DESCRIPTION

FILM FOR PROTECTIVE FILM FORMATION AND COMPOSITE SEET FOR

PROTECTIVE FILM FORMATION

TECHNICAL FIELD
[0001]

The present invention relates to a film for pratexfilm formation for forming a
protective film on the back surface of a semicomolugafer or a semiconductor chip,
and a composite sheet for protective film formatioat includes the film for protective
film formation.

Priority is claimed on Japanese Patent Applicaion2015-212845, filed on

October 29, 2015, the content of which is incorpeatenherein by reference.

BACKGROUND ART
[0002]

In recent years, many semiconductor devices haga produced by application
of a mounting method known as the so-called fasendmethod. In the face down
method, a semiconductor chip having electrodes aadiumps on the circuit surface is
used, and these electrodes are bonded to a sebs#sia result, the back surface of the
semiconductor chip on the opposite side from theudi surface sometimes remains
exposed.

[0003]
A resin film formed from an organic material isys&times formed as a protective

film on the exposed back surface of the semicormdwttip, with the resulting chip



incorporated in a semiconductor device as a serdigdnor chip with a protective film.
The protective film is used for preventing cracks developing in the semiconductor
chip following the dicing step and packaging.

[0004]

In order to form this type of protective film, araposite sheet for protective film
formation is typically used, containing a film fprotective film formation provided on a
support sheet. In the composite sheet for prediim formation, the film for
protective film formation has a protective film fioation ability, whereas the support
sheet can be used as a dicing sheet, and theteéoeemposite sheet can function as an
integrated combination of a film for protectiveniiformation and a dicing sheet.

[0005]

Up until now, composite sheets having a film favtpctive film formation that
forms a protective film upon curing by heating havainly been used as the above type
of composite sheet for protective film formatidfor example, the composite sheet for
protective film formation is affixed to the backrface (the surface on the opposite side
from the electrode formation surface) of a semicmtor wafer via the film for
protective film formation, and the semiconductorfavas then converted to
semiconductor chips by dicing. Subsequently, eithe film for protective film
formation is cured by heating to form a protecfila, and each of the semiconductor
chips is then picked up with this protective filffixeed thereto, or alternatively, each
semiconductor chip is picked up with the film foofective film formation affixed
thereto, and the film for protective film formatigthen cured by heating to form a
protective film.

[0006]



However, because heat curing of the film for prote film formation usually
requires a long time of several hours, a shorteafrtge curing time would be desirable.
In this regard, films for protective film formatidhat can be cured by irradiation with
energy rays such as ultraviolet rays are beingsiiyated, and a protective film having a
pencil hardness following curing of 5H or highandacapable of suppressing the
occurrence of chipping during dicing of the semubactor wafer (see Patent Document
1), a film for protective formation film capable fafrming a protective film having
excellent laser mark legibility, hardness and mmgnteliability (see Patent Document
2), and a film for protective formation film capel®f forming a protective film having
superior hardness and excellent adhesion to seductor chips (see Patent Document

3) have all been disclosed.

PRIOR ART LITERATURE

Patent Documents
[0007]

Patent Document 1: Japanese Unexamined PatentAfmh, First Publication
No. 2009-147277

Patent Document 2: Japanese Unexamined PatenicAtmh, First Publication
No. 2009-138026

Patent Document 3: Japanese Unexamined PatenicAfmh, First Publication

No. 2010-031183

SUMMARY OF THE INVENTION
Problems to be Solved by the Invention

[0008]



However, in order to suppress the occurrenceasfking and chipping, such as
the so-called chipping that can occur around therqueriphery of semiconductor chips,
it is desirable that a film for protective film foation exhibits a superior protective
action for the semiconductor wafer and semiconduths, is capable of maintaining
that superior protective action even when exposddrge temperature variations, and is
capable of forming a protective film having excetleeliability. From these types of
viewpoints, conventional films for protective filflarmation that are capable of being
cured by irradiation with energy rays still leavansiderable room for improvement.
[0009]

The present invention has been developed in tigtite above circumstances,
and has an object of providing a film for proteetiim formation that is capable of
forming a protective film having a superior proteetaction and excellent reliability on
the back surface of a semiconductor wafer or semdigctor chip, as well as providing a
composite sheet for protective film formation thetludes this film for protective film

formation.

Means for Solving the Problems
[0010]

In order to achieve the above object, the preiseention provides a film for
protective film formation which contains an energy-curable compound (B) and is
used for forming a protective film on the back auad of a semiconductor wafer or a
semiconductor chip, wherein a cured product obthimeirradiating the film for
protective film formation with energy rays has auvig's modulus of at least 500 MPa

and an elongation at break of at least 8%.



In the film for protective film formation of ther@sent invention, the proportion
of the total mass of an energy ray-curable compd@Bigdl having 2 to 4 energy ray-
polymerizable groups within a single molecule ligkato the total mass of the energy
ray-curable compound (B) is preferably at least 9)2tnass.

Further, the present invention also provides apmsite sheet for protective film
formation that contains the above film for proteetfilm formation on one surface of a
support sheet.

[0011]

In other words, the present invention includesftilewing aspects.

[1] A film for protective film formation which comins an energy ray-curable
compound (B), has the properties described belod jswused for forming a protective
film on the back surface of a semiconductor wafea eemiconductor chip, wherein
when a cured product is formed by curing the fibmgrotective film formation by
irradiation with energy rays, the cured product&a®ung's modulus of at least 500
MPa and an elongation at break of at least 8%.

[2] The film for protective film formation accordyto [1], wherein within the film
for protective film formation, an amount of an emeray-curable compound (B1) having
2 to 4 energy ray-polymerizable groups within gjg@mmolecule, relative to the total
mass of the energy ray-curable compound (B), liscat 90% by mass.

[3] A composite sheet for protective film formatjaontaining the film for
protective film formation according to [1] or [2tqvided on one surface of a support

sheet.

Effects of the Invention

[0012]



The present invention provides a film for proteetiilm formation that is capable
of forming a protective film having a superior otive action and excellent reliability
on the back surface of a semiconductor wafer oic@rductor chip, and also provides a
composite sheet for protective film formation thtiudes this film for protective film

formation.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013]

FIG. 1 is a cross-sectional view schematicallysiitating one embodiment of the
composite sheet for protective film formation acliog to the present invention.

FIG. 2 is a cross-sectional view schematicallysiitating another embodiment of
the composite sheet for protective film formati@me@rding to the present invention.

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

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

FIG. 5 is a cross-sectional view schematicallystitating yet another
embodiment of the composite sheet for protective formation according to the present

invention.

EMBODIMENTS FOR CARRYING OUT THE INVENTION
[0014]

<<Film for Protective Film Formation>>



The film for protective film formation according the present invention contains
an energy ray-curable compound (B) and is usetbfaning a protective film on the
back surface of a semiconductor wafer or a semigctod chip, wherein a cured product
obtained by irradiating the film for protectiverfilformation with energy rays (namely,
the protective film) has a Young's modulus of aste5600 MPa and an elongation at
break of at least 8%. In other words, another@spiethe film for protective film
formation according to the present invention caorgdhe energy ray-curable compound
(B), and has the properties described below:

when a cured product (protective film) is formaddorring the film for protective
film formation by irradiation with energy rays, thared product has a Young's modulus
of at least 500 MPa and an elongation at break lebat 8%.

Ensuring that the cured product, namely the ptodilm, has a Young's
modulus and an elongation at break that are at #sdarge as the above respective lower
limits enables the protective film to exhibit aisttctorily high protective action relative
to the semiconductor wafer or semiconductor clipr example, when a semiconductor
wafer provided with the film for protective film fimation or the protective film on the
back surface undergoes dicing, the occurrenceagkarg and chipping, such as the so-
called chipping that can occur around the outeippery of the semiconductor chips, is
suppressed in the semiconductor chips that artyfiobtained. Further, by ensuring that
the Young's modulus and the elongation at breaktdeast as large as the above
respective lower limits, the protective film is altb maintain the type of superior
protective action described above even when expmskedge temperature variations,
and has excellent reliability. For example, a samductor chip with a protective film is

exposed to large temperature variations during riogiof the chip, but the protective



film described above can maintain a superior ptate@ction even under these types of
conditions.

In this manner, the film for protective film fori@n according to the present
invention enables the formation of a protectivenfilaving a superior protective action
and excellent reliability even by irradiation wigthergy rays.

[0015]

The film for protective film formation containselenergy ray-curable compound
(B), and therefore cures upon irradiation with ggerys to form a protective film.

In this description, the term "energy rays" meays among electromagnetic
waves and charged particle beams that have anyegeagmtum, and specific examples
include ultraviolet rays and electron beams.

Ultraviolet rays can be irradiated using a highgsure mercury lamp, a fusion H
lamp, a xenon lamp, or an LED or the like as arauiblet source. Electron beams can
be generated and irradiated from an electron beaelexator or the like.

The energy ray irradiation dose varies dependmthe type of energy rays, but
for example in the case of ultraviolet rays, tthemlinance is preferably from 50 to 500
mWocnt, and the irradiation dose is preferably from 208@0 mJ/crh
[0016]

The film for protective film formation can be foet using a composition for
protective film formation that contains the compuatsethat constitute the film for
protective film formation, and for example, canfbemed by applying the composition
for protective film formation to the surface ofgpgport, and then drying the composition.
The ratio between the amounts of those componertkeicomposition for protective
film formation that do not volatilize at normal tperature is typically the same as the

ratio between the amounts of those component<ifilth for protective film formation.



In this description, "normal temperature” meansmgerature at which no particular
cooling or heating is performed, namely ordinarymotemperature, and for example, is
typically a temperature of 15 to 25°C.

[0017]

There are no particular limitations on the suppandvided it is able to maintain
the shape of the film for protective film formatiaand for example, a support that is
used only for formation of the film for protectifian formation may be used, or a
support may be used which, following use in thenfation of the film for protective film
formation, remains in a stacked state on the fdnpfrotective film formation, and is
used for another targeted application. Examplesupports that are used only for
formation of the film for protective film formatiomclude release films and the like
having a release-treated surface. Examples ofostgpwhich, following formation of the
film for protective film formation, are used fora@her application include support sheets
and substrates such as the dicing sheet described.b
[0018]

Although there are no particular limitations o thickness of the film for
protective film formation, the thickness is pretadgafrom 1 to 100 pum, more preferably
from 5 to 75 um, and particularly preferably fronn%0 um. By ensuring that the
thickness of the film for protective film formatias at least as large as the above lower
limit, the adhesive strength relative to the semittactor wafer or semiconductor chip
that acts as the adherend can be increased. Eunyhensuring that the thickness of the
film for protective film formation is not more thdahe above upper limit, a shearing force
can be used to more easily cut the protective thilat represents the cured product when

semiconductor chip pickup is performed.
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In this description, the "thickness" means theigakpresenting the average of
five thickness values measured at five random iocatusing a contact thickness meter.
[0019]
<Composition for Protective Film Formation>

The composition for protective film formation cairs the energy ray-curable
compound (B), preferably contains, for exampleplymer component (A) and the
energy ray-curable compound (B), and more prefgradahtains, for example, the
polymer component (A), the energy ray-curable coumgio(B), and a
photopolymerization initiator (C).

Each of the components of the aforementioned casitipo for protective film
formation and film for protective film formation described below.

[0020]
[Polymer Component (A)]

The polymer component (A) is a component thabisstered to have been
formed by a polymerization reaction of a polymelieacompound, and is a polymer
compound that imparts film formability and flexiiyl and the like to the film for
protective film formation. In this description.etherm "polymerization reaction”
includes polycondensation reactions.

In those cases where the components within thgposition for protective film
formation include a component that corresponds tdtth the polymer component (A)
and the energy ray-curable compound (B), that corapbis treated as the energy ray-
curable compound (B). Examples of this type of ponent include acrylic polymers
having a hydroxyl group, and having a polymerizapteup bonded via a urethane

linkage as a side chain.
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A single type of the polymer component (A) mayused alone, or a combination
of two or more types may be used.
[0021]

Examples of the polymer component (A) include ketlyased resins, polyesters,
polyurethanes, acrylic urethane resins, silicosees rubber-based polymers and
phenoxy resins, and acrylic-based resins are peefer
[0022]

Conventional acrylic polymers may be used as bHove@ acrylic-based resins.

The weight average molecular weight (Mw) of theyhc-based resin is
preferably from 10,000 to 2,000,000, and more padfiy 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 adhesive sttebgtween the support sheet described
below and the protective film is suppressed, thysroving the pickup characteristics of
the semiconductor chips with a protective film.rtRar, provided the weight average
molecular weight of the acrylic-based resin ismote than the above upper limit, the
film for protective film formation can more eastgnform to any uneven surfaces on the
adherend (semiconductor wafer, semiconductor cthipl suppressing the occurrence of
voids or the like between the adherend and thefbinprotective film formation.

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

[0023]

The glass transition temperature (TQ) of the actyhsed resin is preferably from

-60 to 70°C, and more preferably from -30 to 508y. ensuring that the Tg of the

acrylic-based resin is at least as large as theealowver limit, the adhesive strength
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between the support sheet and the protective $ilsuppressed, thus further improving
the pickup characteristics of the semiconductopsiith a protective film. Further, by
ensuring that the Tg of the acrylic-based resmoismore than the above upper limit, the
adhesive strength between the adherend and thédiilprotective film formation can be
increased.

[0024]

Examples of the monomer that constitutes the mebgsed resin include alkyl
(meth)acrylate esters in which the alkyl group tt@istitutes the alkyl ester is a chain-
like group of 1 to 18 carbon atoms, such as methgith)acrylate, ethyl (meth)acrylate,
propyl (meth)acrylate, butyl (meth)acrylate, 2-éitlexyl (meth)acrylate, isooctyl
(meth)acrylate, n-octyl (meth)acrylate, n-nonyl {iacrylate, 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);

(meth)acrylate esters having a cyclic backboneh s cycloalkyl
(meth)acrylates, benzyl (meth)acrylate, isobornmyth)acrylate, dicyclopentanyl
(meth)acrylate, dicyclopentenyl (meth)acrylateydiopentenyloxyethyl (meth)acrylate,
and (meth)acrylic acid imide;

hydroxyl group-containing (meth)acrylate estershsas hydroxymethyl
(meth)acrylate, 2-hydroxyethyl (meth)acrylate, Alalydroxypropyl (meth)acrylate; and

glycidyl group-containing (meth)acrylate estershsas glycidyl (meth)acrylate.
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Among the above compounds, examples of preferi@@bmers for forming the
acrylic-based resin include methyl (meth)acrylatgyl (meth)acrylate, 2-hydroxyethyl
(meth)acrylate, and glycidyl (meth)acrylate.

[0025]

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

[0026]

Examples of other monomers for forming the acrplised resin include
monomers other than (meth)acrylate esters, su@neth)acrylic acid, itaconic acid,
vinyl acetate, acrylonitrile, styrene, and N-methgtrylamide.

[0027]

The monomer for forming the acrylic-based resiry tn@ composed of a single
monomer or two or more monomers.
[0028]

The acrylic-based resin may have a functional gttat can bond to other
compounds, such as a vinyl group, (meth)acrylogugr amino group, hydroxyl group,
carboxyl group or isocyanate group. The abovetfanal group may be bonded to
another compound via a crosslinking agent (G) dlesdrbelow, or may be bonded
directly to the other compound without requiring ttrosslinking agent (G). Bonding the
acrylic-based resin to another compound via thealfonctional group tends to improve
the package reliability of a semiconductor devib&amed using the film for protective

film formation.
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[0029]

In those cases where the composition for protedtitn formation contains an
acrylic-based resin as the polymer component @ amount of the acrylic-based resin
in the composition for protective film formationpseferably from 5 to 50% by mass,
and more preferably from 10 to 45% by mass, redativthe total mass of all of the
components besides the solvent within the compwsftr protective film formation. By
ensuring that the amount of the acrylic-based radig within this type of range, the
adhesive strength between the support sheet amtdtextive film is suppressed, thus
further improving the pickup characteristics of #smiconductor chips with a protective
film.

When the film for protective film formation contei an acrylic-based resin as the
polymer component (A), the amount of the acrylisdmhresin in the film for protective
film formation is preferably from 5 to 50% by maasd more preferably from 10 to 45%
by mass, relative to the total mass of the filmgotective film formation.

[0030]

In the present invention, in terms of improving thickup characteristics of the
semiconductor chips with a protective film by reithgcthe adhesive strength (peel
strength) between the support sheet and the piatdidim, and suppressing the
occurrence of voids and the like between the aditea@d the film for protective film
formation by making the film for protective filmtfimation conform more easily to
uneven surfaces on the adherend, a thermoplasticather than an acrylic-based resin
(hereafter sometimes abbreviated as simply "thertbplastic resin") may be either used
alone, or used in combination with an acrylic-basesin, as the polymer component (A).

[0031]
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The weight average molecular weight of the therdastifr resin is preferably
from 1,000 to 100,000, and more preferably fron08,@ 80,000.

[0032]

The glass transition temperature (Tg) of the tlugiastic resin is preferably from
-30 to 150°C, and more preferably from -20 to 120°C
[0033]

Examples of the thermoplastic resin include pdlepolyurethane, phenoxy
resins, polybutene, polybutadiene and polystyrene.

[0034]

Either a single resin or a combination of two @renresins may be used as the

thermoplastic resin.
[0035]
[Energy Ray-Curable Compound (B)]

The energy ray-curable compound (B) is a compothetitcan be cured
(polymerized) by irradiation with energy rays. thar, the energy ray-curable
compound (B) is a component used for curing thne fdr protective film formation to
form a hard protective film (namely, a cured prddalatained by irradiating the film for
protective film formation with energy rays), andyize either a monomer or an
oligomer.

A single type of the energy ray-curable compou)dnfay be used alone, or a
combination of two or more types may be used.

The amount of the energy ray-curable compoundr(B)e composition for
protective film formation is preferably from 3 t0% by mass, and more preferably from
5 to 25% by mass, relative to the total mass ahallcomponents besides the solvent in

the composition for protective film formation.
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The amount of the energy ray-curable compoundyB)in the film for
protective film formation is preferably from 3 t0% by mass, and more preferably from
5 to 25% by mass, relative to the total mass ofithrefor protective film formation.
[0036]

Examples of the energy ray-curable compound (Blude compounds having
one, or two or more, energy ray-polymerizable gsowfihin a single molecule.

There are no particular limitations on the eneaypolymerizable group,
provided it is a group that undergoes a polymenrateaction upon irradiation with
energy rays, and in those cases where the enegrgyurable compound (B) has two or
more energy ray-polymerizable groups, these energypolymerizable groups may be
the same or different. In other words, the twonore energy ray-polymerizable groups
in a single molecule of the energy ray-curable coamgl (B) may be all the same, all
mutually different, or partially the same.

Examples of the energy ray-polymerizable groujuithe a vinyl group and
(meth)acryloyl group, and a (meth)acryloyl groupisferred.

[0037]

The energy ray-curable compound (B) preferabljuithes a polyfunctional
compound in which the number of energy ray-polyaadsie groups in a single molecule
is two or more. The amount of this polyfunctionaimpound within the composition for
protective film formation and the film for proteai film formation, relative to the total
mass of the energy ray-curable compound (B), ifepably at least 90% by mass but not
more than 100% by mass, more preferably at le@4t®bmass but not more than 100%
by mass, even more preferably at least 98% by matssot more than 100% by mass,

and may be 100% by mass, namely the energy rayleucampound (B) contained in
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the composition for protective film formation aretfilm for protective film formation
may be composed entirely of the polyfunctional coom.
[0038]

The molecular weight of the energy ray-curable gound (B) is preferably not
more than 1,000, more preferably from 100 to 1,@é®@n more preferably from 150 to
800, and particularly preferably from 200 to 5%hsuring that the molecular weight of
the energy ray-curable compound (B) satisfiestilge of range further enhances the
protective action and the reliability of the formaatective film.

[0039]

The energy ray-curable compound (B) is preferabigneth)acrylate compound,
is more preferably a polyfunctional (meth)acryledenpound having two or more energy
ray-polymerizable groups in a single molecule, snphrticularly preferably a
polyfunctional (meth)acrylate compound having twarmre (meth)acryloyl groups in a
single molecule. Here, "(meth)acrylate compoundans a (meth)acrylate ester or a
derivative thereof. Moreover, in this descriptitime term "derivative” means a
compound in which at least one hydrogen atom obtiggnal compound has been
substituted with a group (substituent) other théaydrogen atom.

[0040]

Examples of the polyfunctional (meth)acrylate connpd having two or more
(meth)acryloyl groups include difunctional (metmdate compounds such as 1,4-
butanediol di(meth)acrylate, 1,6-hexanediol di(nethylate, neopentyl glycol
di(meth)acrylate, polyethylene glycol di(meth)aatg, neopentyl glycol adipate
di(meth)acrylate, neopentyl glycol hydroxypivaldiémeth)acrylate, dicyclopentanyl
di(meth)acrylate (also known as tricyclodecane dnylel diacrylate), caprolactone-

modified dicyclopentenyl di(meth)acrylate, ethylenede-modified phosphoric acid
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di(meth)acrylate, di(acryloxyethyl) isocyanuratedallylated cyclohexyl
di(meth)acrylate;

trifunctional (meth)acrylate compounds such asdthylolpropane
trilmeth)acrylate, dipentaerythritol triimeth)aaig, propionic acid-modified
dipentaerythritol trilmeth)acrylate, pentaerythirtti(meth)acrylate, propylene oxide-
modified trimethylolpropane tri(meth)acrylate, (asryloxyethyl) isocyanurate,
bis(acryloxyethyl)hydroxyethyl isocyanurate, isoayéc acid ethylene oxide-modified
diacrylate, isocyanuric acid ethylene oxide-modifigacrylate, and-caprolactone-
modified tris(acryloxyethyl) isocyanurate;

tetrafunctional (meth)acrylate compounds suchiglgaerol tetra(meth)acrylate
and pentaerythritol tetra(meth)acrylate;

pentafunctional (meth)acrylate compounds suchgentherythritol
penta(meth)acrylate and propionic acid-modifiecediperythritol penta(meth)acrylate;
and

hexafunctional (meth)acrylate compounds such pendaerythritol
hexa(meth)acrylate and caprolactone-modified dgemythritol hexa(meth)acrylate.

Among the above compounds, tricyclodecane dimetfyhcrylate and-
caprolactone-modified tris(acryloxyethyl) isocyaaer are particularly preferred.
[0041]

In the energy ray-curable compound (B), the nunalb@nergy ray-polymerizable
groups in a single molecule is preferably from 2 tand is more preferably 2 or 3.
Using this type of energy ray-curable compoundf(Bher enhances the protective
action and reliability of the formed protectiveniil In this description, among the
various forms of the energy ray-curable compound ¢Bmpounds having 2 to 4 energy

ray-polymerizable groups within a single molecule sometimes referred to using the
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collective term "the energy ray-curable compoundl){Band compounds having 5 or
more energy ray-polymerizable groups within a ®ngblecule are sometimes referred
to using the collective term "the energy ray-cugatdmpound (B2)".

The energy ray-curable compound (B1) preferabfyzhar 3 energy ray-
polymerizable groups within a single molecule, apdcific examples include
tricyclodecane dimethylol diacrylate agdtaprolactone-modified tris(acryloxyethyl)
isocyanurate.

[0042]

In the composition for protective film formationdithe film for protective film
formation, the amount of an energy ray-curable caumngl (B) having 2 to 4 energy ray-
polymerizable groups within a single molecule (nbile energy ray-curable
compound (B1)), relative to the total mass of thergy ray-curable compound (B), is
preferably at least 90% by mass but not more ti@84by mass, more preferably at
least 95% by mass but not more than 100% by mastcydarly preferably at least 98%
by mass but not more than 100% by mass, and ma@@ by mass, namely the energy
ray-curable compound (B) contained in the compasitor protective film formation
and the film for protective film formation may bemaposed entirely of the energy ray-
curable compound (B1).

[0043]

In the composition for protective film formationathe film for protective film
formation, the amount of an energy ray-curable caumpg (B) having 2 or 3 energy ray-
polymerizable groups within a single molecule, tig&ato the total mass of the energy
ray-curable compound (B), is preferably at leas68fy mass but not more than 100%
by mass, more preferably at least 85% by massdiunore than 100% by mass, even

more preferably at least 90% by mass but not nfae 100% by mass, particularly
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preferably at least 95% by mass but not more tié@d4by mass, and may be 100% by
mass, namely the energy ray-curable compound (Bjaaeed in the composition for
protective film formation and the film for proteai film formation may be composed
entirely of an energy ray-curable compound havirmg 2 energy ray-polymerizable
groups within a single molecule.

[0044]

The amount of the energy ray-curable compoundr(B)e composition for
protective film formation and the film for proteadi film formation, when the amount of
the polymer component (A) is deemed to be 100 fgrimass, is preferably within a
range from 1 to 150 parts by mass, more preferabiy 5 to 130 parts by mass, and
particularly preferably from 10 to 110 parts by si:aBy ensuring that the amount of the
energy ray-curable compound (B) is at least a®lasggthe above lower limit, the formed
protective film can maintain a superior protectaation even if exposed to large
temperature variations, and the reliability impmvéurther, by ensuring that the amount
of the energy ray-curable compound (B) is not ntbaa the above upper limit, the
adhesive strength between the support sheet anmpdtetive film is suppressed,
thereby further improving the pickup characterst€ the semiconductor chips with a
protective film.

[0045]
[Photopolymerization Initiator (C)]

The photopolymerization initiator (C) is a compohthat generates radicals upon
irradiation with energy rays, and is used for atitig the curing reaction of the energy
ray-curable compound (B) via a radical polymerizati

The photopolymerization initiator (C) may be awemtional initiator, and

specific examples includeketol-based compounds such as 4-(2-hydroxyethiwenpl
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(2-hydroxy-2-propyl) ketoney-hydroxy-o,a'-dimethylacetophenone, 2-methyl-2-
hydroxypropiophenone, 1-hydroxycyclohexyl phenytoke, and 2-hydroxy-1-{4-[4-(2-
hydroxy-2-methyl-propionyl)-benzyl]phenyl}-2-methpropan-1-one; acetophenone-
based compounds such as acetophenone, dimethyeetophenone,
methoxyacetophenone, 2,2-dimethoxy-2-phenylacetomie 2,2-
diethoxyacetophenone, 2,2-diethoxy-2-phenylacetophe, 2-hydroxy-2-methyl-1-
phenylpropan-1-one, 1-hydroxycyclohexyl phenyl keto2-methyl-1-[4-
(methylthio)phenyl]-2-morpholinopropan-1-one, anrtighzyl-2-dimethylamino-1-(4-
morpholinophenyl)-butanone-1; benzoin ether-basedpounds such as benzoin,
benzoin methyl ether, benzoin ethyl ether, bensmpropyl ether, benzoin n-butyl ether,
benzoin isobutyl ether, and anisoin methyl ethetakbased compounds such as benzyl
dimethyl ketal and acetophenone dimethyl ketalpreatic sulfonyl chloride-based
compounds such as 2-naphthalenesulfonyl chloripigcally active oxime-based
compounds such as 1-phenone-1,1-propanedione-2a@yearbonyl)oxime, and
ethanone,1-[9-ethyl-6-(2-methylbenzoyl)-9H-carbazll]-,1-(O-acetyloxime);
benzophenone-based compounds such as benzophprarenylbenzophenone,
benzoyl benzoate, dichlorobenzophenone, 4,4'-dethiypobenzophenone, and 3,3'-
dimethyl-4-methoxybenzophenone; anthraquinone-besegbounds such as 2-
methylanthraquinone, 2-ethylanthraquinone, 2-tatidlanthraquinone, and 2-
aminoanthraquinone; thioxanthone-based compouratsasithioxanthone, 2-
chlorothioxanthone, 2-methylthioxanthone, 2-ethgitanthone, isopropylthioxanthone,
2,4-dimethylthioxanthone, 2,4-diethylthioxanthoggi-dichlorothioxanthone, 2,4-
diethylthioxanthone, and 2,4-diisopropylthioxantBpas well as p-

dimethylaminobenzoic acid esters, camphorquinoalgenated ketones, acyl
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phosphine oxides such as diphenyl(2,4,6-trimetmabgl)phosphine oxide, acyl
phosphonates, and oligo[2-hydroxy-2-methyl-1-[4a{&thylvinyl)phenyl]propanone].

Among the above compounds, ethanone,1-[9-ethg-&éthylbenzoyl)-9H-
carbazol-3-yl]-,1-(O-acetyloxime) and the like greferred.

[0046]

The amount of the photopolymerization initiato) {(€the composition for
protective film formation, when the amount of tr@ymer component (A) is deemed to
be 100 parts by mass, is preferably within a rdrga 0.01 to 10 parts by mass, more
preferably from 0.1 to 7 parts by mass, and pdeibupreferably from 0.2 to 5 parts by
mass. Ensuring that the amount of the photopoliaon initiator (C) is at least as
large as the above lower limit enables the curgagtion of the energy ray-curable
compound (B) to proceed more efficiently. Furtrersuring that the amount of the
photopolymerization initiator (C) is not more thidwe above upper limit further enhances
the protective action and the reliability of thermf®d protective film.

Further, the amount of the photopolymerizatiotiator (C) in the composition
for protective film formation, relative to the tbtaass of the composition for protective
film formation or the film for protective film forition, is preferably from 0.1 to 3% by
mass.

[0047]
[Filler (D)]

The composition for protective film formation atie film for protective film
formation may also contain a filler (D). By incliad the filler (D), the coefficient of
thermal expansion of the film for protective filmrination can be more easily adjusted.

Accordingly, by ensuring that the coefficient oétmal expansion of the protective film
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formed following curing of the film for protectiidm formation is optimized for the
semiconductor chip, the package reliability camniyeroved.

Further, by using a composition for protectivenfiormation containing the filler
(D), the coefficient of moisture absorption for theed protective film can be reduced,
and the thermal conductivity of the cured protexfilm can be improved.

[0048]

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

Examples of preferred inorganic fillers includenplers of silica, alumina, talc,
calcium carbonate, titanium white, red iron oxisiéicon carbide, and boron nitride and
the like; beads formed by spheroidizing these pesvdach as silica; single crystal fibers
of these materials such as silica; and glass fibers

Among these, the inorganic filler is preferablsileca filler or an alumina filler.
[0049]

A single type of the filler (D) may be used alooea combination of two or more
types may be used.

[0050]

In those cases where the filler (D) is used, theunt of the filler (D) relative to
the total mass of all the components besides thersnin the composition for protective
film formation (namely, the amount of the filler YPelative to the total mass of the film
for protective film formation) is preferably fromté 80% by mass, and more preferably
from 7 to 65% by mass. Ensuring that the amouthefiller (D) is at least as large as
the above lower limit enables the effects of ushefiller (D) to manifest more

markedly. Further, ensuring that the amount offillex (D) is not more than the above
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upper limit further enhances the protective actiod the reliability of the formed
protective film.

[0051]

[Colorant (E)]

The composition for protective film formation atie film for protective film
formation may also contain a colorant (E).

Examples of the colorant (E) include conventia@brants such as inorganic
pigments, organic pigments, and organic dyes amdika.

[0052]

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, pyrylased colorants, phthalocyanine-
based colorants, naphthalocyanine-based colonzeg$itholactam-based colorants, azo-
based colorants, condensed azo-based colorango-bdsed colorants, perinone-based
colorants, perylene-based colorants, dioxazineebeskrants, quinacridone-based
colorants, isoindolinone-based colorants, quinoglbtie-based colorants, pyrrole-based
colorants, thioindigo-based colorants, metal comypi@sed colorants (metal complex
dyes), dithiol metal complex-based colorants, iedqaienol-based colorants,
triarylmethane-based colorants, anthraguinone-besiedants, dioxazine-based
colorants, naphthol-based colorants, azomethineebeslorants, benzimidazolone-based
colorants, pyranthrone-based colorants, and thibassed colorants.

[0053]
Examples of the inorganic pigments include carblacks, cobalt-based colorants,

iron-based colorants, chromium-based colorantsitim-based colorants, vanadium-
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based colorants, zirconium-based colorants, molylmtebased colorants, ruthenium-
based colorants, platinum-based colorants, ITAGYmndin oxide)-based colorants, and
ATO (antimony tin oxide)-based colorants.

Among the above colorants, phthalocyanine-baskxdtarts, isoindolinone-based
colorants, and anthraquinone-based colorants anlikéhare preferred.
[0054]

A single type of the colorant (E) may be used @Jar a combination of two or
more types may be used.
[0055]

In those cases where the colorant (E) is usedirtieunt of the colorant (E) in the
film for protective film formation is preferably acgted appropriately in accordance with
the intended purpose of the film. For example piatective film may sometimes be
subjected to printing by laser irradiation, andaojusting the amount of the colorant (E)
in the film for protective film formation to adjustie light transmittance of the protective
film, the legibility of the printing can be adjusteln this case, the amount of the
colorant (E) relative to the total mass of all toenponents besides the solvent in the
composition for protective film formation (namethe amount of the colorant (E)
relative to the total mass of the film for proteetifilm formation) is preferably within a
range from 0.1 to 10% by mass, more preferably féofrto 7.5% by mass, and
particularly preferably from 0.8 to 5% by mass.s#iing that the amount of the colorant
(E) is at least as large as the above lower limétées the effects of using the colorant
(E) to manifest more markedly. Further, ensurhlmg the amount of the colorant (E) is
not more than the above upper limit suppressesseikeeuse of the colorant (E).

[0056]

[Coupling Agent (F)]



26

The composition for protective film formation atie film for protective film
formation may also contain a coupling agent (F).irgluding a compound having a
functional group capable of reacting with inorgacgenpounds or organic compounds as
a coupling agent (F) in the film for protectivenfiformation, the adhesiveness and
adhesion to the adherend can be improved. Futtieprotective film formed from a
film for protective film formation containing thevapling agent (F) exhibits improved
water resistance without losing any heat resistance
[0057]

The coupling agent (F) is preferably a compoundrigaa functional group
capable of reacting with the functional groupshe polymer component (A) and the
energy ray-curable compound (B) and the like, andare preferably a silane coupling
agent.

Examples of preferred silane coupling agents oel8-
glycidyloxypropyltrimethoxysilane, 3-glycidyloxymiegldiethoxysilane, 2-(3,4-
epoxycyclohexyl)ethyltrimethoxysilane, 3-methacrgpropyltrimethoxysilane, 3-
aminopropyltrimethoxysilane, 3-(2-aminoethylaminmypyltrimethoxysilane, 3-(2-
aminoethylamino)propylmethyldiethoxysilane, 3-(pyl@mino)propyltrimethoxysilane,
(3-ureidopropyl)triethoxysilane, 3-mercaptoproppftethoxysilane, 3-
mercaptopropylmethyldimethoxysilane, bis(3-trietysiky/lpropyl)tetrasulfane,
methyltrimethoxysilane, methyltriethoxysilane, Vitngnethoxysilane,
vinyltriacetoxysilane and imidazole silane.

Among the above compounds, 3-methacryloxypropgithoxysilane and the
like are preferred.

[0058]
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A single type of the coupling agent (F) may bedusiene, or a combination of
two or more types may be used.
[0059]

In those cases where the coupling agent (F) &, ube amount of the coupling
agent (F) in the composition for protective filmfwation and the film for protective film
formation, when the combined amount of the polyommponent (A) and the energy
ray-curable compound (B) is deemed to be 100 jbgrteass, is preferably within a
range from 0.03 to 20 parts by mass, more prefefain 0.05 to 10 parts by mass, and
particularly preferably from 0.1 to 5 parts by ma&nsuring that the amount of the
coupling agent (F) is at least as large as thealmwer limit enables the effects of using
the coupling agent (F) to manifest more markediyrther, ensuring that the amount of
the coupling agent (F) is not more than the ab@gpeulimit better suppresses the
generation of out gas.

[0060]
[Crosslinking Agent (G)]

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 bormthier compounds is used as the
polymer component (A), a crosslinking agent (G) rhayused to achieve crosslinking by
binding this functional group to other compoun@s: preforming crosslinking using the
crosslinking agent (G), the initial adhesive sttérand the cohesion of the film for
protective film formation can be adjusted.

[0061]
Examples of the crosslinking agent (G) includeaoig polyvalent isocyanate

compounds and organic polyvalent imine compounds.
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[0062]

Examples of the organic polyvalent isocyanate caumps include aromatic
polyvalent isocyanate compounds, aliphatic polywaieocyanate compounds, alicyclic
polyvalent isocyanate compounds, as well as trimeosyanurates and adducts of these
compounds (such as reaction products with low-mudéeaveight active hydrogen-
containing compounds such as ethylene glycol, pemgyglycol, neopentyl glycol,
trimethylolpropane or castor oil, for example, dylgne diisocyanate adduct of
trimethylolpropane), and isocyanate-terminatedhane¢ prepolymers obtained by
reacting an organic polyvalent isocyanate compamndia polyol compound.

[0063]

Specific examples of the organic polyvalent iso@ta compounds include 2,4-
tolylene diisocyanate, 2,6-tolylene diisocyanat8;Xylylene diisocyanate, 1,4-xylylene
diisocyanate, diphenylmethane-4,4'-diisocyanafghetiylmethane-2,4'-diisocyanate, 3-
methyldiphenylmethane diisocyanate, 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.

[0064]

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

Among the above compounds, 2,4-tolylene diisocigaad 2,6-tolylene

diisocyanate are preferred as the crosslinking ta@&n
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[0065]

In those cases where an isocyanate-based crasgliagent is used as the
crosslinking agent (G), a hydroxyl group-containpajymer is preferably used as the
acrylic-based resin of the polymer component (A)hen the crosslinking agent (G) has
isocyanate groups and the acrylic-based resiny@rexyl groups, reaction between the
crosslinking agent (G) and the acrylic-based reameasily introduce crosslinked
structures into the film for protective film fornia.

[0066]

In those cases where the crosslinking agent (G3asl, the amount of the
crosslinking agent (G) within the composition foofective film formation or the film
for protective film formation, when the amount bétpolymer component (A) is deemed
to be 100 parts by mass, is preferably from 0.(0tparts by mass, more preferably
from 0.1 to 10 parts by mass, and particularly gnedbly from 0.5 to 5 parts by mass.
[0067]

[General-Purpose Additives (H)]

The composition for protective film formation atie film for protective film
formation may also contain general-purpose addit{¥$ besides the components
described above.

Examples of the general-purpose additives (Huitkelconventional plasticizers,
antistatic agents, antioxidants, gettering agemd,sensitizers.

[0068]
[Solvent]
Because the handling of the composition for piotedilm formation improves

upon dilution, the composition preferably also @ms$ a solvent.
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There are no particular limitations on the solveitained in the composition for
protective film formation, but examples of prefersolvents include hydrocarbons such
as toluene and xylene; alcohols such as methathalnel, 2-propanol, isobutyl alcohol
(2-methylpropan-1-ol) and 1-butanol; esters sucétlgl acetate; ketones such as
acetone and methyl ethyl ketone; ethers such i@htetrofuran; and amides (compounds
having an amide linkage) such as dimethylformanaia@é N-methylpyrrolidone.

The solvent contained in the composition for prote film formation may be a
single solvent or two or more solvents.

[0069]

In those cases where the composition for protedtimn formation contains a
solvent, the amount of the solvent is preferabljysteéd so that the solid fraction
concentration of the composition is from 35 to 7B§amass relative to the total mass of
the composition.

[0070]

The composition for protective film formation che obtained by blending
together the aforementioned components that catestihe 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 satvaynfirst 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 componevritsout being used to first dilute
one of the other components.

[0071]
There are no particular limitations on the methedd for mixing the components

during blending, and a method may be selected &omng conventional methods such
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as methods in which mixing is performed by rotatidgth a stirring bar or stirring blade,
methods in which mixing is performed using a mixargd methods in which mixing is
performed by application of ultrasound.

[0072]

As described above, the film for protective filorrhation according to the
present invention can be formed, for example, lphapg the composition for protective
film formation to the surface of a support, andhtieying the composition.

[0073]

Application of the composition for protective filflarmation to the surface of a
support may be performed using a conventional nikthand examples include methods
that use any of various coaters such as an aie koidter, blade coater, bar coater,
gravure coater, roll coater, roll knife coater,taur coater, die coater, knife coater,
screen coater, Meyer bar coater or kiss coater.

[0074]

When drying the composition for protective filnriwation, the drying
temperature is preferably within a range from 8236°C, and the drying time is
preferably from 10 seconds to 10 minutes.

[0075]

The protective film formed by curing the film fprotective film formation
according to the present invention by irradiatiagthvenergy rays has a Young's modulus
of at least 500 MPa and an elongation at break leat 8%.

The Young's modulus of the protective film caragusted by altering the
various components contained in the film for protecfiim formation, such as the

energy ray-curable compound (B), and is preferabjysted to a value of at least 550
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MPa, and can also be adjusted to a value of at 16880 MPa, at least 1,400 MPa, or at
least 1,800 MPa or the like.

On the other hand, although there are no parti¢intitations on the upper limit
for the Young's modulus of the protective film,rfrahe viewpoints of the dicing
properties and the package reliability, the Younglulus is preferably not more than
10,000 MPa, and is more preferably 5,000 MPa & les

In other words, the Young's modulus of the pratectiim is typically at least
500 MPa but not more than 10,000 MPa, and is pbfemat least 550 MPa but not more
than 5,000 MPa, more preferably at least 1,000 bMRanot more than 5,000 MPa, even
more preferably at least 1,400 MPa but not mora §1800 MPa, and particularly
preferably at least 1,800 MPa but not more tha@®GNPa.

[0076]

In this description, the "Young's modulus" medmes\yalue determined from the
slope of the stress-strain curve at the starttesa(tensile test) in which a test piece is
pulled at a tensile speed of 200 mm/minute. Thangs modulus can be measured at
the same time as measurement of the "elongatibreak" described below.

[0077]

The elongation at break of the protective film éa@nadjusted by altering the
various components contained in the film for protecfilm formation, such as the
energy ray-curable compound (B), and is preferaljysted to a value of at least 10%,
and can also be adjusted to a value that is, famgie, at least 15%, at least 20%, at
least 30%, at least 40%, or 50% or higher.

On the other hand, although there are no partidinhétations on the upper limit

for the elongation at break of the protective fifnom the viewpoint of achieving
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favorable cleavage properties during dicing, theempimit for the elongation at break is
preferably 100%.

In other words, the elongation at break of thegmtive film is typically at least
8% but not more than 100%, and may be at leastldi@®%ot more than 100%, at least
15% but not more than 100%, at least 20% but noertian 100%, at least 30% but not
more than 100%, at least 40% but not more than 1@0%t least 50% but not more than
100%, and a value of 100% is particularly desirable
[0078]

In this invention, either the tensile strain agdi in the case where the test piece
has no yield point, or the tensile break induceaisin the case where the test piece has
a yield point, determined in accordance with JIS&IZ1999 and JIS K7127:1999, is
deeded to represent the "elongation at break".

The elongation at break is determined using goiese having a width of 15 mm
and a length of 140 mm, by measuring the amouatarsfgation in the test piece when
the test piece is pulled at a tensile speed of@@@minute with the distance between the
chucks holding the test piece set to 100 mm, aed tising the measured value to
determine the elongation at break.

Another aspect of the film for protective film foation according to the present
invention is a film for protective film formationhich, upon irradiation with energy rays,
forms a protective film having a Young's modulusbfeast 590 MPa but not more than
1,960 MPa, and having an elongation at break lefeest 10.7% but not more than 56.0%.
[0079]

<<Composite Sheet for Protective Film Formation>>
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The composite sheet for protective film formatemtording to the present
invention has the film for protective film formati@ccording to the present invention
described above provided on one surface of a stippeet.

The composite sheet for protective film formatismsed for forming a protective
film on the back surface of a semiconductor wafea eemiconductor chip.

[0080]

Examples of the support sheet include supportgposed solely of a substrate,
and supports having one or more other layers stboke substrate.

The composite sheet for protective film formatemtording to the present
invention is described below in further detail.

[0081]

FIG. 1 is a cross-sectional view schematicallysiitating one embodiment of the
composite sheet for protective film formation acting to the present invention. The
drawings used in the following description may bavwh with specific portions enlarged
as appropriate to facilitate comprehension of gagures of the present invention, and the
dimensional ratios and the like between the carestit elements may differ from the
actual values.

[0082]

The composite sheet for protective film formatighillustrated in the figure is
prepared by providing an adhesive layer 12 on atsatie 11, and providing a film for
protective film formation 13 on the adhesive lay2r A support sheet 10 is a laminated
product of the substrate 11 and the adhesive [E¥emeaning that in other words, the
composite sheet for protective film formation 1Ashke film for protective film
formation 13 formed on one surface 10a of the sugbeet 10. Further, the composite

sheet for protective film formation 1A also haskease film 15 provided on top of the
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film for protective film formation 13. The film fgprotective film formation 13 is the
film for protective film formation according to thpresent invention described above.
[0083]

In the composite sheet for protective film forroatil A, the adhesive layer 12 is
stacked on one surface 11a of the substrate 11ijrthéor protective film formation 13
is stacked across the entire surface of a surf2aeflthe adhesive layer 12 (namely, the
surface of the adhesive layer 12 on the oppositefsom the surface that contacts the
substrate 11), a jig adhesive layer 16 is stackea portion of a surface 13a of the film
for protective film formation 13 (namely, the swéeof the film for protective film
formation 13 on the opposite side from the surthe¢ contacts the adhesive layer 12),
and the release film 15 is stacked on the porticghesurface 13a of the film for
protective film formation 13 on which the jig adheslayer 16 has not been formed, and
on a surface 16a of the jig adhesive layer 16 (ihygrae upper surface: the surface of the
jig adhesive layer 16 on the opposite side fromstiméace that contacts the film for
protective film formation 13, and a side surfate side surface of the jig adhesive layer
16 positioned on the central side of the compaditet for protective film formation 1A).
[0084]

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.

[0085]

The composite sheet for protective film formatighillustrated in FIG. 1 is used

in a state where the release film 15 has been redhdy affixing the back surface of a

semiconductor wafer (not shown in the figure) t® sarface 13a of the film for
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protective film formation 13, and affixing the upmrface of the surface 16a of the jig
adhesive layer 16 to a jig such as a ring frame.
[0086]

FIG. 2 is a cross-sectional view schematicallystitating another embodiment of
the composite sheet for protective film formati@e@ding to the present invention. In
FIG. 2, those structural elements that are the semtkose illustrated in FIG. 1 are
labeled with the same symbols as those used inElénd detailed descriptions of those
elements are omitted. This also applies in FI&® subsequent figures.

[0087]

With the exception of not having the jig adhedaxer 16, the composite sheet
for protective film formation 1B illustrated in FI@ is the same as the composite sheet
for protective film formation 1A illustrated in FIA. In other words, in the composite
sheet for protective film formation 1B, the adhediayer 12 is stacked on the surface
11a of the substrate 11, the film for protectinfiormation 13 is stacked across the
entire surface of the surface 12a of the adhesaier|12 (namely, the surface of the
adhesive layer 12 on the opposite side from thiaserthat contacts the substrate 11),
and the release film 15 is stacked across theeesuinface of the surface 13a of the film
for protective film formation 13 (namely, the sueof the film for protective film
formation 13 on the opposite side from the surthe¢ contacts the adhesive layer 12).
The film for protective film formation 13 is thdrfi for protective film formation
according to the present invention described above.

[0088]

The composite sheet for protective film formatidhillustrated in FIG. 2 is used

in a state where the release film 15 has been redhdy affixing the back surface of a

semiconductor wafer (not shown in the figure) tegion in the central portion of the
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surface 13a of the film for protective film formani 13, and affixing a region near the
periphery of the film for protective film formatialB to a jig such as a ring frame.
[0089]

FIG. 3 is a cross-sectional view schematicallystitating yet another
embodiment of the composite sheet for protective formation according to the present
invention.

With the exception of not having the adhesive ldy& the composite sheet for
protective film formation 1C illustrated in FIG.i8the same as the composite sheet for
protective film formation 1A illustrated in FIG. 1n other words, in the composite sheet
for protective film formation 1C, the support shisetomposed of only the substrate 11.
The film for protective film formation 13 is staaken the surface 11a of the substrate
11, the jig adhesive layer 16 is stacked on a @oui the surface 13a of the film for
protective film formation 13 (namely, the surfadere film for protective film
formation 13 on the opposite side from the surthe¢ contacts the substrate 11), and the
release film 15 is stacked on the portion of théssme 13a of the film for protective film
formation 13 on which the jig adhesive layer 16 hasbeen formed, and on the surface
16a of the jig adhesive layer 16 (namely, the ugpeiace: the surface of the jig
adhesive layer 16 on the opposite side from thiaseithat contacts the film for
protective film formation 13, and the side surfabe: side surface of the jig adhesive
layer 16 positioned on the central side of the ausitp sheet for protective film
formation 1C). The film for protective film forman 13 is the film for protective film
formation according to the present invention désxtiabove.

[0090]
The composite sheet for protective film formatidd is used in a similar manner

to the composite sheet for protective film formatioA, in a state where the release film
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15 has been removed, by affixing the back surfé@esemiconductor wafer (not shown
in the figure) to the surface 13a of the film foogective film formation 13, and affixing
the upper surface of the surface 16a of the jigeaidie layer 16 to a jig such as a ring
frame.

[0091]

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

With the exception of not having the jig adhedaxer 16, the composite sheet
for protective film formation 1D illustrated in FI@ is the same as the composite sheet
for protective film formation 1C illustrated in FIG. In other words, in the composite
sheet for protective film formation 1D, the filmrfprotective film formation 13 is
stacked on one surface 11a of the substrate 1thanelease film 15 is stacked across
the entire surface of the surface 13a of the fi?impirotective film formation 13 (namely,
the surface of the film for protective film formati 13 on the opposite side from the
surface that contacts the substrate 11). Theféilnprotective film formation 13 is the
film for protective film formation according to thpresent invention described above.
[0092]

The composite sheet for protective film formatidh is used in a similar manner
to the composite sheet for protective film formatiB illustrated in FIG. 2, 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 film for protective film formani 13, and affixing a region near the
periphery of the film for protective film formatialB to a jig such as a ring frame.

[0093]



39

FIG. 5 is a cross-sectional view schematicallysiitating yet another
embodiment of the composite sheet for protective formation according to the present
invention.

With the exception that the shape of the filmgootective film formation differs,
the composite sheet for protective film formatidnillustrated in FIG. 5 is the same as
the composite sheet for protective film formatighillustrated in FIG. 1. In other words,
the composite sheet for protective film formatidhHas the adhesive layer 12 provided
on the substrate 11, and a film for protective fiotrmation 23 provided on the adhesive
layer 12. The support sheet 10 is a laminatedyatoof the substrate 11 and the
adhesive layer 12, meaning that in other wordsctimeposite sheet for protective film
formation 1E has a stacked structure in which ilnefor protective film formation 23 is
formed on one surface 10a of the support sheatdaély, the surface on the side of the
adhesive layer 12). Further, the composite slugirbtective film formation 1E also
has a release film 15 provided on top of the fimgrotective film formation 23. The
film for protective film formation 23 is the filnmof protective film formation according
to the present invention described above, and t@éhexception of having a different
shape, is the same as the film for protective fdnmation 13.

[0094]

In the composite sheet for protective film forratilE, the adhesive layer 12 is
stacked on one surface 11a of the substrate 11ttharfdm for protective film formation
23 is stacked on a portion of the surface 12a@ftthesive layer 12 (namely, the surface
on the opposite side from the surface that conthetsubstrate 11a). The release film 15
is stacked on the portion of the surface 12a oatieesive layer 12 on which the film for
protective film formation 23 has not been formet an a surface 23a of the film for

protective film formation 23 (including an upperfsce and a side surface: namely, the
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surfaces of the film for protective film formati@3 that do not contact the adhesive
layer 12).
[0095]

When the composite sheet for protective film fotiora lE is viewed from above
in plan view, the film for protective film formatin23 has a smaller surface area than the
adhesive layer 12, and may, for example, havecaleir shape.

[0096]

The composite sheet for protective film formatidhillustrated in FIG. 5 is used
in a state where the release film 15 has been redhdy affixing the back surface of a
semiconductor wafer (not shown in the figure) t® sarface 23a of the film for
protective film formation 23, and affixing the pori of the surface 12a of the adhesive
layer 12 where the film for protective film formeaii 23 has not been formed to a jig such
as a ring frame.

[0097]

The composite sheet for protective film formatemtording to the present
invention is not limited to the configurations slwated in FIGS. 1 to 5, and
configurations in which a portion of one of the figarations illustrated in one of FIGS.
1 to 5 has been altered or eliminated, and cordigams having an additional structure to
those described above, may also be used, proviegddio not impair the effects of the
present invention.

For example, in the composite sheets for protedtikn formation illustrated in
FIG. 3 and FIG. 4, an intermediate layer may beidexd between the substrate 11 and
the film for protective film formation 13 or filnof protective film formation 23.

Any arbitrary layer may be selected as this inetiate layer in accordance with

the intended purpose.



41

Further, in the composite sheets for protectilra formation illustrated in FIG. 1,
FIG. 2 and FIG. 5, an intermediate layer may beipex between the substrate 11 and
the adhesive layer 12. In other words, in the ausiip sheet for protective film
formation according to the present invention, tingp®rt sheet may be composed of a
substrate, an intermediate layer and an adhespee $dacked in that order. This
intermediate layer may be the same as the inteateldiyer provided in the composite
sheet for protective film formation illustratedmhG. 3 and FIG. 4.

Furthermore, the composite sheets for protectirefobrmation illustrated in
FIGS. 1 to 5 may also include a layer other thanathove intermediate layer in any
arbitrary location.

Next is a more detailed description of the membéhnsr than the film for
protective film formation that constitute the comsjte sheet for protective film
formation.

[0098]
<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 polyethglésometimes abbreviated as
LLDPE) and high-density polyethylene (sometimesrabiated as HDPE)),
polypropylene, ethylene/propylene copolymers, polghe, polybutadiene,
polymethylpentene, polyvinyl chloride films, vinghloride copolymers, polyethylene
terephthalate, polyethylene naphthalate, polybogy/kerephthalate, polyurethane,
polyurethane acrylate, polyimide, ethylene/viny¢tate copolymers, ionomer resins,

ethylene/(meth)acrylic acid copolymers, ethylenetfmacrylate ester copolymers,
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polystyrene, polycarbonate, fluororesins, and hgdnated products, modified products,
crosslinked products and copolymers of any of tmesms.
[0099]

The thickness of the substrate may be selectaddardance with the intended
purpose, but is preferably from 50 to 300 um, awdenpreferably from 60 to 100 pum.
By ensuring that the thickness of the substrate ¥ethin this type of range, the
flexibility of the composite sheet for protectivinf formation and the fixability to a
semiconductor wafer or semiconductor chip can hgawed.

[0100]

The substrate may be composed of one layer (s&edagger), or may be
composed of a plurality of two or more layers (eample, 2 to 4 layers). In those cases
where the substrate is composed of a pluralitagéls, these layers may be the same or
different. In other words, all of the layers maythe same, all of the layers may be
mutually different, or only a portion of the layemay be the same. In those cases where
the plurality of layers are mutually different, theare no particular limitations on the
combination of the plurality of layers. Here, #wpression that the plurality of layers
are mutually different means that at least ondefrmhaterial or the thickness of each
layer is different from the other layers.

When the substrate is composed of a pluralitapéts, the total thickness of all
of the layers preferably satisfies the preferrdustnate thickness described above.
[0101]

In order to improve the adhesion with other layarsh as the adhesive layer
provided on top of the substrate, the surface ®ftibstrate may be subjected to a
roughening treatment such as a sandblasting treamnsolvent treatment, or to an

oxidation treatment such as a corona dischargeniesd, electron beam irradiation
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treatment, plasma discharge treatment, ozone/igtedvrradiation treatment, flame
treatment, chromic acid treatment or hot air treatin Further, the surface of the
substrate may also be subjected to a primer tredtme

[0102]

<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 that constitute the adhesiwr layhe ratio between the amounts of
those components within the adhesive compositiahdh not volatilize at normal
temperature is typically the same as the ratio etwthe amounts of those components
in the adhesive layer.

In those cases where the adhesive layer contaiosiponent that polymerizes
upon irradiation with energy rays, irradiation bétadhesive layer with energy rays to
reduce the adhesiveness of the adhesive layeresnéiel semiconductor chips to be
picked up more easily. This type of adhesive layar be formed, for example, by using
any of various types of adhesive compositions ¢oimig a component that polymerizes
upon irradiation with energy rays, such as an gnexg-polymerizable acrylic polymer.
[0103]

Examples of preferred adhesive compositions thatatn a component that
polymerizes upon irradiation with energy rays (ngmenergy ray-curable adhesive
compositions) include compositions containing arexhentioned acrylic polymer and
an energy ray-polymerizable compound (hereafter iferred to as an "adhesive
composition (i)"), compositions containing an amrylolymer having a hydroxyl group
and also having a polymerizable group on a sidengfiar example, an acrylic having a

hydroxyl group, and having a polymerizable groupdexd via a urethane linkage on a
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side chain), and also containing an isocyanatestnééng agent (hereafter also referred
to as an "adhesive composition (ii)"), and compasg that also contain a solvent.
[0104]

In addition to the components described aboveatiesive composition may
also include any of various additives, includindypaerization initiators, dyes, pigments,
degradation inhibitors, antistatic agents, flamardants, silicone compounds, and chain
transfer agents.

[0105]

Examples of preferred adhesive compositions thatad contain a component
that polymerizes upon irradiation with energy r@yamely, non-energy ray-curable
adhesive compositions) include compositions coirtgian acrylic-based resin and a
crosslinking agent (hereafter also referred torasadhesive composition (iii)"), and
these compositions may also contain a solvent #mat optional components that are not
classified as solvents.

[0106]

The thickness of the adhesive layer may be selentaccordance with the
intended purpose, but is preferably from 1 to 160 more preferably from 1 to 60 pum,
and even more preferably from 1 to 30 um.

[0107]

The adhesive composition can be obtained, for el@rby blending the various
components such as the acrylic polymer that cannstthe adhesive layer, and with the
exception of using different blend components, lmambtained using the same methods
as those described above for the composition fateptive film formation.

[0108]



45

The adhesive layer can be formed by applying theesive composition to the
target location, and then drying the composition.

At this time, if required, crosslinking may be aaled by heating the applied
adhesive composition. The heating conditions rfayexample, involve heating at
100°C to 130°C for 1 to 5 minutes, but the heaisngot limited to these conditions.
[0109]

In those cases where the target location is forbéiated with energy rays
through the support sheet, it is preferable theh &di the layers such as the substrate and
the adhesive layer that constitute the supporttshdebit high transmittance of the
energy rays.

A method for producing the composite sheet fotgutive film formation is
described below in further detail.

[0110]
<Method for Producing Composite Sheet for Proteckiim Formation>

The composite sheet for protective film formatemtording to the present
invention can be produced by forming the film foogective film formation according to
the present invention described above on one sudha support sheet.

For example, a composite sheet for protective fdrmation having a support
sheet composed solely of a substrate can be pradycepplying the composition for
protective film formation to the surface of the strbte, drying the composition to form a
film for protective film formation, and then, if oessary, providing other layers (films)
such as a jig adhesive layer or a release filnoprof the film for protective film
formation. In this case, the conditions for formihe film for protective film formation

are the same as those in the method described.above
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This type of production method is ideal, for exémpas a method for producing
the composite sheets for protective film formatitrstrated in FIG. 3 and FIG. 4.
[0111]

Further, a composite sheet for protective filmmfation having a support sheet
composed of an adhesive layer stacked on a substatbe produced by applying the
adhesive composition to the surface of the sulestdaying the composition to form the
adhesive layer, subsequently providing the filmgdaotective film formation on the
adhesive layer using composition for protectivenfibrmation, and then, if necessary,
providing other layers (films) such as a jig adhedayer or a release film on top of the
film for protective film formation.

[0112]

In this case, the film for protective film formawi can be provided, for example,
by applying the composition for protective film fioation to the adhesive layer.
However, normally, the stacked structure of thestalte, the adhesive layer and the film
for protective film formation is preferably formég forming the film for protective film
formation separately, and then affixing the filnthe surface of the adhesive layer, for
example by applying the composition for protecfira formation to the release layer
surface of a release film, drying the compositimfiorm a film for protective film
formation, affixing the film for protective film fonation to the surface of the adhesive
layer, and then removing the release film as requir
[0113]

Furthermore, besides the method described abowetacked structure of the
substrate, the adhesive layer and the film forgmtote film formation can also be
formed, for example, by forming an adhesive layeaaelease film using the adhesive

composition, using the composition for protectilen fformation to form the film for
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protective film formation on a separate releass,fsubsequently bringing together the
adhesive layer and the film for protective filmrfwation formed on these release films,
removing the release film laminated to the adheksiyer, and affixing the substrate to
the exposed surface of the adhesive layer (thaseidf the adhesive layer on which the
film for protective film formation is not provided)

[0114]

In either of the above methods, a composite doegrrotective film formation
having a support sheet formed by stacking an adiédsyer on a substrate can be
produced by forming a stacked structure of thetsates the adhesive layer and the film
for protective film formation, and then, if requikeproviding other layers (films) such as
a jig adhesive layer or a release film on the fitmprotective film formation. In either
case, the conditions for forming the adhesive layef the film for protective film
formation are the same as the method describedeabov

These types of production methods are ideal,Xanmple, as methods for
producing the composite sheets for protective fdnmation illustrated in FIG. 1, FIG. 2,
and FIG. 5.

[0115]

For example, when producing a composite sheqirfitective film formation
such as that illustrated in FIG. 5 which, when \eevfrom above in plan view, has a film
for protective film formation having a smaller sacé area than the adhesive layer, a film
for protective film formation that has been cutigivance to the required size and shape
may be provided on the adhesive layer using thdymtion method described above.
[0116]
<Methods for Using Film for Protective Film Fornmatior Composite Sheet for

Protective Film Formation>
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Examples of methods for using the film for proteetilm formation or the
composite sheet for protective film formation aclog to the present invention include
usage methods 1 to 4 described below.

[0117]
[Usage Method 1]

In the usage method 1, first, the film for probeetfiim formation of the
composite sheet for protective film formation ifxafd to the back surface of a
semiconductor wafer, and the composite sheet igeddn a dicing apparatus.

[0118]

Subsequently, the film for protective film formatiis cured by irradiation with
energy rays to form a protective film. Whereath case of a conventional film for
protective film formation, this curing is performbg heating and requires a long period
of about several hours, the film for protectivenfiformation according to the present
invention can be cured by irradiation with energysrin a very short period of less than
one minute, for example about several seconds, imgaemiconductor chips with an
attached protective film can be obtained in a naladrter time than has conventionally
been possible.

In those cases where a back grind tape is aftixelde surface (the electrode
formation surface) of the semiconductor wafer, bask grind tape is usually removed
from the semiconductor wafer prior to curing of fhem for protective film formation.
[0119]

Next, the semiconductor wafer is subjected tondi¢o form semiconductor
chips.

Semiconductor chips with a protective film arertlobtained by separating and

picking up each of the semiconductor chips, togethth the protective film affixed to
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the back surface of the chip, from the support shiethose cases where the support
sheet is obtained by stacking an adhesive layersubstrate, a non-energy ray-curable
adhesive layer that does not contain a componahptilymerizes upon irradiation with
energy rays is used as the adhesive layer.

[0120]

In the usage method 1, printing onto the filmpgawtective film formation or the
protective film may also be performed by irradigtalaser light through the support
sheet and onto the film for protective film fornmatior the protective film, at any timing
from the time the film for protective film formatas affixed to the semiconductor wafer
until dicing is performed. When printing is peroed on the film for protective film
formation, subsequent curing of the film yieldsrenfed protective film.

When printing is performed, gas tends to be preduand this gas can
sometimes end up causing visible separation bettfeesupport sheet and the protective
film, but compared with performing printing to tpeotective film, performing printing
onto the film for protective film formation can nack the frequency and degree of this
separation.

It is thought that this is because the adhesitnwdmn the film for protective film
formation and the support sheet is greater thaadhesion between the protective film
and the support sheet.

[0121]
[Usage Method 2]

In the usage method 2, first, the film for prokeetfilm formation is affixed to the
back surface of a semiconductor wafer.

Subsequently, the film for protective film formatiis cured by irradiation with

energy rays to form a protective film. In a simiaanner to the usage method 1
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described above, this enables semiconductor chipsaw attached protective film to be
obtained in a much shorter time than has conveallipbeen possible. In those cases
where a back grind tape is affixed to the surfaloe €lectrode formation surface) of the
semiconductor wafer, this back grind tape is uguaimoved from the semiconductor
wafer prior to curing of the film for protectivdrfi formation.

[0122]

Subsequently, a support sheet is affixed to tippsxd surface of the protective
film. In those cases where the support sheesigat obtained by stacking an adhesive
layer on a substrate, either an energy ray-cuillapés that contains a component that
polymerizes upon irradiation with energy rays, m@éorementioned non-energy ray-
curable layer may be used as the adhesive layer.

[0123]

Next, the semiconductor wafer is subjected tondi¢o form semiconductor
chips.

Semiconductor chips with a protective film arertlobdtained by separating and
picking up each of the semiconductor chips, togethth the protective film affixed to
the back surface of the chip, from the support shiethose cases where the support
sheet is obtained by stacking an adhesive layer substrate, curing the adhesive layer
enables the semiconductor chips with the protediieto be picked up more easily.
[0124]

In the usage method 2, printing onto the filmpgawtective film formation or the
protective film may also be performed by irradigtanlaser light onto the film for
protective film formation, or through the suppdrest and onto the protective film, at
any timing from the time the film for protectivénfi formation is affixed to the

semiconductor wafer until dicing is performed. Whginting is performed on the film
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for protective film formation, subsequent curingiloé film yields a printed protective
film.

[0125]

[Usage Method 3]

In the usage method 3, first, the film for prokeetfilm formation is affixed to the
back surface of a semiconductor wafer.

Subsequently, a support sheet is affixed to tippsxd surface of the protective
film. In those cases where the support sheesigat obtained by stacking an adhesive
layer on a substrate, a non-energy ray-curable iayesed as the adhesive layer.

Next, the film for protective film formation is ced by irradiation with energy
rays to form a protective film. In a similar mante the usage method 1 described
above, this enables semiconductor chips with atlag¢id protective film to be obtained
in a much shorter time than has conventionally heessible. In those cases where a
back grind tape is affixed to the surface (thetebele formation surface) of the
semiconductor wafer, this back grind tape is uguainoved from the semiconductor
wafer prior to curing of the film for protectivdrfi formation.

[0126]

Next, the semiconductor wafer is subjected tongdi¢o form semiconductor
chips.

Semiconductor chips with a protective film arertlodtained by separating and
picking up each of the semiconductor chips, togethitih the protective film affixed to
the back surface of the chip, from the supportshee
[0127]

In the usage method 3, printing onto the filmgootective film formation can

also be performed by irradiating a laser light ah@film for protective film formation,
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either directly or through the support sheet, gttaming from the time the film for
protective film formation is affixed to the semiauctor wafer until dicing is performed,
or alternatively, printing onto the protective filmay be performed by irradiating a laser
light through the support sheet and onto the ptiotéilm. When printing is performed
on the film for protective film formation, subseaaieuring of the film yields a printed
protective film.

In a similar manner to the usage method 1 destabeve, when printing is
performed after the support sheet has been affoa@dpared with performing printing to
the protective film, performing printing onto thif for protective film formation can
reduce the frequency and degree of separation batthe support sheet and the
protective film.

[0128]
[Usage Method 4]

In the usage method 4, first, the film for proteetfilm formation is affixed to the
back surface of a semiconductor wafer.

Subsequently, a support sheet is affixed to tip@sed surface of the protective
film. In those cases where the support sheesigat obtained by stacking an adhesive
layer on a substrate, a non-energy ray-curable layesed as the adhesive layer.

Next, the semiconductor wafer is subjected tondi¢o form semiconductor
chips.

[0129]

Subsequently, the film for protective film forniiis cured by irradiation with
energy rays to form a protective film. In a simiaanner to the usage method 1
described above, this enables semiconductor chipsaw attached protective film to be

obtained in a much shorter time than has conveallipbeen possible.
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Semiconductor chips with a protective film arertlobdtained by separating and
picking up each of the semiconductor chips, togethth the protective film affixed to
the back surface of the chip, from the supportshee
[0130]

In the usage method 4, printing onto the filmpgawstective film formation can
also be performed by irradiating a laser light ahfilm for protective film formation,
either directly or through the support sheet, gttaning from the time the film for
protective film formation is affixed to the semiachuctor wafer until dicing is performed.
By curing the printed film for protective film foration, a printed protective film can be
obtained.

In the usage method 4, when printing is performauger the support sheet has
been affixed, then in a similar manner to the usagtod 1 described above, compared
with performing printing to the protective film ugj one of the other methods,
performing printing onto the film for protectivdrfi formation can reduce the frequency
and degree of separation between the support ahdehe protective film.

[0131]

By using the film for protective film formation ¢ine composite sheet for
protective film formation according to the presigmwvention, the protective film exhibits
a satisfactorily high protective action throughiluiite semiconductor chips with a
protective film are obtained. Accordingly, cradgiand chipping is suppressed,
including chipping of the semiconductor chips. tRar, the protective film has excellent
reliability, and the above type of superior protezfiction can be maintained even if the
protective film is exposed to large temperatureatams.

[0132]
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One aspect of the film for protective film fornatithat represents one
embodiment of the present invention is a film fostpctive film formation used for
forming a protective film on the back surface afeaniconductor wafer or a
semiconductor chip; wherein

the film for protective film formation contains

an energy ray-curable compound (B), and

if desired, at least one component selected fragtoup consisting of polymer
components (A), photopolymerization initiators (@)ers (D), colorants (E), coupling
agents (F), crosslinking agents (G) and generglgae additives (H);

the component (B) contains an energy ray-curatsepound (B1), which is a
(meth)acrylate compound having 2 to 4 energy rdyrperizable groups within a single
molecule,

the component (A) is an acrylic-based resin hagingeight average molecular
weight (Mw) of 10,000 to 2,000,000 and a glassditzon temperature of -60 to 70°C,
and

the component (C) is at least one compound selégien the group consisting of
ethanone,1-[9-ethyl-6-(2-methylbenzoyl)-9H-carbazll]-,1-(O-acetyloxime);

the amount of the component (B), relative to titaltmass of the film for
protective film formation, is at least 3% by mass ot more than 30% by mass;

in the component (B), the amount of the compoighj}, relative to the total
mass of the component (B), is at least 90% by rnasaot more than 100% by mass,
preferably at least 95% by mass but not more ti@84by mass, more preferably at

least 98% by mass but not more than 100% by madsnast preferably 100% by mass;
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when the component (A) is included, the amourthefcomponent (A), relative
to the total mass of the film for protective filmrination, is within a range from 5 to
50% by mass, and preferably from 10 to 45% by meass,

when the component (C) is included, the amouthh®fcomponent (C), relative to
the total mass of the film for protective film foation, is from 0.1 to 3% by mass;

the total of all the components that constituteftim for protective film
formation does not exceed 100% by mass; and

the film for protective film formation has the jpexties described below.

When a cured product (protective film) is formaddoring the film for protective
film formation by irradiation with energy rays, thared product has a Young's modulus
that is at least 500 MPa but not more than 1,00@,MRd preferably at least 550 MPa
but not more than 5,000 MPa, and has an elongatibreak that is at least 8% but not
more than 100%, and preferably at least 10% butmooe than 100%.

The Young's modulus of the cured product may beast 590 MPa but not more
than 1,960 MPa, and the elongation at break maat kst 10.7% but not more than
56%.

[0133]

Another aspect of the film for protective film foation that represents one
embodiment of the present invention is a film fastpctive film formation used for
forming a protective film on the back surface afeaniconductor wafer or a
semiconductor chip; wherein

the film for protective film formation contains

at least one energy ray-curable compound (B) sldoom the group consisting
of tricyclodecane dimethylol diacrylate agdaprolactone-modified tris(acryloxyethyl)

isocyanurate;
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a polymer component (A) obtained by polymerizih¢east one monomer
selected from the group consisting of methyl (methylate, butyl (meth)acrylate, 2-
hydroxyethyl (meth)acrylate, and glycidyl (meth)date;

ethanone,1-[9-ethyl-6-(2-methylbenzoyl)-9H-carde®gl1]-,1-(O-acetyloxime)
(C); and

if desired, at least one component selected fragtoup consisting of fillers
(D), colorants (E), coupling agents (F), crosskigkagents (G) and general-purpose
additives (H);

relative to the total mass of the film for proteetfilm formation,

the amount of the component (B) is at least 10%nbgs but not more than 20%
by mass,

the amount of the component (A) is from 20 to 32¢mass, and

the amount of the component (C) is at least 0.g%nass; and

when a cured product (protective film) is obtaifgdcuring the film for
protective film formation by irradiation with engrgays,

the cured product has a Young's modulus of at 833 MPa but not more than

1,960 MPa, and an elongation at break of at [6&31% but not more than 56%.

EXAMPLES
[0134]
The present invention is described below in furthetail using a series of
specific examples. However, the present inverisan no way limited by the examples
described below.

[0135]
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The raw materials used in the production of thepasitions for protective film
formation are shown below.
- Polymer Component (A)

(A)-1: an acrylic-based resin (weight average mallr weight: 800,000, glass
transition temperature: -1°C) obtained by copolymieg 10 parts by mass of butyl
acrylate, 70 parts by mass of methyl acrylate, drfispoy mass of 2-hydroxyethyl
acrylate, and 5 parts by mass of glycidyl methateyl
- Energy Ray-Curable Compound (B)

(B1)-1: tricyclodecane dimethylol diacrylate (KAYRAD R-684, manufactured
by Nippon Kayaku Co., Ltd., a difunctional ultraldtcurable compound, molecular
weight: 304)

(B1)-2: e-caprolactone-modified tris(2-acryloxyethyl) isooymate (A-9300-1CL,
manufactured by Shin-Nakamura Chemical Co., Ltdkif@nctional ultraviolet-curable
compound, molecular weight: 537)

(B2)-1: a mixture of dipentaerythritol hexaacrgldh hexafunctional ultraviolet-
curable compound, molecular weight: 578) and digenythritol pentaacrylate (a
pentafunctional ultraviolet-curable compound, malacweight: 525) (KAYARAD
DPHA, manufactured by Nippon Kayaku Co., Ltd.)

- Photopolymerization Initiator (C)

(C)-1: ethanone, 1-[9-ethyl-6-(2-methylbenzoyl)-8&kbazol-3-yl]-,1-(O-
acetyloxime) (IRGACURE (a registered trademark) @XEmanufactured by BASF
Corporation)

- Filler (D)
(D)-1: a silica filler (fused quartz filler, avega particle size: 8 pm)

- Colorant (E)
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(E)-1: a pigment obtained by mixing 32 parts bysmaf a phthalocyanine-based
blue pigment (Pigment Blue 15:3), 18 parts by ndsm isoindolinone-based yellow
pigment (Pigment Yellow 139) and 50 parts by mdsmaanthraquinone-based red
pigment (Pigment Red 177), and then performing gigtation so that the ratio of (total
mass of the above three colorants)/styrene-aagsin = 1/3 (mass ratio).

- Coupling Agent (F)

(F)-1: 3-methacryloxypropyltrimethoxysilane (KBM33, manufactured by Shin-
Etsu Chemical Co., Ltd., a silane coupling agent)

[0136]
[Example 1]
<Production of Film for Protective Film Formation>
(Production of Composition for Protective Film Fation)

The polymer component (A)-1 (32 parts by mas) ethergy ray-curable
compound (B)-1 (10 parts by mass), the photopolyzagon initiator (C)-1 (0.3 parts by
mass), the photopolymerization initiator (C)-2 (p&8ts by mass), the filler (D)-1 (56
parts by mass), the colorant (E)-1 (2 parts by assl the coupling agent (F)-1 (0.4
parts by mass) were mixed together to obtain a ositipn for protective film
formation. The type and blend amount of each carapbis shown in Table 1. The
blend amounts shown in Table 1 are all solid fracamounts. Further, in Table 1, each
of the components is shown using only the tail-gymbol, such as recording simply
"(A)" for the polymer component (A).

[0137]
(Production of Film for Protective Film Formation)
Using a knife coater, the composition for protefilm formation obtained

above was applied to the release-treated surfaaeeléase film prepared by subjecting
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one surface of a polyethylene terephthalate filra silicone treatment (SP-PET381031,
manufactured by Lintec Corporation, thickness: 88,;and the composition was then
dried at 120°C to form a film for protective filmorimation (thickness: 25 um). A release
film of the same type as that described above hexs affixed to the exposed surface of
the obtained film for protective film formation #uat the release-treated surface
contacted the film for protective film formatiomus obtaining a laminate having the
release films provided on both surfaces of the fodimprotective film formation. The
thus obtained laminate was wound up until a ralistorage.

[0138]

<Evaluations of Film for Protective Film Formation>

(Evaluation of Young's Modulus and Elongation agdd for the Protective Film)

The laminate obtained above was unwound, andlthédr protective film
formation was cured by irradiation with ultraviotalys with an illuminance of 230
mWi/cnf and an irradiation dose of 170 mJfethus forming a protective film.

[0139]

Subsequently, this protective film with attachekkase films was cut to a size
having a width of 15 mm and a length of 140 mm, tedrelease films were then
removed from both surfaces to obtain a test piéa#lowing the prescription in JIS
K7161:1994 and JIS K7127:1999, test cover platdse(k) were affixed to the test piece
in portions that extended from both ends to pas#i?0 mm along the lengthwise
direction of the test piece, a universal testent@graph AG-IS 500N, manufactured by
Shimadzu Corporation) was used to secure thesmpsmvith chucks so that the
distance between the chucks was 100 mm, and detéesi was then performed at a

tensile speed of 200 mm/minute.



60

A stress-strain curve was prepared during thisiteetest, the Young's modulus
was calculated from the slope of the stress-straime at the start of the test, and the
elongation at break was determined from the amofialongation of the test piece when
the test piece broke. The results are shown iteThb
[0140]

(Evaluation of Protective Film Reliability)

The laminate obtained above was unwound, oneeofalease films was removed
from one surface of the film for protective filmrfoation, and a tape mounter (Adwill
RAD-3600F/12, manufactured by Lintec Corporatiomswised to affix the exposed
surface of the film for protective film formatiomting a release film on one surface to
the polished surface of a silicon wafer (diame2&0 mm, thickness: 280 um) that had
been subjected to #2000 polishing while heating peatormed at 70°C. Subsequently,
the film for protective film formation was cured byadiation with ultraviolet rays under
conditions including an illuminance of 230 mW/cand an irradiation dose of 170
mJ/cnf, thus forming a protective film on the polishedface of the silicon wafer.

[0141]

Next, the other release film was removed frompiwgective film, a dicing sheet
(Adwill G-562, manufactured by Lintec Corporatiomas affixed, and a dicing apparatus
(DFD651, manufactured by DISCO Corporation) waslusedice the silicon wafer with
the protective film formed thereon into chips havansize 3 mm x 3 mm, thus obtaining
semiconductor chips with a protective film.

[0142]

Subsequently, the semiconductor chips with a ptive film obtained in the

above manner were subjected to the preconditioth@sgribed below to simulate the

process when a semiconductor chip is mounted.theravords, the semiconductor chips
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with a protective film were baked at 125°C for 2iuhs and subsequently subjected to
moisture absorption for 168 hours under condit@in85°C and a relative humidity of
85%, and immediately after removal from this maistabsorption environment, the
semiconductor chips with a protective film weregmbsthree times through an IR reflow
oven under conditions including a preheat tempesgaiti160°C and a peak temperature
of 260°C. Twenty five of the semiconductor chipghva protective film that had been
subjected to operations up until this point weentplaced in a thermal shock apparatus
(TSE-11-A, manufactured by ESPEC Corporation) argjexted to 1,000 repetitions of
a cold-hot cycle consisting of holding at -65°C 1@r minutes followed by holding at
150°C for 10 minutes.

[0143]

All of the semiconductor chips with a protectivienfwere then removed from the
thermal shock apparatus, and the existence or ebsédifting or peeling at the joint
between the semiconductor chip and the protecilive &nd the existence or absence of
cracking in the semiconductor chip was confirmedrspecting the cross-section of
each of the semiconductor chips with a proteciive fising a scanning ultrasonic flaw
detector (D9608" CSAM, manufactured by Sonoscan, Inc.). The nurober
semiconductor chips with a protective film in whighleast one of the aforementioned
lifting or peeling flaws or cracks had occurred wasnted, and if that number (NG
number) was 2 or fewer, the reliability was deemagxhss (A), whereas if the number
was 3 or greater, the reliability was deemed a(Bjil The results are shown in Table 1.
[0144]
<Production and Evaluation of Films for Protectiien Formation>

[Examples 2 to 4, Comparative Examples 1 to 6]
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With the exception of altering the types and blantbunts of the blend
components used when producing the compositiopratective film formation, a series
of films for protective film formation were produt@nd evaluated using the same
methods as Example 1.

The results are shown in Table 1.

[0145]
[Table 1]
Blend components for composition for protectivenfilormation .
Evaluation results
(parts by mass)
Young's |Elongatior|
(A) (B) © (D) (BE) (F) modulus | at break | Reliability
(MPa) (%)
Example 1 (-1 (B1)y1 (©)1 (O)-1 E-1 (A1 1080 18.9 A
(32) (10) (0.6) (56) 2 (0.4)
Example 2 A1 B2 O O E®1 B 11.8 A
(22) (20) (0.6) (56) (2 (0.4)
Example 3 @1 B2 ©1 1 @1 &1 "1 590 56.0 A
(30) (10) (0.6) (57) 2 (0.4)
Example 4 A1 ED-2 (©1 1 O-1 ) EL O, 10.7 A
(20) (20) (0.6) (57) 2 0.4
Comparative| (A)-1 (B2)-1 (C)-1 (D)-1 (E)-1 (F)-1 1740 6.6 B
Example 1 (32) (10) (0.6) (56) 2 (0.4)
Comparative| (A)-1 (B2)-1 (C)-1 (D)-1 (E)-1 (F)-1 2800 53 B
Example 2 (22) (20) (0.6) (56) 2 (0.4)
Comparative| (A)-1 (B1)-1 (C)-1 (D)-1 (BE)-1 (F)-1 320 5350 .
Example 3 (41) (1) (0.6) (56) 2 (0.4)
Comparative| (A)-1 (B1)-1 (C)-1 (D)-1 (E)-1 (F)-1 6200 0.9 B
Example 4 (12) (30) (0.6) (56) 2 (0.4)
Comparative| (A)-1 (B2)-1 (C)-1 (D)-1 (BE)-1 (F)-1 400 5350 .
Example 5 (39) (1) (0.6) (57) ) (0.4)
Comparative| (A)-1 (B2)-1 (C)-1 (D)-1 (E)-1 (F)-1 9220 0.8 B
Example 6 (10) (30) (0.6) (57) 2) (0.4)

*1: Chipping occurred during dicing, and semicortduchips with a protective film could not be oloizdl.

[0146]
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As is evident from the above results, the protectims formed from the films
for protective film formation of Examples 1 to 4hglited high values for the Young's
modulus and the elongation at break, had a satisfaprotective action, and also
exhibited superior reliability.

In contrast, the protective films formed from thms for protective film
formation of Comparative Examples 1, 2, 4 and 6lbadelongation at break values,
exhibited an unsatisfactory protective action, also suffered from poor reliability. It is
thought that this is because the energy ray-cu@atgound (B2)-1 was used in
Comparative Examples 1 and 2, and because the amsenh of the energy ray-curable
compound (B1)-1 was excessive in Comparative ExamplBoth of these reasons apply
in the case of Comparative Example 6.

Further, the protective films formed from the fdrfor protective film formation
of Comparative Examples 3 and 5 had low Young'sutusdvalues and suffered from
chipping during dicing, meaning semiconductor chiith a protective film could not be
obtained, thus making evaluation of the reliabitifythe protective film impossible. It is
thought that this is because the amount used adribegy ray-curable compound (B1)-1
was too small in Comparative Example 3, whereaswtheunt used of the energy ray-

curable compound (B2)-1 was too small in Compaeaixample 5.

INDUSTRIAL APPLICABILITY
[0147]
The present invention can be used in the producticemiconductor chips or the
like in which the back surface is protected withratective film, and is therefore

extremely useful industrially.
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DESCRIPTION OF THE REFERENCE SIGNS
[0148]
1A, 1B, 1C, 1D, 1E: Composite sheet for protecfilre formation
10: Support sheet
10a: Support sheet surface
11: Substrate
11a: Substrate surface
12: Adhesive layer
12a: Adhesive layer surface
13, 23: Film for protective film formation
13a, 23a: Surface of film for protective film foaton
15: Release film
16: Jig adhesive layer

16a: Jig adhesive layer surface
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CLAIMS

1. A film for protective film formation which comjges an energy ray-curable
compound (B), has properties described below, sindéd for forming a protective film
on a back surface of a semiconductor wafer or aceructor chip, wherein

when a cured product is formed by curing the filmprotective film formation
by irradiation with energy rays, the cured prochas a Young's modulus of at least 500

MPa and an elongation at break of at least 8%.

2. The film for protective film formation according Claim 1, wherein within the
film for protective film formation, an amount of @mergy ray-curable compound (B1)
having 2 to 4 energy ray-polymerizable groups withisingle molecule, relative to a

total mass of the energy ray-curable compoundi¢Bjt least 90% by mass.

3. A composite sheet for protective film formaticomprising the film for
protective film formation according to Claim 1 opvided on one surface of a support

sheet.



