adhesive
layer Ad1 of the supporting sheet Ss8 were lamédhtdgether, thus obtaining a

composite sheet for protective film formation o ttructure illustrated in FIG. 2.
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This composite sheet for protective film formatiwas composed of the substrate
Bmb5, the adhesive layer Ad1, the film for proteetfim formation Pf1 and the release
film, laminated in that order through the thickndggction, wherein the surface of the
substrate Bm5 on the side on which the adhesiwr lagil was provided, and the surface
(exposed surface) of the substrate Bm5 on the dppide from the side on which the
adhesive layer Ad1l was provided were both smoattases. The composition of this
composite sheet for protective film formation i®wim in Table 3.

[0265]
[Comparative Example 2]
(Formation of Film for Protective film Formation)

The film for protective film formation Pf1 was foed using the same method as
Example 1.

[0266]
(Formation of Adhesive Layer, Production of SuppgriSheet)

With the exception of using the substrate Bm6 dlesd above instead of the
substrate Bm1, and forming the adhesive layer Adadplying the adhesive
composition (I-4)-1 obtained above to the unevafaese of the substrate Bm6 having a
surface roughness of 0.5 um, the same method asf&2 was used to obtain a
supporting sheet Ss9.

[0267]
(Production of Composite Sheet for Protective Hdommation)

The exposed surface of the film for protectivenffiormation Pf1 obtained above,
on the side not provided with the release film, Hredexposed surface of the adhesive
layer Ad2 of the supporting sheet Ss9 were lamédhtdgether, thus obtaining a

composite sheet for protective film formation o ttructure illustrated in FIG. 2.
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This composite sheet for protective film formatiwas composed of the substrate
Bm6, the adhesive layer Ad2, the film for proteetiim formation Pf1 and the release
film, laminated in that order through the thickndggction, wherein the surface of the
substrate Bm6 on the side on which the adhesiar lagi2 was provided was the uneven
surface, and the surface (exposed surface) ofuth&trsite Bm6 on the opposite side from
the side on which the adhesive layer Ad2 was pexvidas the smooth surface. The
composition of this composite sheet for protectire formation is shown in Table 3.
[0268]

[Comparative Example 3]
(Formation of Film for Protective film Formation)

The film for protective film formation Pf1 was foed using the same method as
Example 1.

[0269]
(Formation of Adhesive Layer, Production of SuppgriSheet)

With the exception of using the substrate Bm6 dlesd above instead of the
substrate Bm1, and forming the adhesive layer Adadplying the adhesive
composition (I-4)-1 obtained above to the smootfiese of the substrate Bm6 having a
surface roughness of 0.05 um, the same methodamie 1 was used to obtain a
supporting sheet Ss10.

[0270]
(Production of Composite Sheet for Protective Hdommation)

The exposed surface of the film for protectivenffiormation Pf1 obtained above,
on the side not provided with the release film, Hredexposed surface of the adhesive
layer Ad1 of the supporting sheet Ss10 were larath&igether, thus obtaining a

composite sheet for protective film formation o ttructure illustrated in FIG. 2.
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This composite sheet for protective film formatiwas composed of the substrate
Bm6, the adhesive layer Ad1, the film for proteetfim formation Pf1 and the release
film, laminated in that order through the thickndggction, wherein the surface of the
substrate Bm6 on the side on which the adhesiwar lagil was provided was the smooth
surface, and the surface (exposed surface) ofuth&trsite Bm6 on the opposite side from
the side on which the adhesive layer Ad1l was pexvidas the uneven surface. The
composition of this composite sheet for protectire formation is shown in Table 3.
[0271]

[Comparative Example 4]
(Formation of Film for Protective film Formation)

The film for protective film formation Pf1 was foed using the same method as
Example 1.

[0272]
(Formation of Adhesive Layer, Production of SuppgriSheet)

With the exception of using the substrate Bm12Zdleed above instead of the
substrate Bm1, and using the smooth surface dfuhstrate Bm12 having a surface
roughness of 0.43 pm as the surface for formatigheoadhesive layer Adl, the same
method as Example 1 was used to obtain a suppatieet Ss16.

[0273]
(Production of Composite Sheet for Protective Hiommation)

The exposed surface of the film for protectivenffiormation Pf1 obtained above,
on the side not provided with the release film, Hredlexposed surface of the adhesive
layer Ad1 of the supporting sheet Ss16 were larath&igether, thus obtaining a

composite sheet for protective film formation o ttructure illustrated in FIG. 2.
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This composite sheet for protective film formatiwas composed of the substrate
Bm12, the adhesive layer Ad1, the film for proteetfilm formation Pf1l and the release
film, laminated in that order through the thickndggction, wherein the surface of the
substrate Bm12 on the side on which the adhesjr I&d1 was provided was the
smooth surface, and the surface (exposed surfatie¢ substrate Bm11 on the opposite
side from the side on which the adhesive layer wd$ provided was the uneven
surface. The composition of this composite sheepfotective film formation is shown
in Table 3.

[0274]
<Evaluation of Composite Sheets for Protective Fonmation>

For each of the composite sheets for protectiwe flormation obtained above,
the laser printability, the infrared examinatioradcteristics, the blocking resistance, the
filling and coatability of the substrate surfacetbg adhesive layer, and the chipping
resistance were evaluated using the methods deddo#low. The results are shown in
Table 1 to Table 3 (in the tables, the abbreviatidimg and coatability" is used.)

[0275]
[Laser Printability]

The release film was removed from the composigesfor protective film
formation, and a mounting apparatus (RAD-2700FM2nufactured by Lintec
Corporation) was used to affix the composite sfargprotective film formation to a
stainless steel ring frame, and to affix the filon protective film formation in the
composite sheet for protective film formation te thack surface of a silicon wafer
(diameter: 8 inches, thickness: 100 um) that haah beeated to 70°C.

Next, in those cases where the film for protective formation was heat-

curable, the film was cured by heating at 130°C2ftwiours, whereas in those cases
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where the film for protective film formation wasergy ray-curable, the film was cured
by two repetitions of irradiation with ultravioledys under conditions including an
illuminance of 145 mW/cfand an irradiation dose of 230 mJfehus forming a
protective film.

Subsequently, using a printing apparatus (MD-S89hanufactured by Keyence
Corporation), laser light with a wavelength of 588 was irradiated onto the protective
film from the substrate side under conditions idahg an output of 4.8 W, a frequency
of 80 kHz, and a scan speed of 500 mm/sec, théasky printing the two patterns
described below (pattern 1, pattern 2) onto theegtive film.

(Patterns)

Pattern 1: character size: 0.30 mm x 0.5 mm, cbharagpacing: 0.05 mm,
number of characters: 20

Pattern 2: character size: 0.15 mm x 0.3 mm, charapacing: 0.05 mm,
number of characters: 20
[0276]

Subsequently, the characters formed on the pregeiiiim by the laser printing
described above were inspected through the suppgastieet, and the laser printability
was evaluated against the following criteria. hé gas generated from the protective film
by laser printing accumulates between the adhémjer and the protective film, then
this can cause chipping during dicing, and theeef@mples in which gas accumulation
had not occurred were used for the evaluation.

(Evaluation criteria)
A: all the characters in pattern 1 and patterrePevprinted distinctly.
B: in pattern 2, a portion of the characters wevered and printed indistinctly,

but all of the characters in pattern 1 were prirdistinctly.
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C: in both pattern 1 and pattern 2, a portiorhef¢haracters were printed

indistinctly.
[0277]
[Infrared Examination Characteristics]

The release film was removed from the composigesfor protective film
formation, and a mounting apparatus (RAD-2700FM&nufactured by Lintec
Corporation) was used to affix the composite sfargprotective film formation to a
stainless steel ring frame, and to affix the filon protective film formation in the
composite sheet for protective film formation te #2000 ground back surface of a
silicon wafer (diameter: 8 inches, thickness: 1@9) that had been heated to 70°C.

Next, in those cases where the film for protecfive formation was heat-
curable, the film was cured by heating at 130°C2ftwiours, whereas in those cases
where the film for protective film formation wasexgy ray-curable, the film was cured
by two repetitions of irradiation with ultravioledys under conditions including an
illuminance of 145 mW/cfand an irradiation dose of 230 mJfcihus forming a
protective film.

Subsequently, a dicing apparatus (DFD6361, matwid by DISCO
Corporation) was used to perform blade dicing umdeditions including a feed rate of
30 mm/sec and a rotational rate of 30,000 rpmethedicing the silicon wafer and
obtaining chips having a size 2 mm x 2 mm.

[0278]

The obtained silicon chips were examined usingh&ared microscope (BX-IR,

manufactured by Olympus Corporation), by inspectiregground surface (the back

surface of the silicon chip) through the supporshget and also examining the diced
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surfaces (the side surfaces of the silicon chim), the infrared examination
characteristics were evaluated against the follgwinteria.
(Evaluation criteria)

A: grinding traces on the ground surface wererbleasible. Further, chipping
of a size of at least 2 um but less than 5 umwiaatformed inward from the diced
surfaces of the silicon chip toward the interiothw# silicon chip could be clearly
confirmed.

B: grinding traces on the ground surface wererlylegsible. However, chipping
of a size of at least 2 um but less than 5 pmwiaatformed inward from the diced
surfaces of the silicon chip toward the interiottge silicon chip could not be clearly
confirmed.

C: grinding traces on the ground surface wereseitiot visible, or were not
clearly visible, and chipping was either completetgconfirmed, or could not be clearly
confirmed, regardless of size.

[0279]
[Blocking Resistance]

A length of 10 m of the composite sheet for protecfiim formation was wound
around an ABS resin core with a diameter of 3 iscla@d then stored in this state for 3
days at room temperature.

Subsequently, the stored roll of the compositesfur protective film formation
was fed from the roll, the release film was remowad using a mounting apparatus
(RAD-2700F/12, manufactured by Lintec Corporatiar),attempt was made to perform
the process of affixing the fed composite sheepfotective film formation to a stainless
steel ring frame and affixing the film for proteaifilm formation in the composite sheet

for protective film formation to the back surfadeacsilicon wafer (diameter: 8 inches,



10¢

thickness: 100 um) being heated at@@or 10 consecutive silicon wafers. Based on the
operability of this process, the blocking resisean@s evaluated against the following
criteria.

(Evaluation criteria)

A: absolutely no blocking occurred, and the aboperation was able to be
performed with no problems.

B: the film for protective film formation was altie be affixed to the silicon
wafer, but in the roll composed of the wound coniteasheet for protective film
formation, some adhesion occurred at the contafdees between the substrate and the
release film, so that when the composite shegirfatective film formation was fed from
the roll, partial detachment was observed, eitleéwben the substrate and the adhesive
layer, or between the adhesive layer and the finpfotective film formation.

C: in the roll composed of the wound compositeesii@r protective film
formation, some adhesion occurred at the contafases between the substrate and the
release film, clear blocking occurred, and whenchmposite sheet for protective film
formation was fed from the roll, partial detachmeoturred between the adhesive layer
and the film for protective film formation, withteer the supporting sheet (the laminated
sheet of the substrate and the adhesive layer) beinsferred to the release film, or
actual feeding of the composite sheet for protediim formation becoming impossible.
[0280]

[Filling and Coatability of the Substrate Surfagethe Adhesive Layer]

The supporting sheets obtained above were ingpesiag a digital microscope
(VHS-1000, manufactured by Keyence Corporationdl, thie ability of the adhesive layer
to fill and coat the substrate surface was evatLagainst the following criteria.

o: no air bubbles were observed between the subsirat the adhesive layer.
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x: air bubbles were visible between the substaatkthe adhesive layer.

[0281]
[Chipping Resistance]

The four diced surfaces (the side surfaces) affiBe silicon chips of size 2 mm
x 2 mm used in the above evaluation of the infraemmination characteristics were
inspected using an optical microscope, and thepaigpresistance was evaluated against
the following criteria.

o: the number of chipping locations in which chippimaving a size of at least 30
pm was formed inward from the diced surface ofsiieon chip toward the interior of
the silicon chip was, on average, less than oreitme per silicon chip.

x: the number of chipping locations in which chigphaving a size of at least 30
pm was formed inward from the diced surface ofsilieon chip toward the interior of
the silicon chip was, on average, at least onditmtaer silicon chip.

[0282]
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[Table 1]
Example
1 2 3 4 5 6 7

S Type Bmi| Bmil| Bml| Bm2Z Bm3 Bm4 Bm
©
E Thickness (um) 80| 80 80| 80 8 8 8
5 Tensile modulus of elastici
= @ 360 | 360 | 360 360/ 360 50( 36
3|2 2 Surface roughness Ra o
s 7]
g =) @ adhesive layer formation| 0.05 | 0.05| 0.05 0.0§ 0.05 0.05 0.
3023 '*g surface (first surface) (uml
% § Surface roughness Ra o
2| exposed surface 0.1 0.1 0.1 0.2 0.3 0.3 0.3
g (second surface) (um)
e o
S 2 = Type Adl | Ad2 | Ad3 | Ad3| Ad3| Ad3| Ad3
5 2> _
5 2 Thickness (um) 5 20 5 5 5 5 5
2 .
g | Fimfor Type PfL | PfL| PfL| Pfl| Pf1| PH Pf
E | protective film
O formation Thickness (um) 25 25 25 25 25 25 25
2 Laser printability A A A A B B B
>
(%]
e Infrared examination characteristics A A A A B B B
c
-% Blocking resistance B B B A A A A
=
g Filling and coatability o o o o o o o
m

Chipping resistance o o) ¢} o) o) o) o)

[0283]
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[Table 2]
Example
8 9 10 11 12

5 Type Bm7 | Bm8 | Bm9| Bmi0 Bmi
©
E Thickness (um) 80 80 80 80 80
5 Tensile modulus of elastici
= @ 360 360 360 360 360
5| 2 2 Surface roughness Ra o
s 7]
g = @ adhesive layer formation| 0.05 0.03 0.03 0.35 0.37
3023 '*g surface (first surface) (uml
% § Surface roughness Ra o
2| exposed surface 0.055 | 0.4 0.47 0.4 0.47
g (second surface) (um)
e o
3 2 5 Type Adl | Adl | Adl | Adl | Adl
5 2z _
5 2 Thickness (um) 5 5 5 5 5
2 .
g | Fimfor Type PfL | PR | PRL| PI| PR
E | protective film
© formation Thickness (Lm) 25 25 25 25 25
2 Laser printability A B B B B
>
(%]
e Infrared examination characteristics A B B B B
c
-% Blocking resistance B A A A A
=
g Filling and coatability o o o) o o
m

Chipping resistance o o) o) o) o)

[0284]
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[Table 3]
Reference ]
Example Comparative Example

1 1 2 3 4
é Type Bm2 BmS Bm6 Bm6 Bm12
©
E Thickness (pm) 80 80 80 80 80
5 Tensile modulus of elastici
= @ 360 360 360 360 360
5| & 2 Surface roughness Ra o
g g» u:) adhesive layer formation 0.05 0.05 0.5 0.05 0.43
g £ surface (first surface) (um
% § Surface roughness Ra o
a9 exposed surface 0.2 0.05 0.05 0.5 0.47
g (second surface) (um)
€ o
8 z 5 Type Ad4 Adl | Ad2 | Adl | Adl
5 2z _
é -<O( - Thickness (Hm) 20 5 20 5 5
2 .
g | Filmfor Type Pf1 PfL | PRL| PRL| PR
E | protective film
© formation Thickness (1um) 25 25 25 25 25
2 Laser printability A A C C C
>
(%]
e Infrared examination characteristics A A C C C
c
-% Blocking resistance A C C A A
=)
g Filling and coatability o o X o X
m

Chipping resistance X 0 o) o) o)
[0285]

formation of Examples 1 to 12, by ensuring thatstgace roughness of the first surface
of the substrate is 0.37 um or less, and thatulface roughness of the second surface of

the substrate is greater than the surface rouglufielse surface of the first surface, and

As is evident from the above results, in the cositecsheets for protective film

is from 0.055 to 0.47 pm, the blocking resistarice laser printability and the infrared

examination characteristics were all excellent.réwer, in each of the examples, the

chipping resistance and the filling and coatabiigre also excellent. Among the
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examples, the composite sheets for protectivefiimmation of Examples 1 to 3 and
Example 8 had comparatively small values for tivéase roughness of the second
surface of the substrate, and therefore the laggapility and the infrared examination
characteristics were particularly superior. Intcast, the composite sheets for protective
film formation of Examples 5 to 7 and Examples 92had comparatively large values
for the surface roughness of the second surfatfeedubstrate, and therefore the
blocking resistance was particularly superior. titer, the composite sheet for protective
film formation od Example 4 had a mid-range valoethe surface roughness of the
second surface of the substrate, and thereforeldle&ing resistance, the laser
printability and the infrared examination charaistirs were all particularly superior.
[0286]

In comparison, in the composite sheet for protediim formation of
Comparative Example 1, the surface roughness afgébend surface of the substrate was
too small, and therefore the blocking resistance paor.

Further, in the composite sheet for protective fibrmation of Comparative
Example 2, the surface roughness of the first sartd the substrate was too large and
the surface roughness of the second surface slthstrate was too small, and therefore
the blocking resistance, the laser printability #melinfrared examination characteristics
were all inferior. Further, in the composite sheetprotective film formation of
Comparative Example 2, the surface roughness dfrdiesurface of the substrate was
too large, and therefore the filling and coatapilias also poor.

Further, in the composite sheet for protective fibormation of Comparative
Example 3, the surface roughness of the secondcgudf the substrate was too large,
and therefore the laser printability and the irdtchexamination characteristics were both

poor.
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Furthermore, in the composite sheet for protedilaeformation of Comparative
Example 4, the surface roughness of the first sartd the substrate was too large, and
therefore the laser printability, the infrared exaation characteristics, and the filling
and coatability were all poor.

[0287]

The composite sheet for protective film formatairReference Example 1
satisfies the requirements for a surface roughokete first surface of the substrate of
0.4 um or less, and a surface roughness for tlendesurface of the substrate of 0.053 to
0.48 um, and therefore the blocking resistancelatber printability and the infrared
examination characteristics were all excellentweeer, because the adhesive layer was

too thick, the chipping resistance was poor.

INDUSTRIAL APPLICABILITY
[0288]

The present invention can be used in the producicemiconductor devices.

DESCRIPTION OF THE REFERENCE SIGNS
[0289]
1. Supporting sheet
11: Substrate
1l1a: One surface (first surface) of substrate
11b: Other surface (second surface) of substrate
12: Adhesive layer
13, 23: Film for protective film formation

101, 102, 103: Composite sheet for protective fimmation



116

CLAIMS

1. A composite sheet for protective film formation comprising a supporting sheet
and a film for protective film formation provided on the supporting sheet, wherein

the supporting sheet comprising a substrate, and an adhesive layer laminated to
the substrate,

a surface roughness (Ra) of a surface of the substrate on a side on which the
adhesive layer is provided is 0.4 um or less,

a surface roughness (Ra) of a surface of the substrate on an opposite side from
the side on which the adhesive layer is provided is greater than the surface roughness of
the surface on the side on which the adhesive layer is provided, and is from 0.053 to
0.48 pm,

the substrate and the adhesive layer exhibit both of transmittance to light
having a wavelength of 532 nm and light having a wavelength of 1,600 nm,

the storage modulus of the adhesive layer is at least 30 kPa,

the film for protective film formation is for protecting a semiconductor wafer
or a semiconductor chip, and

the film for protective film formation is provided on the adhesive layer in the

supporting sheet.

2. The composite sheet for protective film formation according to Claim 1,
wherein
the surface roughness (Ra) of the surface of the substrate on the opposite side

from the side on which the adhesive layer is provided is 0.15 to 0.48 pm.
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3. The composite sheet for protective film formation according to Claim 1 or 2,

wherein a thickness of the adhesive layer is 15 um or less.

4. The composite sheet for protective film formation according to any one of

Claims 1 to 3, wherein the adhesive layer is non-energy-curable.



