DESCRIPTION

PROTECTIVE FILM FORMATION SHEET, MANUFACTURING METB®D FOR
PROTECTIVE FILM FORMATION SHEET, AND MANUFACTURINGVETHOD

FOR SEMICONDUCTOR DEVICE

TECHNICAL FIELD
[0001]

The present invention relates to a protective fonmation sheet, a
manufacturing method for forming a protective filonmation sheet, and a
manufacturing method for a semiconductor device.

Priority is claimed on Japanese Patent Applicaion2016-031343, filed on

February 22, 2016, the content of which is incoaped herein by reference.

BACKGROUND ART
[0002]

In recent years, many semiconductor devices haga produced using a
mounting method known as the so-called face dowthode In the face down method, a
semiconductor chip having electrodes such as bumjpke circuit surface is used, and
these electrodes are bonded to a circuit boarda result, the back surface of the chip on
the opposite side from the circuit surface somedineenains exposed.

[0003]

A resin film formed from an organic material isysetimes formed as a protective

film on this exposed back surface of the chip, i resulting chip incorporated in a

semiconductor device as a semiconductor chip wittogective film. The protective



film is used for preventing cracks from developinghe chip following the dicing step
and packaging.
[0004]

A protective film formation sheet containing a eive film formation layer
provided on a support sheet is used for formatfahie type of protective film. Resin
substrates, or laminated structures of a subsiratean adhesive layer or the like, are
typically used as the support sheet, and the sudhthe substrate to which the
protective film formation layer or the adhesivedaypr the like is laminated is sometimes
subjected to a surface treatment. In the protediim formation sheet, the protective
film formation layer has a protective film formati@bility, whereas the support sheet
can function as a dicing sheet, meaning the piggeitm formation sheet can be used as
an integrated combination of a protective film fation layer and a dicing sheet.

[0005]

Prior to processing, the substrate used in thpatigheet typically has uneven
shapes on either one or both surfaces. This susecif the substrate lacks these types of
uneven shapes, then when the substrate is woumd il for storage, blocking tends to
occur in which the contact surfaces of the subssttk to each other, making it
impossible to feed the substrate from the rolhatttme of use. If at least one of the
contact surfaces of the substrate has uneven stisyesn, then blocking is suppressed
as a result of the reduction in the contact suréaee, enabling feeding of the substrate to
be performed favorably.

[0006]

A conventional protective film formation sheetttnges a substrate having this

type of uneven surface typically has the type afcture illustrated in FIG. 10. FIG. 10

is a cross-sectional view that schematically itatgts one example of a conventional



protective film formation sheet. In the drawing®d in the following description,
specific portions may be drawn larger as approptiatacilitate comprehension of the
features of the protective film formation sheet] &me dimensional ratios and the like
between the constituent elements may not necessapitesent the actual values.
[0007]

The conventional protective film formation sheell@trated in FIG. 10 has a
protective film formation layer 13 provided on gport sheet 90, the support sheet 90 is
composed of a laminated structure of a substragn@llan adhesive layer 12, and the
protective film formation layer 13 is provided aptof the adhesive layer 12. The
protective film formation layer 13 becomes a protecfiim upon curing. The
conventional protective film formation sheet 9 atss a release film 15 provided on top
of the protective film formation layer 13, and thedease film 15 is removed when the
protective film formation sheet 9 is used. In pietective film formation sheet 9, the
surface (back surface) 90b of the support sheen3@e opposite side from the surface
(upper surface) 90a on which the protective filmnfation layer 13 is provided, in other
words, the surface (back surface) 91b of the sates@1 on the opposite side from the
surface (upper surface) 91a on which the adheapay [12 is provided, has an uneven
surface. In the protective film formation sheeb8cause the back surface 91b of the
substrate 91 has this type of uneven surface, Wiesheet is wound into a roll, sticking
of the back surface 91b of the substrate 91 texipesed surface (upper surface) 15a of
the release film 15, namely blocking, can be sugg@d.

[0008]

On the other hand, the protective film formatibeet is bonded via the protective

film formation layer to the back surface of a sesniductor wafer on the opposite side

from the circuit surface, and the protective filonrhation layer is then cured, thereby



forming a protective film on the back surface af #emiconductor wafer. This type of
laminated body having the support sheet, the ptiggetilm and the semiconductor

wafer laminated in this order is then subjectediting, thereby dividing the laminated
body into individual laminated bodies having themort sheet, the protective film and a
semiconductor chip laminated in that order. Foiltaydicing, the semiconductor chips
with the protective film and the like still provideéhereon are examined for the existence
of damage such as cracking or chipping. This tfpexamination is typically performed
using an infrared camera from the back surfacedidee semiconductor chip, through
the support sheet and the protective film, andefiloee the support sheet and the
protective film must exhibit infrared transmittancAt this time, in the case where the
protective film formation sheet 9 is used, theanéd rays are irradiated onto the
semiconductor chip from the side of the back serfath of the substrate 91, but because
the back surface 91b of the substrate 91 is anamsurface, a problem arises in that the
infrared rays are scattered at this surface, madxagnination of the semiconductor chip
impossible.

[0009]

An example of a known protective film formatiorest capable of preventing this
type of infrared ray scattering is a protectivenfiormation sheet 8 having the type of
structure illustrated in FIG. 11 (for example, &stent Document 1). FIG. 11 is a cross-
sectional view that schematically illustrates arotxample of a conventional protective
film formation sheet.

[0010]

In a similar manner to the conventional protecfiira formation sheet 9, the

conventional protective film formation sheet 8 slitated in FIG. 11 has a protective film

formation layer 13 provided on a support sheet!® support sheet 80 is composed of a



laminated structure of a substrate 81 and an aghé&sjer 12, and the protective film
formation layer 13 is provided on top of the adhedayer 12. However, in the support
sheet 80, the positioning of the uneven surfadkarsubstrate 81 is opposite that of the
substrate 91 in the support sheet 90. In othedsyan the protective film formation
sheet 8, a surface (upper surface) 81a of theratd®1 on which the adhesive layer 12
is provided is an uneven surface, whereas a suffexxdk surface) 81b of the substrate 81
on the opposite side from the surface 81la is a 8mmoface. The substrate 81 in the
support sheet 80, the protective film formatiorelag3 and the release film 15 are the
same as the substrate 91 in the support shedifrdtective film formation layer 13
and the release film 15 respectively.

[0011]

However, in the case of the protective film forioatsheet 8, the back surface
81b of the substrate 81, namely the surface (badkce) 80b of the support sheet 80 on
the opposite side from the surface (upper surf@@a)on which the adhesive layer 12 is
provided, is a smooth surface, and therefore whemtotective film formation sheet 8 is
wound into a roll, sticking of the back surface &ilthe substrate 81 to the exposed
surface (upper surface) 15a of the release filrmafely blocking, cannot be
suppressed. As a result, the protective film fdiromasheet 8 cannot be fed from the roll
during use, or even if able to be fed, suffers ftmrelease film 15 peeling from the

protective film formation layer 13.

PRIOR ART LITERATURE
Patent Documents
[0012]

Patent Document 1: Japanese Patent (GrantedcRudni No. 5432853



SUMMARY OF THE INVENTION
Problems to be Solved by the Invention
[0013]

In this manner, there is no protective film forinatsheet conventionally
available that enables both feeding from the nadl anfrared examination of the chips to
be performed without hindrance.

The present invention has been developed in tigtite above circumstances,
and has an object of providing a protective filrmiation sheet used for forming a
protective film on the back surface of a semicomoluchip, wherein feeding of the sheet
from a roll and infrared inspection of the semicactdr chip can both be performed

favorably.

Means for Solving the Problems
[0014]

In order to achieve the above object, the preiserntion provides a protective
film formation sheet having a protective film fortiwen layer provided on a support sheet
and a release film provided on the protective filmmation layer, wherein the surface
roughness of a surface of the support sheet ooppesite side from the side on which
the protective film formation layer is providednst more than 0.5 um, and the static
friction force, measured in accordance with JIS &5, lbetween the aforementioned
surface of the support sheet and a surface oflbase film on the opposite side from

the side on which the protective film formationdays provided is not more than 29 N.



In the protective film formation sheet of the mesinvention, it is preferable that
the support sheet has a substrate, and that tfezswf the substrate has been subjected
to a roughening treatment using a sand blastimgnrent.

In the protective film formation sheet of the mesinvention, the support sheet
preferably has an adhesive layer laminated onttatsate.

In the protective film formation sheet of the mesinvention, the thickness of
the adhesive layer is preferably from 1 to 100 um.

[0015]

Further, the present invention also provides aufarturing method for the
aforementioned protective film formation sheet, tiethod including:

a step of forming a laminated structure of thepsupsheet and the protective
film formation layer so that the surface roughnefsthe surface of the support sheet on
the opposite side from the side on which the ptotedilm formation layer is provided
is not more than 0.5 um,

and a step of forming a laminated structure ofptteeective film formation layer
and the release film so that the static frictiorcép measured in accordance with JIS
K7125, between the surface of the support she#fi®@opposite side from the side on
which the protective film formation layer is proeid and a surface of the release film on
the opposite side from the side on which the ptotedilm formation layer is provided
is not more than 29 N.

Furthermore, the present invention also providesmaufacturing method for a
semiconductor device using the protective film fation sheet, the method having:

a step of removing the release film from the prove film formation sheet, and
then affixing the protective film formation layer the back surface of a semiconductor

wafer on the opposite side from the surface on hicircuit is provided, a step of



curing the protective film formation layer follovgraffixing to the semiconductor wafer
to form a protective film, a step of dicing the seomductor wafer to form
semiconductor chips, a step of examining the semdigctor chips by irradiating infrared
rays onto the semiconductor chips from the supglwet side of the protective film
formation sheet, a step of obtaining semiconduchgrs with a protective film by
detaching each semiconductor chip, together wittptiotective film affixed to the back
surface of the chip, from the support sheet, asigja of performing flip-chip connection
of the semiconductor chip of the semiconductor etiip a protective film to the circuit
surface of a circuit board.
[0016]

In other words, the present invention includesftiewing aspects.
[1] A protective film formation sheet having a protive film formation layer
provided on a support sheet, and a release filmiggd on the protective film formation
layer, wherein

the surface roughness of a surface of the sugpedt on the opposite side from
the side on which the protective film formationdays provided is not more than 0.5
pm, and

the static friction force, measured in accordawitk JIS K7125, between the
aforementioned surface of the support sheet andface of the release film on the
opposite side from the side on which the protediine formation layer is provided is
not more than 29 N.
[2] The protective film formation sheet according1], wherein the support sheet
has a substrate, and the surface of the substaateden subjected to a roughening

treatment using a sand blasting treatment.



[3] The protective film formation sheet according'1], wherein the support sheet
has an adhesive layer laminated onto a substrate.

[4] The protective film formation sheet according2], wherein the support sheet
has an adhesive layer laminated onto the substrate.

[5] The protective film formation sheet accordiod3] or [4], wherein the thickness
of the adhesive layer is from 1 to 100 um.

[6] A manufacturing method for a protective filnrfieation sheet, wherein

the protective film formation sheet is the protezfilm formation sheet
according to any one of [1] to 5], and

the method includes:

a step of forming a laminated structure of thepsupsheet and the protective
film formation layer so that the surface roughnefsthe surface of the support sheet on
the opposite side from the side on which the ptotedilm formation layer is provided
is not more than 0.5 um, and

a step of forming a laminated structure of theiqmtive film formation layer and
the release film so that the static friction fonseasured in accordance with JIS K7125,
between the surface of the support sheet on thesttepside from the side on which the
protective film formation layer is provided andwaface of the release film on the
opposite side from the side on which the protediine formation layer is provided is
not more than 29 N.

[6] A manufacturing method for a semiconductor deyithe method including:

a step of removing the release film from the ptive film formation sheet
according to any one of [1] to [5], and then afiixithe protective film formation layer to
the back surface of a semiconductor wafer on tip@sipe side from the surface on

which a circuit is provided,
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a step of curing the protective film formationéayollowing affixing to the
semiconductor wafer to form a protective film,

a step of dicing the semiconductor wafer withghatective film formation sheet
formed thereon to form semiconductor chips,

a step of examining the semiconductor chips ladiating infrared rays onto the
semiconductor chips from the support sheet sidbeoprotective film formation sheet,

a step of obtaining semiconductor chips with agmtive film by detaching each
semiconductor chip, together with the protectilm faffixed to the back surface of the
chip, from the support sheet, and

a step of performing flip-chip connection of trersconductor chip of the

semiconductor chip with a protective film to thecait surface of a circuit board.

Effects of the Invention
[0017]

The present invention provides a protective fiomiation sheet used for forming
a protective film on the back surface of a semicmbor chip, wherein feeding of the
sheet from a roll and infrared inspection of theenductor chip can both be

performed favorably.

BRIEF DESCRIPTION OF THE DRAWINGS
[0018]
FIG. 1 is a cross-sectional view schematicallystitating one embodiment of the
protective film formation sheet according to thegant invention.
FIG. 2 is a cross-sectional view schematicallysiitating another embodiment of

the protective film formation sheet according te firesent invention.
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FIG. 3 is a cross-sectional view schematicallysiitating yet another
embodiment of the protective film formation sheat@ding to the present invention.

FIG. 4 is a cross-sectional view schematicallysiitating yet another
embodiment of the protective film formation shest@ding to the present invention.

FIG. 5 is a cross-sectional view schematicallystitating yet another
embodiment of the protective film formation shest@ding to the present invention.

FIG. 6 is a cross-sectional view schematicallysiitating yet another
embodiment of the protective film formation sheat@ding to the present invention.

FIG. 7 is a cross-sectional view schematicallysiitating yet another
embodiment of the protective film formation sheat@ding to the present invention.

FIG. 8 is a cross-sectional view schematicallysiitating yet another
embodiment of the protective film formation sheat@ding to the present invention.

FIG. 9 is a cross-sectional view for describing example of a manufacturing
method for the protective film formation sheetslitated in FIG. 2.

FIG. 10 is a cross-sectional view schematicallysttating one example of a
conventional protective film formation sheet.

FIG. 11 is a cross-sectional view schematicallystrating another example of a

conventional protective film formation sheet.

EMBODIMENTS FOR CARRYING OUT THE INVENTION
[0019]
>> Protective Film Formation Sheet
The protective film formation sheet accordingtte present invention has a
protective film formation layer provided on a suppmheet, and a release film provided

on the protective film formation layer, wherein thaface roughness of a surface of the
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support sheet on the opposite side from the sidetoch the protective film formation
layer is provided is not more than 0.5 um, andsthéc friction force, measured in
accordance with JIS K7125, between the aforemesticurface of the support sheet and
a surface of the release film on the opposite fsaha the side on which the protective
film formation layer is provided is not more thaé 4.

Following removal of the release film, the proteetfilm formation sheet
according to the present invention is affixed, thia protective film formation layer, to
the surface (back surface) of a semiconductor warighe opposite side from the surface
on which a circuit is provided. Subsequently, phetective film formation layer is cured
at some stage to form a protective film. The masylaminated body having the support
sheet, the protective film or the protective filorrhation layer, and the semiconductor
wafer laminated in this order is then subjectediting, thereby dividing the laminated
body into individual laminated bodies having themort sheet, the protective film or the
protective film formation layer, and a semiconduatbip laminated in that order.

Finally, each semiconductor chip is picked up frii@ support sheet with the protective
film affixed to the back surface of the chip. histmanner, the protective film formation
sheet according to the present invention is usetbfming a protective film on the back
surface of semiconductor chips.

[0020]

On the other hand, the laminated body having tippart sheet, the protective
film or the protective film formation layer, andetlsemiconductor chip laminated in this
order is examined, in this state, for the existasfadamage such as cracking or chipping
of the semiconductor chip. This type of examinai®typically performed by
irradiating infrared rays from the opposite sidee(back surface side) of the support

sheet from the side on which the protective filnpatective film formation layer is
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provided (in other words, from the support shed¢ sif the protective film formation
sheet), and using an infrared camera to perforexamination from the back surface
side of the semiconductor chip, through the supglwetet and the protective film or
protective film formation layer. At this time, those cases where the protective film
formation sheet according to the present invenisarsed, the surface roughness of the
surface (back surface) of the support sheet ongbesite side from the side on which
the protective film formation layer is providednist more than 0.5 um, meaning the
surface (back surface) is either a smooth surfarcis, a surface having low levels of
unevenness. Accordingly, scattering of the infilanagys at this surface (back surface) of
the support sheet is suppressed, meaning theadfexamination described above can
be performed favorably.

In this description, unless specifically stateldenwvise, the "surface roughness”
means the so-called arithmetical mean roughnegsniBasured in accordance with JIS
B0601:2001.

[0021]

Furthermore, by ensuring that the protective filnmation sheet has a static
friction force between the aforementioned surfd@k surface) of the support sheet and
the surface of the release film on the opposite &ioim the side on which the protective
film formation layer is provided that is not mokah 29 N, blocking is suppressed when
the protective film formation sheet is wound intmd. Accordingly, when the
protective film formation sheet according to thegant invention is fed from the roll, no
abnormalities such as peeling of the release fiermodserved, and the sheet can be fed
favorably. The static friction force is dependepon the coefficient of static friction

determined between the aforementioned surfaceeddupport sheet and the surface of
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the release film on the opposite side from the sid&hich the protective film formation
layer is provided.

In the present invention, unless specificallyestattherwise, the static friction
force means the value measured in accordance W@tK7125.

[0022]

In this description, in the protective film fornmai sheet, the protective film
obtained by curing the protective film formatiogéda by heating or irradiation with
energy rays is also termed a protective film fororasheet, provided the laminated
structure of the support sheet and the proteciivei$ maintained. Further, in the
protective film formation sheet, in those casesmhtr example, the support sheet has
an adhesive layer, a structure in which this adiedsiyer has been cured is also termed a
protective film formation sheet, provided the laated structure of the cured product of
the adhesive layer and the protective film formatayer or protective film or the like is
maintained.

[0023]

Examples of the support sheet include those peoviith a substrate, and
examples of such support sheets include sheetsas®dsolely of the substrate, and
sheets having another layer such as an adhesiee &yintermediate layer or a coating
layer provided on the substrate. The sheet mag baly one of these other layers
(single layer), or may have a plurality of two ooma other layers, and in the case of a
plurality of layers, the plurality of layers may thee same or different, and the
combination of the plurality of layers is not paudiarly limited.

In this description, the expression that "the glity of layers may be the same or
different” means that "all of the layers may beshee, all of the layers may be mutually

different, or only a portion of the layers may he same", and this definition applies not
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only in the case of the other layers described abdoreover, the expression that "the
plurality of layers are mutually different” meahsit "at least one of the material or the
thickness of each layer is different from the otlagers".

[0024]

In this manner, in the present invention, shekt@oous configurations may be
used as the support sheet. In the protectivefimation sheet according to the present
invention, the "surface of the support sheet orohmosite side from the side on which
the protective film formation layer is provided'rfwhich the surface roughness is
prescribed as being not more than 0.5 um mearsutifiece of the support sheet that is
exposed as the outermost layer onto which theriedreays are irradiated directly during
the infrared examination described above.

[0025]

On the other hand, in the protective film formatgheet according to the present
invention, the "surface of the release film on dpposite side from the side on which the
protective film formation layer is provided", forhich the static friction force relative to
the surface of the support sheet having the alypeedf surface roughness (not more
than 0.5 pm) is prescribed as being not more tBaN,2neans the exposed surface of the
release film that makes direct contact with theeeljt outermost layer of the support
sheet when the protective film formation sheetasiad into a roll in the manner
described above. Usually, this exposed surfaaesigface that has not undergone
release treatment.

Descriptions of the protective film formation shaecording to the present
invention are provided below for each of the vasitgpes of support sheet.

[0026]
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FIG. 1 is a cross-sectional view schematicallysiitating one embodiment of the
protective film formation sheet according to thegant invention.

The drawings used in the following description rbaydrawn with specific
portions enlarged as appropriate to facilitate cmiension of the features of the present
invention, and the dimensional ratios and the figaveen the constituent elements may
differ from the actual values.

[0027]

The protective film formation sheet 1A illustratedFIG. 1 has an adhesive layer
12 provided on a substrate 11, and a protectiwefrmation layer 13 provided on the
adhesive layer 12. The support sheet 10 is a Eeihbody composed of the substrate
11 and the adhesive layer 12, and the protectivefirmation sheet 1A has a structure
in which the protective film formation layer 13l&ninated to one surface 10a of the
support sheet 10. Further, the protective filnmfation sheet 1A also includes a release
film 15 on top of the protective film formation ley13.

[0028]

In the protective film formation sheet 1A, the adive layer 12 is laminated to
one surface 11a of the substrate 11, the protethiwdormation layer 13 is laminated
across the entire surface of a surface 12a ofdhesave layer 12 (namely, the surface of
the adhesive layer 12 on the opposite side fronstinace that contacts the substrate 11),
a jig adhesive layer 16 is laminated to a portiba surface 13a of the protective film
formation layer 13 (namely, the surface of the gctive film formation layer 13 on the
opposite side from the surface that contacts theside layer 12), and the release film
15 is laminated to the portion of the surface 13k protective film formation layer 13
on which the jig adhesive layer 16 has not beeméal, and on a surface 16a of the jig

adhesive layer 16 (namely, the surface of thediueaive layer 16 on the opposite side
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from the surface that contacts the protective fdnmation layer 13, and the side surface
of the jig adhesive layer 16).
[0029]

The jig adhesive layer 16 may be a single-layeicstire containing an adhesive
component, or may be a multilayer structure halaygrs containing an adhesive
component laminated to both surfaces of a shetathia as a core material.

[0030]

In the protective film formation sheet 1A, thefaoe 10b of the support sheet 10
on the opposite side from the side of the surfé@@edh which the protective film
formation layer 13 is provided (hereafter also mefe to as the back surface of the
support sheet), or in other words, the surfacedflbe substrate 11 on the opposite side
from the side of the surface 11a on which the adadayer 12 is provided (hereafter
also referred to as the back surface of the sub¥ttzas a surface roughness of not more
than 0.5 um.

Further, in the protective film formation sheet, e static friction force
between the back surface 10b of the support sieahd a surface 15a of the release
film 15 on the opposite side from the side on whtod protective film formation layer
13 is provided (hereafter also referred to as Huk Isurface of the release film) is not
more than 29 N.

[0031]

The protective film formation sheet 1A illustratedFIG. 1 is used in a state
where the release film 15 has been removed, byirdfithe back surface of a
semiconductor wafer (not shown in the figure) t® sarface 13a of the protective film
formation layer 13, and affixing the upper surfat¢he surface 16a of the jig adhesive

layer 16 to a jig such as a ring frame.
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[0032]

FIG. 2 is a cross-sectional view schematicallysiitating another embodiment of
the protective film formation sheet according te gresent invention. In FIG. 2, those
structural elements that are the same as thos#rdtad in FIG. 1 are labeled with the
same symbols as those used in FIG. 1, and detdglectiptions of those elements are
omitted. This also applies in FIG. 3 and subsetfigares.

[0033]

With the exception of not having the jig adhedaxer 16, the protective film
formation sheet 1B illustrated in FIG. 2 is the saams the protective film formation sheet
1A illustrated in FIG. 1. In other words, in theofective film formation sheet 1B, the
adhesive layer 12 is laminated to one surface 1ilzecsubstrate 11, the protective film
formation layer 13 is laminated across the entiréase of the surface 12a of the
adhesive layer 12 (namely, the surface of the adhésmyer 12 on the opposite side from
the surface that contacts the substrate 11), ancktease film 15 is laminated across the
entire surface of the surface 13a of the protedtiveformation layer 13 (namely, the
surface of the protective film formation layer 18the opposite side from the surface
that contacts the adhesive layer 12).

[0034]

In the protective film formation sheet 1B, the baarface 10b of the support
sheet 10 (the surface of the support sheet 10enghosite side from the surface that
contacts the protective film formation layer 13)jmother words, the back surface 11b
of the substrate 11 (the surface of the substthtnlthe opposite side from the surface

that contacts the adhesive layer 12), has a surfacgness of not more than 0.5 pm.
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Further, in the protective film formation sheet, 1e static friction force
between the back surface 10b of the support siteabd the surface 15a of the release
film 15 is not more than 29 N.

[0035]

The protective film formation sheet 1B illustraied-IG. 2 is used in a state
where the release film 15 has been removed, byirdfithe back surface of a
semiconductor wafer (not shown in the figure) tegion in the central portion of the
surface 13a of the protective film formation la§&; and affixing a region near the
periphery of the protective film formation layer tft surrounds the semiconductor
wafer to a jig such as a ring frame.

[0036]

FIG. 3 is a cross-sectional view schematicallysiitating yet another
embodiment of the protective film formation shemtfiation according to the present
invention.

With the exception of not having the adhesive ldy& the protective film
formation sheet 1C illustrated in FIG. 3 is the saas the protective film formation sheet
1A illustrated in FIG. 1. In other words, in theotective film formation sheet 1C, the
support sheet 10 is composed of only the substfateThe protective film formation
layer 13 is laminated to one surface 11a of thetsate 11, the jig adhesive layer 16 is
laminated to a portion of the surface 13a of thaqmtive film formation layer 13
(namely, the surface of the protective film forroatiayer 13 on the opposite side from
the surface that contacts the substrate), ancetbase film 15 is laminated to the portion
of the surface 13a of the protective film formatlayer 13 to which the jig adhesive

layer 16 has not been laminated, and to the sufif@aef the jig adhesive layer 16 (the



20

upper surface, namely the surface of the jig adldayer 16 on the opposite side from
the surface that contacts the protective film faramalayer 13, and the side surface).
[0037]

In the protective film formation sheet 1C, thelbaarface 10b of the support
sheet 10 (the surface of the support sheet 10eboghosite side from the surface that
contacts the protective film formation layer 13)jmwother words, the back surface 11b
of the substrate 11 (the surface of the substihtenlthe opposite side from the surface
that contacts the protective film formation lay8),lhas a surface roughness of not more
than 0.5 um.

Further, in the protective film formation sheet, 1@ static friction force
between the back surface 10b of the support sifeabd the surface 15a of the release
film 15 is not more than 29 N.

[0038]

The protective film formation sheet 1C illustratad=IG. 3 is used in a similar
manner to the protective film formation sheet llAstrated in FIG. 1, in a state where
the release film 15 has been removed, by affixmegldack surface of a semiconductor
wafer (not shown in the figure) to the surface @Bthe protective film formation layer
13, and affixing the upper surface of the surfae df the jig adhesive layer 16 to a jig
such as a ring frame.

[0039]

FIG. 4 is a cross-sectional view schematicallysiitating yet another
embodiment of the protective film formation shest@ding to the present invention.

With the exception of not having the jig adhedaxer 16, the protective film
formation sheet 1D illustrated in FIG. 4 is the sams the protective film formation sheet

1C illustrated in FIG. 3. In other words, in th@fective film formation sheet 1D, the
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protective film formation layer 13 is laminateddoe surface 11a of the substrate 11, and
the release film 15 is laminated across the estiréace of the surface 13a of the
protective film formation layer 13 (namely, thefaae of the protective film formation
layer 13 on the opposite side from the surfacedbatacts the substrate 11).

[0040]

In the protective film formation sheet 1D, the kaarface 10b of the support
sheet 10 (the surface of the support sheet 10eboghosite side from the surface that
contacts the protective film formation layer 13)jroother words, the back surface 11b
of the substrate 11 (the surface of the substiatnlihe opposite side from the surface
that contacts the protective film formation lay8),lhas a surface roughness of not more
than 0.5 um.

Further, in the protective film formation sheet, 1be static friction force
between the back surface 10b of the support sl@eahd the surface 15a of the release
film 15 is not more than 29 N.

[0041]

The protective film formation sheet 1D illustrated=1G. 4 is used in a similar
manner to the protective film formation sheet 1Bsirated in FIG. 2, in a state where
the release film 15 has been removed, by affiximgltack surface of a semiconductor
wafer (not shown in the figure) to a region in temtral portion of the surface 13a of the
protective film formation layer 13, and affixing@gion near the periphery of the
protective film formation layer 13 that surrountie semiconductor wafer to a jig such as
a ring frame.

[0042]
FIG. 5 is a cross-sectional view schematicallysiitating yet another

embodiment of the protective film formation sheat@ding to the present invention.
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With the exception that a coating layer 14 is pied on the surface 11b of the
substrate 11 on the opposite side from the sidetoch the adhesive layer 12 is
provided (hereafter also referred to as the badiasel of the substrate), the protective
film formation sheet 1E illustrated in FIG. 5 ithame as the protective film formation
sheet 1A illustrated in FIG. 1.

In other words, in the protective film formatiomegt 1E, the support sheet 10 is a
laminated body composed of the coating layer Jelstibstrate 11 and the adhesive layer
12 laminated in that order, and the protective fiimmation sheet 1E has a structure in
which the protective film formation layer 13 is larvated to one surface 10a of the
support sheet 10. Further, the adhesive layes Ié#mninated to one surface 11a of the
substrate 11, the protective film formation lay8rid laminated across the entire surface
of the surface 12a of the adhesive layer 12 (naniedysurface of the adhesive layer 12
on the opposite side from the surface that conthetsubstrate 11), a jig adhesive layer
16 is laminated to a portion of the surface 13thefprotective film formation layer 13
(namely, the surface of the protective film forratiayer 13 on the opposite side from
the surface that contacts the adhesive layer bh#)ilee release film 15 is laminated to
the portion of the surface 13a of the protectila formation layer 13 to which the jig
adhesive layer 16 has not been laminated, andsarface 16a of the jig adhesive layer
16 (the upper surface, namely the surface of thaghesive layer 16 on the opposite side
from the surface that contacts the protective fdanmation layer 13, and the side
surface).

[0043]

Furthermore, a surface 11b of the substrate Iredffter also referred to as the

back surface of the substrate) on the oppositefsade the surface 11a on which the

adhesive layer 12 is provided (hereafter also refeto as the upper surface of the
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substrate) is an uneven surface. The coating [B4&s provided covering this uneven
surface, and a surface 14b of the coating layéhéreafter also referred to as the back
surface of the coating layer 14) on the opposide fiom the surface 14a that contacts
the substrate 11 (hereafter also referred to asgher surface of the coating layer) has a
surface roughness Ra that is smaller than thdteoback surface 11b of the substrate 11.
The back surface 14b of the coating layer 14, atler words, the back surface 10b of
the support sheet 10 (the surface of the suppesdtstD on the opposite side from the
surface that contacts the protective film formatmyer 13) has a surface roughness of
not more than 0.5 um. The coating layer 14 fumstias a layer that improves the degree
of smoothness of the back surface (namely, thesegsurface) of the support sheet 10.

Further, in the protective film formation sheet, ke static friction force between
the back surface 10b of the support sheet 10 andutiace 15a of the release film 15
(namely, the surface of the release film 15 onojy@osite side from the surface that
contacts the protective film formation layer 13phat more than 29 N.

[0044]

The protective film formation sheet 1E illustratad=IG. 5 is used in a similar
manner to the protective film formation sheet llAstrated in FIG. 1, in a state where
the release film 15 has been removed, by affiximegltack surface of a semiconductor
wafer (not shown in the figure) to the surface @Bthe protective film formation layer
13, and affixing the upper surface of the surfae df the jig adhesive layer 16 to a jig
such as a ring frame.

[0045]
FIG. 6 is a cross-sectional view schematicallysiitating yet another

embodiment of the protective film formation sheat@ding to the present invention.
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With the exception of not having the jig adhedaxer 16, the protective film
formation sheet 1F illustrated here is the santb@gprotective film formation sheet 1E
illustrated in FIG. 5. In other words, in the mative film formation sheet 1F, the
adhesive layer 12 is laminated to one surface 1ifzecsubstrate 11, the protective film
formation layer 13 is laminated across the entiréase of a surface 12a of the adhesive
layer 12 (the surface of the adhesive layer 1zheropposite side from the surface that
contacts the substrate 11), and the release film [Eninated across the entire surface of
the surface 13a of the protective film formatiopeial3 (the surface of the protective
film formation layer on the opposite side from theface that contacts the adhesive layer
12). Further, the back surface 11b of the sulestrat(the surface of the substrate 11 on
the opposite side from the surface that contaetaitthesive layer 12) is the same as that
of the protective film formation sheet 1E illustdtin FIG. 5, and is laminated with the
coating layer 14.

The back surface 14b of the coating layer 14 gtivéace of the coating layer on
the opposite side from the surface that contaetstiostrate 11), or in other words, the
back surface 10b of the support sheet 10 (the saidhthe support sheet on the opposite
side from the surface that contacts the protediiveformation layer 13), has a surface
roughness of not more than 0.5 pum.

Further, in the protective film formation sheet fte static friction force between
the back surface 10b of the support sheet 10 andutface 15a of the release film 15
(the surface of the release film 15 on the oppasite from the surface that contacts the
protective film formation layer 13) is not more th29 N.

[0046]
The protective film formation sheet 1F illustraiadIG. 6 is used in a similar

manner to the protective film formation sheet 1Bsirated in FIG. 2, in a state where
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the release film 15 has been removed, by affixmegliack surface of a semiconductor
wafer (not shown in the figure) to a region in temtral portion of the surface 13a of the
protective film formation layer 13, and affixing@gion near the periphery of the
protective film formation layer 13 that surrountie semiconductor wafer to a jig such as
a ring frame.
[0047]

FIG. 7 is a cross-sectional view schematicallysiitating yet another
embodiment of the protective film formation sheat@ding to the present invention.

With the exception that the shape of the protediim formation layer differs,
the protective film formation sheet 1G illustrateete is the same as the protective film
formation sheet 1A illustrated in FIG. 1. In otherds, the protective film formation
sheet 1G has the adhesive layer 12 provided osulbstrate 11, and a protective film
formation layer 23 provided on the adhesive lay®r The support sheet 10 is a
laminated body composed of the substrate 11 anddhesive layer 12, and the
protective film formation sheet 1G has a structarehich the protective film formation
layer 23 is laminated to one surface 10a of th@aeusheet 10. Further, the protective
film formation sheet 1G also has a release filnpddvided on top of the protective film
formation layer 23. With the exception of havinditierent shape, the protective film
formation layer 23 is the same as the protectine formation layer 13.
[0048]

When the protective film formation sheet 1G isnael from above in plan view,
the protective film formation layer 23 has a snradlerface area than the adhesive layer
12, and may, for example, have a circular shape.

[0049]



26

In the protective film formation sheet 1G, the esilie layer 12 is laminated to
one surface 11a of the substrate 11, and the piredidm formation layer 23 is
laminated to a portion of the surface 12a of tHeeat/e layer 12 (the surface of the
adhesive layer 12 on the opposite side from thiasethat contacts the substrate 11).
The release film 15 is laminated to the portiothef surface 12a of the adhesive layer 12
to which the protective film formation layer 23 hast been laminated, and to a surface
23a of the protective film formation layer 23 (tingper surface, namely the surface of
the protective film formation layer 23 on the opip®side from the surface that contacts
the adhesive layer 12, and the side surface).

[0050]

In the protective film formation sheet 1G, the lbaarface 10b of the support
sheet 10 (the surface of the support sheet 10eooghosite side from the surface that
contacts the protective film formation layer 23)jmother words, the back surface 11b
of the substrate 11 (the surface of the substiatnlihe opposite side from the surface
that contacts the adhesive layer 12), has a suracgness of not more than 0.5 pm.

Further, in the protective film formation sheet, & static friction force
between the back surface 10b of the support sifeand the surface 15a of the release
film 15 (the surface of the release film 15 on dipposite side from the surface that
contacts the protective film formation layer 23 a@inel adhesive layer 12) is not more
than 29 N.

[0051]

The protective film formation sheet 1G illustraiad-IG. 7 is used in a state
where the release film 15 has been removed, byiradfihe back surface of a
semiconductor wafer (not shown in the figure) t® sarface 23a of the protective film

formation layer 23, and affixing the portion of therface 12a of the adhesive layer 12 to
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which the protective film formation layer 23 had been laminated to a jig such as a
ring frame.
[0052]

FIG. 8 is a cross-sectional view schematicallysiitating yet another
embodiment of the protective film formation shest@ding to the present invention.

With the exception of not having the adhesive ldy& the protective film
formation sheet 1H illustrated here is the samb@protective film formation sheet 1G
illustrated in FIG. 7. In other words, in the madtive film formation sheet 1H, the
support sheet is composed of only the substratelh#. protective film formation layer
23 is laminated to a portion of one surface 1lhefsubstrate 11, and the release film 15
is laminated to the portion of the surface 11lahefgubstrate 11 to which the protective
film formation layer 23 has not been laminated, aind surface 23a of the protective
film formation layer 23 (the upper surface, nanthly surface of the protective film
formation layer 23 on the opposite side from théame that contacts the substrate 11,
and the side surface).

[0053]

In the protective film formation sheet 1H, the baarface 10b of the support
sheet 10 (the surface of the support sheet 10ebnghosite side from the surface that
contacts the protective film formation layer 23)jmother words, the back surface 11b
of the substrate 11 (the surface of the substthtenlthe opposite side from the surface
that contacts the protective film formation lay8rahd the release film 11), has a surface
roughness of not more than 0.5 pm.

Further, in the protective film formation sheet, ke static friction force
between the back surface 10b of the support siteand the surface 15a of the release

film 15 (namely, the surface of the release filmobbthe opposite side from the surface
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that contacts the protective film formation lay8réhd the substrate 11) is not more than
29 N.
[0054]

The protective film formation sheet 1H illustrated=1G. 8 is used in a state
where the release film 15 has been removed, byirdfithe back surface of a
semiconductor wafer (not shown in the figure) t® shirface 23a of the protective film
formation layer 23, and affixing the portion of therface 11a of the substrate 11 to
which the protective film formation layer 23 had been laminated to a jig such as a
ring frame using a jig adhesive layer (not showthmfigure). A layer similar to the jig
adhesive layer 16 illustrated in FIG. 1 and the ltlan be used as the jig adhesive layer.

Regardless of the structure of the support skieefprotective film formation
sheet can be affixed to a jig such as a ring frasieg a jig adhesive layer.

[0055]

The protective film formation sheet accordingtte present invention is not
limited to the structures illustrated in FIGS. 18taand structures in which a portion of
one of the structures illustrated in one of FIG% 8 has been altered or eliminated, and
structures having an additional structure to thaesseribed above, may also be used,
provided they do not impair the effects of the praésnvention.

[0056]

For example, in FIG. 5 and FIG. 6, protective ffionmation sheets were
described in which the support sheet has a lamidrsttecture composed of a coating
layer and a substrate, the back surface of thersibgthe surface that contacts the
coating layer) is an uneven surface, and the badlce of the coating layer (the surface
that does not contact the substrate) has a sudaginess Ra that is smaller than that of

the back surface of the substrate. However, irpth&ective film formation sheet
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according to the present invention, within the laated structure of the coating layer and
the substrate, the back surface of the substiaes(irface that contacts the coating layer)
need not necessarily be an uneven surface, andenaysmooth surface. In other words,
the coating layer may have a function other thapraving the degree of smoothness of
the back surface (the exposed surface) of the stippeet 10.

[0057]

Further, in FIG. 1 to FIG. 8, protective film foation sheets were described in
which the back surface of the support sheet, nathelypack surface of the substrate in
those cases where the support sheet is either cadsolely of the substrate or is a
laminated body composed of a substrate and an iadHager, or the back surface of the
coating layer in those cases where the support 8asea coating layer, is a smooth
surface. However, in the protective film formatisimeet according to the present
invention, the back surface of the support sheegtlmeaan uneven surface, provided the
surface roughness is not more than 0.5 pm.

[0058]

Furthermore, in FIG. 1 to FIG. 8, protective fiformation sheets were described
in which the back surface of the support sheeniftm, but in the protective film
formation sheet according to the present inventioa back surface of the support sheet
may have two or more regions having different degref smoothness (degrees of
unevenness), and for example, may have a regiosthasmooth surface and a region
that is an uneven surface.

[0059]

Further, in FIG. 1, FIG. 2, FIG. 5, FIG. 6 and FIG protective film formation

sheets were described in which an adhesive lay®pisded in direct contact with the

substrate, but the protective film formation shemtording to the present invention may
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have an intermediate layer provided between thstsatle and the adhesive layer. In
other words, in the protective film formation shaetording to the present invention, the
support sheet may have a laminated structure caedpafsa substrate, an intermediate
layer and an adhesive layer laminated in this order

Moreover, in FIG. 3, FIG. 4 and FIG. 8, protectfiln formation sheets were
described in which the protective film formatiogyda was provided in direct contact
with the substrate, but the protective film forroatsheet according to the present
invention may have an intermediate layer providetiveen the substrate and the
protective film formation layer.

Any arbitrary layer may be selected as this inetiate layer in accordance with
the intended purpose, but examples of preferrearimgdiate layer include layers that
improve the adhesion between the two adjacentdayer
[0060]

Furthermore, the protective film formation shemtading to the present
invention may also include a layer other than theva intermediate layer in any
arbitrary location.

[0061]

Next is a more detailed description of each ofdtwestituent members of the
protective film formation sheet according to thegant invention.
[0062]
> Support Sheet

There are no particular limitations on the suppbset, provided the protective
film formation layer can be provided thereon, amel $upport sheet satisfies both the
aforementioned surface roughness condition (noerttan 0.5 pm) and the static

friction force condition (not more than 29 N). Asscribed above, examples of preferred
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support sheets include support sheets typicallg uséhe field of process sheets for
semiconductor wafers, including those composedysofea substrate, those having an
adhesive layer laminated to a substrate, thosentpavcoating layer laminated to a
substrate, and those having a coating layer, aratbsnd an adhesive layer laminated
together in that order. Further examples of pretksupport sheets include sheets
having an intermediate layer provided between tdjacent layers in one of the
laminated structures exemplified above, such aststtwmposed of a substrate, an
intermediate layer and an adhesive layer laminggeither.

[0063]

The support sheet may be composed of one lay@ngée layer), or may be
composed of a plurality of two or more layers.tHose cases where the support sheet is
composed of a plurality of layers, these layers ayhe same or different, and there are
no particular limitations on the combination of tiarality of layers.

[0064]

The thickness of the support sheet may be selact@ctordance with the
intended purpose, but in terms of being able taaithadequate flexibility to the
protective film formation sheet, and achieving gdadbility to a semiconductor wafer,
the thickness is preferably from 10 to 500 um, npyederably from 20 to 350 um and
particularly preferably from 30 to 200 um.

Here, the "thickness of the support sheet" mdamsatal thickness of all the
layers that constitute the support sheet, andXamgle, in the case of a support sheet
containing an adhesive layer laminated to a suiestnaeans the total of the thickness of
the substrate and the thickness of the adhesiee.lay

In those cases where at least one surface oliffpog sheet is an uneven surface,

the thickness of this type of support sheet magnbasured in a region that includes a
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protrusion in the uneven surface, using the tithat protrusion as one measurement
point.

In this description, the "thickness" means theigakpresenting the average of
five thickness values measured at five random logatusing a contact thickness meter.
[0065]

As mentioned above, the surface roughness ofutiece of the support sheet on
the opposite side from the side on which the ptotedilm formation layer is provided
(hereafter also referred to as the exposed surfae®f more than 0.5 pum, and is
preferably not more than 0.45, more preferablymote than 0.4, and particularly
preferred 0.35 pum or less. By ensuring that tieasa roughness of the support sheet is
not more than the above upper limit, the aforenoeetil infrared examination of the
semiconductor chips can be performed more favorabhere are no particular
limitations on the lower limit for the surface rdugess of the support sheet, which may,
for example, be O pum or 0.01 pm or the like.

In other words, the surface roughness of the stigpeet is from 0 to 0.5 pm,
preferably from 0 to 0.45 pm, more preferably frofi1 to 0.4 um, even more
preferably from 0.01 to 0.35 um, and particulangfprably from 0.03 to 0.3 pm.

The surface roughness of the support sheet cadjbsted, for example, by
altering the formation conditions or surface treainconditions or the like to achieve a
layer that satisfies this surface roughness canditi
[0066]

- Substrate

The material for the substrate is preferably aiyaoious resins, and specific

examples include polyethylene (including low-dengiblyethylene (sometimes

abbreviated as LDPE), linear low-density polyethglédsometimes abbreviated as
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LLDPE) and high-density polyethylene (sometimesrabiated as HDPE)),
polypropylene, ethylene/propylene copolymers, polghe, polybutadiene,
polymethylpentene, polyvinyl chloride, vinyl chlda copolymers, polyethylene
terephthalate, polyethylene naphthalate, polyboty/kerephthalate, polyurethane,
polyurethane acrylate, polyimide, ethylene/vinyétate copolymers, ionomer resins,
ethylene/(meth)acrylic acid copolymers, ethylenetfmacrylate ester copolymers,
polystyrene, polycarbonate, fluororesins, and hgdnated products, modified products,
crosslinked products and copolymers of any of thesms.

[0067]

In this description, the term "(meth)acrylic acig'deemed to include both
"acrylic acid" and "methacrylic acid". Terms sianito (meth)acrylic acid are also
similarly defined, and for example, "(meth)acryfatedeemed to include both "acrylate”
and "methacrylate", and "(meth)acryloyl group" é&ethed to include both "acryloyl
group" and "methacryloyl group".

[0068]

The thickness of the substrate may be selectaddardance with the intended
purpose.

In those cases where the support sheet is compbsied substrate laminated to
another layer such as an adhesive layer, the thgskaf the substrate is preferably from
15 to 300 um, and more preferably from 20 to 200 |8y ensuring that the thickness of
the substrate falls within this type of range, fleibility of the protective film formation
sheet and the fixability to a semiconductor wafesemiconductor chip can be improved.
[0069]

The substrate may be composed of one layer (s&edagger), or may be

composed of a plurality of two or more layers.tHose cases where the substrate is
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composed of a plurality of layers, these layers ayhe same or different, and there are
no particular limitations on the combination of giarality of layers.

When the substrate is composed of a pluralitapéts, the total thickness of all
of the layers preferably satisfies the preferrdustnate thickness described above.
[0070]

In order to improve the adhesion with other layarsh as the adhesive layer,
protective film formation layer or coating layeopided on top of the substrate, the
surface of the substrate may be subjected to énesugg treatment (matte treatment)
such as a sandblasting treatment, solvent treatomesthbossing treatment, or to an
oxidation treatment such as a corona dischargenesd, electron beam irradiation
treatment, plasma treatment, ozone/ultravioletiaton treatment, flame treatment,
chromic acid treatment or hot air treatment. Femtthe surface of the substrate may
also be subjected to a primer treatment.

[0071]
- Adhesive Layer

The adhesive layer may be formed as appropriatg asconventional material.

The adhesive layer can be formed using an adhesiwposition containing the
various components such as an adhesive that adgestike adhesive layer. The ratio
between the amounts of those components withiadhesive composition that do not
volatilize at normal temperature is typically tta g as the ratio between the amounts of
those components in the adhesive layer. In thésrifgion, "normal temperature” means
a temperature at which no particular cooling ottingas performed, namely ordinary
room temperature, and for example, is typicallgrapgerature of 15 to 25°C.

[0072]
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The thickness of the adhesive layer may be selentaccordance with the
intended purpose, but is preferably from 1 to 160 more preferably from 2 to 80 pum,
and even more preferably from 3 to 50 um.

[0073]

The adhesive layer may be composed of one laygEnge layer), or may be
composed of a plurality of two or more layers.tHose cases where the adhesive layer is
composed of a plurality of layers, these layers mayhe same or different, and there are
no particular limitations on the combination of giarality of layers.

When the adhesive layer is composed of a plurefitgyers, the total thickness
of all of the layers preferably satisfies the prefd adhesive layer thickness described
above.

[0074]

Examples of the above adhesive include adhessiesrsuch as acrylic-based
resins, urethane-based resins, rubber-based resicsne-based resins and vinyl ether-
based resins, and in terms of the functionalitthote resins, examples include energy
ray-curable resins and the like.

In this description, the term "energy rays" meays among electromagnetic
waves and charged particle beams that have anyegeagptum, and specific examples
include ultraviolet rays and electron beams. Witiet rays can be irradiated, for
example, using a high-pressure mercury lamp, aifiudilamp, or a xenon lamp or the
like as an ultraviolet source. Electron beamshmgenerated and irradiated from an
electron beam accelerator or the like.

[0075]
Examples of the energy ray-curable resins inchedes having a polymerizable

group such as a (meth)acryloyl group or a vinylugro
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The adhesive resin is preferably an acrylic-bassth, and is more preferably a
(meth)acrylate ester copolymer containing a strattunit derived from a (meth)acrylate
ester.

Here, "derived from" means that the chemical stmecchanges in order to
undergo polymerization.

[0076]

In those cases where the adhesive layer contaiogponent that polymerizes
upon irradiation with energy rays, such as an gnexg-curable resin, the adhesive layer
becomes energy ray-curable, and by reducing thesaaimess by irradiation with energy
rays, pickup of the semiconductor chips with a@ctve film described below becomes
a simple process. This type of adhesive layeheaformed, for example, from various
adhesive compositions containing a component thighgerizes upon irradiation with
energy rays.

[0077]
<<Adhesive Composition>>

Examples of preferred adhesive compositions irethdse containing a
component that polymerizes upon irradiation witkrgly rays, and specific examples of
this type of adhesive composition include composgicontaining an acrylic-based resin
and an energy ray-polymerizable compound (hereafserreferred to as an "adhesive
composition (i)"), and compositions containing anylic-based resin having a hydroxyl
group and also having a polymerizable group oml@ shain (for example, an acrylic-
based resin having a hydroxyl group, and havinglgnperizable group bonded via a
urethane linkage on a side chain), and also cantaam isocyanate crosslinking agent
(hereafter also referred to as an "adhesive coripogii)").

[0078]
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[Adhesive Composition (i)]

The adhesive composition (i) contains an acryéisdal resin and an energy ray-
polymerizable compound as essential components.

Each of these components is described below.

[0079]
(Acrylic-Based Resin)

Examples of preferred acrylic-based resins forinmgke adhesive composition (i)
include (meth)acrylate ester copolymers obtainegdlymerizing a (meth)acrylate ester
as a monomer, and where necessary another monesideb the (meth)acrylate ester.
[0080]

Examples of the (meth)acrylate ester include alingth)acrylate esters in which
the alkyl group that constitutes the alkyl estea thain-like structure of 1 to 18 carbon
atoms, such as methyl (meth)acrylate, ethyl (metki)ate, propyl (meth)acrylate, butyl
(meth)acrylate, pentyl (meth)acrylate, hexyl (mathylate, heptyl (meth)acrylate, n-
octyl (meth)acrylate, isooctyl (meth)acrylate, Bydthexyl (meth)acrylate, n-nonyl
(meth)acrylate, isononyl (meth)acrylate, decyl (matrylate, undecyl (meth)acrylate,
dodecyl (meth)acrylate (also called lauryl (methykte), tridecyl (meth)acrylate,
tetradecyl (meth)acrylate (also called myristyl {(macrylate), pentadecyl
(meth)acrylate, hexadecyl (meth)acrylate (alscedatlalmityl (meth)acrylate),
heptadecyl (meth)acrylate, octadecyl (meth)acryaleo called stearyl (meth)acrylate),
and isooctadecyl (meth)acrylate (also called isvgtdmeth)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 digpahenyl (meth)acrylate;
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cycloalkenyloxyalkyl (meth)acrylate esters sucliiggclopentenyloxyethyl
(meth)acrylate;

(meth)acrylimides;

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

hydroxyl group-containing (meth)acrylate estershsas hydroxymethyl
(meth)acrylate, 2-hydroxyethyl (meth)acrylate, Zloxypropyl (meth)acrylate, 3-
hydroxypropyl (meth)acrylate, 2-hydroxybutyl (metbjylate, 3-hydroxybutyl
(meth)acrylate, and 4-hydroxybutyl (meth)acrylate.

Among the above compounds, methyl methacrylagthghexyl acrylate, and 2-
hydroxyethyl acrylate are preferred.

[0081]

Examples of the aforementioned other monomer begitk (meth)acrylate ester
include (meth)acrylic acid, itaconic acid, vinyleaate, acrylonitrile, styrene, and N-
methylolacrylamide.

[0082]

Each of the monomers that constitute the acrydisel resin such as the above
(meth)acrylate ester and the other monomer begiide@neth)acrylate ester may be a
single monomer or two or more monomers.

[0083]

The acrylic-based resin contained in the adhesineposition (i) may be a single

resin or two or more resins.

[0084]
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The amount of the acrylic-based resin of the aghesomposition (i), relative to
the total mass of all of the components besidesdahent in the adhesive composition
(i), is preferably from 40 to 99% by mass, and numeferably from 50 to 91% by mass.
[0085]

(Energy Ray-Polymerizable Compound)

The aforementioned energy ray-polymerizable comgdas a compound that
polymerizes and cures upon irradiation with engeyg, and examples include
compounds having an energy ray-polymerizable gsugh as an energy ray-curable
double bond within the molecule.

[0086]

Examples of the energy ray-polymerizable companollide low-molecular
weight compounds (monofunctional or polyfunctiomanomers and oligomers) having
an energy ray-polymerizable group, and specifiargdas include (meth)acrylates such
as trimethylolpropane triilmeth)acrylate, tetramé&iimethane tetra(meth)acrylate,
pentaerythritol trilmeth)acrylate, dipentaerythrittonohydroxy penta(meth)acrylate,
dipentaerythritol hexa(meth)acrylate, 1,4-butylgheol di(meth)acrylate, and 1,6-
hexanediol di(meth)acrylate;

cyclic aliphatic skeleton-containing (meth)acrgkasuch as dicyclopentadiene
dimethoxy di(meth)acrylate; and

(meth)acrylate-based compounds such as polyethygbol di(meth)acrylates,
oligoester (meth)acrylates, urethane (meth)acrgbg@mers, epoxy-modified
(meth)acrylates, polyether (meth)acrylates, arabitéec acid oligomers.

[0087]
The energy ray-polymerizable compound has a mtaegeight that is

preferably from 100 to 30,000, and more preferdtayn 300 to 10,000.
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[0088]

The energy ray-polymerizable compound containdtieradhesive composition
(i) may be a single compound or two or more compisun
[0089]

The amount of the energy ray-polymerizable compduarthe adhesive
composition (i) is preferably from 1 to 125 pansrbass, and more preferably from 10
to 125 parts by mass, per 100 parts by mass @fdiyic-based resin.

[0090]
(Photopolymerization Initiator)

In addition to the acrylic-based resin and thagyeay-polymerizable compound
described above, the adhesive composition (i) nsyiaclude a photopolymerization
initiator.

[0091]

The photopolymerization initiator may be a conuaml initiator, and specific
examples include:

a-ketol-based compounds such as 4-(2-hydroxyethdwey)pl (2-hydroxy-2-
propyl) ketoneg-hydroxy-u,a'-dimethylacetophenone, 2-methyl-2-
hydroxypropiophenone, 1-hydroxycyclohexyl phenytioke, and 2-hydroxy-1-{4-[4-(2-
hydroxy-2-methyl-propionyl)-benzyl]phenyl}-2-methpropan-1-one;

acetophenone-based compounds such as acetophenone,
dimethylaminoacetophenone, methoxyacetophenonali@@hoxy-2-
phenylacetophenone, 2,2-diethoxyacetophenone,i@ecty-2-phenylacetophenone, 2-
hydroxy-2-methyl-1-phenylpropan-1-one, 1-hydroxylopexyl phenyl ketone, 2-
methyl-1-[4-(methylthio)phenyl]-2-morpholinopropdrene, and 2-benzyl-2-

dimethylamino-1-(4-morpholinophenyl)-butanone-1;
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benzoin ether-based compounds such as benzoimibhenethyl ether, benzoin
ethyl ether, benzoin isopropyl ether, benzoin rybether, benzoin isobutyl ether, and
anisoin methyl ether;

ketal-based compounds such as benzyl dimethyl &athacetophenone dimethyl
ketal;

aromatic sulfonyl chloride-based compounds sucriaaphthalenesulfonyl
chloride;

optically active oxime-based compounds such alsehvpne-1,1-propanedione-2-
(o-ethoxycarbonyl)oxime, and ethanone,1-[9-ethyRénethylbenzoyl)-9H-carbazol-3-
yl]-,1-(O-acetyloxime);

benzophenone-based compounds such as benzophprarenylbenzophenone,
benzoyl benzoate, dichlorobenzophenone, 4,4'-dethiypobenzophenone, and 3,3'-
dimethyl-4-methoxybenzophenone;

anthraquinone-based compounds such as 2-methsdgnihone, 2-
ethylanthraquinone, 2-tert-butylanthraquinone, 2+aminoanthraquinone;

thioxanthone-based compounds such as thioxantRecidprothioxanthone, 2-
methylthioxanthone, 2-ethylthioxanthone, isopropigkanthone, 2,4-
dimethylthioxanthone, 2,4-diethylthioxanthone, gjdhlorothioxanthone, and 2,4-
diisopropylthioxanthone; and

p-dimethylaminobenzoate esters, camphorquinodegéaated ketones, acyl
phosphine oxides such as diphenyl(2,4,6-trimetmbgl)phosphine oxide, acyl
phosphonates, and oligo[2-hydroxy-2-methyl-1-[4af&thylvinyl)phenyl]propanone].
[0092]

The photopolymerization initiator contained in #@hesive composition (i) may

be a single initiator or two or more initiators.
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[0093]

When a photopolymerization initiator is used, @imeount of the
photopolymerization initiator in the adhesive comifion (i) is preferably from 0.1 to 10
parts by mass, and more preferably from 1 to Ssgartmass, per 100 parts by mass of
the energy ray-polymerizable compound. Ensurimag tiite amount of the
photopolymerization initiator is at least as laagethe above lower limit enables the
effect of using the photopolymerization initiatorlie achieved satisfactorily. Further,
ensuring that the amount of the photopolymerizaitinator is not more than the above
upper limit suppresses the generation of by-praoatised by excess
photopolymerization initiator, and enables the mgiof the adhesive layer to proceed
favorably.

[0094]
(Crosslinking Agent)

In addition to the acrylic-based resin and thagyeay-polymerizable
compound, the adhesive composition (i) may alstu@ea crosslinking agent.

Examples of the crosslinking agent include orgaoilyvalent isocyanate
compounds and organic polyvalent imine compounds.

[0095]

Examples of the organic polyvalent isocyanate ammpgs include aromatic
polyvalent isocyanate compounds, aliphatic polywaileocyanate compounds, alicyclic
polyvalent isocyanate compounds, as well as trimeosyanurates and adducts of these
compounds, and isocyanate-terminated urethane lgreers obtained by reacting one of
these aromatic polyvalent isocyanate compoundshatiic polyvalent isocyanate
compounds or alicyclic polyvalent isocyanate commuisuwith a polyol compound. The

aforementioned adducts mean reaction productseaditbmatic polyvalent isocyanate
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compound, aliphatic polyvalent isocyanate compoomalicyclic polyvalent isocyanate
compound with a low-molecular weight active hydnog®ntaining compound such as
ethylene glycol, propylene glycol, neopentyl glydoimethylolpropane or castor oil.
[0096]

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'-diisocyanafgetiylmethane-2,4'-diisocyanate, 3-
methyldiphenylmethane diisocyanate, hexamethyléeeayanate, isophorone
diisocyanate, dicyclohexylmethane-4,4'-diisocyandi®yclohexylmethane-2,4'-
diisocyanate, compounds in which one or both ofi¢ole diisocyanate and
hexamethylene diisocyanate have been added to @oatkeof the hydroxyl groups of a
polyol such as trimethylolpropane, and lysine dijsmate.

[0097]

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

[0098]

When an isocyanate compound is used as the arkisgliagent, a hydroxyl
group-containing polymer is preferably used asaitwylic-based resin. When the
crosslinking agent has isocyanate groups and ttyliabased resin has hydroxyl
groups, reaction between the isocyanate groupshenialydroxyl groups enables
crosslinked structures to be easily introduced ihéoadhesive layer.

[0099]
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The crosslinking agent contained in the adhesiveposition (i) may be a single
compound or two or more compounds.
[0100]

When a crosslinking agent is used, the amourtettosslinking agent in the
adhesive composition (i) is preferably from 0.0R@parts by mass, and more
preferably from 0.1 to 16 parts by mass, per 106dsy mass of the acrylic-based resin.
[0101]

(Solvent)

In addition to the acrylic-based resin and thagyeay-polymerizable
compound, the adhesive composition (i) preferaldy aontains a solvent.

There are no particular limitations on the solveitained, but examples of
preferred solvents include hydrocarbons such agm& and xylene; alcohols such as
methanol, ethanol, 2-propanol, isobutyl alcohad@atalled 2-methylpropan-1-ol) and 1-
butanol; esters such as ethyl acetate; ketonesasuabetone and methyl ethyl ketone;
ethers such as tetrahydrofuran; and amides (nae@iypounds having an amide
linkage) such as dimethylformamide and N-methylpldone.

The solvent contained in the composition (i) mayalsingle solvent or two or
more solvents.

[0102]

The amount of the solvent in those cases wheradhesive composition (i)
contains a solvent is preferably from 40 to 90%r@ass, and more preferably from 50 to
80% by mass, relative to the total mass of the sidbecomposition.

[0103]

(Other Components)
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In addition to the acrylic-based resin and thagyeay-polymerizable
compound, the adhesive composition (i) may alsaainmther components that do not
correspond with any of the aforementioned photapelyzation initiator, crosslinking
agent or solvent, provided the effects of the preseention are not impaired.

These other components may be conventional conmpgnehich may be
selected as required in accordance with the inttpdepose, and although there are no
particular limitations, examples of preferred comgats include various additives such
as colorants (dyes and pigments), age resistatiistaic agents, flame retardants,
silicone compounds, and chain transfer agents.

These other components contained in the adhesimpasition (i) may include a
single component or two or more components.

[0104]
[Adhesive Composition (ii)]

The adhesive composition (ii) contains an acrghsed resin having a hydroxyl
group and also having a polymerizable group oml@ shain (for example, an acrylic-
based resin having a hydroxyl group, and havinglgnperizable group bonded via a
urethane linkage on a side chain) and an isocyamasslinking agent as essential
components.

In those cases where the adhesive compositiois (i3ed, because the acrylic-
based resin has a polymerizable group on a sida,dha improvement in releasability
from the adherend due to the reduction in adhess®following the polymerization
reaction (curing) is superior to that obtained whenpolymerization reaction uses an
energy ray-polymerizable compound and is perfortnedradiation with energy rays,
such as the case of the adhesive composition ¢@nmg the pickup characteristics of

the semiconductor chips with a protective film alsprove.
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In this description, unless specifically stateldenivise, references to an "acrylic-
based resin" in the adhesive composition (ii) meafacrylic-based resin having a
polymerizable group on a side chain".

[0105]
(Acrylic-Based Resin)

Examples of the aforementioned acrylic-based resuing a polymerizable
group on a side chain include resins obtained Ipplymerizing monomers including a
non-hydroxyl group-containing (meth)acrylate e$i@ving no hydroxyl group and a
hydroxyl group-containing compound such as a hyglrgroup-containing
(meth)acrylate ester having a hydroxyl group, d®htreacting the hydroxyl groups of
the obtained hydroxyl group-containing copolymettwthe isocyanate group of a
compound having an isocyanate group and a polyat@gazyroup, thus forming urethane
linkages.

[0106]

Examples of the non-hydroxyl group-containing (matrylate ester include
those (meth)acrylate esters mentioned in relatdhe adhesive composition (i) other
than the hydroxyl group-containing (meth)acryladeees.

Further, examples of the above hydroxyl group-aiming compound include the
same compounds as the hydroxyl group-containinghyaerylate esters included in the
adhesive composition (i).

The non-hydroxyl group-containing (meth)acrylaséee and the hydroxyl group-
containing compound that constitute the acrylicelagsin may each include a single
compound or two or more compounds.

[0107]
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Examples of the compound having an isocyanatepgaod a polymerizable
group include isocyanate group-containing (mettyJate esters such as 2-
(meth)acryloyloxyethyl isocyanate.

This compound having an isocyanate group andyamrizable group that forms
the acrylic-based resin may be a single compound@ior more compounds.

[0108]

The acrylic-based resin contained in the adhesineposition (ii) may be a single
resin or two or more resins.
[0109]

The amount of the acrylic-based resin in the aighemposition (i), relative to
the total mass of all of the components besidesahant within the adhesive
composition (i), is preferably from 80 to 99% byss, and more preferably from 90 to
97% by mass.

[0110]
(Isocyanate-Based Crosslinking Agent)

Examples of the isocyanate-based crosslinkingtagelude the same
compounds as the organic polyvalent isocyanate oamgs used as a crosslinking agent
in the adhesive composition (i).

[0111]

The isocyanate-based crosslinking agent contam#te adhesive composition
(i) may be a single compound or two or more conmuisu
[0112]

The number of moles of isocyanate groups withénisiocyanate-based
crosslinking agent in the adhesive compositionigipreferably 0.2 to 3 times the

number of moles of hydroxyl groups within the ammased resin in the adhesive
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composition (ii). Ensuring that the number of nsoté isocyanate groups is at least as
large as the above lower limit improves the relbai$a of the adhesive layer from the
adherend due to the reduction in adhesivenes®afdhesive layer following curing,
thus improving the pickup characteristics of theis®nductor chips with a protective
film. Further, ensuring that the number of molé&socyanate groups is not more than
the above upper limit enables better suppressidneofieneration of by-products formed
by reaction between molecules of the isocyanatebasosslinking agent.

[0113]

The amount of the isocyanate-based crosslinkiegtag the adhesive
composition (i) may be adjusted as appropriatthadthe number of moles of
isocyanate groups falls within the above range pbowided this condition is satisfied,
the amount of the isocyanate-based crosslinkingtagereferably from 0.01 to 20 parts
by mass, more preferably from 0.1 to 15 parts bgapand particularly preferably from
0.3 to 12 parts by mass, per 100 parts by maseddrylic-based resin.

[0114]
(Photopolymerization Initiator)

In addition to the acrylic-based resin and theysmate-based crosslinking agent
described above, the adhesive composition (ii) edsy include a photopolymerization
initiator.

Examples of the photopolymerization initiator ¢ the same compounds as
those mentioned above for the case of the adhesivposition (i).

The photopolymerization initiator contained in tahesive composition (ii) may
be a single initiator or two or more initiators.

[0115]
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When a photopolymerization initiator is used, @imeount of the
photopolymerization initiator in the adhesive cormigion (ii) is preferably from 0.05 to
20 parts by mass per 100 parts by mass of theiatrgbted resin.

Ensuring that the amount of the photopolymerizatiotiator is at least as large
as the above lower limit enables the effect of gishe photopolymerization initiator to
be achieved satisfactorily. Further, ensuring thatamount of the photopolymerization
initiator is not more than the above upper limppresses the generation of by-products
caused by excess photopolymerization initiator, @mables the curing of the adhesive
layer to proceed favorably.

[0116]
(Solvent)

In addition to the acrylic-based resin and theysmate-based crosslinking agent
described above, the adhesive composition (ii)gpedily also includes a solvent.

Examples of the solvent include the same solvasithose mentioned above for
the case of the adhesive composition (i).

The solvent contained in the adhesive compos(tipmay include a single
solvent or two or more solvents.

[0117]

The amount of the solvent in those cases wheradhesive composition (ii)
contains a solvent is preferably from 40 to 90%&ass, and more preferably from 50 to
80% by mass, relative to the total mass of the sidbeomposition (ii).

[0118]
(Other Components)
In addition to the acrylic-based resin and theysmate-based crosslinking agent,

the adhesive composition (ii) may also contain odmnponents that do not correspond
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with the aforementioned photopolymerization indgiabr solvent, provided the effects of
the present invention are not impaired.

Examples of these other components include the smmponents as those
mentioned above for the case of the adhesive catigpo§).

These other components contained in the adhesm@asition (i) may include a
single component or two or more components.

[0119]

The description until this point has focused ohemive compositions containing
a component that polymerizes upon irradiation witlergy rays, but an adhesive
composition that does not contain a componentgblyimerizes upon irradiation with
energy rays may also be used in the formationehtthesive layer. In other words, the
adhesive layer may be a non-energy ray-curablesagheomposition.

Examples of preferred non-energy ray-curable adée®mpositions include
compositions containing an acrylic-based resinantbsslinking agent (hereafter also
referred to as an "adhesive composition (iii)")d &imese compositions may also contain a
solvent and other optional components that arelassified as solvents.

[0120]
[Adhesive Composition (iii)]

The acrylic-based resin, crosslinking agent, sahamd other components
contained in the adhesive composition (iii) mayhelae the same as the corresponding
component in the adhesive composition (i).

[0121]
The amount of the acrylic-based resin in the agthemposition (iii), relative to

the total mass of all of the components besidesdahent in the adhesive composition
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(i), is preferably from 40 to 99% by mass, andrenpreferably from 50 to 97% by
mass.
[0122]

The amount of the crosslinking agent in the adleesomposition (iii) is
preferably from 2 to 30 parts by mass, and moréepbly from 4 to 25 parts by mass,
per 100 parts by mass of the acrylic-based resin.

[0123]

With the exception of the points described abtive adhesive composition (iii)

is the same as the adhesive composition (i).
[0124]
<<Manufacturing Method for Adhesive Composition>>

The adhesive compositions such as the adhesivpasitions (i) to (iii) can be
obtained by blending the various components thastitoite the adhesive composition,
such as the adhesive and those components besedadliesive that are added as
required.

There are no particular limitations on the oraewhich 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 &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 mixard 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 appropnatevided the blended component does

not degrade, but the temperature is preferably ftérto 30°C.
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[0125]
- Coating Layer

In the aforementioned coating layer, the surfddbecoating layer on the
opposite side from the side that contacts the satlespreferably has a smaller surface
roughness Ra than the surface of the substrateecside on which the coating layer is
provided.

The coating layer preferably contains a cured peothat is obtained by curing
by irradiation with energy rays, and is preferadbliayer obtained by curing a coating
composition containing an energy ray-polymerizatdmpound that polymerizes upon
irradiation with energy rays. This energy ray-posrizable compound is preferably
(meth)acrylic acid or a derivative thereof.

In this description, a "derivative" means a commbin which at least one
hydrogen atom of the original compound has beestguted with a group (substituent)
other than a hydrogen atom.

[0126]

The protective film formation sheet described a&may have not only the
function of forming a protective film for protecgrthe back surface of the
semiconductor chips obtained upon dicing, but msy eombine the function of a dicing
sheet when the semiconductor wafer undergoes didnging dicing of the
semiconductor wafer, the semiconductor wafer wWithaffixed protective film formation
sheet may be subjected to expansion, and in se&s ctine protective film formation
sheet is required to have appropriate flexibilitg.order to impart the protective film
formation sheet with appropriate flexibility, axlble resin such as a polypropylene may
sometimes be selected as a material for forminguip@ort sheet. On the other hand,

this type of flexible resin can sometimes defornswifer from wrinkling upon heating.
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Accordingly, it can be stated that the coating tagereferably formed from a raw
material composition that does not undergo heangubut rather cures upon irradiation
with energy rays.

[0127]

Although there are no particular limitations oe thickness of the coating layer,
the thickness is preferably from 0.1 to 20 um, npyeferably from 0.4 to 15 yum, and
particularly preferably from 0.8 to 10 um. Ensgrihat the thickness of the coating
layer is at least as large as the above lower femititates a reduction in the surface
roughness Ra of the surface of the coating layehempposite side from the side that
contacts the substrate, and enhances the suppres$fgot on blocking of the protective
film formation sheet. Further, ensuring that thiekness of the coating layer is not more
than the above upper limit means that when thes®rductor chip having the affixed
protective film formation sheet undergoes an afenetioned examination through the
sheet using an infrared camera or the like, a ete@tamination image can be acquired,
and also enables dicing of the semiconductor watdunding expansion to be performed
more easily.

By covering the uneven surface of the substrateérmanner described above,
the surface of the coating layer that contactsthestrate can develop an uneven surface,
but the thickness of the coating layer may be meaisim a region that includes a
protrusion in this uneven surface of the coatirygtausing the tip of that protrusion as
one measurement point.

[0128]

In the protective film formation sheet, in thoseses where the coating layer

becomes the outermost layer on the opposite siae fine release film side, the surface

roughness Ra of the surface of the coating layehempposite side from the side that
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contacts the substrate (namely, the exposed syitaaeleast 0 pm but not more than
0.5 pm.

The surface roughness Ra of the coating layebeaadjusted, for example, by
altering factors such as the surface roughnesd Re curface of the substrate on which
the coating layer is provided, the thickness ofdbating layer, or the coating method
used for the coating composition described belat igused for forming the coating
layer.

[0129]
<<Coating Composition>>

The above coating composition preferably conté&if®ne or both of a silica sol
and silica microparticles having a bound radicdiqperizable unsaturated group-
containing organic compound (hereafter sometiméseaiated as "the componen)'),
and @) at least one compound selected from the groupistimg of polyfunctional
acrylate-based monomers and acrylate-based prepmyfmereafter sometimes
abbreviated as "the componef}'j.

[0130]
[Component ¢)]

The componenta) lowers the refractive index of the coating layeduces the
curing shrinkage and heat and moisture shrinkadgleeoprotective film formation sheet,
thereby suppressing the occurrence of curling ®ftfotective film formation sheet
caused by these types of shrinkage.

[0131]

Examples of the silica sol in the componei)ticlude colloidal silicas obtained

by suspending silica microparticles in a colloigi@te in an organic solvent such as an

alcohol or an ether derived from ethylene glycac{sas cellosolve), wherein the
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average particle size of the suspended silica ipatxles is preferably from 0.001 to 1
pm, and more preferably from 0.03 to 0.05 pm.
[0132]

In the componenti, the silica microparticles having a bound radical
polymerizable unsaturated group-containing organmpound are microparticles that
undergo crosslinking and curing upon irradiatiothvanergy rays.

Examples of the silica microparticles having armbuadical-polymerizable
unsaturated group-containing organic compound delmaterials obtained by reacting
the silanol groups that exist on the surface afasinicroparticles with a functional group
in the radical-polymerizable unsaturated group-aimiig organic compound, and the
average particle size of these silica micropaicdepreferably from 0.005 to 1 pm.
There are no particular limitations on the aforetioered functional group in the radical-
polymerizable unsaturated group-containing organimpound, provided the functional
group is capable of reacting with the silanol g®iupthe silica microparticles.

[0133]

Examples of the radical-polymerizable unsaturagtedip-containing organic
compound having a functional group include compasurgresented by general formula
(1) shown below.

[0134]
[Chemical formula 1]
R
I
CH, = C — COR?

(1)
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(In the formula, Rrepresents a hydrogen atom or a methyl groupRamelpresents a

halogen atom or a group represented by any of flasn2a) to (2f) shown below.)

[0135]
[Chemical formula 2]
— OCH2CH,NCO. — OCH2CH — CHz2. — OCH2CH — CHz2
N\ /
(2 a) (2b) 0O (2¢) N
H
— OCH2CH20H, —OH. — O(CH2); — Si(OCHa),
(2d) (2e) (2 §)
[0136]
Examples of the halogen atom fofiRclude a chlorine atom, bromine atom and
iodine atom.
[0137]

Examples of preferred radical-polymerizable unsdad group-containing
organic compounds include (meth)acrylic acid, (ryathyloyl chloride, 2-
isocyanatoethyl (meth)acrylate, glycidyl (meth)datg, 2,3-iminopropyl (meth)acrylate,
2-hydroxyethyl (meth)acrylate, and (3-(meth)acridaypropyl)trimethoxysilane.

[0138]

In the present invention, the radical-polymeriealohsaturated group-containing
organic compound may be a single compound or a o@tibn of two or more
compounds.

[0139]
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In the componenty, the silica sol and the silica microparticlesingva bound
radical-polymerizable unsaturated group-contaimrganic compound may each include
a single material or two or more materials.

[0140]

For the componenty, a silica sol may be used alone, silica micraplead
having a bound radical-polymerizable unsaturatedigicontaining organic compound
may be used alone, or a combination of a silicaasdlsilica microparticles having a
bound radical-polymerizable unsaturated group-animg organic compound may be
used.

[0141]

The amount of the componen) {n the coating composition is preferably
selected in accordance with the refractive indegaafh of the layers of the support sheet
other than the coating layer, and typically, isf@rably selected so that the amount of
silica derived from the componenti) (s from 20 to 60% by mass relative to the total
mass of the coating composition. Ensuring thaatheunt of silica is at least as large as
the above lower limit enhances the reduction efbecthe refractive index of the coating
layer and the suppression effect on the occurrehcarling in the protective film
formation sheet. Further, ensuring that the amofisilica is not more than the above
upper limit makes formation of the coating layesieg and enhances the suppression
effect on any decrease in the hardness of thengpkayer.

In order to achieve a superior refractive indexsesof formation and hardness for
the coating layer, and also achieve better suppress$ curling in the protective film
formation sheet, the amount of silica derived fiiid componenta) in the coating layer
is more preferably from 20 to 45% by mass relativthe total mass of the coating

composition.
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[0142]
[Component f)]

The component] is the main photocurable component for forming ¢bating
layer described above.
[0143]

There are no particular limitations on the polydtional acrylate-based monomer
in the component), provided the monomer is a (meth)acrylic acidwdgive containing
at least two (meth)acryloyl groups in a single roale.

Examples of preferred polyfunctional acrylate-lsas®nomers include 1,4-
butanediol di(meth)acrylate, 1,6-hexanediol di(nethylate, neopentyl glycol
di(meth)acrylate, polyethylene glycol di(meth)aetg, neopentyl glycol hydroxypivalate
di(meth)acrylate, dicyclopentanyl di(meth)acrylataprolactone-modified
dicyclopentenyl di(meth)acrylate, ethylene oxidesified phosphoric acid
di(meth)acrylate, allylated cyclohexyl di(meth)detg, isocyanurate di(meth)acrylate,
trimethylolpropane triimeth)acrylate, dipentaerittirtriimeth)acrylate, propionic acid-
modified dipentaerythritol trilmeth)acrylate, pesrghritol triimeth)acrylate, propylene
oxide-modified trimethylolpropane triilmeth)acrylates(acryloxyethyl) isocyanurate,
dipentaerythritol penta(meth)acrylate, propionicdanodified dipentaerythritol
penta(meth)acrylate, dipentaerythritol hexa(mettyJate, and caprolactone-modified
dipentaerythritol hexa(meth)acrylate.

[0144]

There are no particular limitations on the acedbased prepolymer in the

componentff), provided the prepolymer is a (meth)acrylaterested is a polymer or

oligomer having photocurability.
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Examples of preferred acrylate-based prepolynmeiside polyester acrylate-
based prepolymers, epoxy acrylate-based prepolymesthane acrylate-based
prepolymers, and polyol acrylate-based prepolymers.

[0145]

Examples of the above polyester acrylate-basgubpmmers include compounds
obtained by using (meth)acrylic acid to esterify ttydroxyl groups of a polyester
oligomer having hydroxyl groups at both termindish@ molecule, obtained by a
condensation reaction between a polyvalent carlboagid and a polyhydric alcohol;
and compounds obtained by using (meth)acrylic axesterify the terminal hydroxyl
groups of an oligomer obtained by an addition ieaadf an alkylene oxide to a
polyvalent carboxylic acid.

Examples of the epoxy acrylate-based prepolynmetsde compounds obtained
by using a reaction with (meth)acrylic acid to @$gehe oxirane ring of a bisphenol
epoxy resin or novolac epoxy resin of comparatively molecular weight.

Examples of the urethane acrylate-based prepofymelude compounds
obtained by using (meth)acrylic acid to esterifyodyurethane oligomer obtained by a
reaction between a polyether polyol or polyestdygand a polyisocyanate.

Examples of the polyol acrylate-based prepolynreariside compounds obtained
by using (meth)acrylic acid to esterify the hydrbggoups of a polyether polyol.

[0146]

In the componeng), the polyfunctional acrylate-based monomer awd th
acrylate-based prepolymer may each include a soayigoound or two or more
compounds.

[0147]
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For the componeng], a polyfunctional acrylate-based monomer maydsziu
alone, an acrylate-based prepolymer may be useé,abe a combination of a
polyfunctional acrylate-based monomer and an atedased prepolymer may be used.
[0148]

In addition to the component)(and the componeng), the coating composition
preferably also contains a solvent. By includirgpbsent in the coating composition, a
coating film can be formed more easily by applyamgl drying the coating composition
to form a coating layer.

A single solvent may be used alone, or a comlanadf two or more solvents
may be used.

[0149]

Examples of the solvent include aliphatic hydrboas such as hexane, heptane
and cyclohexane; aromatic hydrocarbons such asrteland xylene; halogenated
hydrocarbons such as methylene chloride and etaykloride; alcohols such as
methanol, ethanol, propanol, butanol, and 1-metibypyopanol; ketones such as
acetone, methyl ethyl ketone, 2-pentanone, isoptgrand cyclohexanone; esters such
as ethyl acetate and butyl acetate; and cellosslvels as 2-ethoxyethanol (also known
as ethyl cellosolve).

[0150]

In addition to the component)(and the componeng), the coating composition
may also contain various optional components ssan@nofunctional acrylate-based
monomers, photopolymerization initiators, photo#éres's, polymerization inhibitors,
crosslinking agents, antioxidants, ultraviolet abses, photostabilizers, leveling agents

and antifoaming agents, provided the effects optiesent invention are not impaired.
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A single optional component may be used alone, @ymbination of two or more
components may be used.
[0151]

There are no particular limitations on the monctional acrylate-based
monomers that may be used as optional componewntgdpd they are photocurable
components, and are (meth)acrylic acid derivathasng only one (meth)acryloyl
group in a single molecule.

Examples of preferred monofunctional acrylate-dasenomers include
cyclohexyl (meth)acrylate, 2-ethylhexyl (meth)aetg, dodecyl (meth)acrylate (also
called lauryl (meth)acrylate), octadecyl (meth)etey (also called stearyl
(meth)acrylate), and isobornyl (meth)acrylate.

[0152]

Examples of the photopolymerization initiatorstthiay be used as optional
components include known materials conventionadlgcuin radical polymerization.

Examples of preferred photopolymerization initratmclude aryl ketone-based
photopolymerization initiators such as acetopherlmased compounds, benzophenone-
based compounds, alkylaminobenzophenone-based comipdenzil-based
compounds, benzoin-based compounds, benzoin efisedlcompounds, benzyl
dimethyl acetal-based compounds, benzoyl benzaeebcompounds, aneacyloxime
ester-based compounds; sulfur-containing photopehzation initiators such as sulfide-
based compounds and thioxanthone-based compouydishasphine oxide-based
compounds such as acyldiarylphosphine oxides; atidaguinone-based compounds.

In those cases where the coating compositionredciy irradiation with an
electron beam, a photopolymerization initiatornsecessary.

[0153]



62

In the coating composition, the amount of the ppotymerization initiator is
preferably from 0.2 to 10 parts by mass, and mogéepably from 0.5 to 7 parts by mass,
per 100 parts by mass of the total amount of photdide components.

[0154]

Examples of the aforementioned photosensitizedsdie tertiary amines, p-
dimethylaminobenzoate esters, and thiol-based tszarsi

In the coating composition, the amount of the pkensitizer is preferably from 1
to 20 parts by mass, and more preferably fromItparts by mass, per 100 parts by
mass of the total amount of photocurable components
[0155]

The antioxidants, ultraviolet absorbers and phatnkzers may be conventional
materials, but reactive antioxidants, ultraviolesarbers and photostabilizers having a
(meth)acryloyl group or the like in the molecule areferred. These antioxidants,
ultraviolet absorbers and photostabilizers bintheopolymer chains formed upon
irradiation of the energy rays, and therefore gestson of the components from the cured
layer over time is suppressed, meaning the fundiaghe components can manifest over
a long period of time.

[0156]

The coating composition preferably contains @aiol as the componeid) (
and more preferably contains a silica sol in whithaverage patrticle size of the silica
microparticles suspended in a colloidal stateasff.03 to 0.05 um.

By including this type of silica sol in the coditayer, the suppression effect on
blocking of the protective film formation sheeeishanced. Further, in the coating layer,
because this type of silica sol is distributed @my, with the sol existing in greater

amounts at the surface on the opposite side frensubstrate side and in regions near
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that surface rather than other regions, the supjareeffect on blocking of the protective
film formation sheet is enhanced even further. uieven distribution of components
such as the silica sol in the coating layer caadigeved by appropriate adjustment of
the coating conditions for the coating composition.

[0157]

<<Manufacturing Method for Coating Composition>>

The coating composition can be obtained by blenttie components used for
forming the coating composition, such as the eneagypolymerizable compounds such
as the componen&) and the componen), and any other components that may be
added as necessary. With the exception of havffereht blend components, the
coating composition can be obtained using the saetbod as that described above for
the adhesive composition.

In those cases where a solvent is used, the satvaynfirst be mixed with one of
the other components besides the solvent to dihe®ther component, or the solvent
may simply be mixed with the other blend componexwitsout being used to first dilute
one of the other components.

The components besides the solvent in the coatingposition may be dissolved,
or may be dispersed without being dissolved. Theeeno particular limitations on the
concentration of each component or the viscosityefcoating composition, provided
the coating composition can be applied favorably.

Application of the coating composition may be peried 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 coateyelear coater or kiss coater.

[0158]
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> Protective Film Formation Layer

The protective film formation layer may be eitheat-curable or energy ray-
curable. The protective film formation layer urglees curing to finally become a
protective film having superior impact resistanddais protective film prevents the
occurrence of cracking in the semiconductor chipstéps from the dicing step onward.

The protective film formation layer can be formesing a heat-curable protective
film formation layer composition or an energy ray-able protective film formation
layer composition described below (and hereaftetljoreferred to as the "protective
film formation layer composition").

[0159]

The protective film formation layer may be compmbsé only one layer (a single
layer), or may have a plurality of two or more lesjeand in the case of a plurality of
layers, the plurality of layers may be the samdifferent, and the combination of the
plurality of layers is not particularly limited.

[0160]

Although there are no particular limitations o thickness of the protective film
formation layer, the thickness is preferably froo LOO pm, more preferably from 5 to
75 um, and particularly preferably from 5 to 50 pEnsuring that the thickness of the
protective film formation layer is at least as s the above lower limit means that
when laser printing is performed by irradiatingaadr onto the protective film or the
protective film formation layer, the effect of ttager in preventing damage to the
semiconductor wafer as a result of laser penetratm be enhanced. Further, the
protective action of the protective film also impes. On the other hand, by ensuring
that the thickness of the protective film formatlager is not more than the above upper

limit, the degree of shrinkage of the film duringriog is reduced, and the reduction
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effect on warping of the semiconductor chips witbratective film is enhanced. Further,
when a temperature cycling test is performed, stgeseration caused by the difference
in the coefficients of linear expansion of the paive film and the semiconductor wafer
is suppressed, thus enhancing the suppressiorn effetetachment of the protective film
from the semiconductor wafer.

Here, the "thickness of the protective film forioatlayer" means the thickness
of the entire protective film formation layer, $@t the thickness of a protective film
formation layer composed of a plurality of layersans the total thickness of all of the
layers that constitute the protective film formatiayer.

[0161]
- Heat-Curable Protective Film Formation Layer

An example of a preferred heat-curable protedtioeformation layer is a layer
containing a polymer component (A) and a heat-darabmponent (B). The polymer
component (A) is a component that is considerdthi@ been formed by a
polymerization reaction of a polymerizable compaukdrther, 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.

[0162]
<<Heat-Curable Protective Film Formation Layer Cosipjon>>

The heat-curable protective film formation layande formed from a heat-
curable protective film formation layer compositioontaining the constituent materials
for the layer. For example, by applying the haatble protective film formation layer
composition to a formation target surface for teathcurable protective film formation

layer, and then performing drying as necessaryhéa-curable protective film
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formation layer can be formed in the targeted negi®he ratio between the amounts of
those components within the heat-curable protediiiveformation layer composition

that do not volatilize at normal temperature isdgfly the same as the ratio between the
amounts of those components in the heat-curabtegiiree film formation layer.

Here, "normal temperature” is as defined above.

[0163]

Application of the heat-curable protective filntriation layer composition may
be performed using a conventional method, and elemipclude methods that use any
of various coaters such as an air knife coatedebtaater, bar coater, gravure coater, roll
coater, roll knife coater, curtain coater, die eogknife coater, screen coater, Meyer bar
coater or kiss coater.

[0164]

There are no particular limitations on the dryawognditions for the heat-curable
protective film formation layer composition, buttimse cases where the heat-curable
protective film formation layer composition contsia solvent described below, drying
under heat is preferably performed, and in suchs;adrying is preferably performed, for
example, under conditions of 70 to 130°C for 10osels to 5 minutes.

[0165]
<Protective Film Formation Layer Composition (1)1

An example of the heat-curable protective filrmiiation layer composition is a
heat-curable protective film formation layer comitios (l1l-1) (in this description, also
abbreviated as "the protective film formation lagemposition (llI-1)") containing a
polymer component (A) and a heat-curable compofint
[0166]

[Polymer Component (A)]
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The polymer component (A) is a polymer compouretusr imparting the heat-
curable protective film formation layer with filneffming characteristics and flexibility
and the like.

The polymer component (A) contained in the pratectiim formation layer
composition (IlI-1) and the heat-curable protecfia formation layer may be a single
polymer or two or more polymers, and in the casevofor more polymers, the
combination and ratio between those polymers masebexted as desired.

[0167]

Examples of the polymer component (A) include bBeityased resins (for
example, resins having (meth)acryloyl groups), estgrs, urethane-based resins (for
example, resins having urethane linkages), acuybthane resins, silicone-based resins
(for example, resins having siloxane linkages)perrkbased resins (for example, resins
having rubber structures), phenoxy resins and twable polyimides, and acrylic-based
resins are preferred.

[0168]

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.
Provided the weight average molecular weight ofatwylic-based resin is at least as
large as the above lower limit, the shape staliitg stability over time upon storage) of
the heat-curable protective film formation layepioves. Further, provided the weight
average molecular weight of the acrylic-based ressimot more than the above upper

limit, the heat-curable protective film formaticayer can more easily conform to any
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uneven surfaces on the adherend, thus suppressirmgturrence of voids or the like
between the adherend and the heat-curable pragddtivformation layer.
[0169]

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 support stsestippressed, thus improving the
releasability of the support sheet. Further, bsueing that the Tg of the acrylic-based
resin is not more than the above upper limit, tifeesive strength between the heat-
curable protective film formation layer and thetpative film adherend can be
increased.

In this description, the "glass transition tempenel’ is obtained by measuring a
DSC curve for a sample using a differential scaguialorimeter, and represents the
temperature at the inflection point in the obtaiD&RIC curve.

[0170]

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

[0171]

Examples of the monomer that constitutes the mebgsed resin include alkyl
(meth)acrylate esters in which the alkyl group tt@atstitutes the alkyl ester is a chain-
like structure of 1 to 18 carbon atoms, such ahyhémeth)acrylate, ethyl
(meth)acrylate, n-propyl (meth)acrylate, isoprofgeth)acrylate, n-butyl

(meth)acrylate, isobutyl (meth)acrylate, sec-b(tyéth)acrylate, tert-butyl
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(meth)acrylate, pentyl (meth)acrylate, hexyl (mathylate, heptyl (meth)acrylate, 2-
ethylhexyl (meth)acrylate, isooctyl (meth)acrylaieyctyl (meth)acrylate, n-nonyl
(meth)acrylate, isononyl (meth)acrylate, decyl (mat¢rylate, undecyl (meth)acrylate,
dodecyl (meth)acrylate (also called lauryl (methykate), tridecyl (meth)acrylate,
tetradecyl (meth)acrylate (also called myristyl {(macrylate), pentadecyl
(meth)acrylate, hexadecyl (meth)acrylate (alscedatlalmityl (meth)acrylate),
heptadecyl (meth)acrylate, and octadecyl (meth)aiayalso called 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 dipehenyl (meth)acrylate;

cycloalkenyloxyalkyl (meth)acrylate esters suchiiayclopentenyloxyethyl
(meth)acrylate;

(meth)acrylimides;

glycidyl group-containing (meth)acrylate estershsas 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 "subsiuamino 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.
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Among the above compounds, n-butyl acrylate, nietbsylate, glycidyl
methacrylate, and 2-hydroxyethyl acrylate and ikeedre preferred.
[0172]

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

[0173]

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

[0174]

The acrylic-based resin may have a functional gttat 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
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 afdi using the protective film formation
sheet.

[0175]

In the present invention, a thermoplastic resireothan an acrylic-based resin

(hereafter sometimes abbreviated as simply "thertbplastic resin") may be used in

combination with an acrylic-based resin as the pelycomponent (A).



71

Using the thermoplastic resin can improve theasddility of the protective film
from the support sheet and make the heat-curabtegdive film formation layer
conform more easily to uneven surfaces on the adidethus better suppressing the
occurrence of voids and the like between the aditea@d the heat-curable protective
film formation layer.

[0176]

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

[0177]

The glass transition temperature (Tg) of the tlugaliawstic resin is preferably from
-30 to 150°C, and more preferably from -20 to 120°C
[0178]

Examples of the thermoplastic resin include pabses polyurethanes, phenoxy
resins, polybutenes, polybutadienes and polystgrene
[0179]

The thermoplastic resin contained in the protectivn formation layer
composition (IlI-1) and the heat-curable protecfilra formation layer may be a single
resin or two or more resins, and in the case ofdwmore thermoplastic resins, the
combination and ratio between those resins magleeted as desired.

[0180]

The amount of the polymer component (A), regasdtdshe type of polymer
component (A), is preferably from 5 to 50% by mamsere preferably from 10 to 40% by
mass, and particularly preferably from 15 to 35%ninss, relative to the total mass of all

of the components besides the solvent that cotestite protective film formation layer
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composition (llI-1) (namely, relative to the totabss of the heat-curable protective film
formation layer).
[0181]

The polymer component (A) may sometimes also spord with the heat-
curable component (B). In the present inventinrthbse cases where the protective film
formation layer composition (IlI-1) contains thygpe of component that corresponds
with both the polymer component (A) and the hea&ble component (B), the protective
film formation layer composition (Ill-1) is deeméalinclude both the polymer
component (A) and the heat-curable component (B).

[0182]
[Heat-Curable Component (B)]

The heat-curable component (B) is the componesd & curing the heat-
curable protective film formation layer to form artl protective film.

The heat-curable component (B) contained in tléeptive film formation layer
composition (llI-1) and the heat-curable protecfilra formation layer may be a single
component or two or more components, and in the casvo or more components, the
combination and ratio between those componentshaaglected as desired.

[0183]

Examples of the heat-curable component (B) inckutexy-based heat-curable
resins, heat-curable polyimides, polyurethanesatumated polyesters and silicone resins,
and epoxy-based heat-curable resins are preferred.

[0184]
(Epoxy-Based Heat-Curable Resin)
An epoxy-based heat-curable resin is composed epaxy resin (B1) and a heat

curing agent (B2).
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The epoxy-based heat-curable resin containeceiptbtective film formation
layer composition (I11-1) and the heat-curable pobive film formation layer may be a
single resin or two or more resins, and in the cdig@/o or more resins, the combination
and ratio between those resins may be selecteesagd.

[0185]
- Epoxy Resin (B1)

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

Among the above resins, bisphenol A epoxy resitiscicyclopentadiene epoxy
resins and the like are preferred.

[0186]

An epoxy resin having an unsaturated hydrocarlvongmay 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 epmesin having an unsaturated
hydrocarbon group, the reliability of a packageaote#d using the protective film
formation sheet can be improved.

[0187]

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 satunated hydrocarbon group.
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Examples of this type of compound include compouwiatained by performing an
addition reaction of (meth)acrylic acid or a detive thereof to an epoxy resin.

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

The unsaturated hydrocarbon group is an unsatugaiteip 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.

[0188]

Although there are no particular limitations oe titumber average molecular
weight of the epoxy resin (B1), from the viewpointghe curability of the heat-curable
protective film formation layer, and the strengtiudneat resistance of the cured
protective film, the number average molecular weiglpreferably from 300 to 30,000,
more preferably from 300 to 10,000, and particylareferably from 300 to 3,000.

In this description, unless specifically stateldentvise, the "number average
molecular weight" means the number average moleatd@ht represented as a
polystyrene-equivalent value measured by a gel gation chromatography (GPC)
method. The epoxy equivalent weight of the epe@sirr (B1) is preferably from 100 to
1,100 g/eq, and more preferably from 150 to 1,0@Q0.9

In this description, the "epoxy equivalent weigm®ans the number of grams of
the epoxy compound containing one gram equivaleapoxy groups (g/eq), and can be
measured in accordance with the method prescribdtsiK 7236:2001.

[0189]
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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.

[0190]
- 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 gr@und of these, a phenolic
hydroxyl group, amino group or acid anhydride graapreferred, and a phenolic
hydroxyl group or amino group is more preferred.

[0191]

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.

[0192]

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 containing aatunated hydrocarbon 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
[0193]

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 support sheet,
the heat curing agent (B2) preferably has higheafor the softening point and glass
transition temperature.

[0194]

It is preferable that the heat curing agent (B2alid and exhibits no curing
activity relative to the epoxy resin (B1) at norrtexthperature, but then melts upon
heating, and then exhibits curing activity relatiwghe epoxy resin (B1) (hereafter also
referred to as a "heat-activated latent epoxy resiimg agent”).

The heat-activated latent epoxy resin curing agedispersed stably in the epoxy
resin (B1) of the heat-curable protective film fation layer at normal temperature, but
then undergoes mutual dissolution with the epoginréB1) upon heating, causing
reaction with the epoxy resin (B1). By using atkeativated latent epoxy resin curing
agent, the storage stability of the protective fibonmation sheet improves markedly. For
example, migration of the curing agent from thetgetve film formation film into the
adjacent support sheet is suppressed, and anyodatien in the heat curability of the
heat-curable protective film formation layer candfiectively suppressed.

Consequently, because the degree of heat curing hgating of the heat-curable
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protective film formation layer can be improved fickup characteristics of the
semiconductor chips with a protective film desadlelow can be further improved.
[0195]

Examples of the above heat-activated latent epesiyn curing agent include
onium salts, dibasic acid hydrazides, dicyandiamaael amine adducts of curing agents.
[0196]

Among the various heat curing agents (B2), thelremaverage 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 schighenol and dicyandiamide, but
the molecular weight is preferably from 60 to 500.

[0197]

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

[0198]

In the protective film formation layer compositidi-1) and the heat-curable
protective film formation layer, the amount of teat curing agent (B2) is preferably
from 0.1 to 500 parts by mass, and more preferfabiy 1 to 200 parts by mass, per 100
parts by mass of the epoxy resin (B1). Ensurilag tifle amount of the heat curing agent
(B2) is at least as large as the above lower kmébles the curing of the heat-curable

protective film formation layer to proceed morediéa Further, by ensuring that the
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amount of the heat curing agent (B2) is not moaa tthe above upper limit, the
coefficient of moisture absorption for the heatahle protective film formation layer is
reduced, and the reliability of a package obtaim&dg the protective film formation
sheet can be further improved.

[0199]

In the protective film formation layer compositidii-1) and the heat-curable
protective film formation layer, the amount of theat-curable component (B) (for
example, the total amount of the epoxy resin (Bi) the heat curing agent (B2)) is
preferably from 1 to 100 parts by mass, more padiigrirom 1.5 to 85 parts by mass,
and particularly preferably from 2 to 70 parts bgss, per 100 parts by mass of the
polymer component (A). By ensuring that the amairthe heat-curable component (B)
falls within this type of range, the adhesive sftrbetween the protective film and the
support sheet is suppressed, thus improving tieasability of the support sheet.

In another aspect, the amount of the heat-cu@btgoonent (B) in the protective
film formation layer composition (IlI-1) and the dtecurable protective film formation
layer, relative to the total mass of all the congrun besides the solvent in the protective
film formation layer composition (IlI-1) (namelyelative to the total mass of the heat-
curable protective film formation layer), is predbty from 1 to 90% by mass, more
preferably from 10 to 80% by mass, and even magéepably from 30 to 70% by mass.
[0200]

[Curing Accelerator (C)]

The protective film formation layer compositiohi{1) and the heat-curable
protective film formation layer may also includewring accelerator (C). The curing
accelerator (C) is a component that is used farsaitg the curing rate of the protective

film formation layer composition (ll1-1).
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Examples of preferred curing accelerators (C)uideltertiary amines such as
triethylenediamine, benzyldimethylamine, triethamine, dimethylaminoethanol and
tris(dimethylaminomethyl)phenol; imidazoles suclRamethylimidazole, 2-
phenylimidazole, 2-phenyl-4-methylimidazole, 2-pylef,5-dihydroxymethylimidazole,
and 2-phenyl-4-methyl-5-hydroxymethylimidazole (redynimidazoles in which at least
one hydrogen atom has been substituted with a gsthey than a hydrogen atom);
organophosphines such as tributylphosphine, dighbogphine, and triphenylphosphine
(phosphines in which at least one hydrogen atonbbas substituted with an organic
group); and tetraphenylborates such as tetraphleosfihonium tetraphenylborate and
triphenylphosphine tetraphenylborate.

Among the above compounds, 2-phenyl-4,5-dihydraetfiylimidazole is
preferred.

[0201]

The curing accelerator (C) contained in the ptotedilm formation layer
composition (IlI-1) and the heat-curable protecfilra formation layer may be a single
compound or two or more compounds, and in the cisgo or more compounds, the
combination and ratio between those compounds reagelected as desired.

[0202]

In those cases where the curing accelerator (@ed, the amount of the curing
accelerator (C) in the protective film formatiogyda composition (IlI-1) and the heat-
curable protective film formation layer is prefelsafyom 0.01 to 10 parts by mass, and
more preferably from 0.1 to 5 parts by mass, p@rddrts by mass of the heat-curable
component (B). Ensuring that the amount of thenguaccelerator (C) is at least as large
as the above lower limit enables the effects obthioy using the curing accelerator (C)

manifest more markedly. Further, ensuring thattm@unt of the curing accelerator (C)
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is not more than the above upper limit enablesbstippression of segregation due to
migration of the high-polarity curing accelerat@) fwvithin the heat-curable protective
film formation layer to the bonding interface witle adherend under conditions of high
temperature and high humidity, meaning the relighif a package obtained using the
protective film formation sheet can be further imed.

[0203]

[Filler (D)]

The protective film formation layer compositiohi{1) and the heat-curable
protective film formation layer may also includéleer (D). By including the filler (D)
in the heat-curable protective film formation laytre coefficient of thermal expansion
of the protective film obtained by curing the heatable protective film formation layer
can be more easily adjusted, and by optimizingabefficient of thermal expansion for
the formation target for the protective film, trediability of a package obtained using the
protective film formation sheet can be further ioy@d. Further, by including the filler
(D) in the heat-curable protective film formati@yér, the coefficient of moisture
absorption for the protective film can be reduced the thermal conductivity can be
improved.

[0204]

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

Examples of preferred inorganic fillers includemgiers of silica, alumina, talc,
calcium carbonate, titanium white, red iron oxisiéicon carbide, and boron nitride and
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 preferablsileca or alumina.
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[0205]

The filler (D) contained in the protective filmrfoation layer composition (I11-1)
and the heat-curable protective film formation kayey be a single filler or two or more
fillers, and in the case of two or more fillerse ttombination and ratio between those
fillers may be selected as desired.

[0206]

In those cases where the filler (D) is used, theunt of the filler (D) in the
protective film formation layer composition (lll-19elative to the total amount (total
mass) of all the components besides the solvenédlya the amount of the filler in the
heat-curable protective film formation layer), ieferably from 5 to 80% by mass, and
more preferably from 7 to 60% by mass. Providedamount of the filler (D) falls
within this type of range, the aforementioned aitiiient of the coefficient of thermal
expansion becomes easier.

[0207]
[Coupling Agent (E)]

The protective film formation layer compositiohi{1) and the heat-curable
protective film formation layer may also include@upling agent (E). By using a
compound having a functional group capable of regatith inorganic compounds or
organic compounds as a coupling agent (E), thesaeireess and adhesion of the heat-
curable protective film formation layer to adheremdn be improved. Further, by using
the coupling agent (E), the protective film obtairm®y curing the heat-curable protective
film formation layer exhibits improved water resiste without losing any heat
resistance.

[0208]
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The coupling agent (E) is preferably a compoundrgaa functional group
capable of reacting with the functional groupsha& 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-glycidyloxymegtdiethoxysilane, 2-(3,4-
epoxycyclohexyl)ethyltrimethoxysilane, 3-methacgjtxypropyltrimethoxysilane, 3-
aminopropyltrimethoxysilane, 3-(2-aminoethylaminypyltrimethoxysilane, 3-(2-
aminoethylamino)propylmethyldiethoxysilane, 3-(pyl@mino)propyltrimethoxysilane,
3-anilinopropyltrimethoxysilane, 3-ureidopropylthexysilane, 3-
mercaptopropyltrimethoxysilane, 3-mercaptopropymgktimethoxysilane, bis(3-
triethoxysilylpropyl)tetrasulfane, methyltrimethesilane, methyltriethoxysilane,
vinyltrimethoxysilane, vinyltriacetoxysilane andiaazole silane.

[0209]

The coupling agent (E) contained in the protedfiive formation layer
composition (IlI-1) and the heat-curable protecfilra formation layer may be a single
compound or two or more compounds, and in the cisgo or more compounds, the
combination and ratio between those compounds reaglected as desired.

[0210]

In those cases where the coupling agent (E) i, tse amount of the coupling
agent (E) in the protective film formation layemngoosition (l1I-1) and the heat-curable
protective film formation layer is preferably frdd03 to 20 parts by mass, more
preferably from 0.05 to 10 parts by mass, and @asily preferably from 0.1 to 5 parts
by mass, per 100 parts by mass of the total maheqiolymer component (A) and the

heat-curable component (B). Ensuring that the arotthe coupling agent (E) is at
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least as large as the above lower limit enablegftfieets of using the coupling agent (E),
such as an improvement in the dispersibility offther (D) in the resin and an
improvement in the adhesion between the heat-cei@mbltective film formation layer
and the adherend, to manifest more markedly. Egrdnsuring that the amount of the
coupling agent (E) is not more than the above uppérbetter suppresses the
generation of out gas.

[0211]

[Crosslinking Agent (F)]

In those cases where an aforementioned acrylieebaesin having a functional
group such as a vinyl group, (meth)acryloyl groaipjno group, hydroxyl group,
carboxyl group or isocyanate group that can borather compounds is used as the
polymer component (A), the protective film formatimyer composition (llI-1) and the
heat-curable protective film formation layer magainclude a crosslinking agent (F) to
achieve crosslinking by binding this functional gpao other compounds. By
preforming crosslinking using the crosslinking aigé, the initial adhesive strength and
the cohesion of the heat-curable protective filnmfation layer can be adjusted.

[0212]

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

[0213]

Examples of the organic polyvalent isocyanate caumps include aromatic

polyvalent isocyanate compounds, aliphatic polywiaigocyanate compounds and

alicyclic polyvalent isocyanate compounds (hereafteese compounds are sometimes
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jointly referred to as "aromatic polyvalent isocggancompounds and the like"); trimers,
isocyanurates and adducts of these aromatic p@gvaocyanate compounds and the
like; and isocyanate-terminated urethane prepolgraed the like obtained by reacting
aromatic polyvalent isocyanate compounds and Keewith a polyol compound. The
above "adducts" are reaction products of the afergibned aromatic polyvalent
isocyanate compounds, aliphatic polyvalent isocinampounds and alicyclic
polyvalent isocyanate compounds with low-molecularght active hydrogen-containing
compounds such as ethylene glycol, propylene glymmpentyl glycol,
trimethylolpropane or castor oil, and a specifiample is a xylylene diisocyanate adduct
of trimethylolpropane described below. Further;iancyanate-terminated urethane
prepolymer" means a prepolymer having a urethark@adje and also having isocyanate
groups at the molecular terminals.

[0214]

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'-diisocyanafghehylmethane-2,4'-diisocyanate, 3-
methyldiphenylmethane diisocyanate, hexamethyléeeayanate, isophorone
diisocyanate, dicyclohexylmethane-4,4'-diisocyanditeyclohexylmethane-2,4'-
diisocyanate, compounds in which one or two or nudrelylene diisocyanate,
hexamethylene diisocyanate and xylylene diisocyahate been added to some or all of
the hydroxyl groups of a polyol such as trimethgtopane, and lysine diisocyanate.
[0215]

Examples of the organic polyvalent imine compoundtide N,N'-

diphenylmethane-4,4'-bis(1-aziridinecarboxamidanethylolpropane-tr{-
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aziridinylpropionate, tetramethylolmethanefiraziridinylpropionate, and N,N'-toluene-
2,4-bis(1-aziridinecarboxamide)triethylenemelamine.
[0216]

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 ag&iithas isocyanate groups and the
polymer component (A) has hydroxyl groups, reactietween the crosslinking agent (F)
and the polymer component (A) can easily introderosslinked structures into the heat-
curable protective film formation layer.

[0217]

The crosslinking agent (F) contained in the pridtedilm formation layer
composition (IlI-1) and the heat-curable protecfilra formation layer may be a single
compound or two or more compounds, and in the cbsgo or more compounds, the
combination and ratio between those compounds reagelected as desired.

[0218]

In those cases where the crosslinking agent (#3esl, the amount of the
crosslinking agent (F) in the protective film fortiaa layer composition (l11-1) is
preferably from 0.01 to 20 parts by mass, moreguadfly from 0.1 to 10 parts by mass,
and particularly preferably from 0.5 to 5 partsrbgss, per 100 parts by mass of the
polymer component (A). Ensuring that the amounthefcrosslinking agent (F) is at
least as large as the above lower limit enablesii&ined by using the crosslinking
agent (F) to manifest more markedly. Further, fisueing that the amount of the
crosslinking agent (F) is not more than the abgygeu limit, any excessive reduction in

the adhesive strength between the heat-curablegtine film formation layer and the
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support sheet, or the adhesive strength betweemetitecurable protective film
formation layer and the semiconductor wafer or semiluctor chip can be suppressed.

In the present invention, the effects of the pnesevention can be satisfactorily
obtained without using the crosslinking agent (F).

[0219]
[Energy Ray-Curable Resin (G)]

The protective film formation layer compositiomi{1) may contain an energy
ray-curable resin (G). By including the energy-cayable resin (G), the properties of
the heat-curable protective film formation layen &g altered by irradiation with energy
rays.

[0220]

The energy ray-curable resin (G) is a resin okthioy 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.

[0221]

Examples of the acrylate-based compounds inclhdandike aliphatic skeleton-
containing (meth)acrylates such as trimethylolpraptxi(meth)acrylate,
tetramethylolmethane tetra(meth)acrylate, penthatgt trilmeth)acrylate,
dipentaerythritol monohydroxy penta(meth)acrylaipentaerythritol
hexa(meth)acrylate, 1,4-butylene glycol di(methybate, and 1,6-hexanediol
di(meth)acrylate; cyclic aliphatic skeleton-contag(meth)acrylates such as
dicyclopentanyl di(meth)acrylate; polyalkylene giy¢meth)acrylates such as

polyethylene glycol di(meth)acrylate; urethane (myatrylate oligomers; epoxy-



87

modified (meth)acrylates; polyether (meth)acrylaiteer than the above polyalkylene
glycol (meth)acrylates; and itaconic acid oligomers
[0222]

The weight average molecular weight of the eneagycurable compound is
preferably from 100 to 30,000, and is more prefgréiom 300 to 10,000.

[0223]

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

[0224]

The energy ray-curable resin (G) contained inptfagective film formation layer
composition (IlI-1) may be a single resin or twonoore resins, and in the case of two or
more resins, the combination and ratio betweerethesins may be selected as desired.
[0225]

The amount of the energy ray-curable resin (Ghéprotective film formation
layer composition (IlI-1), relative to the total ssaof all of the components besides the
solvent in the protective film formation layer coastion (l11-1), is preferably from 1 to
95% by mass, more preferably from 2 to 90% by masd,particularly preferably from
3 to 85% by mass.

[0226]
[Photopolymerization Initiator (H)]

In those cases where the protective film formalayer composition (l11-1)
contains the energy ray-curable resin (G), the @asmipn may also include a
photopolymerization initiator (H) to enable the yrakrization reaction of the energy

ray-curable resin (G) to proceed more efficiently.
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[0227]

Examples of the photopolymerization initiator (H)Xhe protective film
formation layer composition (IlI-1) include the samphotopolymerization initiators as
those included in the adhesive composition (ii).

[0228]

The photopolymerization initiator (H) containedtie protective film formation
layer composition (11l-1) may be a single initiatmrtwo or more initiators, and in the
case of two or more initiators, the combination &attb between those initiators may be
selected as desired.

[0229]

The amount of the photopolymerization initiator) {H the protective film
formation layer composition (l11-1) is preferablyppim 0.1 to 20 parts by mass, more
preferably from 1 to 10 parts by mass, and paditylpreferably from 2 to 5 parts by
mass, per 100 parts by mass of the energy ray-eurasin (G).

[0230]
[Colorant (1)]

The protective film formation layer compositiohi{1) and the heat-curable
protective film formation layer may also includeaorant (I).

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

[0231]

Examples of the organic pigments and organic dydade aminium-based
colorants, cyanine-based colorants, merocyanineebeslorants, croconium-based
colorants, squalium-based colorants, azuleniumebeskrants, polymethine-based

colorants, naphthoquinone-based colorants, pyryliased colorants, phthalocyanine-
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based colorants, naphthalocyanine-based colomagsitholactam-based colorants, azo-
based colorants, condensed azo-based colorango-bdsed colorants, perinone-based
colorants, perylene-based colorants, dioxazineebesmrants, quinacridone-based
colorants, isoindolinone-based colorants, quinaglbtie-based colorants, pyrrole-based
colorants, thioindigo-based colorants, metal comypi@sed colorants (metal complex
dyes), dithiol metal complex-based colorants, iegaienol-based colorants,
triarylmethane-based colorants, anthraquinone-besiedants, naphthol-based colorants,
azomethine-based colorants, benzimidazolone-basdedhats, pyranthrone-based
colorants, and threne-based colorants.

[0232]

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

[0233]

The colorant (I) contained in the protective filonmation layer composition (I11-
1) and the heat-curable protective film formatiapdr may be a single colorant or two or
more colorants, and in the case of two or moreraoks, the combination and ratio
between those colorants may be selected as desired.

[0234]

In those cases where the colorant () is usedati@unt of the colorant (1) in the
heat-curable protective film formation layer mayde¢ appropriately in accordance with
the intended purpose. For example, the protefitmemay sometimes be subjected to

printing by laser irradiation, and by adjusting #maount of the colorant (1) in the heat-
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curable protective film formation layer to adjuse fight transmittance of the protective
film, the design aesthetics of the protective fdam be improved, and grinding traces on
the back surface of the semiconductor wafer cdpelier concealed. Considering these
points, the amount of the colorant (l) relativehe total amount (total mass) of all of the
components besides the solvent in the protectivefirmation layer composition (l11-1)
(namely, the amount of the colorant (1) in the haatble protective film formation
layer) is preferably from 0.1 to 10% by mass, numeferably from 0.1 to 7.5% by mass,
and particularly preferably from 0.1 to 5% by ma&ssuring that the amount of the
colorant (1) is at least as large as the above dwet enables the effects of using the
colorant (I) to manifest more markedly. Furthersaring that the amount of the colorant
() is not more than the above upper limit suppeesy excessive reduction in the light
transmittance of the heat-curable protective fitnmfation layer.

[0235]

[General-Purpose Additives (J)]

The protective film formation layer compositiohi{1) and the heat-curable
protective film formation layer may also includengeal-purpose additives (J), provided
the effects of the present invention are not ingzhir

The general-purpose additives (J) may be knowitiges, and may be selected
in accordance with the intended purpose, and ajmdlere are no particular limitations,
examples of preferred additives include plastiGzantistatic agents, antioxidants, and
gettering agents.

[0236]

The general-purpose additives (I) contained inpttmeective film formation layer

composition (llI-1) and the heat-curable protecfilra formation layer may be a single

general-purpose additive or two or more generappse additives, and in the case of
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two or more additives, the combination and ratimeen those additives may be
selected as desired.

There are no particular limitations on the amafrgeneral-purpose additives (1)
in the protective film formation layer compositi@ifi-1) and the heat-curable protective
film formation layer, and the amount may be seketgpropriately in accordance with
the intended purpose.

[0237]
[Solvent]

The protective film formation layer compositiohi{1) preferably also includes a
solvent. A protective film formation layer compian (111-1) containing a solvent
exhibits improved handling properties.

There are no particular limitations on the solyént examples of preferred
solvents include hydrocarbons such as toluene gledie; alcohols such as methanol,
ethanol, 2-propanol, isobutyl alcohol (2-methylpogl-ol) and 1-butanol; esters such as
ethyl acetate and butyl acetate; ketones sucheasrazand methyl ethyl ketone; ethers
such as tetrahydrofuran; and amides (compoundsagawi amide linkage) such as
dimethylformamide and N-methylpyrrolidone.

The solvent contained in the protective film fotioa layer composition (111-1)
may be a single solvent or two or more solventd,iarthe case of two or more solvents,
the combination and ratio between those solvenisbaaselected as desired.

[0238]

In terms of enabling the components in the protedtim formation layer

composition (lll-1) to be mixed more uniformly, teelvent contained in the protective

film formation layer composition (Ill-1) is prefdsly methyl ethyl ketone or the like.
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The amount of the solvent is preferably adjustethat the solid fraction
concentration of the protective film formation comsgion is from 10 to 80% by mass,
more preferably from 20 to 70% by mass, and everepeferably from 30 to 65% by
mass, relative to the total mass of the protedtirreformation composition.

[0239]
<<Manufacturing Method for Heat-Curable Protectien Formation Layer
Composition>>

The heat-curable protective film formation layengposition such as the
protective film formation layer composition (lll-tan be obtained by blending together
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 satvaynfirst 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 methedd 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 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 appropnatevided the blended component does
not degrade, but the temperature is preferably ftérto 30°C.

[0240]
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- Energy Ray-Curable Protective Film Formation Lraye

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

The energy ray-curable component (a) is preferatbéin uncured state and
preferably has adhesiveness, and is more prefeirably uncured state that exhibits
adhesiveness. Here, the terms "energy rays" aratdg ray-curable" are as defined
above.

[0241]
<<Energy Ray-Curable Protective Film Formation Lra@emposition>>

The energy ray-curable protective film formatiagdr can be formed from an
energy ray-curable protective film formation lagemposition containing the
constituent materials for the layer. For exambpleapplying the energy ray-curable
protective film formation layer composition to arfmation target surface for the energy
ray-curable protective film formation layer, an@thperforming drying as necessary, the
energy ray-curable protective film formation lagan be formed in the targeted region.
The ratio between the amounts of those componettignthe energy ray-curable
protective film formation layer composition that dot volatilize at normal temperature
is typically the same as the ratio between the antsoof those components in the energy
ray-curable protective film formation layer. Heteormal temperature"” is as defined
above.

[0242]

Application of the energy ray-curable protectiimfformation layer composition

may be performed using a conventional method, aachples include methods that use

any of various coaters such as an air knife cobtede coater, bar coater, gravure coater,
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roll coater, roll knife coater, curtain coater, deater, knife coater, screen coater, Meyer
bar coater or kiss coater.
[0243]

There are no particular limitations on the dryaugditions for the energy ray-
curable protective film formation layer compositidrut in those cases where the energy
ray-curable protective film formation layer comgasi contains a solvent described
below, drying under heat is preferably performet] @ such cases, drying is preferably
performed, for example, under conditions of 7030°C for 10 seconds to 5 minutes.
[0244]
<Protective Film Formation Layer Composition (I\V>1)

An example of the energy ray-curable protectiira formation layer
composition is an energy ray-curable protectiva fibrmation layer composition (IV-1)
(in this description, also abbreviated as "thequtite film formation layer composition
(IV-1)") containing the aforementioned energy rayable component (a).

[0245]
[Energy Ray-Curable Component (a)]

The energy ray-curable component (a) is a comgdhahcures upon irradiation
with energy rays, and is a component that is usedrfparting the energy ray-curable
protective film formation layer with film formingharacteristics and flexibility and the
like.

Examples of the energy ray-curable componenn@yde polymers (al) having
an energy ray-curable group and having a weightsgeemolecular weight of 80,000 to
2,000,000, and compounds (a2) having an energgueable group and having a weight
average molecular weight of 100 to 80,000. Thgrmer (al) may be at least partially

crosslinked with a crosslinking agent, or may haeerosslinking.
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[0246]
(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 energyctagble group and having a
weight average molecular weight of 80,000 to 2,000,include acrylic-based resins (al-
1) formed by an addition reaction between an actlydéised polymer (all) having a
functional group capable of reacting with a grofipmmother compound, and an energy
ray-curable compound (al2) having a group thattseaith the functional group and
also having an energy ray-curable group such &nhargy ray-curable double bond or
the like.

[0247]

Examples of the functional group in the acrylicéd polymer (all) capable of
reacting with a group of another compound includydroxyl group, carboxyl group,
amino group, substituted amino group (a group irctvione or two hydrogen atoms of
an amino group have each been substituted witbwpgsther than a hydrogen atom),
and epoxy group. However, in terms of preventiogasion of the circuit of the
semiconductor wafer or semiconductor chip or tke, lthe functional group is preferably
a group other than a carboxyl group.

Among the above options, the functional groupréfgrably a hydroxyl group.
[0248]

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

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

polymers obtained by copolymerizing an acrylic-lteseonomer 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.

[0249]

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.

[0250]

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 (mgreksaturated alcohols not having a
(meth)acryloyl skeleton) such as vinyl alcohol afigll alcohol.

[0251]

Examples of the carboxyl group-containing mononireckide ethylenic
unsaturated monocarboxylic acids (namely, monocattmoacids having an ethylenic
unsaturated bond) such as (meth)acrylic acid aotic acid; ethylenic unsaturated
dicarboxylic acids (namely, dicarboxylic acids hmayan ethylenic unsaturated bond)
such as fumaric acid, itaconic acid, maleic acidl @traconic acid; and carboxyalkyl
(meth)acrylate esters such as 2-carboxyethyl mstlade.

[0252]
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The acrylic-based monomer having the functionalgris preferably a hydroxyl
group-containing monomer or a carboxyl group-caniegy monomer, and is more
preferably a hydroxyl group-containing monomer.

[0253]

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.

[0254]

The aforementioned acrylic-based monomer not Ilgatvia functional group is
preferably a (meth)acrylate ester in which the ldkgup that constitutes the alkyl ester
is a chain-like structure of 1 to 18 carbon atoams| specific examples include methyl
(meth)acrylate, ethyl (meth)acrylate, n-propyl (matrylate, isopropyl (meth)acrylate,
n-butyl (meth)acrylate, isobutyl (meth)acrylate;-beityl (meth)acrylate, tert-butyl
(meth)acrylate, pentyl (meth)acrylate, hexyl (mathylate, heptyl (meth)acrylate, 2-
ethylhexyl (meth)acrylate, isooctyl (meth)acrylaieyctyl (meth)acrylate, n-nonyl
(meth)acrylate, isononyl (meth)acrylate, decyl (matrylate, undecyl (meth)acrylate,
dodecyl (meth)acrylate (also called lauryl (methykate), tridecyl (meth)acrylate,
tetradecyl (meth)acrylate (also called myristyl {(macrylate), pentadecyl
(meth)acrylate, hexadecyl (meth)acrylate (alscedatlalmityl (meth)acrylate),
heptadecyl (meth)acrylate, and octadecyl (meth)aiayalso called stearyl
(meth)acrylate).

[0255]
Other examples of the acrylic-based monomer na@hahe functional group

include alkoxyalkyl group-containing (meth)acrylatgters such as methoxymethyl
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(meth)acrylate, methoxyethyl (meth)acrylate, etim&thyl (meth)acrylate, and
ethoxyethyl (meth)acrylate; (meth)acrylate estengrig an aromatic group, including
aryl (meth)acrylate esters such as phenyl (metflgter non-crosslinked
(meth)acrylamides and derivatives thereof; and crasslinked (meth)acrylate esters
having a tertiary amino group such as N,N-dimetimteoethyl (meth)acrylate and N,N-
dimethylaminopropyl (meth)acrylate.

[0256]

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

[0257]

Examples of the aforementioned non-acrylic-basedamer include olefins such
as ethylene and norbornene, vinyl acetate, andrstyr

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

[0258]

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 manore preferably from 1 to 40% by
mass, and particularly preferably from 3 to 30%nmss. By ensuring that this

proportion falls within this type of range, the amo of energy ray-curable groups in the



99

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

[0259]

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.
[0260]

- 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 ialdepof 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 gioeipsdcyanate group can react easily
with the hydroxyl groups of an acrylic-based polyrtel1) containing hydroxyl groups
as the aforementioned functional group.

[0261]

The energy ray-curable compound (al2) preferafdylhto 5, and more
preferably 1 or 2, of the energy ray-curable growftkin a single molecule.
[0262]

Examples of the energy ray-curable compound (atR)de 2-
methacryloyloxyethyl isocyanate, meta-isopropenyhtdimethylbenzyl isocyanate,

methacryloyl isocyanate, allyl isocyanate, 1,14brgloyloxymethyl)ethyl isocyanate;
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acryloyl monoisocyanate compounds obtained bytirga diisocyanate
compound or a polyisocyanate compound with hydrthgtgmeth)acrylate; and

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

Among these, the energy ray-curable compound (aX&kferably 2-
methacryloyloxyethyl isocyanate.
[0263]

The energy ray-curable compound (al2) that caniesitthe 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.

[0264]

The amount of the acrylic-based resin (al-1)tikeeo the total mass of all of
the components besides the solvent in the eneygguiable protective film formation
layer composition (1V-1), is preferably from 1 t6% by mass, more preferably from 2
to 30% by mass, and particularly preferably fromo 20% by mass.

[0265]

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 toeylec-based polymer (all) is
preferably from 20 to 120 mol%, more preferablynfr85 to 100 mol%, and particularly
preferably from 50 to 100 mol%. Ensuring thatitho between these amounts falls
within this type of range increases the adhesinength of the protective film following

curing. In those cases where the energy ray-cei@hpound (al2) is a monofunctional
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compound (having only one of the above groupssmgle molecule), the upper limit for
the above ratio becomes 100%, but when the enasggurable compound (al2) is a
polyfunctional compound (having two or more of reups in a single molecule), the
upper limit for the above ratio may sometimes edcEe0%.

[0266]

The weight average molecular weight (Mw) of théypter (al) is preferably
from 100,000 to 2,000,000, and is more preferatadynf300,000 to 1,500,000.

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

[0267]

In those cases where the polymer (al) is at fashlly 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 amtbat 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 (al12) thaitseaith the aforementioned
functional group.

[0268]

The polymer (al) contained in the energy ray-clergbotective film formation
layer composition (IV-1) and the energy ray-curgiietective film formation layer may
be a single polymer or two or more polymers, anthéncase of two or more polymers,
the combination and ratio between those polymensheaselected as desired.

[0269]
(Compound (a2) having an Energy Ray-Curable Growphaving a Weight Average

Molecular Weight of 100 to 80,000)
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Examples of the energy ray-curable group of themaund (a2) having an energy
ray-curable group and having a weight average mtdeeveight of 100 to 80,000
include groups containing an energy ray-curablebtiobond, and preferred groups
include a (meth)acryloyl group and a vinyl group.

[0270]

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

[0271]

Among these various forms of the compound (a2)igles 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)acryboywopyl 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, tricydécanedimethanol
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
di(meth)acrylate, polypropylene glycol di(meth)datg, polytetramethylene glycol

di(meth)acrylate, ethylene glycol di(meth)acrylatethylene glycol di(meth)acrylate,
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triethylene glycol di(meth)acrylate, 2,2-bis[4-((tncryloxyethoxy)phenyl]propane,
neopentyl glycol di(meth)acrylate, ethoxylated piepe 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 trilmeth)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 asthane (meth)acrylate
oligomers.

[0272]

Among the various forms of the compound (a2), exasof epoxy resins having
an energy ray-curable group and phenol resins bavnenergy 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-baeible component described below,
but in this invention, is treated as the aforenwrdd compound (a2).

[0273]

The compound (a2) has a weight average molecwdayhivthat is preferably
from 100 to 30,000, and more preferably from 30Q@@m®00.
[0274]

The compound (a2) contained in the energy raykternarotective film formation
layer composition (IV-1) and the energy ray-curgiretective film formation layer may

be a single compound or two or more compoundsjratite case of two or more
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compounds, the combination and ratio between thosgounds may be selected as
desired.

[0275]

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

In those cases where the energy ray-curable praegdm formation layer
composition (IV-1) and the energy ray-curable prote film formation layer contain
the above compound (a2) as the energy ray-curabi@anent (a), a polymer (b) not
having an energy ray-curable group is preferaldyp aicluded.

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

[0276]

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

Among these, the polymer (b) is preferably anlactyased polymer (hereafter
sometimes referred to as the "acrylic-based polyimdy)")

[0277]

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 gemmnomers other than acrylic-
based monomers (namely, non-acrylic-based monomers)

[0278]
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
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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

[0279]

The above alkyl (meth)acrylate esters are prefgrkyl (meth)acrylate esters in
which the alkyl group that constitutes the alkyteess a chain-like structure of 1 to 18
carbon atoms, and specific examples include méthgth)acrylate, ethyl (meth)acrylate,
n-propyl (meth)acrylate, isopropyl (meth)acrylatdyutyl (meth)acrylate, isobutyl
(meth)acrylate, sec-butyl (meth)acrylate, tert-b(ityeth)acrylate, pentyl (meth)acrylate,
hexyl (meth)acrylate, heptyl (meth)acrylate, 2-#tkyyl (meth)acrylate, isooctyl
(meth)acrylate, n-octyl (meth)acrylate, n-nonyl {iecrylate, isononyl (meth)acrylate,
decyl (meth)acrylate, undecyl (meth)acrylate, dgtiGueth)acrylate (also called lauryl
(meth)acrylate), tridecyl (meth)acrylate, tetraddoyeth)acrylate (also called myristyl
(meth)acrylate), pentadecyl (meth)acrylate, hexgdeeeth)acrylate (also called
palmityl (meth)acrylate), heptadecyl (meth)acrylaed octadecyl (meth)acrylate (also
called stearyl (meth)acrylate).

[0280]

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

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

cycloalkenyl (meth)acrylate esters such as digetbenyl (meth)acrylate; and

cycloalkenyloxyalkyl (meth)acrylate esters sucliliggclopentenyloxyethyl
(meth)acrylate.

[0281]
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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 thhacrylate.

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

[0282]

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

[0283]

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@mpately in accordance with
the variety and the like of the crosslinking ageunigl there are no particular limitations.
For example, when the crosslinking agent is a polyyanate compound, examples of the
reactive functional group include a hydroxyl groagarboxyl group or amino group, and
among these, a hydroxyl group is preferred duehiglaer reactivity with the isocyanate
group. Further, when the crosslinking agent igpoxy-based compound, examples of
the reactive functional group include a carboxylugy, amino group or amide group, and

among these, a carboxyl group is preferred duehiglzer reactivity with the epoxy
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group. However, in terms of preventing corrosibthe circuit of the semiconductor
wafer or semiconductor chip, the reactive functigraup is preferably a group other
than a carboxyl group.
[0284]

Examples of the polymer (b) which has an aforeioaatl 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). For
example, examples of the polymer (b) which havgdidxyl group as the reactive
functional group include polymers obtained by padyiring an aforementioned
hydroxyl group-containing (meth)acrylate ester, atiter examples include polymers
obtained by polymerizing a monomer in which onéway or more hydrogen atoms in
one of the aforementioned acrylic-based monomen®woracrylic-based monomers have
each been substituted with the reactive functignalip.

[0285]

In the polymer (b) having a reactive functionaduw, the proportion (amount) of
the structural unit derived from the monomer hauhmgreactive functional group,
relative to the total mass of all of the structunaits that constitute the polymer (b), is
preferably from 1 to 20% by mass, and more prefgrfibm 2 to 10% by mass.
Ensuring that the proportion falls within this typkrange enables the degree of
crosslinking in the polymer (b) to fall within agierred range.

[0286]
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In terms of achieving more favorable film formidlgaracteristics for the energy
ray-curable protective film formation layer comgas (IV-1), the weight average
molecular weight (Mw) of the polymer (b) not haviag energy ray-curable group is
preferably from 10,000 to 2,000,000, and is moedgrably from 100,000 to 1,500,000.
Here, the "weight average molecular weight" is efinéd above.

[0287]

The polymer (b) not having an energy ray-curalbteig contained in the energy
ray-curable protective film formation layer comgas (IV-1) and the energy ray-
curable protective film formation layer may be agbe polymer or two or more
polymers, and in the case of two or more polym&es combination and ratio between
those polymers may be selected as desired.

[0288]

Examples of the energy ray-curable protective fiinmation layer composition
(IV-1) include compositions containing either omeboth of the aforementioned polymer
(al) and the aforementioned compound (a2). Iretisases where the energy ray-curable
protective film formation layer composition (IV-tpntains the compound (a2), the
composition preferably also contains the polymém having an energy ray-curable
group, and in this case, preferably also contdiasaforementioned (al). The energy
ray-curable protective film formation layer comgasi (IV-1) may also contain both the
polymer (al) and the polymer (b) not having an gneay-curable group, but not
contain the compound (a2).

[0289]

In those cases where the energy ray-curable pineddm formation layer

composition (IV-1) contains the polymer (al), tlenpound (a2) and the polymer (b)

not having an energy ray-curable group, the amotitite compound (a2) in the energy
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ray-curable protective film formation layer comgams (IV-1) is preferably from 10 to
400 parts by mass, and more preferably from 3G@arts by mass, per 100 parts by
mass of the total amount of the polymer (al) aedotblymer (b) not having an energy
ray-curable group.

[0290]

In the energy ray-curable protective film formatiayer composition (IV-1), the
total amount of the energy ray-curable componérarid the polymer (b) not having an
energy ray-curable group relative to the total amdtotal mass) of all of the
components besides the solvent (namely, the totaliat of the energy ray-curable
component (a) and the polymer (b) not having amggneay-curable group in the energy
ray-curable protective film formation layer) is f@eably from 5 to 90% by mass, more
preferably from 10 to 80% by mass, and particulpriferably from 20 to 70% by mass.
Ensuring that the proportion of energy ray-curatdmponents falls within this type of
range makes the energy ray-curability of the eneagycurable protective film formation
layer more favorable.

The amount of the energy ray-curable componene(ajive to the total mass of
all of the components besides the solvent in tleeggnray-curable protective film
formation layer composition (IV-1) is preferablyin 1 to 80% by mass.

The amount of the energy ray-curable componentréative to the total mass of
all of the components besides the solvent in tleegnray-curable protective film
formation layer composition (IV-1) is preferablyin 1 to 80% by mass.

The amount of the energy ray-curable componentr@ative to the total mass of
all of the components besides the solvent in tleeggnray-curable protective film

formation layer composition (1V-1) is preferablypin 1 to 80% by mass.
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The amount of the polymer (b) not having an eneayycurable group relative to
the total mass of all of the components besidesahent in the energy ray-curable
protective film formation layer composition (IV-ig preferably from 1 to 80% by mass.

The total amount of the aforementioned comporehy), component (a2) and
component (b) must not exceed 100% by mass.

[0291]

Besides the energy ray-curable components deslcaibeve, the energy ray-
curable protective film formation layer compositigi’-1) may also contain one or two
or more components selected from the group congisti heat-curable components,
photopolymerization initiators, fillers, couplingents, crosslinking agents, colorants and
general-purpose additives depending on the intepdgabse of the composition. For
example, by using an energy ray-curable protediiveformation layer composition
(IV-1) containing an aforementioned energy ray-bleaomponent and a heat-curable
component, the adhesive strength of the formedygmary-curable protective film
formation layer to an adherend can be improveddatihg the layer, and the strength of
the protective film formed from this energy ray-abie protective film formation layer
can also be improved.

[0292]

Examples of heat-curable components, photopolyatoin initiators, fillers,
coupling agents, crosslinking agents, colorantsgergeral-purpose additives that may be
included in the energy ray-curable protective fiormation layer composition (IV-1)
include the same materials as those described dbpttee heat-curable component (B),
the photopolymerization initiator (H), the filleD], the colorant (E), the crosslinking
agent (F), the colorant (I) and the general-puraiitives (J) in the protective film

formation layer composition (l11-1).
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[0293]

In the energy ray-curable protective film formatiayer composition (IV-1) for
each of the heat-curable components, photopolyet@siz initiators, fillers, coupling
agents, crosslinking agents, colorants and geperglese additives, a single component
may be used alone, or a combination of two or ngoraponents may be used, and in the
case of a combination of two or more componengsctimbination and ratio between
those components may be selected as desired.

There are no particular limitations on the amownftihe heat-curable
components, photopolymerization initiators, fillecsupling agents, crosslinking agents,
colorants and general-purpose additives in theggnmary-curable protective film
formation layer composition (IV-1), and these antsunay be set appropriately in
accordance with the intended purpose.

[0294]

Because the handling of the energy ray-curableeptive film formation layer
composition (IV-1) improves upon dilution, the comsgiion preferably also contains a
solvent.

Examples of the solvent contained in the energyctaable protective film
formation layer composition (IV-1) include the sasmdvents as those mentioned above
for use in the protective film formation layer coosjtion (l11-1).

The solvent contained in the energy ray-curabbeegtive film formation layer
composition (IV-1) may be a single solvent or twarmre solvents.

[0295]
<<Manufacturing Method for Energy Ray-Curable Pctote® Film Formation Layer

Composition>>
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The energy-curable protective film formation lagemposition such as the
protective film formation layer composition (IV-tan be obtained by blending together
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 gatvaynfirst be mixed with one of
the other components besides the solvent to dihet®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 &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 ngixxheach component are not
particularly limited and may be set as appropnatevided the blended component does
not degrade, but the temperature is preferably ftérto 30°C.

[0296]
> Release Film

There are no particular limitations on the relddsg provided it satisfies the
static friction force condition (not more than 29 déscribed above. Examples of
preferred release films include conventional redddms having a release-treated surface
that are typically used in this field. Exampleditd release treatment performed on the
above release-treated surface include treatmerfrped with any of various release

agents such as alkyd-based, silicone-based, flexv@sed, unsaturated polyester-based,
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polyolefin-based and wax-based release agentrrirs of having superior heat
resistance, the release agent is preferably awl-dlkged, silicone-based or fluorine-
based release agent.

[0297]

The thickness of the release film, although notigalarly limited, is preferably
from 20 to 85 um, and more preferably from 25 tqui® Ensuring that the thickness of
the release film is at least as large as the almower limit facilitates removal of the
release film at the desired stage, and also suggseke formation of winding marks on
the release film when the protective film formatgireet is wound into a roll. On the
other hand, ensuring that the thickness of theseldilm is not more than the above
upper limit enhances the suppression effect orctatant of the release film at a stage
other than the desired stage.

[0298]

In the protective film formation sheet, providéatthe surface (the exposed
surface) of the release film on the opposite sidmfthe surface on which the protective
film formation layer is provided has an aforemenéd static friction force of not more
than 29 N, the surface may be smooth or unevenirayd for example, be selected with
due consideration of the surface roughness ofutface (the exposed surface) of the
support sheet on the opposite side from the sidetoch the protective film formation
layer is provided.

[0299]

In the protective film formation sheet accordinghe present invention, the
static friction force between the surface (the egubsurface) of the support sheet on the
opposite side from the side on which the protediive formation layer is provided and

the surface (the exposed surface) of the relelsefi the opposite side from the side on
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which the protective film formation layer is proeid is, as already mentioned above, not
more than 29 N, and is preferably not more thai2&ore preferably not more than 20
N, even more preferably not more than 15 N, antquaarly preferably 13 N or less,

and for example, may be not more than 10 N, or &8N or less.

On the other hand, although there are no parti¢iatitations on the above static
friction force, the lower limit may be 1 N, 2 N, 8N or the like, but this is not a
limitation.

In other words, the static friction force may bighim a range from 1 N to 29 N,
preferably from 1 N to 25 N, more preferably frofN20 20 N, even more preferably
from 2 N to 15 N, and particularly preferably fr@m to 13 N.

Further, the static friction force may be from 3d\12 N, or from 5 N to 7 N.

The static friction force can be adjusted by appede selection of the
combination of the support sheet and the rele&se \fiith due consideration of the
degree of smoothness of the above surface (thesedmurface) of the support sheet, and
the degree of smoothness of the above surfacexXiiesed surface) of the release film.
Further, the static friction force can also be atid by appropriate selection of the
combination of the support sheet and the releése ftith due consideration of the
material used for the surface (the exposed surfafdde support sheet, and the material
used for the surface (the exposed surface) ofclease film.

[0300]
<Manufacturing Method for Protective Film Formati8heet>

The protective film formation sheet accordinghe present invention can be
manufactured using a manufacturing method thatided a step of forming a laminated
structure of the support sheet and the protectivefbrmation layer so that the surface

roughness of the surface of the support sheetenphosite side from the side on which
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the protective film formation layer is providednst more than 0.5 pm (hereafter also
referred to as the "lamination step (P1)"), antep sf forming a laminated structure of
the protective film formation layer and the relefise so that the static friction force
between the surface of the support sheet on thesitppside from the side on which the
protective film formation layer is provided and th&face of the release film on the
opposite side from the side on which the protediine formation layer is provided is
not more than 29 N (hereafter also referred thvaslamination step (P2)").

[0301]

In those cases where the support sheet is compbseplurality of layers, the
plurality of layers may be laminated together torfahe support sheet.

When manufacturing a support sheet in which amd#tyer (for example, an
adhesive layer, intermediate layer, or coatingrl@yehe like) is laminated to the
substrate, a composition containing the comporfent®rming the other layer (for
example, an adhesive composition, intermediate f@yenation composition, or coating
composition or the like) may be applied to the acefof the substrate and then dried as
necessary, thus forming the other layer on thetsatles Furthermore, when
manufacturing a support sheet in which anotherlaylmminated to the substrate, the
other layer may be laminated to the substrate plyaqm a composition containing the
components for forming the other layer to the redetieated surface of a release material
and drying the composition as necessary to injtiaitm the other layer on the release
material, and subsequently bonding the surfacegtbesed surface) of the formed other
layer to the surface of the substrate. In thig ctiee release material may be removed, as
necessary, when some form of operation is to bi®eed on the other layer, such as

the lamination of the protective film formation &yto the other layer.
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A conventional material typically used in thislfienay be used as the release
material, and for example, the same material asued for the aforementioned release
film that constitutes part of the protective filmrfation sheet according to the present
invention may be used.

[0302]

For example, applying a targeted composition satzstrate already having
another layer formed on either one or both surfatéise substrate, thereby forming an
additional other layer, is also possible. Howetrethis type of case, as mentioned
above, a method is preferably employed in whichetthéitional other layer is formed in
advance on a release material, and is subsequrmitied to the substrate or the other
layer already laminated to the substrate.

[0303]

In the lamination step (P1), the laminated stmgchf the support sheet and the
protective film formation layer can be formed, &ample, by applying the protective
film formation layer composition to the support shand then performing drying as
necessary to form the protective film formationdaghereafter this particular step is
sometimes referred to as the "lamination step (RI)- However, in this step, the
surface of the support sheet to which the protedilin formation layer composition is
applied is selected so that the surface roughrfabe surface of the support sheet to
which the protective film formation layer compositiis not applied (the uncoated
surface) is not more than 0.5 um. For examplbgfsurface roughness of one surface of
the support sheet is not more than 0.5 um bututface roughness of the other surface
is greater than 0.5 um, then the surface havingface roughness greater than 0.5 pm is
used as the application surface for the protediiveformation layer composition. On

the other hand, if both surfaces of the supporetshave surface roughness of not more
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than 0.5 pm, then either surface may be used aptpiecation surface for the protective
film formation layer composition.
[0304]

Further, in the lamination step (P1), the lamidatgucture of the support sheet
and the protective film formation layer can alsddmned using the same method as that
used in the preparation of a support sheet compafsagblurality of layers. In other
words, the laminated structure of the support saeétthe protective film formation
layer can also be formed by first applying the gective film formation layer
composition to the release-treated surface ofemsel material and then performing
drying as necessary to form the protective filnmfation layer in advance on the release
material, and subsequently bonding the surfackisfiormed protective film formation
layer on which the release material is not provittethe surface of the support sheet
(hereafter this particular step is sometimes reteto as the "lamination step (P1)-12").
However, in this step, the surface of the supguoeesto which the protective film
formation layer is bonded (hereafter also refeteeds the "bonding surface") is selected
so that the surface roughness of the surface cfupport sheet to which the protective
film formation layer is not bonded (hereafter aisterred to as the "non-bonded
surface") is not more than 0.5 um. At this timaestion of the bonding surface may be
conducted in the same manner as the aforements®iection of the coating surface in
the case where the protective film formation lay@mposition is applied to a surface of
the support sheet.

In this method, conventional materials typicalged in this field may be used as
the above release material, and the same matasidise aforementioned release films
used in forming the protective film formation shaetording to the present invention are

preferred.
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[0305]

For example, even in those cases where the sugipeet is a sheet prepared by
laminating another layer described above to orwoth surfaces of a substrate, a
protective film formation layer can still be formbyg applying the protective film
formation layer composition directly to this typesoipport sheet. However, in this type
of case, it is preferable to employ a method inclla protective film formation layer
that has been formed in advance on a release alagebonded to the support sheet, in a
similar manner to that described above in the latiom step (P1).

[0306]

If the lamination step (P1)-11 described abowesisd as the lamination step (P1),
then in the lamination step (P2), the release digacribed above is bonded to the surface
of the protective film formation layer on which thepport sheet is not provided.
However, in this step, the type of release filmatected so that the static friction force
between the exposed surface of the support sheeigha surface roughness of not more
than 0.5 um, and the surface of the release filtheropposite side from the side to
which the protective film formation layer is bondedot more than 29 N.

[0307]

On the other hand, if the lamination step (P1é&&cribed above is used as the
lamination step (P1), then in the lamination stp)( the release material provided on
the surface of the protective film formation lagerthe opposite side from the side on
which the support sheet is provided is removedfmse one surface of the protective
film formation layer, and the release film descdladove is bonded to this exposed
surface of the protective film formation layer. Wever, in this step, the type of release
film is selected so that the static friction folmtween the exposed surface of the support

sheet having a surface roughness of not more tttaprfl, and the surface of the release
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film on the opposite side from the side to whicé fnotective film formation layer is
bonded is not more than 29 N.
[0308]

Furthermore, if the lamination step (P1)-12 ddmaiabove is used as the
lamination step (P1), then by using the aforemeetibrelease film (the release film that
constitutes the protective film formation sheetading to the present invention) as the
release material on which the protective film fotima layer is formed in advance, this
lamination step (P1)-12 also combines the laminadiep (P2). This particular method
is preferable in terms of simplifying the manufattg steps. The step of forming the
laminated structure of the support sheet and tbeegiive film formation layer in this
particular manufacturing method is hereafter somesi referred to as the "lamination
step (P1")".

In other words, the protective film formation shaecording to the present
invention can also be manufactured by a manufaguriethod that has a step (the
lamination step (P1") of using the protective filsnmation layer composition to form a
protective film formation layer on the release-tegbsurface of an aforementioned
release film, and then bonding the surface of dnenéd protective film formation layer
on which the release film is not provided to thdaze of an aforementioned support
sheet, wherein the bonding surface of the suppesttss selected so that the surface
roughness of the surface of the support sheet ichwthe protective film formation layer
is not bonded is not more than 0.5 um, and thesel&lm is selected so that the static
friction force between the surface of the suppbetet having a surface roughness of not
more than 0.5 um, and the surface of the relelmseofi the opposite side from the
release-treated surface is not more than 29 N.

[0309]
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When manufacturing a protective film formation shi@ which, as illustrated in
FIG. 7 and the like, the protective film formatiayer has a smaller surface area than the
adhesive layer when the protective film formatibeet is viewed in plan view from
above the release film, a protective film formatiayer that has been cut in advance to
the required size and shape may be provided oadhesive layer in the above
manufacturing method.

[0310]

During manufacture of the protective film formatisheet according to the
present invention, the protective film formatiogda can be formed, for example, by
applying the protective film formation layer comms to the formation target surface
for the protective film formation layer, and thereferably performing drying.

Application of the protective film formation layeomposition may be performed using a
conventional method, and examples include methmatsuse any of various coaters such
as an air knife coater, blade coater, bar coatavuge coater, roll coater, roll knife
coater, curtain coater, die coater, knife coatgeen coater, Meyer bar coater or kiss
coater.

[0311]

There are no particular limitations on the dryaugditions for the protective film
formation layer composition, but the protectivenfiformation layer composition is
preferably dried under heat, and in such caseg)glry preferably performed, for
example, under conditions of 70 to 130°C for 1 toibutes.

[0312]

During manufacture of the protective film formatisheet according to the

present invention, the adhesive layer can be forfieeegxample, by applying the

aforementioned adhesive composition to the formatoget surface for the adhesive
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layer, and then preferably performing drying. Huesive composition may be applied
using the same method as that described for theqgtree film formation layer
composition.

[0313]

The applied adhesive composition may be subjectedosslinking by heating,
and this crosslinking under heat may also combthedunction of drying. The heating
conditions are, for example, 100 to 130°C for 5 tminutes, but the conditions are not
limited to these values.

[0314]

During manufacture of the protective film formatisheet according to the
present invention, a coating layer can be formadekample, by applying the coating
composition described above to the formation tasgefiace for the coating layer,
preferably performing drying, and then if requiredring the coating film formed by the
application. The coating composition may be aphlising the same method as that
described for the protective film formation lay@ngposition.

[0315]

There are no particular limitations on the dryaogditions for the coating
composition, and for example, drying is prefergidyformed using the same conditions
as those described for the protective film formateoyer composition.

[0316]

There are no particular limitations on the curdogditions for the coating film
formed from the coating composition, and the curimay be performed using a
conventional method.

In the case of curing by irradiation with energys, if ultraviolet rays are used

for the irradiation, then the irradiation may befpamed using a high-pressure mercury
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lamp, a fusion H lamp, or a xenon lamp or the &kdhe ultraviolet source, with an
irradiation dose that is preferably from 100 to Ba@'cnf. On the other hand, if an
electron beam is used for the irradiation, theretleetron beam is typically generated
using an electron accelerator or the like, andrtiaeliation dose is preferably from 150
to 350 kV. Among these options, formation of tting layer is preferably performed
by irradiation of ultraviolet rays.

[0317]

In those cases where the coating layer is formethe purpose of covering an
uneven surface of the substrate or the like andawipg the degree of smoothness of the
surface of the support sheet, the coating compaosisi preferably applied directly to the
uneven surface to form the coating layer. By using method, the generation of voids
between the surface of the coating layer and tlegemsurface can be better suppressed,
and for example, irregular reflection of light hetinterface between the surface of the
coating layer and the uneven surface can be swggateand the aforementioned infrared
examination of the semiconductor chips can be ped more favorably.

In order to suppress the occurrence of voidsaéirmg composition having a low
viscosity is preferably used. Further, a coatiogposition containing an energy ray-
curable compound is usually ideal for suppressiegoiccurrence of voids.

[0318]

In those cases where it is necessary to adjustufiece roughness of a surface of
the support sheet, that adjustment may be perfousid) a conventional method. For
example, in those cases where the layer that esjamgjustment of the surface roughness
is a layer formed by applying an aforementioned pasition such as the protective film

formation layer composition, adhesive compositiocaating composition, the surface
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roughness of that layer can be adjusted by alt¢hegurface roughness of the layer to
which the composition is applied.

Further, in those cases where the layer that regjaidjustment of the surface
roughness includes a meltable component suchilisratat melts upon heating on the
surface of the layer, the surface roughness caacaeed by heating the surface and
melting the meltable component. In those casesenwe layer that requires adjustment
of the surface roughness does not include an atréomed meltable component on the
surface of the layer, the surface roughness magdeced by heating the entire surface
and smoothing the layer.

Further, as described above, the surface rougluaessalso be reduced by
forming a coating layer on the layer that requadgistment of the surface roughness.

On the other hand, the surface roughness carbalsereased by subjecting the
layer that requires adjustment of the surface roagh to a surface roughening treatment
such as a sand blasting treatment.

[0319]

In those cases where it is necessary to adjustutiace roughness of the surface
of the release film on the opposite side from #lease-treated surface in order to alter
the aforementioned static friction force (also@althe static friction coefficient), the
adjustment may be performed using a convention&hode in the same manner as that
described above for the support sheet. The afareomed surface of the release film
usually has a higher degree of smoothness, arekfonple if it is desirable to increase
the surface roughness, then a surface roughematent such as a sand blasting
treatment may be performed.

However, adjusting the surface roughness of thiase of the support sheet is

easier than adjusting the surface roughness d@libee surface of the release film.
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Accordingly, the static friction force is prefergladjusted by adjusting the surface
roughness of the surface of the support sheet.
[0320]

A manufacturing method that includes the lamimastep (P1") is described
below, with reference to FIG. 9, as a manufactunreghod for a sheet having the
structure illustrated in FIG. 2, which represeris example of the protective film
formation sheet according to the present inventibne manufacturing method described
here is merely one example, and in those casesvamather manufacturing method for
the protective film formation sheet of the struetilustrated in FIG. 2 or a
manufacturing method for a different protectivenfilormation sheet includes the same
steps or similar steps to those described belavgetisteps may be performed in the same
manner as the steps described below.

[0321]

In this method, a heat-curable protective filnmiation layer composition or an
energy ray-curable protective film formation lagemposition is applied to the release-
treated surface 15b of the release film 15, thusifog the protective film formation
layer 13 as shown in FIG. 9(a). At this time, takease film 15 is selected so that the
static friction force between a surface (surface) Xf the substrate 11 having a surface
roughness of not more than 0.5 um and a surfacka¢sul5a) of the release film 15 on
the opposite side from the release-treated sudfabdas not more than 29 N. Here, in
order to facilitate comparison with the protectiimn formation sheet 1B, an example is
shown in which the protective film formation layE3 is disposed as a lower layer
beneath the release film 15, but this does not rtiegtrthe orientation of the release-
treated surface 15b of the release film 15 is &ohiio the downward-facing orientation

illustrated in FIG. 9(a) during application of thetective film formation composition,
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and the opposite upward-facing orientation may bisaosed, with this upward
orientation being preferred.

Further, a separate release material may alsoidel to the surface (the
exposed surface) of the protective film formatiapdr 13 on the opposite side from the
side that contacts the release film 15 (not shawthe figure). Examples of this release
material include the same materials as the releaserial that represents the coating
target for the adhesive composition described below
[0322]

In this method, next, an adhesive compositiorpiad to a release-treated
surface 90b of a release material 90, thus forrthegadhesive layer 12 as shown in FIG.
9(b). Here, in order to facilitate comparison wtitle protective film formation sheet 1B,
an example is shown in which the adhesive layas tsposed as a lower layer beneath
the release material 90, but this does not mearthbaorientation of the release-treated
surface 90b of the release material 90 is limitetheé downward-facing orientation
illustrated in FIG. 9(b) during application of tadhesive composition, and the opposite
upward-facing orientation may also be used, witk tipward orientation being
preferred.

[0323]

In this method, subsequently, the substrate bbnsled to the surface (the
exposed surface) of the adhesive layer 12 on thesite side from the side that contacts
the release material 90. At this time, the bondimdace for the adhesive layer 12 on the
substrate 11 is selected so that the surface resglof the surface 11b of the substrate
11 to which the adhesive layer 12 is not bondewisnore than 0.5 pm.

The above operations yield the support sheet 10.

[0324]
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Next in this method, as illustrated in FIG. 9(al), exposed surface of the
adhesive layer 12 in the support sheet 10, whielxp®sed by removing the release
material 90 provided on the adhesive layer 12pigded to the exposed surface of the
protective film formation layer 13, thus obtainitig protective film formation sheet 1B
illustrated in FIG. 9(e). In those cases wherepagate release material described above
is affixed to the surface (the exposed surfacéh@fprotective film formation layer 13 on
the opposite side from the side that contactsdtease film 15, this release material is
removed before bonding the exposed surface ofrittegtive film formation layer 13 to
the exposed surface of the adhesive layer 12.

[0325]

Next is a description of a manufacturing methadsfrotective film formation
sheet according to the present invention havingtheture illustrated in FIG. 1 (this
method is not shown in the drawings).

In this method, the manufacturing method for tretgrtive film formation sheet
1B described above can be used.

[0326]

First, a laminated sheet having a release filnafnated to one surface of an
adhesive tape used for forming the jig adhesiverlag is cut to a target shape so that
the adhesive tape exists in the target regions Enget shape is, for example, a circular
shape when the surface of the laminated sheetvgad from above in plan view.

Subsequently, the adhesive tape having this tatggie (for example, a circular
shape when viewed in plan view) is removed fromldineinated sheet, thus forming a
processed laminated sheet having the release ala®rposed in the region from which

the adhesive tape has been removed. In other wiarttee case where a circular region
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of the adhesive tape is removed when viewed in ykan, this processed laminated
sheet has the adhesive tape completely removén itatget region.

Next, the release film 15 is removed from the gctve film formation sheet 1B,
and by bonding the exposed surface of the proedilim formation layer 13 to the
adhesive tape of this processed laminated shegprtiective film formation sheet 1A
illustrated in FIG. 1 is obtained. In this methodthose cases where a sheet that has not
been wound into a roll is used as the protective formation sheet 1B, a protective film
formation sheet which, with the exception of bemgvided with a conventional release
material instead of the release film 15, has tlmesstructure as the protective film
formation sheet 1B may also be used as the bortdiggt for the aforementioned
processed laminated sheet.

[0327]

The manufacturing method described above is memdyexample, and the
manufacturing method for the protective film formatsheet 1A is not limited to this
method.

[0328]
<Method for Using Protective Film Formation Sheet>

A method for using the protective film formatidme®gt according to the present
invention is, for example, as described below.

First is a description of a method for using that@ctive film formation sheet in
the case where the protective film formation lagdreat-curable.

In this method, the back surface of a semicondwetder is first affixed to the
protective film formation layer of the protectivignf formation sheet, and the protective

film formation sheet is secured in a dicing appasat
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Subsequently, the protective film formation laijgecured by heating to form a
protective film. In those cases where a back gtape is affixed to the surface (the
electrode formation surface) of the semiconductaiew this back grind tape is usually
removed from the semiconductor wafer prior to fatioraof the protective film.

[0329]

Next, the semiconductor wafer, together with traeqzctive film, is subjected to
dicing to form semiconductor chips. In the perolfiowing formation of the protective
film until the dicing is performed, the protectiten may be irradiated with a laser light
from the support sheet side of the protective finmation sheet to form printing (laser
printing) on the surface of the protective film.

In the protective film formation sheet accordinghe present invention, the
surface roughness of the surface of the suppoet sitethe opposite side to the side on
which the protective film formation layer is proeid is not more than 0.5 pum, meaning
the surface (the back surface of the support sieetbher a smooth surface or a surface
having a low degree of unevenness. Accordinglyemtie semiconductor chips
obtained upon dicing are inspected from the badiase of the semiconductor chips
(namely, the surface of the semiconductor chipsttich the protective film formation
sheet is affixed) using an infrared camera or ittes kcattering of the infrared rays at the
surface (the back surface) of the support shertpgpressed, and therefore a clear
examination image can be acquired, and an infraxadhination of the semiconductor
chips can be performed favorably. As a resultgtkistence of damage such as chipping
and cracking of the semiconductor chips can bdyeastertained.

[0330]
Subsequently, semiconductor chips with a protedilm are obtained by picking

up each of the semiconductor chips, together wighcut protective film affixed to the
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back surface of the chip, from the support shéet. example, in the case where the
support sheet is a multilayer sheet prepared binking a substrate and an adhesive
layer, and the adhesive layer is an energy raybteitayer, the adhesive layer is first
cured by irradiation with energy rays, and the semiluctor chips with a protective film
can be obtained easily by picking up each of tmeicenductor chips, together with the
protective film affixed to the back surface of tttep, from this cured adhesive layer.

From this point onward, conventional methods mayged to perform a flip-chip
connection of the semiconductor chip of each ofabi@ined semiconductor chips with a
protective film to the circuit surface of a substraand then encapsulate the entire
structure in a resin to obtain a semiconductor @gek Using this semiconductor
package, a targeted semiconductor device can é@ndoluced.

[0331]

Up until this point, the case has been describadhich the protective film
formation layer is first cured to form a protectiilen and dicing is then performed, but
dicing may be performed without curing the protetilm formation layer, with the
protective film formation layer then being cureteathe dicing to form the protective
film.

Further, up until this point, the case has beerileed in which the
semiconductor chips are subjected to an infrarednéxation after dicing, but an infrared
examination may also be performed on the semicdodwafer prior to dicing, in a state
where the protective film formation sheet has baféired. In this case, the infrared
examination may be performed either before or dftenation of the protective film by
curing of the protective film formation layer.

[0332]
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Next is a description of a method for using thetg@etive film formation sheet in
the case where the protective film formation lagean energy ray-curable layer.

In this case, in a similar manner to that descrifigove for the case where the
protective film formation layer was heat-curables back surface of a semiconductor
wafer is first affixed to the protective film forrtian layer of the protective film
formation sheet, and the protective film formatsheet is secured in a dicing apparatus.

Next, the protective film formation layer is curey irradiation with energy rays,
thus forming a protective film. In those cases mteback grind tape is affixed to the
surface (the electrode formation surface) of thmisenductor wafer, this back grind tape
is usually removed from the semiconductor wafeoipio formation of the protective
film.

[0333]

Next, the semiconductor wafer, together with traqzctive film, is subjected to
dicing to form semiconductor chips. In the periolowing formation of the protective
film until the dicing is performed, the protectiten may be irradiated with a laser light
from the support sheet side of the protective finmation sheet to perform printing
onto the surface of the protective film. Duringstheriod, in a similar manner to that
described above for the case where the protedtiagdrmation layer was heat-curable,
either the semiconductor wafer prior to dicinghe semiconductor chips obtained upon
dicing may be subjected to a high-precision inflaagamination using an infrared
camera or the like.

[0334]

Subsequently, semiconductor chips with a protedilm are obtained by picking

up each of the semiconductor chips, together wighcut protective film affixed to the

back surface of the chip, from the support sheet.
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This method is particularly suitable in those sasbere, for example, the
protective film formation sheet includes a suppsbeet that is prepared by laminating a
substrate and an adhesive layer, and the adhesieeis not an energy ray-curable layer.
[0335]

For example, in the case where a protective fimrmftion sheet is used in which
the support sheet is prepared by laminating a matbsind an adhesive layer, and the
adhesive layer is an energy ray-curable layerméthod described below is preferred.

In other words, in a similar manner to that ddssiabove, the back surface of a
semiconductor wafer is first affixed to the proteetfilm formation layer of the
protective film formation sheet, and the protecfira formation sheet is secured in a
dicing apparatus.

Next, if required, the protective film formatioayler may be irradiated with a
laser light from the support sheet side of thegmtive film formation sheet to perform
printing onto the surface of the protective filnmrfation layer, and the semiconductor
wafer is then subjected to dicing to form semicartduchips. During this period, in a
similar manner to that described above for the edszre the protective film formation
layer is heat-curable, either the semiconductoewgfior to dicing or the semiconductor
chips obtained upon dicing may be subjected tah-precision infrared examination
using an infrared camera or the like.

[0336]

Subsequently, irradiation of energy rays is penea to cure the protective film
formation layer to form a protective film and alsare the adhesive layer, and
semiconductor chips with a protective film are tlodtained by picking up each of the

semiconductor chips, together with the protectilre &ffixed to the back surface of the
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chip, from the cured adhesive layer. The prinpegormed on the surface of the
protective film formation layer is retained in te@me state on the protective film.
[0337]

From this point onward, conventional methods mayged to perform a flip-chip
connection of the semiconductor chip of each ofobg@ined semiconductor chips with a
protective film to the circuit surface of a substtaand then encapsulate the entire
structure in a resin to obtain a semiconductor @gek Using this semiconductor
package, a targeted semiconductor device can #a@ndoluced. This process is the
same in all those cases where the protective bimmétion layer is an energy ray-curable
layer.

[0338]

In a similar manner to the method described alfovthe case where the
protective film formation layer is heat-curablerigas alterations can be made to the
method described here. In other words, up unlpbint, the case has been described in
which the protective film formation layer is firstired to form a protective film and
dicing is then performed, but dicing may be perfedwithout curing the protective film
formation layer, with the protective film formatideyer then being cured after the dicing
to form the protective film.

Further, up until this point, the case has beerileed in which the
semiconductor chips are subjected to an infrarednéxation after dicing, but an infrared
examination may also be performed on the semicdodwafer prior to dicing, in a state
where the protective film formation sheet has baféimed. In this case, the infrared
examination may be performed either before or d&ftenation of the protective film by
curing of the protective film formation layer.

[0339]
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On the other hand, when a long protective filnmfation sheet is wound into a
roll, a protective film formation sheet is usuallsed in which a release film (for
example, the release film 15 in FIGS. 1 to 8) hesrbdaminated to the exposed surface
of the protective film formation layer on the opjpeside from the surface on which the
support sheet is provided. Then, regardless dftiiueture of the protective film
formation sheet (for example, in any of the pratectiim formation sheets illustrated in
FIGS. 1 to 8), the winding of the protective filorination sheet according to the present
invention into a roll yields a roll in which lamiteal units having the support sheet, the
protective film formation layer and the releasenflaminated in that order are
sequentially stacked on top of one another in ddgat direction of the roll. As a result,
where adjacent laminated units contact one anathée radial direction of the roll, the
surface of the release film of one laminated uhi¢ Gurface of the release film on the
opposite side from the side on which the protedilne formation layer is provided) and
the surface of the support sheet of the other latathunit (the surface of the support
sheet on the opposite side from the surface onhthie protective film formation layer
is provided) make contact and are pressed agaiesawoother, and the protective film
formation sheet is stored in this state. Howewethe protective film formation sheet
according to the present invention, because tlie $t@tion force between the surface of
the release film and the surface of the suppoetstat contact one another in this
manner is not more than 29 N, blocking betweeratljacent laminated units is
suppressed, and the sheet can be fed favorablytfremoll.

[0340]
[Manufacturing Method for Semiconductor Device]
As described above, the protective film formatitieet according to the present

invention is ideal for use during the manufactura esemiconductor device. In other
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words, one embodiment of a manufacturing methaeh@iconductor device that uses the
protective film formation sheet according to thegant invention is a manufacturing
method that includes a step of removing the relébmdrom the protective film
formation sheet and then affixing the protectivm fiormation layer to the back surface
of a semiconductor wafer on the opposite side filmensurface on which a circuit is
provided, a step of curing the protective film fation layer following affixing to the
semiconductor wafer to form a protective film, epsof dicing the semiconductor wafer
with the protective film formation sheet formedrden to form semiconductor chips, a
step of examining the semiconductor chips by iatdg infrared rays onto the
semiconductor chips from the support sheet sidheoprotective film formation sheet, a
step of obtaining semiconductor chips with a priotedilm by detaching each
semiconductor chip, together with the protectilm faffixed to the back surface of the
chip, from the support sheet, and a step of peifagriip-chip connection of the
semiconductor chip of the semiconductor chip wifir@tective film to the circuit surface
of a circuit board.
[0341]

One aspect of the protective film formation stibat represents one embodiment
of the present invention is a protective film fotioa sheet containing:

a protective film formation layer provided on gpart sheet of the present
invention, and a release film provided on the prtte film formation layer, wherein

the surface roughness of a surface of the sughedt on the opposite side from
the side on which the protective film formationéays provided is from 0 to 0.5 um,
preferably from 0 to 0.45 pm, more preferably frofil to 0.4 um, even more

preferably from 0.01 to 0.35 um, and particulangfprably from 0.03 to 0.3 pm, and
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the static friction force, measured in accordamitk JIS K7125, between the
aforementioned surface of the support sheet andface of the release film on the
opposite side from the side on which the protediine formation layer is provided is
from 1 N to 29 N, preferably from 1 N to 25 N, mgneeferably from 2 N to 20 N, even
more preferably from 2 N to 15 N, and particulgrtgferably from 3 N to 13 N, or may

be from5Nto 12 N, or from 5 N to 7 N.

EXAMPLES
[0342]

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.

[0343]

The raw materials used in the manufacture of th&eptive film formation layer
compositions are listed below.
[Polymer Component (A)]

(A)-1: an acrylic-based resin (weight average mualler weight: 400,000, glass
transition temperature: -1°C) obtained by copolymieg 10 parts by mass of n-butyl
acrylate, 70 parts by mass of methyl acrylate,rfsgay mass of glycidyl methacrylate,
and 15 parts by mass of 2-hydroxyethyl acrylate.

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

(B1)-1: a bisphenol A epoxy resin (JER828, manui@zd by Mitsubishi

Chemical Corporation, epoxy equivalent weight: 18394 g/eq, number average

molecular weight: 370)
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(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: 27286 g/eq)

- Heat Curing Agent (B2)

(B2)-1: dicyandiamide (a heat-activated latentp®sin 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 (CUREL 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)]

(E)-1: 3-glycidoxypropyltrimethoxysilane (a silaneupling agent, KBM403,
manufactured by Shin-Etsu Chemical Co., Ltd.)
[Colorant (1]

(D-1: a carbon black (MA600B, manufactured by $dibishi Chemical
Corporation, average particle size: 28 nm)

[0344]
The substrates used during manufacture of theosuppeets are listed below.
Substrate (rl): a polypropylene substrate in wbich surface is a smooth surface

having a surface roughness (Ra) of 0.1 um andttie¥ surface is a matte-treated
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surface having a surface roughness (Ra) of 0.3rpamfactured by Gunze Limited,
thickness: 80 pm)

Substrate (r2): a polyvinyl chloride substratevimich both surfaces are smooth
surfaces having a surface roughness (Ra) of 0.08wanufactured by Achilles
Corporation, thickness: 80 um)

Substrate (r3): an ethylene/methacrylic acid capelr substrate in which one
surface is a smooth surface having a surface raggh{Ra) of 0.1 um and the other
surface is a matte-treated surface having a surtagghness (Ra) of 0.6 pm
(manufactured by DuPont-Mitsui Polychemicals Cad. Lthickness: 80 pm)

Substrate (r4): a polypropylene substrate in wbich surface is a smooth surface
having a surface roughness (Ra) of 0.1 um andttie¥ surface is a matte-treated
surface having a surface roughness (Ra) of 1.0rpamfactured by Mitsubishi Plastics,
Inc., thickness: 80 um)

[0345]

The release films used in the various steps dumiagufacture of the protective
film formation sheets are listed below.

Release film (s1): a polyethylene terephthalatsasee film in which one surface
has undergone a release treatment and the otlieceis a smooth surface that has not
undergone a release treatment (SP-PET382150, awuaregd by Lintec Corporation,
thickness: 38 um)

Release film (s2): a polyethylene terephthalatase film in which one surface
has undergone a release treatment and the otlieceis a smooth surface that has not
undergone a release treatment (SP-PET381130, awargd by Lintec Corporation,

thickness: 38 pum)
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Release film (s3): a polyethylene terephthalatsasee film in which one surface
has undergone a release treatment and the otliaceis a matte-treated surface that has
not undergone a release treatment (SP-PMF381Q8aHyfactured by Lintec
Corporation, thickness: 38 um)

[0346]

The surface roughness (Ra) values of the substate the static friction force
values between the substrates and the releasevidms measured using the methods
described below.

[0347]
(Measurement of Surface Roughness)

The surface roughness (Ra) values of the abo&rsids were measured in
accordance with JIS B 0601:2001, using a contatasel shape measuring apparatus
(SURFTEST SV-3000, manufactured by Mitutoyo Corgiorg, with the cutoff valué.c
set to 0.8 um, and the evaluation length Ln s&0team.

The results are shown in Table 1.

[0348]
(Measurement of Static Friction Force)

The static friction force was measured using aensal material testing
instrument (RTG-1225, manufactured by A&D Compadrigited), in accordance with
JIS K7125, using the method described below.

In other words, the release film was cut to dinmms of 10 cm x 20 cm and the
substrate was cut to dimensions of 6 cm x 10 cfarta a pair of test pieces.

The release film test piece was secured to atiic friction force measurement
jig using a tape. At this time, the release-tréatarface of the release film test piece was

oriented to face the securing surface of the jgl e release film was secured such that
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no wrinkles were generated. The jig was thenrs#tis state in the universal material
testing instrument.

The substrate test piece was secured to the 6 bnc surface of a metal
weight having dimensions of 6 cm x 10 cm x 2 cm aneeight of 1 kg. At this time, a
double-sided tape was affixed to the surface ofthestrate text piece on the opposite
side from the static friction force measuremenge¢asurface, and the substrate test piece
was secured to the metal weight via this doubleesidpe.

Subsequently, the substrate test piece secuitbeé toetal weight was positioned
so that the static friction force measurement tasggface of the substrate test piece was
brought into direct contact with the static frictitorce measurement target surface (the
surface on the opposite side from the releaseetlezmirface) of the secured release film
test piece, meaning the release film test pie@estibstrate test piece and the metal
weight were laminated together in that order. egal weight was then moved in the
horizontal direction, namely in a direction parkléth the static friction force
measurement target surface of the release filnptese, at a speed of 10 mm/minute,
and the loading (peak test force) prior to thetsththe movement of the metal weight
was measured, and recorded as the static friotiae f

The results are shown in Table 1.

[0349]

[Example 1]

<Manufacture of Protective Film Formation Sheet>

(Manufacture of Heat-Curable Protective Film Forimratayer Composition)

As shown in Table 1, the polymer component (A}3Q parts by mass), the
epoxy resin (B1)-1 (60 parts by mass), the epoginréB1)-2 (10 parts by mass), the

epoxy resin (B1)-3 (30 parts by mass), the heahgwagent (B2)-1 (2 parts by mass), the
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curing accelerator (C)-1 (2 parts by mass), therf{(D)-1 (320 parts by mass), the
coupling agent (E)-1 (2 parts by mass), and theraat (I)-1 (1.2 parts by mass) were
mixed, methyl ethyl ketone was then added and miaed the resulting mixture was
stirred at 23°C for 60 minutes, thus obtaining @guxtive film formation layer
composition (IlI-1) having a solid fraction contarit53.0% by mass. The blend
amounts of the components other than the methyl k#ttone shown in Table 1 all
represent solid fraction amounts.

[0350]

(Formation of Protective Film Formation Layer)

The protective film formation layer compositiohi{1) obtained above was
applied to the release-treated surface of thegel&kn (s1) using a knife coater, and the
composition was dried at 110°C for 2 minutes taorf@r protective film formation layer
with a thickness of 25 um. The release-treatefhsearof the release film (s2) was then
bonded to the exposed surface of this protectlwefiirmation layer on the opposite side
from the side on which the release film (s1) haenerovided.

[0351]
(Manufacture of Adhesive Composition)

An alkyl (meth)acrylate ester copolymer (weighéege molecular weight:
400,000, glass transition temperature: -1°C) (l@@spby mass) and a trifunctional
xylylene diisocyanate-based crosslinking agent (EAKRTE D110N, manufactured by
Mitsui Takeda Chemicals, Inc.) (5 parts by massewrixed, methyl ethyl ketone was
then added and mixed, and the resulting mixturestiaed at 23°C for 30 minutes, thus
obtaining an adhesive composition (iii) having &dstvaction content of 30.0% by mass.
The alkyl (meth)acrylate ester copolymer was oletdiby copolymerizing methyl

methacrylate (30 parts by mass), 2-ethylhexyl atey{(60 parts by mass) and 2-
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hydroxyethyl acrylate (10 parts by mass). The dl@mounts of the components other
than the methyl ethyl ketone shown in the tableegdtesent solid fraction amounts.
[0352]

(Formation of Adhesive Layer, Manufacture of Sup@ireet)

The adhesive composition (iii) obtained above a@slied to the release-treated
surface of the release film (s1) using a knife egand the composition was dried at
110°C for 2 minutes to form an adhesive layer \aithiickness of 10 um.

The flat surface of the substrate (r1l) was therdbd to the exposed surface of
this adhesive layer on the opposite side from idhe en which the release film (s1) had
been provided, thus obtaining a support sheet.

[0353]
(Manufacture of Protective Film Formation Sheet)

The release film (s2) was removed from one surédi¢be protective film
formation layer obtained above, the release fill) (sovided on the adhesive layer of
the support sheet was also removed, and the exgostdte of the protective film
formation layer and the exposed surface of the sidadéayer were laminated together,
thus obtaining a protective film formation sheetihg the structure illustrated in FIG. 2,
wherein the substrate (rl1), the adhesive layemptbictive film formation layer and the
release film (s1) were laminated together in thiden the surface (the exposed surface)
of the support sheet on the opposite side fronsitdte on which the adhesive layer was
provided was the matte-treated surface of the mtbsfrl), and the surface (the exposed
surface) of the release film on the opposite sidmfthe side on which the protective
film formation layer was provided was a smooth scet
[0354]

<Evaluations of Protective Film Formation Sheet>
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(Feedability from Roll)

A long protective film formation sheet having adtti of 0.4 m and a length of
100 m obtained in the manner described above wasdavimto a roll. Ten of these types
of rolls were prepared, these rolls were store2B&€ for 30 days, and feeding of the
protective film formation sheet from the rolls wasn tested. If the protective film
formation sheet was able to fed from all of thdsralith no problems, an evaluation of A
was recorded, if one or two rolls of the protectil® formation sheet were unable to be
fed smoothly without any practical problems, andleation of B was recorded, and if
some of form of problem was detected in all ofribiés, such as an inability to feed the
protective film formation sheet due to the occuceenf blocking, or peeling of the
release film during feeding of the protective filatmation sheet, then an evaluation of C
was recorded. The results are shown in Table 1.

[0355]
(Infrared Examination Characteristics)

The release film (s1) was removed from the pratedtlm formation sheet
obtained above, and a tape mounter (Adwill RAD-2f@8nufactured by Lintec
Corporation) was used to affix the protective filonmation layer of the protective film
formation sheet to the #2000 polished surfacesili@on wafer (diameter: 200 mm,
thickness: 350 um) while heating was performed)a€C7 Subsequently, the protective
film formation layer was cured by heating at 13@8€2 hours, thus forming a protective
film. This process yielded a laminated body canitaj the support sheet (a laminated
sheet of the substrate and the adhesive layerprttective film and the silicon wafer
laminated in that order.

Subsequently, using an infrared microscope (BXrddnufactured by Olympus

Corporation), the obtained laminated body was iotggefrom the side of the support
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sheet, and if grinding traces could be detectethermpolished surface of the silicon wafer
through the support sheet and the protective filimevaluation of A was recorded,
whereas if grinding traces could not be detecteagvaluation of B was recorded. The
results are shown in Table 1.

[0356]

An entry of "-" in Table 1 means that the item weé@ber not measured or not

evaluated.

[0357]

[Example 2]

<Manufacture of Protective Film Formation Sheet>

(Manufacture of Heat-Curable Protective Film Fororatayer Composition,
Manufacture of Adhesive Composition)

The protective film formation layer compositiomi{1) and the adhesive
composition (iii) were manufactured using the sanathods as Example 1.

[0358]
(Formation of Protective Film Formation Layer)

The protective film formation layer compositiohi{1) obtained above was
applied to the release-treated surface of thegel&bn (s3) using a knife coater, and the
composition was dried at 110°C for 2 minutes torfar protective film formation layer
with a thickness of 25 um. The release-treatefhsearof the release film (s2) was then
bonded to the exposed surface of this protectlwefirmation layer on the opposite side
from the side on which the release film (s3) hagnberovided.

[0359]

(Formation of Adhesive Layer, Manufacture of SupBireet)
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The adhesive composition (iii) obtained above a@gslied to the release-treated
surface of the release film (s1) using a knife enaind the composition was dried at
110°C for 2 minutes to form an adhesive layer aithiickness of 10 um.

One of the flat surfaces of the substrate (r2) thaa bonded to the exposed
surface of this adhesive layer on the opposite fsaia the side on which the release film
(s1) had been provided, thus obtaining a suppeetsh
[0360]

(Manufacture of Protective Film Formation Sheet)

The release film (s2) was removed from one surédi¢be protective film
formation layer obtained above, the release fill) (sovided on the adhesive layer of
the support sheet was also removed, and the exgostdte of the protective film
formation layer and the exposed surface of the sidadéayer were laminated together,
thus obtaining a protective film formation sheetihg the substrate (r2), the adhesive
layer, the protective film formation layer and tieéease film (s3) laminated together in
that order, wherein the surface (the exposed siriaicthe support sheet on the opposite
side from the side on which the adhesive layerpvasided was the other smooth
surface of the substrate (r2), and the surfaceeftbesed surface) of the release film on
the opposite side from the side on which the ptotedilm formation layer was provided
was a matte-treated surface.

[0361]
<Evaluations of Protective Film Formation Sheet>

The protective film formation sheet obtained abaas evaluated using the same
methods as Example 1. The results are shown iteTab
[0362]

[Example 3]
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<Manufacture of Protective Film Formation Sheet>
(Manufacture of Heat-Curable Protective Film Fororatayer Composition,
Manufacture of Adhesive Composition)

The protective film formation layer compositiomi{1) and the adhesive
composition (iii) were manufactured using the sanet¢hods as Example 1.

[0363]
(Formation of Protective Film Formation Layer)

The protective film formation layer compositiohi{1) obtained above was
applied to the release-treated surface of thegel&kn (s3) using a knife coater, and the
composition was dried at 110°C for 2 minutes taorf@r protective film formation layer
with a thickness of 25 um. The release-treatethsearof the release film (s2) was then
bonded to the exposed surface of this protectlwefiirmation layer on the opposite side
from the side on which the release film (s3) hagnberovided.

[0364]
(Formation of Adhesive Layer, Manufacture of Sup@ireet)

The adhesive composition (iii) obtained above a@gslied to the release-treated
surface of the release film (s1) using a knife enaind the composition was dried at
110°C for 2 minutes to form an adhesive layer aithiickness of 10 um.

The matte-treated surface of the substrate (r3)thven bonded to the exposed
surface of this adhesive layer on the opposite feaia the side on which the release film
(s1) had been provided, thus obtaining a suppeetsh
[0365]

(Manufacture of Protective Film Formation Sheet)
The release film (s2) was removed from one surédidbe protective film

formation layer obtained above, the release fill) (sovided on the adhesive layer of
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the support sheet was also removed, and the exgostdte of the protective film
formation layer and the exposed surface of the sidadéayer were laminated together,
thus obtaining a protective film formation sheetihg the substrate (r3), the adhesive
layer, the protective film formation layer and tieéease film (s3) laminated together in
that order, wherein the surface (the exposed sirfafcthe support sheet on the opposite
side from the side on which the adhesive layerpvasided was the smooth surface of
the substrate (r3), and the surface (the exposéacsl of the release film on the
opposite side from the side on which the protediive formation layer was provided
was the matte-treated surface.
[0366]
<Evaluations of Protective Film Formation Sheet>

The protective film formation sheet obtained abewes evaluated using the same
methods as Example 1. The results are shown iteTab
[0367]
[Example 4]
<Manufacture of Protective Film Formation Sheet>
(Manufacture of Heat-Curable Protective Film ForoatLayer Composition, Formation
of Protective Film Formation Layer, Manufacturefathesive Composition)

Using the same methods as Example 1, the progefitiiv formation layer
composition (Il1-1) was manufactured, and a pratectim formation layer was
obtained having the release film (s1) on one sertaw the release film (s2) on the other
surface.

Further, the adhesive composition (iii) was alsmofactured using the same
method as Example 1.

[0368]
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(Formation of Adhesive Layer, Manufacture of Sup@ireet)

Using the same method as Example 1, an adhegi@evath a thickness of 10
um was formed on the release-treated surface attbase film (s1).

The matte-treated surface of the substrate (r4)thven bonded to the exposed
surface of this adhesive layer on the opposite fsaia the side on which the release film
(s1) had been provided, thus obtaining a suppeetsh
[0369]

(Manufacture of Protective Film Formation Sheet)

The release film (s2) was removed from one surédidbe protective film
formation layer obtained above, the release fill) (sovided on the adhesive layer of
the support sheet was also removed, and the exgostdte of the protective film
formation layer and the exposed surface of the sidaéayer were laminated together,
thus obtaining a protective film formation sheetihg the substrate (r4), the adhesive
layer, the protective film formation layer and tieéease film (s1) laminated together in
that order, wherein the surface (the exposed siriaicthe support sheet on the opposite
side from the side on which the adhesive layerpvasided was the smooth surface of
the substrate (r4), and the surface (the expogséaks) of the release film on the
opposite side from the side on which the protediine formation layer was provided
was a smooth surface.

[0370]
<Evaluations of Protective Film Formation Sheet>

The protective film formation sheet obtained abaas evaluated using the same
methods as Example 1. The results are shown iteTab
[0371]

[Comparative Example 1]
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<Manufacture of Protective Film Formation Sheet>
(Manufacture of Heat-Curable Protective Film ForoatLayer Composition, Formation
of Protective Film Formation Layer, Manufacturefathesive Composition)

Using the same methods as Example 1, the progefitiiv formation layer
composition (Il1-1) was manufactured, and a pratectim formation layer was
obtained having the release film (s1) on one sertaw the release film (s2) on the other
surface.

Further, the adhesive composition (iii) was alsmofactured using the same
method as Example 1.

[0372]
(Formation of Adhesive Layer, Manufacture of Sup@ireet)

Using the same method as Example 1, an adhegi@evath a thickness of 10
um was formed on the release-treated surface attbase film (s1).

The smooth surface of the substrate (r4) was bloeded to the exposed surface
of this adhesive layer on the opposite side froenside on which the release film (s1)
had been provided, thus obtaining a support sheet.

[0373]
(Manufacture of Protective Film Formation Sheet)

The release film (s2) was removed from one surédi¢be protective film
formation layer obtained above, the release fill) (govided on the adhesive layer of
the support sheet was also removed, and the exgoside of the protective film
formation layer and the exposed surface of the sidbdayer were laminated together,
thus obtaining a protective film formation sheetihg the substrate (r4), the adhesive
layer, the protective film formation layer and tieéease film (s1) laminated together in

that order, wherein the surface (the exposed siriaicthe support sheet on the opposite
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side from the side on which the adhesive layerpvasided was the matte-treated
surface of the substrate (r4), and the surfaceeftbesed surface) of the release film on
the opposite side from the side on which the ptotedilm formation layer was provided
was a smooth surface.

[0374]

<Evaluations of Protective Film Formation Sheet>

The protective film formation sheet obtained abaas evaluated using the same
methods as Example 1. The results are shown iteTab
[0375]

[Comparative Example 2]

<Manufacture of Protective Film Formation Sheet>

(Manufacture of Heat-Curable Protective Film ForoatLayer Composition, Formation
of Protective Film Formation Layer, Manufacturefathesive Composition)

Using the same methods as Example 1, the progeftitiv formation layer
composition (llI-1) was manufactured, and a praowectiim formation layer was
obtained having the release film (s1) on one sertaw the release film (s2) on the other
surface.

Further, the adhesive composition (iii) was alsofactured using the same
method as Example 1.

[0376]
(Formation of Adhesive Layer, Manufacture of Sup@ireet)

Using the same method as Example 1, an adhesi@evath a thickness of 10
pm was formed on the release-treated surface oetbase film (s1).
[0377]

(Manufacture of Coating Composition)
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An alkyl (meth)acrylate ester copolymer (weighéeage molecular weight:
400,000, glass transition temperature: -1°C) (1&@spby mass) and a trifunctional
xylylene diisocyanate-based crosslinking agent (EAKRTE D110N, manufactured by
Mitsui Takeda Chemicals, Inc.) (40 parts by massjeamixed, methyl ethyl ketone was
then added and mixed, and the resulting mixturestiaed at 23°C for 30 minutes, thus
obtaining a coating composition having a solid tiat content of 30.0% by mass. The
alkyl (meth)acrylate ester copolymer was obtaingddpolymerizing methyl
methacrylate (30 parts by mass), 2-ethylhexyl atey(60 parts by mass) and 2-
hydroxyethyl acrylate (10 parts by mass). The dl@mounts of the components other
than the methyl ethyl ketone shown in the tableegdtesent solid fraction amounts.
[0378]

(Formation of Coating Layer, Manufacture of Sup&eet)

The coating composition obtained above was appii¢bde matte-treated surface
of the substrate (rl1) using a knife coater, ancctimposition was dried at 110°C for 2
minutes to form a coating layer with a thicknesg @fum.

The smooth surface of the substrate (r1) on tip@sipe side from the side on
which the coating layer had been provided was Hwerded to the exposed surface of the
aforementioned adhesive layer on the oppositefeitie the side on which the release
film (s1) had been provided, thus obtaining a supgiceet.

[0379]
(Manufacture of Protective Film Formation Sheet)

The release film (s2) was removed from one surédi¢be protective film
formation layer obtained above, the release fill) (sovided on the adhesive layer of
the support sheet was also removed, and the exgostdte of the protective film

formation layer and the exposed surface of the sidaéayer were laminated together,
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thus obtaining a protective film formation sheetihg the coating layer, the substrate
(r1), the adhesive layer, the protective film fotima layer and the release film (s1)
laminated together in that order, wherein the sgrfghe exposed surface) of the support
sheet on the opposite side from the side on winietatihesive layer was provided was
the surface of the coating layer, and the surfdedxposed surface) of the release film
on the opposite side from the side on which théggtove film formation layer was
provided was a smooth surface.
[0380]
<Evaluations of Protective Film Formation Sheet>

The protective film formation sheet obtained abewes evaluated using the same
methods as Example 1. The results are shown iteTab
[0381]
[Comparative Example 3]
<Manufacture of Protective Film Formation Sheet>
(Manufacture of Heat-Curable Protective Film FororatLayer Composition, Formation
of Protective Film Formation Layer, ManufactureAathesive Composition)

Using the same methods as Example 1, the progeftitiv formation layer
composition (Il1-1) was manufactured, and a pratectim formation layer was
obtained having the release film (s1) on one sertaw the release film (s2) on the other
surface.

Further, the adhesive composition (iii) was alsmofactured using the same
method as Example 1.
[0382]

(Formation of Adhesive Layer, Manufacture of Sup@ireet)
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The adhesive composition (iii) obtained above a@gslied to the release-treated
surface of the release film (s1) using a knife enaind the composition was dried at
110°C for 2 minutes to form an adhesive layer \aithiickness of 10 um.

One of the flat surfaces of the substrate (r2) thas bonded to the exposed
surface of this adhesive layer on the opposite fsaia the side on which the release film
(s1) had been provided, thus obtaining a suppeetsh
[0383]

(Manufacture of Protective Film Formation Sheet)

The release film (s2) was removed from one surédi¢be protective film
formation layer obtained above, the release fill) (sovided on the adhesive layer of
the support sheet was also removed, and the exgostdte of the protective film
formation layer and the exposed surface of the sidadéayer were laminated together,
thus obtaining a protective film formation sheetihg the substrate (r2), the adhesive
layer, the protective film formation layer and tieéease film (s1) laminated together in
that order, wherein the surface (the exposed siriaicthe support sheet on the opposite
side from the side on which the adhesive layerpvasided was the other smooth
surface of the substrate (r2), and the surfaceeftbesed surface) of the release film on
the opposite side from the side on which the ptotedilm formation layer was provided
was a smooth surface.

[0384]
<Evaluations of Protective Film Formation Sheet>

The protective film formation sheet obtained abaas evaluated using the same
methods as Example 1. The results are shown iteTab
[0385]

[Comparative Example 4]
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<Manufacture of Protective Film Formation Sheet>
(Manufacture of Heat-Curable Protective Film ForoatLayer Composition, Formation
of Protective Film Formation Layer, ManufactureAathesive Composition)

Using the same methods as Example 1, the progefitiiv formation layer
composition (Il1-1) was manufactured, and a pratectim formation layer was
obtained having the release film (s1) on one sertaw the release film (s2) on the other
surface.

Further, the adhesive composition (iii) was alsmofactured using the same
method as Example 1.

[0386]
(Formation of Adhesive Layer, Manufacture of Sup@ireet)

The adhesive composition (iii) obtained above a@gglied to the release-treated
surface of the release film (s1) using a knife egand the composition was dried at
110°C for 2 minutes to form an adhesive layer aithickness of 10 pum.

The matte-treated surface of the substrate (r3)tiven bonded to the exposed
surface of this adhesive layer on the opposite fsada the side on which the release film
(s1) had been provided, thus obtaining a suppegtsh
[0387]

(Manufacture of Protective Film Formation Sheet)

The release film (s2) was removed from one surédi¢be protective film
formation layer obtained above, the release fill) (govided on the adhesive layer of
the support sheet was also removed, and the exgoside of the protective film
formation layer and the exposed surface of the sidaéayer were laminated together,
thus obtaining a protective film formation sheetihg the substrate (r3), the adhesive

layer, the protective film formation layer and tieéease film (s1) laminated together in
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that order, wherein the surface (the exposed siriaicthe support sheet on the opposite

side from the side on which the adhesive layerpvasided was the smooth surface of

the substrate (r3), and the surface (the exposéacsl of the release film on the

opposite side from the side on which the protediine formation layer was provided

was a smooth surface.

[0388]

<Evaluations of Protective Film Formation Sheet>

The protective film formation sheet obtained abewes evaluated using the same

methods as Example 1. The results are shown iteTab

D

[0389]
[Table 1]
) Evaluation results
E d surf ¢  sheet Exposed Static
xposed surface of support shee
P (Ra (um)) PP surface of | friction | Feedability Infrared
a(um inati
H release film | force (N) | from roll examination
characteristic
matte-treated surface of substrate smooth
Example 1 5 A A
(0.3) surface
smooth surface of substrate | matte-treated
Example 2 7 A A
(0.03) surface
smooth surface of substrate | matte-treated
Example 3 5 A A
(0.2) surface
smooth surface of substrate smooth
Example 4 12 B A
0.2) surface
Comparativg matte-treated surface of substrate smooth 5 A B
Example 1 (1.0) surface
. surface of coating layer covering
Comparative smooth
matte-treated surface of substrate 30 C A
Example 2 ) surface
Comparative smooth surface of substrate smooth 33 c A
Example 3 (0.03) surface
Comparative smooth surface of substrate smooth 34 A
Example 4 0.2) surface
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[0390]

As is evident from the above results, in the prote film formation sheets of
Examples 1 to 4, by ensuring that the surface megh of the surface (the exposed
surface) of the support sheet on the oppositefside the side on which the protective
film formation layer was provided was not more tia® um, infrared examination of the
semiconductor chips could be performed favorabig, moreover, by ensuring that the
static friction force between the above surface @kposed surface) of the support sheet
and the surface (the exposed surface) of the eefdason the opposite side from the
side on which the protective film formation layeasvprovided was not more than 12 N,
feeding of the protective film formation sheet framoll could be performed favorably.

As is clearly evident from these results, it wasfemed that by ensuring that the
aforementioned exposed surface of the support steeea smooth surface or a surface
having little unevenness, and the aforemention@pdsed surface of the release film was
either a smooth surface or an uneven surface,ihem@justing the combination between
these exposed surfaces, the static friction foesebed above could be reduced, and
the protective film formation sheet could be fedoiably from a roll.

[0391]

In contrast, in the protective film formation sheéComparative Example 1,
although the sheet was able to be fed favorabiy faaroll due to the small static friction
force, because the aforementioned surface roughvesstarge, infrared examination of
the semiconductor chips could not be performed atym

Further, in the protective film formation sheetGdmparative Example 2,
although the infrared examination of the semicomaluchips could be performed
favorably, abnormalities were observed when feethiegsheet from a roll. Although it

was assumed that, despite not being measured,tiaees roughness of the surface of the
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coating layer that covered the matte-treated seirdéi¢che substrate was probably
sufficiently small, because the material of thiatog layer was unsuitable, it is thought
that the aforementioned static friction force beedov large, despite the fact that the
exposed surface of the release film was a smootacsu

Furthermore, in the protective film formation sheeComparative Example 3,
although the infrared examination of the semicotmtuchips could be performed
favorably due to the small surface roughness, tsecthe aforementioned static friction
force was large, abnormalities were observed wheding the sheet from a roll.

In the protective film formation sheet of CompamatExample 4, although the
infrared examination of the semiconductor chipsadde performed favorably due to the
small surface roughness, it is assumed that be¢hestatic friction force was large,
abnormalities would be observed when feeding tleetstiom a roll, in a similar manner

to that observed for Comparative Example 3.

INDUSTRIAL APPLICABILITY
[0392]
The present invention can be used in the manutactfusemiconductor chips or
the like in which the back surface is protectechwitprotective film, and is therefore

extremely useful industrially.

DESCRIPTION OF THE REFERENCE SIGNS
[0393]
1A, 1B, 1C, 1D, 1E, 1F, 1G, 1H: Protective filmrdmation sheet
10: Support sheet

10a: Surface of support sheet
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10b: Back surface (exposed surface) of suppodtshe
11: Substrate
11a: Surface of substrate
11b: Back surface of substrate
12: Adhesive layer
12a: Surface of adhesive layer
13, 23: Protective film formation layer
13a, 23a: Surface of protective film formationday
14: Coating layer
14a: Surface of coating layer
14b: Back surface of coating layer
15: Release film

15a: Surface of release film
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CLAIMS

1. A protective film formation sheet having a paiiee film formation layer
provided on a support sheet, and a release filmiggd on the protective film formation
layer, wherein

a surface roughness of a surface of the suppeet €£im an opposite side from a
side on which the protective film formation laysmrovided is not more than 0.5 um,
and

a static friction force, measured in accordandé JiS K7125, between the
surface of the support sheet and a surface oeleage film on an opposite side from a

side on which the protective film formation laysmrovided is not more than 29 N.

2. The protective film formation sheet accordingtaim 1, wherein the support
sheet has a substrate, and a surface of the seldsasibeen subjected to a roughening

treatment using a sand blasting treatment.

3. The protective film formation sheet accordingtaim 1, wherein the support

sheet comprises an adhesive layer laminated tbsirate.

4. The protective film formation sheet accordingtaim 2, wherein the support

sheet comprises an adhesive layer laminated tsuibstrate.

5. The protective film formation sheet accordingtaim 3 or 4, wherein a

thickness of the adhesive layer is from 1 to 100 pm
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6. A manufacturing method for a protective filmrfation sheet, wherein

the protective film formation sheet is the protezfilm formation sheet
according to any one of Claims 1 to 5, and

the method comprises:

a step of forming a laminated structure of thepsupsheet and the protective
film formation layer so that a surface roughnesthefsurface of the support sheet on an
opposite side from a side on which the protectilve formation layer is provided is not
more than 0.5 pum, and

a step of forming a laminated structure of thequtive film formation layer and
the release film so that a static friction forceasured in accordance with JIS K7125,
between a surface of the support sheet on an dpmide from a side on which the
protective film formation layer is provided andwaface of the release film on an
opposite side from a side on which the protectilve formation layer is provided is not

more than 29 N.

7. A manufacturing method for a semiconductor device,method comprising:

a step of removing the release film from the prwve film formation sheet
according to any one of Claims 1 to 4, and theixiaff the protective film formation
layer to a back surface of a semiconductor wafearonpposite side from a surface on
which a circuit is provided,

a step of curing the protective film formationéayollowing affixing to the
semiconductor wafer to form a protective film,

a step of dicing the semiconductor wafer withghatective film formation sheet

formed thereon to form semiconductor chips,
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a step of examining the semiconductor chips adiating infrared rays onto the
semiconductor chips from the support sheet sidbeprotective film formation sheet,

a step of obtaining semiconductor chips with agmtive film by detaching each
semiconductor chip, together with the protectiym faffixed to a back surface of the
chip, from the support sheet, and

a step of performing flip-chip connection of trergconductor chip of the

semiconductor chip with a protective film to a ditcsurface of a circuit board.



