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ADHESIVE COMPOSITION, ADHESIVE SHEET, AND PRODUCTION
METHOD OF SEMICONDUCTOR DEVICE

TECHNICAL FIELD
[0001]

The present invention relates to an adhesive comipos particularly
suitable to be used during the step of adhering @inding) a semiconductor
chip to an organic circuit board or a lead framamother semiconductor chip,
and also relates to an adhesive sheet having tihesade layer comprising
said adhesive composition, and further relates fmraduction method of the
semiconductor device using said adhesive sheet.

BACKGROUND ART
[0002]

A semiconductor wafer of silicon and gallium arsemwir so is produced
in a large diameter, and this wafer is cut and sefea (dicing) into small
pieces of the element (the semiconductor chip),nthreoves on to the
mounting step which is the subsequent step. At thiee, the semiconductor
wafer is adhered on the adhesive sheet in advandetlae steps of dicing,
washing, drying, expanding, and pickup are carroed respectively, then it
moves on to the bonding step which is the subsegsiep.

[0003]

Among these steps, in order to simplify the proessef the pickup step
and the bonding step, various dicing-die bondinexive sheets, which have
both of wafer fixing function and die adhesive ftion, are proposed (refer to
the patent article 1). The adhesive sheet disclogedhe patent article 1
enables the so-called direct die bonding, and adl@mmitting coating step of
die adhering adhesive agent. This adhesive agecitudes acrylic polymer,
epoxy resin having reactive double bond group, hedt curing agent; and if

needed, filler such as silica may be included.
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[0004]

The property required against the recent semicotmwu device is
extremely severe. For example, in regards withabdenection of the electrical
parts, the surface mounting method (reflow) wher&ie entire package is
exposed to a high temperature which is higher timaiting point of soldering
is being carried out. Further, recently, due to thensition to the soldering
which does not include lead, mounting temperatuas increased to 26Q or
so. Therefore, the stress generated inside the camductor package during
the mounting has become larger than before, heheechances of causing
problems such as peel or package crack at the adhdsoundary have
increased. Thus, in said patent article 1, as fwoxg resin, the epoxy resin
having reactive double bond group is used to imprdahe compatibility
between the acrylic polymer and the epoxy resierélhy adhesive reliability
IS improved.

[0005]

Also, for the high density mounting, the packageusture in which the
chips are multiply stacked is proposed. In this kege structure, not only
adhesion between the circuit board and the chig, ddso adhesion between
the chip and the chip is necessary. In the multis¢éal package, the chip is
stacked on the chip via the adhesive layer andraftieing the adhesive layer,
the wire bonding is carried out, then further thacking of the chip, curing of
the adhesive layer, the wire bonding are carriedane after another, thereby
the chips are stacked.

[0006]

The following processes are examined in a pobidun method of such
semiconductor device of the package structure irctvichips are multistacked.
First, stacking and wire bonding are carried outileelthe adhesive layer is
uncured or semi-cured, and all the chips are stdck®ubsequently, the

adhesive layers are collectively full-cured takimag advantage of a mold
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sealing process, in which the package structumxjssed to high temperature
for a long time. However, when applying such protioe method, the
adhesive layer is not cured or semi-cured during whre bonding. Therefore,
the chip vibrates or displaced during the wire biongd the position of the wire
may be inaccurate or the wire bonding may not beied out. In order to
solve such problem, when using the above mentiqgreduction method, even
if it is before cured, a relatively hard adhesivgeat will be used. As for the
means to make the adhesive agent of before curiaugldr, it is thought to

blend a relatively large amount of the filler inetladhesive agent.

PRIOR ART DOCUMENT
[0007]
[Patent Article 1] JP Patent Application Laid OpEpn. 2008-133330

DISCLOSURE OF INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION
[0008]

However, it is not necessarily easy to uniformlyxnthe filler in the
adhesive agent. If dispersibility of the filler ithe adhesive agent is bad,
appearance of the particle diameter becomes laugetd aggregation between
the fillers, thereby thickness accuracy of the aihe layer may be lowered,
or it may be the cause to lower lamination propeatyd the adhesiveness
between the semiconductor wafers. Particularlyhd blending amount of the
filler increases, the above mentioned problem bee®prominent. Also, if the
filler is blended to the adhesive agent in a laageount, the blending amount
of the curable component (the epoxy resin or sareases relatively, thereby
the reliability of the adhesive layer after the ie\gr may be lowered.

[0009]

Further, even when the process to carry out silmgltars curing of the
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adhesive layer as mentioned in the above is usigh temperature of 15C

or higher is necessary during the wire bonding;stusome case the adhesive
layer was partially cured. In case of such undddegeacuring, the pressure is
not applied, hence when the adhesive layer is cutkd adhesive force is

simply lost which leads to lowering of the adhesisgength. When the

adhesive layer is partially cured, the followingoperty to the rough surface
is lowered particularly, and the adhesiveness agjatime circuit board surface

or die pad having relatively large roughness dexdisignificantly.

[0010]

Therefore, the object of the present inventiondsptovide an adhesive
composition, and an adhesive sheet having an adédayer comprising said
adhesive composition, and production method of aisenductor device
using said adhesive sheet; capable of uniformly ingxthe filler in the
adhesive layer, capable of stably carrying out whbending before the
simultaneous curing even when the process of cagryout simultaneous
curing of the adhesive layer is applied when pradgcthe multistacked
package, and exhibiting an excellent adhesive giifenafter the curing;
further particularly capable of accomplishing higackaging reliability in the
semiconductor device.

[0011]

The present invention which solves the above nwerad problems
include the following points.
(1) An adhesive composition including an acrypolymer (A), a heat
curable resin (B) having a reactive double bondugroand a filler (C) having
a reactive double bond group on a surface ther@ofwhich the acrylic
polymer (A) has a weight average molecular weigh6060,000 or more, and
the heat curable resin (B) comprising an epoxymemid a heat curing agent,
in which at least one of the epoxy resin and thatheuring agent has the

reactive double bond group.
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[0012]

(2) An adhesive composition including an acrypolymer (A), a heat
curable resin (B) having a reactive double bondugroand a filler (C) having
a reactive double bond group on a surface ther@owhich the filler (C) has
an average particle diameter of 0.01 to 2 and the heat curable resin (B)
comprising an epoxy resin and a heat curing ag@nihich at least one of the
epoxy resin and the heat curing agent has the ineadiouble bond group.
[0013]

(3) The adhesive composition as set forth inqfi)2), in which the filler
(C) is silica having the reactive double bond graupa surface thereof.
[0014]

(4) The adhesive composition as set forth in ame of (1) to (3), in
which a content ratio of the acrylic polymer (A)59 to 90 wt% with respect
to a whole weight of the adhesive composition.

[0015]

(5) The adhesive composition as set forth in ame of (1) to (4), in
which the acrylic polymer (A) has a hydroxyl group.

[0016]

(6) A single layer adhesive film comprising adh&sive composition as
set forth in any one of (1) to (5).

[0017]

(7) A single layer adhesive film comprising thdhesive composition as
set forth in (2), in which shear strength theredfea curing at 250°C is
60N/5mni] or more.

[0018]

(8) An adhesive sheet, in which an adhesive day®mprising the
adhesive composition as set forth in any one of td)5), is formed on a
support.

[0019]
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(9) An adhesive sheet, in which an adhesive day@mprising the
adhesive composition as set forth in (2), is fornmada support, and shear
strength of the adhesive layer after curing at 264s 60N/5mnfiJ or more.
[0020]

(10) The adhesive sheet as set forth in (8)9r ywherein the support is a
resin film.

[0021]

(11) The adhesive sheet as set forth in (8)9r wherein the support is a
sticky sheet.

[0022]

(12) A production method of a semiconductor a@evincluding the steps
of: laminating the adhesive layer of the adhesilieet as set forth in any one
of (8) to (11) on a semiconductor wafer, dicing themiconductor wafer and
the adhesive layer, thereby obtaining a semiconmtucthip, releasing the
semiconductor chip from the support while the adhesayer is transferred to
the semiconductor chip, and adhering the semicotwtuchip on a die pad or
on other semiconductor chip via said adhesive layer

[0023]

(13) A production method of a semiconductor a@evincluding the steps
of: separating a semiconductor wafer into individeaamiconductor chips by
forming a groove from the surface of the semicoriducwafer along an
outline of a shape of the separating semiconduatbip, laminating a
protective sheet on the surface of the semiconduct@fer, and then
performing a thinning treatment from the rear sogauntil reached to the
groove, laminating the adhesive layer of the adhesiheet as set forth in any
one of (8) to (11) on the semiconductor chip, reiag the semiconductor chip
from the support while the adhesive layer is tr@nsfd to the semiconductor
chip, and adhering the semiconductor chip on a ¢@ed or on other

semiconductor chip via said adhesive layer.
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[0024]

According to the first invention of the presemivention, by using the
acrylic polymer of a predetermined weight averagdeunular weight, the heat
curable resin having the reactive double bond graml the filler having the
reactive double bond group on a surface thereod, according to the second
invention of the present invention, by using therydic polymer, the heat
curable resin having the reactive double bond gramdl the filler having the
reactive double bond group on a surface thereof ampdedetermined average
particle diameter, compatibility of the acrylic yoher, heat curable resin and
filler in the adhesive composition improves, andaldispersibility of the
filler in the adhesive composition improves. In @dzh, a three dimensional
network is formed in the adhesive composition by additional
polymerization of the reactive double bond groupAs a result, a
semiconductor chip can be adhered to other semigotod chip or to circuit
board with superior adhering strength, and a semdcetor device showing
high package reliability can be obtained even undersevere condition.
Further, the wire bonding can be stably performedhe adhesive layers, due
to uncured or semi-cured adhesive layers showingh hardness to certain
degree.

MODES FOR CARRYING OUT THE INVENTION
[0025]

Hereinafter, the present invention relating to ddhesive composition,
the adhesive sheet, and the production method efs#miconductor device
using the adhesive sheet will be described in detai
[0026]

(The adhesive composition)

The adhesive composition of the present invamtincludes an acrylic

polymer (A) (hereinafter it may be referred as “(A)mponent” as same as

other components), a heat curable resin (B), anfillar (C) as essential
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components; and, in order to improve the variougspdal properties, other
components may be blended depending on the needseiihfter, these
components will be explained in detail.
[0027]

(A) Acrylic polymer

Weight average molecular weight (Mw) of acrylic poler (A) of the
first invention is 500,000 or more, preferably 5000 to 2,000,000, more
preferably 500,000 to 1,500,000, and the most pedfly 500,000 to 800,000.
If the weight average molecular weight of acryliolymer (A) becomes less
than 500,000, cohesion of adhesive layers redundspackage reliability of a
semiconductor device produced with the adhesiveedaydegrades. While if
the weight average molecular weight of acrylic pobr (A) becomes
excessively high, lamination property to adheresdch as semiconductor
wafer, chip, circuit board, and so on, may be lostr causing voids or
defective transfers in some cases.

[0028]

Weight average molecular weight (Mw) of acrypolymer (A) of
the second invention is not particularly limitedpviever, it is preferably
500,000 or more, more preferably 500,000 to 2,000,0further preferably
500,000 to 1,500,000, and the most preferably 500,60 800,000. If the
weight average molecular weight of acrylic polym&) becomes less than
500,000, cohesion of adhesive layers may reducecoiting to the second
invention, however, by using the filler describeeldw having predetermined
average particle diameter, adhesiveness between atlleerend and the
adhesive layer improves, and thus, package religbdf the semiconductor
device becomes superior. While if the weight averagolecular weight of
acrylic polymer (A) becomes excessively high, laation property to
adherend may be lowered, causing voids or defedtiaesfers in some cases.
[0029]
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Further, a molecular weight distribution (Mw/MrMn is a number
average molecular weight) of acrylic polymer (A) pseferably 1 to 5 and
more preferably 1 to 3. By setting the moleculangie distribution of acrylic
polymer (A) within the above range, an effect ofpimaving package reliability
of the invention becomes higher. Note that the Weigverage molecular
weight (Mw), the number average molecular weightnjMand the molecular
weight distribution (Mw/Mn) of acrylic polymer (A)are polystyrene
corresponding values measured under the measuramglitons below by
gel/permeation chromatography (GPC) method.

[0030]

The glass transition temperature (Tg) of acrylidymoer (A) is preferably
within a range of -20 to 50C, more preferably -10 to 4Q, and further
preferably 0 to 3CC. In case when Tg of acrylic polymer (A) is withthe
above arrange, package reliability tends to inceeakhe following methods
can be exemplified as adjusting methods of the ggtaansition temperature of
acrylic polymer (A). For instance, methods to intse the glass transition
temperature, when using the below alkyl (meth) &y having a carbon
number of 1 to 18 as a monomer constituting acryi@lymer (A), may
include: a method of selecting alkyl (meth) acrglain which the alkyl group
has a small carbon number, and a method of enlgrgicontent ratio of alkyl
(meth) acrylate, in which the alkyl group has a Hntarbon number. The
glass transition temperature of acrylic polymer (/) obtained by FOX
equation.

[0031]

The monomer constituting acrylic polymer (A) thfe invention includes
at least (meth)acrylate monomer and its derivativeSxamples of
(meth)acrylate monomer and its derivatives inclual&yl (meth) acrylate
having 1 to 18 carbon atoms of alkyl group, (methysate having cyclic

skeleton, (meth)acrylate containing hydroxyl grogmeth)acrylate containing



20130046
WP14013PCT/JP2014/063979

glycidyl group, (meth)acrylate containing amino gpy and (meth)acrylate
containing carboxyl group.
[0032]

Examples of alkyl (meth) acrylate having thebm number of 1 to 18
include methyl (meth)acrylate, ethyl(meth)acrylatpropyl(meth)acrylate,
butyl(meth)acrylate, pentyl(meth)acrylate, hexyltmecrylate,
heptyl(meth)acrylate, octyl(meth)acrylate, 2-ethgply(meth)acrylate,
nonyl(meth)acrylate, decyl(meth)acrylate, lauryltmecrylate,
tetradecyl(meth)acrylate, octadecyl(meth)acrylate 0. Examples of
(meth)acrylate having cyclic skeleton include cydlkyl (meth)acrylate,
benzyl(meth)acrylate, isobornyl(meth)acrylate, dil@pentanyl(meth)acrylate,
dicyclopentenyl(meth)acrylate, dicyclopentenyloxyfmeth)acrylate,
imide(meth)acrylate or so. Examples of (meth)actglaontaining hydroxyl
group include 2-hydroxyethyl(meth)acrylate, 2-hydypropyl(meth)acrylate,
2-hydroxybutyl(meth)acrylate or so. Examples of {hjacrylate containing
glycidyl group include glycidyl(meth)acrylate or .soExamples of
(meth)acrylate containing amino group include
monoethylamino(meth)acrylate, diethylamino(methydate or so. Examples
of (meth)acrylate containing carboxyl group inclu@e(meth)acryloyloxy
ethyl phthalate, 2-(meth)acryloyloxy propyl phthidar so.

[0033]

In addition, monomer, (meth)acryl amide, vinytetate, styrene or so
including a hydroxyl group other than (meth)acrglasuch as monomer, vinyl
alcohol, N-methylol(meth) acryl amide or so incladi carboxyl group other
than (meth)acrylate, such as (meth)acrylic acidcanic acid or so, may be
copolymerized to acrylic polymer (A).

[0034]
In case when including the below described shlioking agent (G),

acrylic polymer (A) is preferable to include a furomal group, such as

-10 -



20130046
WP14013PCT/JP2014/063979

hydroxyl group, amino group, glycidyl group and lbaxyl group, which react
with crosslinking agent (G). Among all, acrylic poher (A) including
hydroxyl group is preferable; a production methdtereof is easy, and it
makes it easy to introduce cross linked structuyeubing crosslinking agent
(G). In addition, the acrylic polymer including adroxyl group is excellent
in compatibility with heat curable resin (B).

[0035]

In case when the functional group reacting withssiinking agent (G) is
introduced to acrylic polymer (A) by using a monamecluding the
functional group reacting with crosslinking agenG)( as the monomer
constituting acrylic polymer (A), a ratio of the momer, including the
functional group reacting with crosslinking age@)( with respect to weight
of all the monomers constituting acrylic polymer)(i& preferably around 1 to
20 wt%, and more preferably 3 to 15 wt%. By settithg@ constitutional unit
derived from the monomer including a functional gpo reacting with
crosslinking agent (G) in acrylic polymer (A) withithe above range, the
functional group reacting with crosslinking ager@@)(and said crosslinking
agent (G) are reacted forming a three dimensiorawnork structure; and thus
a crosslinking density of acrylic polymer (A) car heightened. Consequently,
the adhesive composition is capable of forming $hgle adhesive film or the
adhesive layer superior in shear strength can bwionéd. In addition, an
absorbent of the adhesive composition decreaseastlams, the semiconductor
device superior in package reliability can be obéal.

[0036]

The acrylic polymer (A) is preferably included ihet ratio of 50wt% or
more in the entire weight of the adhesive compositiwith such constitution,
acrylic polymer (A) shows preferable property whesed for the process of
simultaneous curing of the adhesive layer. Thisbecause, even when the

adhesive agent before curing is exposed to highpsrature, it can maintain

-11 -
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certain degree of hardness and wire bonding canavded out. That is, when
content of acrylic polymer (A) in the adhesive camsfion is relatively large,
even if it is before heat curing, the storage atast of the adhesive layer can
be maintained high. Therefore, even if the adhedaser is before cured or
semi-cured, vibration and displacement or so of ¢chg during wire bonding
can be suppressed, and thereby wire bonding capabbeed out stably. As
such, if content of acrylic polymer (A) is increasén order to secure the
process suitability, the amount of heat curablang8) decreases relatively.
Therefore, the curing may be insufficient; howetke adhesive composition
of the present invention is capable of bonding heat curable resin (B) and
the filler having the reactive double bond groupthe surface via the reactive
double bond; thus the insufficient curing can béved. The ratio of acrylic
polymer (A), with respect to weight of all adhesigemposition is preferably
around 50 to 90wt%, and more preferably 50 to 80w#écording to the first
invention, an effect of the package reliability ¢iie invention becomes
remarkable by setting the ratio of acrylic polym@k), having a weight
average molecular weight (Mw) of 500,000 or morethw the above range.
[0037]

(B) Heat curable resin including the reactiveutlile bond group

Heat curable resin (B) comprises the epoxymeasnd the heat curing
agent; and in the present invention, either ondath of the epoxy resin and
the heat curing agent comprises the reactive dobloled group. As for the
epoxy resin, there are epoxy resin (B1) comprisihg reactive double bond
group and epoxy resin (B1’) which does not compribe reactive double
bond group; and as the heat curing agent, therehaet curing agent (B2)
comprising the reactive double bond group and leaing agent (B2’) which
does not comprise the reactive double bond groupthke heat curable resin
(B) of the present invention, either one of the epoesin (B1) comprising the

reactive double bond group or heat curing agent) (@2nprising the reactive

-12 -
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double bond group is included as the essential aomept. Also, either one of
epoxy resin (B1) or epoxy resin (B1’) is included #he essential component;
and either one of heat curing agent (B2) or heainguagent (B2’) is included
as the essential component. Note that, if bothhaef ¢poxy resin and the heat
curing agent do not comprise the reactive doubladogroup, namely the
combination only of the component (B1l') and the gument (B2’) is
excluded.

[0038]

As the heat curable resin (B) comprises the rea&ctlouble bond group,
it has high compatibility with the acrylic polymg) and the following
described filler (C) compared to the heat curabésim which does not
comprises the reactive double bond group. In additia three dimensional
network structure is formed in the adhesive composi by causing an
additional polymerization of the reactive doublenblogroups in the adhesive
composition. Therefore, the adhesive compositionhef present invention has
improved reliability than the adhesive compositionly including the heat
curable resin which does not comprise the reactivable bond group as the
heat curable resin.

[0039]

The reactive double bond group is a functiomgoup having a
polymerizable carbon-carbon double bond; concretneples thereof include
vinyl group, allyl group, (meth)acryloyl group, (mgacryloxy group or so;
and the acryloyl group is preferable. Considerirgpwe, the reactive double
bond groups of the invention do not include unpoéymable double bond.
For instance, component (B) may include aromatngrihowever, unsaturated
structure of the aromatic ring is not the reactoeuble bond group of the
present invention.

[0040]
As for the epoxy resin (B1) having the reactive dmubond group, the

-13 -
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resin is preferable to include aromatic ring, sirsteength of the adhesive
agent after heat curing and heat resistance areawsa. Also, as the epoxy
resin (B1) having the reactive double bond group, éxample the compound
wherein a part of the epoxy group of the polyvalepbxy resin is converted
to the group including the reactive double bond ugromay be mentioned.
Such compound can be produced by carrying out aditi@mesh reaction of

acrylic acid to epoxy group. Alternatively, the cpaund wherein the group
including the reactive double bond group directbnbded to the aromatic ring
or so constituting the epoxy resin may be mentioned

[0041]

Here, as the epoxy resin (B1) having the reactivalde bond group, the
compound shown in the following formula (1), thengmound shown in the
following formula (2), or the compound obtained bgrrying out the addition
reaction of the acrylic acid to a part of the epayyup of the epoxy resin
(B1’) which does not comprise the unsaturated hgdrbon group which will
be described in the below, or so may be mentioned.

[0042]

[Chemical formula 1]

O OH

SN |
CH—CH> CHy*CR—CO0O—CH;~CH—CH>
) fha o §he ’
CHy O~©—C|)‘®~O—CH2—CH—CH2 OO?OO
CHs N CHs ... (1)

-14 -
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[0043]
(R is H- or CH-, nis an integer of 0 to 10)
[0044]

[Chemical formula 2]

O,x O/x O,x
S )\ Sy
Saiai®
o p X
H3C L CHs | | CHsy , . . (2)

(!)H o
[ Xis CHy"CR—COQO—CHy~CH—CHy— or CHo-CH—CHy—

[0045]

(X'is H- or CH-, n is an integer of 0 to 10)
[0046]

Note that, the epoxy resin (B1) having the reaetdouble bond group
obtained by the reaction between the epoxy resit’)(Brhich does not have
the reactive double bond group and the acrylic agidy be the mixture
between the unreacted material or the compoundhichvthe epoxy group is
completely consumed; however in the present inwvamtiit only needs to
substantially include the above mentioned compound.

[0047]

As for the epoxy resin (B1’) which does not havee tteactive double
bond group, conventionally known epoxy resin canused. As such epoxy
resin, specifically, polyvalent epoxy resin or tepoxy compound comprising
two or more functional groups in the molecule swshbiphenyl compound,
bisphenol A diglycidyl ether or the hydrogenatesrédof, cresol novolac
epoxy resin, dicyclopentadiene epoxy resin, bipHespoxy resin, bisphenol

A epoxy resin, bisphenol F epoxy resin, phenyleaekbone epoxy resin or so

-15 -
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may be mentioned. These may be used alone or bybgong two or more
thereof.
[0048]

The number average molecular weight of epoxy rgBih) and (B1’) are
not particularly limited; and in view of curabilitgf the adhesive agent, and
the strength and heat resistance after curing tdéesive agent, it is
preferably 300 to 30,000, more preferably 400 ta0D@, and particularly
preferably 500 to 3,000. Also, the content of tkaative double bond group in
total amount of the epoxy resin [(B1) + (B1’)] is10to 1,000mol, preferably 1
to 500mol and more preferably 10 to 400mol withpest to 100mol of the
epoxy group in total amount of the epoxy resin.

[0049]

The heat curing agent functions as the curagent against the epoxy
resin (B1) and (B1’). According to the inventiontheer one of or both of heat
curing agent (B2) which has the reactive double dgnoup and heat curing
agent (B2’) which does not have the reactive doui@d group are used as
the heat curing agent. If the epoxy resin consaft@poxy resin (B1’) which
does not have the reactive double bond group, baeang agent (B2) which
has the reactive double bond group is used as aaen¢i®l component. If the
epoxy resin includes the reactive double bond graither one of or both of
heat curing agent (B2) and heat curing agent (B20) be used.

[0050]

The heat curing agent (B2) having the reacdeeble bond group is the
heat curing agent including a polymerizable carlwambon double bond. The
reactive double bond group includes preferably Vimgyoup, allyl group,
(meth)acryloyl group, (meth)acryloxy group or sondamore preferably
methacryloyl group. In addition, heat curing age(®2) includes the
functional group reactive to the epoxy group, irddobn to the above reactive

double bond group. Examples of the functional groupactive to the epoxy
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group may include preferably phenolic hydroxy grougcoholic hydroxy
group, amino group, carboxyl group, acid anhydradeso; and among all, the
phenolic hydroxy group, the alcoholic hydroxy groapd the amino group are
more preferable, and the phenolic hydroxy grouphies most preferable.
[0051]

As for the heat curing agent (B2) including theacgve double bond
group, for example, the compound wherein a parthefhydroxyl group of the
phenol resin being substituted by the group inchgdihe reactive double bond
group, or the compound wherein the group including reactive double bond
group is directly bonded with the aromatic ringtae phenol resin or so may
be mentioned. Here, as the phenol resin, the navphenol resin shown in the
following formula (chemical formula 3), dicyclopeadiene phenol resin
shown by (chemical formula 4), and the polyvalettepol resin shown by
(chemical formula 5) may be mentioned; and pariaciyl novolac phenol resin
is preferable. Therefore, as the heat curing agé®®2) including the
unsaturated hydrocarbon group, for example, thepmmd wherein a part of
the hydroxyl group of the novolac phenol resin lgegubstituted by the group
including the unsaturated hydrocarbon group, or tkenpound wherein the
group including the unsaturated hydrocarbon graugirectly bonded with the
aromatic ring of the novolac phenol resin or so nb@ymentioned.

[Chemical formula 3]

[Chemical formula 4]

217 -
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[Chemical formula 5]

OH

[0052]

As particularly preferable example of the heat ngriagent (B2) having
the reactive double bond group, the structure wimettbe reactive double
bond group is introduced in a part of the repeatimgt comprising the phenol
hydroxyl group as such as the following formula ,(&nd the compound
including the repeating unit comprising the groupcluding the reactive
double bond group such as the following formula ¢b)c) may be mentioned.
Particularly preferable heat curing agent (B2) mayvthe reactive double bond
group includes the repeating unit of the followirfgrmula (a) and the
following formula (b) or (c).

[0053]

[Chemical formula 6]

-18 -
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LY W

[0054]
(“n” in the above formula is 0 or 1.)
[0055]

[Chemical formula 7]

O-R™XA OH
2 T (b CH; T
nk/ I’]K¢\/J . (C)
RIXA

[0056]

(In the formula, “n” is 0 or 1, “R is hydrocarbon group having carbon
atoms of 1 to 5, which may include the hydroxyl gpo “X” is “-O-" or
“NR?-", in which “R?®" is hydrogen or methyl, or “B” is a single bond. “A”
is a (meth)acryloyl group.)

[0057]

The phenolic hydroxyl group included in the eaping unit (a) is a
functional group reactive with epoxy group, and dtions as the curing agent,
curable by reacting with the epoxy group of thexgpoesin during heat curing
of the adhesive composition. The reactive doubladogroups included in the
repeating units (b) and (c) improve compatibilityy acrylic polymer (A) and
heat curable resin (B), and also form a three disn@mal network in the
adhesive composition by an additional polymerizatmf the reactive double

bond groups. As a result, the cured product of Htdhesive composition

-19 -



20130046
WP14013PCT/JP2014/063979

becomes tough, which improves reliability of thehadive agent. In addition,
the reactive double bond groups included in theeegmg units (b) and (c)
have an effect to lower adhesiveness between thHeesde layer and the
support by polymerization curing during an ener@y curing of the adhesive
composition. The ratio of the repeating unit shownthe above formula (a) in
the heat curable resin (B2) is 5 to 95 mole%, mpmeferably 20 to 90 mole%,
and the most preferably 40 to 80 mole%; a ratioha&f repeating unishown by
the above formulas (b) and (c) in total is 5 torA6le%, more preferably 10 to
80 mole%, and the most preferably 20 to 60 mole%.

[0058]

As heat curing agent (B2’) which does not halve reactive double bond
group, a compound having two or more functionalup® reactive with epoxy
group in a molecule can be exemplified. Exampleswéh functional groups
include phenolic hydroxy group, alcoholic hydroxyogp, amino group, a
carboxyl group, an acid anhydride or so; among #ie phenolic hydroxy
group, the amino group and the acid anhydride arefgpable, and the
phenolic hydroxy group and the amino group are thest preferable.
Hygroscopic of adhesive layers, including heat ngragent (amine based heat
curing agent) having the amino group, becomes highan that of adhesive
layers, including a heat curing agent (phenol balsedt curing agent) having
the phenolic hydroxy group; and thus, adhesiven@sshe adhesive layers
under the heat and humidity conditions greatly losveNhile adhesive layers,
including the phenol based heat curing agent shayh lwet heat resistance;
and thus, adhesiveness to the adhesive layers uthdeheat and humidity
conditions lowers in small amount. Thus, as heating agent (B2’), a
compound including two or more phenolic hydroxy gps reactive with
epoxy group is a molecule is preferable.

[0059]

As the specific examples of the phenolic curingemty polyvalent
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phenol resin, biphenol, novolac phenol resin, dlopentadiene phenol resin,
aralkyl phenol resin or so may be mentioned. As gpecific examples of the
amine curing agent, DICY (dicyandiamide) may be t@med. These may be
used alone or two or more may be combined.

[0060]

The number average molecular weight of the @&bbeat curing agent
(B2) and (B2’) is preferably 40 to 30,000, more f@mrably 60 to 10,000, and
the most preferably 80 to 3,000.

[0061]

The content amount of the above heat curingnegg§(B2) and (B2)] in
the adhesive composition, with respect to 100 phytsveight of epoxy resin,
is preferably 0.1 to 500 parts by weight and moreferably 1 to 200 parts by
weight. In addition, a content amount of the heatimg agents [(B2) and
(B2')] is preferably 5 to 50 parts by weight, andorme preferably 10 to 40
parts by weight, with respect to 100 parts by weighacrylic polymer (A).
By setting the content amounts of heat curing agemtthe adhesive
composition and in acrylic polymer (A) within theb@ave range, package
reliability becomes superior.

[0062]

The ratio of heat curable resin (B) (a totalepioxy resin and heat curing
agent [(B1) + (B1’) + (B2) + (B2’)]), with respedb a total weight of the
adhesive composition, is preferably less than 5% wnore preferably 1 to 30
wt%, and further preferably 5 to 25 wt%. Further,the adhesive composition,
with respect to 100 parts by weight of acrylic pmlgr (A), heat curable resin
(B) is included within a range of preferably 1 past weight or more and less
than 100 parts by weight, more preferably 3 to @dtp by weight, and further
preferably 3 to 40 parts by weight. If the contambount of heat curable resin
(B) is excessively low, sufficient adhesiveness m@nbe obtained, while if

excessively high, releasing strength between thbaeaive layer and the

-21 -



20130046
WP14013PCT/JP2014/063979

support becomes high, causing pickup deficiency.
[0063]

(C) Filler having the reactive double bond gpahereon

Filler (C) having the reactive double bond them is not particularly
limited, as long as it includes a reactive doublentd group thereon. The
reactive double bond group is preferably vinyl gpouallyl group,
(meth)acryloyl group or (meth)acryloxy group.

[0064]

The above described filler is preferably suddaceated by a compound
including the reactive double bond group.
[0065]

As material of the filler (untreated filler), sila¢ alumina, calcium
carbonate, calcium silicate, magnesium hydroxidéymanum hydroxide,
titanium oxide, carbon black, talc, mica, or clay ® may be mentioned.
Among these, silica is preferable. The silanol groincluded in silica
effectively acts on the binding between the silaoepling agent.

[0066]

The filler having the reactive double bond group the surface is
obtained, for example, by surface treating the scefof the untreated filler by
the coupling agent comprising the reactive douldadgroup.

[0067]

The coupling agent having reactive double bogdoups is not
particularly limited. As for the coupling agent, rfanstance, the coupling
agent including vinyl group, the coupling agent luding styryl group, and
the coupling agent including (meth)acryloxy groupe asuitably used. The
above coupling agent is preferably the silane cowuphgent.

[0068]
As for the above coupling agent, specificallyinyltrimethoxysilane,

vinyltriethoxysilnae, p-styryltrimethoxysilane,
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3-methacryloxypropyldimethoxysilane,
3-methacryloxypropyltrimethoxysilane, 3-methacryypxopyltriethoxysilane,
3-methacryloxypropylmethyldiethoxysilane,
3-acryloxypropyltrimethoxysilane, or so may be mened. Commercial
products thereof are KBM-1003, KBE-1003, KBM-1408BM-502 and
KBM-503, KBE-502, KBE-503, KBM-5103, all made by ®hetsu Chemical
Co., Ltd., may be mentioned.

[0069]

The surface treating method of the above merad filler by the
coupling agent is not particularly limited. As fohe method, there may be
mentioned a dry method in which untreated filleradded to a mixer, which
enables a high-speed rotation such as Henschelrnuxe/-type mixer, and
then, while stirring, the coupling agent is adderkdtly thereto or added after
dissolved and dispersed in an alcohol solution, aaganic solvent or an
aqueous solution. Further, the direct treating mdthsuch as the slurry
method wherein the coupling agent is added in therg of the untreated
filler or the spray method providing the spray adetcoupling agent after the
untreated filler is dried or so; and the integrérd method or so wherein the
untreated filler and the acrylic polymer are bleddehen preparing the above
mentioned composition, and directly adding the doup agent when mixing
may be mentioned.

[0070]

The lower limit of the preferable amount of the pting agent for
surface treating 100 parts by weight of the abowntioned untreated filler is
0.1 parts by weight, and the preferable upper limil5 parts by weight.
[0071]

Although an average particle diameter of thewsbfiller according to the
first invention is not particularly limited, it ipreferably within a range of

0.01 to 2um. If the average particle diameter of the fillex within such
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preferable range, adhesiveness can be exhibitetiowit losing lamination
property to the adherend. Further, specially, inecwhen the chip is placed on
the adherend, such as the circuit board or oth&p,aleliability improvement
effect of the adhesive composition of the inventisnremarkably shown.
According to the first invention, when the averagarticle diameter of the
filler is more than 0.gm and 2um or less, surface conditions of a single layer
adhesive film or an adhesive sheet of the inventmay deteriorate and
lamination property to the adherend may become ndrowever, with the use
of the acrylic polymer (A) having a weight averagelecular weight of
500,000 or more, viscosity of the adhesive compositimproves, and
consequently, prevents lamination property to tdbeexend from lowering. If
the above average particle diameter is ovem2 surface conditions of the
single layer adhesive film or the adhesive sheettloé invention may
deteriorate, lamination property to the wafer magtetiorate, and an in-plain
thickness of the adhesive layer may disperse. Nloa¢ the above “the average
particle diameter” is obtained by a particle sizsetdbution meter (made by
Nikkiso Co., Ltd.; Name of the device: Nanotrac 156ing a dynamic light
scattering method (The same hereinafter).

[0072]

Average particle diameter of the above filler acbog to the second
invention is within a range of 0.01 to Qu@. If the average particle diameter
of the filler is within the above described rangadhesiveness can be
exhibited without losing lamination property to thadherend. Further,
specially, in case when the chip is placed on ttieesiend, such as the circuit
board or other chip, reliability improvement effeaf the adhesive
composition of the invention is remarkably showi. the above average
particle diameter is excessively large, there mageayate defects: the surface
condition of the sheet may deteriorate; an in-plehickness of the adhesive

layer may disperse; and shear strength of the cpreducts of the adhesive
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composition may decrease; and so on. By settingatterage particle diameter
of the filler of the second invention within the ake range, reliability
improvement effect of the adhesive compositionamarkably shown; this is
assumed by the following reason. If the particlardeter of the filler is large,
the structure formed by components other than therffilling gaps between
the fillers also becomes large. Cohesion propertyth® components other
than the filler is lower than the same of the filléf the structure formed by
components other than the filler is large, a fraetugenerated to the
components other than the filler might spread wyd&Vhile the filler is fine
in size, the structure formed by components othantfiller also becomes fine.
In this case, the filler taken into said fine stiwre prevent progression of the
fracture, even when the fracture is generated eodbmponents other than the
filler. Consequently, there is a tendency of thacture not to spread. In
addition, in the invention, the reactive double Hogroup of methacryloxy
group or so included in the filler and the reactideuble bond group of Bl
component or so included in the components othantthe filler are capable
to form bond. If the filler is fine in size, conta@reas of the filler and
components other than the filler become large. @guently, bonds between
the filler and B1 component tend to increase.

[0073]

The above filler (C), having the reactive doaildond groups on surface
thereof, are superior in affinity with acrylic paoher (A) and heat curable
resin (B), and is capable of uniform dispersiorthe adhesive composition.
[0074]

The above filler (C), with respect to a totakight of the adhesive
composition, is preferably less than 50 wt%, moreferably 1 to 30 wt%, and
further preferably 5 to 25 wt%. Further, with resp& 100 parts by weight of
acrylic polymer (A) and heat curable resin (B), d®ove filler (C) is included

within a range of preferably 5 parts by weight ooma and less than 100 parts
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by weight, more preferably 8 to 60 parts by weigdmd further preferably 10
to 40 parts by weight. If an amount of the abovkefiis excessively high,
lamination property to the wafer or adhesivenessthie support may be
deteriorated; while when excessively low, effecttloé filler addition may not
be sufficiently exhibited.

[0075]

If the adhesive layers include the filler (Cjtlwn such range, even when
the adhesive layers are uncured or semi-cured, adltesive layers show an
elastic modulus having enough durability for thebnation during wire
bonding. Thus, vibration and displacement of chgasing wire bonding do
not occur, so that the wire bonding can be safedyfgrmed, enhancing the
effect of the invention.

[0076]

Other components

The adhesive composition may include the follmgv components in
addition to the above components.

(D) The photopolymerization initiator

The adhesive composition is preferable to includehe t
photopolymerization initiator. Inclusion of the piogpolymerization is, in case
when using the adhesive sheet of the inventioniasd and die bonding sheet,
laminating the sheet to the wafer, and irradiatiitraviolet ray before the
dicing step, capable of causing reaction betwees dactive double bond
groups included in heat curable resin (B) and fi€) leading to a pre-curing
thereof. By performing pre-curing, lamination propeto the wafer becomes
superior since the adhesive layers are relativelffesied before curing, and
the sheet shows an appropriate hardness duringg@iand that an attachment
of the adhesive agent to a dicing blade and otmeblems can be suppressed.
In addition, it becomes possible to control rele@sproperty of an interface

of the support (the resin film or the sticky shear)d the adhesive agent.
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Further, hardness of pre-cured state becomes hitjilagr that of uncured state,
thus, the pre-cured state improves stability dunwige bonding.
[0077]

As for the photopolymerization initiator (D), berfdoenon, acetophenon,
benzoin, benzoinmethylether, benzoinethylether, ziémsopropylether,
benzoinisobutylether, benzoin bezoic acid, benzowethyl benzoic acid,
benzoindimethylketal, 2,4-diethylthioxanthone,
a-hydroxycyclohexylphenylketone, benzyldiphenylsdHi
tetramethylthiurammonosulfide, azobisisobutylnietil benzyl, dibenzyl,
diacetyl, 1,2-diphenylmethane, 2-hydroxy-2-methy[4t(1-methylvinyl)
phenyl]propanone, 2,4,6-trimethylbenzoildiphenylgpbinoxide,
B-chloranthraquinone or so may be mentioned. The t@h@ymerization
initiator (D) may be used alone or by combining taromore.

[0078]

In case of using photopolymerization initiator (Dthe blending ratio
thereof may be determined accordingly based on tttal amount of the
reactive double bond group of the filler surfacedamnhe unsaturated
hydrocarbon group of the heat curable resin. Altpouit is not limited thereto,
for example, with respect to total 100 parts by gigiof heat curable resin (B)
and filler (C), photopolymerization initiator (Dyiusually 0.1 to 10 parts by
weight, and preferably 1 to 5 parts by weight. Ihet content of
photopolymerization initiator (D) is less than thbove mentioned range, a
sufficient reaction may not be obtained due to thaesufficient
photopolymerization, and if it exceeds the aboventramed range, the residue
which does not contribute to the photopolymerizatie generated, and the
curability of the adhesive composition may be irfsuént.

[0079]

(E) Curing accelerator

Curing accelerator (E) is used to regulate curipges of the adhesive
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composition. As for the preferable curing accelerattertiary amines

including  triethylenediamine, benzyldimethylamine,triethanolamine,

dimethylaminoethanol, tris(dimethylaminomethyl)ploénor so; imidazoles

including 2-methylimidazole, 2-phenylimidazole,
2-phenyl-4-methylimidazole, 2-phenyl-4,5-dihydroxgthylimidazole,

2-phenyl-4-methyl-5-hydroxymethylimidazole or so;rganic phosphines
including tributylphosphine, diphenylphosphine, ptienylphosphine or so;
tetraphenylboron salt including tetraphenylphosphbartetraphenylborate,
triphenylphosphinetetraphenylborate or so, may mtoned. These may be
used alone or by combining two or more thereof.

[0080]

In case of using curing accelerator (E), widgspect to 100 parts by
weight of heat curable resin (B) in total [(B1)+(B#4(B2)+(B2’)], said curing
accelerator (E) is included in an amount of prebdya0.01 to 10 parts by
weight, and more preferably 0.1 to 1 parts by weidy including the curing
accelerator (E) in the amount of the above mentidomange, even if it is
exposed under high temperature high humidity, acedent adhesiveness can
be exhibited, and also even if it is exposed toaash reflow condition, the
high package reliability can be attained. If thentant of the curing
accelerator (E) is too small, a sufficient adhesolearacteristic cannot be
obtained due to the insufficient curing, and ifig too much, the curing
accelerator having high polarity moves in the adheslayer towards the
adhesive boundary side at high temperature highidiirad condition, and
segregates thereby lowers the package reliability.

[0081]
(F) Coupling agent

Cupling agent (F) includes the functional grongactive with inorganics
and the functional group reactive with an organundtional group; thus,

coupling agent (F) can be used to improve lamimatiproperty and
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adhesiveness to the adherend of adhesive layenshé with the use of a
coupling agent (F), water resistance property ofeduproduct obtained by
curing adhesive layers can be improved without ngsiheat resistance
property thereof.

[0082]

As for the coupling agent (F), silane coupling agenpreferable. Such
coupling agent includes the low molecular silanemlong agent having 2 or 3
alcoxy groups such as vy-glycidoxypropyltrimethoxysilane,
v-glycidoxypropyltriethoxysilane, y-glycidoxypropylmethyldiethoxysilane,
B-(3,4-epoxycyclohexyl)ethyltrimethoxysilane,
v-(methacrylopropyl)trimethoxysilane, y-aminopropyltrimethoxysilane,
N-6-(aminoethyl)y-aminopropyltrimethoxysilane,
N-6-(aminoethyl)y-aminopropylmethyldiethoxysilane,
N-phenyly-aminopropyltrimethoxysilane, y-ureidepropyltriethoxysilane,
y-mercaptopropyltrimethoxysilaney-mercaptopropylmethyldimethoxysilane,
methyltrimethoxysilane, methyltriethoxysilane, vitrymethoxysilane, or so;
the low molecular silane coupling agent having 4oaly groups such as
tetramethoxysilane, tetraethoxysilane or SO;
bis(3-triethoxysilylpropyl)tetrasulfane, vinyltri@toxysilane, imidazolsilane
or so. In addition, oligomer type compounds of censled product, formed by
hydrolysis and dehydration condensation of the mjcgroup included in the
low molecular silane compound having 2 or 3 alcaxpups and in the low
molecular silane coupling agent having 4 alcoxyup®, are exemplified as
the coupling agent. Particularly, among the abows Imolecular silane
coupling agent, the oligomer of the condensed coumgoformed by the
dehydration condensation of the low molecular sél@ompound having 2 or 3
alcoxy groups and the low molecular silane compobading 4 alcoxy groups
has good reactivity of the alcoxy group and hasfisigfnt number of the

organic functional group thus it is preferable, fexample, oligomer of the
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copolymer of 3-(2,3-epoxypropoxy)propylmethoxysibme and
dimethoxysiloxane may be mentioned. These may bedualone or by
combining two or more. In addition, among thesecampound having the
group reactive with the functional group includedsiuch as the above acrylic
polymer (A) and heat curable resin (B).

[0083]

When using the coupling agent (F), the coupling rdg@) is included
usually 0.1 to 20 parts by weight, preferably 00210 parts by weight, and
more preferably 0.3 to 5 parts by weight with restpto total 100 parts by
weight of acrylic polymer (A) and heat curable mregB). If the content of
coupling agent (F) is less than 0.1 parts by weigihe above mentioned effect
may not be obtained, and if it exceeds 20 partsveyght, then it may cause
volatile gas.

[0084]
(G) Crosslinking agent

In the adhesive composition, in order to regulate initial adhesive
force and the cohesion of the adhesive layer, tlisslinking agent (G) can be
added. Note that, when blending the crosslinkingrag said acrylic polymer
(A) includes the functional group which reacts witte crosslinking agent. As
for the crosslinking agent (G), organic polyvaleistocyanate compound,
organic polyvalent imine compound or so may be rargd.

[0085]

As for the above mentioned organic polyvalent istgte compound, the
aromatic polyvalent isocyanate compound, aliphgimyvalent isocyanate
compound, alicyclic polyvalent isocanate compoumd ahe trimer of these
organic polyvalent isocyanate compound, and an &srdninal isocyanate
urethane prepolymer or so obtained by reacting éhesganic polyvalent
isocyanate compound and polyol compound can be imead.

[0086]
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As for the organic polyisocyanate compoundg-@dlylene diisocyanate,
2,6-tolylene  diisocyanate, 1,3-xylylene  diisocyamat 1,4-xylylene
diisocyanate, diphenylmethane-4,4’-diisocyanate,
diphenylmethane-2,4’-diisocyanate, 3-methyldiphengthane diisocyanate,
hexamethylene diisocyanate, isophorone diisocygnate
dicyclohexylmethane-4,4'-diisocyanate,
dicyclohexylmethane-2,4'-diisocyanate, trimethylmlpane adduct
tolylenediisocyanate, lysine isocyanate or so mayrentioned.

[0087]

In case of using the isocyanate based crosslinkaggnt, as for the
acrylic polymer (A), it is preferable to use thedmgxyl group containing
polymer. If the crosslinking agent comprises theciganate group and the
acrylic polymer (A) comprises the hydroxyl groupetreaction between the
acrylic polymer (A) and the crosslinking agent miake place, thereby the
crosslinking structure can be easily introduceditite adhesive agent.

[0088]

As for the organic polyimine compounds,
N,N’-diphenylmethane-4,4’-bis(1-aziridinecarboxyais),
trimethylolpropane-trig-aziridinyl propionate,
tetramethylolmethane-tifi-aziridinyl propionate,
N,N’-toluene-2,4-bis(1l-aziridinecarboxyamindo)tigtenemelamine or so
may be mentioned.

[0089]

In case of using the crosslinking agent (G), thesstinking agent (G) is
used in the ratio of usually 0.01 to 20 parts byigi, preferably of 0.1 to 10
parts by weight, more preferably of 0.5 to 5 pdrisweight with respect to
100 parts by weight of acrylic polymer (A).

[0090]

(H) Enerqgy ray polymerizable compound
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In the adhesive composition, the energy ray polymedsle compound
may be blended. The energy ray polymerizable compo(H) includes the
energy ray polymerizable group; and polymerizes antes when the energy
ray such as ultraviolet ray, electron beam or s iaradiated. As for energy
ray polymerizable compound (H), trimethylolpropatreacrylate,
pentaerythritol-triacrylate, pentaerythritol-tetcaglate, dipentaerythritol
monohydroxy-pentaacrylate, dipentaerythritol hexgtate or 1,4-butylene
glycol diacrylate, 1, 6-hexanediol diacrylate, pellgylene glycol diacrylate,
oligoester acrylate, urethane acrylate based oliggmpoxy modified acrylate,
polyether acrylate, acrylate based compounds sscihaaonic oligomer or so
may be mentioned. Such compound includes at least polymerizable
carbon-carbon double bond in a molecule; and nolynakeight average
molecular weight is 100 to 30,000, preferably 3@01t0,000. If energy ray
polymerizable compound (H) is used, a compound amainereof is not
particularly limited; however, it is preferably usevithin the ratio of around 1
to 50 parts by weight, with respect to 100 partswmjight of the total amount
of the adhesive composition on the solid basis.

[0091]

(1) Thermoplastic resin

The adhesive composition may include polymer othhban acrylic
polymer (A). As such polymer, the thermoplasticine§l) may be used. The
thermoplastic resin (1) is blended in order to ntain flexibility of the
adhesive layer after curing. As for the thermoplasesin (), it is preferable
to have the weight average molecular weight of 0,80 100,000, and more
preferably 3,000 to 80,000. By comprising the theptastic resin (I), the
layer releasing between the support and the adkesiyer can be carried out
easily during the pickup step of the semiconducthip, and further the
adhesive layer follows roughness of the circuit tiband enables to suppress

generation of voids or so.
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[0092]

Glass transition temperature of heat curable réBims preferably within
-30 to 150 °C, and more preferably -20 to 120 °@.clase when glass
transition temperature of thermoplastic resin @)too low, releasing strength
between adhesive layers and support becomes landensay cause pickup
deficiency; while when too large, adhesive forceifg wafer may become
insufficient.

[0093]

As for thermoplastic resin (I), polyester resurethane resin, phenoxy
resin, polybutene, polybutadiene, polystyrene omsay be mentioned. These
may be used alone or by combining two or more.

[0094]

In case of using thermoplastic resin (I), the blemdamount thereof is
preferably within the range of 1 to 300 parts byigi#, more preferably 2 to
100 parts by weight with respect to total 100 palbts weight of acrylic
polymer (A) and heat curable resin (B). If contaitthe thermoplastic resin
(1) is within this range, the above mentioned effean be obtained.

[0095]

(J) Other inorganic fillers

Also, in the adhesive composition, other than thevwe mentioned filler
(C), the inorganic filler (J) may be blended as tHker which does not have
the reactive double bond. As for the inorganiceillthe powder of silica, talc,
calcium carbonate, titanium white, indian red, soln carbide, boron carbide
or so; the beads of made by spheroidizing theggglsicrystal fiber and glass
fiber or so may be mentioned.
[0096]

(K) General additives

In the adhesive composition, other than the abowntwned, various

additives may be blended if needed. As for suchouwes additives, plasticizers,
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antistatic agents, antioxidants, pigments, colosingettering agents or so may
be mentioned.

[0097]

(The adhesive sheet)

The adhesive layers made by adhesive compostiocluding each
component above show adhesiveness, such as hesitiseradhesiveness and
pressure-sensitive adhesiveness, and thermosetirogperty. If adhesive
layers show pressure-sensitive adhesiveness, itbeapressed and laminated
to adherend when in uncured state. Further, if adlee layers show
heat-sensitive adhesiveness, the adhesive layerbeaheated and laminated
when pressing to adherend. “Heat-sensitive adhe®isg” in the invention
defines that there is no pressure-sensitive adleesiss at normal temperature;
while it is capable to adhere to adherend when da@nd softened. Also, as
the filler is uniformly dispersed in the adhesivayér, even at high
temperature for adhering the semiconductor chip aadying out the wire
bonding, the adhesive layer has only little defotima;, and the wire bonding
can be carried out stably. Further, after goingotlgh the heat curing, at the
end, a cured product having high impact resistanae be provided, has
excellent shear strength, and sufficient adhesivearacteristic can be
maintained even under harsh high temperature higmidified condition. In
case the photopolymerization initiator (D) is indkd, it comprises the energy
ray curable property, and the pre-curing can beiedrout by irradiating the
energy ray before the thorough curing. Due to the-quring, the hardness of
the adhesive layer increases, and the stabilityindurthe wire bonding
improves.

[0098]

The adhesive sheet may be the adhesive film ofsthgle layer in which

the above mentioned adhesive composition is made m film; however

preferably it is the adhesive sheet wherein theeadle layer comprising the

-34-



20130046
WP14013PCT/JP2014/063979

above mentioned adhesive composition is formed be support in a
releasable manner. Particularly, shear strengththef single adhesive film

made by the adhesive composition according to theosd invention, after

curing at 250°C, is preferably 60N/5mfl or more, more preferably

70N/5mn1] to 150N/5mnid, further preferably 80N/5mm to 120N/5mnid.
In addition, shear strength of the adhesive shhatjing the adhesive layer

made by the adhesive composition according to theosd invention, after
curing at 250°C, is preferably 60 N/5mm or more, more preferably

70N/5mn1d to 150N/5mnid, further preferably 80N/5Smf to 120N/5mnid.
[0099]

Hereinafter, taking an example of the adhessleet in which the
adhesive layer is releasably formed on the supptstpreferred embodiment
and a use embodiment are described. In case whieg tise adhesive sheet in
which the adhesive layer is releasably formed oae slupport, the adhesive
layer is laminated to the adherent, such as wafkip or so, the support is
released, the adhesive layer is transferred toatflleerent. Formation of the
adhesive sheet of the invention can be varied likkialds, such as a tape form.
The support can be a resin film without a tuck be surface thereof, and can
be the sticky sheet in which the sticky agent laigeprovided on a resin film.
[0100]

As for the resin film used for the support betresin sheet, for example,
a transparent film such as polyethylene film, polypylene film, polybutene
film, polybutadiene film, polymethylpentene film,olyvinyl chloride film,
vinyl chloride copolymer film, polyethylene telegtalate film,
polyethylenenaphthalate film, polybutyleneteleph#ta film, polyurethane
film, ethylene acetate vinyl copolymer film, ionomeresin film,
ethylene/(meth)acrylate copolymer film, ethyleneéfim) acrylate ester
copolymer film, polystyrene film, polycarbonaterfi|] poly imide film or so,

or a crosslinking film of these transparent film ynee mentioned. Also, it
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may be a multistacked film thereof. Further, theloced film thereof and
non-transparent film or so can be used.
[0101]

The adhesive sheet of the present invention is nat®d on various
adherends, the predetermined processes are perfotmme¢éhe adherend, and
then the adhesive layer is released from the suppbile the adhesive layer is
transferred to the adherend. That is, the adhesine®t is used in the processes
including the step of transferring the adhesiveelato the adherend from the
support. Therefore, the surface tension of the sidatacting the adhesive
layer of the support is preferably 40mN/m or lesmre preferably 37mN/m or
less, and particularly preferably 35mN/m or leskeTower limit is generally
around 25mN/m. The resin film with such relativeavisurface tension can be
obtained by appropriately selecting the materiaid aalso by coating the
releasing agent to the surface of the resin filimattis, by performing the
releasing treatment.

[0102]

As for the releasing agent used for the releasmgtment of the resin
film, releasing agents such as alkyd base, silicdrese, fluoride base,
unsaturated polyester base, polyolefin base, waelma so may be mentioned,
among these, from the point of view of comprisinigetheat resistance
property, the releasing agents such as the alkygk bailicone base, fluoride
base are preferable.

[0103]

In order to carry out the releasing treatment te surface of the resin
film using the above releasing agent, the releasiggnt is coated as it is with
no solvent included or under the condition beindutid by the solvent or
emulsified condition, using the gravure coater, tMayer bar coater, the air
knife coater, roll coater or so. Then the resimfitoated with the releasing

agent is cured by setting to the room temperaturéhe heating temperature,
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or by irradiating electron beam or ultraviolet r&8urface tension of the resin
film may be adjusted by a wet lamination or dry laation, a heat melting
lamination, a melt extrusion lamination, a coextoaunsprocess or so.

[0104]

If the sticky sheet is used as the supportd sticky sheet may be used as
a dicing sheet. The dicing sheet includes the gstiagent layer on the resin
film such as described in the above, and on thekgtiagent layer, said
adhesive layer is stacked in a releasable manneeréffore, the sticky agent
layer of the dicing sheet can be constituted frame known sticky agent
having releasable property; and the sticky ageniltfviolet ray curable type,
heat foaming type, water swelling type, and wealhemive type can be
selected; thereby the releasing of the adhesiverlagn be made easy.

[0105]

In addition, the adhesive sheet may be shapegrkliminary punching
the support and the adhesive layer to a shape atpnvto that of the adherent,
such as semiconductor wafer or so. Particularlg, gshpport and the multilayer
body made by the adhesive layer is preferably retdion a long releasing
film.

[0106]

The thickness of the support is usually 10 to |p@0 preferably 15 to
300um, and particularly preferably 20 to 2ofd or so. If the support is the
sticky sheet, the layer made from the sticky agergenerally 1 to 50m or so
in the thickness of the support. Also, the thickned the adhesive layer is
usually 2 to 50Qm, preferably 6 to 300dm, and particularly preferably 10 to
150um or so.

[0107]

The production method of the adhesive sheet ispasticularly limited,

and in case the support is the resin film, the &i\hee composition is pasted

and dried on the resin film to form the adhesivgelg thereby it may be
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produced. Also, the adhesive sheet may be produlegdproviding the
adhesive layer on other releasing film, and transhg this to above
mentioned resin film or sticky sheet.

[0108]

Note that, before using the adhesive sheet, in rorae protect the
adhesive layer, the releasing film may be stackedtbe surface of the
adhesive layer. As the releasing film, those of eththe releasing agent such
as silicone resin or so are coated on the plastiatemal such as
polyethylenetelephthalate film or polypropyleneniilor so is used. Also, at
the outer peripheral part of the surface of theemibhe sheet, additional sticky
agent layer or the sticky tape may be providedricheo to fix other jigs such as
ring flame or so.

[0109]

Next, in regards with the method of use of the a&ihe sheet according
to the present invention, it will be explained tagithe case of using the
adhesive sheet to the production of the semicormtudevice as an example.
[0110]

(Production method of the semiconductor device)

Hereinafter, the production method of the semicartdu device
according to the present invention will be descdbd&he first production
method of the semiconductor device according to firesent invention
includes the steps of; adhering the adhesive lafethe adhesive sheet on a
semiconductor wafer, dicing said semiconductor wafed the adhesive layer,
thereby obtaining a semiconductor chip, releasihg semiconductor chip
from the support while the adhesive layer is tremséd to backside of said
semiconductor chip, and adhering said semiconductoip on a die pad
portion of organic circuit board or lead frame ar other semiconductor chip
via said adhesive layer.

[0111]
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In the first production method of the semiconducti@vice according to
the present invention, first, the semiconductor evais prepared wherein the
circuit is formed on the frontside and the backsides been ground.

[0112]

The semiconductor wafer can be silicon wafer, omay be a compound
semiconductor wafer such as galliaresenic. The circuit is formed in the
wafer frontside by various methods including theneentionally widely used
method such as an etching method, a lift off metbodo. Next, the opposite
side (backside) of the circuit face of semiconducwoafer is ground. The
grinding method is not particularly limited, andntay be ground by known
means such as grinder or so. When carrying out lthekside grinding, in
order to protect the circuit on the frontside, dtecky sheet so called surface
protection sheet is laminated to the circuit suefathe backside grinding is
carried out by fixing the circuit face side of theafer (that is the surface
protection sheet side) to the chuck table or sal @ren the backside which is
not formed with the circuit is ground. The thicksesfter the wafer grinding is
not particularly limited, however usually it is 20 50Qum or so.

[0113]

Next, the ring frame and the backside of the semdextor wafer are
placed on the adhesive layer of the adhesive sheebrding to the present
invention, and then lightly pressed; thereby thenem®nductor wafer is fixed.
Next, in case the photopolymerization initiator (8)blended to the adhesive
layer, the energy ray is irradiated to the adhesayeer from the support side,
and the reactive double bond group in heat curabsen (B) and in filler (C)
are reacted and cured; thereby the cohesion ofatleesive layer is increased
and the adhesive force between the adhesive laygittae support is made low.
As for the energy ray being irradiated, the ultidet ray (UV), or the electron
beam (EB) or so may be mentioned; and preferabéyuliraviolet ray is used.

Next, by using blade dicing method using dicing sdaser dicing method
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using laser beam or so, the above mentioned serdiodtor wafer is cut and

the semiconductor chip is obtained. The depth &f ¢at, when dicing saw is
used, is determined considering the total of thekihess of the semiconductor
wafer and the thickness of the adhesive layer, als® the abrasion of the
dicing saw; and the adhesive layer is also cuthses dame size as the chip.
Note that, the energy ray irradiation may be catro@it any time between after
the semiconductor wafer is laminated and before sbmiconductor chip is

released (pickup); and for example, it may be earout after the dicing and
it may be carried out after the following describexlpanding step. Further,
the energy ray irradiation can be carried out iarplity of times.

[0114]

Next, if needed, by carrying out the expandafghe adhesive sheet, the
space between the semiconductor chips is made witlereby pickup of the
semiconductor chip can be carried out easily. As time, the adhesive layer
and the support slides against each other and dihesave force between the
adhesive layer and the support declines, therelokyp property of the
semiconductor chip improves. By carrying out pickoapthe semiconductor
chip as such, the semiconductor chip can be retb&s®En the support while
the adhesive layer being cut is transferred on batk of the semiconductor
chip.

[0115]

Next, the semiconductor chip is placed on the stefaf the die pad of
the lead frame or on other semiconductor chip (lowieip) which is the chip
mounting part, and the chip is temporally adher&de chip mounting part
may be heated before the semiconductor chip isquabereon or immediately
after the semiconductor chip is placed thereon; &éme chip is temporary
adhered. The heating temperature is usually 800°Q, preferably 100 to
180°C; and the heating time is usually 0.1 seconds tam#utes, and

preferably 0.5 seconds to 3 minutes. The pressurenwplacing the chip is
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usually 1kPa to 200MPa.
[0116]

It is preferable to stack the chip sequentially khihe chip is temporary
adhered, and carry out the thorough curing of tdbkesive layer by using the
heating of the resin sealing which is usually cadriout during the package
production. By going through such steps, the adieedayer can be cured
simultaneously thereby the production efficiency proves. Also, when
carrying out the wire bonding, the adhesive laysrciarried out with the
pre-curing, thus the wire bonding can be carried stably. Further, the
adhesive layer is softened under the die bondingddoon, thus it is
embedded into the roughness of the chip mountingipo, and the void is
prevented from being generated thus the packagahiéty increases.

[0117]

In the second production method of the semicondudevice according
to the present invention, first, a semiconductorfavais separated into
individual semiconductor chips by forming a groofrem the surface of the
semiconductor wafer along an outline of a shape tbhé separating
semiconductor chip, laminating a protective sheet the surface of the
semiconductor wafer, and then performing a thinnirgatment from the rear
surface until reached to the groove; a pluralitychfp group is prepared by so
called dicing before grinding method.

[0118]

Next, similar to the first production methodjet ring frame and the
backside of the chip group are placed on the adteekdyer according to the
present invention, and then lightly pressed; thgrébe chip group is fixed.
Subsequently, only the adhesive layer is dicechi® ¢hip size. The method of
dicing only the adhesive layer is not particuladiynited; however, laser
dicing method or so may be used.

[0119]
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Subsequently, expanding the adhesive sheet if nkedeleasing
semiconductor chip from the support while the adhesayer is transferred on
the semiconductor chip, and placing the semiconaluchip on the die pad or
on other semiconductor chip via adhesive layer ammilar to the first
production method described above.

[0120]

The adhesive composition and the adhesive she#teopresent invention
can be used for the adhering the semiconductor ocamng@, glass, ceramics,
metals or so in addition to the above mentionedhuodtof use.

EXAMPLES
[0121]

Hereinafter, the present invention will be explaingsing the examples;
however the present invention is not to be limitb@éreto. Note that, in the
below examples and the comparative examples, “nreasents of acrylic
polymer weight average molecular weight and acrypicelymer molecular
weight distribution”, “shear strength mesauremerahd “package reliability
evaluation” were carried out as following. Note, ethshear strength
measurement was carried out to examples (Ex. 31tdGomp. Ex. 3, 4) of the
invention according to the second invention.

[0122]
<Measurements of acrylic polymer weight average evalar weight and
acrylic polymer molecular weight distribution>

Weight average molecular weight (Mw) and mollecu weight
distribution (Mw/Mn, Mn is number-average moleculareight) of acrylic
polymer (A) are the values in terms of standardyptjrene, and measured by
the following device and conditions.

Device Name: HLC-8220GPC, made by Tosoh Corp.
Column: TSKgelGMHXL, TSKgelGMHXL and TSKgel2000HXLwere

connected in this order
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Solvent: Tetrahydrofuran

Measurement temperature: 40 °C
Current: 1 ml/minute

Detector: differential refractometer
[0123]

<Average particle diameter of the filler>

Average particle diameter of the filler was meeed by the particle size
distribution meter (Device Name: Nanotrac 150 mdgeNikkiso Co., Ltd.)
using dynamic light scattering method.

[0124]
<Shear strength measurement>
(Producing evaluation sample)

To the brushed face of the silicon wafer (diaemeof 150mm, thickness
of 350um) brushed with #2000, the lamination of the adlhessheet of the
examples and the comparative examples were camigdy the tape mounter
(Adwill RAD 2500 made by Lintec Corporation) therelt was fixed to the
ring frame for wafer dicing. Then, by using the idig device (DFD651 made
by DISCO Corporation), the chip was diced into giee of 5mm x 5mm. The
cut during the dicing was made to cutu®® into the support. As for the lower
chip, temporally adhered to the upper chip, CMPatee chip (size:10mm x
10mm, thickness: 350m) was prepared. Onto the lower chip, at 150 °@gIp
1 sec. via adhesive layer, the above obtained ohg§s pressure bonded.
Assuming mold sealing of the semiconductor packdgmt curing of adhesive
layer was performed at 175 °C for 5 hours; thusdpimng evaluation samples.
[0125]

(Evaluation)
The evaluation sample was placed on a plate 5 2C, assuming the
temperature during reflow, and the shearing strengas measured under an

environmental condition of humidity at 50%RH, usibgnd tester (dage 4000
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made by Dage Corp.). The setup condition of thedbtester was head height
of 50um and rate of 0.2mm/sec.

[0126]

<the package reliability evaluation>

(The production of the semiconductor chip)

To the brushed face of the silicon wafer (diamei€rl50mm, thickness
of 75um) finished with dry polishing, the lamination did adhesive sheet of
the examples and the comparative examples wereiechmwut by the tape
mounter (Adwill RAD 2500 made by Lintec Corporatjothereby it was fixed
to the ring frame for wafer dicing. Then, by usitige dicing device (DFD651
made by DISCO Corporation), the chip was diced ith® size of 8mm x 8mm.
The cut during the dicing was made to cup0into the support.

[0127]

(The production method of the semiconductor package

The circuit board comprising the circuit pattermrfiied on the copper foil
(18um thickness) of the copper clad laminates (CCL-HQ8&ade by
MITSUBISHI GAS CHEMICAL COMPANY. INC), and comprigig a solder
resist (PSR-4000 AUS303 made by TAIYO INK MFG. COTD) on the
pattern was used. The chip on the adhesive shettiradd in the above was
taken out together with the adhesive layer from gupport, and pressure
adhered on the circuit board at £2) 250gf, for 0.5 second via the adhesive
layer.

[0128]

Then, the stacked body consisting of circuit boardhesive sheet and the
chip was heated at 176 for 2 hours by simulating the heat during the avir
bonding thereby it was sealed (the sealing devid®gCMD6M TriAl Press made
by APIC YAMADA CORPORATION) using the mold resin @&1100AS3
made by KYOCERA CHEMICAL CORPORATION) so that theeaded

thickness became 4Qfh. Subsequently, heated and pressurized thereof at
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175°C, 6.9MPa for 2 minutes, and then heated at’C7fr 5 hours and cured
the resin. Then, the circuit board being sealed lmasnated to the dicing tape
(Adwill D-510T made by Lintec Corporation), andwis diced into the size of
8mm x 8mm using the dicing device (DFD651 made HOO Corporation),
thereby the semiconductor package for the relispitivaluation was obtained.
[0129]

(Evaluation)

The obtained semiconductor package was left for h68rs under the
condition of 88C and the humidity of 60%RH, then after the moistlis
absorbed, IR reflow (reflow furnace: WL-15-20DNX dw by Sagami-Rikou
Co.Ltd) of heating time of 1 minute in which theepmeat of 130C (harsh
condition) and the maximum temperature of 260vas carried out for three
times; and the presence of the peeling at the comme part, the presence of
the package crack was evaluated by a cross sectiogervation using
(VHX-100 made by KEYENCE CORPORATION) by grindingutothe cross
section using the scanning ultrasonic flow detectdevice (Hye-Focus made
by Hitachi Construction Machinery Co.,Ltd) and theoss section polishing
machine (refine polisher HV made by Refinetec Cogtimn). When the
peeling of 0.5mm or longer was observed at the eechion part of the
semiconductor chip, it was determined as being @deldnd 27 packages were
introduced into the test and the number of withayteel was counted.

[0130]
<The adhesive composition>

Each component constituting the adhesive compasidice shown in the
following.

(A-1) The acrylic polymer: copolymer comprising 9%arts by weight of
methylacrylate and 5 parts by weight of 2-hydroxydacrylate (Mw: 500,000,
Mw/Mn:2.9, Tg:9 °C made by TOYOCHEM CO., LTD.)

(A-2) The acrylic polymer: copolymer comprising 9farts by weight of
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methylacrylate and 5 parts by weight of 2-hydroxydacrylate (Mw: 460,000,
Mw/Mn:3.2, Tg:9 °C made by made by Nippon Synthe@icemical Industry
Co., Ltd.)
(B) The heat curable resin:
(B-1) Acryloyl group added cresol novolac epoxyire§CNA-147 made by
NIPPON KAYAKU Co., Ltd.)
(B-2) The heat curing agent: aralkylphenol resMIEX XLC-4 made by
MITSUI CHEMICALS, INC.)
(C) The filler:
(C-1) methacryl group modified silica filler (aveya particle diameter 0.@%n,
made by Admatechs., 3-methacryloxypropyltrimeth@xiane treated product)
(C-2) methacryl group modified silica filler (aveya particle diameter Opn,
SO-C2 made by Admatechs., 3-methacryloxypropylttimoy silane treated
product)
(C-3) vinyl group modified silica filler (averageapicle diameter 0.0bom,
made by Admatechs., vinyltrimethoxy silane treapedduct)
(C-4) trimethyl group modified silica filler (avega particle diameter 0.@n,
NSS-5N made by Tokuyama, trimethylsilyl treated guot)
(F) silane coupling agent (MKC silicate MSEP2 madgy MITSUI
CHEMICALS, INC.)
(G) The crosslinking agent: aromatic polyvalentaganate (CORONATE L
made by NIPPON POLYURETHANE INDUSTRY Co., Ltd.)
(J) non-modified silica filler (average particleagineter 0.4m, Sanshinoru
SS-04 made by Tokuyama)
[0131]
(Examples and Comparative Examples)
(Adhesive layer)

The above mentioned components were blended inatheunt (weight

ratio) described in Tables 1 and 2, and obtainedatihesive composition. The
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methylethyl ketone solution (the solid portion centration of 20wt%) of the
obtained adhesive composition, was coated and dfenying condition:
100°C for 1 minute in the oven) on the release tredtece of the releasing
film (SP-PET381031 made by Lintec Corporation) exle treated with
silicone so that the thickness after the dryin@0pm; then it was laminated
against the support (polyethylene film, the thickeaeof 10(um, the surface
tension of 33mN/m); and the adhesive sheet wasionbtlby transferring the
adhesive layer to the support. The semiconductekage was made using the
obtained adhesive sheet, and the reliability wasleated. Further, the
adhesive sheet was obtained from the adhesive ceitipp obtained by
blending the amount described in Table 2 in a samrhanner with above; in
addition to the reliability thereof, shear strengththe adhesive layer after
curing was measured. The results are shown in Ballleand 2. The PKG
reliability in Tables 1 and 2 refers to the packaggability, and in the above
mentioned evaluation, it is shown as the numbethwaut a peel off/27 (the

number of the package introduced in the test).
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Table 1
Ex. 1 Ex. 2 Comp. Ex. 1| Comp. Ex. 2
A—1 100 100 100
A—2 100
B—1 30 30 30 30
B—2 6 6 6 6
Components c—1 35 35
c—2 35
F 0.5 0.5 0.5 0.5
G 1.5 1.5 1.5 1.5
J 35
PKG reliability evaluation 27/21 16/27 0/27 5/27
Table 2
Ex. 3 Ex. 4 Comp. Ex. 3 | Comp. Ex. 4
A—1 100 100 100 100
B—1 30 30 30 30
B—2 30 6 6 6
c—1 35
Components cC—2 35
c—3 35
cC—4 35
F 0.5 0.5 0.5 0.5
G 1.5 1.5 1.5 1.5
Shear strgag;;;gﬁfsurement 60 or more 60 or more | less than 60| 60 or more
PKG reliability evaluation 21/21 21/21 16/27 0/27
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[0132]

The adhesive compositions of Exs. 1 and 2, #ratembodiments of the
first invention, both improved package reliability the semiconductor device,
in relative to the adhesive compositions of Comp. E which do not include
filler (C) having the reactive double bond group the surface thereof, and of
Comp. Ex. 2 which uses acrylic polymer having theight average molecular
weight of less than 500,000, that are comparatindb@diments of the first
invention. According to the first invention of thgesent invention, by using
acrylic polymer (A) having the predetermined weigaverage molecular
weight, heat curable resin (B) having the reactdauble bond group, and
filler (C) having the reactive double bond group tve surface thereof, filler
(C) can be uniformly dispersed in the adhesive taared the three dimensional
network structure can be introduced in the adheslager. Thus, the
semiconductor chip can be adhered to other semigotod chip or the circuit
board with a superior adhering strength, and a senductor device showing
high package reliability can be obtained even undevere conditions. In
addition, certain hardness can be provided to uadwor semi-cured adhesive
layers, wire bonding can be stably performed evaid swire bonding was
carried out over a long period of time, when thegass of carrying out
simultaneous curing of the adhesive layer is appli®r producing the
multistacked package.

[0133]

Shear strength of adhesive layers formed by theeadi@ compositions of
Exs. 3 and 4, which are embodiment of the secomeention, were both
60N/SmnT] or more. The adhesive compositions of Exs. 3 andoth
improved reliability of the semiconductor device, iielative to the adhesive
compositions of Comp. Ex. 3, which do not includdet (C) having the
average particle diameter of 0.01 to @n2 and Comp. Ex. 4, which do not

include filler (C) having the reactive double bogup on the surface thereof,

=49 -



20130046
WP14013PCT/JP2014/063979

that are comparative embodiments of the secondntea.
[0134]

According to the second invention of the predsewention, by using
acrylic polymer (A), heat curable resin (B) havitge reactive double bond
group, and filler (C) having the reactive doublendogroup on the surface
thereof and having the predetermined average dartimameter, filler (C) can
be uniformly dispersed in the adhesive layer ané three dimensional
network structure can be introduced in the adheslager. Thus, the
semiconductor chip can be adhered to other semigotod chip or the circuit
board with a superior adhering strength, and a senductor device showing
high package reliability can be obtained even undegsevere condition. In
addition, certain hardness can be provided to uadwr semi-cured adhesive
layers, wire bonding can be stably performed evaid swire bonding was
carried out over a long period of time, when theogass of carrying out
simultaneous curing of the adhesive layer is apmpli®r producing the

multistacked package.
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CLAIMS

1. An adhesive composition comprising:

an acrylic polymer (A)

a heat curable resin (B) having a reactive douldedbgroup, and a

filler (C) having a reactive double bond group oswaface thereof,

wherein

the acrylic polymer (A) has a weight average molacuwveight of
500,000 or more, and

the heat curable resin (B) comprising an gpoesin and a heat curing
agent, in which at least one of the epoxy resin #rma heat curing agent has

the reactive double bond group.

2. An adhesive composition comprising:

an acrylic polymer (A)

a heat curable resin (B) having a reactive doubbmd group,
and

a filler (C) having a reactive double bond group ansurface
thereof

wherein

the filler (C) has an average particle diamete0dfl to 0.22m, and

the heat curable resin (B) comprising an»xgpoesin and a heat
curing agent, in which at least one of the epoxsimeand the heat curing agent

has the reactive double bond group.

3. The adhesive composition as set forth inraldior 2, wherein the filler

(C) is silica having the reactive double bond graupa surface thereof.

4. The adhesive composition as set forth in amg of claims 1 to 3,
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wherein a content ratio of the acrylic polymer (/) 50 to 90 wt% with

respect to a whole weight of the adhesive compositi

5. The adhesive composition as set forth in @amg of claims 1 to 4,

wherein the acrylic polymer (A) has a hydroxyl gpou

6. A single layer adhesive film comprising arhadive composition as set

forth in any one of claims 1 to 5.

7. A single layer adhesive film comprising théhasive composition as

set forth in claim 2,

wherein shear strength thereof after curing at 260s 60N/5mniJ or

more.

8. An adhesive sheet, wherein an adhesive lag@nprising the adhesive

composition as set forth in any one of claims 5tas formed on a support.

9. An adhesive sheet, wherein an adhesive lag@nprising the adhesive
composition as set forth in claim 2, is formed osupport, and

shear strength of the adhesive layer after curirtg2&0 °C is

60N/5mn1d or more.

10. The adhesive sheet as set forth in claim 8,arherein the support is a

resin film.

11. The adhesive sheet as set forth in claint 8,avherein the support is

a sticky sheet.

12. A production method of a semiconductor deveomprising the steps

-52 -



20130046
WP14013PCT/JP2014/063979

of:

laminating the adhesive layer of the adhesive slaseset forth in any
one of claims 8 to 11 on a semiconductor wafer,

dicing the semiconductor wafer and the adhesiveelaythereby
obtaining a semiconductor chip,

releasing the semiconductor chip from the suppdntlevthe adhesive
layer is transferred to the semiconductor chip, and

adhering the semiconductor chip on a die pad or other

semiconductor chip via said adhesive layer.

13. A production method of a semiconductor deveomprising the steps
of:

separating a semiconductor wafer into indindtdsemiconductor chips
by forming a groove from the surface of the semubwector wafer along an
outline of a shape of the separating semiconduathrp, laminating a
protective sheet on the surface of the semiconductafer, and then
performing a thinning treatment from the rear sggauntil reached to the
groove,

laminating the adhesive layer of the adhesive slaseset forth in any
one of claims 8 to 11 on the semiconductor chip,

releasing the semiconductor chip from the suppdntlevthe adhesive
layer is transferred to the semiconductor chip, and

adhering the semiconductor chip on a die pad or other

semiconductor chip via said adhesive layer.
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