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DESCRIPTION

Title of Invention
PROTECTIVE FILM-FORMING FILM, SHEET FOR FORMING PRIECTIVE

FILM, AND INSPECTION METHOD

Technical Field

[0001]

The present invention relates to a protective-filnming film and a (composite)
sheet for forming a protective film which are calgadf forming a protective film on a
workpiece such as a semiconductor wafer or a matwrgd product (for example, a
semiconductor chip) obtained by processing the piede and an inspection method
which performs inspection on a workpiece providetth\a protective film or a

manufactured product obtained using these.

Background Art

[0002]

In recent years, a semiconductor device has beenfactured by a mounting
method referred to as a face-down method. Inntf@ghod, when a semiconductor chip
having a circuit surface on which an electrode sasch bump is formed is mounted, the
circuit surface side of the semiconductor chipaaded to a chip mounting portion such
as a lead frame. Accordingly, the semiconducteragehas a structure in which the
rear surface side of the semiconductor chip on lvhicircuit is not formed is exposed.

[0003]

For this reason, a protective film formed of acharganic material is frequently
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formed on the rear surface side of the semiconduwtiip for the purpose of protecting
the semiconductor chip. The protective film ised using, for example, a film for a
semiconductor rear surface or a dicing tape-integrevafer rear surface protective film
disclosed in PTL 1 or 2.

[0004]

In the film for a semiconductor rear surface irLAT the light transmittance at a
wavelength of 532 nm or 1064 nm is set to 20% s8.le In this manner, it is possible to
perform a printing process using irradiation walkér light and to prevent a
semiconductor element from being adversely affebtethe laser light. In addition, in
a wafer rear surface protective film in PTL 2, th&ble light transmittance is set to 20%
or less. In this manner, influence on a semicotatt@ement due to transmission of
light beams is reduced.

Citation List
Patent Literature

[0005]

[PTL1] Japanese Unexamined Patent Applicatiinst Publication No.
2012-28396

[PTL2] Japanese Unexamined Patent Applicatiinst Publication No.
2012-235168
Summary of Invention
Technical Problem

[0006]

Meanwhile, cracks are occasionally generated diséréss generated during
processing of the semiconductor chip or the likkamed by dicing a semiconductor

wafer. When a protective film having a light tramgance described above is formed,
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cracks or the like generated on the protective §ide of the semiconductor chip cannot
be detected by visual observation. The produdtl ysereduced by the semiconductor
chip on which cracks or the like, which cannot bertboked, are formed.

[0007]

In addition, grinding marks resulting from a bagkading process performed on
the semiconductor wafer normally remain on the seaface of the semiconductor chip.
From a viewpoint of the appearance of the semicciadwchip, it is desirable that such
grinding marks are not detected by visual obsemwadind are concealed by the
above-described protective film.

[0008]

The present invention has been made in considarafithe above-described
problems, and an object thereof is to provide a&gatore film-forming film and a
(composite) sheet for forming a protective film aare capable of performing
inspection of cracks or the like existing on a wieke or a manufactured product
obtained by processing the workpiece, and capdbt@ming a protective film in which
grinding marks existing on the workpiece or the ofaatured product cannot be
detected by visual observation; and an inspectiethad which performs inspection on a
workpiece provided with a protective film or manctizred product obtained using these.
Solution to Problem

[0009]

In order to achieve the above-described purpofestanvention provides a
protective film-forming film in which the light tresmittance at a wavelength of 1600 nm
is 25% or greater, and the light transmittancewaaeelength of 550 nm is 20% or less
(invention 1).

[0010]
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According to the invention (invention 1), it isgsible to perform inspection on
cracks or the like existing in a workpiece or a ofantured product obtained by
processing the workpiece using infrared rays, arfdrim a protective film by which
grinding marks existing on the workpiece or the afaotured product cannot be
detected by visual observation.

[0011]

In the invention (invention 1), it is preferablet the protective film-forming
film is a single layer formed of an uncured curadudbesive (invention 2).

[0012]

In the invention (invention 2), it is preferablet the curable adhesive contains
a colorant and a filler having an average partigdeneter of 0.0um to 3um (invention
3).

[0013]

A second invention provides a sheet for formimgatective film including: the
protective film-forming film (inventions 1 to 3)nd a release sheet which is laminated
on one or both surfaces of the protective film-forgfilm (invention 4).

[0014]

A third invention provides a composite sheet fanfing a protective film
including: an adhesive sheet which is formed byiteating a pressure sensitive adhesive
layer on one surface side of a base material; gdtactive film-forming film which is
laminated on the a pressure sensitive adhesive $&ge of the adhesive sheet, in which
the light transmittance at a wavelength of 1600afitie protective film-forming film is
25% or greater, and the light transmittance atalemgth of 550 nm of the protective
film-forming film is 20% or less (invention 5).

[0015]
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According to the inventions (inventions 4 andibis possible to perform
inspection on cracks or the like existing in a wielkce or a manufactured product
obtained by processing the workpiece using infrasgd and to form a protective film in
which grinding marks existing on the workpiecelw tnanufactured product cannot be
detected by visual observation.

[0016]

In the invention (invention 5), it is preferablet the protective film-forming
film is a single layer formed of an uncured curaddbesive (invention 6).

[0017]

In the invention (invention 6), it is preferablet the curable adhesive contains
a colorant and a filler having an average partigdeneter of 0.0um to 3um (invention
7).

[0018]

A fourth invention provides an inspection methoduding: producing a
workpiece provided with a protective film by forngia protective film on a workpiece
using the protective film-forming film (inventioristo 3), the sheet for forming a
protective film (invention 4), or the composite sh#or forming a protective film
(inventions 5 to 7); and performing inspection ba workpiece provided with a
protective film or a manufactured product obtaibggrocessing the workpiece provided
with a protective film through the protective filnsing infrared rays (invention 8).

[0019]

In the invention (invention 8), it is preferablet the workpiece is a
semiconductor wafer and the manufactured produesesmiconductor chip (invention
9).

[0020]
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A fifth invention provides a workpiece providedtivia protective film which is
determined as a non-defective product based oimspection method (inventions 8 and
9) (invention 10).

[0021]

A sixth invention provides a manufactured produbich is determined as a
non-defective product based on the inspection ngetimventions 8 and 9) (invention
11).

Advantageous Effects of Invention

[0022]

According to the protective film-forming film artle (composite) sheet for
forming a protective film according to the presemnention, it is possible to perform
inspection on cracks or the like existing on a vpaeke or a manufactured product
obtained by processing the workpiece using infrasgd and to form a protective film by
which grinding marks existing on the workpieceloe tnanufactured product cannot be
detected by visual observation. Further, accorthritpe inspection method according
to the present invention, it is possible to perfanspection on cracks or the like existing
in a workpiece or manufactured product using irfdarays.

Brief Description of Drawings

[0023]

FIG. 1 is a sectional view illustrating a sheetftorming a protective film
according to an embodiment of the present invention

FIG. 2 is a sectional view illustrating a compesheet for forming a protective
film according to an embodiment of the present i,

FIG. 3 is a sectional view illustrating a compesheet for forming a protective

film according to another embodiment of the presavention.
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FIG. 4 is a sectional view illustrating a usagaraple of a composite sheet for

forming a protective film according to an embodirtehthe present invention.

Description of Embodiments

[0024]

Hereinafter, embodiments of the present inventidhbe described.

[Protective film-forming film]

A protective film-forming film according to the ggent embodiment is used for
forming a protective film on a workpiece or a mauifired product obtained by
processing the workpiece. The protective filmasifed of a protective film-forming
film, preferably, a cured protective film-formingmh. A semiconductor wafer or the
like is exemplified as a workpiece and a semicotatuchip or the like is exemplified as
a manufactured product obtained by processing tirkpiece, but the present invention
is not limited thereto. Further, in a case whaeworkpiece is a semiconductor wafer,
a protective film is formed on the rear surfaceegglde on which an electrode such as a
bump is not formed) of the semiconductor wafer.

[0025]

1. Physical properties

In the protective film-forming film according tbe present invention, the light
transmittance at a wavelength of 1600 nm is 25%reater and the light transmittance at
a wavelength of 550 nm is 20% or less. In addjtiba light transmittance in the
present specification is set as a value measurbutiusing an integrating sphere and a
spectrophotometer is used a measurement instrument.

[0026]

Cracks or the like are occasionally generatedtdwstress generated during
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processing in the semiconductor chip or the likemed by dicing a semiconductor
wafer. When the light transmittance at a wavelergtl600 nm is 25% or greater as
described above, the permeability of infrared fagsomes excellent and infrared
inspection that acquires infrared rays from theiguotive film-forming film (or a

protective film formed by the protective film-forng film) side can be performed. In
this manner, cracks or the like in a manufactumedipct such as a semiconductor chip or
the like can be detected through the protective-forming film (protective film) and the
product yield can be improved.

[0027]

From a viewpoint of the permeability of infraread/s, the light transmittance of
the protective film-forming film at a wavelength D800 nm is preferably 40% or greater,
particularly preferably 45% or greater, and mordipalarly preferably 50% or greater.

In addition, the upper limit of the light transnaitice at a wavelength of 1600 nm is not
particularly limited, but the upper limit thereafmaturally determined by setting the light
transmittance at a wavelength of 550 nm to 20%ss.l Moreover, at the time of using
a manufactured product (semiconductor chip orit& bn which a protective film is
formed, malfunction of the manufactured productchican be easily affected by
infrared rays from the outside can be preventeddityng the light transmittance of the
protective film-forming film at a wavelength of 16@m to 90% or less.

[0028]

In addition, grinding marks caused by a back-gnggrocess normally
performed on a semiconductor wafer remain on thegerface of the semiconductor
chip. When the light transmittance at a wavelerm§th50 nm is 20% or less as
described above, it becomes difficult for the pecate film-forming film to transmit

visible light beams. Therefore, the grinding maaks concealed by the protective
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film-forming film (protective film) and cannot bénaost detected by visual observation.
In this manner, the appearance of the manufacpnadlict such as a semiconductor chip
becomes excellent.

[0029]

From a viewpoint of the grinding mark concealingperties, the light
transmittance of the protective film-forming filnh @wavelength of 550 nm is preferably
15% or less and patrticularly preferably 10% or.ledgloreover, the lower limit of the
light transmittance at a wavelength of 550 nm ispasticularly limited, but the lower
limit thereof is determined in a natural way bytisetthe light transmittance at a
wavelength of 1600 nm to 25% or less.

[0030]

Here, the protective film-forming film according the present embodiment may
be formed of a single layer or a plurality of lagjdout it is preferable that the protective
film-forming film is formed of a single layer ini@s of ease of controlling the light
transmittance and production cost. In a case wiherprotective film-forming film is
formed of a plurality of layers, it is preferabtedatisfy the above-described light
transmittance as the entirety of the pluralityayfdrs in terms of ease of controlling light
transmittance.

[0031]

2. Material

It is preferable that the protective film-formifigm is formed of an uncured
curable adhesive. In this case, a protective ¢ém be firmly adhered to a workpiece
and the protective film having durability can benf@d on a chip or the like by
overlapping the workpiece such as a semiconducabenwith the protective

film-forming film and then curing the protectivénfi-forming film.
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[0032]

Further, in a case where the protective film-forgniilm is formed of an
uncured curable adhesive, the light transmittari¢keoprotective film-forming film is
not changed before or after curing. Accordinglizew the light transmittance of the

5 protective film-forming film at a wavelength of 16@m before curing is 25% or greater
and the light transmittance thereof at a wavelenfitb0 nm is 20% or less, the light
transmittance of the protective film-forming filmrptective film) at a wavelength of
1600 nm after curing is also 25% or greater andigfne transmittance thereof at a
wavelength of 550 nm is also 20% or less.

10 [0033]

It is preferable that the protective film-formifipn has tackiness at room
temperature or exhibits tackiness by being heatéalthis manner, when a workpiece
such as a semiconductor wafer overlaps the pragefitin-forming film as described
above, the protective film-forming film and the Wprece can be adhered to each other.

15 Accordingly, positioning can be reliably performieefore the protective film-forming
film is cured.

[0034]

It is preferable the the curable adhesive constguhe protective film-forming
film having the above-described characteristicia@os a curable component and a

20 binder polymer component. A thermoset componenéreergy ray curable component,
or a mixture of these can be used as the curabpaoent, but a thermoset component is
particularly preferable. Since the protective fionming film becomes unsuitable for
UV curing when the light transmittance is in th@ad-described range, it is desirable
that the protective film-forming film is a thermase

25 [0035]
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Examples of the thermoset component include aryepesin, a phenolic resin,
a melamine resin, a urea resin, a polyester rasinethane resin, an acrylic resin, a
polyimide resin, a benzoxazine resin, and a mixtdithese. Among these, an epoxy
resin, a phenolic resin, or a mixture of theserédgrable.

[0036]

An epoxy resin has properties of being three-dsianally reticulated and
forming a strong coating film when is heated. Astsan epoxy resin, known various
epoxy resins of the related art can be used, buamally, an epoxy resin having a
molecular weight of approximately 300 to 2000 isfprable and an epoxy resin having a
molecular weight of 300 to 500 is particularly mefble. Further, it is preferable that a
liquid epoxy resin in a normal state in which thelecular weight is in a range of 330 to
400 and a solid epoxy resin at room temperatuvehich the molecular weight is in a
range of 400 to 2500 and patrticularly in a rangb@fi to 2000 are blended with each
other and then used. Moreover, it is preferakdg tiine epoxy equivalent of the epoxy
resin is in a range of 50 g/eq to 5000 g/eq.

[0037]

Specific examples of such an epoxy resin inclugeidy! ether of phenols such
as bisphenol A, bisphenol F, resorcinol, phenylataw, or cresol novolac; glycidyl ether
of alcohols such as butanediol, polyethylene glyoopolypropylene glycol; glycidyl
ether of carboxylic acid such as phthalic acidpigbalic acid, or tetrahydrophthalic
acid; a glycidyl type or alkyl glycidyl type epoxgsin in which active hydrogen bonded
to a nitrogen atom such as aniline isocyanuraselstituted with a glycidyl group; and
so-called alicyclic epoxide in which epoxy is irdteced by, for example, oxidizing a
carbon-carbon double bond in a molecule such ag eytlohexane diepoxide,

3,4-epoxycyclohexylmethyl-3,4-dicyclohexanecarbaxg] or
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possible to use an epoxy resin having a bipherslesén, a dicyclohexanediene skeleton,
or a naphthalene skeleton.

[0038]

Among these, a bisphenol-based glycidyl type epesin, an o-cresol novolac
type epoxy resin, and a phenol novolac type epeginris preferably used. These
epoxy resins may be used alone or in combinatidwofor more kinds thereof.

[0039]

In a case of using an epoxy resin, it is preferabluse a thermally active latent
epoxy resin curing agent as an auxiliary agent. e thiermally active latent epoxy resin
curing agent is a curing agent which does not re#btan epoxy resin at room
temperature, and instead reacts with an epoxy lgsbeing activated when heated at a
certain temperature or higher. Examples of thénowetf activating of a thermally
active latent epoxy resin curing agent include #od of generating active species (an
anion and a cation) through a chemical reactionnteated; a method of stably

dispersing a curing agent in an epoxy resin atratgoom temperature, allowing the

curing agent to be compatible with and dissolvethenepoxy resin at a high temperature,
and starting a curing reaction; a method of perfognelution at a high temperature using
a molecular sieve enclosed type curing agent artrgj a curing reaction; and a method
of using a microcapsule.

[0040]

Specific examples of the thermally active latgmbyy resin curing agent include
a high-melting-point active hydrogen compound saslvarious onium salts, a dibasic
acid dihydrazide compound, dicyandiamide, an aradact curing agent, or an

imidazole compound. These thermally active lagguxy resin curing agents can be
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used alone or in combination of two or more kirfi=sr¢of. The content of the
above-described thermally active latent epoxy reainmg agent is preferably in a range
of 0.1 parts by weight to 20 parts by weight, mantarly preferably in a range of 0.2 parts
by weight to 10 parts by weight, and more partidylpreferably in a range of 0.3 parts
by weight to 5 parts by weight with respect to padts by weight of an epoxy resin.

[0041]

As a phenolic resin, a condensate of phenols as&ikyl phenol, polyhydric
phenol, and naphthol and aldehydes is used withiopparticular limitation.  Specific
examples thereof include a phenol novolac resim-aresol novolac resin, a p-cresol
novolac resin, a t-butyl phenol novolac resin,@diopentadiene cresol resin, a
polyparavinyl phenol resin, a bisphenol A type nagaesin, and a modified product of
these.

[0042]

A phenolic hydroxyl group contained in the pheaoésin can form a cured
product having high impact resistance by easilygoeting an addition reaction with an
epoxy group of the epoxy resin when heated. Hemr#ason, an epoxy resin and a
phenolic resin may be used together.

[0043]

A binder polymer component provides moderate taeds for the protective
film-forming film and improves operability of a cqrosite sheet 3 for forming a
protective film. The weight average molecular virtigf the binder polymer is
normally in a range of 50000 to 2000000, preferatly range of 200000 to 1500000,
and patrticularly preferably in a range of 20000Q0@0000. Film formation of a
protective film-forming film becomes insufficienth@n the molecular weight thereof is

excessively small and compatibility with other campnts becomes poor, and
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additionally, uniform film formation is obstructechen the molecular weight thereof is
excessively large. Examples of such a binder pehjinclude an acrylic polymer, a
polyester resin, a phenoxy resin, a urethane rasiticone resin, and a rubber polymer.
Among these, an acrylic polymer is preferably used.

[0044]

As the acrylic polymer, a (meth)acrylic acid estepolymer formed of
constituent units derived from a (meth)acrylic aesier monomer and a (meth)acrylic
acid derivative is exemplified. Here, preferredmyples of the (meth)acrylic acid ester
monomer include (meth)acrylic acid alkyl ester imgvi to 18 carbon atoms of an alkyl
group such as methyl (meth)acrylate, ethyl (metiy)ate, propyl (meth)acrylate, or
butyl (meth)acrylate. Further, examples of thet(ryaerylic acid derivative include
(meth)acrylic acid, glycidyl (meth)acrylate, anddnyxyethyl (meth)acrylate.

[0045]

When a glycidyl group is introduced to an acrgatymer using glycidyl
methacrylate or the like from the examples desdrdd®ve as a constituent unit,
compatibility with an epoxy resin as the above-dégsd thermally curable component is
improved, the glass transition temperature (T@rdfte protective film-forming film is
cured is increased, and heat resistance is improvathen a hydroxyl group is
introduced to an acrylic polymer using hydroxyetagtylate or the like as a constituent
unit from the examples described above, adhesigameadhesion properties to a
workpiece can be controlled.

[0046]

The weight average molecular weight of the polymex case of using an
acrylic polymer as a binder polymer is preferaldQ00 or greater and particularly

preferably 150000 to 1000000. The glass transteomperature of the acrylic polymer
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is normally 20C or lower and preferably in a range of approxirtyaté0°C to C°C.
The acrylic polymer has tackiness at room tempezg8C).

[0047]

The mixing ratio of the thermoset component toliimeler polymer component
is preferably in a range of 50 parts by weight%0Q parts by weight, particularly
preferably in a range of 70 parts by weight to 1pafis by weight, and more particularly
preferably in a range of 80 parts by weight to pafts by weight with respect to 100
parts by weight of the binder polymer component. hewthe thermoset component is
mixed with the binder polymer component at suchtey moderate tackiness is shown
before curing and an adhering operation can béyspaibformed, thereby obtaining a
protective film with excellent film strength afteuring.

[0048]

It is preferable that the protective film-formifipm contains a colorant and/or a
filler, and particularly preferable that the prdtee film-forming film contains both of a
colorant and a filler. In this manner, the liglartsmittance at a wavelength of 1600 nm
or a wavelength of 550 nm can be controlled tonbihé above-described range. In
addition, when the protective film-forming film ct@mns a filler, the hardness of the
protective film after curing can be maintained &high and moisture resistance can be
improved. Moreover, the thermal expansion coedfitiof the protective film after
curing can be set to be closer to the thermal esiparcoefficient of a semiconductor
wafer, and thus warpage, of the semiconductor wdafeng the process can be reduced.

[0049]

As the colorant, a known colorant such as an magpigment, an organic
pigment, or an organic dye can be used, and aganar pigment is preferably used from

a viewpoint of controlling light transmittance.
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[0050]

Examples of the inorganic pigment include carblarchy a cobalt-based pigment,
an iron-based pigment, a chromium-based pigmeitgraum-based pigment, a
vanadium-based pigment, a zirconium-based pignaemiplybdenum-based pigment, a
ruthenium-based pigment, a platinum-based pignaenindium tin oxide (ITO)-based
pigment, and an antimony tin oxide (ATO)-based pgtn

[0051]

Examples of the organic pigment and the organeidgiude an
aluminum-based pigment, a cyanine-based pigmeangracyanine-based pigment, a
croconium-based pigment, a squarylium-based pigna@nazulenium-based pigment, a
polymethine-based pigment, a naphthoquinone-bagetept, a pyrylium-based pigment,
a phthalocyanine-based pigment, a naphthalocydrased pigment, a
naphtholactam-based pigment, an azo-based pigmentidensed azo-based pigment, an
indigo-based pigment, a perinone-based pigmergrdene-based pigment, a
dioxazine-based pigment, a quinacridone-based pigraa isoindolinone-based pigment,
a ginophthalone-based pigment, a pyrrole-basedgngna thioindigo-based pigment, a
metal complex-based pigment (metal complex dydjthaol metal complex-based
pigment, an indole phenol-based pigment, a trisgthane-based pigment, an
anthraquinone-based pigment, a dioxazine-basedguigra naphthol-based pigment, an
azomethine-based pigment, a benzimidazolone-bagetept, a pyranthrone-based
pigment, and a threne-based pigment. These pignoentyes can be used by being
appropriately mixed with each other for the purpoadjustment to a target light
transmittance.

[0052]

Among these, carbon black is particularly prefgraised. According to the



10

15

20

25

17

carbon black, light transmittance at a wavelength6®0 nm or a wavelength of 550 nm
is easily controlled to be in the above-descrilzwe.

[0053]

The amount of the colorant (particularly carboach) to be mixed in the
protective film-forming film varies depending oretthickness of the protective
film-forming film. For example, in a case where tiickness of the protective
film-forming film is 25um, the amount thereof is preferably in a range.05% by mass
to 1% by mass, particularly preferably in a ranf§6.675% by mass to 0.75% by mass,
and more particularly preferably in a range of 0ld¢#mass to 0.5% by mass. When
the amount of the colorant to be mixed is 0.05%nags or greater, the light
transmittance at a wavelength of 550 nm is easihtrolled to be 20% or less such that
grinding marks in a semiconductor chip or the kl&not be seen by visual observation.
Meanwhile, when the amount of the colorant to beesliexceeds 1% by mass, infrared
rays cannot be transmitted through the protectimeforming film (protective film) and
infrared inspection cannot be performed. In additwhen the thickness of the
protective film-forming film becomes small, theHigtransmittance is likely to be greater.
When the thickness of the protective film-forminigrfbecomes greater, since the light
transmittance is likely to be smaller, it is deBleathat the amount of the colorant to be
mixed is appropriately adjusted according to thekiess of the protective film-forming
film. Specifically, it is desirable that the thizéss of the protective film-forming film
and the amount of the colorant to be mixed aresagifjlito have an inverse proportional
relationship.

[0054]

The average particle diameter of the colorantti@aarly carbon black) is

preferably in a range of 1 nm to 500 nm, partidylpreferably in a range of 3 nm to 100
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nm, and more particularly preferably in a rang® aim to 50 nm. When the average
particle diameter of the colorant is in the aboeeatibed range, the light transmittance
at a wavelength of 550 nm and the light transmittaat a wavelength of 1600 nm are
easily controlled to be in the above-described @and-urther, the average particle
diameter of the colorant in the present specificais set to be a value measured using a
particle size distribution measuring device (NaaoWave-UT151, manufactured by
NIKKISO CO., LTD.) according to a dynamic light $taing method.

[0055]

Examples of the filler include silica such as tajlse silica, fused silica, or
synthetic silica; and an inorganic filler such asy@na or glass balloon. Among these,
silica is preferable, synthetic silica is more prable, and particularly synthetic silica in
which radiation sources of-rays which become a factor of malfunction of a
semiconductor device are removed as much as pessibptimal. Examples of the
shape of the filler include a spherical shape,edl®like shape, and an amorphous shape.
Among these, a spherical shape is preferable, angk apherical shape is particularly
preferable. When the filler particles have a sigaéor true spherical shape, the
diffused reflection of light beams is unlikely toaur, and the above-described infrared
inspection is favorably performed.

[0056]

Further, as a filler to be added to the protediine-forming film, a functional
filler may be mixed in addition to the above-delsed inorganic filler. Examples of the
functional filler include a conductive filler in i¢h gold, silver, copper, nickel,
aluminum, stainless steel, carbon, ceramic, nickedluminum is covered with silver,
used for providing conductivity after die bondiragnd a thermal conductive filler of a

metal material such as gold, silver, copper, nic&kleiminum, stainless steel, silicon, or
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germanium or an alloy of these, used for providlmgmal conductivity.

[0057]

The average particle diameter of a filler (pafacly a silica filler) is preferably
in a range of 0.0um to 10um, more preferably in a range of 0.h to 3um,
particularly preferably in a range of 0.Q81 to 2um, and still more preferably in a range
of 0.05um to 1um. When the average particle diameter of therfiled.01lum or
greater, the light transmittance at a wavelengths@f nm is easily controlled to be 20%
or less such that grinding marks in the semicorafutttip or the like cannot be detected
by visual observation. Meanwhile, when the averzayticle diameter of the filler
exceeds 1@um, the surface state of the protective film-formiihgp may become worse.
In addition, when the average particle diametedheffiller exceeds Bm, infrared
inspection is occasionally difficult to perform digethe diffused reflection of infrared
rays. Further, the average particle diameterss than Jum of the filler in the present
specification is set to be a value measured uspaytécle size distribution measuring
device (Nanotrac Wave-UT151, manufactured by NIKBISO., LTD.) according to a
dynamic light scattering method. Moreover, therage particle diameter ofim or
greater of the filler is set to be a value measusadg a particle size distribution
measuring device (Microtrac MT3000I1, manufactubgdNIKKISO CO., LTD.)
according to a laser diffraction scattering method.

[0058]

The amount of the filler (particularly a silicéidr) to be mixed in the protective
film-forming film is preferably in a range of 10% Inass to 80% by mass, particularly
preferably in a range of 20% by mass to 70% by reas$ more preferably in a range of

30% by mass to 65% by mass. When the amount dilldreto be mixed is 10% by
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mass or greater, the light transmittance at a veangth of 550 nm is easily controlled to
be 20% or less such that grinding marks in the sendguctor chip or the like cannot be
detected by visual observation. Meanwhile, whenamount of the filler to be mixed
exceeds 80% by mass, infrared rays cannot be traadrthrough the protective
film-forming film (protective film) and infrared spection cannot be performed.

[0059]

The protective film-forming film may contain a qaung agent. When the
protective film-forming film contains a couplingexgt, the adhesiveness and adherence
between the protective film and the workpiece catnfproved and the moisture
resistance (moist-heat resistance) can be imprattbdut damaging the heat resistance
of the protective film after the protective filmsfaing film is cured. As the coupling
agent, a silane coupling agent is preferable becatigersatility thereof and cost
benefits.

[0060]

Examples of the silane coupling agent include
y-glycidoxypropyltrimethoxysilaney-glycidoxypropylmethyldiethoxysilane,
-(3,4-epoxycyclohexyl)ethyltrimethoxysilang(methacryloxypropyl)trimethoxysilane,
y-aminopropyltrimethoxysilane, N-6-(aminoethybaminopropyltrimethoxysilane,
N-6-(aminoethyl)y-aminopropylmethyldiethoxysilane,
N-phenyly-aminopropyltrimethoxysilang-ureidopropyltrimethoxysilane,
y-mercaptopropyltrimethoxysilang;mercaptopropylmethyldimethoxysilane,
bis(3-triethoxysilylpropyl)tetrasulfane, methylrtrethoxy silane, methyl triethoxy silane,
vinyl trimethoxy silane, vinyl triacethoxy silanand imidazole silane. These may be

used alone or in combination of two or more kintr¢of.
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[0061]

For the purpose of adjusting cohesive force betarang, the protective
film-forming film may contain a crosslinking agesuch as an organic polyvalent
isocyanate compound, an organic polyvalent imimagamund, or an organic metal
chelate compound. In addition, for the purpossugipressing static electricity and
improving reliability of a chip, the protectiverfitforming film may contain an antistatic
agent. Moreover, for the purpose of increasingnélaetardancy of the protective film
and improving reliability as a package, the prowectiim-forming film may contain a
flame retardant such as a phosphoric acid compauhthmine compound, or a
phosphorus compound.

[0062]

The thickness of the protective film-forming filipreferably in a range of 3
pm to 300um, particularly preferably in a range ofifh to 200um, and more
particularly preferably in a range ofum to 100um in order to effectively exhibit
functions as a protective film.

[0063]

[Sheet for forming protective film]

FIG. 1 is a sectional view illustrating a sheetftorming a protective film
according to an embodiment of the present inventioks illustrated in FIG. 1, a sheet 2
for forming a protective film according to the peas embodiment includes a protective
film-forming film 1 and a release sheet 21 lamidabd@ one surface (surface on the lower
side of FIG. 1) of the protective film-forming filh. However, the release sheet 21 is
released when the sheet 2 for forming a protediiveis used.

[0064]

The release sheet 21 is used to protect the pradtm-forming film 1 during
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the time when the sheet 2 for forming a protedfiive is to be used and may not
necessarily be present. The configuration of éhease sheet 21 is optional, and a
plastic film in which the film itself has releaseoperties with respect to the protective
film-forming film 1 and a film in which a plastidlin is subjected to a release treatment
using a release agent or the like are exemplifi€dpecific examples of the plastic film
include a polyester film such as polyethylene tbtieglate, polybutylene terephthalate,
or polyethylene naphthalate; and a polyolefin fdacth as polypropylene or polyethylene.
As the release agent, a silicone-based agentparf@tbased agent, a long chain
alkyl-based agent, or the like can be used. Anibage, a silicone-based agent in
which stabilized performance can be obtained atecloast is preferable. The
thickness of the release sheet 21 is not partiguiarited, but normally in a range of
approximately 2@um to 250um.

[0065]

The above-described release sheet 21 may be ladioa another surface
(surface on the upper side of FIG. 1) of the prtotedilm-forming film 1. In this case,
it is preferable that a heavy release type relehset is obtained by increasing the release
force of one release sheet 21 and a light relggserelease sheet is obtained by
decreasing the release force of another releast 8he

[0066]

In order to produce the sheet 2 for forming agutte film according to the
present embodiment, the protective film-formingnfil is formed on the release surface
(surface having release properties: normally aaserEubjected to a release treatment,
but not limited thereto) of the release sheet 23pecifically, a curable adhesive that
constitutes the protective film-forming film 1 aadtoating agent for a protective

film-forming film that further contains a solvertdesired, are prepared and the release
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surface of the release sheet 21 is coated withurable adhesive and the coating agent
using a coating machine such as a roll coaterjfa koater, a roll knife coater, an air
knife coater, a die coater, a bar coater, a grasoager, or a curtain coater and then dried,
thereby forming the protective film-forming film 1.

[0067]

A method of producing a chip provided with a pobitee film from a
semiconductor wafer serving as a workpiece usiaghieet 2 for forming a protective
film according to the present embodiment will beat#ed below. First, the protective
film-forming film 1 of the sheet 2 for forming agective film is adhered to the rear
surface of the semiconductor wafer of which théasigr is formed with a circuit, and
which is subjected to a back-grinding process. this time, tackiness may be allowed
to be exhibited by heating the protective film-fangnfilm 1, if desired.

[0068]

Next, the release sheet 21 is released from thtegiive film-forming film 1.
Next, a protective film is formed by curing the factive film-forming film 1, thereby
obtaining a semiconductor wafer provided with ag@cbve film. In a case where the
protective film-forming film 1 is a thermoset adhes the protective film-forming film 1
may be heated at a predetermined temperature fap@iopriate amount of time. In
addition, the protective film-forming film 1 may loeired after a dicing process is
performed.

[0069]

When the semiconductor wafer provided with a potote film is obtained in
this manner, the protective film is irradiated wlaiser light, if desired, and laser printing
is performed. Further, the laser printing may bdgrmed before the protective

film-forming film 1 is cured.



10

15

20

25

24
[0070]

Next, a chip having a protective film (chip progalwith a protective film) is
obtained by dicing the semiconductor wafer providith a protective film using a
desired dicing sheet according to a conventiondhatk Thereafter, the dicing sheet is
expanded in a plane direction, if desired, andip ptovided with a protected film is
picked up from the dicing sheet.

[0071]

The appearance of the chip provided with a protediim obtained in the
above-described manner is excellent because ggmdarks caused by the back-grinding
process are concealed by the protective film andatbe detected by visual observation.
In addition, since infrared inspection can be panted on the chip provided with a
protective film and the semiconductor wafer prodiaéth a protective film through the
protective film, cracks or the like can be detedtedugh the infrared inspection and the
product yield can be improved.

[0072]

Moreover, the infrared inspection is inspectiorfgrened using infrared rays
and can be performed by acquiring infrared raysifeoworkpiece provided with a
protective film such as a semiconductor wafer ptediwith a protective film or a
manufactured product such as a chip provided wylogective film through the
protective film. The wavelength of the infrareg)sdo be acquired is normally in a
range of 800 nm to 2800 nm and preferably in agarfdl100 nm to 2100 nm. As a
device for infrared inspection, a known device,dgample, a device which includes an
infrared camera or an infrared microscope can kd.us

[0073]

[Composite sheet for forming protective film]
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FIG. 2 is a sectional view of a composite sheefdoming a protective film
according to an embodiment of the present inventioks illustrated in FIG. 2, the
composite sheet 3 for forming a protective filmading to the present embodiment
includes an adhesive sheet 4 formed by laminatimgessure sensitive adhesive 42 on
one surface of a base material 41; the proteciivefbrming film 1 laminated on the
pressure sensitive adhesive layer 42 side of thesagke sheet 4; and a pressure sensitive
adhesive layer 5 for a jig laminated on a periphedge on the opposite side of the
adhesive sheet 4 in the protective film-formingifil. The pressure sensitive adhesive
layer 5 for a jig is a layer used for bonding tbhenposite sheet 3 for forming a protective
film to a jig such as a ring frame or the like.

[0074]

The composite sheet 3 for forming a protectiva filccording to the
embodiment is used for being adhered to a workmecdeholding the workpiece when
the workpiece is processed and for forming a ptotedilm on the workpiece or a
manufactured product obtained by processing thé&puece. The protective film is
configured of the protective film-forming film 1y preferably the cured protective
film-forming film 1.

[0075]

The composite sheet 3 for forming a protectiva filccording to the
embodiment is used for holding a semiconductor naf¢he time of performing a
process of dicing the semiconductor wafer as a piede and for forming a protective
film on a semiconductor chip obtained by dicingt the use thereof is not limited thereto.
The adhesive sheet 4 of the composite sheet ®ffionirig a protective film in this case is
normally referred to as a dicing sheet.

[0076]
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1. Adhesive sheet

The adhesive sheet 4 of the composite sheetfdriming a protective film
according to the present embodiment includes tee beaterial 41 and the pressure
sensitive adhesive layer 42 laminated on one seidathe base material 41.

[0077]

1-1. Base material

The constituent material of the base materialf4h@adhesive sheet 4 is not
particularly limited as long as the material istabie for processing of a workpiece, for
example, dicing or expanding the semiconductor waféhe base material 41 of the
adhesive sheet 4 is formed of a film (hereinafeferred to as a “resin film”) normally
using a resin-based material as a main material.

[0078]

Specific examples of the resin film include a mdhylene film such as a
low-density polyethylene (LDPE) film, a linear lodensity polyethylene (LLDPE) film,
or a high-density polyethylene (HDPE) film; a pdifin-based film such as a
polypropylene film, a polybutene film, a polybutede film, a polymethyl pentene film,
an ethylene-norbornene copolymer film, or a norboaresin film; an ethylene-based
copolymer film such as an ethylene-vinyl acetatgotymer film, an
ethylene-(meth)acrylic acid copolymer film, or ghydene-(meth)acrylic acid ester
copolymer film; a vinyl polychloride-based film duas a vinyl polychloride film or a
vinyl chloride copolymer film; a polyester-basehifisuch as a polyethylene
terephthalate film or a polybutylene terephthaféite; a polyurethane film; a polyimide
film; a polystyrene film; a polycarbonate film; aadluorine resin film. Moreover,
cross-linked films of these or modified films suahionomer films are also used. The

above-described base material 41 may be a filmddrof one kind of these, or a
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laminated film obtained by combining two or moreads thereof. Further,
“(meth)acrylic acid” in the present specificationicates both of acrylic acid and
methacrylic acid. The same applies to other smbdaminology.

[0079]

Among these, from viewpoints of environmental sand manufacturing costs,
a polyolefin-based film is preferable and a polyylene film having excellent heat
resistance is preferable. When the polypropylénei$ used, it is possible to provide
heat resistance for the base material 41 withomaggng expanding suitability of the
adhesive sheet 4 or pickup suitability of a chigVhen the base material 41 has such
heat resistance, it is possible to prevent the sidbesheet 4 from being loosened in a
case where the protective film-forming film 1 igthally cured in a state in which the
composite sheet 3 for forming a protective filnaghered to a workpiece.

[0080]

For the purpose of improving adhesiveness ofesarfilm to the pressure
sensitive adhesive layer 42 to be laminated orstinace of the resin film, one or both
surfaces of the resin film can be subjected tortase treatment according to an
oxidation method or a roughening method or a pritreatment, if desired. Examples
of the oxidation method include a corona dischamg@ment, a plasma discharge
treatment, a chromium oxidation treatment (wef)aime treatment, a hot air treatment,
ozone, and an ultraviolet irradiation treatment aramples of the roughening method
include a sand blasting method and a thermal gpegayment method.

[0081]

The resin film of the base material 41 may cont@nous additives such as a
colorant, a flame retardant, a plasticizer, anstatic agent, a lubricant, and a filler.

[0082]
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The thickness of the base material 41 is not@aerly limited as long as the
base material can properly function in each prooésising the composite sheet 3 for
forming a protective film. The thickness thereopreferably in a range of 20n to
450um, more preferably in a range of @B to 400um, and particularly preferably in a
range of 5Qum to 350um.

[0083]

The breaking elongation of the base material 4h®fadhesive sheet 4 in the
present embodiment is preferably 100% or greatepanticularly preferably in a range
of 200% to 1000% as a value measured under thetmglof a temperature of 23
and a relative humidity of 50%. Here, the brealef@ngation is an elongation rate of a
length of a test piece to an original length theéegdhe time of test piece fracture during
a tensile test carried out in conformity with JI3161:1994 (ISO 527-1 1993). The
base material 41 having a breaking elongation 684.0r greater is unlikely to be broken
during an expanding process and can easily sepaitip formed by cutting a
workpiece.

[0084]

Moreover, the tensile stress at the time of 25%irsbf the base material 41 of
the adhesive sheet 4 in the present embodimengfierpbly in a range of 5 N/10 mm to
15 N/10 mm and the maximum tensile stress thesepfaferably in a range of 15 MPa to
50 MPa. Here, the tensile stress at the time % &6ain and the maximum tensile
stress are measured by a test carried out in qoitfowith JIS K7161:1994. When the
tensile stress at the time of 25% strain is 5 Nt or greater and the maximum tensile
stress is 15 MPa or greater, it is possible toguethe base material 2 from being

loosened and to prevent transport errors from bgemgrated while a workpiece is
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adhered to a dicing sheet 1, and then the workpsefbeed to a frame such as a ring
frame. Meanwhile, when the tensile stress atithe bf 25% strain is 15 N/10 mm or
less and the maximum tensile stress is 50 MPassr telease of the dicing sheet 1 itself
from the ring frame is suppressed at the time pbexing process. Further, the
breaking elongation, the tensile stress at the tih®5% strain, and the maximum tensile
stress indicate values measured in the longitudimattion of original fabric in the base
material 41.

[0085]

1-2. Pressure sensitive adhesive layer

The pressure sensitive adhesive layer 42 includéte adhesive sheet 4 of the
composite sheet 3 for forming the protective filoe@ding to the present embodiment
may be formed of a non-energy-ray curable pressemsitive adhesive or an energy-ray
curable pressure sensitive adhesive. As the nerggmay curable pressure sensitive
adhesive, an adhesive having desired adhesive doicteemovability is preferable, and
preferred examples thereof include an acrylic pnessensitive adhesive, a rubber
pressure sensitive adhesive, a silicone pressuosttise adhesive, a urethane pressure
sensitive adhesive, a polyester pressure senattilvesive, and a polyvinyl ether pressure
sensitive adhesive. Among these, an acrylic pressensitive adhesive which has high
adhesiveness to the protective film-forming filnarid is capable of effectively
suppressing separation of a workpiece or a manuttiproduct during the dicing
process or the like is preferable.

[0086]

Meanwhile, since the adhesive force of the eneagyecurable pressure sensitive
adhesive is decreased due to irradiation with gnexgs, the adhesive sheet 4 can be

easily separated from a workpiece or a manufactoreduct by performing irradiation
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with energy rays when the adhesive sheet 4 isdleiio be separated from a workpiece
or a manufactured product.

[0087]

In a case where the pressure sensitive adhesg®e42 is formed of an
energy-ray curable pressure sensitive adhesiiepreferable that the pressure sensitive
adhesive layer 42 in the composite sheet 3 for ifogra protective film is cured. Since
a material obtained by curing the energy-ray c@wgoéssure sensitive adhesive normally
has a high elastic modulus and the surface théi@ohigh smoothness, when the
protective film-forming film 3 in contact with a ced portion formed of such a material
is cured to form a protective film, the smoothn@gsss) of the surface in contact with
the cured portion of the protective film becomeghler, and the appearance as a
protective film of a chip becomes excellent. M@ when laser printing is
performed on the protective film with high surfasroothness, the visibility of the
printing is improved.

[0088]

The energy-ray curable pressure sensitive adhesiv&ituting the pressure
sensitive adhesive layer 42 may include a polyragirty energy-ray curing properties as
a main component, or may include a mixture of a onoer which does not have
energy-ray curing properties, an energy-ray curpblgfunctional monomer and/or an
oligomer as a main component.

[0089]

The case where the energy-ray curable pressuséigseradhesive includes a
polymer having energy ray curing properties as ammamponent will be described
below.

[0090]



10

15

20

25

31

It is preferable that the polymer having energyaaring properties is a
(meth)acrylic acid ester (co)polymer (A) (hereieaftlso referred to as an “energy-ray
curable polymer (A)”) to which a functional grougngrgy ray curable group) having
energy ray curing properties on the side chairetbifes introduced. It is preferable that
the energy-ray curable polymer (A) is obtained égcting a (meth)acrylic copolymer
(al) having a functional group-containing mononmat with an unsaturated
group-containing compound (a2) having a substitbended to the functional group
thereof.

[0091]

The acrylic copolymer (al) is formed of a congtituunit derived from a
functional group-containing monomer and a constitwait derived from a (meth)acrylic
acid ester monomer or a derivative thereof.

[0092]

It is preferable that the functional group-contagmonomer as a constituent
unit of the acrylic copolymer (al) is a monomeduigiing a functional group such as a
polymerizable double bond, a hydroxyl group, anremgroup, a substituted amino
group, or an epoxy group in a molecule.

[0093]

More specific examples of the functional grouptaomng monomer include
2-hydroxyethyl(meth)acrylate, 2-hydroxypropyl(mettiylate,
3-hydroxypropyl(meth)acrylate, and 4-hydroxybutyimy)acrylate, and these can be
used alone or in combination of two or more Kirtusr¢of.

[0094]

As the (meth)acrylic acid ester monomer constituthe acrylic copolymer (al),

alkyl (meth)acrylate having 1 to 20 carbon atomarolkyl group, cycloalkyl
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(meth)acrylate, or benzyl (meth)acrylate is usedlmong these, alkyl (meth)acrylate
having 1 to 18 carbon atoms of an alkyl group sagmethyl (meth)acrylate, ethyl
(meth)acrylate, propyl (meth)acrylate, n-butyl (mactrylate, or 2-ethylhexyl
(meth)acrylate is particularly preferably used.

[0095]

The acrylic copolymer (al) contains normally 3%nhgss to 100% by mass of a
constituent unit derived from the functional groegrtaining monomer and preferably in
a range of 5% by mass to 40% by mass thereof. hé&ithe acrylic copolymer (al)
contains normally 0% by mass to 97% by mass oihatdoent unit derived from a
(meth)acrylic acid ester monomer or a derivativerebf and preferably in a range of
60% by mass to 95% by mass thereof.

[0096]

The acrylic copolymer (al) is obtained by copolyieg the above-described
functional group-containing monomer, the (meth)acrgcid ester monomer, and the
derivative thereof according to a conventional radttbut dimethyl acrylamide, vinyl
formate, vinyl acetate, and styrene may be copolizee other than these monomers.

[0097]

An energy-ray curable polymer (A) is obtained bgating the acrylic
copolymer (al) having the above-described functignaup-containing monomer unit
with the unsaturated group-containing compound @®)ng a substituent bonded to the
functional group thereof.

[0098]

The substituent included in the unsaturated gi@upgaining compound (a2) can
be appropriately selected according to the kintheffunctional group of the functional

group-containing monomer unit included in the acrgbpolymer (al). For example, in
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a case where the functional group is a hydroxyligr@an amino group, or a substituted
amino group, an isocyanate group or an epoxy gioppeferable as a substituent. In a
case where the functional group is an epoxy gran@mino group, a carboxyl group, or
an aziridinyl group is preferable as a substituent.

[0099]

In addition, the unsaturated group-containing coumal (a2) includes 1 to 5 and
preferably 1 to 2 energy-ray polymerizable carbarbon double bonds in a molecule.
Specific examples of the unsaturated group-comtginompound (a2) include
2-methacryloyloxyethyl isocyanate, meta-isopropany-dimethylbenzyl isocyanate,
methacryloyl isocyanate, allyl isocyanate, 1,1dbrgloyloxymethyl)ethyl isocyanate; an
acryloyl monoisocyanate compound obtained by regaidiisocyanate compound or a
polyisocyanate compound with a hydroxyethyl (methjate; an acryloyl
monoisocyanate compound obtained by reacting aajimate compound or a
polyisocyanate compound, a polyol compound, anddxyethyl (meth)acrylate;
glycidyl (meth)acrylate; (meth)acrylic acid, 2-(zHadinyl)ethyl (meth)acrylate,
2-vinyl-2-oxazoline, and 2-isopropenyl-2-oxazoline.

[0100]

The unsaturated group-containing compound (a23ésl in a ratio of normally
10 equivalents to 100 equivalents and preferablgdifivalents to 95 equivalents with
respect to 100 equivalents of the functional groaptaining monomer of the acrylic
copolymer (al).

[0101]

In the reaction of the acrylic copolymer (al) witle unsaturated
group-containing compound (a2), the temperatueeptlssure, the solvent, the time, the

absence or presence of a catalyst, and the kititeafatalyst of the reaction can be
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appropriately selected according to the combinatica functional group and a
substituent. In this manner, the functional greysting in the acrylic copolymer (al)
is reacted with the substituent in the unsaturgtedp-containing compound (a2) and the
unsaturated group is introduced to the side chfaiheoacrylic copolymer (al), thereby
obtaining an energy-ray curable polymer (A).

[0102]

The weight average molecular weight of the eneayyeurable polymer (A)
obtained in the above-described manner is prefeE00 or greater, particularly
preferably in a range of 150000 to 1500000, ancerparticularly preferably in a range
of 200000 to 1000000. Moreover, the weight averagéecular weight (Mw) in the
present specification is a value measured by ageheation chromatography method
(GPC method) in terms of polystyrene.

[0103]

Even in a case where the energy-ray curable peessasitive adhesive includes
a polymer having energy-ray curing properties asam component, the energy-ray
curable pressure sensitive adhesive may furthéagoan energy-ray curable monomer
and/or an oligomer (B).

[0104]

As the energy-ray curable monomer and/or the olgyo(B), for example, an
ester or the like of polyhydric alcohol and (metmjéic acid can be used.

[0105]

Examples of such an energy-ray curable monoméepaad oligomer (B)
include monofunctional acrylic acid esters suclyadohexyl (meth)acrylate and
isobornyl (meth)acrylate; polyfunctional acrylidé@esters such as trimethylolpropane

trilmeth)acrylate, pentaerythritol trilmeth)acr@apentaerythritol tetra(meth)acrylate,
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dipentaerythritol hexa(meth)acrylate, 1,4-butankdiigneth)acrylate, 1,6-hexanediol

di(meth)acrylate, polyethylene glycol di(meth)aaitg, and dimethylol tricyclodecane
di(meth)acrylate; polyester oligo(meth)acrylated @olyurethane oligo(meth)acrylate.

[0106]

In a case where the energy-ray curable monomeoatia: oligomer (B) are
mixed with each other, the content of the energyeraable monomer and/or the
oligomer (B) in the energy-ray curable pressuresgiee adhesive is preferably in a
range of 5% by mass to 80% by mass and particutaeferably in a range of 20% by
mass to 60% by mass.

[0107]

Here, in a case where ultraviolet rays are useshagyy rays in order to cure the
energy-ray curable resin composition, it is predfégdo add a photopolymerization
initiator (C). When the photopolymerization intoa (C) is used, the time for
polymerization curing and the amount of light inettbn can be reduced.

[0108]

Specific examples of the photopolymerization atiar (C) include
benzophenone, acetophenone, benzoin, benzoin nettigyl benzoin ethyl ether,
benzoin isopropyl ether, benzoin isobutyl ethenzmén benzoic acid, methyl benzoin
benzoic acid, benzoin dimethyl ketal, 2,4-diethigidanthone,
1-hydroxycyclohexylphenylketone, benzyldiphenylgldf tetramethylthiuram
monosulfide, azobisisobutyronitrile, benzyl, dibgndiacetyl,3-chloroanthraquinone,
(2,4,6-trimethylbenzyldiphenyl)phosphineoxide,
2-benzothiazole-N,N-diethyldithiocarbamate,
oligo{2-hydroxy-2-methyl-1-[4-(1-propenyl)phenylljppanone}, and

2,2-dimethoxy-1,2-diphenylethan-1-one. These mayded alone or in combination of
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two or more kinds thereof.

[0109]

The content of the photopolymerization initiat@) {s preferably in a range of
0.1 parts by mass to 10 parts by mass and paricpieeferably in a range of 0.5 parts
by mass to 6 parts by mass with respect to 108 pgrinass of the energy-ray curable
copolymer (A) (100 parts by mass which is the tatabunt of the energy-ray curable
copolymer (A), and the energy ray curable monomera the oligomer (B) in a case
where the energy-ray curable monomer and/or tlgpwier (B) are mixed with each
other).

[0110]

Other suitable components may be mixed with tregggaray curable pressure
sensitive adhesive other than the above-describeganents. Examples of other
components include polymer components or oligoroerponents (D) which do not
have energy-ray curing properties, and cross-lmkigents (E).

[0111]

Examples of the polymer components or oligomerpaments (D) which do not
have energy-ray curing properties include polyacmytid ester, polyester, polyurethane,
polycarbonate, and polyolefin. Among these, apelyor an oligomer having a weight
average molecular weight (Mw) of 3000 to 250000p0r&ferable.

[0112]

A polyfunctional compound having reactivity wittfuanctional group included
in the energy-ray curing copolymer (A) can be usgdthe crosslinking agent (E).
Examples of the polyfunctional compound includesatyanate compound, an epoxy
compound, an amine compound, a melamine compouraziadine compound, a

hydrazine compound, an aldehyde compound, an arazcbmpound, a metal alkoxide
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compound, a metal chelate compound, a metal sa#tlulaninum salt, and a reactive
phenolic resin.

[0113]

When other components (D) and (E) are mixed wiéhenergy-ray curable
pressure sensitive adhesive, tackiness and rgbeagerties before curing, strength after
curing, adhesiveness to another layer, and statadpdity can be improved. The mixed
amount of these other components is not partigulemited, and is appropriately
determined in a range of O parts by mass to 43 jpgrtmass with respect to 100 parts by
mass of the energy-ray curable copolymer (A).

[0114]

Next, a case where the energy-ray curable presemstive adhesive includes a
mixture of a polymer component which does not hervergy-ray curing properties, an
energy-ray curable polyfunctional monomer and/ayasher as a main component will
be described below.

[0115]

As the polymer component which does not have grerg cuing properties, for
example, a component similar to the above-descloeglic copolymer (al) can be used.
The content of the polymer component which doeshage energy-ray curing properties
in an energy-ray curable resin composition is peddly in a range of 20% by mass to
99.9% by mass and particularly preferably in a eaoig30% by mass to 80% by mass.

[0116]

A component similar to the above-described compb(i) is selected as the
energy-ray curable polyfunctional monomer and/erdghgomer. In the mixing ratio of
the energy-ray curable polyfunctional monomer anthie oligomer to the polymer

component which does not have energy-ray curinggat@s, the polyfunctional
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monomer and/or the oligomer is preferably in a ea0fj10 parts by mass to 150 parts by
mass and particularly preferably in a range of @by mass to 100 parts by mass with
respect to 100 parts by mass of the polymer compomeich does not have energy-ray
curing properties.

[0117]

Even in this case, the photopolymerization initigC) or the crosslinking agent
(E) can be appropriately mixed in the same manescribed above.

[0118]

The thickness of the adhesive layer 42 is noiqadatrly limited as long as the
pressure sensitive adhesive layer 42 can propenistibn in each process of using the
composite sheet 3 for forming a protective film.peS&ifically, the thickness thereof is
preferably in a range of Im to 50um, particularly preferably in a range ofuh to 30
pm, and more particularly preferably in a range ph3to 20um.

[0119]

As the pressure sensitive adhesive constitutiagptessure sensitive adhesive
layer 5 for a jig, an adhesive having desired aidbdsrce and removability is preferable
and preferred examples thereof include an acryBssure sensitive adhesive, a rubber
pressure sensitive adhesive, a silicone pressuosttise adhesive, a urethane pressure
sensitive adhesive, a polyester pressure senattilvesive, and a polyvinyl ether pressure
sensitive adhesive. Among these, an acrylic pressensitive adhesive which has high
adhesiveness to a jig of a ring frame or the léte] is capable of effectively suppressing
separation of the composite sheet 3 for formingodegtive film from the ring frame or
the like during the dicing process or the like. atidition, a base material may be
present as a core material in the middle of thequme sensitive adhesive layer 5 for a jig

in the thickness direction.
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[0120]

Meanwhile, the thickness of the pressure sensitilreesive layer 5 for a jig is
preferably in a range of 5m to 200um, and particularly preferably in a range ofif
to 100um from a viewpoint of adhesiveness to the jig @f timg frame or the like.

[0121]

2. Method of producing composite sheet for forgrmotective film

Preferably, the composite sheet 3 for formingaeamtive film can be produced
by separately preparing a first laminate includimg protective film-forming film 1 and a
second laminate including the adhesive sheet 4r@rdlaminating the protective
film-forming film 1 with the adhesive sheet 4 usitng first laminate and the second
laminate, but the production method is not limiteereto.

[0122]

The protective film-forming film 1 is formed ondhrelease surface of a first
release sheet in order to produce the first larainaBpecifically, the protective
film-forming film 1 is formed by preparing a curahdhesive constituting the protective
film-forming film 1 and a coating agent for a praiige film-forming film, which further
contains a solvent if desired, coating the relsastace of the first release sheet with the
curable adhesive and the coating agent using angoaichine such as a roll coater, a
knife coater, a roll knife coater, an air knife tavaa die coater, a bar coater, a gravure
coater, or a curtain coater and then drying theassd surface. Next, the release surface
of the second release sheet is laminated withxpesed surface of the protective
film-forming film 1 to be pressure-bonded to eathen, and a laminate (first laminate)
formed by interposing the protective film-formintnf 1 between two release sheets is
obtained.

[0123]
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In the first laminate, the protective film-formirigm 1 (and the second release
sheet) may be half-cut, if desired, so as to havesared shape, for example, a circular
shape or the like. In this case, extra portionthefprotective film-forming film 1 and
the second release sheet which are generated dhue lhalf-cut may be appropriately
removed.

[0124]

Moreover, in order to produce the second lamirthpressure sensitive
adhesive layer 42 is formed by coating the relsaskace of a third release sheet with a
coating agent for a pressure sensitive adhesiwe lalgich contains a pressure sensitive
adhesive constituting the pressure sensitive adbésyer 42, and further contains a
solvent if desired, and drying the release surfadéhereatfter, the base material 41 is
pressure-bonded to the exposed surface of theyseessnsitive adhesive layer 42 and
then a laminate (second laminate) which includesatthesive sheet 4 formed of the base
material 41 and the pressure sensitive adhesiee #8; and the third release sheet is
obtained.

[0125]

Here, in a case where the pressure sensitive i@dHager 42 is formed of the
energy-ray curable pressure sensitive adhesiv@rédssure sensitive adhesive layer 42 is
irradiated with energy rays at this stage and tesqure sensitive adhesive layer 42 may
be cured or the pressure sensitive adhesive |&/aray be cured after being laminated
with the protective film-forming film 1. In adddn, in a case where the pressure
sensitive adhesive layer 42 is cured after beingrlated with the protective
film-forming film 1, the pressure sensitive adheslayer 42 may be cured before the
dicing process or the pressure sensitive adhesyex U2 may be cured after the dicing

process.
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[0126]

As the energy rays, ultraviolet rays or electrearns are normally used. The

irradiation amount of the energy rays varies depgndn the kind of the energy ray.
For example, in a case of ultraviolet rays, thadiation amount thereof is preferably in a
range of 50 mJ/cAto 1000 mJ/crhand particularly preferably in a range of 100 rm¥/c
to 500 mJ/crhin terms of the light intensity. Further, in aseaf electron beams, the
irradiation amount thereof is preferably in a ranf§approximately 10 krad to 1000 krad.

[0127]

When the first laminate and the second laminateohtained in the
above-described manner, the second release shietgase from the first laminate and
the third release sheet is release from the sdeomdate, and the protective
film-forming film 1 exposed in the first laminateerlaps the pressure sensitive adhesive
layer 42 of the adhesive sheet 4 exposed in ttengdaminate to be pressure-bonded to
each other. The adhesive sheet 4 is half-cugsirdd, so as to have a desired shape, for
example, a circular shape having a diameter ldhgar that of the protective
film-forming film 1. In this case, an extra pontiof the adhesive sheet 4 which is
generated due to the half-cut may be appropriagrhoved.

[0128]

In this manner, the composite sheet 3 for fornaimyotective film which
includes the adhesive sheet 4 obtained by lamip#tia pressure sensitive adhesive layer
42 on the base material 41, the protective film¥img film 1 laminated on the pressure
sensitive adhesive layer 42 side of the adhesigetsh and the first release sheet
laminated on the opposite side of the adhesivet ghigethe protective film-forming film
1 is obtained. Finally, after the first releaseeths released therefrom, the pressure

sensitive adhesive layer 5 for a jig is formed lo peripheral edge on the opposite side
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of the adhesive sheet 4 in the protective film-fimgrfilm 1. The pressure sensitive
adhesive layer 5 for a jig can be applied and farmeghe same method as that of the
pressure sensitive adhesive layer 42.

[0129]

3. Method of using composite sheet for formingt@ctve film

For example, a method of producing a chip proviad#d a protective film from
a semiconductor wafer serving as a workpiece usiagomposite sheet 3 for forming a
protective film according to the present embodinweilitbe described below.

[0130]

As illustrated in FIG. 4, the protective film-fomng film 1 is adhered to a
semiconductor wafer 6 and the pressure sensitivesik layer 5 for a jig is adhered to a
ring frame 7. When the protective film-formingnill is adhered to the semiconductor
wafer 6, the protective film-forming film 1 is heat, if desired, and tackiness may be
exhibited.

[0131]

Next, a protective film is formed by curing thefactive film-forming film 1,
thereby obtaining the semiconductor wafer 6 providéh a protective film. In a case
where the protective film-forming film 1 is a theaity curing adhesive, the protective
film-forming film 1 may be heated at a predeterndimemperature for an appropriate
amount of time. In addition, the protective filmrning film 1 may be cured after the
dicing process.

[0132]

When the semiconductor wafer 6 provided with aquive film is obtained in
the above-described manner, the protective filnrasliated with laser light through the

adhesive sheet 4, if desired, and then laser pgmsi performed. Further, the laser
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printing may be performed before the protectivenffbrming film 1 is cured.

[0133]

Next, a chip (chip provided with a protective f)imcluding a protective film is
obtained by dicing the semiconductor wafer 6 prediith a protective film according
to a conventional method. Thereafter, the adhesieet 4 is expanded in the plane
direction, if desired, and the chip provided witpratective film is picked up from the
adhesive sheet 4.

[0134]

The appearance of the chip provided with a protediim obtained in the
above-described manner is excellent because ggmdarks caused by the back-grinding
process are concealed by the protective film anda@igbe seen by visual observation.

In addition, since infrared inspection can be panted on the chip provided with a
protective film and the semiconductor wafer prodiaéth a protective film through the
protective film, cracks or the like can be detedtedugh the infrared inspection and the
product yield can be improved.

[0135]

4. Another embodiment of composite sheet for fogprotective film

FIG. 3 is a sectional view illustrating a compesheet for forming a protective
film according to another embodiment of the presawvéntion. As illustrated in FIG. 3,
a composite sheet 3A for forming a protective fdotording to the present embodiment
includes the adhesive sheet 4 formed by lamindbiagressure sensitive adhesive layer
42 on one surface of the base material 41 andrtitegtive film-forming film 1 which is
laminated on the pressure sensitive adhesive #/srde of the adhesive sheet 4. The
protective film-forming film 1 in the embodimentfisrmed so as to be almost similar to

a workpiece in the plane direction or slightly karghan the workpiece, and is also
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formed so as to be smaller than the adhesive ghadhe plane direction. The pressure
sensitive adhesive layer 42, in a portion whichaslaminated with the protective
film-forming film 1, can be adhered to a jig suchaaring frame or the like.

[0136]

The materials, the thickness, and the like of@espe members of the
composite sheet 3A for forming a protective filntaing to the present embodiment
are the same as those of respective members abthe-described composite sheet 3
for forming a protective film. However, in a cashere the pressure sensitive adhesive
layer 42 is formed of an energy-ray curable pressensitive adhesive, it is preferable
that a portion in a contact with the protectivenfiforming film 1 in the pressure sensitive
adhesive layer 42 allows the energy-ray curablegune sensitive adhesive to be cured
and other portions do not allow the energy-ray loler@ressure sensitive adhesive to be
cured. In this manner, the smoothness (glosd)eoptotective film formed by curing
the protective film-forming film 1 can be increasmad the adhesiveness to a jig of a ring
frame or the like can be maintained to be high.

[0137]

Moreover, a pressure sensitive adhesive layea figy similar to the pressure
sensitive adhesive layer 5 for a jig of the abogsetibed composite sheet 3 for forming
a protective film may be separately provided inpieepheral edge on the opposite side
of the base material 41 in the pressure sensitihesve layer 42 of the adhesive sheet 4
of the composite sheet 3A for forming a protecfiira.

[0138]

The embodiments described above are described fiotit the present
invention but to facilitate the understanding a# giresent invention. Accordingly,

respective elements disclosed in the above-destab@wodiment are intended to include
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all design modifications or equivalents belongiagtte technical scope of the present
invention.

[0139]

For example, a release sheet may be laminateldeonpiposite side of the
adhesive sheet 4 in the protective film-formingfil of the composite sheets 3 and 3A
for forming a protective film.

Examples

[0140]

Hereinafter, the present invention will be desedilin detail with reference to
examples, but the scope of the present inventiootiiimited to these examples.

[0141]

[Example 1]

The following respective components were mixedwitch other at a blending
ratios (in terms of the solid content) listed iblEal and diluted in methyl ethyl ketone
such that the solid content concentration becar@g Il mass, thereby preparing a
coating agent for a protective film-forming film.

(a) Binder polymer: (meth)acrylic acid ester coaér (weight average
molecular weight: 800000, glass transition tempeeat-1’C) obtained by
copolymerizing 10 parts by mass of n-butyl acryld@@ parts by mass of methyl acrylate,
5 parts by mass of glycidyl methacrylate, and Iffspgay mass of 2-hydroxy ethyl
acrylate

(b-1) Bisphenol A type epoxy resin (JER828, mawtiaed by Mitsubishi
Chemical Corporation, epoxy equivalent: 184 g/ej34 g/eq)

(b-2) Bisphenol A type epoxy resin (JER1055, mautdired by Mitsubishi

Chemical Corporation, epoxy equivalent: 800 g/e§a0 g/eq)
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(b-3) Dicyclopentadiene type epoxy resin (EPICLAR-7200HH,

manufactured by DIC Corporation, epoxy equival@db g/eq to 260 g/eq)

(c) Thermally active latent epoxy resin curing mgeicyan diamide (Adeka
Hardener EH-3636AS, manufactured by ADEKA Corpamtiactive hydrogen amount:
21 g/eq)

(d) Curing accelerator: 2-phenyl-4,5-dihydroxymyithidazole (Curezol 2PHZ,
manufactured by SHIKOKU CHEMICALS CORPORATION)

(e-1) Silica filler (SC2050MA, manufactured by ABSNIECHS CO., LTD.,
average particle diameter: (uin)

(e-2) Silica filler (UF310, manufactured by Tokaya Corporation, average
particle diameter: m)

(e-3) Silica filler (SV-10, manufactured by TatsoninlLtd., average particle
diameter: §um)

(f) Colorant: carbon black (#MA650, manufacturgdMbitsubishi Chemical
Corporation, average particle diameter: 28 nm)

(9) Silane coupling agent (A-1110, manufacturedUblCA Corporation)

[0142]

Afirst release sheet (SP-PET 3811, manufactuyddMTEC Corporation,
thickness: 3&im) obtained by forming a silicone-based releasatdgger on one
surface of a polyethylene terephthalate (PET) &lmd a second release sheet (SP-PET
381031, manufactured by LINTEC Corporation, thids1e88um)obtained by forming a
silicone-based release agent layer on one surfa®BT film were prepared.

[0143]

The release surface of the first release sheetwatsd with the
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above-described coating agent for a protective-fdrming film such that the thickness
of the protective film-forming film to be finallyldained was 2fm using a knife coater,
the release surface thereof was dried in an ovartanhperature of 12Q for 2 minutes,
and a protective film-forming film was formed. Negthe release surface of the second
release sheet was overlapped with the protectivefirming film so as to be bonded to
each other, and then a sheet for forming a preteélim formed of the first release sheet
(the release sheet 21 in FIG. 1), the protective-forming film (the protective
film-forming film 1 in FIG. 1) (thickness: 26m), and the second release sheet was
obtained.

[0144]

[Examples 2 to 4 and Comparative Examples 1 to 4]

Sheets for forming a protective film were produgethe same manner as in
Example 1 except that the kinds and the mixing arsaf respective components
constituting the protective film-forming film werdhanged as listed in Table 1.

[0145]

[Test Example 1] <Measurement of light transmittn

The second release sheet was released from teefeh&rming a protective
film obtained in Examples and Comparative Examples heated in an oven at 280
for 2 hours in an air atmosphere, and the protedtimn-forming film was thermally
cured to obtain a protective film. Subsequenkig, first release sheet was released.

[0146]

The transmittance of the above-described protedtim was measured using a
spectrophotometer (UV-VIS-NIR SPECTROPHOTOMETER 8800, manufactured by

SHIMADZU Corporation) and the light transmittan&é)(at a wavelength of 550 nm
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(visible light beams) or at a wavelength of 1600 (mmfrared rays) was extracted. An
attached large sample chamber MPC-3100 was usedeasurement and the
measurement was carried out without using a bwiliiegrating sphere. The results are
listed in Table 1.
5 [0147]
[Test Example 2] <Evaluation of concealing projsrof grinding marks>
The second release sheet was released from teefeh&rming a protective
film obtained in Examples and Comparative Examples then the film for forming a
protective film was exposed. The film for formiagprotective film was adhered to a
10 polished surface of a silicon wafer polished 206&s (diameter: 200 mm, thickness:
350 um) using a tape mounter (Adwill RAD-3600 F/12, miawiured by LINTEC
Corporation) while the film was heated af@0and then a first release sheet was released.
Next, the film for forming a protective film wasm@a by being heated at 1'8Dfor 2
hours to obtain a protective film, thereby obtaghasilicon wafer provided with a
15 protective film.
[0148]
It was confirmed whether grinding marks on thagi@d surface of the silicon
wafer were able to be detected through a proteétiweby performing visual
observation on obtained 10 sheets of silicon wajessided with a protective film. A
20 case where grinding marks in the entire siliconewvgfovided with a protective film
were not able to be seen was evaluated that thdigg mark concealing properties were
excellent (A) and a case where grinding marks \abfe to be seen from even only one
sheet was evaluated that the grinding mark conwpaglioperties were poor (B). The
results are listed in Table 1.

25 [0149]
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[Test Example 3] <Infrared inspection suitabiktyaluation>

A dicing tape (Adwill D-175, manufactured by LINTECorporation) was
adhered to the protective film surface side ofditieon wafer provided with a protective
film obtained in Test Example 2. Further, a siiahip provided with a protective film
was obtained by dicing the silicon wafer provideithva protective film in a dimension
of 3 mmx 3 mm and picking up the silicon wafer. The protecfiim side of the
obtained silicon chip provided with a protectivienfiwas observed using an infrared
microscope (BX-IR, manufactured by OLYMPUS CORPORAN), confirmation was
made whether grinding marks and chipping of theail chip were able to be observed
through a protective film, and infrared ray inspa&ctsuitability was evaluated based on
the following criteria. The results are listedTable 1.

A: Grinding marks were clearly observed. In aiddit chipping having a size
in which the distance from the chip side surfacs imaa range of fim to less than 10
pum was clearly observed.

B: Grinding marks were clearly observed. In additchipping having a size
in which the distance from the chip side surface W@um or greater was clearly
observed, but chipping having a size in which tiséatice from the chip side surface was
in a range of .um to less than 1Am was not clear.

C: Grinding marks were observed to some extent.addition, chipping having
a size in which the distance from the chip sidéaserwas in a range offbn to less than
10 um was not observed, and chipping having a sizehicmthe distance from the chip
side surface was 1im or greater was not clear.

D: Grinding marks were not observed, and chippwiag not observed regardless

of the size thereof.
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[0150]
[Table 1]
A IComparativ|ComparativiComparativiComparativ
Example 1 Example 2 Example 3 Example 4 Example 1] Example 2| Example 3| Example 4
a 150 150 150 150 150 150 150 150
b-1 60 60 60 60 60 60 60 60
b-2 10 10 10 10 10 10 10 10
b-3 30 30 30 30 30 30 30 30
Film
components|c 2 2 2 2 2 2 2 2
for forming
protective
film (parts by 2 2 2 2 2 2 2 2
mass)
e-1 320 320 320 320 320 320 -
e-2 - - - - - - 320
e-3 - - - - - - - 320
f 0.6 1.2 1.7 2.3 5.8 0.0 1.2 1.2
g 2 2 2 2 2 2 2 2
Total 577 578 579 579 583 577 577 577
Content of filler (% by 55 55 55 55 55 55 55 55
mass)
Content of carbon bla
(% by mass) 0.1 0.2 0.3 0.4 1.0 0.0 0.2 0.2
Visible light
transmittance (%) 10 6 3 2 1 21 9 8
'([;;r)ared transmittance} g5 53 46 41 13 74 23 21
Grinding mark
concealing properties A A A A A B A A
Infrared inspection
suitability A A B B D A D D
[0151]
5 As understood from Table 1, the protective filnafiing film of Examples whose

light transmittance at a wavelength of 550 nm w@& 2r less and light transmittance at
a wavelength of 1600 nm was 25% or greater hadlextgrinding mark concealing
properties and infrared inspection suitability.

Industrial Applicability

10 [0152]
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The protective film-forming film and the (compaitsheet for forming a
protective film according to the present inventispreferably used to produce a chip
having a protective film from a semiconductor wafeFurther, the inspection method
according to the present invention is suitablepfenforming inspection on cracks or the
like in a chip having a protective film.

Reference Signs List

[0153]

1: Protective film-forming film

2: Sheet for forming protective film

21: Release sheet

3, 3A: Composite sheet for forming protective film

4: Adhesive sheet

41: Base material

42: Pressure sensitive adhesive layer

5: Pressure sensitive adhesive layer for jig

6: Semiconductor wafer

7: Ring frame
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CLAIMS

1. A protective film-forming film,
wherein the light transmittance at a wavelength&d0 nm is 25% or greater,
5 and

the light transmittance at a wavelength of 550i:120% or less.

2. The protective film-forming film according tdaim 1, wherein the
protective film-forming film is a single layer ford of an uncured curable adhesive.
10
3. The protective film-forming film according tbaim 2, wherein the curable

adhesive contains a colorant and a filler havingwaarage particle diameter of 0.(th

to 3um.

15 4. A sheet for forming a protective film, commig.
the protective film-forming film according to alye of claims 1 to 3; and
a release sheet which is laminated on one or$wofaces of the protective

film-forming film.

20 5. A composite sheet for forming a protectivenficomprising:
an adhesive sheet which is formed by laminatipgeasure sensitive adhesive
layer on one surface side of a base material; and
a protective film-forming film which is laminatemh the pressure sensitive
adhesive layer side of the adhesive sheet,

25 wherein the light transmittance at a wavelength@fiO nm of the protective
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film-forming film is 25% or greater, and
the light transmittance at a wavelength of 550afrhe protective film-forming

film is 20% or less.

6. The composite sheet for forming a protectilre &ccording to claim 5,
wherein the protective film-forming film is a simglayer formed of an uncured curable

adhesive.

7. The composite sheet for forming a protectilre &ccording to claim 6,
wherein the curable adhesive contains a colorashidiller having an average particle

diameter of 0.0um to 3um.

8. An inspection method comprising:

producing a workpiece provided with a protective oy forming a protective
film on a workpiece using the protective film-fommgifilm according to any one of
claims 1 to 3, the sheet for forming a protectira ficcording to claim 4, or the
composite sheet for forming a protective film acliog to any one of claims 5 to 7; and

performing inspection on the workpiece providethva protective film or a
manufactured product obtained by processing thé&piece provided with a protective

film through the protective film using infrared sy

9. The inspection method according to claim 8,
wherein the workpiece is a semiconductor wafed, an

the manufactured product is a semiconductor chip.
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10. A workpiece provided with a protective filnhieh is determined as a

non-defective product based on the inspection ngestitoording to claim 8 or 9.

11. A manufactured product which is determined asn-defective product

5 based on the inspection method according to claom$



