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[DESCRIPTION]

[TITLE OF INVENTION]
FILM ADHESIVE, SEMICONDUCTOR PROCESSING SHEET, ANBETHOD FOR

MANUFACTURING SEMICONDUCTOR APPARATUS

[Technical Field]

[0001]

The present invention relates to a film adhesaveemiconductor processing
sheet, and a method for manufacturing a semicoonddetvice.

Priority is claimed on Japanese Patent Applicaion2016-069604, filed

March 30, 2016, the content of which is incorpaddterein by reference.

[Background Art]
[0002]

A dicing sheet is used when dividing a semiconoluafafer into individual

semiconductor chips by dicing. The dicing sheebisstituted by having, for example,
a pressure-sensitive adhesive layer on a baseialagserd is used by being attached to a
semiconductor wafer by the pressure-sensitive aghésy/er.  After dicing, for example,
by decreasing the adhesive force of the pressunstse adhesive layer through curing
by the irradiation of energy rays such as ultratioays, the semiconductor chip is pulled
away from the cured pressure-sensitive adhesivar Eyd easily picked up.

[0003]

On the other hand, the picked-up semiconductqr ishifor example, die

bonded to a circuit surface of a substrate byma éitlhesive, and after one or more
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additional semiconductor chips are stacked onstsiconductor chip, if necessary, and
wire bonded, the entire constitution is sealed aitlesin.

Using a semiconductor package obtained in thisn@am@n intended
semiconductor device is ultimately manufactured.ccadingly, in some cases, the
semiconductor chip is configured so as to be piekedh a state of having a film
adhesive on a surface to be die-bonded.

[0004]

When a film adhesive is used as described abadiejray/die bonding sheet in
which an uncut film adhesive is provided on thespuge-sensitive adhesive layer of the
above-mentioned dicing sheet may be used in sosesca On the other hand, a
plurality of semiconductor chips that have beenddid into individual pieces in advance
are sometimes provided on a film adhesive, andialius case, a semiconductor
processing sheet having the same configuratiohaf the dicing/die bonding sheet is
used. In the case of using such a semiconductoepsing sheet, for example, a
plurality of semiconductor chips that have beenddid into individual pieces in advance
are provided on the film adhesive, and the semigotad processing sheet is expanded at
a low temperature, thereby cutting the film adhesivaccordance with the outer shape
of the semiconductor chip to produce a semiconduwttip provided with the cut film
adhesive on a target surface in some cases.

[0005]

As a semiconductor processing sheet provided suith a film adhesive, those
in which a shear adhesive force of a film adheéivat is, a die bonding film) at 25°C
when being adhered to a semiconductor wafer aheéar sadhesive force thereof when
being adhered to a dicing sheet (that is, a diting are respectively set within specific

ranges (see Patent Document 1); those in whichomgation at break of a film adhesive
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(that is, a die bonding film) at 25°C before haaimg and a ratio of the tensile storage
elastic modulus at 0°C to the tensile storage ielasbdulus at 25°C are respectively set
within specific ranges (see Patent Document 2xého which when the thickness of the
semiconductor wafer is defined asir(), the thickness of the film adhesive (that ig, th
die bonding film) is defined as Bufh) and the thickness of the base material is defase
C (um), ratios C/A, C/B and A/B are respectively setisdo be within specific ranges
(see Patent Document 3); and those in which argaetan at break and modulus of
elasticity of a film adhesive at 25°C in a B stagse (that is, an adhesive sheet), and a
ratio A/B when the thickness of a dicing sheett(thaa dicing tape) is defined as A and
the thickness of the film adhesive is defined aad@respectively set so as to be within

specific ranges (see Patent Document 4), have diselosed.

[Citation List]
[Patent Documents]

[0006]

[Patent Document 1] Japanese Unexamined PateticAppn, First Publication
No. 2011-171588

[Patent Document 2] Japanese Unexamined PateticAppn, First Publication
No. 2011-228399

[Patent Document 3] Japanese Unexamined PateticAppn, First Publication
No. 2012-222002

[Patent Document 4] Japanese Unexamined PateticAppn, First Publication

No. 2009-283925

[Summary of Invention]
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[Technical Problem]

[0007]

For the semiconductor processing sheet providddaviilm adhesive, further
improvement in performance is desired particul&ndyn the viewpoint of improving the
cutting characteristics through expansion of the &dhesive.

[0008]

Accordingly, the present invention has an objégiroviding a novel
semiconductor processing sheet provided with aditthesive having excellent cutting

characteristics by expansion.

[Solution to Problem]

[0009]

In order to solve the above-mentioned problenes ptiesent invention provides
a film adhesive which is a curable film adhesiveevein either an uncured single layer
of the aforementioned film adhesive having a thedsyof 6Qum, or a laminate formed
by laminating two or more uncured layers of theafioentioned film adhesive so that the
total thickness becomes @fn, has an elongation at break at 0°C of equal teszrthan
60%, and an adhesive force of the aforementionedred film adhesive with respect to
a semiconductor wafer is equal to or more thanr88/ 25 mm.

Further, the present invention provides a semiagotadt processing sheet in
which the aforementioned film adhesive is provideda support sheet.

In the semiconductor processing sheet of the ptaseention, it is preferable
that the aforementioned support sheet is obtaiggudviding a pressure-sensitive
adhesive layer on a base material, and the afortsoned film adhesive is provided in

direct contact with the aforementioned pressureitiga adhesive layer.
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[0010]

In addition, the present invention provides a mdtfor manufacturing a
semiconductor device which is a method for manufang a semiconductor device using
the aforementioned film adhesive, and includeanaiated structure forming step of
forming a laminated structure in which the aforetieared film adhesive is provided on a
support sheet, and a plurality of already divideshisonductor chips are provided on a
surface of the aforementioned film adhesive orda spposite to a side where the
aforementioned support sheet is provided; a cusiiag in which the film adhesive of the
aforementioned laminated structure is expandedevidging cooled, in a direction along
a surface of the aforementioned film adhesive tdlwei film adhesive; and a separating
step of separating the aforementioned semicondcbiprprovided with the
aforementioned cut film adhesive from the aforenoereid support sheet.

In the method for manufacturing a semiconducteiadeaccording to the
present invention, prior to the aforementioned taated structure forming step, it may
further include: a modified layer forming step ofrhing a modified layer inside the
aforementioned semiconductor wafer by irradiatidgser beam in an infrared region so
as to converge on a focal point set inside the @amdiuctor wafer; and a dividing step of
grinding a surface for providing the aforementiofied adhesive in the aforementioned
semiconductor wafer in which the aforementioned iffextilayer has been formed, and
applying a force at the time of grinding to therafaentioned semiconductor wafer,
thereby dividing the aforementioned semiconductafewat a portion of the
aforementioned modified layer and obtaining a pityraf semiconductor chips. The
plurality of semiconductor chips obtained in theramentioned dividing step may be
used in the aforementioned laminated structure ifgyratep.

[Advantageous Effects of Invention]
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[0011]
According to the present invention, there is pled a novel semiconductor
processing sheet provided with a film adhesive igueixcellent cutting characteristics by

expansion.

[Brief Description of Drawings]

[0012]

FIG. 1 is a cross-sectional view schematicallyshg one embodiment of a
semiconductor processing sheet of the presenttioven

FIG. 2 is a cross-sectional view for schematictilllystrating one embodiment of
a method for manufacturing a semiconductor devidée case of using the film
adhesive or the semiconductor processing shebegiresent invention.

FIG. 3 is a cross-sectional view for schematictillystrating one embodiment of
a method for forming grooves in a semiconductorawéd obtain semiconductor chips.

FIG. 4 is a cross-sectional view for schematictilllystrating one embodiment of
a method for forming a modified layer in a semicactdr wafer to obtain semiconductor

chips.

[Description of Embodiments]

[0013]
<Film adhesive>

The film adhesive according to the present inwenis a curable film adhesive,
wherein either an uncured single layer of the af@metioned film adhesive having a
thickness of 6Qum, or a laminate formed by laminating two or monewred layers of

the aforementioned film adhesive so that the thiakness becomes @n, has an
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elongation at break at 0°C of equal to or less 8@, and an adhesive force of the
aforementioned uncured film adhesive with respeet $emiconductor wafer is equal to
or more than 300 mN / 25 mm.

[0014]

As a result of the aforementioned elongation atkibeing equal to or less than
60%, the film adhesive of the present inventioedsily cut at an intended place, if a
semiconductor processing sheet is constituted sigibed later, and when this sheet (that
is, the film adhesive) is expanded in the directong the surface thereof, in other
words, when the so-called expansion is performed Jaw temperature.

[0015]

In addition, as a result of the aforementionedestlte force being equal to or
more than 300 mN/25 mm, the film adhesive of thesent invention is cut at an
intended place without being accompanied by abnittisgasuch as chipping of the film
adhesive, when the expansion is performed at ddawperature as described above. It
is presumed that this is because, since the filnesige has a sufficient adhesive force
with respect to the semiconductor wafer, when ifhe ddhesive is expanded, the force at
the time of expansion tends to concentrate oniamewithin the film adhesive, in the
vicinity of an end portion of the semiconductorghi On the other hand, when the
aforementioned adhesive force is less than 300 88Nmim, since the film adhesive is
brittle at a low temperature, in the expanded fldinesive, in a region other than the
vicinity of the end portion of the semiconductorngchipping or the like occurs, and
furthermore, since the force at the time of expams dispersed in the film adhesive as a
result, cutting of the film adhesive at the intethgdace becomes unsatisfactory. It
should be noted that the uncured film adhesivelatehihe same levels of adhesive force

with respect to the semiconductor wafer and thes@muctor chip.
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[0016]

The aforementioned film adhesive exhibits curgbili The aforementioned
film adhesive preferably exhibits thermosettingpgedies, and preferably exhibits
pressure-sensitive adhesive properties. A filmeadfe exhibiting both thermosetting
properties and pressure-sensitive adhesive preperéin be pasted onto various
adherends by lightly pressing it thereonto in acuned state.  Further, the film adhesive
may be one that can be attached to various adrelsndeating and softening. The
film adhesive finally becomes a cured product hgvirgh impact resistance by curing,
and this cured product can retain sufficient adireproperties even under severe high
temperature and high humidity conditions.

[0017]

The film adhesive may be composed of one layet () a single layer), or it
may be composed of a plurality of layers of twormre layers. In the case where the
film adhesive is composed of a plurality of layeh®se plurality of layers may be the
same as or different from each other, and the coatioin of these plurality of layers is
not particularly limited as long as the effectsla# present invention are not impaired.

It should be noted that in the present specificatand this is not limited to the
case of a film adhesive, the expression “the plyraf layers may be the same as or
different from each other” means that “all the Isymay be the same, all the layers may
be different, or only a part of the layers may e same”. Moreover, the expression
“the plurality of layers are different from eaclinet’” means that “at least one of the
constituent material and the thickness of eactr lmydifferent from another”.

[0018]

The thickness of the film adhesive is not particlyl limited, but it is preferably

from 1 pum to 50um, and more preferably fromydn to 40um. By ensuring that the
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thickness of the film adhesive is equal to or nthen the above-mentioned lower limit
value, a higher adhesive force with respect tatheerend (that is, a semiconductor chip)
can be obtained. In addition, by ensuring thathiekness of the film adhesive is equal
to or less than the above upper limit value, the &dhesive can be cut more easily by
the expansion process described later.

Here, the “thickness of the film adhesive” medresthickness of the entire film
adhesive, and for example, the thickness of the didlhesive composed of a plurality of
layers means the total thickness of all the lagersstituting the film adhesive. It
should be noted that as a method of measuringhitleness of the film adhesive, for
example, a method of measuring the thickness atdibitrary places using a contact
type thickness meter and calculating the averagleeomeasured values, and the like can
be mentioned.

[0019]

The laminate to be subjected for the determingti@glongation at break is one
obtained by laminating two or more layers of anwed film adhesive having a
thickness of less than @@n so that the total thickness becomesu60

[0020]

The elongation at break (%) of the film adhesivéaminate at 0°C can be
measured by the following method.

That is, the elongation at break is determinedsigg the film adhesive or
laminate having a width of 6 mm, a length of 5 mmd a thickness of 60m as a test
piece, pulling it while changing the load appliedhis test piece from 1 Nto 18 N at a
rate of 1 N/min, and measuring the elongation eftést piece at the time of rupture.

It should be noted that in the present specificatine expression “the

elongation at break is X% (in the formula, X is@spive number)” means that in the
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above measuring method, when a test piece (in @tbets, a film adhesive or a
laminate ) is pulled and the test piece is extemdéts tensile direction by a length of
X% of the original length (that is, the length whempulling is performed), that is, when
the total length of the test piece in the tensiteation becomes [1 + X/100] times the
length before the pulling, the test piece breaks.

[0021]

The elongation at break (%) of the film adhesivéaminate is equal to or less
than 60%, preferably equal to or less than 57%,maoik preferably equal to or less than
54%. When the elongation at break is equal t@ess than the above upper limit value,
the film adhesive is satisfactorily cut by expansio

Further, the lower limit value of the elongatidrbeeak (%) of the film adhesive
or laminate is not particularly limited, but itgseferably 5%, for example. When the
elongation at break is equal to or more than tlevealower limit value, the handling
properties of the film adhesive are improved aso #he effect of suppressing scattering
of the film adhesive at the time of expansion isagted.

[0022]

The elongation at break (%) can be appropriatdiiysted by, for example,
adjusting the type and amount of the componentasoed in the film adhesive and the
like.

For example, the elongation at break can be eadjlysted by adjusting the
molecular weight and content of a polymer compoig@ntescribed later, the structure,
softening point and content of the components @oitisiy an epoxy-based thermosetting
resin (b), and the content of a filler (c), and like.

However, these adjustment methods are only example

[0023]
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The adhesive force (N / 25 mm) of the uncured &ldinesive with respect to the
semiconductor wafer can be measured by the follgwiethod.

That is, a laminated sheet of a film adhesiveanddhesive tape having a
width of 25 mm and an arbitrary length is produceth this laminated sheet, the film
adhesive is laminated on the adhesive surfaceecddhesive tape. Subsequently, the
laminated sheet is attached to a semiconductomigfthe film adhesive heated to 40 to
70°C to produce a laminate in which the adhesige,tthe film adhesive and the
semiconductor wafer are laminated in this orderhis Taminate after production is
immediately left to stand in an environment of @27°C for 30 minutes, and then the
so-called 180° peeling is performed in which theilaated sheet of the film adhesive and
the adhesive tape are peeled from the semicondwetfer at a peeling rate of 300
mm/min, so that the planes of the film adhesive thiedsemiconductor wafer that have
been brought into contact with each other formragleaof 180°. The peel force at this
time is measured, and the measured value is dedisi¢ice adhesive force (N / 25 mm) of
the uncured film adhesive with respect to the sendactor wafer. The length of the
laminated sheet to be subjected to the measurameat particularly limited as long as
it is within a range where the peel force can bblgtmeasured, but it is preferably from
100 mm to 300 mm.

[0024]

The adhesive force of the uncured film adhesiwvié vaspect to the
semiconductor wafer is equal to or more than 300/r@8lmm and can be set to any one
of, for example, 310 mN / 25 mm or more, 340 mN h2m or more, 380 mN / 25 mm
or more, and the like, but it is not limited theret

Further, the upper limit value of the adhesiveéois not particularly limited,

and can be selected from, for example, 10 N / 25 808 mN / 25 mm, 700 mN / 25
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mm, 600 mN / 25 mm, 500 mN / 25 mm, and the likg,these are only examples.

[0025]

The adhesive force of the uncured film adhesiwvié vaspect to the
semiconductor wafer can be appropriately adjusyedob example, adjusting the type
and amount of the component contained in the filimesive and the like.

For example, the adhesive force of the film adfeesan be easily adjusted by
adjusting the molecular weight of the polymer comgiat (a) described later, the ratio of
each monomer component constituting the polymempoomant (a), the softening point of
the component constituting the epoxy-based therttingeesin (b), the content of each
component contained in the film adhesive, andikee |

However, these adjustment methods are only example

[0026]

The film adhesive according to the present ineenéxhibits favorable cutting
characteristics even at a relatively slow expansi®. For example, the film adhesive
of the present invention is particularly suitableen used at a relatively slow expansion
rate, such as an expansion rate of 0.5 to 100 noprdsadescribed later.  When the
expansion rate is relatively slow as described apthe semiconductor chip is less likely
to be damaged at the time of cutting the film adiesnd the effects of the present
invention can be obtained more remarkably.

[0027]

Preferable examples of the film adhesive inclimsé containing a polymer
component (a) and an epoxy-based thermosetting (iesi

[0028]

[Adhesive composition]

The film adhesive can be formed from an adhesieposition containing the
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constituent material thereof. For example, tha fldhesive can be formed at an
intended portion by coating an adhesive compositiothe surface on which the film
adhesive is to be formed and drying it if necessa®ymore specific method of forming
the film adhesive will be described in detail lategether with a method of forming

other layers. The ratio of the contents of the ponents that are not vaporized at
normal temperature to each other in the adhesingosition is usually the same as the
ratio of the contents of the aforementioned comptmef the film adhesive to each other.
It should be noted that in the present specificatibe term “normal temperature” means
a temperature obtained without particular coolingeating, in other words, ordinary
temperature, and for example, a temperature ob 25tC or the like can be mentioned.

[0029]

Coating of the adhesive composition may be cawigdy a known method,
and for example, a method using various coateiis as@n air knife coater, a blade
coater, a bar coater, a gravure coater, a comniarcaaoll coater, a roll knife coater, a
curtain coater, a die coater, a knife coater, eestcoater, a Meyer bar coater and a kiss
coater can be mentioned.

[0030]

Although the drying condition of the adhesive casigon is not particularly
limited, in the case where the adhesive compostamriains a solvent to be described
later, it is preferable to dry the adhesive compmsiby heating, and in this case, for
example, it is preferable to dry under conditiohg®to 130°C for 10 seconds to 5
minutes.

[0031]

Preferable examples of the adhesive compositicindgie those containing a

polymer component (a) and an epoxy-based thernmgeésin (b). Each component
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will be described below.

[0032]

(Polymer component (a))

The polymer component (a) is a component thabearegarded as being
formed by a polymerization reaction of a polymelieacompound, and it is a polymer
compound for imparting film-forming properties, Albility and the like to the film
adhesive, and at the same time, improving adh@sogerties (that is, sticking
properties) to an adhesion target such as a sechictor chip.  Further, the polymer
component (a) is also a component that does noesmond to an epoxy resin (bl) and a
thermal curing agent (b2) which will be describatéf.

[0033]

The polymer composition (a) contained in the atleesomposition and the film
adhesive may be composed of only one type or mapibmosed of two or more types,
and when it is composed of two or more types, tralination and ratio thereof can be
arbitrarily selected.

[0034]

Examples of the polymer component (a) includeaaylia resin, a polyester, a
urethane-based resin, an acrylic urethane resiticane-based resin, a rubber-based
resin, a phenoxy resin and a thermosetting polyaéméehd an acrylic resin is preferable.

[0035]

As the acrylic resin in the polymer component éafnown acrylic polymer can
be mentioned.

The weight average molecular weight (Mw) of theyhc resin is preferably
from 10,000 to 2,000,000, and more preferably fadif,000 to 1,500,000. When the

weight average molecular weight of the acrylicmasiwithin such a range, it becomes
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easy to adjust the elongation at break of the &tthesive or the laminate and the
adhesive force of the film adhesive to the abovetioeed ranges.

On the other hand, when the weight average maeegight of the acrylic
resin is equal to or more than the above-mentidowdr limit value, the shape stability
(that is, stability over time during storage) oé iilm adhesive is improved. Further,
when the weight average molecular weight of thglecresin is equal to or less than the
above upper limit value, the film adhesive easiljofvs the uneven surface of an
adherend, and the generation of voids or the lé&eben the adherend and the film
adhesive is further suppressed.

It should be noted that in the present specificatine “number average
molecular weight” and “weight average molecularghi are polystyrene equivalent
values measured by a gel permeation chromatogr@¢) method, unless otherwise
specified.

[0036]

The glass transition temperature (Tg) of the acrgsin is preferably from -60
to 70°C, and more preferably from -30 to 50°C. WHhee Tg of the acrylic resin is
equal to or more than the above lower limit vathe,adhesive force between the film
adhesive and the support sheet described latapeassed, and the separation of the
semiconductor chip provided with the film adhednen the support sheet becomes
easier during pickup. In addition, when the Tgh&f acrylic resin is equal to or less
than the above upper limit value, the adhesiveeftwetween the film adhesive and the
semiconductor chip is improved. It should be ndted in the present specification, the
“glass transition temperature” is obtained by meaguhe DSC curve of a sample using
a differential scanning calorimeter and is repré=giby the temperature of the inflection

point of the obtained DSC curve.



10

15

20

25

16

[0037]

As the acrylic resin, for example, a (meth)acrgiid ester copolymer having a
structural unit derived from a (meth)acrylic acedlex monomer can be mentioned.
Here, examples of the (meth)acrylic acid ester torigig the acrylic resin include
(meth)acrylic acid alkyl esters in which the allggbup constituting the alkyl ester has a
chain-like structure with 1 to 18 carbon atomshsas methyl (meth)acrylate, ethyl
(meth)acrylate, n-propyl (meth)acrylate, isoprofigketh)acrylate, n-butyl (meth)acrylate,
isobutyl (meth)acrylate, sec-butyl (meth)acryla¢et-butyl (meth)acrylate, pentyl
(meth)acrylate, hexyl (meth)acrylate, heptyl (mathylate, 2-ethylhexyl (meth)acrylate,
isooctyl (meth)acrylate, n-octyl (meth)acrylatenanyl (meth)acrylate, isononyl
(meth)acrylate, decyl (meth)acrylate, undecyl! (ryathylate, dodecyl (meth)acrylate
(also referred to as lauryl (meth)acrylate), tridémeth)acrylate, tetradecyl
(meth)acrylate (also referred to as myristyl (ma&tiylate), pentadecyl (meth)acrylate,
hexadecyl (meth)acrylate (also referred to as gglrfineth)acrylate), heptadecyl
(meth)acrylate and octadecyl (meth)acrylate (ad$erred to as stearyl (meth)acrylate);

(meth)acrylic acid cycloalkyl esters such as isopb(meth)acrylate and
dicyclopentanyl (meth)acrylate;

(meth)acrylic acid aralkyl esters such as benngth)acrylate;

(meth)acrylic acid cycloalkenyl esters such agdapentenyl (meth)acrylate
esters;

(meth)acrylic acid cycloalkenyloxyalkyl esters Bus dicyclopentenyloxyethyl
(meth)acrylate esters;

(meth)acrylic acid imides;

glycidyl group-containing (meth)acrylic acid estsuch as glycidyl

(meth)acrylate;
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hydroxyl group-containing (meth)acrylic acid estsuch as hydroxymethyl
(meth)acrylate, 2-hydroxyethyl (meth)acrylate, Zloxypropyl (meth)acrylate, 3-
hydroxypropyl (meth)acrylate, 2-hydroxybutyl (metbjylate, 3-hydroxybutyl
(meth)acrylate and 4-hydroxybutyl (meth)acrylate;

and substituted amino group-containing (meth)acagdid esters such as N-
methylaminoethyl (meth)acrylate, and the like. @&jehe term “substituted amino
group” means a group formed by substituting onevorhydrogen atoms of an amino
group with a group other than a hydrogen atom.

[0038]

It should be noted that in the present specificatihe term “(meth)acrylic acid”
is a concept that includes both “acrylic acid” dmeethacrylic acid”. The same also
applies to the terms similar to (meth)acrylic aeidd for example, the term
“(meth)acrylate” is a concept including both “a@td” and “methacrylate”, and the term
“(meth)acryloyl group” is a concept including bdtcryloyl group” and “methacryloyl
group”.

[0039]

The acrylic resin may also be one formed by capelyzation of, for example,
in addition to the above (meth)acrylic acid esterg or more types of monomers
selected from (meth)acrylic acid, itaconic acidywiacetate, acrylonitrile, styrene, N-
methylolacrylamide and the like.

[0040]

The monomer constituting the acrylic resin mayxbmposed of only one type
or may be composed of two or more types, and whisrcomposed of two or more types,
the combination and ratio thereof can be arbiyadlected.

[0041]
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In addition to the above-mentioned hydroxyl grotlye, acrylic resin may have a
functional group capable of bonding with anothenpound such as a vinyl group, a
(meth)acryloyl group, an amino group, a carboxyugrand an isocyanate group. These
functional groups including the hydroxyl group bétacrylic resin may be bonded to
another compound via a crosslinking agent (f) deedrlater, or may be bonded directly
to another compound without interposing the crogslig agent (f). The reliability of
the package obtained by using the film adhesivdstén improve due to the bonding of
the acrylic resin with another compound throughaheve functional groups.

[0042]

In the present invention, as the polymer compo(@nia thermoplastic resin
other than an acrylic resin (hereinafter, sometiat#gseviated simply as “thermoplastic
resin”) may be used alone without using an acmggin, or may be used in combination
with an acrylic resin. By including the thermoglasesin, at the time of pickup, it
becomes easier to separate the semiconductor hvjaed with the film adhesive from
the support sheet, or it becomes easier for theddhesive to follow the uneven surface
of an adherend, and the generation of voids olikbébetween the adherend and the film
adhesive is further suppressed in some cases.

[0043]

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

[0044]

The glass transition temperature (Tg) of the tlogriastic resin is preferably
from -30 to 150°C, and more preferably from -2A20°C.

[0045]

Examples of the thermoplastic resin include pdb#ess polyurethanes, phenoxy
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resins, polybutenes, polybutadienes and polystgrene

[0046]

The thermoplastic resin contained in the adhesiveposition and the film
adhesive may be composed of only one type or mapibmosed of two or more types,
and when it is composed of two or more types, tralination and ratio thereof can be
arbitrarily selected.

[0047]

In the adhesive composition, the ratio of the enhbf the polymer component
(a) with respect to the total content of all comgrats other than the solvent (that is, the
content of the polymer component (a) of the filnhesive) is preferably from 20 to 75%
by mass, and more preferably from 30 to 65% by maggrdless of the type of the
component (a).

[0048]

(Epoxy-based thermosetting resin (b))

The epoxy-based thermosetting resin (b) is congposan epoxy resin (b1) and
a thermal curing agent (b2).

The epoxy-based thermosetting resin (b) contaiméide adhesive composition
and the film adhesive may be composed of only gpe br may be composed of two or
more types, and when it is composed of two or niypes, the combination and ratio
thereof can be arbitrarily selected.

[0049]

- Epoxy resin (b1)

Examples of the epoxy resin (b1) include knownxgpmompounds, and for

example, bifunctional or higher epoxy compoundshsas a polyfunctional epoxy resin,

a biphenyl compound, a bisphenol A diglycidyl etaad a hydrogenated product thereof,
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an orthocresol novolac epoxy resin, a dicyclopeateltype epoxy resin, a biphenyl
type epoxy resin, a bisphenol A type epoxy resioisphenol F type epoxy resin and a
phenylene skeleton type epoxy resin, and the bikel®e mentioned.

[0050]

As the epoxy resin (b1), an epoxy resin havingm@saturated hydrocarbon
group may be used. The epoxy resin having an uragatl hydrocarbon group has
higher compatibility with an acrylic resin than thapoxy resin having no unsaturated
hydrocarbon group. Therefore, by including thexgp@sin having an unsaturated
hydrocarbon group, the reliability of the packatamed by using the film adhesive is
improved.

[0051]

As the epoxy resin having an unsaturated hydracagooup, for example, a
compound in which a part of an epoxy group of gfuwictional epoxy resin has been
converted into a group having an unsaturated hydbmn group can be mentioned.
Such a compound can be obtained, for example, lagdition reaction of (meth)acrylic
acid or a derivative thereof to an epoxy group.shibuld be noted that in the present
specification, the term “derivative” means, unleiserwise specified, those in which one
or more groups of the original compound are sulistit with other groups (that is,
substituents). Here, the term “group” is intentedncompass not only an atomic
group formed by the bonding of a plurality of atomg also one atom.

[0052]

Further, examples of the epoxy resin having amatumated hydrocarbon group
include a compound in which a group having an wns#td hydrocarbon group is
directly bonded to an aromatic ring or the like stimting the epoxy resin.

The unsaturated hydrocarbon group is an unsatugateip exhibiting
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polymerizability, and specific examples thereofliie an ethenyl group (that is, a vinyl
group), a 2-propenyl group (that is, an allyl gripup(meth)acryloyl group and a
(meth)acrylamide group, and an acryloyl group &fenable.

[0053]

The number average molecular weight of the epeginr(b1) is not particularly
limited, but from the viewpoints of the curability the film adhesive and the strength
and heat resistance of the film adhesive aftenguit is preferably from 300 to 30,000,
more preferably from 400 to 10,000, and particylareferably from 500 to 3,000.

The epoxy equivalent of the epoxy resin (b1) efgmably from 100 to 1,000
g/eq, and more preferably from 150 to 800 g/eq.

[0054]

The epoxy resin (b1) contained in the adhesivepasition and the film
adhesive may be composed of only one type or mapbmosed of two or more types,
and when it is composed of two or more types, tralination and ratio thereof can be
arbitrarily selected.

[0055]

- Thermal curing agent (b2)

The thermal curing agent (b2) functions as a guaigent for the epoxy resin
(b1).

As the thermal curing agent (b2), for examplep@pgound having two or more
functional groups capable of reacting with epoxyugs in one molecule can be
mentioned. Examples of the functional group ineladohenolic hydroxyl group, an
alcoholic hydroxyl group, an amino group, a carbgryup and a group in which an acid
group is made anhydrous, and a phenolic hydroxadiigran amino group or a group in

which an acid group is made anhydrous is prefeard,a phenolic hydroxyl group or an
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amino group is more preferred.

[0056]

Among the thermal curing agents (b2), examplgzheiolic curing agents
having a phenolic hydroxyl group include polyfuctal phenol resins, biphenols,
novolac type phenol resins, dicyclopentadiene pipenol resins, aralkyl type phenol
resins and the like.

Among the thermal curing agents (b2), examplesnaihe-based curing agents
having an amino group include dicyandiamide (DI@¥J the like.

[0057]

The thermal curing agent (b2) may have an undatifaydrocarbon group.

Examples of the thermal curing agent (b2) havimgiasaturated hydrocarbon
group include a compound in which a part of therbygl groups of the phenol resin is
substituted with a group having an unsaturateddoatbon group, a compound in which
a group having an unsaturated hydrocarbon grodpestly bonded to an aromatic ring
of the phenol resin, and the like.

The unsaturated hydrocarbon group in the theromahg agent (b2) is the same
as the unsaturated hydrocarbon group in the ab@rgiomed epoxy resin having an
unsaturated hydrocarbon group.

[0058]

When a phenolic curing agent is used as the tHeranimg agent (b2), from the
viewpoint of facilitating adjustment of the adhesiorce of the film adhesive to the
above-mentioned range, the thermal curing agentpeterably has a high softening
point or glass transition temperature.

[0059]

Among the thermal curing agents (b2), for examible,number average
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molecular weight of the resin component such agfpottional phenol resins, novolac
type phenol resins, dicyclopentadiene type phezshs and aralkyl type phenol resins is
preferably from 300 to 30,000, more preferably fré@® to 10,000, and particularly
preferably from 500 to 3,000.

The molecular weight of the non-resin componenhsas biphenols,
dicyandiamides and the like among the thermal guaigents (b2) is not particularly
limited, but it is preferably from 60 to 500, foxample.

[0060]

The thermal curing agent (b2) contained in theeatle composition and the
film adhesive may be composed of only one type ay tve composed of two or more
types, and when it is composed of two or more tyffescombination and ratio thereof
can be arbitrarily selected.

[0061]

In the adhesive composition and the film adhedive content of the thermal
curing agent (b2) is preferably from 0.1 to 500tpay mass, and more preferably from 1
to 200 parts by mass, with respect to 100 partsdss of the content of the epoxy resin
(b1). When the content of the thermal curing ag@leBj is equal to or more than the
above lower limit value, curing of the film adhesiis more likely to proceed. Further,
when the content of the thermal curing agent (b2gual to or less than the above upper
limit value, the moisture absorption rate of tHenfadhesive is reduced and the reliability
of the package obtained by using the film adheisivarther improved.

[0062]

In the adhesive composition and the film adhegiwe content of the epoxy-
based thermosetting resin (b) (that is, the tatatent of the epoxy resin (b1) and the

thermal curing agent (b2)) is preferably from 3.@ parts by mass, more preferably
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from 7 to 90 parts by mass, and particularly pegfgr from 9 to 80 parts by mass, when
the content of the polymer component (a) is 10@sday mass, and may be any one of,
for example, 9 to 70 parts by mass, 9 to 60 partass, 9 to 50 parts by mass, and 9 to
40 parts by mass, and the like. When the confteliecepoxy-based thermosetting
resin (b) is in such a range, it becomes easyjtsathe elongation at break of the film
adhesive or the laminate and the adhesive forteediilm adhesive to the above-
mentioned ranges.

[0063]

In addition to the polymer component (a) and thexg-based thermosetting
resin (b), the film adhesive may further containestcomponents that do not correspond
to these, if necessary, in order to improve varjgugsical properties thereof.

Preferable examples of other components contam#ee film adhesive include
a curing accelerator (c), a filler (d), a couplagent (e), a crosslinking agent (f), an
energy ray-curable resin (g), a photopolymerizatnimator (h), a general purpose
additive (i), and the like.

[0064]

(Curing accelerator (c))

The curing accelerator (c) is a component for sti)g the curing rate of the
adhesive composition.

Preferable examples of the curing acceleraton@tyide tertiary amines such as
triethylenediamine, benzyldimethylamine, triethamine, dimethylaminoethanol and
tris(dimethylaminomethyl) phenol; imidazoles (tigtimidazoles in which one or more
hydrogen atoms are substituted with a group otteer hydrogen atoms) such as 2-
methylimidazole, 2-phenylimidazole, 2-phenyl-4-m@itnidazole, 2-phenyl-4,5-

dihydroxymethylimidazole and 2-phenyl-4-methyl-5dngxymethylimidazole; organic
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with an organic group) such as tributylphosphinghenylphosphine and
triphenylphosphine; and tetraphenylborates sudhtesphenylphosphonium
tetraphenylborate and triphenylphosphine tetraplhenste.

[0065]

The curing accelerator (c) contained in the adieespmposition and the film
adhesive may be composed of only one type or mapibmosed of two or more types,
and when it is composed of two or more types, tralination and ratio thereof can be
arbitrarily selected.

[0066]

In the case of using the curing accelerator (& ,content of the curing
accelerator (c) in the adhesive composition andiltmeadhesive is preferably from 0.01
to 10 parts by mass, and more preferably from®3 garts by mass, with respect to 100
parts by mass of the content of the epoxy-baseadtheetting resin (b). When the
content of the curing accelerator (c) is equalrtmore than the above lower limit value,
the effect of using the curing accelerator (c) lbarobtained more remarkably. Further,
when the content of the curing accelerator (c)jisa¢to or less than the above upper
limit value, for example, the effect of suppressing high-polarity curing accelerator (c)
from moving to and segregating in the adhesiorrfimte side with an adhered in the film
adhesive under high temperature and high humidityitions is enhanced, and the
reliability of the package obtained by using thene®nductor processing sheet is further
improved.

[0067]

(Filler (d))

By containing the filler (d), it becomes easy tjuat the coefficient of thermal
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expansion of the film adhesive, and by optimizinig toefficient of thermal expansion
for an object to which the film adhesive is attath@e reliability of the package

obtained by using the film adhesive is further ioyad. In addition, by including the
filler (d) in the adhesive composition, it is ajsossible to reduce the moisture absorption
rate of the film adhesive after curing and to inyerthe heat dissipation properties.

[0068]

The filler (d) may be either an organic filleram inorganic filler, but it is
preferably an inorganic filler.

Examples of preferred inorganic fillers includenplers of silica, alumina, talc,
calcium carbonate, titanium white, red iron oxisiéicon carbide, boron nitride and the
like; beads formed by spheroidizing these inorgéditiers; surface modified products of
these inorganic fillers: single crystal fibers loése inorganic fillers; glass fibers and the
like.

Among them, the inorganic filler is preferablyical or alumina.

[0069]

The filler (d) contained in the adhesive compositand the film adhesive may
be composed of only one type or may be composédmbr more types, and when it is
composed of two or more types, the combinationratid thereof can be arbitrarily
selected.

[0070]

In the case of using the filler (d), the propantaf the content of the filler (d)
with respect to the total content of all componenxtsept the solvent in the adhesive
composition (that is, the content of the filler @)the film adhesive) is preferably from 5
to 80% by mass, and more preferably from 7 to 6§%mbss. By ensuring that the

content of the filler (d) is in such a range, tdguatment of the coefficient of thermal
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expansion described above becomes easier.
[0071]
(Coupling agent (e))

By including the coupling agent (e) in the filmhadive, the adhesive properties
and adhesion to an adherend are improved. Iniadd#ince the film adhesive contains
the coupling agent (e), the cured product themapiroves the water resistance without
deteriorating the heat resistance. The couplimypige) has a functional group capable
of reacting with an inorganic compound or an orgax@mpound.

[0072]

The coupling agent (e) is preferably a compoundrgga functional group
capable of reacting with a functional group inclddie the polymer component (a), the
epoxy-based thermosetting resin (b) and the likd,is. more preferably a silane coupling
agent.

Preferable examples of the silane coupling agestide 3-
glycidyloxypropyltrimethoxysilane, 3-glycidyloxyppylmethyldiethoxysilane, 3-
glycidyloxypropyltriethoxysilane, 3-glycidyloxymeytdiethoxysilane, 2-(3,4-
epoxycyclohexyl) ethyltrimethoxysilane, 3-methaogbxypropyltrimethoxysilane, 3-
aminopropyltrimethoxysilane, 3-(2-aminoethylamipodpyltrimethoxysilane, 3-(2-
aminoethylamino) propylmethyldiethoxysilane, 3-(py@mino) propyltrimethoxysilane,
3-anilinopropyltrimethoxysilane, 3-ureidopropylthexysilane, 3-
mercaptopropyltrimethoxysilane, 3-mercaptopropymgktimethoxysilane, bis(3-
triethoxysilylpropyl) tetrasulfane, methyltrimethgilane, methyltriethoxysilane,
vinyltrimethoxysilane, vinyltriacetoxysilane, imidalesilane and the like.

[0073]

The coupling agent (e) contained in the adhesveposition and the film
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adhesive may be composed of only one type or mapimposed of two or more types,
and when it is composed of two or more types, tralination and ratio thereof can be
arbitrarily selected.

[0074]

In the case of using the coupling agent (e), treent of the coupling agent (e)
in the adhesive composition and the film adhesvaréferably from 0.03 to 20 parts by
mass, more preferably from 0.05 to 10 parts by peass particularly preferably from
0.1 to 5 parts by mass, with respect to 100 pariméss of the total content of the
polymer component (a) and the epoxy-based theritmogeesin (b).

When the content of the coupling agent (e) is Eguar more than the above
lower limit value, the effects of using the coupliagent (e), such as an improvement in
dispersibility of the filler (d) in the resin and anprovement in adhesive properties of
the film adhesive to an adherend can be obtained neonarkably. Further, by
ensuring that the content of the coupling agenis(ejjual to or less than the above upper
limit value, the generation of outgas is furthepmessed.

[0075]

(Crosslinking agent (f))

In the case of using, as the polymer componenth{@}e having a functional
group such as a vinyl group, a (meth)acryloyl grarpamino group, a hydroxyl group, a
carboxy group and an isocyanate group which isldepzf bonding with other
compounds, such as the acrylic resin describedeattbg adhesive composition and the
film adhesive may contain a crosslinking agenfdf)bonding and crosslinking the
functional group with other compounds. By perfargithe crosslinking process using
the crosslinking agent (f), the initial adhesiveckband cohesive force of the film

adhesive can be controlled.
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[0076]

Examples of the crosslinking agent (f) includecaganic polyvalent isocyanate
compound, an organic polyvalent imine compoundgtahthelate-based crosslinking
agent (that is, a crosslinking agent having a natalate structure), an aziridine-based
crosslinking agent (that is, a crosslinking ageaitg an aziridinyl group) and the like.

[0077]

Examples of the organic polyvalent isocyanate cmmp include an aromatic
polyvalent isocyanate compound, an aliphatic pdBmaisocyanate compound, and an
alicyclic polyvalent isocyanate compound (hereimathese compounds are collectively
abbreviated as “aromatic polyvalent isocyanate aamgd and the like” in some cases); a
trimer, an isocyanurate form and an adduct forhefaforementioned aromatic
polyvalent isocyanate compound and the like; aoyigoate-terminated urethane
prepolymer obtained by reacting the aforementicaredhatic polyvalent isocyanate
compound and the like with a polyol compound, drellike. The aforementioned
“adduct form” means a reaction product of the afueationed aromatic polyvalent
isocyanate compound, aliphatic polyvalent isocyagampound or alicyclic
polyisocyanate compound with an active hydrogerntaiamg compound having a low
molecular weight, such as ethylene glycol, propglglycol, neopentyl glycol,
trimethylolpropane or castor oil, and examplesabémclude a xylylene diisocyanate
adduct of trimethylolpropane as described latewrtHer, the term “isocyanate-
terminated urethane prepolymer” is as describedebo

[0078]

More specific examples of the organic polyvalsoecyanate compound include
2,4-tolylene diisocyanate; 2,6-tolylene diisocyandt3-xylylene diisocyanate; 1,4-

xylene diisocyanate; diphenylmethane-4,4’-diisoatandiphenylmethane-2,4’-
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diisocyanate; 3-methyldiphenylmethane diisocyanaeamethylene diisocyanate;
isophorone diisocyanate; dicyclohexylmethane-4i#edyanate; dicyclohexylmethane-
2,4’-diisocyanate; a compound obtained by addingare or two or more of tolylene
diisocyanate, hexamethylene diisocyanate and xyytiisocyanate to all or a part of the
hydroxyl groups of a polyol such as trimethylolpaop; and lysine diisocyanate.

[0079]

Examples of the organic polyvalent imine compounutude N,N’-
diphenylmethane-4,4’-bis(1-aziridinecarboxamidainéthylolpropane-tr-aziridinyl
propionate, tetramethylolmethane{iraziridinyl propionate and N,N’-toluene-2,4-bis(1-
aziridinecarboxamide)triethylene melamine.

[0080]

When an organic polyvalent isocyanate compoungés as the crosslinking
agent (f), it is preferable to use a hydroxyl gragmtaining polymer as the polymer
component (a). In the case where the crosslinkgent (f) has an isocyanate group and
the polymer component (a) has a hydroxyl grouppastinked structure can be easily
introduced into the film adhesive by the reactibthe crosslinking agent (f) and the
polymer component (a).

[0081]

The crosslinking agent (f) contained in the adreesomposition and the film
adhesive may be composed of only one type or mapibmosed of two or more types,
and when it is composed of two or more types, tralination and ratio thereof can be
arbitrarily selected.

[0082]

In the case of using the crosslinking agent kg, ¢ontent of the crosslinking

agent (f) in the adhesive composition is preferdidyn 0.01 to 20 parts by mass, more
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preferably from 0.1 to 10 parts by mass, and paeity preferably from 0.3 to 5 parts by
mass, with respect to 100 parts by mass of theeabwof the polymer component (a).
When the content of the crosslinking agent (f)gaad to or more than the above lower
limit value, the effect of using the crosslinkingeat (f) can be obtained more remarkably.
Further, by ensuring that the content of the cnokislg agent (f) is equal to or less than
the above upper limit value, the excessive useettosslinking agent (f) is suppressed.

[0083]

(Energy ray-curable resin (g))

By containing the energy ray-curable resin (g@, fim adhesive can change its
characteristics through irradiation of energy rays.

[0084]

The energy ray-curable resin (g) is obtained Hyrperizing (curing) an energy
ray-curable compound.

Examples of the energy ray-curable compound ircludompound having at
least one polymerizable double bond in the moleard an acrylate-based compound
having a (meth)acryloyl group is preferable.

[0085]

Examples of the acrylate-based compound includenéike aliphatic skeleton-
containing (meth)acrylates such as trimethylolprepti(meth)acrylate,
tetramethylolmethane tetra(meth)acrylate, penthatgt triimeth)acrylate,
pentaerythritol tetra(meth)acrylate, dipentaerythrinonohydroxypenta(meth)acrylate,
dipentaerythritol hexa(meth)acrylate, 1,4-butylgheol di(meth)acrylate and 1,6-
hexanediol di(meth)acrylate; cyclic aliphatic skefecontaining (meth)acrylates such as
dicyclopentanyl di(meth)acrylate; polyalkylene giy¢meth)acrylates such as

polyethylene glycol di(meth)acrylate; oligoestertimacrylates; urethane (meth)acrylate
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oligomers; epoxy-modified (meth)acrylates; polyetfreeth)acrylates other than the
aforementioned polyalkylene glycol (meth)acrylatesg itaconic acid oligomers.

[0086]

The weight average molecular weight of the eneagycurable resin (g) is
preferably from 100 to 30,000, and more preferdtayn 300 to 10,000.

[0087]

The energy ray-curable resin (g) contained irattiieesive composition may be
composed of only one type or may be composed obiwnore types, and when it is
composed of two or more types, the combinationratid thereof can be arbitrarily
selected.

[0088]

In the case of using the energy ray-curable r@girthe ratio of the content of
the energy ray-curable resin (g) with respect éottital content of all components other
than the solvent in the adhesive composition iepably from 1 to 95% by mass, more
preferably from 5 to 90% by mass, and particularferably from 10 to 85% by mass.

[0089]

(Photopolymerization initiator (h))

In the case where the energy ray-curable resirs @ntained, the adhesive
composition may contain a photopolymerization &idr (h) in order to efficiently carry
out the polymerization reaction of the energy rayable resin (g).

[0090]

Examples of the photopolymerization initiator {fnthe adhesive composition
include benzoin compounds such as benzoin, bemzethyl ether, benzoin ethyl ether,

benzoin isopropyl ether, benzoin isobutyl ethenzmén benzoic acid, benzoin methyl

benzoate and benzoin dimethyl ketal; acetophenomgounds such as acetophenone, 2-
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hydroxy-2-methyl-1-phenyl-propan-1-one and 2,2-dimay-1,2-diphenylethan-1-one;
acylphosphine oxide compounds such as bis(2,4y&thylbenzoyl) phenylphosphine
oxide and 2,4,6-trimethylbenzoyl diphenylphosphom@&le; sulfide compounds such as
benzyl phenyl sulfide and tetramethyl thiuram maride; a-ketol compounds such as
1-hydroxycyclohexyl phenyl ketone; azo compoundshsas azobisisobutyronitrile;
titanocene compounds such as titanocene; thioxaatbompounds such as
thioxanthone; peroxide compounds; diketone compssudh as diacetyl; benzyl;
dibenzyl; benzophenone; 2,4-diethylthioxanthon2;diphenylmethane; 2-hydroxy-2-
methyl-1-[4-(1-methylvinyl)phenyl] propanone; andigone compounds such as 1-
chloroanthraquinone and 2-chloroanthraquinone.

Further, examples of the photopolymerization atdr (h) also include
photosensitizers such as amines.

[0091]

The photopolymerization initiator (h) containedie adhesive composition
may be composed of only one type or may be compaofta or more types, and when
it is composed of two or more types, the combimatind ratio thereof can be arbitrarily
selected.

[0092]

In the case of using the photopolymerizationatdr (h), the content of the
photopolymerization initiator (h) in the adhesi@position is preferably from 0.1 to 20
parts by mass, more preferably from 1 to 10 partass, and particularly preferably
from 2 to 5 parts by mass, with respect to 100sgaytmass of the content of the energy
ray-curable resin (g).

[0093]

(General purpose additive (i))
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The general purpose additive (I) may be a knowditae, and can be arbitrarily
selected depending on the purpose and is not planti limited, but preferred examples
thereof include a plasticizer, an antistatic agantantioxidant, a colorant (that is, a dye
or a pigment), a gettering agent and the like.

[0094]

The general purpose additive (i) contained inattiieesive composition and the
film adhesive may be composed of only one type ay tre composed of two or more
types, and when it is composed of two or more tyffescombination and ratio thereof
can be arbitrarily selected.

The contents of the adhesive composition andilitmesidhesive are not
particularly limited and may be appropriately sé&delcaccording to the purpose.

[0095]

In the adhesive composition and the film adhedivwe content of the polymer
component (a) is preferably equal to or more tHap&ats by mass, and more preferably
equal to or more than 38 parts by mass, with respel00 parts by mass of the total
content of the polymer component (a), the epoxyetiasermosetting resin (b) and the
filler (d) (that is, the total content of the polgmcomponent (a), the epoxy resin (bl), the
thermal curing agent (b2) and the filler (d)) frdine viewpoint of improving the film-
forming properties, such as an improvement in serfaonditions of the film adhesive.
Further, from the above point of view, the uppsnitivalue of the content of the polymer
component (a) is not particularly limited, butdtpreferably 65 parts by mass.

[0096]

On the other hand, in the adhesive compositiontlaadilm adhesive, from the
viewpoint of improving the reliability of the filrmadhesive, the content of the polymer

component (a) is preferably equal to or more thapatts by mass, with respect to 100
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parts by mass of the total content of the polyneangonent (a), the epoxy-based
thermosetting resin (b) and the filler (d) (thattise total content of the polymer
component (a), the epoxy resin (b1), the thermahguagent (b2) and the filler (d)).
Further, from the above point of view, the uppsnitivalue of the content of the polymer
component (a) is not particularly limited, butdtpreferably 65 parts by mass.

[0097]

(Solvent)

It is preferable that the adhesive compositiothierr contain a solvent. The
adhesive composition containing a solvent exhilav®rable handling properties.

Although the solvent is not particularly limitgateferred examples thereof
include hydrocarbons such as toluene and xylesehals such as methanol, ethanol, 2-
propanol, isobutyl alcohol (2-methylpropan-1-olpaibutanol; esters such as ethyl
acetate; ketones such as acetone and methyl eftoyid ethers such as tetrahydrofuran;
and amides such as dimethylformamide and N-metmdpgione (that is, compounds
having an amide bond).

The solvent contained in the adhesive compositiag be composed of only
one type or may be composed of two or more typsswhen it is composed of two or
more types, the combination and ratio thereof eaarbitrarily selected.

[0098]

The solvent contained in the adhesive composisigareferably methyl ethyl
ketone or the like from the viewpoint of more umifdy mixing the components
contained in the adhesive composition.

[0099]

[Method for producing adhesive composition]

The adhesive composition can be obtained by bhenitie components for
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constituting the adhesive composition.

The addition order at the time of blending eacamgonent is not particularly
limited, and two or more types of components magdb@ed at the same time.

In the case of using a solvent, it may be usenhixyng the solvent with any one
of the blended components other than the solvehtddating the blended component in
advance, or it may be used by mixing the solvetit tfiese blended components without
previously diluting any one of the blended compdse@ther than the solvent.

[0100]

The method of mixing the respective componentketime of blending is not
particularly limited, and may be selected apprdaphafrom known methods, such as a
method of mixing by rotating a stirrer, a stirringade or the like; a method of mixing by
using a mixer; and a method of mixing by applyiftgasonic waves.

The temperature and time at the time of addingmaixthg each component are
not particularly limited, as long as each blendechponent does not deteriorate, and may
be adjusted appropriately, although the temperasupesferably from 15 to 30°C.

[0101]

- Semiconductor processing sheet

The semiconductor processing sheet of the présegmtion is one in which the
above-described film adhesive of the present inwens provided on a support sheet.

In the semiconductor processing sheet of the pteseention, a plurality of
already divided semiconductor chips are providegidwance on the film adhesive, and
the film adhesive together with the support shesubjected to the so-called expansion
process at a low temperature to be expanded ireetitin along the surface of the film
adhesive, so that it is suitable for use in thp sfecutting the film adhesive in

accordance with the outer shape of the semicondahtp. A semiconductor chip



10

15

20

25

37

provided with a film adhesive after cutting (somets referred to as “semiconductor
chip with a film adhesive” in the present specitiea) on the surface (that is, the back
surface) opposite to the surface on which a ciisuitrmed (hereinafter may be
abbreviated as “circuit forming surface” in someeas), is used for manufacturing a
semiconductor device after being picked up.

[0102]

By using the semiconductor processing sheet gbtésent invention, at the
time of cutting the film adhesive by the expangioocess, the film adhesive is cut at an
intended place, and at the cut place, the occuerehabnormalities such as chipping of
the film adhesive is suppressed, so that excetletting characteristics are exhibited.
Therefore, it is possible to easily pick up a semductor chip with a film adhesive with
no process abnormality.

[0103]

The above-mentioned cutting of the film adhesiyekpansion is suitable for
application when, for example, a semiconductor e¥ith a film adhesive having a thin
semiconductor chip is manufactured.

The plurality of already divided semiconductorpshcan be produced, for
example, by forming grooves from a circuit formswface (that is, the front surface) of
the semiconductor wafer on the side opposite tatinace to which the film adhesive is
attached (that is, the back surface), and grintiegoack surface until reaching the
grooves. An operation of cutting the semiconduetafer so as to leave a bottom
portion of the groove without dividing the semicaitbr wafer as described above is
called “half-cut”. However, in the present invemtj the term “half-cut” means not only
an operation of cutting a semiconductor wafer s tine depth of the groove becomes a

certain value such as, for example, half the theskrof the semiconductor wafer, but
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also an operation in general of cutting a semicotawiuvafer so as to leave the bottom
portion of the groove as described above.

[0104]

As a method of forming the groove, for exampleethod of forming a groove
by cutting a semiconductor wafer using a bladet {fyalade dicing), a method of
forming a groove by cutting a semiconductor wafieotigh laser irradiation (that is, laser
dicing), a method of forming a groove by cuttingeamiconductor wafer by spraying
water containing a polishing agent (that is, waieing) and the like can be mentioned.
However, in the case of manufacturing a semicormmfwattip by scraping off a part of a
semiconductor wafer as described in these exantplesoss of semiconductor wafer
occurs by the amount of a part of the semicondwetder being scraped off (that is, by
the amount of grooves being formed in the semicotwtwafer), and the number of
semiconductor chips obtained from one semicondweader is reduced. In addition,
since the film adhesive after cutting ultimatelybmes larger than the semiconductor
chip, at the time of cutting the film adhesive bttee time of picking up a semiconductor
chip with a film adhesive to be described lateg, ¢ht film adhesive may be wound
around the side surface of the semiconductor chipeolike in some cases.

[0105]

On the other hand, the plurality of already dididemiconductor chips can also
be produced by forming a modified layer inside seeniconductor wafer through
irradiation of a laser beam in the infrared regsomas to converge on a focal point set
inside the semiconductor wafer, and then grindimgltack surface of the semiconductor
wafer while further applying a force at the timegoihding to the semiconductor wafer
during grinding of the back surface, thereby divglthe semiconductor wafer at a

portion where the modified layer has been formed. this method, since there is no step
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of scraping off a part of the semiconductor watdg advantageous from the viewpoint
that reduction in the number of manufactured sendoetor chips, winding of the cut
film adhesive around the side surface of the sendigotor chip, and the like, as
described above, are suppressed.

[0106]
<< Support sheet >>

Examples of the support sheet include those havipgse material. Such a
support sheet may be, for example, made of a baserial (that is, having only a base
material), or may have a base material and a laty@r than the base material. As the
support sheet having the other layer, for exangie,having a pressure-sensitive
adhesive layer on a base material can be mentioned.

In the semiconductor processing sheet of the ptaseention, the film
adhesive is provided on the support sheet. Thexgfor example, in the case where the
support sheet is provided with a pressure-senstiNesive layer on the base material,
the film adhesive is provided on the pressure-sgasadhesive layer, and in the case
where the support sheet is made of the base mathadilm adhesive is provided in
direct contact with the base material.

[0107]

The support sheet may be composed of one layarigha single layer), or it
may be composed of a plurality of layers of twormre layers. In the case where the
support sheet is composed of a plurality of layérsse plurality of layers may be the
same as or different from each other, and the caatioin of these plurality of layers is
not particularly limited as long as the effectsla# present invention are not impaired.

[0108]

As the support sheet, one provided with a pressemsitive adhesive layer on a
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base material is preferable, and one having a ymesensitive adhesive layer in direct
contact with the base material is more preferable.

That is, the semiconductor processing sheet gbtesent invention is
preferably a sheet in which a pressure-sensitineside layer is provided on a base
material and the film adhesive is provided on trespure-sensitive adhesive layer, more
preferably a sheet in which a pressure-sensitineside layer is provided in direct
contact with a base material and the film adheisiygovided on the pressure-sensitive
adhesive layer, and particularly preferably a sireathich a pressure-sensitive adhesive
layer is provided in direct contact with a baseenat and the film adhesive is provided
in direct contact with the pressure-sensitive ailedayer.

[0109]
<Base material>

The material constituting the base material i$guedbly various resins, and
specific examples thereof include polyethylenew (liensity polyethylenes (sometimes
abbreviated as LDPE), linear low density polyethgke (sometimes abbreviated as
LLDPE), high density polyethylenes (sometimes abilated as HDPE) or the like),
polypropylenes, polybutenes, polybutadienes, potiigipentenes,
styrene/ethylenebutylene/styrene block copolynm@kjvinyl chlorides, vinyl chloride
copolymers, polyethylene terephthalates, polybusy/erephthalates, polyurethanes,
polyurethane acrylates, polyimides, ethylene vaggdtate copolymers, ionomer resins,
ethylene/(meth)acrylic acid copolymers, ethylenetfmeacrylate copolymers,
polystyrenes, polycarbonates, fluororesins, anddgehated products, modified
products, crosslinked products or copolymers of@ryese resins.

[0110]

The resin constituting the base material may meposed of only one type or
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may be composed of two or more types, and whencbmposed of two or more types,
the combination and ratio thereof can be arbiyyadlected.

[0111]

The base material may be composed of one layat i@ha single layer), or it
may be composed of a plurality of layers of twormre layers. In the case where the
base material is composed of a plurality of lay#rese plurality of layers may be the
same as or different from each other, and the coatioin of these plurality of layers is
not particularly limited as long as the effectsla# present invention are not impaired.

The surface of the base material composed ofggesiayer may be subjected to
a release treatment by a known method.

[0112]

The thickness of the base material can be ap@tefyiselected according to the
purpose, but it is preferably from ffn to 300um, and more preferably from 7@n to
150 pm.

Here, the “thickness of the base material” mehaghickness of the entire base
material, and for example, the thickness of theslmaaterial composed of a plurality of
layers means the total thickness of all the lagersstituting the base material. It should
be noted that as a method of measuring the thiskofethe base material, for example, a
method of measuring the thickness at five arbitpages using a contact type thickness
meter and calculating the average of the meas\alegs, and the like can be mentioned.

[0113]

In order to improve the adhesion to other layeowvipled thereon, such as a
pressure-sensitive adhesive layer to be descrdied the surface of the base material
may be subjected to a roughening treatment by dbéasting treatment, a solvent

treatment or the like, or an oxidation treatmermhsas a corona discharge treatment, an
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electron beam irradiation treatment, a plasmartreat, an ozone/ultraviolet irradiation
treatment, a flame treatment, a chromic acid treatia hot air treatment or the like.

Further, the surface of the base material maybgested to a primer treatment.

In addition, when an antistatic coating layer #r&lsemiconductor processing
sheet are superposed and stored, the base matayidiave a layer for preventing
adhesion of the base material to another sheea@melsion of the base material to the
suction table, or the like.

[0114]
<Pressure-sensitive adhesive layer>

The pressure-sensitive adhesive layer is in tha fif a sheet or a film and
contains a pressure-sensitive adhesive.

The pressure-sensitive adhesive layer may be arkooe.

As the pressure-sensitive adhesive, for examplagdhesive resin such as an
acrylic resin, a urethane-based resin, a rubbezebaesin, a silicone-based resin, an
epoxy-based resin, a polyvinyl ether, a polycarb®aad the like can be mentioned, and
an acrylic resin is preferable.

[0115]

It should be noted that in the present inventiba,term “adhesive resin” is a
concept that includes both a resin exhibiting tae&s and a resin exhibiting adhesive
properties, and for example, includes not onlysinrexhibiting tackiness by itself, but
also a resin exhibiting tackiness when used in ¢oation with other components such
as an additive, a resin exhibiting adhesive progehy the presence of a trigger such as
heat or water, and the like.

[0116]

The pressure-sensitive adhesive layer may berestiergy ray-curable or non-
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energy ray-curable, but it is preferably non-enesyycurable.

In the present invention, the term “energy ray’amean electromagnetic wave
or a charged particle beam having an energy quargnthexamples thereof include
ultraviolet rays and electron beams.

For example, ultraviolet rays can be irradiatedibiyng a high pressure mercury
lamp, a fusion H lamp, a xenon lamp, a light emgtdiode or the like as an ultraviolet
light source. An electron beam generated by astrele beam accelerator or the like
can be irradiated.

In the present invention, the term “energy rayable” means a property of
being cured by irradiation with an energy ray, #rgterm “non-energy ray-curable”
means a property of not being cured even wheniated with an energy ray.

[0117]

Preferred examples of the pressure-sensitive adhlager in the present
invention include a pressure-sensitive adhesiverlagving a thickness of 2@dn and a
storage elastic modulus at 0°C of 1,000 MPa or, Easg in which the adhesive force of
the pressure-sensitive adhesive layer with regpdbe mirror surface of the
semiconductor wafer is equal to or less than 200/r2Bimm.

However, the preferred pressure-sensitive adhésye is not limited thereto.

[0118]

The pressure-sensitive adhesive layer to be detedifior the storage elastic
modulus may be a pressure-sensitive adhesive ¢tayeposed of a single layer having a
thickness of 20@m, or may be a laminate obtained by laminating t&woore layers of
a pressure-sensitive adhesive layer having a tegkof less than 2Q0n so that the
total thickness becomes 2(t.

It should be noted that in this specification, pnessure-sensitive adhesive layer
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for which the storage elastic modulus is to bemetged may be simply described as
“pressure-sensitive adhesive layer” regardlesshdther it is a pressure-sensitive
adhesive layer composed of a single layer or tménate.

Further, in the present specification, unlessmilse specified, the above-
mentioned “storage elastic modulus of the pressarssitive adhesive layer” and
“storage elastic modulus of the laminate” mean, wie pressure-sensitive adhesive
layer is curable, “the storage elastic modulushefgressure-sensitive adhesive layer
before being cured” and “the storage elastic maglofithe laminate before the pressure-
sensitive adhesive layer is cured”, respectively.

[0119]

The storage elastic modulus of the pressure-semsitihesive layer or laminate
at 0°C is preferably equal to or less than 1,00@Mind more preferably equal to or less
than 996 MPa. By ensuring that the storage elastidulus is equal to or less than the
above upper limit value, floating and scatteringh& semiconductor chip with the film
adhesive from the pressure-sensitive adhesive &gesuppressed at the time of cutting
the film adhesive by expansion, as described later.

The lower limit value of the storage elastic madubf the pressure-sensitive
adhesive layer or laminate at 0°C is not parti¢ylamited, and may be set to, for
example, any one of 100 MPa, 300 MPa and 500 MiRahbse are only examples.

[0120]

The above storage elastic modulus (MPa) can lmermat by measuring the
storage elastic modulus (MPa) at the time whenehmperature of the pressure-sensitive
adhesive layer or laminate to be measured is isetedor example, within a certain
temperature range such as from -50°C to 50°C ucmieditions of a rate of temperature

increase of 10°C/min and a frequency of 11 Hz.
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[0121]

The storage elastic modulus can be appropriatglisted by, for example,
adjusting the type and amount of components coedigiim the pressure-sensitive
adhesive layer, and the like.

For example, by adjusting the ratio of the monaenstituting the adhesive
resin, the added amount of the crosslinking agbatcontent of the filler, and the like, it
is possible to easily adjust the storage elastidutus of the pressure-sensitive adhesive
layer and the storage elastic modulus of the latina

However, these adjustment methods are only example

[0122]

The adhesive force of the pressure-sensitive aghksyer with respect to the
semiconductor wafer is preferably equal to or taas 200 mN / 25 mm, and more
preferably equal to or less than 196 mN / 25 mmy eBsuring that the adhesive force is
equal to or less than the above upper limit value semiconductor chip with the film
adhesive can be easily picked up without curingptfessure-sensitive adhesive layer by
energy ray irradiation or the like, as describedrla

The lower limit value of the adhesive force of firessure-sensitive adhesive
layer with respect to the semiconductor wafer ispaoticularly limited, and can be set to,
for example, any one of 10 mN / 25 mm, 30 mN / 26,rand 50 mN / 25 mm, but these
are only examples.

[0123]

It should be noted that in the present specificatiinless otherwise stated, the
“adhesive force of the pressure-sensitive adhdaper with respect to the
semiconductor wafer” means the “adhesive forcénefuncured pressure-sensitive

adhesive layer with respect to the semiconductdervahen the pressure-sensitive
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adhesive layer is curable. In addition, the mesment of the adhesive force is a
measurement of the adhesive force in the standatel grescribed in JIS Z 0237 2008,
unless otherwise specified.

[0124]

In the present invention, the adhesive force (2§ mm) can be measured by
the following method. That is, the support sheetitng a width of 25 mm and an
arbitrary length and in which a pressure-sensanieesive layer is provided on a base
material is prepared. Subsequently, this suppetsis attached to the semiconductor
wafer through the pressure-sensitive adhesive layéer normal temperature. Then,
while the temperature remains unchanged, the $edca80° peeling is performed in
which the support sheet is peeled from the semieociod wafer at a peeling rate of 300
mm/min, so that the planes of the pressure-seasitilhesive layer and the
semiconductor wafer that have been brought intéembrwith each other form an angle
of 180°. The peel force at this time is measuaed, the measured value is defined as
the adhesive force (MmN /25 mm). The length ofsingport sheet to be subjected to the
measurement is not particularly limited as longt &swithin a range in which the peel
force can be stably measured.

[0125]

Even if the types of semiconductor wafers sucsilaon wafers are different or
even if the types are the same but the productisndre different, when the same
pressure-sensitive adhesive layer is attacheceteame portion, variations in the
adhesive force with the pressure-sensitive adhdsyex are small. Therefore, the
adhesive force of the pressure-sensitive adheayer tan be specified with high
accuracy by selecting the semiconductor waferraga@surement target. In the present

invention, by selecting a pressure-sensitive adbdayer exhibiting an adhesive force
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with respect to the mirror surface of the semicatoiuwafer of 200 mN / 25 mm or less,
when the semiconductor chip with the film adhess/separated and picked up from the
pressure-sensitive adhesive layer, the adhesice furthe pressure-sensitive adhesive
layer with respect to the film adhesive can be stdf, so that the occurrence of process
abnormalities can be suppressed to facilitate itlap process. Such effects of the
present invention are exhibited in the film adhesiin general that are used in the field.

[0126]

The adhesive force of the pressure-sensitive aghksyer with respect to the
semiconductor wafer can be appropriately adjusyedob example, adjusting the type
and amount of components contained in the presansiive adhesive layer, and the
like.

For example, by adjusting the combination of theomers constituting the
adhesive resin, the ratio of the monomers, thecdd®unt of the crosslinking agent,
the content of the filler, and the like, the adliedbrce of the pressure-sensitive adhesive
layer can be easily adjusted.

However, these adjustment methods are only example

[0127]

The pressure-sensitive adhesive layer may be ceedpaf one layer (that is, a
single layer), or it may be composed of two or nmaxers (that is, a plurality of layers).
In the case where the pressure-sensitive adhesree is composed of a plurality of
layers, these plurality of layers may be the saseralifferent from each other, and the
combination of these plurality of layers is nottmadarly limited as long as the effects of
the present invention are not impaired.

[0128]

The thickness of the pressure-sensitive adheapar kkan be appropriately
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selected depending on the purpose, but it is mblgfrom 1um to 100um, more
preferably from Jum to 60um, and particularly preferably fromym to 30um.

Here, the “thickness of the pressure-sensitiveesigth layer” means the
thickness of the entire pressure-sensitive adhéasyer, and for example, the thickness
of the pressure-sensitive adhesive layer composaglurality of layers means the total
thickness of all the layers constituting the pressensitive adhesive layer. It should
be noted that as a method of measuring the thiskofethe pressure-sensitive adhesive
layer, for example, a method of measuring the tiesk at five arbitrary places using a
contact type thickness meter and calculating tleeeage of the measured values, and the
like can be mentioned.

[0129]

The pressure-sensitive adhesive layer can be tbfroen a pressure-sensitive
adhesive composition containing a pressure-seastilhesive. For example, a
pressure-sensitive adhesive layer can be formad mittended portion by applying a
pressure-sensitive adhesive composition onto tifacion which the pressure-sensitive
adhesive layer is to be formed and drying it ifessary. A more specific method of
forming the pressure-sensitive adhesive layerheltiescribed in detail later, together
with a method of forming other layers. The ratidglee contents of the components that
are not vaporized at normal temperature to eaar ahthe pressure-sensitive adhesive
composition is usually the same as the ratio otth@ents of the aforementioned
components of the pressure-sensitive adhesive taygach other.

[0130]

The coating of the pressure-sensitive adhesiveposition may be carried out
by a known method, and it can be carried out bysdme method as the above-

mentioned coating of the adhesive composition.
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[0131]

Although the drying condition of the pressure-#@resadhesive composition is
not particularly limited, in the case where thessige-sensitive adhesive composition
contains a solvent to be described later, it isgpadle to dry the pressure-sensitive
adhesive composition by heating, and in this daseexample, it is preferable to dry
under conditions of 70 to 130°C for 10 seconds taiftutes.

[0132]

[Pressure-sensitive adhesive composition]

The pressure-sensitive adhesive composition fefaiely non-energy ray-
curable.

As the non-energy ray-curable pressure-sensitihesive composition, for
example, those containing an adhesive resin (hetenreferred to as “adhesive resin
()") such as the acrylic resin, a urethane-bassthr a rubber-based resin, a silicone-
based resin, an epoxy-based resin, a polyvinylr etha polycarbonate can be mentioned.

[0133]

(Adhesive resin (i))

The adhesive resin (i) is preferably the aforemoeed acrylic resin.

As the acrylic resin in the adhesive resin (ij,deample, an acrylic polymer
having at least a structural unit derived from rmeth)acrylic acid alkyl ester can be
mentioned.

The structural unit included in the acrylic remiay be composed of only one
type or may be composed of two or more types, amehvit is composed of two or more
types, the combination and ratio thereof can berarbly selected.

[0134]

Examples of the (meth)acrylic acid alkyl estetude those in which the alkyl
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group constituting the alkyl ester has 1 to 20 eariitoms, and the alkyl group is
preferably linear or branched.

More specific examples of the (meth)acrylic adld/bester include methyl
(meth)acrylate, ethyl (meth)acrylate, n-propyl (Imatrylate, isopropyl (meth)acrylate,
n-butyl (meth)acrylate, isobutyl (meth)acrylate;-beityl (meth)acrylate, tert-butyl
(meth)acrylate, pentyl (meth)acrylate, hexyl (mathnylate, heptyl (meth)acrylate, 2-
ethylhexyl (meth)acrylate, isooctyl (meth)acrylateyctyl (meth)acrylate, n-nonyl
(meth)acrylate, isononyl (meth)acrylate, decyl (matrylate, undecyl (meth)acrylate,
dodecyl (meth)acrylate (also referred to as la@mdth)acrylate), tridecyl (meth)acrylate,
tetradecyl (meth)acrylate (also referred to as styirimeth)acrylate), pentadecyl
(meth)acrylate, hexadecyl (meth)acrylate (alsorreteto as palmityl (meth)acrylate),
heptadecyl (meth)acrylate, octadecyl (meth)acrylalso referred to as stearyl
(meth)acrylate), nonadecyl (meth)acrylate and gio@seth)acrylate.

[0135]

From the viewpoint of improving the adhesive foofehe pressure-sensitive
adhesive layer, it is preferable that the acrytitymer has a structural unit derived from
a (meth)acrylic acid alkyl ester in which the allgybup has 4 or more carbon atoms.
Further, from the viewpoint of further improvingetiadhesive force of the pressure-
sensitive adhesive layer, the number of carbon sswinthe alkyl group is preferably
from 4 to 12, and more preferably from 4 to 8. atidition, the (meth)acrylic acid alkyl
ester in which the alkyl group has 4 or more cardkmms is preferably an acrylic acid
alkyl ester.

[0136]

In addition to the structural unit derived fronjnaeth)acrylic acid alkyl ester, it

is preferable that the acrylic polymer further bagtructural unit derived from a
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functional group-containing monomer.

As the functional group-containing monomer, foaewle, those in which the
functional group reacts with a crosslinking agenbe¢ described later to thereby become
a starting point of crosslinking, and those in whilee functional group reacts with an
unsaturated group in an unsaturated group-contagompound to thereby enable
introduction of an unsaturated group into the sidi@in of the acrylic polymer can be
mentioned.

[0137]

Examples of the functional group in the functiogadup-containing monomer
include a hydroxyl group, a carboxy group, an angrmp and an epoxy group.

That is, examples of the functional group-contagnnonomer include a
hydroxyl group-containing monomer, a carboxy gr@eptaining monomer, an amino
group-containing monomer and an epoxy group-coimgimonomer.

[0138]

Examples of the hydroxyl group-containing monoimetude hydroxyalkyl
(meth)acrylates such as hydroxymethyl (meth)aceylathydroxyethyl (meth)acrylate, 2-
hydroxypropyl (meth)acrylate, 3-hydroxypropyl (mytbrylate, 2-hydroxybutyl
(meth)acrylate, 3-hydroxybutyl (meth)acrylate ardydiroxybutyl (meth)acrylate; non-
(meth)acrylic unsaturated alcohols (that is, unsé#ad alcohols having no
(meth)acryloyl skeleton) such as vinyl alcohol afigll alcohol, and the like.

[0139]

Examples of the carboxy group-containing monomelude ethylenically
unsaturated monocarboxylic acids (that is, monawayilix acids having an ethylenically
unsaturated bond) such as (meth)acrylic acid amiwic acid; ethylenically unsaturated

dicarboxylic acids (that is, dicarboxylic acids layan ethylenically unsaturated bond)
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such as fumaric acid, itaconic acid, maleic acid @itraconic acid; anhydrides of the
ethylenically unsaturated dicarboxylic acids; (mathylic acid carboxyalkyl esters such
as 2-carboxyethyl methacrylate, and the like.

[0140]

The functional group-containing monomer is prebéra hydroxyl group-
containing monomer or a carboxy group-containingnamer, and more preferably a
hydroxyl group-containing monomer.

[0141]

The functional group-containing monomer constitgtihe acrylic polymer may
be composed of only one type or may be composéambr more types, and when it is
composed of two or more types, the combinationratid thereof can be arbitrarily
selected.

[0142]

In the acrylic polymer, the content of the struatwnit derived from the
functional group-containing monomer is preferaloni 1 to 35% by mass, more
preferably from 3 to 32% by mass, and particulariferably from 5 to 30% by mass
with respect to the total amount of the structurats.

[0143]

In addition to the structural unit derived frone ttimeth)acrylic acid alkyl ester
and the structural unit derived from the functiogadup-containing monomer, the acrylic
polymer may further include a structural unit dedvrom another monomer.

The other monomer is not particularly limited asg as it is copolymerizable
with a (meth)acrylic acid alkyl ester or the like.

Examples of the other monomer include styrenmethylstyrene, vinyltoluene,

vinyl formate, vinyl acetate, acrylonitrile and gleamide.
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[0144]

The other monomer constituting the acrylic polymmery be composed of only
one type or may be composed of two or more typaswanen it is composed of two or
more types, the combination and ratio thereof eaarbitrarily selected.

[0145]

Like the acrylic polymer, the aforementioned adlesesin (i) other than the
acrylic polymer also preferably has a structural darived from a functional group-
containing monomer.

[0146]

The adhesive resin (i) contained in the pressensigve adhesive composition
may be composed of only one type or may be compaofta or more types, and when
it is composed of two or more types, the combimatiod ratio thereof can be arbitrarily
selected.

[0147]

In the pressure-sensitive adhesive compositi@rdtio of the content of the
adhesive resin (i) (that is, the content of theeadlre resin (i) of the pressure-sensitive
adhesive layer) with respect to the total contétih@® components except the solvent is
preferably from 45 to 90% by mass, more preferétagn 55 to 87% by mass, and
particularly preferably from 65 to 84% by mass. dhsuring that the ratio of the
content of the adhesive resin (i) is within suadlarge, the tackiness of the pressure-
sensitive adhesive layer is further improved.

[0148]

(Crosslinking agent (ii))
The pressure-sensitive adhesive composition @elfiecontains a crosslinking

agent (ii).
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For example, the crosslinking agent (ii) reactthwhe functional group to
crosslink the adhesive resins (i) with each other.

As the crosslinking agent (i), for example, anciganate-based crosslinking
agent (that is, a crosslinking agent having anyignate group) such as tolylene
diisocyanate, hexamethylene diisocyanate, xylytirsmcyanate and adduct forms of
these diisocyanates; an epoxy-based crosslinkiagtgthat is, a crosslinking agent
having a glycidyl group) such as ethylene glycgtglyl ethers; an aziridine-based
crosslinking agent (that is, a crosslinking agenitg an aziridinyl group) such as
hexa[1-(2-methyl)-aziridinyl]triphophatriazine; aetal chelate-based crosslinking agent
(that is, a crosslinking agent having a metal deedé&ructure) such as alminum chelates;
an isocyanurate-based crosslinking agent (thataspsslinking agent having an
isocyanuric acid skeleton), and the like can betorad.

It is preferable that the crosslinking agenti@ifn isocyanate-based
crosslinking agent from the viewpoints of improvithg cohesive force of the pressure-
sensitive adhesive to improve the adhesive forecbepressure-sensitive adhesive layer,
easy availability, and the like.

[0149]

The crosslinking agent (ii) contained in the puesssensitive adhesive
composition may be composed of only one type or beagomposed of two or more
types, and when it is composed of two or more tyffescombination and ratio thereof
can be arbitrarily selected.

[0150]

When the pressure-sensitive adhesive compositintams the crosslinking
agent (i), the content of the crosslinking ageiirf the pressure-sensitive adhesive

composition is preferably from 5 to 50 parts by spasore preferably from 10 to 45
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parts by mass, and particularly preferably frontd 80 parts by mass, with respect to
100 parts by mass of the content of the adhesgia (9. When the content of the
crosslinking agent (ii) is equal to or more thaa #bove lower limit value, the effect of
using the crosslinking agent (ii) can be obtainedterremarkably. Further, by ensuring
that the content of the crosslinking agent (ii@dmal to or less than the above upper limit
value, it becomes easier to control the adhesireefof the pressure-sensitive adhesive
layer with respect to the film adhesive.

[0151]

(Other additives)

The pressure-sensitive adhesive composition magacoother additives that do
not correspond to any of the above-mentioned coepsrwithin a range that does not
impair the effects of the present invention.

Examples of the other additives include known el such as an antistatic
agent, an antioxidant, a softener (that is, aigiast), a filling material (that is, a filler),

a rust inhibitor, a colorant (that is, a pigmentatye), a sensitizer, a tackifier, a reaction
retarder and a crosslinking accelerator (that catalyst).

It should be noted that the term “reaction retdrdeeans, for example, one that
suppresses the unintended crosslinking reactitimipressure-sensitive adhesive
composition during storage by the action of thelyat incorporated in the pressure-
sensitive adhesive composition. As the reactitarder, for example, those that form a
chelate complex by chelating to the catalyst cambationed, and more specifically,
those having two or more carbonyl groups £0j-) in one molecule can be mentioned.

[0152]

The other additive contained in the pressure-teasadhesive composition may

be composed of only one type or may be composédmbr more types, and when it is
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composed of two or more types, the combinationratid thereof can be arbitrarily
selected.

[0153]

In the pressure-sensitive adhesive compositienctimtent of other additives is
not particularly limited, and may be appropriatedfected depending on the types
thereof.

[0154]

(Solvent)

The pressure-sensitive adhesive composition matagoa solvent. Since the
pressure-sensitive adhesive composition contasmdvant, the coatability to the surface
to be coated is improved.

[0155]

The solvent is preferably an organic solvent, exaimples of the organic
solvent include ketones such as methyl ethyl ketoreacetone; carboxylic acid esters
such as ethyl acetate; ethers such as tetrahydrofurd dioxane; aliphatic hydrocarbons
such as cyclohexane and n-hexane; aromatic hydrogsisuch as toluene and xylene;
and alcohols such as 1-propanol and 2-propanol.

[0156]

As the solvent, for example, the one used atithe of production of the
adhesive resin (i) may be used as it is in thespressensitive adhesive composition
without being removed from the adhesive resinofi)a solvent of the same or different
type from that used at the time of production ef #lulhesive resin (i) may be added
separately at the time of production of the pressensitive adhesive composition.

[0157]

The solvent contained in the pressure-sensitineside composition may be
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composed of only one type or may be composed obiwnore types, and when it is
composed of two or more types, the combinationratid thereof can be arbitrarily
selected.

[0158]

In the pressure-sensitive adhesive compositi@nctimtent of the solvent is not
particularly limited and may be appropriately atfas

[0159]

[Method for producing pressure-sensitive adhesoraposition]

The pressure-sensitive adhesive composition cabtaened by blending each
component for constituting the pressure-sensittreeaive composition, and can be
produced by the same method as in the case obthealescribed adhesive composition,
for example, except that the blended componentditiezent.

[0160]

FIG. 1 is a cross-sectional view schematicallywghg one embodiment of the
semiconductor processing sheet of the presenttioven It should be noted that the
drawings used in the following description are simgahe main part in an enlarged
manner in some cases for the sake of convenienmelar to make the features of the
present invention easy to understand, and the diioieal ratios and the like of the
respective constituents are not necessarily the senthe actual ratios.

[0161]

In a semiconductor processing sheet 1 shown agrmessure-sensitive adhesive
layer 12 is provided on a base material 11, anlineaidhesive 13 is provided on the
pressure-sensitive adhesive layer 12.

In the semiconductor processing sheet 1, the yresensitive adhesive layer

12 is laminated on one surface 11a of the baserimaié, and the film adhesive 13 is
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laminated on one surface of the pressure-sensitiiesive layer 12, that is, a surface
12a of the pressure-sensitive adhesive layer 1Begide opposite to the side where the
base material 11 is provided. The film adhesivésiBe film adhesive of the present
invention mentioned above.

That is, in the semiconductor processing sheeind in which the pressure-
sensitive adhesive layer 12 is provided on the bzeterial 11 is used as a support sheet
10, and the film adhesive 13 is provided in diitact with the pressure-sensitive
adhesive layer 12.

[0162]

It should be noted that the semiconductor prongssieet of the present
invention is not limited to the one shown in FIGbiit may be one shown in FIG. 1 in
which a part of the configuration is modified, del#or added within a range that does
not impair the effects of the present invention.

[0163]
<< Method for producing semiconductor processirggst>

The semiconductor processing sheet can be prodycsequentially laminating
the above-described layers so as to establishotinesponding positional relationships.
The method of forming each layer is as describeyab

For example, in the case of laminating a pressarssitive adhesive layer or a
film adhesive on a base material, it may be coméidiso that a pressure-sensitive
adhesive composition or an adhesive compositiap@ied onto a release film and, if
necessary, dried to thereby form the pressuretsanaidhesive layer or film adhesive on
the release film in advance, and the exposed sudhthe already formed pressure-
sensitive adhesive layer or film adhesive whicbrighe side opposite to the side in

contact with the release film is laminated ontoghdace of the base material. At this
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time, it is preferable that the pressure-sensdmeesive composition or the adhesive
composition is applied to the release-treated sartd the release film. After the
formation of the laminated structure, the reledseihay be removed as necessary.

[0164]

For example, in the case of producing a semicaodyeocessing sheet in
which a pressure-sensitive adhesive layer is lai®ihan a base material and a film
adhesive is laminated on the pressure-sensitivesagihlayer (that is, a semiconductor
processing sheet in which the support sheet imaéte of a base material and a
pressure-sensitive adhesive layer), it is poss$thtEbtain the semiconductor processing
sheet in the following manner. That is, the pressensitive adhesive layer is
laminated on the base material in advance by theeatdescribed method, and the
adhesive composition is separately applied onwease film, followed by drying as
needed, to thereby form the film adhesive on thease film in advance, and then the
exposed surface of the film adhesive is laminabettié exposed surface of the pressure-
sensitive adhesive layer already laminated on #ise Inaterial to laminate the film
adhesive on the pressure-sensitive adhesive laydso in the case of forming a film
adhesive on a release film, it is preferable tdyaghe adhesive composition to the
release-treated surface of the release film, ated tife formation of the laminated
structure, the release film may be removed as sacgs

[0165]

As described above, since any layer other thabalse material constituting the
semiconductor processing sheet can be laminatadhbgthod of forming the layer in
advance on the release film and then laminationg the surface of the target layer, if
necessary, a layer for employing such a processh@aayppropriately selected to produce

the semiconductor processing sheet.
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[0166]

It should be noted that in general, after provgdati the necessary layers such as
an adhesive layer for a jig for fixing the semicoaibr processing sheet to a jig, such as
a ring frame for dicing, the semiconductor proaagsheet is stored in a state where the
release film is laminated on the surface of thewonost layer on the side opposite to the
support sheet.

[0167]
<< Method for manufacturing semiconductor device >>

A method for manufacturing a semiconductor dewiceording to the present
invention is a method for manufacturing a semicanoludevice using the film adhesive
of the present invention as described above, alddas: a laminated structure forming
step of forming a laminated structure in which #ii@ementioned film adhesive is
provided on a support sheet, and a plurality dfaady divided semiconductor chips are
provided on a surface of the aforementioned filesive on a side opposite to a side
where the aforementioned support sheet is providediting step in which the film
adhesive of the aforementioned laminated structueepanded, while being cooled, in a
direction parallel to the surface thereof to cuet film adhesive; and a separating step of
picking up (that is, separating) the aforementiosemhiconductor chip provided with the
aforementioned cut film adhesive (abbreviated ‘@&miconductor chip with a film
adhesive” in some cases in the present specifigatiom the aforementioned support
sheet.

The one in which the film adhesive is providedttom support sheet is the
semiconductor processing sheet of the presentfiovedescribed above, and as
described later, the method for manufacturing aic@mluctor device according to the

present invention uses the film adhesive or thas@muctor processing sheet of the
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present invention.

[0168]

By using the film adhesive or the semiconductocpssing sheet of the present
invention, in the cutting step, it is possible &s#y cut the film adhesive at an intended
place without being accompanied by abnormalitiehss chipping of the film adhesive
at the time of cutting the film adhesive through #xpansion of the film adhesive.

Further, in the case of using the semiconductocgssing sheet having the non-
energy ray-curable pressure-sensitive adhesive tseribed above, in the above-
described separating step, even if the pressuigtisenadhesive layer is not cured
through energy ray irradiation, the semiconductop evith the film adhesive can be
easily separated and picked up from the pressurgtse adhesive layer. In this case,
the manufacturing process of the semiconductorcéesén be simplified.

[0169]

Hereinafter, the manufacturing method will be disal with reference to FIG.
2. FIG. 2 is a cross-sectional view for schemdyighustrating one embodiment of a
method for manufacturing a semiconductor devidiéncase of using the film adhesive
or the semiconductor processing sheet of the préseention. Here, a manufacturing
method in the case of using the film adhesive lib®isemiconductor processing sheet 1
shown in FIG. 1 will be described. It should beeabthat in FIG. 2 and in the
subsequent figures, the same components as thosa a&nFIG. 1 are denoted by the
same reference numerals as in FIG. 1, and a di@delecription thereof will be omitted.
Further, in FIG. 2, only the configurations relatedhe semiconductor processing sheet
and the semiconductor chip are shown in crossaecti

[0170]

<Laminated structure forming step>
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In a laminated structure 101 shown in FIG. 2(g)ressure-sensitive adhesive
layer 12 is provided on a base material 11, a &itthesive agent 13 is provided on a
surface 12a of the pressure-sensitive adhesive 1&/eand a plurality of already divided
semiconductor chips 8 are provided on a surfaceol 8z film adhesive 13 on the side
opposite to the side on which the pressure-sersitilhesive layer 12 is provided.

It should be noted that in FIG. 2, gap portionsveen the plurality of
semiconductor chips 8 (that is, those originatiogrf the grooves) are highlighted.

[0171]

In the laminated structure forming step, for exiEmpne sheet of film adhesive
13 is attached to back surfaces 8b of a plurafigiready divided semiconductor chips 8,
and then the pressure-sensitive adhesive layef tt2 support sheet 10 is attached to a
surface (that is, the back surface) 13b of this Bidhesive 13 on the side opposite to the
side on which the semiconductor chips 8 are prakidéereby the laminated structure
101 can be formed. Further, by using the semicctodyrocessing sheet 1 of the
present invention, the laminated structure 101adso be formed by attaching the
surface 13a of the film adhesive 13 on the sidespg to the side on which the
pressure-sensitive adhesive layer 12 is providekedack surfaces 8b of the plurality of
already divided semiconductor chips 8.

[0172]

As described above, the plurality of already daddemiconductor chips 8 can
be produced by forming grooves from a circuit forghsurface (that is, the front surface)
of the semiconductor wafer on the side oppositeécsurface to which the film adhesive
13 is attached (that is, the back surface), andlgrg the back surface until reaching the
grooves. Further, the grooves can be formed bgthed such as blade dicing, laser

dicing and water dicing.
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[0173]

FIG. 3 is a cross-sectional view for schematictilllystrating one embodiment of
a method for forming grooves in such a semicondugtder to obtain semiconductor
chips.

In this method, as shown in FIG. 3(a), groovesa88'formed in a
semiconductor wafer 8 from one surface 8a’ whigh kircuit forming surface thereof
by a method such as blade dicing, laser dicingveatér dicing.

Subsequently, as shown in FIG. 3(b), a surfac () the back surface) 8b’ of
the semiconductor wafer 8 on the opposite sidefaforementioned surface (that is,
the circuit forming surface) 8a’ is ground. Gringliof the back surface 8b’ can be
carried out by a known method by using, for examplgrinder 62. It is preferable that
grinding of the back surface 8b’ is performed Wpeliing a back grinding tape 63 to the
surface 8a’ of the semiconductor wafer 8', as shbere.

Then, by grinding the back surface 8b’ until cbes the grooves 80, a
plurality of semiconductor chips 8 are obtainedrfrine semiconductor wafer 8 as
shown in FIG. 3 (c). The back surface 8b’ of taemm&onductor wafer 8’ will become
the back surface 8b of the semiconductor chipa,ith the surface for providing the film
adhesive 13.

[0174]

However, in the aforementioned manufacturing mebfoa semiconductor
device, as described above, it is preferable tpaaonethod of forming a modified layer
inside the semiconductor wafer, and dividing thmisenductor wafer at the portion
where the modified layer is formed, instead of dahoe of scraping off a part of these
semiconductor wafers.

[0175]
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That is, in the method for manufacturing a semilmtor device according to
the present invention, prior to the aforementiolaadinated structure forming step, it is
preferable to further include: a modified layemhamg step of forming a modified layer
inside the aforementioned semiconductor wafer tadiating a laser beam in an infrared
region so as to converge on a focal point set &#id semiconductor wafer; and a
dividing step of grinding a surface for providirigetaforementioned film adhesive in the
aforementioned semiconductor wafer in which theeafentioned modified layer has
been formed, and applying a force at the time widjng to the aforementioned
semiconductor wafer, thereby dividing the aforenoer@d semiconductor wafer at a
portion of the aforementioned modified layer anthobing a plurality of semiconductor
chips, and is preferable to use the plurality ehisenductor chips obtained in the
aforementioned dividing step in the aforementiolaadinated structure forming step.

FIG. 4 is a cross-sectional view for schematictilystrating one embodiment of
a method for forming a modified layer in such a ®emductor wafer to obtain
semiconductor chips.

[0176]
<Modified layer forming step>

In this method, in the modified layer forming stap shown in FIG. 4(a), a laser
beam in the infrared region is irradiated so asotoverge on a focal point set inside the
semiconductor wafer 8’ to form modified layers 8iSide the semiconductor wafer 8'.

In the modified layer forming step, in order torfothe modified layers 81’
while minimizing the damage to the surface of theigonductor wafer 8 and to the
region in the vicinity of the surface by the irration of laser beam, for example, it is
preferable to irradiate a laser beam with a largmerical aperture (NA).

[0177]
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<Dividing step>

Subsequently, in the dividing step, as shown @& B(b), a surface (that is, a
back surface) 8b’ of the semiconductor wafer 8tlwopposite side of the
aforementioned surface (that is, the circuit fognsairface) 8a’ is ground. Grinding at
this time can be carried out in the same mannar tee grinding of the back surface of
the semiconductor wafer on which grooves have be®med, as described above with
reference to FIG. 3. For example, grinding oftthek surface 8b’ at this time is
preferably performed by attaching a back grindeqget63 to the surface 8a’ of the
semiconductor wafer 8'.

[0178]

Then, by grinding the back surface 8b’ of the smmductor wafer 8’ and further
applying a force at the time of grinding to the sgmductor wafer 8’ during grinding,
the semiconductor wafer 8’ is divided at the portiehere the modified layers 81’ are
formed, thereby obtaining a plurality of semiconduchips 8 from the semiconductor
wafer 8 as shown in FIG. 4(c). Also in this caag,n the case described with reference
to FIG. 3, the back surface 8b’ of the semiconduatafer 8’ will become the back
surface 8b of the semiconductor chip 8, that is stlrface for providing the film
adhesive 13.

[0179]

In any of the above methods, when the back grinthpe 63 is used, the
obtained plurality of semiconductor chips 8 aredhielan aligned state on the back
grinding tape 63.

[0180]

Although the thickness of the semiconductor chip Bot particularly limited, it

is preferably from Jum to 60um, and more preferably from 1@n to 55um. When
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such a thin semiconductor chip is used, the eiifettte case of using the semiconductor
processing sheet of the present invention can tanaa more remarkably.

[0181]
<Cutting step>

In the cutting step in the above-described methodhanufacturing a
semiconductor device, after the laminated strudimaing step, as shown in FIG. 2(b),
while cooling the film adhesive 13 of the laminagedicture 101, the film adhesive 13 is
expanded in a direction parallel to a surface I3hefilm adhesive 13 to cut the film
adhesive 13. The film adhesive 13 may be expatwtggther with the base material 11
and the pressure-sensitive adhesive layer 12ightite support sheet 10). Here,
although the cut film adhesive is denoted by tlieremce numeral 13’, this type of film
adhesive 13’ after cutting is simply referred tdfdm adhesive 13" in some cases.
Further, the direction of the expansion of the fdghesive 13 is indicated by an arrow I.

[0182]

The cooling temperature of the film adhesive 18 cutting step is not
particularly limited, but it is preferably from -16 10°C from the viewpoint that the film
adhesive 13 can be cut more easily.

[0183]

In the cutting step, the expansion rate (thahes,.expansion speed) of the film
adhesive 13 is not particularly limited as longtakes not impair the effects of the
present invention, but it is preferably from 0.5L@0 mm/sec, more preferably from 0.5
to 60 mm/sec, and may be, for example, from 1 tm&@'sec or the like. By ensuring
that the expansion rate is within such a rangeetfeets of the present invention can be
obtained more remarkably. Furthermore, by ensuhagthe expansion rate is equal to

or less than the above upper limit value, the sendactor chips 8 are less likely to be
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damaged at the time of expanding the film adhes8e

[0184]

In the cutting step, since the film adhesive hafis, the semiconductor
processing sheet 1) is used, the film adhesive t8tiat an intended place, and the
occurrence of abnormalities such as chipping ofitheadhesive 13’ is suppressed at the
cut place.

[0185]

In the cutting step, by using the above-mentigmedsure-sensitive adhesive
layer having a storage elastic modulus of equal fess than 1,000 MPa at 0°C, at the
time of cutting the film adhesive 13, floating @agtering of the semiconductor chip 8
having the cut film adhesive 13’ (that is, a semdahactor chip with a film adhesive) from
the pressure-sensitive adhesive layer 12 is supgiles

[0186]
<Separating step>

In the separating step, after the cutting steghasvn in FIG. 2(c), the
semiconductor chip 8 provided with the cut film adive 13’ is separated and picked up
from the support sheet 10 (that is, the pressumsisee adhesive layer 12).

[0187]

In the separating step, the semiconductor chgli&ed up by a lifting portion
61 of the manufacturing apparatus of the semicailedwevice, so that the cut film
adhesive 13’ attached to the back surface 8b odeh@conductor chip 8 is separated
from the pressure-sensitive adhesive layer 12. e#od for lifting up the
semiconductor chip 8 may be a known method, andxample, a method in which the
surface of the semiconductor chip 8 is sucked #iedilup by a vacuum collet, or the

like can be mentioned. Here, the lifting directmfrthe semiconductor chip 8 is
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indicated by an arrow II.

[0188]

In the separating step, by using the above-merdipnessure-sensitive adhesive layer
having an adhesive force with respect to the semdigctor wafer of 200 mN / 25 mm or
less, even if the pressure-sensitive adhesive layest cured by energy ray irradiation or
the like, the semiconductor chip with the film asilve can be easily picked up.

[0189]

In the above manufacturing method of a semicormfudvice, using the
semiconductor chip 8 separated (that is, pickedaggther with the cut film adhesive
13’ (that is, the semiconductor chip with the fiémhesive), followed by the same
method as the conventional method, in other wadgmiconductor device can be
manufactured through a process of die bondingeh@nductor chip to the circuit
surface of the substrate with the film adhesiveor éxample, the semiconductor chip 8
is die bonded to the circuit surface of the subestrath the film adhesive 13’, and one or
more semiconductor chips are further laminatechersemiconductor chip 8, if
necessary, and after carrying out wire bondinggtiitee constitution is sealed with a
resin, thereby forming a semiconductor packageghotvn). Then, by using this
semiconductor package, a desired semiconductocel@vay be fabricated.

[0190]

The method for manufacturing a semiconductor a@eusing the film adhesive
or the semiconductor processing sheet of the pré@sesntion is not limited to the
method described above with reference to FIG. @, smme of the configurations in the
above method may be changed, deleted or addechwitteinge that does not impair the

effects of the present invention.
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[Examples]

[0191]

Hereinafter, the present invention will be desedlilin more detail with reference
to specific examples. However, the present ineenis not limited in any way by the
following examples.

[0192]

The components used for the production of the sidbeomposition are shown
below.

- Polymer component

(A)-1: Acrylic resin (weight average molecular gei: 800,000, glass transition
temperature: 9°C) obtained by copolymerization ethl acrylate (hereinafter
abbreviated as “MA”) (95 parts by mass) and 2-hygebhyl acrylate (hereinafter
abbreviated as “HEA”) (5 parts by mass).

- Epoxy resin

(b1)-1: cresol novolak type epoxy resin added aitracryloyl group (“CNA
147" manufactured by Nippon Kayaku Co., Ltd., epexyivalent: 518 g/eq, number
average molecular weight: 2,100, content of unasdrgroup is equal to that of epoxy
group)

- Thermal curing agent

(b2)-1: Aralkyl phenol resin (“MILEX XLC-4L" manufetured by Mitsui Chemicals,
Inc., number average molecular weight: 1,100)
- Filler

(d)-1: Spherical silica (“*YA 050 C-MJE” manufacéal by Admatechs Co., Ltd.,
average particle size: 50 nm, product treated migthacrylic silane)

- Coupling agent
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(e)-1: Silane coupling agent, 3-glycidoxypropylmgdtiethoxysilane (“KBE-
402" manufactured by Shin-Etsu Chemical Co., Ltd.)

- Crosslinking agent

(f)-1: Tolylene diisocyanate-based crosslinkingratg“BHS 8515”
manufactured by Toyo Ink Co., Ltd.)

[0193]
<Production of film adhesive and semiconductor pssing sheet>
[Example 1]

(Production of adhesive composition)

The polymer component (a)-1, the epoxy resin @lje thermal curing agent
(b2)-1, the filler (d)-1, the coupling agent (e@dd the crosslinking agent (f)-1 were
dissolved or dispersed in methyl ethyl ketone s the contents (parts by mass) of these
components became the values shown in Table Ithenesultant was stirred at 23°C to
obtain an adhesive composition.

[0194]

(Production of film adhesive)

The adhesive composition obtained as describedeavas applied to a release-
treated surface of a release film in which oneas@fof a polyethylene terephthalate film
(thickness: 3&m) had been subjected to a release treatment thi@sdicone treatment,
and dried by heating at 120°C for 3 minutes, thefebming a film adhesive having a
thickness of 2@um.

Subsequently, the release-treated surface okthase film was separately
attached to the exposed surface of the film adbedsivwbtain a film adhesive laminate in
which the release film was attached to both susf@tehe film adhesive.

[0195]
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(Production of pressure-sensitive adhesive compaogit

A crosslinking agent (30.16 parts by mass) waeddd an adhesive resin (100
parts by mass), and the resulting mixture wasestiat 23°C to obtain a non-energy ray-
curable pressure-sensitive adhesive compositionshauld be noted that all the numbers
of blended parts by mass shown here are valuesrirstof solid content.

The adhesive resin is an acrylic polymer (weiglgrage molecular weight:
860,000, glass transition temperature: -61°C) abthby copolymerizing 2-ethylhexyl
acrylate (80 parts by mass) and 2-hydroxyethyllatey(20 parts by mass). Further, the
crosslinking agent is a tolylene diisocyanate triexdduct of trimethylolpropane
(“Coronate L” manufactured by Tosoh Corporation).

[0196]

(Production of pressure-sensitive adhesive sheet)

The pressure-sensitive adhesive composition addeas described above was
applied to a release-treated surface of a relélas¢“SP-PET 381031" manufactured by
Lintec Corporation, thickness: 38n) which was a polyethylene terephthalate film
whose one side had been subjected to a releasmémahrough a silicone treatment,
and heated and dried at 120°C for 2 minutes to fopressure-sensitive adhesive layer
having a thickness of Ldm.

Subsequently, a low-density polyethylene (LDPE) fhaving a thickness of
110pum was laminated on the exposed surface of the ymesensitive adhesive layer as
a base material to obtain a pressure-sensitivesaghsheet having a release film.

[0197]

(Production of semiconductor processing sheet)
The film adhesive laminate was stored for 1 wdaatoamal temperature

immediately after production, and then one of #lease films was removed to expose
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one surface of the film adhesive. Further, theasé film was removed from the
pressure-sensitive adhesive sheet obtained ab@sptse one surface of the pressure-
sensitive adhesive layer. Then, by laminatingetkgosed surface of the film adhesive
and the exposed surface of the pressure-sensithesave layer, a semiconductor
processing sheet in which the base material, thespre-sensitive adhesive layer, the
film adhesive and the release film were laminatethis order was obtained.

[0198]

[Examples 2 to 7, Comparative Examples 1 to 7]

A film adhesive and a semiconductor processingtsivere produced in the
same manner as in Example 1 except that the compooentained in the adhesive
composition were as shown in Table 1 or Table 2.

[0199]

It should be noted that the solid content conegioins of the adhesive
compositions produced in the above Examples andp@oative Examples are from 18 to
24% by mass.

[0200]
<Evaluation of film adhesive and semiconductor pesing sheet>

For the film adhesive and the semiconductor psingssheet obtained as
described above, the following properties were @atad.

[0201]

(Elongation at break of laminate)

Using a laminator, a plurality of layers of thirfiadhesive obtained above were
laminated to each other to produce a laminate ichvthe film adhesives were laminated
to have a total thickness of @h. Furthermore, the laminate was cut to prepdesta

piece having a width of 6 mm, a length of 5 mm aritlickness of 6am.
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[0202]

Subsequently, the temperature of the obtainegptesé was set to 0°C, and the
test piece was pulled using a dynamic viscoelagtioeasuring device (“DMA Q 800"
manufactured by TA Instruments, Inc.) to deterntireeelongation at break (%) of the
test piece, that is, the laminate in which the veddilm adhesives were laminated.
When pulling the test piece, the load applied ®t#st piece was changed from 1 N/min
to 18 N/min. The results are shown in Table 1ail@ 2.

[0203]
(Adhesive force of film adhesive with respect tmgm®nductor wafer)

An adhesive tape obtained by laminating an adbdaier (thickness: 2dm)
with a strong adhesive force on one surface ofigefioylene terephthalate film
(thickness: 5Qum) was prepared. One of the release films was vethrom the film
adhesive laminate obtained above to expose onacguof the film adhesive. Then, a
laminated sheet was produced by laminating thesadiéayer of the adhesive tape onto
the exposed surface of the film adhesive usingreniator. Furthermore, this laminated
sheet was cut to a size of 25 mm in width and 1B0imlength, and then the remaining
release film was removed from the film adhesivprimduce a test piece.

[0204]

This test piece was laminated onto the mirroramgfof a silicon wafer via a
film adhesive heated to 50°C by using a laminaia @lowed to stand for 30 minutes
under the temperature condition of 23°C. Themaiine universal tensile tester
(“Autograph” manufactured by Shimadzu Corporatiam)jle keeping the same
temperature, the so-called 180° peeling was peddrim which the test piece was peeled
from the silicon wafer at a peeling rate of 300 mminV, so that the planes of the test piece

(that is, film adhesive) and the silicon wafer thatre brought into contact with each



10

15

20

25

74

other form an angle of 180°. The peel force & time was measured and the
measured value was used as an adhesive force Bfhm) of the uncured film
adhesive with respect to the semiconductor waf&he results are shown in Table 1 or
Table 2.

[0205]
(Cutting characteristic (1) of film adhesive)

Using a dicing apparatus (“DFD 6361" manufactusgdISCO Corporation),
half-cut dicing was carried out to form groovesngking cuts from the surface to a
depth of 8Qum with a dicing blade so as to draw a square haaisige of 10 mm x 10
mm on a mirror surface of an 8-inch silicon watéigkness: 72@m).

Subsequently, using a tape laminator (“RAD-351@hofactured by Lintec
Corporation), a back grinding tape (“ADWILL E-31K®N” manufactured by Lintec
Corporation) was attached under normal temperatwoeigh the adhesive layer thereof
to the mirror surface of the silicon wafer on whible above-mentioned grooves had
been formed.

Then, using a grinder (“DFG 8760” manufacturedd$CO Corporation), the
surface of the silicon wafer opposite to the misorface on which the grooves described
above had been formed was ground. At this timeadarg was performed so that the
thickness of the silicon wafer became B0, and at the same time, the silicon wafer was
divided into individual silicon chips. The obtathsilicon chips were fixed on the back
grinding tape with a space of about8@ from each other.

Subsequently, to the ground surface of the obdagileson chip, the
semiconductor processing sheet obtained as dedatimve was attached through the
film adhesive thereof which was heated to 60°Cgigitape mounter (“ADWILL RAD

2500” manufactured by Lintec Corporation) to obtailaminate.
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Then, the obtained laminate was attached and fixedring frame for dicing
through the exposed surface of the pressure-sensitinesive layer thereof, and the back
grinding tape was peeled off from the silicon chifgreby obtaining a test piece of a
laminated structure in which a plurality of semidantor chips that had been divided
into individual pieces in advance were alignedl@uancut film adhesive of the
semiconductor processing sheet.

[0206]

The test piece obtained as described above was a&etexpansion unit of an
expander (“ME-300B” manufactured by JCM Co., Lted the semiconductor
processing sheet was expanded in an environméitob@nder conditions of an
expansion amount (that is, expanding amount) aht) and an expansion rate (that is,
expansion speed) of 1 mm/sec, and an attempt wds toaut the film adhesive along
the outer shape of the silicon chip.

Then, the film adhesive was observed using aaligiicroscope (“VH-Z100"
manufactured by Keyence Corporation), and therayittharacteristic (1) of the film
adhesive was evaluated according to the followiitgria. The results are shown in
Table 1 or Table 2.

A: The film adhesive could be cut at all the irted places.

B: The film adhesive could not be cut at somehefihtended places.

C: The film adhesive could not be cut at all thiemded places.

[0207]

(Cutting characteristic (2) of film adhesive)

A back grinding tape (“E-3125 KL” manufactured lbbyptec Corporation) was

laminated on one surface of a 12-inch silicon waf#ng a tape laminator for back

grinding (“RAD-3510F/12” manufactured by Lintec @oration).
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Subsequently, stealth dicing was carried out ifciva laser beam in the
infrared region was irradiated from the exposedaser side of the silicon wafer where
the back grinding tape was not laminated, so astwerge on a focal point set inside the
silicon wafer to form a modified layer inside thkcen wafer. This stealth dicing
process was carried out by using “DFL 7361" mantufizedd by DISCO Corporation as an
apparatus and adjusting so as to obtain a silibgnttaving a size of 8 mm x 10 mm.

Subsequently, the exposed surface of the silicaiemwas ground using a
grinder ("DGP 8761” manufactured by DISCO Corparaji At this time, grinding was
performed so that the thickness of the silicon whcame 4@m, and at the same time,
the silicon wafer was divided into individual sdic chips. The obtained silicon chips
were fixed on the back grinding tape.

Subsequently, to the ground surface of the obdagiieon chip, the
semiconductor processing sheet obtained as dedatim/e was attached through the
film adhesive thereof which was heated to 60°Cgisitape mounter (“DFM 2800”
manufactured by DISCO Corporation) to obtain a fzate.

Then, the obtained laminate was attached and fixedring frame for dicing
through the exposed surface of the pressure-semsitihesive layer thereof, and the back
grinding tape was peeled off from the silicon chifgreby obtaining a test piece of a
laminated structure in which a plurality of semidantor chips that had been divided
into individual pieces in advance were alignedl@uancut film adhesive of the
semiconductor processing sheet.

[0208]

The test piece obtained as described above was aetexpander (“DDS 2300”
manufactured by DISCO Corporation), and the sengiuotor processing sheet was

expanded in an environment of 0°C under conditare table lifting height of 15 mm
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and a table lifting speed of 1 mm/sec, and an gitevas made to cut the film adhesive
along the outer shape of the silicon chip.

Subsequently, the table was lowered to releasexpp@nsion, and the test piece
after expansion was placed on another table diffdrem that of the expander described
above. Then, the test piece was lifted under ¢ammdi of a table lifting height of 8 mm
and a table lifting speed of 1 mm/sec without beittgched to the table, and the test
piece was attached to the table at the stage vileetable was fully elevated, and an
attempt was made to expand the semiconductor @incesheet and expand the space
between adjacent silicon chips (that is, the kedthy. Furthermore, the table was
lowered while the test piece remained attachedherable to be held without changing
the kerf width, and the sagging in the outer pexrphportion where the silicon chip of
the test piece was not provided was resolved tlirtlug shrinkage due to heating at
250°C. As described above, attempts were madbttoroa test piece with an extended
kerf width.

Then, the film adhesive was observed using aaligiicroscope (“VH-Z100"
manufactured by Keyence Corporation), and therayttharacteristic (2) of the film
adhesive was evaluated according to the sameiaréterin the case of the cutting
characteristic (1) of the film adhesive describbdve. The results are shown in Table 1
or Table 2.

[0209]

(Reliability of film adhesive)
- Production of silicon chips

Using a tape mounter (“Adwill RAD 2700” manufactdrby Lintec

Corporation), the semiconductor processing sheairdd as described above was

heated to 60°C and attached to a dry polish-fimist#inch silicon wafer (thickness: 75
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um), and a ring frame was mounted.

Then, using a dicing apparatus (“DFD 6361” mantufiged by DISCO
Corporation), the silicon wafer was divided intdiwidual silicon chips having a size of
8 mm x 8 mm. The dicing at this time was carriatiunder conditions of a blade
speed of 50 mm/sec, a blade rotation speed of @00, and a cutting water amount of
1 L/min. Further, the amount of cut into the bas®erial at the time of dicing was set
to be 20um.

[0210]

- Production of semiconductor package

As a substrate, a substrate (“LNOO1E-001 PCB @iy 308" manufactured by
Chino Giken Corporation) in which a circuit pattevas formed on a copper foil
(thickness: 18&m) of a copper foil-clad laminate (“OCL-HL 830" mafactured by
Mitsubishi Gas Chemical Company, Inc.), and a saldsist (‘PSR-4000 AUS308”
manufactured by Taiyo Ink Mfg. Co., Ltd.) was indéd on the circuit pattern was used.
The silicon chip on the semiconductor processiregshbtained as described above was
peeled from the base material together with tme &tlhesive and pressure bonded onto
the substrate under conditions of 120°C, 250 gf@Bdseconds to fix the silicon chip on
the substrate through the film adhesive, thereltginimg a laminate.

Subsequently, the obtained laminate was placad oven heated to 175°C for
4 hours or 2 hours to apply a thermal history assgrwire bonding to the laminate.

Then, using a sealing device (“G-CUBE MZ 549-1"maactured by Apic
Yamada Corporation) and using a molding resin (‘&B250" manufactured by
Kyocera Chemical Corporation), the laminate afeng applied with the thermal history
was sealed under the conditions of a sealing testyoer of 175°C, a sealing pressure of

7 MPa and a sealing time of 2 minutes so thateldrsy thickness was 4Q0n.
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Furthermore, the molding resin was cured at 17%t& fhours.

Subsequently, the sealed substrate was laminatediting tape (“Adwill D-
510T” manufactured by Lintec Corporation), and skaled substrate was divided into
individual pieces having a size of 15 mm x 15 mmngs dicing apparatus (“DFD
6361" manufactured by DISCO Corporation). Themlicat this time was carried out
under conditions of a blade speed of 50 mm/setadelyotation speed of 40,000 rpm,
and a cutting water amount of 1 L/min.

As described above, a semiconductor package wasiet.

[0211]

- Evaluation of surface mounting of semiconduciackage and package reliability (that
is, reliability of film adhesive)

The semiconductor package obtained as descrilmeatas allowed to stand
for 168 hours under conditions of a temperatur853C and a relative humidity of 60%
to absorb moisture, and then the IR reflow proeess carried out three times on this
semiconductor package after moisture absorptiamgusireflow oven (“WL-15-20 DNX
type” manufactured by Sagami-Rikou Co., Ltd.) undamnditions of a maximum
temperature of 260°C and a heating time of 1 minute

Then, it was confirmed whether or not cracks vggeerated in the
semiconductor package by using a scanning ultrastaw detector (“Hye-Focus”
manufactured by Hitachi Kenki FineTech Co., Ltdnd the package reliability (that is,
reliability of the film adhesive) was evaluated @cting to the following criteria. The
results are shown in Table 1 or Table 2.

A: No cracks were generated at all in the semiootat package after the IR
reflow process when using the laminate applied wighthermal history under conditions

of 175°C for 4 hours.
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B: Although no cracks were generated at all insgmiconductor package after
the IR reflow process when using the laminate applith the thermal history under
conditions of 175°C for 2 hours, cracks were geteeran the semiconductor package
after the IR reflow process when using the lamigielied with the thermal history
under conditions of 175°C for 4 hours.

C: Cracks were generated in the semiconductorgugeckfter the IR reflow
process in both cases where the laminate appligdtiag thermal history under
conditions of 175°C for 2 hours was used and wherdaminate applied with the
thermal history under conditions of 175°C for 4 fsou

[0212]

(Film-forming property of film adhesive)

At the time of producing the film adhesive desedlabove, the film-forming
property of the film adhesive was evaluated atsdmae time.

That is, when the adhesive composition was appti¢te release film on the
surface of the obtained film adhesive, the appeararas visually observed, with respect
to the surface formed from the portion of the adleesomposition which was in contact
with the release film, and the film-forming propedf the film adhesive was evaluated
according to the following criteria. The resulte ahown in Table 1 or Table 2.

A: No abnormality was found on the surface, aredgtwface conditions were
favorable.

B: Although streaks or cissing occurred on théagma, the disturbance of the
surface conditions was mild.

C: Aggregates were generated on the surface henslirface conditions were
not uniform.

[0213]
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[Table 1]
Examples
1 2 3 4 5 6 7
()
E . Polymer component (a)-1 57.5 55.4 53.4 5044 4715 642 405
£ g
T ®
g 1S Epoxy-based thermosetting | (b1)-1 21.6 13.9 5.9 18.9 11.9 4.7 28.4
5 2 .
_g @ resin +
s g
§ g (b2)-1
2] =
g 'g Filler (d)-1 20.2 30.0 40.0 30.0 40.0 52.1 30.
c Qo
g E Coupling agent (e)-1 0.43 0.38 0.3 0.38 0.3 0.26 0.43
(8]
o
O Crosslinking agent -1 0.37 0.36 0.34 0.32 031 .270 0.37
Elongation at break (%) 52 43 39 35 21 17 14
% Adhesive force (mN / 25 mm) 360 400 400 32 30p 310 315
[}
(0]
c Cutting characteristic (1) A A A A A A A
i)
E Cutting characteristic (2) A - A - - A -
<
>
w Reliability A A A A A B B
Film-forming property A A A A A A A

[0214]

[Table 2]



10

15

82

Comparative Examples
1 2 3 4 5 6 7
(3]
‘2 | Polymer componen{ (a)-1 71.1 62.3 36.2 35.8 26.9 18.0 333
£ g
T ®
IS
c E Epoxy-based (b1)-1 7.9 6.9 13.6 4.0 3.0 0.2 35.9
he] o)
2 o | thermosetting resin| +
§ g
§ g (b2)-1
2] =
g 2 Filler (d)-1 20.1 30.0 49.7 59.7 69.8 79.8 30.
c Qo
g E| coupling agent )-1| 043 0233 0.2] 0.2p 0.16 011 | 043
(8]
o]
O Crosslinking agent H-1 0.46 0.40 0.23 0.2 0.17 110 0.37
Elongation at break (%) 97 61 14 5 UnmeasurapléJnmeasurable 12
% Adhesive force (MmN /25 mm) 750 550 210 140 Unmeasurable Unmeasurable| 260
[}
(0]
c Cutting characteristic (1) C C B B Unevaluable Umleable B
Re]
E Cutting characteristic (2) - - B B - - B
<
>
w Reliability A A C C Unevaluable Unevaluablg] B
Film-forming property A A B B C C B

[0215]

As is apparent from the above results, in Exambles7, the elongation at
break of the laminate at 0°C was equal to or leas 52%, and the adhesive force of the
film adhesive was equal to or more than 300 mN h25.

At the time of evaluation of the cutting charaistée (1), the film adhesives of
Examples 1 to 7 were cut at intended places byresipa, while no abnormality such as
chipping of the film adhesive was observed at titeptaces, so that excellent cutting
characteristics were exhibited. In addition, tive idhesives of Examples 1, 3 and 6
exhibited excellent cutting characteristics alsthim evaluation of the cutting
characteristic (2) (the film adhesives of Examf@e4 and 5 have yet to be evaluated for
the cutting characteristic (2)).

Furthermore, the film adhesives of Examples 1weeée all satisfactory in

reliability and film-forming property, and there meno problems in the basic
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characteristics as film adhesives.

[0216]

On the other hand, in Comparative Examples 1 atide2elongation at break of
the laminate at 0°C was equal to or more than &i%,at the time of evaluation of the
cutting characteristic (1), the film adhesives wieferior in cutting characteristics since
it was not possible to cut the film adhesives intended shapes.

Further, in Comparative Examples 3, 4 and 7, ttesaive force of the film
adhesive was equal to or less than 260 mN / 25anuhat the time of evaluating the
cutting characteristic (1), since it was not polesib cut the film adhesive at some of the
intended places, and even when it was cut at andetd place, abnormality such as
chipping of the film adhesive was observed at thteptace, the film adhesive was
inferior in cutting characteristics. In additidhe film adhesives of Comparative
Examples 3, 4 and 7 were inferior in cutting chteastics even at the time of evaluation
of the cutting characteristic (2) (the film adheswof Comparative Examples 1, 2, 5, and
6 have yet to be evaluated for the cutting charestie (2)).

Further, in Comparative Examples 5 and 6, neitherelongation at break of the
laminate at 0°C nor the adhesive force of the &hthesive could be measured, and both
the cutting characteristic (1) and the cutting el#aristic (2) could not be evaluated.

Furthermore, the film adhesives of Comparativeripas 3 and 4 were inferior
in reliability, and the film adhesives of CompavatExamples 5 and 6 were poor in film-
forming properties, and there were problems widséhin the basic characteristics as
film adhesives.

[0217]

It should be noted that although the cutting ctiaréstic (2) was not evaluated

here for some of the film adhesives, it is condeigdhat the cutting characteristics (2) of
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these film adhesives will show the same evaluatsalts as those for the cutting
characteristics (1). This is because, if themoigbnormality in the semiconductor chip
used for evaluation, the method for producing aisentuctor chip (that is, the method
for dividing a semiconductor wafer) does not affieet above evaluation process. The
evaluation results of Examples 1, 3, and 6, and [2oative Examples 3, 4, and 7 which
evaluate both the cutting characteristic (1) amdcilitting characteristic (2) are believed

to support this notion.

[Industrial Applicability]
[0218]
The present invention is industrially extremelyporntant because it can be

suitably used for manufacturing a semiconductoragev

[Reference Signs List]

[0219]

1: Semiconductor processing sheet; 10: Suppoetsh&: Base material; 12:
Pressure-sensitive adhesive layer; 12a: Surfapeegsbure-sensitive adhesive layer; 13:
Film adhesive; 13’: Cut film adhesive; 101: Lamatstructure; 8: Semiconductor chip;
8’: Semiconductor wafer; 81’: Modified layer of sewnductor wafer; 8b’: Back surface

of semiconductor wafer
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[CLAIMS]

[Claim 1]

A film adhesive which is a curable film adhesiwderein

either an uncured single layer of said film adbesiaving a thickness of 6@
m, or a laminate formed by laminating two or monewred layers of said film adhesive
so that a total thickness becomes 60n, has an elongation at break at G of equal to
or less than 60%, and

an adhesive force of said uncured film adhesith vaspect to a semiconductor

wafer is equal to or more than 300 mN / 25 mm.

[Claim 2]
A semiconductor processing sheet, wherein theditiinesive according to

Claim 1 is provided on a support sheet.

[Claim 3]

The semiconductor processing sheet accordingaion, wherein

said support sheet is obtained by providing agumessensitive adhesive layer
on a base material, and

said film adhesive is provided in direct contadthveaid pressure-sensitive

adhesive layer.

[Claim 4]
A method for manufacturing a semiconductor dewbéh is a method for

manufacturing a semiconductor device using the &itthesive according to Claim 1, the
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method comprising:

a laminated structure forming step of formingraitaated structure in which
said film adhesive is provided on a support sheed,a plurality of already divided
semiconductor chips are provided on a surfaceidffdan adhesive on a side opposite to
a side where said support sheet is provided;

a cutting step in which the film adhesive of daisinated structure is expanded,
while being cooled, in a direction along a surfatsaid film adhesive to cut the film
adhesive; and

a separating step of separating said semicondalipiprovided with said cut

film adhesive from said support sheet.

[Claim 5]

The method for manufacturing a semiconductor aéesicording to Claim 4,
further comprising, prior to said laminated struettorming step:

a modified layer forming step of forming a modifimyer inside said
semiconductor wafer by irradiating a laser beam@ninnfrared region so as to converge
on a focal point set inside the semiconductor wafed

a dividing step of grinding a surface for proviglisaid film adhesive in said
semiconductor wafer in which said modified layes baen formed, and applying a force
at the time of grinding to said semiconductor wateereby dividing said semiconductor
wafer at a portion of said modified layer and afitag a plurality of semiconductor chips,

wherein the plurality of semiconductor chips oial in said dividing step are

used in said laminated structure forming step.



