/ ELECTRI CALLY CONDUCTI VE S| LI CONE ELAST@ASE-2

COMPCSI TI ONS, AND USE FOR MANUFACTURI NG SEM CONDUCTOR

DEVI CES The present invention relates to electrically

conductive silicone el astonmer conpositions, nethods for
manuf act uring sem conduct or devices, and product

sem conduct or

devices. Mre specifically, the present - I nvention relates to

curable electrically conductive

ELECTRICALLY CONDUCTIVE SILICONE ELASTOMER
COMPOSITIONS, AND USE FOR MANUFACTURING SEMICONDUCTOR

DEVICES

The present invention relates to electrically
conductive silicone elastomer compositions, methods
for manufacturing semiconductor devices, and
semiconductor devices More specifically, the present
invention relates to electrically conductive silicone
elastomer compositions which are curable to form
silicone elastomers having outstanding electrical
conductivity. When the electrically conductive
silicone elastomer composition is applied to a
substrate and the periphery of the composition is
cured, the composition will not containminate the
substrate, nor the environment in the proximity of the
substrate, with low molecular-weight silicone species
priér to complete cure of the composition via a
hydrosilylation reaction.

The present invention also more specifically
relates to methods of manufacturing semiconductor
devices using the electrically conductive silicone
elastomer compositions of the present invention
whereby said composition is used to adhere a
semiconductor chip to a substrate, whereby the wire
bondability of the semiconductor device is not
adversely affected and adhesion defects between the

sealing resin and the semiconductor chip, substrate,

V. , .
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silicone conmpositions which are useful to formsilicone

el ast oners havi ng outstanding electrical conductivity. When
this curable conposition is applied to a substrate and t he
peri phery of the conposition is cured, the conposition wll

not contam nate the substrate, nor the environment in the
proximty of the substrate, with | ow - nol ecul ar-wei ght silicone
species prior to conplete cure of the conposition via a
hydrosilyl at},on£88CT15PM cad frame are minimidt&s Pr 88RNdJaeeRti on al so nore
specifically relates to nethods of manufacturing sem conduct or
devi ces usi nijntéet ebecitscald yatcondustdare sdddwane devices

conpositions of this invention. Wen said composition is used

to adhere a BeRPEdRHWESSrbEhilyl ¢ onet kebarhgle have outstandinghe wire

bondability gélgggiffg}ponductor device i s not

Electrically conductive silicone elastomer
compositions, which are curable to silicone
elastomers, are used, as adhesives for adhering quartz
oscillators to crystal resonators to crystal
components of crystal filters, piezoelectric
substrates on packages; or as shielding agents for
electromagnetic wave shielding and die bonding agents.

When conventional electrically conductive
silicone elastomer compositions are used for these
purposes, there are problems with wire bondability
(i.e., bonding properties of the bonding wire) to the
semiconductor chip or lead frame and defects in
adhesion which causes a deterioration in the moisture
resistance of the semiconductor device.

To solve these problems, an electrically
conductive silicone elastomer composition has been
propesed in which the amount of volatile, low
molecular-weight siloxane is reduced and curing is
carried out by a hydrosilylation reaction (Japanese
Patent Application 3-170581). But, even in the case of
that electrically conductive composition, the decrease
in wire bondability and the adhesion defects are not

sufficiently inhibited. Moreover, the moisture
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adversely affected, and adhesion defects between t he

resin and the sem conductor chip, substrate, package,
frane are mnimzed. The

seal i ng
or | ead

2 present

i nvention also relates to sem conductor devices manufactured by this
met hod whi ch have out st andi ng reliability. El ectrically conductive
silicone conpositions, which are curable-to silicone el astoners,

as

adhesives for adhering quartz oscillators to crystal

resistance of the semiconductor device is not
sufficiently improved.

By various studies, we confirmed that when an
electrically conductive silicone elastomer composition
curable by a hydrosilylation, is used to adhere a
semiconductor chip to a substrate, low molecular-
weight silicone species outgas from said composition
before and during cure. Thus, low molecular-weight
species contaminate the surface of the substrate,
cause a decrease in wire bondability and adhesion
defects. The low molecular-weight silicone species
has been determined by us to be a cyclic siloxane
contained in the organopolysiloxane of previous
electrically conductive silicone elastomer
compositions, that is present for curing said
composition for improving adhesion of said
composition, or for otherwise formulating said
composition.

For this reason, we pfepared an electrically
éonductive silicone elastomer composition, cured the
composition at room temperature via a hydrosilylation
reaction, and attempted to inhibit outgassing of low
molecular-weight silicone oil from said composition
before and during curing. The handling and
workability of this prototype composition were

extremely poor.

Moreover, we also attempted to prevent outgassing

by mixing an electrically conductive filler with an
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resonators, to crystal conponents of crystal filters, and to piezoelectric
substrates on packages; or as shielding agents for el ectromgnetic wave

shielding and as di e bonding agents. When conventional electrically
conductive silicone conpositions are use for these purposes, there are
problems with wire bondability (i.e., bonding properties of the bonding

wire) to the senmiconductor chip or |eall frane, and defects in adhesion

cause a deterioration in the noisture resistance of the sem conductor

devi ce. To. sol ve _t hese Eroblens an electrically condgctlve silicone
1

conposi ti on AG5YbheEN"BrohbERd ?hlcﬁﬁ?C%I?Tkp@ﬁ&nﬁﬂmQﬁ5VdFﬁk| &l | ow

mol ecul ar - me%ggtcurable via a free radical reaction induced by
high energy irradiation. The acrylic modified
composition, however, did not sufficiently curec
because the high-energy beam was unable to
sufficiently penetrate to the inner portion of said
composition because of the presence of electrically
conductive filler. The portion of the composition in
which the high energy beam did not penetrate was
defective and uncured.

Therefore, we conducted studies on these problems
and found that our claimed compositions possessed
decreased outgassing of low molecular-weight silicon-
species. Surprisingly, such outgassing is minimized
by the use of an acrylic functional group-containing
organopolysiloxane that participateé in a free radical
reaction induced by a high-energy beam, and by the
use, of siloxane components that are curable via a
hydrosilyation reaction.

The composition of this invention is used to
adhere a semiconductor chip to a substrate. If the
composite is irradiated with high energy radiation,
the exposed surfaces of the composition will cure.
Once the exposed surfaces are cured, the problem of
low molecular-weight silicone specie contamination is
minimized or eliminated. The composition is then

allowed to cure via a hydrosilyation reaction to form
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si |l oxane species is reduced and curing is carried out by a hydrosilylation
reaction (Japanese Patent Application 3-170581). But, even in the case of
that electrically conductive conposition, the decrease in wre
bondability and the adhesion defects are not sufficiently inhibited.

Mor eover, the noisture resi stance of the sem conductor device
Is not sufficiently inproved. 5o

a silicone elastomer having outstanding electrical
conductivity.

We also discovered that after a semiconductor
chip is mounted on a substrate or package using the
composition of the present invention, and resulting
composite is irradiated with high-energy radiation, a
free radical reaction involving our acrylic functional
group-containing organopolysiloxane occurs on the
surfaces of the composition that are exposed to high-
energy radiation. As a result, outgassing of low-
molecular-weight silicone species from our composition
is sufficiently inhibited; so the composition may be
allowed to fully cure via a hydrosilylation reaction.

The purpose of the present invention is to
provide an electrically conductive silicone elastomer
composition, which forms a cured silicone elastomer
having outstanding electrical conductivity, wherein
the periphery of said composition is cured via
irradiation with a high-energy beam such that
contamination by outgassing low molecular-weight
silicone oil, before or during cure is averted. A
method for manufacturing a semiconductor device is
also provided using this composition which enhances
wire bondability to the substrate and reduces adhesion
defects between the components of said device and the
sealing resin. Consequently, a semiconductor device
is manufactured by our method which also has

outstanding moisture resistance.
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By various s

outgas from

nmol ecul ar - wei ght species contam nate the surface of the substrate,

decrease in

nol ecul ar - wei ght silicone species

cyclic silox

conpositions,

adhesi on of

tudies, we confirned that when an electrically conductive
silicone conposition, curable by hydrosilylation, is used to adhere a
sem conductor chip to a substrate, | ow nol ecul ar-wei ght silicone

speci es

said conposition before and during cure. Thus, the | ow

cause a

wire bondability and produce adhesion defects. The | ow

ane contained in the organopol ysil oxane of prior art

sai d 1GQROSLEL O 8] QLo QhEr N S8 f oL ALY, R4
composition of the present invention is composed of
(A) 100 parts by weight of an organopolysiloxane
mixture consisting of
(a) 5-95% by weight of an acrylic functional

group-containing organopolysiloxane having an average
of at least two slicon-bonded acrylic functional
groups per molecule and having the formula:

R' R?

|
HC=C -C-0-R’-

H
0

wherein R' and R® are hydrogen atom or a monovalent
hydrocarbon group, and R® is a divalent hydrocarbon
group having 1-10 carbon atoms; and

(b} 95-5% by weight of an alkenyl containing
organcpolysiloxane having an average of at least two
silicon-bonded alkenyl groups per molecule;

(B) a silicon-bonded hydrogen atom-containing
organopolysiloxane having an average of at least two
silicon-bonded hydrogen atoms per molecule, in a
sufficient quantity to provide from 0.5-20 moles of
silicon-bonded hydrogen atoms in component (B) per
mole of silicon-bonded alkenyl group in component (b);

(C) 50-2,000 parts by weight of an electrically

conductive filler;
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conposi tion. For this reason, we prepared an electrically conductive
silicone conposition, cured the conposition at roomtenperature via a
hydrosilyl ation reaction, and attenpted to inhibit outgassing of |ow

nmol ecul ar-wei ght silicone species before and during curing. The handling
and workability of this prototype conposition were extrenely poor.

4 7 7

(D) 0.1-20 parts by weight of a photosensitizer;
and

(E) a platinum-type catalyst, 1n an amount
sufficient to cure the electrically conductive
silicone composition.

The present invention also provides an additional
an electrically conductive silicone composition,
comprising;

(') 100 parts by weight of an alkenyl group-
containing organopolysiloxane having at average of
least two silicon-bonded alkenyl groups per molecule;

(B") a silicon-bonded hydrogen atom-containing
organopolysiloxane having an average of at least two
gilicon-bonded hydrogen atoms per molecule, in an
amount sufficient to provide from 0.5-20 moles of
silicon-bonded hydrogen atoms in component (B') per
mole of silicon-bonded alkenyl group in component
(aY);

(C) 50-2,000 parts by weight of an electrically
conductive filler;

(D) 0.1-20 parts by weight of a photsensitizer;
and

(E) a platinum-type catalyst, in an amount
sufficient to cure the electrically conductive
silicone elastomer;
whereby at least one of the components selected from

components (A’) and (B’) has an average of at least
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Moreover, we also attenpted to prevent outgassing by mxing an
electrically conductive filler wwth an acrylic nodified silicone
conposition that was curable via a free radical reaction induced by

hi gh-energy irradiation. The acrylic nodified conposition, however, did
not sufficiently cure because the high- energy beamwas unable to
adequately penetrate to the inner portgon of said conposition due to the
presence of electrically conductive filler. The portion of the
conposition in which the high-energy beamdid not penetrate was defective
and uncured. two silThenebondgdwaeccghdactedcsi adaesgonupheser probl ens and
found that our _clainmed conpositions possess decreased outgassing of |ow
nD|ecu|ar_wep@H@c§#pigéﬁgng the formula:

R' R’
P
HC=C -C-0-R'-

ll
0

wherein R' and R’ are hydrogen atom or a monovalent
hydrocarbon group, R’ is a hydrogen atom or a
monovalent hydrocarbon group, and R’ is a divalent
hydrocarbon group having 1-10 carbon atoms.

The present invention also provides a method for
manufacturing a sewmiconductor device, said method
comprising the steps of

mounting a semiconductor chip on a substrate
using the electrically conductive silicone silicone
elastomer composition of the present invention;

irradiating the composition with a high-energy
beam to induce a free radical reaction; and then

curing the composition via a hydrosilylation
reaction.

The present invention also relates to a
semiconductor device so manufactured.

Component (A) is the main ingredient of our
electrically conductive silicone elastomer
composition. It is an organopolysiloxane mixture
consisting essentially of (a) 5-95% by weight of an

acrylic functional group-containing organopolysiloxane
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species. Surprisingly, such outgassing is mnimzed by the use of an
acrylic-functional organopol ysil oxane that participates in a free radi cal
reaction induced by a high-energy beam and by our use of sil oxane
conponents that are curable via a hydrosilyation reaction. The
conposition of this invention is used to adhere a sem conductor chip to a
substrate. If this conposite is then itfradiated with hi gh- ener gy
radi ati on, the exposed surfaces of our composition will cure. Once the
exposed surfaces are cured, the problem of |ow nolecul ar-weight silicone
speci es cont BAVHAF| R average of at least two silicon-bonded

acrylic functional groups per molecule and having the

formula:

4

R' R’
I
HC=C (C-0-R -

|

)

2, and R’ are described above; and (b) 95-

wherein R, R
5% by weight of an alkenyl group-containing
organopolysiloxane having an average of at least two
silicon-bonded alkenyl groups per molecule.

In component (A), the component (a) accounts for
5-95% by weight and component (b) is the remaining
amount. If said composition has component (a)
accounting for less than 5 wt% of component (A), the
desired free radical reaction does not occur to a
sufficient degree and the purpose of our invention
cannot be achieved. A similar composition in which
the amount exceeding 95 wt% will not sufficiently cure
by a hydrosilylation reaction.

Component (a) is an acrylic functional group-
containing organopolysiloxane having an average of at
least two silicon-bonded acrylic functional groups per

molecule and having the formula:
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Is mnimzed or elimnated. The conposition is then allowed to cure via a
hydr osi | yation reaction to forma silicone el astoner having outstandi ng
el ectrical conductivity. W al so discovered that after a

sem conductor chip is nounted on a substrate or package using the
conposition of the present invention, and the resulting conposite is
irradiated with high-energy radiation, ¥ ~free radical reaction involving
our acrylic-functional organopolysiloxane occurs on the surfaces of the

R' K

|
C=C ~C~0-R*-

I
O
wherein R', R’ and R’ are as described above. If there
are fewer than two of the acrylic functional groups
per molecule, when electrically conductive silicone
elastomer composition is irradiated with a high-energy
beam, the acrylic functional group free radical
reaction will not occur to a sufficient degree. 1In
preferred embodiments, R'! and R® selected from the
group consisting of alkyl, alkenyl, aryl, and aralky.
In more preferred embodiments, R' and R® selected from
the group consisting of methyl, ethyl, propyl, vinyl,
allyl, phenyl, tolyl, xvlyl, benzyl and phenethyl. In
preferred embodiments, R® is selected from the group
consisting of methylene, ethylene, propylene,
butylene, and pentylene. In more preferred
embodiments, R’ is propylene. Preferred acrylic
functional groups include 3-acryloxypropyl, 4-
acryloxyprepyl, and 3-methacryloxypropyl. The more
preferred acrylic functional group is 3-
methacryloxypropyl.
Example of the bonding position of this acrylic

functional group include the molecular chain terminal
or the molecular chain side chains, with the molecular

chain terminal being preferred because of favorable
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conposition that are exposed to said radiation. As a result, outgassing of
| ow nol ecul ar-wei ght silicone species fromour conposition is sufficiently
inhibited; so the conposition nay be allowed to fully cure via a
hydrosi |l yl ati on reaction. The purpose of the present invention is to
provide an electrically conductive silicone conposition, which fornms a
cured silicone el astoner having outstarnding electrical conductivity,
wherein the periphery of said conposition is cured via irradiation with a
hi gh-energy beam such that contam nation by outgassing of |ow
mol ecul ar - wekgact sV roneExper] es, obedoher @reins mpigdukeng daaverted. A
method for mppyt acturing, &g coanduct of ey of.d . qY SRuRLAYdagh usi ng

or unsubstituted monovalent hydrocarbon groups,

represented by alkyl groups such as methyl, ethyl,

propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl,

decyl, or octadecyl; cycloalkyl groups such as

cyclopentyl group or cyclohexyl; alkenyl groups such

as a vinyl, allyl, butenyl, pentenyl, hexenyl, or

heptenyl; aryl groups such as phenyl, tolyl, xylyl, or

naphthyl; aralkyl groups such as benzyl, phenethyl, or

phenylpropyl; halogenated alkyl groups such as 3-

chloropropyl or 3,3,3-trifluoropropyl; alkoxy groups

such as methoxy, ethoxy, propoxy, butoxy,

methoxymethoxy, or methoxyethoxy; hydroxyl group and

hyarogen atom. Of these, a methyl or phenyl group is

preferred.

Examples of the molecular structure of component

(a) are straight-chain, partially-branched straight-

chain, branched-chain, cyclic, and network, with

straight-chain preferred. Moreover, the viscosity of

component (a) at 25°C, is within the range of 20-

200,000 mPa.s because favorable physical properties of

the electrically conductive silicone elastomer as

obtained, such as flexibility and elongation.

Furthermore, the handling and workability said

composition are favorable. A viscosity range of 500-

20,000 mPa.s at 25°C is preferred.
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conposition which enhances wire bondability to the substrate and reduces
adhesi on defects between the 6
conponents of said device and the sealing resin. Consequently, a

sem conductor device is manufactured by our nethod which al so has

out st andi ng noi sture resistance. The electrically conductive
silicone conposition of the present ingention is conposed of

Examples of component {a) include
methylvinylpolysiloxane having both molecule terminals
capped with 3 -methacryloxypropyl dimethoxysiloxy
groups, dimethylsiloxane*methylvinylsiloxane copolymer
having at both molecule 3-methacryloxypropyl
dimethoxysiloxy groups, methylvinylpolysiloxane having
both molecule terminals terminated with 3-
methacryloxypropyl diethoxysiloxy groups,
dimethylsiloxaneemethylvinylsiloxane copolymer having
at both terminals 3-methacryloxypropyl diethoxysiloxy
groups,
methylvinylsiloxaneemethyl (trimethoxysilylethyl)siloxan
eesmethyl (3-methacryloxypropyl)siloxane copolymer having
both terminals capped with trimethylsiloxy groups,
dimethylsiloxaneemethylvinylsiloxaneemethyl (trimethoxys
ilylethyl) siloxaneesmethyl (3-methacryloxypropyl) siloxane
copolymer having the molecule ends terminated with
trimethylsiloxy groups, methylvinylpolysiloxane having
both molecule terminals capped with 3-acryloxypropyl
dimethoxysiloxy groups,
dimethylsiloxaneemethylvinylsiloxane copolymer having
both molecule terminals capped with 3-acryloxypropyl
dimethoxysiloxy groups, methylvinylpolysiloxane having
the terminals of the molecule terminated with 3-
acryloxypropyl diethoxysiloxy groups,
dimethylsiloxanee*methylvinylsiloxane copolymer having
terminals of the molecule capped with 3-acryloxypropyl

diethoxysiloxy groups,

This Sheet Has Been Replaced

WMEW




(A) 100 parts by weight of an organopol ysil oxane m xture consisting of
(a) 5-95% by weight of an acrylic-functional organopolysil oxane having an
average of at least two silicon-bonded acrylic groups per nol ecul e and

having the formula: [err] wherein R err] and R err] are hydrogen
atom or a nonoval ent hydrocarbon group, and R err] is a dival ent
hydr ocarbon group having 1-10 carbon dfons; and (b) 95-5% by

wei ght of an al kenyl cont ai ni ng
methylvinylsiloxanesmethyl (trimethoxysilylethyl)siloxan
eemethyl (3-acryloxypropyl)siloxane copolymer having
both molecule terminals terminated with trimethylsiloxy
groups,
dimethylsiloxaneemethylvinylsiloxaneemethyl (trimethoxys
ilylethyl)siloxaneemethyl (3-acryloxypropyl)siloxane
copolymer having both terminals terminated with
trimethylsiloxy groups, organopolysiloxane composed of
CH,=CHCOOC;H, (CH;0),8i0,,, and SiO,,, units,
organcpolysiloxane composed of (CH,;);S5i0,,,,
CH,=CHCOOC,H, (CH;0) ,$i0,,,, and Si0,,, units,
organopolysiloxane composed of (CH;);S1i0,,,,
CH,=CHCOOC,Hg (CH;0) ,810,,, (CH;),810,;,, and SiQ,,, units,
organopolysiloxane composged of
CH,=CH (CH;) COOC;H, (CH;0) ,810,,, and SiQ,,, units,
organopolysiloxane composed of (CH;);8i0,y,,
CH,=CH {CH, ) COOC,H; (CH;0) ,810,,,, and 8i0,,, units,
organcopolysiloxane composed of (CH;);510,,,,
CH,=CH (CH;) COOC;H; (CH30) 810, /5, (CH;),810,,,, and SiOyy,
units, and mixtures of two or more types of these
organopolysiloxanes.

Component (b) is an alkenyl group-containing
organopolysiloxane having an average of at least two
silicon-bonded alkenyl groups per molecule. If there
are fewer than two silicon-bonded alkenyl groups per
molecule, the resulting electrically conductive
silicone elastomer composition obtained will not

sufficiently cure via a hydrosilylation reaction,
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or ganopol ysi | oxane havi ng an average of at |east two silicon-bonded

al kenyl groups per nol ecul e; (B) a silicon-bonded, hydrogen-atom
cont ai ni ng organopol ysi |l oxane havi ng an average of at |east two

7 silicon-bonded hydrogen atons per nolecule, in a sufficient quantity
to provide fromO.5-20 noles of silicon-bonded hydrogen atons in conponent
(B) per nole of silicon-bonded al kenylt4group i n conponent (b);

making it unsuitable as a die bonding agent. Examples
of bonding sites of these alkenyl groups are the
molecular chain terminal or molecular chain side
chains, with the molecular chain terminal preferred.
Examples of these alkenyl groups include vinyl, allyl,
butenyl, pentenyl, hexenyl, and heptenyl groups, with
a vinyl group being preferred.

Moreover, examples of other groups which bond to
the silicon atom in component (b) are substituted or
unsubstituted monovalent hydrocarbon groups,
including, alkyl groups such as methyl, ethyl, propyl,
butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, or
octadecyl; cycloalkyl groups such as cyclopentyl or
cyclohexyl; aryl groups such as phenyl, tolyl, xylyl,
or naphthyl; aralkyl groups such as benzyl, phenethyl,
or phenylpropyl; halogenated alkyl groups such as 3-
chloropropyl or 3,3,3jtrif1uoropropy1; alkoxy groups
such as methoxy, ethoxy, propoxy, butoxy,
methoxymethoxy, or methoxyethoxy; and a hydroxyl
group, with methyl or phenyl being preferred.
Examples of the molecular structure of component (b)
straight-chain, partially-branched straight-chain,
branched, cyclic, and network, with straight-chain
being preferred. Moreover, the viscosity of component
(b} at 25°C is within, a range of 20-200,000 mPa.s
because the physical properties obtained, such as
flexibility and elongation, are favorable. Also, the

handling and workability of the resulting composition
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(C 50-2,000 parts by weight of an electrically conductive filler;

(D) 0.1-20 parts by weight of a photosensitizer; and (E) a platinum
catalyst, in an amount sufficient to cure the electrically conductive
silicone conposition. The present invention also provides an

additional electrically conductive silicone conposition, conprising;
(A") 100 parts by weight of an 15 al'kenyl organopol ysi | oxane havi ng
an average of at least two silicon-bonded al kenyl groups per nol ecul e;
(B') a silicon-bonded, hydrogen-atom cont ai ni ng
are good. A range of 500-20,000 mPa.s at 25°C is
particularly preferred.

Examples of component (b) include
dimethylsiloxanesmethylvinylsiloxane copolymer having
both terminals of the molecule terminated with
trimethylsiloxy groups, methylvinylpolysiloxane having
both términals of the molecule terminated with
trimethylsiloxy groups,
dimethylsiloxaneemethylvinylsiloxaneemethylphenylsilox
ane copolymer having both terminals of the molecule
terminated with trimethylsiloxy groups,
dimethylpolysiloxane having both terminals of the
molecule terminated with dimethylvinylsiloxy groups,
dimethylsiloxaneemethylvinylsiloxane copolymer having
both terminals of the molecule terminated with
dimethylvinylsiloxy groups,
dimethylsiloxaneemethylvinylsiloxaneemethylphenylsilox
ane copolymer having both terminals of the molecule
terminated with dimethylvinylsiloxy groups,
organopolysiloxane composed of (CH,=CH) (CH,),81i0,,, and
810/, units, organopolysiloxane composed of
(CH;) 38i0,/,, (CH,=CH) (CH,;}Si0,;,, and SiO,,, units,
organopolysiloxane composed of (CH;);Si0,,,,
(CH,=CH) (CH,) ,810,,,, (CH;),810,,,, and 8i0,,, units, and
mixtures of two or more kinds of these
organopolysiloxanes.

Component (B) cures our silicone elastomer

composition, and it is a silicon-bonded hydrogen atom

This Sheet Has Been Replaced

DR




or ganopol ysi | oxane havi ng an average of at |east two silicon-bonded
hydr ogen atons per nolecule, in an anount sufficient to provide from
0.5-20 nol es of silicon-bonded hydrogen atons in conponent (B ) per nole

of silicon-bonded al kenyl group in conponent (A); (C 50-2,000 parts
by wei ght of an electrically conductive filler;
8 (D) 0.1-20 parts by weight of & photosensitizer;

containing organopolysiloxane having an average of at
least two silicon-bonded hydrogen atoms per molecule.
If there are fewer than two silicon-bonded hydrogen
atoms per molecule, the electrically conductive
silicone elastomer composition produced will not be
sufficiently cured by the hydrosilylation reaction,
making it unsuitable as a die bonding agent. Examples
of the bonding position of this hydrogen atom are the
molecular chain terminal or the molecular chain side
chain.

Examples of other groups which bond to the
silicon atoms in component (B} include substituted or
unsubstituted monovalent hydrocarbon groups, including
alkyl groups such as wmethyl, ethyl, propyl, butyl,
pentyl, hexyl, heptyl, octyl, nonyl, decyl, or
octadecyl; cycloalkyl groups such as cyclopentyl group
or cyclohexyl; aryl groups such as phenyl, tolyl,
xylyl, or naphthyl; aralkyl groups such as benzyl,
phenethyl, or phenylpropyl; halogenated alkyl groups
such as 3-chloropropyl group or 3,3,3-trifluoropropyl;
alkoxy groups such as methoxy, ethoxy, propoxy,
butokxy, methoxymethoxy, or methoxyethoxy; and hydroxyl
group, with methyl or phenyl being preferred.

Examples of the molecular structure of component
(B) are straight-chain, partially-branched straight-
chain, branched-chain, c¢yclic, and network, with
straight-chain preferred. Moreover, the viscosity of

component (B) at 25°C is within, a range of 1-50,000
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and (E) a platinumcatalyst, in an anount sufficient to cure the
electrically conductive silicone conposition; whereby at |east one of the
components sel ected from conponents (A") and (B') has an average of at
| east two silicon-bonded acrylic groups per nolecule having the fornmula:
[err] wherein R err] and R err] are hydrogen atom or a nonoval ent

17 -

mPa.s. The electrically conductive silicone elastomer
composition is stable and its handling and workability
are favorable. A range of 5-1,000 mPa.s at 25°C is
particularly preferred.

Examples of component (B) include
methylhydrogenpolysiloxane having both terminals of
the molecule terminated with trimethylsiloxy groups,
dimethylsiloxaneemethylhydrogensiloxane copolymer
having both terminals of the molecule terminated with
trimethylsiloxy groups, dimethylpolysiloxane having
both terminals of the molecule terminated with
dimethylhydrogensiloxy groups,
dimethylsiloxanesmethylhydrogensiloxane copolymer
having both terminals of the molecule terminated with
dimethylhydrogensiloxy groups, organopolysiloxane
composed of (CH;),HSiO,,, and Si0,/, units,
organopolysiloxane composed of (CH,;);5i0,,,

(CH;) ,HS10,,,, and Si0,,, units, organopolysiloxane
composed of (CH;);810,,,, (CH,) ,HSi0,/,, (CH;),8i0,/,, and
81i0,,, units, and mixtures of two or more kinds of
these organopolysiloxanes.

The amount of component (B) used in our
composition is that amount providing 0.5-20 moles of
silicon-bonded hydrogen atoms in component (B) per
mole of silicon-bonded alkenyl group in component (b) .
If the amount of silicon-bonded hydrogen atoms in
component (B) is less than 0.5 moles per mole of

silicon-bonded alkenyl group in component (b) The
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hydr ocarbon group, and R err] is a dival ent hydrocarbon group having 1-10
carbon at ons. The present invention also provides a nethod for

manuf acturi ng a sem conduct or device, said nmethod conprising the steps of
nounting a sem conductor chip on a substrate using the electrically
conductive silicone conposition of the present invention;

irradi ating the conposition with a hi ghtseriergy beamto induce a free

radi cal reaction; and then

composition will not cure sufficiently via a
hydrosilylation reaction, making them unsuitable as
die bonding agents. Contrastingly, electrically
conductive silicone elastomer compositions in which
the amount exceeds 20 moles are unsuitable since they
form bubbles, etc., during curing.

Component (C) is an electrically conductive
filler for imparting electrical conductivity to our
conductive silicone elastomer that is obtained by
curing our curable composition. Examples of component
(C) include metal such as gold, silver, nickel, and
copper; plated substrates in which metals such as
gold, silver, nickel, and copper are vapor-deposited
on the surface of such substrates as ceramics, glass,
guartz, and organic resins. In our electrically
conductive silicone elastomer composition, to obtain a
volume resiétivity which is 0.1 Qscm or less,
component (C) is preferably gold or silver, with
silver being preferred for practical use. Examples of
the shapes of these ﬁetals or plated substrates are
spherical, flake, and flake-branch. The flake or
flake-branch is particularly preferred. A mixture of
flake or flake-branch silver is more particularly
preferred. 1In this latter case, the Qeight ratio of
the flake silver to the flake-branch silver is
preferably 80:20 to 20:80. Finally, the average
particle diameter of these metals or plated substrates

should preferably be 1-10 pum.
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9 curing the conposition via a hydrosilylation reaction. The
present invention also relates to the manufacture of a sem conductor

devi ce. Component (A) is the main ingredient of our curable
electrically conductive silicone conmposition. It is an organopol ysil oxane
m xture consisting essentially of (a) 5-95% by wei ght of an acrylic-
functional organopol ysil oxane having an i@verage of at |east two
silicon-bonded acrylic groups per nolecule and having the fornula:

The amount of component (C) in our composition is
50-2,000 parts by weight with respect to 100 parts by
weight of component (A), with 300-1,000 parts by
weight being preferred. If the amount of component
(C) is less than 50 parts by weight with respect to
100 parts by weight of component (A), it is not
possibie to impart sufficient electrical conductivity
to the product silicone elastomer. If it exceeds 2000
parts by weight, the handling and workability of the
resultant composition will deteriorate.

Component (D) is a photosensitizer for promoting
the free radical reaction of the acrylic functional
groups in component (a) when our curable composition
is irradiated with a high-energy beam. Examples of
component (D} include acetophenones such as
acetophenone, dichloroacetophenone,
trichlorocacetophenone, tert-
butyltrichloroacetophenone, 2,2-diethoxyacetophenone,
and p-dimethylaminoacetophenone or derivatives
thereof; benzoins such as benzoinmethyl ether,
benzoinethyl ether, benzoinisobutyl ether, and
benzoinbutyl ether or deérivatives thereof;
benzophenones such as benzophenone, 2-
chlorobenzophenone, p,p'-dichlorobenzophenone, and
p.p'-bisdiethylaminobenzophenone or derivatives
thereof; p-dimethylaminopropiophenone;
hydroxyisobutylphenone; Michler's ketone; benzyl;

benzyldimethyl ketal; tetramethyl thiuram monosulfide;
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[err] wherein R err], Rerr], and R err] are described above; and
(b) 95- 5% by weight of an al kenyl containing organopolysiloxane having
an average of at least two silicon-bonded al kenyl groups per nol ecul e.
In conponent (A), the conponent (a) accounts for 5-95% by wei ght and
conponent (b) is the remaining anount. If said conposition has conponent
(a) accounting for less than 5 wt % of &bnponent (A), the desired free
radi cal reaction does not occur to a

thioxanthone; 2-chlorothioxanthone; 2-
methylthioxanthone; azoisobutyronitrile;
benzoisoperoxide; di-tert-butylperoxide; 1-
hydroxychlorohexylphenyl ketone; 2-hydroxy-2-methyl-1-
phenylpropan-1-one; 1-(4-isopropylphenyl)-2-hydroxy-2-
methylpropan-1-one; methylbenzoylformate;
diphenylsulfide; anthracene; 1l-chloroanthraquinone;
diphenyldisulfide; diacetyl; hexachlorobutadiene;
pentachlorobutadiene; octachlorobutadiene; and 1-
chloromethylnaphthalene; or mixtures of two or more
kinds of these photosensitizers. Acetophenone,
benzoin, benzophenone, and their derivatives are
preferred.

The amount of component (D) in our composition is
1-20 parts by weight with respect to 100 parts by
weight of component (A), with 5-15 parts by weight
preferred. If the amount of component (D) is less
than 1 part by weight with respect to 100 parts by
weight of component (A}, the free radical reaction of
the acrylic functional groups is difficult to produce,
making it impossible to achieve the purpose of this
invention. If the amount of component (D) exceeds 20
parts by weight, the resulting composition will
exhibit poor storage stability, poor handling and
decreased workability properties.

Component (E) is a platinum-type catalyst for
promoting the hydrosilylation reaction of the claimed

composition of this invention. Examples of component
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10 sufficient degree and the purpose of our invention cannot be
achieved. A simlar conposition, in which the anount exceeds 95 wt% w ||
not sufficiently cure by a hydrosilylation reaction. Component

(a) S an acrylic-functional organopol ysil oxane havi ng an average
of at least two silicon-bonded acrylic groups per nolecule and having the
formul a: 21 - °

(E) include platinum black, platinum activated
charcoal, platinum-carrying silica, chloroplatinic
acid, alcohol solutions of chloroplatinic acid,
complexes of platinum and olefins, complexes of
platinum and vinylsiloxane, and catalysts composed of
thermoplastic resins containing these platinum-type
catalyéts. Examples of these thermoplastic resins
include silicone, polycarbonate, acrylic, nylon, and
polyester. Moreover, the softening point of this
thermoplastic resin is preferably 5-20°C, and its
particle diameter is preferably 0.01-10 pm.

The amount of component (E) in our composition is
an amount sufficient to achieve cure of said
composition. The amount of component (E) provides an
amount of platinum metal in our composition ranging
from 0.1-1,000 ppm, with 0.5-500 ppm being preferred.

Component (A') is the main ingredient of the our
second electrically conductive silicone elastomer
composition. It is a silicon-bonded alkenyl group-
containing organopolysiloxane having an average of at
least two alkenyl groups per molecule.

In one embodiment, of component (A’), it also
contains silicon-bonded acrylic functional groups

having the formula:
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[err]
t here

wherein R err], Rerr] and Rlerr] are as descri bed above.
are fewer than two acrylic groups per nolecule, when the

el ectrically conductive silicone conpositionis irradiated with a
hi gh-energy beam the acrylic group free radical reaction will not occur
to a sufficient degree. |In preferred enbodinents, R err] and R err] are

sel ected fromthe group consisting of atkyl; alkenyl, aryl, and aralky.

| f

In

nore preferred enbodi mnents, R err] and R err] are selected fromthe group
consisting of nethyl, ethyl, propyl, vinyl, allyl, phenyl, tolyl,

?

RI R
|
= C C-0-R-

H

O
wherein R' and R® are as defined above. In another
embodiment of component (A’), it is free of such

silicon-bonded acrylic functional groups.

If component (A') contains an average of less
than two silicon-bonded alkenyl groups per molecule,
the resulting electrically conductive silicone
elastomer composition will not properly cure via a
hydrosilylation reaction, making it unsuitable as a
die bonding agent.

In preferred embodiments, the silicon-bonded
alkenyl groups of component (A‘) are selected from the
group consisting of vinyl, allyl, butenyl, pentenyl,
hexenyl, or heptenyl. Vinyl is particularly
preferred. The silicon-bonded alkenyl group of
component (A’) may be located on the molecular
terminal, the molecular side chain or both.

In preferred embodiments, any silicon-bonded
organic group, other than the silicon-bonded alkenyl
groups, in component (A’) is selected from the group
consisting of alkyl, cycloalkyl, aryl, aralkyl,
halogenated alkyl, alkoxy and hydroxyl groups.

Preferred alkyl groups are selected from the

group consisting of methyl, ethyl, propyl, butyl,

This Sheet Has Been Replaced

A




xylyl, benzyl and phenethyl. In preferred enbodinents, R3 is selected from

the group consisting of nethylene, ethylene, propylene,
butyl ene, and pentylene. In nore preferred enbodi nents, R3 is propyl ene.

Preferred acrylic groups include 3- acryloxypropyl, 4-acryloxypropyl, and

3- nethacryl oxypropyl. The nore preferred acrylic group is

3- met hacryl oxypropyl . 23 - -
pentyl, hexyl, heptyl, octyl, nonyl, decyl, and
octadecyl. Preferred cycloalkyl groups are selected
from the group consisting of cyclopentyl or
cyclohexyl. Preferred aryl groups are selected from
the group consisting of phenyl, tolyl, xylyl, and
naphthyl. Preferred aralkyl groups are selected from
the group consisting of benzyl, phenethyl, and
phenylpropyl. Preferred halogenated alkyl groups are
selected from the group consisting of 3-chloropropyl
or 3,3,3-trifluoropropyl. Preferred alkoxy groups are
selected from the group consisting of methoxy, ethoxy,
propoxy, butoxy, methoxymethoxy and ethoxyethoxy
group. Particularly preferred groups are methyl and
phenyl.

When component (A') is free of silicon-bonded
acrylic groups, or contains an average of less than
two such groups per molecule, component (B’) must also
contain an average of at least two silicon-bonded

acrylic functional groups per molecule have formula.

Rl RZ

wherein R', R?, and R’ are described above; If neither
component (A’) nor component (B’) contains an average
of at least two silicon-bonded acrylic functional

groups per molecule of the above formula, then the
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Exanpl es of the bonding position of this acrylic group include the

nol ecul ar chain termnal or the nolecular side chains, with the nol ecul ar
chain term nal being preferred because of favorable reactivity. Exanples
of other groups which bond to the silicon atons in conponent (a) include
substituted or unsubstituted nDnovaIent hydr ocar bon groups, represented
by al kyl groups such as nethyl, ethyl, Z*propyl, butyl, pentyl, hexyl,
heptyl, octyl, nonyl, decyl, or octadecyl cycloalkyl groups such as

cuol oventy| oL APLODEKL i 9FSIPSalt YL G190 SHEb. 33, a1
tolyl, xylyl noPrpenglbhhylel @r ahkyle@r opRsmsCh &6 Nz RNenet hyl, or
structure of component (A’), its viscosity at 25°C,
and the representative examples thereof, including
preferred embodiments, are the same as described above
for the aforementioned component (a).

A method for preparing an alkenyl group-
containing organopolysiloxane, having an average of at
least two silicon-bonded alkenyl groups per molecule
and also having the aforementioned silicon-bonded
acrylic functional groups per molecule, companies
reacting a silicon-bonded alkenyl group containing
organopolysiloxane, having an average of at least two
silicon-bonded alkenyl groups per molecule and an
average of at least two silicon-bonded hydrogen atoms
per molecule, by means of a condensation reaction,
with an organic silicon compound having the
aforementioned silicon-bonded acrylic functional group
and a silicon-bonded alkoxy group. Such
organopolysiloxane composition represented by
methylvinylpolysiloxane having both terminals of the
molecule capped with silanocl groups, or by
dimethylsiloxaneemethylvinylsiloxane copolymer having
both molecular terminals terminated with silanol
groups. Moreover, examples of an organic silicon
compound having the aforementioned silicon-bonded
acrylic functional group and a silicon-bonded alkoxy

group include 3-acryloxypropyltrimethoxysilane, 3-
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phenyl propyl ; hal ogenated al kyl groups such as 3- chl oropropyl or
3,3,3-trifluoropropyl; alkoxy groups such as nethoxy, ethoxy, propoxy,
but oxy, nethoxynet hoxy, or methoxyethoxy; hydroxyl group and hydrogen
atom O these, a nethyl or phenyl group is preferred.
12 Exanpl es of the nol ecul ar strycture of conponent (a) are
straight-chain, partially-branched strdight-
acryloxypropyl dimethylmethoxysilane, 3
acryloxymethylbis(trimethylsiloxy)silane, 3-
methacryloxypropenyltrimethoxysilane, 3-
methacryloxypropyl dimethylethoxysilane, 3-
methacryloxypropylmethyldiethoxysilane, and 3-
methacryloxypropyltris(methoxyethoxy)silane. 1In such
condensation reaction, a commonly-known condensation
reaction catalyst may also be used.
Component (B') is a compcnent for curing the
latter electrically conductive silicone elastomer
composition, and it is a silicon-bonded hydrogen atom-
containing organopolysiloxane which has an average of
at least two silicon-bonded hydrogen atoms per

molecule. Component (B’) may contain a silicon-bonded

acrylic functional group having the formula:
R' R?

HC=C -C-0-R*-

O
wherein R, R?, and R’ are described above. Component
(B') may also be free of such silicon-bonded acrylic

functional groups.

Component (B') must have an average of at least
two silicon-bonded hydrogen atoms per molecule. If
there are fewer than two silicon-bonded hydrogen atoms
per molecule, the composition will not be sufficiently

cured by the hydrosilylation reaction, making it
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chai n, branched-chain, cyclic, and network, wth straight -

chai n

preferred. Mreover, when the viscosity of conponent (a) at 25[err]Cis

wi thin the range of 20- 200, 000 nPa.s, favorable physical

properties of

the electrically conductive silicone conposition are obtained, such as
flexibility and el ongati on. Furthernmoge, the handling and workability of

sai d conpositions are favorable. A viscosity range of 500-

20, 000 nPa. s

at 25[err]Cis preferred. Exanpl es of conponent (a) include
met hyl vi nyl pQj,ysiil@eane fiavi,ng 0ot ] geubgeher m nal smpcaPPed With

3- et hacryl oxypropyl di nethoxysiloxy groups,

di et hyl si | oxanetinet hydodinyilesi | doane tddpol yyeirodeavi rgoat  oth nleecul e

term nal s 3-nethacryl oxypr opyl _
moleculYe terminal or the molecular side

chains.

Moreover, examples of other groups which bond to the

silicon atoms in component (B') include alkyl groups

such as methyl, ethyl, propyl, butyl, pentyl,

hexyl,

heptyl, octyl, nonyl, decyl, or octadecyl; cycloalkyl

groups such as cyclopentyl group or cyclohexyl; aryl

groups such as phenyl, tolyl, xylyl, and naphthyl;

aralkyl groups such as benzyl, phenethyl, and

phenylpropyl; halogenated alkyl groups such
chloropropyl group or 3,3,3-trifluoropropyl;

groups such as wmethoxy, ethoxy, propoxy,

as 3-

alkoxy

butoxy,

methoxymethoxy, and ethoxyethoxy; and hydroxyl groups,

with a methyl or phenyl group preferred. Moreover, in

cases where component (A') contains

less than an average of at least two silicon-bonded

acrylic functional groups pér molecule, formula:

wherein Rl, R?

3 . ,
. and R are described above; or said

component does not contain said acrylic functional

group at all, it is necessary for component (B') to

have an average of at least two silicon-bonded acrylic

groups per molecule.

Examples of the molecular structure of component

(B') are straight-chain, partially-branched straight-

chain, branched-chain, cyclic, and network. The

viscosity of component (B') at 25°C is in the range of

1-50,000 mPa.s; so the resulting composition is
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di met hoxysi | oxy groups, nethylvinyl polysiloxane having both nol ecul e
termnals capped with 3- nethacryl oxypropyl diethoxysiloxy groups,
di met hyl si | oxane- et hyl vi nyl si | oxane copol yner having at both termnals
3- et hacryl oxypropyl diethoxysiloxy groups, nethylvinylsiloxane-
net hyl (tri met hoxysilyl ethyl)sil oxane-nmethyl (3- nmethacryl oxypropyl)siloxane
copol yner having both termnals capped with trinethylsiloxy groups,
storage stable and its handling or workability
properties are favorable. A viscosity range of 5
1,000 mPa.s is particularly preferred.

Examples of siloxanes used as component (B')
include those organopolysiloxanes mentioned above for
component (B), and silicon-bonded acrylic functional
group-containing organopolysiloxanes.

When component (B’) is a silicon-bonded acrylic
functional group-containing organopolysiloxane it is
preferably selected from the group consisting of
methylhydrogenpolylsiloxane having both molecule
terminals terminated with 3-methacryloxypropyl
dimethoxysiloxy groups;
dimethylsiloxaneemethylhydrogensiloxane copolymer
having both terminals terminated with 3-
methacryloxypropyl dimethoxysiloxy groups;
methylhydrogenpolylsiloxane having both terminals
capped with 3-methacryloxypropyl diethoxysiloxy
groups; dimethylsiloxaneemethylhydrogensiloxane
copolymer having both molecule terminals molecule
terminated with 3-methacryloxypropyl diethoxysiloxy
groups;
methylhydrogensiloxaneemethyl (trimethoxysilylethyl)sil
oxane*methyl (3-methacryloxypropyl)siloxane copolymer
having both molecular terminals capped with
trimethylsiloxy groups,
dimethylsiloxaneemethylhydrogensiloxaneemethyl (trimeth

oxysilylethyl)siloxaneemethyl (3-
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13  di net hyl si | oxane-net hyl vi nyl si | oxane-

met hyl (tri met hoxysi |l yl et hyl ) si | oxane-net hyl (3- net hacryl oxypropyl ) si | oxane
copol ymer having the nolecule ends termnated with trinmethylsiloxy groups,
met hyl vi nyl pol ysi | oxane having both nolecule termnals capped with

3-acryl oxypropyl di nmet hoxysil oxy groups,g

di met hyl si | oxane- net hyl vi nyl si | oxane copol'yner having both nolecule

term nal s capped with 3-acryl oxypropyl dimethoxysil oxy groups,

net hyl vi nyl polatsid @xanschddia ) i L8l vk 1t hevimbepdt g ter m nat ed
with 3- acryl oxypropyl "di ethoxysil oxy groups, dinethylsil oxane-
met hyl vi nyl sit eoxaire Ico podwymigra teay ivig it enmimeathy 1efi 1ble gmobeeul e capped with
s-acrylOxypr($QQh;¥ﬁ¥§¥gggﬁgé¥9&siloxane having both molecule
terminals terminated with 3-acryloxypropyl
dimethoxysiloxy groups;
dimethylsiloxanesmethylhydrogensiloxane copolymer
having both molecule terminals capped with 3-
acryloxypropyl dimethoxysiloxy groups;
methylhydrogenpolylsiloxane having both molecular
terminals terminated with 3-acryloxypropyl
diethoxysiloxy groups;
dimethylsiloxaneemethylhydrogensiloxane copolymer
having both molecule terminals terminated with 3-
acryloxypropyl diethoxysiloxy groups,
methylhydrogensiloxanesmethyl (trimethoxysilylethyl)sil
oxaneemethyl (3 -acryloxypropyl) siloxane copolymer
having both terminals terminated with trimethylsiloxy
groups;
dimethylsiloxanesmethylhydrogensiloxaneemethyl (trimeth
oxysilylethyl)siloxaneemethyl (3-
acryloxypropyl)siloxane copolymer having both molecule
terminals terminated with trimethylsiloxy groups, and
mixtures of two or more of these organopolysiloxanes.
An example for manufacturing a silicon-bonded
hydrogen atom-containing organopolysiloxane, having an
average of at least two silicon-bonded hydrogen atoms

per molecule and an average of at least two silicon-

bonded acrylic functional groups per molecule, is a
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groups, nethyl vinyl sil oxane-

met hyl (tri met hoxysi |yl et hyl )si | oxane-net hyl (3- acryl oxypropyl)sil oxane
copol ymer having both nolecule termnals capped with trinmethylsiloxy
groups, di et hyl sil oxane-net hyl vi nyl si | oxane-

met hyl (trimet hoxysilyl ethyl)siloxane-nethyl (3- acryl oxypropyl)sil oxane
copol yner having both termnals capped with trinmethylsiloxy groups,

or ganopol ysi | oxane conposed of CH[err]—C}KIIIIerr]H[err]

(CHerr] O [ ergdSidd elrrr]m?ﬂrt% Ip[&r 1431 1 09h9anopglysh! gyane conposed of
(CHerr])[err]Siqerr] [ err] err]Herr] (CHerr]l]OJferr]Sigerr]

and SiC[err] awgtsge mgftndmﬂgksldmmlmm@@ededf hy@pegen] afems] Si g err|
pexr molecule and an average of at least two silicon-
bonded hydroxyl groups per molecule, and an organic
silicon compound having silicon-bonded acrylic
functional groups and a silicon-bonded alkoxy group
are subjected to a condensation reaction. Examples of
such an organopolysiloxane, having an average of at
least two silicon-bonded hydrogen atoms per molecule,
and an average of at least two silicon-bonded hydroxy
groups per molecule include
methylhydrogenpolylsiloxane having both molecule
terminals terminated with silanol groups, or
dimethylsiloxaneemethylhydrogensiloxane copolymer
having both molecule-terminals capped with silanol
groups.

Moreover, examples of organic silicon compounds
having the aforementioned silicon-bonded acrylic
functional group and a silicon-bonded alkoxy group
include 3-acryloxypropyl trimethoxysilane: 3-
acryloxypropyl dimethylmethoxysilane: 3-
acryloxymethylbis (trimethylsiloxy)silane: 3-
methacryloxypropenyl trimethoxysilane: 3-
methacryloxypropyl dimethylethoxysilane: 3-
methacryloxypropyl methyldiethoxysilane: and 3-
methacryloxypropyl tris(methoxyethoxy)silane. 1In the
condensation reaction, a commonly-known condensation

reaction catalyst may also be used.

This Sheet Has Been Repl

T




14 CH err]=CHCOOC err]H err] (CHerr]Oferr]Sigerr]
(CHerr])[err]Siderr], and Sigerr] units, organopolysiloxane conposed of
CH err]=CH (CHerr]) COOC[err]H err] (CHerr]O [err]SiJerr] and Sigerr]
units, organopol ysil oxane conposed of (CH err]) [err]Si(err]

CH err]=CH(CH err])cooerr]H err] (CH®&r]JOJ[err]Sigerr], and Sigerr]
units, organopol ysil oxane conposed of (CHerr])[err]SiJerr] CHerr]=CH

(e e hitpeel (et 0, Lt B eI hnic  pese

or ganopol ysi l.@x@B888d, havin§OHROAERER{R) gk8upNask k§rﬁ‘}’$cﬂ9ﬁi@| ni ng
functional group, is subjected to a hydrosilylation
reaction with an organopolysiloxane having at least
three silicon-bonded hydrogen atoms per molecule in
the presence of a platinum-type catalyst. Examples of
such organic compounds include allyl methacrylate or
3-methacryloxypropyl
dimethyl (vinyldimethylsiloxy)silane. Examples of
platinum-type catalysts used in this hydrosilylation
reaction are the same catalysts as those specified for
component (D) above.

The amount of component (B') in the claimed
composition is an amount such that the silicon-bonded
hydrogen atoms in componént {(B') are present in the
amount of 0.5-20 moles per mole of silicon-bonded
alkenyl group ip component (A'). If the amount of
silicon-bonded hydrogen atoms in component (B')is less
than 0.5 moles per mole of the silicon-bonded alkenyl
group in component {(A'), the resulting silicone
elastomer compositions will not cure properly and will
be unsuitable as a die bonding agent. If the amount
of silicon-bonded hydfogen atoms in component (B} 1is
greater than 20 moles per mole of silicon-bonded
alkenyl group in component (A‘), the resulting
composition will form bubbles during cure.

Component (C) is the same electrically conductive

filler as used above for our first conductive silicone
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or ganopol ysi | oxane havi ng an average of at |east two silicon-bonded

al kenyl groups per nolecule. If there are fewer than two such al kenyl
groups per nolecule, the resulting electrically conductive silicone
conposition will not sufficiently cure via a hydrosilylation reaction,
making it unsuitable as a die bonding égent Exanpl es of bonding sites of
t hese al kenyl groups are the nolecular chain termnal or nolecular side

chains, with the nDIecuI r chain ternlnal refer | f. these
al kenyl group% s ude?a/rinyq(A PVyI bﬁien@? gegﬁgﬁyﬁﬁ%ﬁgigﬁaﬁly nd

hept enyl gro%%%ddNtHQeVl§Yi186@@peﬂk@ﬁﬁﬁkﬁd comp051®@6§0V¢&am®K@@p|es of
ot her groups which bond to the silicon atomin conponent (b) are
substituted @amounts, and particle sizes thereof are the same as
the above, including preferred embodiments and
amounts.

Component (D) is the same photosensitizer as used
above for our first electrically conductive silicone
elastomer composition. Here, however, the free
radical reaction occurs due to the acrylic functional
groups in component (A') and/or component (B') when
said composition is irradiated with a high-energy
beam. Examples and amounts are the same as specified
above, including preferred embodiments.

Component (E} is the same a platinum-type
catalyst amounts and particle sizes for promoting the
hydrosilylation reaction of the latter electrically
conductive silicone elastomer composition, and
examples thereof are the same platinum-type catalysts
as those specified above, including preferred amounts
and embodiments.

Adhesion-promoting agents may also be added with
these electrically conductive silicone elastomer
compositions as optional components. they include
alkoxysilanes such as tetramethoxysilane,
tetraethoxysilane, dimethyldimethoxysilane,
methylphenyldiethoxysilane, phenyltrimethoxysilane,
methyltrimethoxysilane, methyltriethoxysilane,

vinyltrimethoxysilane, allyltrimethoxysilane,
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unsubsti tuted nonoval ent hydrocarbon groups, including, alkyl groups such
15

as nethyl, ethyl, propyl, butyl,
pentyl, hexyl, heptyl, octyl, nonyl, decyl, or octadecyl; cycloalkyl

groups such as cycl opentyl or cyclohexiL; aryL grogps SFCh ﬁs p?ﬁnyl,
s such as benzyl, phenethyl,

tolyl, xylyl, or naphthyl; aralkyl gro
phenylpropyl hal ogenat ed al kyl groups such as 3- chl oropropyl or

3.3, 3-tri 1 ugnqpnopyl.; aLkoxy grougs
glycidoxypropyltrimethoxysilane, and 3-
methacryloxypropyltrimethoxysilane; or

organopolysiloxanes having the following formulas:

~

ci, |en,| ocn,
] |
CH =CH - $i0 + 8i0 {—8i-0CH | ;

| |

CH, |CH,| OCH

CH, |CH,| OCH,

H - S5i0 +-Si0 {—Si-OCH | ;

CH,|CH,| OCH,

L. JSom

weolcn,  |lem)| ocn,
] ||
CH,~CHCH O(CH ) Si0 +5i0 Si0 -+ SICH.Y,0CH CH~CH,, ;
\ e || \/
o H.CO |CH=CH,|,CH,|, OCH, 0
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such as net hoxy,
nmet hoxyet hoxy;
Exanpl es of the nol ecul ar structure of conmponent (b)
strai ght-chain,
network, with

conponent (b) at 25[err]Cis within a range "of

t he physical properties obtained, such as flexibility and el ongati on,
favorable. Al so, tﬁgIHHHQU|ng and wotkability of the resulting
conpositions are goods A énge of 500-20,000 nPa.s at 25[err]Cis
particularly prefeyried | Exanpl ¢s of conponent (b) include
SiO+— SiO ; and
| |
H C,H, S(OCH ),
cH |ca| [cn, 1< | <A,
]| | ]!
CH,-Si0-|Si0 T[S0 SiO SiO+—S —CH,

et hoxy, propoxy,
and hydroxyl group,

but oxy,
w th methyl or

met hoxynet hoxy, or
phenyl
i ncl ude

partially-branched straight-chain, branched,
strai ght-chain being prefiérred. Mreover, the

C,H,S(OCH),| | (CH),0CH, CH-CH,| |CH,| ci,

m n \/

A . 0 L

wherein m, and p are positive number, and g is 0 or a
positive numbers. Such adhesion-promoting agents are
present in an amount ranging from 0.01-20 parts by
weight with respect to 100 parts by weight of
component (A) and component (A') A range from 0.1-5
parts by weight is particularly preferred.

Moreover, other optional components may be mixed
in with electrically conductive gilicone elastomer
compositions include acetylene compounds such as 3-
methyl-1-butyn-3-0l1; and 3,5-dimethyl-1-hexyn-3-ol; 3-
phenyl-1-butyn-3-0l; enyne compounds such as 3-methyl-
3-penten-1-yne or 3,5-dimethyl-3-hexen-1-yne;
cycloalkenylsiloxanes such as 1,3,5,7-tetramethyl-

1,3,5,7-tetravinylcyclotetrasiloxane or 1,3,5,7-
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di met hyl si | oxane- et hyl vi nyl si | oxane copol yner having both nol ecul e
termnals capped with trinethylsiloxy groups, nethylvinylpolysiloxane
havi ng both nolecule termnals capped with trinmethylsiloxy groups,
di met hyl si | oxane- et hyl vi nyl si | oxane-
16 met hyl phenyl si | oxane copol yner hawitng both nolecule term nals capped
with trimethylsiloxy groups, dinethylpolysiloxane having both nol ecul e
term nal s
tetramethyl-1,3,5,7-tetrahexenylcyclotetrasiloxane;
triazole compounds such as benzotriazole; and addition
reaction inhibitors such as phosphine compounds,
mercaptan compounds, and hydrazine compounds. The
amount of these addition reaction inhibitors in the
composition differs depending on the curing
conditions. Generally speaking, however, this
inhibitor is provided in an amount of 10-1,000 ppm by
weight with respect to the electrically conductive
silicone elastomer composition.
Furthermore, examples of other components which
may be optionally mixed in with our electrically
conductive silicone elastomer compositions include
inorganic fillers, such as fumed silica, wet silica,
quartz, calcium carbonaté, titanium dioxide,
diatomacecus earth, aluminum dioxide, aluminum
hydroxide, zinc oxide,-and zinc carbonate; or
hydrophobic inorganic fillers, such as the above
fillers which have been surface-treated with
organoalkoxysilanes such as methyltrimethoxysilane;
organochalosilanes such as trimethylchlorosilane;
organosilanes such as hexamethyldisilane; or siloxane
cligomers sﬁch as dimethylsiloxane oligomer;
methylphenylsiloxane oligomer, and methylvinylsiloxane
oligomer, all having both molecular terminals capped
with hydroxyl groups.
Finally, organic solvents such as toluene,

xylene, acetone, methylethyl ketone, methylisocbutyl
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capped wi th di net hyl vi nyl sil oxy groups,

di met hyl si | oxane- net hyl vi nyl si | oxane copol yner having both nol ecule
term nal s capped wi th dinmethylvinylsiloxy groups,

di et hyl si | oxane-net hyl vi nyl si | oxane- net hyl phenyl si | oxane copol yner
havi ng both nolecule termnals capped 3ith dinmethylvinylsiloxy groups,
or ganopol ysi | oxane conposed of (CH err]=CH)y (CHerr])[err]SiJerr] and
Sigerr] units, organopol ysil oxane conmposed of (C}gerr])[err]SiC{err]
(CH er r] =CH) keeAper r Prsrefer APd BRBL3PEF ePP] GRPES L 10 H3%opol ysi | oxane

corposed of LRSS LR ALR L QS L el g S ertl,
of these or gaaapalkysiy19¥angssiloxane CBBPANRAY i AB) t BT £SmOLECcELEADI €
silicone conposition, and it is a silicon-bonded hydrogen-atom
terminals terminated with trimethylsiloxy groups;
flame retardants; heat-resisting agents; plasticizers;
thixotropic agents; and antifungal agents.

Examples of high-energy beams used to induce the
free radical reaction of our electrically conductive
silicone elastomer compositions include visible light,
ultraviolet rays, x-rays, and electron beams, with
ultraviolet rays being preferred for practical use.

In methods for irradiation using ultraviolet rays,
light sources such as hydrogen discharge tubes, high-
pressure mercury lamps, medium-pressure mercury lamps,
low-pressure mercury lamps, metal halide lamps, xenon
lamps, chemical lamps, and carbon arc lamps are
preferably employed. The wavelength of these
ultraviolet rays are preferably in the range of 250-
400 nm. Concerning conditions of irradiation with
ultraviolet rays, the electrically conductive silicone
elastomer composition can be irradiated under
refrigeration, at room temperature, or under heating.
And, the irradiation may occur in an inert gas
atmosphere, such as nitrogen or argon; in ailr; or in a
vacuum. The total irradiation dose of ultraviolet
rays 15 J/cm’ or less at a wavelength of 250-400 nm.

A irradiation range of 1-8 J/cm’ is preferred. The

time of this irradiation is preferably immediately
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cont ai ni ng organopol ysi | oxane having an average of at |east two
silicon-bonded hydrogen atons per nolecule. |If there are fewer than two
such hydrogen atons per nolecule, the electrically conductive silicone
el astoner produced will not sufficiently cure by the hydrosilylation

reaction,

or

t he nol ecul ar

making it unsuitable as a di &6 bondi ng agent. Exanples of the
bondi ng position of

t his hydrogen atom are 't he nol ecul ar chain termnals

si de chai ns.

after application of our electrically conductive

silicone elastomer composition to a substrate. The

fact that our silicone elastomer composition has

undergone a suitable acrylic functional group free

radical reaction due to high-enexrgy beam irradiation

is confirmed by an increase in viscosity or film

formation, on the surface of the resulting cured

elastomer composition, but it is not necessarily

accompanied by changes in external appearance.

The temperature at which our electrically

conductive silicone elastomer composition is cured by

a hydrosilylation reaction is in the range of 50-

300°C.

A range of 100-250°C is preferred. Concerning

the method for heating our electrically conductive

silicone elastomer composition, the use of heating

devices such as an infrared irradiation device, hot-

air circulation oven, or hot plate is preferred.

Concerning the hardness of our electrically

conductive silicone elastomer obtained herein, it JIS

A hardness, as specified by JIS K 6301, is 20 or

above, with a figure of 30-95 being preferred.

Our electrically conductive silicone elastomer

composition may be used as a die binding agent for

binding semiconductor chips to substrates, packages,

and so forth. Once the semiconductor chip has been

mounted on a substrate by means of ouxr curable

elastomer, and it has been irradiated with a high-

energy beam which causes an acrylic functional group

This Sheet Has Been Replaced

* SRR




17 Exanpl es of other groups which bond to the silicon atons in
conponent (B) include substituted or unsubstituted nonoval ent hydrocarbon
groups, including alkyl groups such as nmethyl, ethyl, propyl, butyl,
pentyl, hexyl, heptyl, octyl, nonyl, decyl, or octadecyl; cycloalkyl
groups such as cyclopentyl or cyclohexyd;; aryl groups such as phenyl,
tolyl, xylyl, or naphthyl; aral kyl groups-such as benzyl, phenethyl, or
phenyl propyl; and hal ogenat ed al kyl groups such as 3-chl oropropyl group or
3,3,3-trifl uofopeopytiical koryct gooupst silshpass hiet doxy , i1et hexy, prOp(r)]xy,thI
met ny

but oxy, nethoxgnethoxy, or _net hoxyet hoxy; and hydroxyl group, wt

or phenyl grofip

gBéFﬁngPéf ePFefolécular-weight Silicone oil from

said composition before and during curing by the
hydrosilylation reaction. The semiconductor chip,
substrate, package, and lead frame are therefore not
contaminated by low molecular-weight silicone oil.
This fact offers the advantage of eliminating or at
least decreasing defects in wire bondability to
semiconductor chips, lead frames, etc. Furthermore,
adhesion defects between semiconductor chips,
substrates, packages, or lead frames and the sealing
resin are also minimized or eliminated. Unexpectedly,
when these components have been adhered using the
composition of the present invention, and are then
soldered or a conformal éoating is applied over them,
soldering defects, crawling of the coating, etc., do
not occur. Therefore, there is the surprising
advantage that by using our electrically conductive
silicone elastomer composition as a die bonding agent,
it is possible to manufacture semiconductor devices
having outstanding reliability, such as moisture
resistance, with favorable yields.

Next, the method for manufacturing semiconductor
devices of the present invention, and the obtained
semiconductor devices obtained by this method will be

explained in detail.
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Exanpl es of the nol ecul ar structure of conmponent (B) are straight-chain,
partial |l y-branched straight- chain, branched-chain, cyclic, and network,
with straight-chain preferred. Moreover, the viscosity of conponent (B)
at 25[err]Cis within a range of 1-50,000 nPa.s. The product electrically
conductive silicone conposition is stalsle, and its handling and

wor kability are favorable. A range of 5-1,000 nPa.s at 25[err]Cis
particularly preferred. Exanpl es of conponent (B) include

met hyl hydr ogenpol §88l-otarie RHavéert botdl t@iagmat sobf at Remigpnéedrercapped

2LE2|;LLpEthék%ﬁk%XXHQr8HQSbatghqeanLghh2§PQ53ﬂB§hygh%%%%ggﬂ§iLgéane
examples.

Fig. 2 is a sectional diagram of another
semiconductor device according to the present
invention demonstrated in the examples.

Explanation of Symbols
1. Semiconductor chip
2. Tab
3. Electrically conductive silicone elastomer
Aluminum bonding pad
Copper lead frame
Gold bonding wire
Epoxy sealing resin

Ceramic circuit board

Ww w0 N s

Copper circuit wiring
10. Electrical components such as condensers or
resistors.

Examples of semiconductor devices manufactured by
the method of this invention include diodes,
transistors, thyristors, monolithic ICs, hybrid ICs,
LSIs, and VLSIs. Moreover, examples of semiconductor
éhips in semiconductor devices include diodes,
transistors, thyristors, monolithic ICs, and in hybrid
Ics. As shown in Fig. 1, a semiconductor device
obtained by our manufacturing method of is
characterized in that a semiconductor chip 1 and a tab

22 are adhered by means of an electrically conductive
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18 ' having both nolecule termnals capped with trimethylsiloxy groups,

di met hyl pol ysi | oxane having both nolecule term nals capped with

di met hyl hydr ogensi | oxy groups, dinmethyl sil oxane- nethyl hydrogensil oxane
copol ymer having both nolecule termnals capped with

di et hyl hydr ogensi | oxy groups, organopel ysil oxane conposed of

(CH err])[err]HSIerr] and Sigerr] units, organopolysil oxane conposed of
(CHerr])[err]Siderr], (CHerr])[err]HSiJerr], and SiJerr] units,

or ganopol ysi kbkanene elastomer composition which has been cured to

form an electrically conductive silicone elastomer.

(A tab which is a substrate upon which a semiconductor
chip may be mounted). Examples of raw materials of
this tab 2 include copper or iron alloys. Further, as
shown in Fig. 2, in another semiconductor device
obtained by our manufacturing method of, a circuit
board 8 is composed of raw materials, such as ceramics
or glass, and is used as the substrate for mounting
the semiconductor chip 1. Circuit wiring 9 is formed
on the surface of circuit board 8 by means of metals
such as gold, silver, and copper, and electrical
components 10 such as capacitors, resistors, and coils
may also be mounted on the surface of this circuit
board 8.

After a semiconductor chip 1 is wmounted on and a
tab 2 or a ceramic circuit board 8, are mounted by
means of our electrically conductive silicone
elastomer composition, a free radical reaction of the
acrylic functional group of said composition is
induced, by irradiating this electrically conductive
_silicone elastomer composition with a high-energy
beam. The ultraviolet irradiation is preferably
conducted immediately after mounting of the
semiconductor chip.

The electrically conductive silicone elastomer
composition was next cured by means of a

hydrosilylation reaction, and the semiconductor chip 1
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conposed of (CHerr])[err]Sierr], (CHerr])[err]HSIJerr],
(CHerr])[err]Siderr], and Siderr] units, and m xtures of tw or nore of
t hese organopol ysi | oxanes. The amount of component (B) used in our
conposition is that anount providing 0.5-20 noles of silicon-bonded
hydrogen atons in conponent (B) per nol&@ of silicon-bonded al kenyl group

I n component (b). If the anount of silicon-bonded hydrogen atons in
conponent (B) is less than 0.5 nole per nole of silicon-bonded al kenyl
group in conpenenBugky, the adbaposittd onhei | kaho? cor e tf f iceiremtiky via a
hydrosilyl ati on reacti on,, nmaking them unsuitable as die bonding agents.
Cont rasti ngl Y1 %&%¢t %49 y? -conducti ve silicone conpositions in which the

anount exceeds 20After the electrically conductive silicone

elastomer 3 was formed in this manner wire bonding of
the aluminum-bonding pad 4 installed at the upper edge
of the semiconductor chip 1 and the metal lead frame 5
or copper circuit board 9 was performed by means of
gold bonding wire 6. 1In addition to gold, examples of
this Dbonding wire include copper and aluminum.
Examples of wire-bonding methods include the
thermocompression bonding method, the ultrasonic
bonding method, and the ultrasonic thermocompression
bonding method. Then, silicone elastomer or silicone
gel was formed on the surface of this semiconductor
chip 1 to protect it.' Moreover, if needed, the
semiconductor device of the present invention may be
formed by resin sealing of the semiconductor chip 1 by
means of sealing regin 7. Examples of this sealing
resin 7 are epoxy resin, phenol resin, and
polyphenylene sulfide resin.
EXAMPLES

Our electrically conductive silicone elastomer
composition, our method for manufacturing a.
semiconductor device, and the resulting semiconductor
device are now shown by means of practical examples.
The viscosity values in the examples were measured at
25°C. Furthermore, evaluations of the hardness and

velume resistivity, the manufacturing method, the
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nol es are unsuitable since they form bubbles, etc., during curing.

19 Conmponent (C) is an electrically conductive filler for inparting
el ectrical conductivity to our conductive silicone elastoner that is
obt ai ned by curing our curable conposigion. Exanples of conponent (C)

i nclude netal such as gold, silver, nlckel and copper; plated substrates
I n which netals such as gol d, S|Iver :

wire bondability, the moisture resistance, , and the
adhesion properties of the sealing resin were
determined as follows.

Hardness of the electrically conductive silicone
elastomer: was determined as follows. After
ultraviolet irradiation of composition using a
conveyor-type ultraviolet irradiation device
(manufactured by Ushio Denki TM K.K.; UVC-2533/1MNLC3-
AA08) by means of a 160 W/cm high-pressure wmercury
lamp to a total irradiation dosage of 5 J/cm’, it was
heated for 30 minutes at 150°C to form an electrically
elastomer. The hardness of said conductive silicone
elastomer was measured using the JIS A hardness meter
specified in JIS K 6301.

Volume resistivity of the electrically conductive
silicone elastomer was tested as follows. An
electrically conductive silicone elastomer sheet 1 mm
in thickness was formed as above. The volume
resistivity of this sheet was measured using a
resistivity measurement device {(Model X-705RL
manufactured by Kyowa TM Riken Ltd.).

The manufacturing methods of the semiconductor
device and wire bondability were evaluated as follows.
The semiconductor device shown in Fig. 1 was prepared.
This semiconductor device had 144 leads in its lead
frame, and the size of the semiconductor chip was
10 mm x 10 mm. This semiconductor chip 1 was mounted

on the tab 2 by means of the electrically conductive
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ni ckel , and copper are vapor-deposited on the surface of such substrates
as ceramcs, glass, quartz, and organic resins. In our electrically
conductive silicone elastoner conmposition, to obtain a volune resistivity
which is 0.1 [err].cmor |ess, conponent, (C is preferably gold or silver,
with silver being preferred for practical use. Exanples of the shapes of
these netals or plated substrates are spherical, flake, and fl ake-branch.

The flake orfiakenbranghebse -PaBLLGHI AILY, PLET erfeth; fdd xhne of flake or
ver cul ar e

fl ake- branch si IS nore part y preterred. In this latter case,

the weight ralteaoioléie fhpkeusihyethé occotheydt aker branednisidnet s

P Y 8080t © AR O kel %t Vine " LN P dasade (I et o of these
silicone elastomer composition extruded on the
periphery of the chip was thereby caused to undergo an
acrylic functional group free radical reaction. The
composition was heated for 10 minutes at 150°C to form
electrically conductive silicone elastomer 3. Wire
bonding of the aluminum bonding pad 4, installed on
the upper edge of the semiconductor chip 1, and the
gold lead frame 5, was then conducted using gold
bonding wire 6. Thus, a semiconductor device was then
formed. The wire bonding was then performed using the
ultrasonic thermocompression bonding method (bonding
temperature: 160-250°C, load: 30-100 mg/unit. 20 of
these semiconductor devices were prepared. Next, neck
formation between the gold bonding wire 6, and the
bonding pad 4 or copper lead frame 5, was observed
under a microscope. At this time, by stretching the
gold bonding wire 6, the bonding status of this wire
was observed. The wire bondability was expressed as
the rate of bonding defects of the bonding wire 6.

Moisture resistance of these semiconductor

devices was tested as follows. Semiconductor devices
were prepared by resin sealing, using epoxy resin, of
a semiconductor chip to which bonding wire 6 was
favorably bonded. 20 of these semiconductor devices

were heated for specified periods in saturated water
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or plated substrates is preferably 1-10 [err]m The amount of
component (C) in our conposition is 50-2,000 parts by weight with respect
to 100 parts by weight of conmponent (A), with 300-1,000 parts by wei ght
being preferred. If the anount of conpongnt (C) is _ _ _

20 Il ess than 50 parts per 100 parts of conponent (A), it is not possible
to inpart sufficient electrical conductivity to the product silicone

el ast oner . |fvébor at 121°C and 2 atmospheres of pressure. After
heating, an electric current was applied to the
semiconductors, and the leak current between the
copper lead frame 4 was measured. Thereafter,
moisture resistance of the semiconductors was
expressed as the rate of increase in leak current and
defective semiconductor devices in which conduction
was defective.

Adhesion of semiconductor chips and sealing resin
were also determined herein. After 20 semiconductor
devices which had been resin-sealed using epoxy resin
were left standing for 168 hours under conditions of
85°C and 85% RH, they were heated using an IR reflow
at 245°C. After heating, the semiconductor devices
were observed using an ultrasonic microscope, and
separation occurring between the semiconductor chip 1
and the epoxy resin sealing material was observed.

The rate of occurrence of semiconductor devices
showing peeling was determined.
Example 1

100 parts by weight of an organopolysiloxane
mixture composed of 23.5% by weight of a combustion of
dimethylpolysiloxane having both molecule terminals
terminated with 3-methacryloxypropyl dimethoxysiloxy
groups and having a viscosity of 15,000 mPa.s and
silicone resin composed of (CH;) 3810,,,
CH,=C(CH,) COOC,H, (CH;0) ,S10,,,, and Si0, units, and 76.5%

by weight of a mixture of
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exceeds 2000 parts by weight, the handling and workability of the

resul tant conposition wll deteriorate. Conmponent (D) is a

phot osensitizer for pronoting the free radical reaction of the acrylic
groups in conponent (a) when our curable conmpositionis irradiated with a
hi gh-energy beam Exanples of conponenis (D) include acetophenones such as
acet ophenone, dichl oroacet ophenone, trichloroacetophenone,
tert-butyltrichl oroacet ophenone, 2, 2-diethoxyacetophenone, and p-

di met hyl am nddoetdpiendoxage *delthyadiviives stthexeof; copehyoe nshawuchg as
AL RN L L ST (e e E RN e UM R

and silicone resin composed of (CH,;),;S510,,,,
(CH,=CH) (CH,;) ,810,,,, and SiO, units (vinyl group
content = 0.9% by weight), 16 parts by weight of
methylhydrogensiloxaneedimethylsiloxane copolymer
having both molecular terminals terminated with
hydrogensiloxy groups and having a viscosity of 30
mPa.s (amount of silicon-bonded hydrogen atoms = 0.75%
by weight), 17 parts by weight of organopolysiloxane

having the following formula:

f@CI) CH 1 (}% OCH3

3

I ; | | |
CH,~CHCH ,(XCH ), SiO-Si0 SiO+ S{CH ) ,OCH ,CH~CH,
\ / R |1 \ /

0 H,CO _CH=CH2_2 CH, |, OCH, o)

510 parts by weight of flake-type silver having an
average particle diameter of 7 um, 10 parts by weight
of benzophencne as a photosensitizerxr, 7 parts by
weight of hydrophobic fumed silica which was surface-
treated with hexamethyldisilazane and having a
gpecific surface area of 200 nﬁ/g, al,1,3,3-
tetramethyl-1,3-divinyldisiloxane complex of platinum
(in an amount such that the platinum metal content in
the composition was 15 ppm by weight), and 3-phenyl-
1,butyn-3-0l (in an amount such that the content in
the composition was 350 ppm by weight) were uniformly

mixed to prepare an electrically conductive silicone
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derivatives thereof; benzophenones such as benzophenone,

2- chl or obenzophenone, p,p'- dichl orobenzophenone, and p,p'-

bi sdi et hyl am nobenzophenone or derivatives thereof; p-

di met hyl am nopr opi ophenone, hydroxyi sobutyl phenone, M chler's ketone;
benzyl; benzyl di nethyl ketal; tetranethyl thiuram nonosulfide;

t hi oxant hone; 2- chl or ot hi oxant hone; 2-nethylthi oxant hone;

elastomer composition. Semiconductor devices prepared
using this electrically conductive silicone elastomer
composition have their results in Table 1.
Example 2

100 parts by weight of an organopolysiloxane
mixture composed of 22.5% by weight of a composition of
dimethylpolysiloxane having both molecular terminals
terminated with 3-methacryloxypropyl dimethoxysiloxy
groups and having a viscosity of 15,000 mPa.s and
silicone resin composed of (CH;) 3810, ,,,
CH,=C (CH;) COOC;H, (CH,0) ,S10,,,, and Si0, units, and 77.5%
by weight of a mixture of
dimethylsiloxaneemethylvinylsiloxane copolymer having
both molecular terminals capped with
dimethylvinylsiloxy grouﬁs and silicone resin composed
of (CH;);810,/,, (CH,=CH) (CH,),Si0,,,, and SiO, units
(vinyl group content = 0.9% by weight), 16 parts by
weight of methylhydrogensiloxaneedimethylsiloxane
copolymer having both molecular terminals terminated
with hydrogensiloxy groups and having a viscosity of 30
mPa.s (amount of silicon-bonded hydrogen atoms= 0.75%
by weight), 17 parts by weight of organopolysiloxane

having the following formula:

— - - -

H.CO CH, CH, | OCH,
] ]
CH,-CHCH ,(XCH ), Si0 1 5i0 SiO+S{CH,),OCH CH~CH
\ / ] || \ /
0 H.CO | CH=CH, |)|CH |, OCH, 0

This Sheet Has Been Replaced

-~ AR



21 azoi sobutyronitrile; benzoi soperoxide; di-tert- but yl per oxi de;

1- hydr oxychl or ohexyl phenyl ketone; 2-

hydr oxy- 2- met hyl - 1- phenyl pr opan- 1-one; 1-(4-

i sopropyl phenyl) - 2- hydr oxy- 2- net hyl pr opan- 1- one; met hyl benzoyl f or mat e;

di phenyl sul fi de; anthracene; 1- chl otsoant hr aqui none; di phenyl di sul fi de;

di acetyl; hexachl or obut adi ene; pent achl or obut adi ene;

oct achl or obut adi ene; and 1-chl or onet hyl napht hal ene; or m xtures of two

or nore of these photosensitizers. Acet ophenone, benzoi n, benzophenone,

and their éq%riva ives are nmount of _conponent (D)
it

in our conpo igﬁr%g 5.Ye}ggge%E;%igbﬁ'ﬁﬁPﬁh?Jgf?ﬁ HEsHEEt* o 100 parts

by average particle diameter of 5 um, 9 parts by weight
of 2-hydroxy-2-methyl-1-phenylpropan-1-one as a
photosensitizer, 3 parts by weight of hydrophobic
fumed silica which had been surface-treated with
hexamethyldisilazane and having a specific surface
area of 200 mz/g, a l,1,3,3-tetramethyl-1,3-
divinyldisiloxane complex of platinum (in an amount
such that the platinum metal content in the
composition was of 15 ppm by weight), and 3-phenyl-
1,butyn-3-o0l (in an amount such that the content in
the composition was 350 ppm by weight) were uniformly
mixed to prepare an electrically conductive silicone
elastomer composition. Semiconductor devices prepared
using this electrically conductive silicone elastomer
composition have their evaluations given in Table 1.

Example 3
100 parts by weight of organopolysiloxane composed

of (CH;);810,,, CH,=C{(CH;)COOC;Hg (CH,0),810,,,,
(CH,=CH) (CH;) ,810;,;, and Si0O, units (vinyl group content
= 1.0% by weight), 18 parts by weight of
methylhydrogensiloxaneOdimethyivinylsiloxane copolymer
having both molecular terminals capped with
dimethylhydrogensiloxy groups having a viscosity of 30
mPa.s f(amount of hydrogen atoms bound to silicon atoms
= 0.75% by weight), 17 parts by weight of

organopolysiloxane having the following formula:
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wei ght of conmponent (A), with 5-15 parts by weight preferred. If the
anmount of conponent (D) is less than 0.1 part per 100 parts of conponent
(A), the free radical reaction of the acrylic groups is difficult to
produce, making it inpossible to achieve the purpose of this invention.
I f the anbunt of conponent (D) exceeds 2P parts by weight, the resulting
conposition will exhibit poor storage stability, poor handling and
decreased workability properties. Conmponent (E) is a platinum
catal yst for pronmoting ., the hydrosilylation reaction of the clained
conposition of this i ntﬁé% (é&ﬁﬁples of conponent (E) include

pl ati num bl ack, platinu¢1activateg charcoal, platinum

CH | = CHf = SI0—SiO~—Si-OCH |

| |

cH_|CH | ocH,
e

Lo S

650 parts by weight of flake-type silver having an
average particle diameter of 5 um, 9 parts by weight
of a mixture of benzophenone and 2-hydroxy-2-methyl-1-
phenylpropan-l-one in a weight ratio of 1 : 1 as a
photosensitizer, 3 parts by weight of hydrophobic
fumed silica which had been surface-treated with
hexamethyldisilazane and having a specific surface
area of 200 m’/qg, a 1,1,3,3-tetramethyl-1,3-
divinyldisiloxane complex of platinum (in an amount
such that the platinum metal content in the
composition was 15 ppm by weight), and 3-phenyl-
1,butyn-~3-0l {(in an amount such that the content in
the composition was 350 ppm by weight) were uniformly
mixed to prepare an electrically conductive silicone
elastomer composition. Semiconductor devices were
prepared using this electrically conductive silicone
elastomer composition have their results listed in
Table 1.
Comparison Example 1

100 parts by weight of dimethylpolysiloxane having

both molecular terminals terminated with

dimethylhyvinylsiloxy groups having a viscosity of

This Sheet Has Been Replaced
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22 carrying silica, chloroplatinic acid, alcohol solutions of
chloroplatinic acid, conplexes of platinumand ol efins, conplexes of
pl ati num and vinyl sil oxane, and catalysts conposed of thernoplastic resins
containing these platinumcatal ysts. Exanples of these thernoplastic
resins include silicone, polycarbonate,ss acrylic, nylon, and pol yester.
Moreover, the softening point of this thernoplastic resin is preferably
5-20[err]C, and its particle diameter is preferably 0.01-10 [err]m

2,000 mPa.s (vinyl group content = 0.2% by weight), 2.5

parts by weight of methylhydrogenpolylsiloxane having
both molecule terminals terminated with trimethylsiloxy
groups having a viscosity of 20 mPa.s {amount of
hydrogen atoms bound to silicon atoms = 1.5% by
weight), 8 parts by weight of organopolysiloxane having

the following formula:

- -

r 7

H.CO CH, CH, OCH
|| .
CH,-CHCH ,(XCH ), SiO 8i0 SiO+-SiCH ),OCH ,CH - CH,
\ / || | \ /
0 H,CO |CH=CH,|,|CH,|s OCH, 0

480 parts by weight of flake-type silver having an
average particle diameter of 5 um, 9 parts by weight
of hydrophobic fumed silica which had been surface-
treated with hexamethyldisilazane and having a
specific surface area of 200 nﬁ/g, a 1,1,3,3-
tetramethyl-1,3-divinyldisiloxane complex of platinum
(in an amount such that the platinum metal content in
the composition was 15 ppm by weight), and 3-phenyl-
1,butyn-3-01 (in an amount such that the content in
the composition was 350 ppm by weight) were uniformly
mixed to prepare an electrically conductive silicone
elastomer composition. Semiconductor devices prepared
using this electrically composition are also evaluated

in Table 1.
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The amount of conmponent (E) in our conposition is an anount sufficient to
achi eve cure of said conposition. The anmount of conponent (E) provides an
anount of platinumnetal in our conposition ranging from0.1-1,000 ppm

wi th 0.5-500 ppm bei ng preferred. Conmponent (A') is the main

i ngredi ent of our second electrically gonductive silicone conposition. It
is a silicon-bonded al kenyl containing organopolysil oxane having an
average of at least two al kenyl groups per nolecul e. I n one

enbodi ment of conponent (A"), ddmpelrsgorc@xaaipis <i | i con-bonded acrylic
groups having theUJﬁm;HL% electrically composition prepared in
Comparison Example 1, semiconductor devices were
prepared in the same manner as in Comparison Example
1, except ultraviolet irradiation was not carried out.
The results of evaluation thereof are reported in
Table 1.
Comparison Example 3
Using the electrically conductive silicone
elastomer composition prepared in Example 1,
semiconductor devices were prepared in the same manner
as Example 1, except ultraviolet irradiation was not

carried out. The results of evaluation thereof are in

Table 1.
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two silicon-bonded al kenyl groups per nolecule, the resulting electrically
conductive silicone conposition wll not properly cure via a

hydrosilyl ation reaction, making it unsuitable as a die bondi ng agent.

In preferred enbodi nents, the silicon-bonded al kenyl groups of conponent
(A") are selected fromthe group consisting of vinyl, allyl, butenyl,

pentenyl, hexenyl, or heptenyl. Vinyl is particularly preferred. The
silicon-bonded al kenyl group of conpogent (A') nay be |ocated on the
nol ecul ar termnal, the nolecular side chain or both. In preferred

enbodi nents, any silicon-bonded organic group, other than the
silicon-bonded al kenyl groups, in conponent (A') is selected fromthe
group CLAIMS:

1. An electrically conductive silicone elastomer
composition, comprising:
(A) 100 parts by weight of an organopolysiloxane
consisting:
(a) 5-95% by weight of an acrylic functional
group-containing organopolysiloxane having an average
of at least two silicon-bonded acrylic groups per

molecule having the formula:

R' R
This Sheet Has Been Replaced

- € c-0-1- AR

wherein R' and R* are hydrogen atom or a monovalent
hydrocarbon group, and R’ is a divalent hydrocarbon
group having 1-10 carbon atoms; and
{b) 95-5% by weight of an alkenyl group-

containing organopolysiloxane having an average of at
least two silicon-bonded alkenyl groups per molecule;

(B) a silicon-bonded hydrogen atom-containing
organopolysiloxane having an average of at least two
silicon-bonded hydrogen atoms per molecule, in a
quantify sufficient to provide 0.5 to 20 moles of
silicon-bonded hydrogen atoms in component (B) per
mole of silicon-bonded alkenyl group in component (b);

(C) 50-2,000 parts by weight of an electrically

conductive filler;

R R



consi sting of alkyl, cycloal kyl, aryl, aral kyl, hal ogenated al kyl, al koxy
and hydr oxyl groups. Preferred al kyl groups are selected fromthe
group consisting of nethyl, ethyl, propyl, butyl, penf?$smw”ﬁ53wnmmhwd

24 hexyl , heptyl, octyl, nonyl decyl, and octadecyl.
cycl oal kyl groups are selected fron1 cyckgpentyl or cycl
Preferred aryl groups are selected fromthe group conS|st|ng
(D) 0.1-20 parts by weight of a photosensitizer;
and
(E) a platinum-type catalyst, in a quantity
sufficient to cure the electrically conductive

silicone elastomer composition.

2. An electrically conductive silicone elastomer
composition, comprising

(A') 100 parts by weight of an alkenyl group-
containing organopolysiloxane having an average of at
least two silicon-bonded alkenyl groups per molecule;

(B') a silicon-bonded hydrogen atom-containing

organopolysiloxane having an average of at least two
silicon-bonded hydrogen atoms per molecule; in an
amount sufficient to provide 0.5-20 moles of silicon-
bonded hydrogen atoms in component (B') per mole of
silicon-bonded alkenyl group in component (A');

(C) 50-2,000 parts by weight of an electrically
conductive filler;

(D) 0.1-20 parts by weight of a photosensitizer;
and

(E) a platinum-type catalyst, in an amount
sufficient to cure the electrically conductive
silicone elastomer composition;
wherein at least one component selected from
components (A') and (B') contains an average of at
least two silicon-bonded acrylic groups per molecule

having the formula

[HER



phenyl, tolyl, xylyl, and naphthyl. Preferred aral kyl groups are selected
fromthe group consisting of benzyl, phenethyl, and phenyl propyl.
Preferred hal ogenated al kyl groups are selected from 3- chloropropyl, or
3,3,3-trifluoropropyl groups. Preferred al koxy groups are selected from
the group consisting of nmethoxy, ethoxys3 propoxy, butoxy, methoxynethoxy
and et hoxyet hoxy group. Particularly preferred groups are nethyl and
phenyl . When conponent (A') is free of silicon-bonded acrylic
groups, or contﬂiqf an average of |ess than two such groups per nol ecul e,
conponent (B') nust also contain an average of at |east two silicon-bonded
acrylic groups per|nolecule, and have the formila.

HC=C —C-0-R'-

0O
wherein R' and R’ are is a hydrogen atom or a
monovalent hydrocarbon group, and R’ is a divalent

hydrocarbon group having 1-10 carbon atoms.

3. A method for manufacturing a semiconductor device,
comprising the steps of:

mounting a semiconductor chip on a substrate
using the electrically conductive silicone elastomer
composition of claims 1 or 2;

irradiating said composition with a high-energy
beam to induce an acrylic functional group free

radical reaction; and then

TR

This Sheet Has Been Replaced

fITRLE



[err] wherein R err], Rerr], and Rlerr] are described above.
nei t her conponent (A ) nor conponent (B') contains an average of at
two silicon-bonded acrylic groups per

25 nol ecul e of the above formula, then the acrylic group

54

4. A method for manufacturing a semiconductor device,
comprising the steps of:

mounting a semiconductor chip on a substrate
using the product of claim 3;

irradiating said product with a high-energy beam
to induce an acrylic functional group free radical
reaction; and then

aillowing the product to cure via a

hydrosilylation reaction.

5. A semiconductor device prepared by the method of

claim 4.

>

O
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free radical reaction will not be adequately induced. Exanples of the

nol ecul ar structure of conponent (A'), its viscosity at 25[err]C, and
representative exanples thereof, including preferred enbodinents, are the
sane as described above for conmponent (a). A et hod for

preparing an al kenyl containing organopolysiloxane, having an average of
at least two silicon-bonded al kenyl group3d per nol ecule, and al so having

: . ) i I Le. .

reacting a silicon- E&%&é‘ﬁ?ﬁ%ﬁ%%&%gﬁ%xxﬂ%ﬁﬁﬁﬁcﬁﬁé &E‘é&ﬁ%&gﬁysffgﬁéhi?s
| -

ol ccdl o and an SoaPaSereiRs; MERE R AR R R O A s per

nol ecul e, by DEVICES

ABSTRACT

There is disclosed herein a hydrosilylation
curable electrically conductive silicone elastomer
composition containing an acrylic functional group-
containing organopolysiloxane, such that when the
composition is used to adhere a semiconductor chip to
a substrate and the composition is then irradiated
with a high energy beam, the exposed periphery of said
composition cures to an extent that migration of low
molecular-weight silicone species from said
composition, both before and during the hydrosilyation
reaction, is minimized.’

A method for manufacturing a semiconductor device
having improved reliability is also disclosed in
which, during adhesion of a semiconductor chip to the
substrate, package, etc., by means of this
compogition, decreases in wire bondability to the
semiconductor chip or lead frame and adhesion defects
between the semiconductor chip, substrate, package, or
lead frame and the sealing resin are inhibited.

A semiconductor device manufactured by this

method has improved reliability.
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means of a condensation reaction, wth an organic silicon conpound having

t he af orenent
al koxy group

si l anol groups,

havi ng both
exanpl es of

si licon-bonded. acrylic group

i oned silicon- bonded acrylic groupysand a silicon-bonded

3

., Such an orgaqggplysilo&ane conposiyion is represegted by g
nethylvinylp@iysiloxane havi ng both nol ecular term nals capped with

(¥

ELECTRICALLY CONDUCTIVE SILICONE ELASTOMER

12DEC 1997

REFLACEM?MT§§ﬁ§%@OSITIONS, AND USE FOR MANUFACTURING SEMICONDUCTOR

DEVICES

o

The present invention relates to electrically

conductive silicone elastomer compositions, methods for
manufacturing semiconductor devices, and product
semiconductor devices. More specifically, the present
invention relates to curable electrically conductive
silicone compositions which are useful to form silicone
elastomers having outstanding eleétrical conductivity.
When this curable composition is applied to a substrate
and the periphery of the composition is cured, the
composition will not contaminate the substrate, nor the
environment in the proximity of the substrate, with low
molecular-weight silicone species prior to complete
cure of the composition via a hydrosilylation reaction.
The present invention also more specifically
relates to methods of manufacturing semiconductor
devices using the electrically conductive silicone
compositions of this invention. When said composition
is used to adhere a semiconductor chip to a substrate,
the wire bondability of the semiconductor device is not
adversely affected, and adhesion defects between
the sealing resin and the semiconductor chip,

substrate, package, or lead frame are wminimized. The

or by dimetHyl sil oxaffe- met hyl vi nyl si | oxane copoLymer
nol ecul ar term nals capped with silanol groups. Moreover,
dn organic-silicén conpourtd - jhavi ng the aforenentionedmi?q

—



26 and a silicon-bonded al koxy group include 3-

acryl oxypropyl tri net hoxysil ane, 3-acryl oxypropyl dir%%hz%%e&heﬁysLLane, 3-
acryl oxynet hyl bi s(trinethyl sil oxy)sil ane, 3- REPLACEMEN SHEET

met hacryl oxypropenyl tri nmet hoxysi |l ane, 3- nethacryl ojygropyt—""""""7
di met hyl et hoxysi | ane, 3- et hacryl oxypropyl net hyl di gt roxygid@gg,g?an
met hacryl oxypropyl tri s( met hoxyet hoxy)silane. |n such jcondensation
reaction, a commonly-known condensation gatalyst may alse-be-used
Conmponent (B') is a conponent for curing the Ilatter{electrically
conductive silicone conposition,

present invention also relates to semiconductor devices

j®x

3-

manufactured by this method which have outstanding
reliability.

Electrically conductive silicone compositions,
which are curable to silicone elastomers, are used as
adhesives for adhering gquartz oscillators to crystal
resonators, to crystal components of crystal filters,
and to piezoelectric substrates on packages; or as
shielding agents for electromagnetic wave shielding and
as die bonding agents.

When conventional electrically conductive silicone
compositions are use for these purposes, there are
problems with wire bondability (i.e., bonding
properties of the bonding wire} to the semiconductor
chip or lead frame, and defects in adhesion cause a
deterioration in the moisture resistance of the
semiconductor device.

To solve these problems, an electrically
conductive silicone composition has been proposed in
which the amount of volatile, low molecular-weight
siloxane species is reduced and curing is carried out
by a hydrosilylation reaction {Japanese Patent
Application 3-170581). But, even in the case of that
electrically conductive composition, the decrease in
wire bondability and the adhesion defects are not

sufficiently inhibited. Moreover, the moisture __
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and it is a silicon-bonded hydrogen-atom containing organopol ysil oxane
whi ch has an average of at |east two silicon-bonded hydrogen atons per
nol ecul e. Conponent (B') nmay al so contain a silicon-bonded acrylic group

having the forrmula: [err] wherein R err], Rerr], and Rlerr] are

descri bed above. Conmponent (B') may also be free of such SiRE¢EWpr

acrylic groups. AN £y
3 12DEC

resistance of the semiconductor device is not
sufficiently improved. B

By various studies, we confirmed that when an
electrically conductive silicone composition, curable
by hydrosilylation, is used to adhere a gemiconductor
chip to a substrate, low molecular-weight silicone
species outgas from said composition before and during
cure. Thus, the low molecular-weight species
contaminate the surface of the substrate, cause a
decrease in wire bondability and produce adhesion
defects. The low molecular-weight silicone species
have been determined by us to be a cyclic siloxane
contained in the organopolysiloxane of prior art
compositions, that are present for curing said
composition, for improving adhesion of said
composition, or for otherwise formulating said
composition.

For this reason, we prepared an electrically
conductive silicone composition, cured the composition
at room temperature via a hydrosilylation reaction, and
attempted to inhibit outgassing of low molecular-weight
silicone species before and during curing. The
handling and workability of this prototype composition

were extremely poor.



27 Conponent (B') nust have an average of at | east
silicon-bonded hydrogen atons per nolecule. If there are
such hydrogen atonms per nolecule, the resulting conpositi

t wo
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sufficiently cured by the hydrosilylation reaction, making i t=uisuitable

as a die bonding agent. Exanples of the bonding position

atomare the nolecule termnals or side chains. Mreover

f
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other groups which bond to the silicon atons in conponent| ({B.)—ihettee

al kyl groups such as nethyl,

Moreover, we also attempted to prevent outgassing
by mixing an electrically conductive filler with an
acrylic modified silicone compogition that was curable
via a free radical reaction induced by high-energy
irradiation. The acrylic modified composition,
however, did not sufficiently cure because the high-
energy beam was unable to adequately penetrate to the
inner portion of said composition due to the presence
of electrically conductive filler. The portion of the
composition in which the high-energy beam did not
penetrate was defective and uncured.

Therefore, we conducted studies on these problems
and found that our claimed compositions possess
decreased outgassing of low molecular-weight silicon-
species. Surprisingly, such outgassing is minimized by
the use of an acrylic-functional organopolysiloxane
that participates in a free radical reaction induced by
a high-energy beam, and by our use of siloxane
components that are curable via a hydrosilyation
reaction.

The composition of this invention is used to
adhere a semiconductor chip to a substrate. If this
composite is then irradiated with high-energy
radiation, the exposed surfaces of our composition will
cure. Once the exposed surfaces are cured, the problem

of low molecular-weight silicone species contamination




ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nony|pmdedhieet CHER
oct adecyl ; cycl oal kyl groups such as cycl opentyl or cyclggéggﬁﬁihiy£bHEiT

groups such as phenyl, tolyl, xylyl, and naphthyl; aral kyl}groups such as
benzyl, phenethyl, and phenyl propyl: hal ogenated al kyl gfolipst 20ER %97
3-chl oropropyl or 3,3,3- trifluoropropyl; al koxy groups $u¢h as nethony
et hoxy, propoxy, butoxy, nethoxynethoxy, and ethoxyethoxy; “@&id hydroxyl
groups, with a nethyl or phenyl group preferred. Moreovel, _in_cases where

conponent (A ) <contains |ess than an average of at |east two silicon-
bonded acrylic groups per nolecule, or said conponent does not contain
said acrylic gigupimimiddd di dlsimitedesisar yheotorpopnesh {8 dhée have an
aver age of at
allowed to cure via a hydrosilyation reaction to form a
silicone elastomer having outstanding electrical
conductivity.

We also discovered that after a semiconductor chip
is mounted on a substrate or package using the
composition of the present invention, and the resulting
composite is irxrradiated with high-energy radiation, a
free radical reaction involving our acrylic-functional
organopolysiloxane occurs on the surfaces of the
composition that are exposed to said radiation. As a
result, outgassing of low molecular-weight silicone
species from our composition is sufficiently inhibited;
so the composition may be allowed to fully cure via a
hydrosilylation reaction.

The purpose of the present invention is to provide
an electrically conductive silicone composition, which
forms a cured silicone elastomer having outstanding
electrical conductivity, wherein the periphery of said
composition is cured via irradiation with a high-energy
beam such that contamination by outgassing of low
molecular-weight silicone species, before or during
cure, is averted. A method for manufacturing a
semiconductor device is also provided using this
composition which enhances wire bondability to the

substrate and reduces adhesion defects between the



| east two silicon-bonded acrylic groups per nolecule.
28 Exanpl es of the nol ecul ar structure of conponent B' -—f—“l

strai ght-chain, partially-branched straight- chain, brawg t@?gﬁhﬂl%HLfl

cyclic, and network. The viscosity of conponent (B') at tsT1n {h
range of 1-50,000 nPa.s; so the resulting conposition i tora s@g@l ‘
and its handling or workability properties are favorable, ~mii§és

range of 5-1,000 nPa.s at 25[err]C 6 ‘

components of said device and the sealing reéin.
Consequently, a semiconductor device is manufactured by
our method which also has outstanding moisture
resistance.

The electrically conductive silicone composition
of the present invention is composed of

(A) 100 parts by weight of an organopolysiloxane
mixture consisting of

(a) 5-95% by weight of an acrylic-functional
organcpolysiloxane having an average of at least two
gilicon-bonded acrylic groups per molecule and having
the formula:
R' R

HC=C -C-0-R*-

O
wherein R' and R’ are hydrogen atom or a monovalent

hydrocarbon group, and R’ is a divalent hydrocarbon
group having 1-10 carbon atoms; and
(b) 95-5% by weight of an alkenyl containing
organopolysiloxane having an average of at least two
silicon-bonded alkenyl groups per molecule;
(B) a silicon-bonded, hydrogen-atom containing

organopolysiloxane having an average of at least two



Is particularly preferred. Exanpl es of sil oxanes used as conponent
(B') include those organopol ysil oxanes nenti oned above for conponent L
(B"), and silicon-bonded acrylic- functional organopolysil OXanes:— "%‘Zsﬂup’iﬂ
When conponent (B') is a silicon-bonded acrylic- functiongifpi il L MENT & L
or ganopol ysil oxane, it is preferably selected fromthe grpu ~COMSTSTIN ng
nmet hyl hydr ogenpol ysi | oxane havi ng both nolecule termnalsjc pp,fglb‘gct o7
3- et hacryl oxypropyl di et hoxysil oxy graoups; dinmethylsiloxa
met hyl hydr ogensi | oxane copol yner having both termnals capp
3- et hacryl oxypropyl di met hoxysiloxy groups; nethyl hydroggnpol y5|_l__c_)3<3_rl§_____“
havi ng both silicon-bonded hydrogen atoms per molecule, inta——"

sufficient quantity to provide from 0.5-20 moles of
silicon-bonded hydrogen atoms in component (B) per mole
of silicon-bonded alkenyl group in component (b);

(C) 50-2,000 parts by weight of an electrically
conductive filler;

(D) 0.1-20 parts by weight of a photosensitizer;
and

(E) a platinum catalyst, in an amount sufficient
to cure the electrically conductive silicone
composition.

The present invention also provides an additional
electrically conductive silicone composition,
comprising;

(A') 100 parts by weight of an alkenyl
organopolysiloxane having an average of at least two
silicon-bonded alkenyl groups per molecule;

(B') a silicon-bonded, hydrogen-atom containing
organopolysiloxane having an average of at least two
silicon-bonded hydrogen atoms per molecule, in an
amount sufficient to provide from 0.5-20 moles of
silicon-bonded hydrogen atoms in component (B') per
mole of silicon-bonded alkenyl group in component (A');

(C) 50-2,000 parts by weight of an electrically

conductive filler;



term nal s capped wi th 3-nethacryl oxypropyl diethoxysiloxy groups;

di net hyl si | oxane- net hyl hydr ogensi | oxane copol yner havi ng pqgh tern1n
capped wi th 3-nethacryl oxypropyl diethoxysiloxy groups; iLﬂ‘ LRI

met hyl hydr ogensi | oxane-

met hyl (trimet hoxysilyl ethyl)siloxane-nmethyl (3- methacryl oxypropypbEei 196%
copol yner having both termnals capped with trinmethylsilo y gr oups,

8

(D) 0.1-20 parts by weight of a

PP S

29
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photosensitizer;

(E) a platinum catalyst, in an amount sufficient

to cure the electrically conductive silicone

composition;

whereby at least one of the components selected from

components (A') and (B') has an average of at least two

silicon-bonded acrylic groups per molecule having the

formula:

R' R?

wherein R' and R® are hydrogen atom or

a monovalent

hydrocarbon group, and R’ is a divalent hydrocarbon

group having 1-10 carbon atoms.

The present invention also provides a method for

manufacturing a semiconductor device,

comprising the steps of

said method

mounting a semiconductor chip on a substrate using

the electrically conductive silicone composition of the

present invention;

irradiating the composition with a high-energy

beam to induce a free radical reaction;

and then

,UJ




di et hyl si | oxane- net hyl hydr ogensi | oxane-

met hyl (tri met hoxysi |l yl et hyl ) si | oxane-net hyl (3- net hacryl oxypropyl ) si | oxane
copol ymer having both termnals capped with trimethylsiloxy groups;

met hyl hydr ogenpol ysi | oxane having both term nals capped wth

3-acryl oxypropyl dinmethoxysiloxy groups;

di met hyl si | oxane- net hyl hydr ogensi | oxane copol yner having both term nal s
capped with 3-acryl oxypropyl di nethoxysid oxy groups;

met hyl hydr ogenpol ysi | oxane having both term nals capped with

3-acryl oxypropyl diethoxysiloxy groups; dinethylsiloxane-
nethylhydrogen3|Io%&ﬁ@lﬁbﬁéﬁy#@mpﬁévthgnbﬁnh 2 endres slylaippud wit h

3-acryl oxypropyl diethoxysiloxy groups, nethylhydrogensil oxane-
reaction.

The present invention also relates to a
semiconductor device so manufactured.

Component (A) is the main ingredient of our
curable electrically conductive silicone composition.
It is an organopolysiloxane mixture consisting
essentially of (a) 5-95% by weight of an acrylic-
functional organopolysiloxane having an average of at
least two silicon-bonded acrylic groups per molecule

and having the formula:

o RCEVENT SHEET!

e o

R'R?
|
HC= C C-0-R*-

i]

O

42 DEC 057 |
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wherein Rl, Rz, and R® are described above; and (b) 85-
5% by weight of an alkenyl containing
organopolysiloxane having an average of at least two
gilicon-bonded alkenyl groups per molecule.

In component (A), the component (a) accounts for
5-95% by weight and component (b} is the remaining
amount. If said composition has component (a)
accounting for less than 5 wt% of component (A), the

desired free radical reaction does not occur to a

is Sheet Has Been Replaced
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met hyl (tri met hoxysilyl et hyl)sil oxane-nethyl (3- acryl oxypropyl)sil oxane
copol yner having both termnals capped with trinethylsiloxy groups;

di met hyl si | oxane- net hyl hydr ogensi | oxane-

met hyl (tri met hoxysilyl et hyl)sil oxane-net hyl (3- acryl oxypropyl)sil oxane
copol ynmer having both terminals capped with trinethylsiloxy groups, and
m xtures of two or nore of these organopol ysil oxanes.

30 10

sufficient degree and the purpose of our invention
cannot be achieved. A similar composition, in which
the amount exceeds 95 wt% will not sufficiently cure by
a hydrosilylation reaction.

Component (a) is an acrylic-functional
organopolysiloxane having an average of at least two
silicon-bonded acrylic groups per molecule and having

the formula:

R R
| REPLA_C_EF\-‘? NT SHEET
HC=C C-0-R*- 12DEC 1957
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wherein Rl, R? and R’ are as described above. If there
are fewer than two acrylic groups per molecule, when
the electrically conductive silicone composition is
irradiated with a high-energy beam, the acrylic group
free radical reaction will not occur to a sufficient
degree. In preferred embodiments, R' and R® are
selected from the group consisting of alkyl, alkenyl,
aryl, and aralky. In more preferred embodiments, R
and R® are selected from the group consisting of
methyl, ethyl, propyl, vinyl, allyl, phenyl, tolyl,
xylyl, benzyl and phenethyl. In preferred

embodiments, R’ is selected from the group consisting

m e e e e e



An exanple for manufacturing a silicon-bonded hydrogen-atom containing
or ganopol ysi | oxane, having an average of at |east two silicon-bonded

hydrogen atons per nol ecul e, and an average of at |east twa S|I|.c(,)n_\I ‘”EEW
bonded acrylic groups per nolecule, is a nethod in which an‘“ A R L |
or ganopol ysi | oxane, having an average of at |east two S|I|jon bonded

hydrogen atonms per nolecule and an average of at |east two isijl i qQTibDriden
hydroxyl groups per nol ecule, and an organic silicon conpo 3 havi ng
silicon-bonded acrylic groups and a silicon- bonded al koxyl| group—are
subjected to a condensation reaction. Exanples of such an
or ganopol ysi | axamesthyllastieg exhyae@readerobydbnk eashc§1ens| | 44PN- bonded
hydrogen atons per nol ecule, and an average of at |'east

pentylene. In more preferred embodiments, R’ is

e T

propylene. Preferred acrylic groups include 3-
acryloxypropyl, 4-acryloxypropyl, and 3-
methacryloxypropyl. The more preferred acrylic group
is 3-methacryloxypropyl.

Examples of the bonding position of thisg acrylic
group include the molecular chain terminal or the
molecular side chains, with the molecular chain
terminal being preferred because of favorable
reactivity. Examples of other groups which bond to the
silicon atoms in component (a) include substituted or
unsubstituted monovalent hydrocarbon groups,
represented by alkyl groups such as methyl, ethyl,
propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl,
decyl, or octadecyl; cycloalkyl groups such as
cyclopentyl or cyclohexyl groups; alkenyl groups such
as a vinyl, allyl, butenyl, pentenyl, hexenyl, or
heptenyl, aryl groups such as phenyl, tolyl, xylyl, or
naphthyl; aralkyl groups such as benzyl, phenethyl, or
phenylpropyl; halogenated alkyl groups such as 3-
chloropropyl or 3,3,3-trifluoropropyl; alkoxy groups
such as methoxy, ethoxy, propoxy, butoxy,
methoxymethoxy, or methoxyethoxy; hydroxyl group and
hydrogen atom. Of these, a methyl or phenyl group is

preferred.



two silicon-bonded hydroxy groups per nolecul e include _ _

met hyl hydr ogenpol yl si | oxane having both termnals capped with silanol
groups, or dimethylsiloxane- methylhydrogensiloxane copol yner having both
term nals capped with silanol groups. Mor eover, exanples of organic
silicon conpounds having the aforenentioned silicon-bonded acrylic group
and a silicon-bonded al koxyl group include 3- . .

acryl oxypropyl trimet hoxysilane, 3-acryloxypropyl dimethylsiloxane, 3-
acryl oxynet hyl bi s(trinethyl sil oxy)silane, 3-

met hacryl oxypropenyl tri nmet hoxysi | ane, 3-

Examples of the molecular structure of component
(a) are straight-chain, partially-branched straight-
chain, branched-chain, cyclic, and network, with
straight-chain preferred. Moreover, when the viscosity
of component (a) at 25°C is within the range of 20-
200,000 mPa.s, favorable physical properties of the
electrically conductive silicone composition are
obtained, such as flexibility and elongation.
Furthermore, the handling and workability of said
compositions are favorable. A viscosity range of 500-
20,000 mPa.s at 25°C is preferred.

Examples of component (a) include
methylvinylpolysiloxane having both molecule terminals
capped with 3-methacryloxypropyl dimethoxysiloxy
groups, dimethylsiloxane-methylvinylsiloxane copolymer
having at both molecule terminals 3-methacryloxypropyl
dimethoxysiloxy groups, methylvinylpolysiloxane having
both molecule terminals capped with 3-
methacryloxypropyl diethoxysiloxy groups,
dimethylsiloxane-methylvinylsiloxane copolymer having
at both terminals 3-methacryloxypropyl diethoxysiloxy
groups, methylvinylsiloxane-
methyl (trimethoxysilylethyl)siloxane-methyl (3-

methacryloxypropyl) siloxane copolymer having both

terminals capped with trimethylsiloxy groups,

REPLACEMENT SHEET
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met hacr yl oxypr opyl di net hyl et hoxysi | ane, 3-
nmet hacr yl oxypr opyl net hyl di et hoxysi | ane, and 3- .
met hacryl oxypropyl tri s(met hoxyet hoxy)silane. In the condensation

reacti on,

a comonl y- known condensation catalyst nmay al so be used.

Anot her exanple is a nethod in which an organic conpound, having al kenyl
group and acrylic group, is subjected to a hydrosilylation reaction with
an organopol ysi |l oxane having at |east thyee silicon-bonded hydrogen atons
per nolecule in the presence of a

dimethylsiloxane-methylvinylsiloxane-

methyl (trimethoxysilylethyl) siloxane-methyl (3-
methacryloxypropyl) siloxane copolymer having the
molecule ends terminated with trimethylsiloxy groups,
methylvinylpolysiloxane having both molecule terminals
capped with 3-acryloxypropyl dimethoxysiloxy groups,
dimethylsiloxane-methylvinylsiloxane copolymer having
both meolecule terminals capped with 3-acryloxypropyl
dimethoxysiloxy groups, methylvinylpolysiloxane having
the terminals of the molecule terminated with 3-
acryloxypropyl diethoxysiloxy groups, dimethylsiloxane-
methylvinylsiloxane copolymer having terminals of the
molecule capped with 3-acryloxypropyl diethoxysiloxy
groups, methylvinylsiloxane-

methyl (trimethoxysilylethyl) siloxane-methyl (3-
acryloxypropyl) siloxane copolymer having both molecule
terminals capped with trimethylsiloxy groups,
dimethylsiloxane-methylvinylsiloxane-

methyl (trimethoxysilylethyl)siloxane-methyl (3-
acryloxypropyl) siloxane copolymer having both terminals
capped with trimethylsiloxy groups, organopolysiloxane
composed of CH,=CHCOOC;H,(CH,0),810,,, and SiO,,, units,
organopolysiloxane composed of (CH;),;S8i0,,,,

CH,=CHCOOC;H, (CH,0) ,810,,,, and SiO,,, units,

organopolysiloxane composed of (CH,);Si0,,,,

REPLACEMENT SHEET
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pl ati num cat al yst. Exanpl es of such organi c conpounds include allyl

nmet hacryl ate or 3- nethacryl oxypropyl di net hyl (vi nyl di net hyl si | oxy) si | ane.
Exanpl es of platinumcatalysts used in this reaction are the sane

catal ysts as those specified for conponent (D) above. The amount of
conponent (B') in the claimed conposition is an anmount such that the
silicon-bonded hydrogen atons in conponent (B ) are present in the anopunt
of 0.5-20 noles per nole of silicon-bonded al kenyl group in conponent
(A"). If the anount of silicon-bonded hydrogen atons in conponent (B') is
|l ess than 0.5 nole per nole of the silicon-bonded al kenyl group in
conponent (A CH tRBCO@EHMICHgOLAiah) 6 JiCH, LMi®,,,, and Si0,,, units,

organopolysiloxane composed of

CH,=CH (CH,) COOC,H, (CH;0) ,8i0,,, and Si0,,, units, &t?LHC'"T fENT SHEET

organopolysiloxane composed of (CH;);Si0,,,, QZDEC‘397

CH2=CH (CH3) COOC3H6 (CH3O) 2Si01/2 z al’ld Si04/2 U.IlitS 7

organopolysiloxane composed of (CH,) 3810, ,, FRSEE
CH,=CH (CH,) COOC;H, (CH;0) ,8i0,/,, (CH;),810,/,, and Si0,,,

units, and mixtures of two or more of these

organopolysiloxanes.

Component (b) is an alkenyl containing
organopolysiloxane having an avefage of at least two
silicon-bonded alkenyl groups per molecule. If there
are fewer than two such alkenyl groups per molecule,
the resulting electrically conductive silicone
composition will not sufficiently cure via a
hydrosilylation reaction, making it unsuitable as a die
bonding agent. Examples of bonding sites of these
alkenyl groups are the molecular chain terminal or
molecular side chains, with the molecular chain
terminal preferred. Examples of these alkenyl groups
include vinyl, allyl, butenyl, pentenyl, hexenyl, and
heptenyl groups, with vinyl group preferred.

Moreover, examples of other groups which bond to
the silicon atom in component (b) are substituted or
unsubstituted monovalent hydrocarbon groups, including,

alkyl groups such as methyl, ethyl, propyl, butyl,



conpositions will not cure properly and will be wunsuitable as a die

bondi ng agent.

| f the anpunt of

F"\
silicon-bonded hydrogen atons in conponent (B') is greate R %i&@gﬁﬁ &Eﬁ
per nole of silicon-bonded alkenyl group in conponent (A },lthe resulty
conposition will form bubbles during cure. Conmponent | (O ﬂ&DEneﬁ@@
electrically conductive filler as used above for our first Iectrlcally

15

pentyl, hexyl, heptyl, octyl, nonyl, decyl, or
octadecyl; cycloalkyl groups such as cyclopentyl or
cyclohexyl; aryl groups such as phenyl, tolyl, xylyl,
or naphthyl; aralkyl groups such as benzyl, phenethyl,
or phenylpropyl; halogenated alkyl groups such as 3-
chloropropyl or 3,3,3-trifluoropropyl; alkoxy groups
such as methoxy, ethoxy, propoxy, butoxy,
methoxymethoxy, or methoxyethoxy; and hydroxyl group,
with methyl or phenyl groups preferred.

Examples of the molecular structure of component
(b) include straight-chain, partially-branched
straight-chain, branched, cyclic, and network, with
straight-chain being preferred. Moreover, the
viscosity of component (b) at 25°C is within a range of
20-200,000 mPa.s because the physical properties
obtained, such as flexibility and elongation, are
favorable. Also, the handling and workability of the
resulting compositions are good. A range of 500-20,000
mPa.s at 25°C is particularly preferred.

Examples of component (b) include
dimethylsiloxane-methylvinylsiloxane copolymer having
both molecule terminals capped with trimethylsiloxy
groups, methylvinylpolysiloxane having both molecule
terminals capped with trimethylsiloxy groups,

dimethylsiloxane-methylvinylsiloxane-



conductive silicone conposition. Exanpl es, anounts, and particle sizes
thereof are the same as the above, including preferred-enbedi-rerts—and
anmount s. Conponent (D) is the same photosensiti zREPIaSCRIMENT dikcle f or
our first electrically conductive silicone conposition{ Here —however, the
free radical reaction occurs due to the acrylic groups irﬁfgfq’@oq@qt (A)
and/ or conponent (B') when said conposition is irradiaied wth a

hi gh- energy beam Exanples and anounts e the sane as:.specified-above,
i ncluding preferred enbodi nents. nponent (E} 1is the sane
pl ati num catalyst as wused above for our first electrically

conductive  Sihd{OREh GRANOSI J:400 cop%ﬂ?me?xﬂggkﬁﬁ’botﬁmﬂgfééuleand

terminals capped with trimethylsiloxy groups,

dimethylpolysiloxane having both molecule terminalsg
capped with dimethylvinylsiloxy groups,
dimethylsiloxane-methylvinylsiloxane copolymer having
both molecule terminals capped with dimethylvinylsiloxy
groups, dimethylsiloxane-methylvinylsiloxane-
methylphenylsiloxane copolymer having both molecule
terminals capped with dimethylvinylsiloxy groups,
organopolysiloxane composed of (CH,=CH) (CH;),Si0;,, and
$i0,,, units, organopolysiloxane composed of
(CH;) 3810,/,, (CH,=CH) (CH,) Si0,/,, and Si0,,, units,
organopolysiloxane composed of (CH;),;8i0,,,,
(CH,=CH) (CH,) ,810,,,, (CH,),8i0,,,, and SiO,;,, units, and
mixtures of two or more of these organopolysiloxanes.
Component (B) cures our curable silicone
composition, and it is a silicon-bonded hydrogen-atom
containing organopolysiloxane having an average of at
least two silicon-bonded hydrogen atoms per molecule.
If there are fewer than two such hydrogen atoms per
molecule, the electrically conductive silicone
elastomer produced will not sufficiently cure by the
hydrosilylation reaction, making it unsuitable as a die
bonding agent. Examples of the bonding position of
this hydrogen atom are the molecular chain terminals or

the molecular side chains.



particle sizes thereof are the sane as those specified__above, including

preferred anmounts and enbodi nents. Adhesion-pronqtu
be added with these electrically conductive siliconej¢ ﬁﬁ
33 optional conponents. They include al koxysilanes 5 p

t et ramet hoxysil ane, tetraethoxysilane, dinethyldinethowy§fTaE€‘F?7
nmet hyl phenyl di et hoxysi | ane, phenyltrinmethoxysil ane,
met hyl tri met hoxysi | ane, 17

P LT

| so

Examples of other groups which bond to the silicon
atoms in component (B) include substituted or
unsubstituted monovalent hydrocarbon groups, including
alkyl groups such as methyl, ethyl, propyl, butyl,
pentyl, hexyl, heptyl, octyl, nonyl, decyl, or
octadecyl; cycloalkyl groups such as cyclopentyl or
cyclohexyl; aryl groups such as phenyl, tolyl, xylyl,
or naphthyl; aralkyl groups such as benzyl, phenethyl,
or phenylpropyl; and halogenated alkyl groups such as
3-chloropropyl group or 3,3,3-trifluoropropyl; alkoxy
groups such as methoxy, ethoxy, propoxy, butoxy,
methoxymethoxy, or methoxyethoxy; and hydroxyl group,
with methyl or phenyl groups being preferred.

Examples of the molecular structure of component
(B) are straight-chain, partially-branched straight-
chain, branched-chain, cyclic, and network, with
straight-chain preferred. Moreover, the viscosity of
component (B) at 25°C is within a range of 1-50,000
mPa.s. The product electrically conductive silicone
composition is stable, and its handling and workability
are favorable. A range of 5-1,000 mPa.s at 25°C is
particularly preferred.

Examples of component (B) include
methylhydrogenpolysiloxane having both terminals of the
molecule capped with trimethylsiloxy groups,

dimethylsiloxane-methylhydrogensiloxane copolymer



met hyl tri et hoxysil ane, vinyltrinmethoxysilane, allyltrinmethoxysilane,
allyltriethoxysilane, 3- glycidoxypropyltrinethoxysilane, and 3-

ot

net hacryl oxypropyl tri met hoxysilane; or organopol ysil oxanes—favifig-the- —
fol | owi ng fornul as: [err] [err] REPLACIMENT SHEET

i 12DEC 1997
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having both molecule terminals capped with
trimethylsiloxy groups, dimethylpolysiloxane having
both molecule terminals capped with
dimethylhydrogensiloxy groups, dimethylsiloxane-
methylhydrogensiloxane copolymer having both molecule
terminals capped with dimethylhydrogensiloxy groups,
organopolysiloxane composed of (CH,),HSiO,;,, and Si0Q,,,
units, organopolysiloxane composed of (CH;),;Si0O,,,,
(CH,) ,HSi0,,,, and S8i0,,, units, organopolysiloxane
composed of (CH,);Si0,,,, (CH;),HSi0,,,, (CH,;),8i0,,,, and
8$i0;;, units, and mixtures of two or more of these
organopolysiloxanes.

The amount of component (B) used in our
composition is that amount providing 0.5-20 moles of
silicon-bonded hydrogen atoms in component (B) per mole
of silicon-bonded alkenyl group in component (b). If
the amount of silicon-bonded hydrogen atoms in
component (B) is less than 0.5 mole per mole of
silicon-bonded alkenyl group in component (b), the
composition will not cure sufficiently via a
hydrosilylation reaction, making them unsuitable as die
bonding agents. Contrastingly, electrically conductive
silicone compositions in which the amount exceeds 20
moles are unsuitable since they form bubbles, etc.,

during curing.
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Component (C) is an electrically conductive filler
for imparting electrical conductivity to our conductive
silicone elastomer that is obtained by curing our
curable composition. Examples of component (C)} include
metal such as gold, silver, nickel, and copper; plated
substrates in which metals such as gold, silver,
nickel, and copper are vapor-deposited on the surface
of such substrates as ceramics, glass, quartz, and
organic resins. In our electrically conductive

silicone elastomer composition, to obtain a volume

resistivity which is 0.1 Q.cm or less, component {(C)

is preferably gold or silver, with silver being
preferred for practical use. Examples of the shapes of
these metals or plated substrates are spherical, flake,
and flake-branch. The flake or flake-branch is
particularly preferred. A mixture of flake or flake-
branch silver is more particularly preferred. 1In this
latter case, the weight ratio cof the flake silver to
the flake-branch silver is preferably 80:20 to 20:80.
Finally, the average particle diameter of these metals
or plated substrates is preferably 1-10 um.

The amount of component (C) in our composition is
50-2,000 parts by weight with respect to 100 parts by
weight of component (A), with 300-1,000 parts by weight

being preferred. If the amount of component (C) is

REPLACEMENT SHEET
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wherein m n and p are positive nunbers, and q is O or a positive nunber.
Such adhesion pronoters are present in an anmount ranging from 0. 01-20
parts by weight per 100 parts by wei ght of component (A) and/or conponent
(A"). Arange fromO0.1-5 parts by weight is prticularly preferred.
Mor eover, other optional conponents that may be m xed with our
el ectrically conductive silicone conpositions include acetyl ene conpounds
such as 3- nethyl-1-butyn-3-o0l; and 3, 52di net hyl - 1- hexyn- 3-ol ; 3-
phenyl - 1- butyn- 3-0l; enyne conpounds such as 3-nethyl -
less than 50 parts per 100 parts of component (A}, it
is not possible to impart sufficient electrical
conductivity to the product silicone elastomer. If it
exceeds 2000 parts by weight, the handling and
workability of the resultant composition will
deteriorate.
Component (D} is a photogensitizer for promoting
the free radical reaction of the acrylic groups in
component (a) when our curable composition is
irradiated with a high-energy beam. Examples of
component (D) include acetophenones such as
acetophenone, dichloroacetophenone,
trichloroacetophenone, tert-butyltrichloroacetophenone,
2,2-diethoxyacetophenone, and p-
dimethylaminocacetophenone or derivatives thereof;
benzoins such as benzoinmethyl ether, benzoinethyl
ether, benzoinisobutyl ether, and benzoinbutyl ether or
derivatives thereof; benzophenones such as
benzophenone, 2-chlorcbenzophenone, p,p'-
dichlorobenzophenone, and p,p'-
bigdiethylaminobenzophenone or derivatives thereof; p-
dimethylaminopropiophenone, hydroxyisobutylphenone,
Michler's ketone; benzyl; benzyldimethyl ketal;

tetramethyl thiuvram monosulfide; thioxanthone; 2-

chlorothioxanthone; 2-methylthioxanthone;

REPLACEMENT SHEET|
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35 3-penten-1-yne and 3, 5-di met hyl - 3- hexen-1-yne; cycl oal kenyl si | oxanes
such as 1,3,5,7-tetranethyl- 1,3,5,7-tetravinylcyclotetr %ane---of-
1,3,5,7- tetramethyl-1,3,5, 7-tetrahexenyl cycl otetrasil ox @@Plﬁﬁgﬁﬁ@qfaHEE}
conpounds such as benzotriazole; and addition reaction inhiptrtors,-such as
conpounds contai ning phosphine, mercaptans and hydrazi ne. heﬁﬁfg@@tWQf

these inhibitors in our conposition diffg{s dependi ng

—J__:

é
|
i 1

Lr PN P R R
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azolsobutyronitrile; benzoisoperoxide; di-tert-

butylperoxide; 1-hydroxychlorohexylphenyl ketone; 2-
hydroxy-2-methyl-l-phenylpropan-l-one; 1-(4-
isopropylphenyl) -2-hydroxy-2-methylpropan-1-one;
methylbenzoylformate; diphenylsulfide; anthracene; 1-
chloroanthraquinone; diphenyldisulfide; diacetyl;
hexachlorcbutadiene; pentachlorobutadiene;
octachlorobutadiene; and 1-chloromethylnaphthalene; or
mixtures of two or more of these photosensitizers.
Acetophenone, benzoin, benzophenone, and their
derivatives are preferred.

The amount of component (D) in our composition is
1-20 parts by weight with respect to 100 parts by
weight of component (A), with 5-15 parts by weight
preferred. If the amount of component (D) is less than
1 part per 100 parts of component (A), the free radical
reaction of the acrylic groups is difficult to produce,
making it impossible to achieve the purpose of this
invention. If the amount of component (D)} exceeds 20
parts by weight, the resulting composition will exhibit
poor storage stability, poor handling and decreased
workability properties.

Component (E} is a platinum catalyst for promoting
the hydrosilylation reaction of the claimed composition
of this invention. Examples of component (E) include

platinum black, platinum activated charcoal, platinum-

This Sheet Has Been‘Replaced
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on the curing conditions. Generally speaking, however, this inhibitor is
provided in an anount of 10-1,000 ppm by weight with respect to our

el ectrically conductive silicone conposition. Furt hernore, exanples
of other conmponents which nay be optionally m xed with our electrically
conductive silicone conpositions include inorganic fillers, such as funed
silica, wet silica, quartz, calciumcarbonate, titani um dioxide,

di at omaceous earth, al um num di oxi de, aghum num hydroxi de, zinc oxide, and
zinc carbonate; or hydrophobic inorganic fillers, such as the above
fillers which have been surface-treated w th organoal koxysil anes such as
met hyl tri met hexysy1@ednes i Dl ganaal soglanenisuelrids alcohol solutions

of chloroplatinic acid, complexes of platinum and
olefins, complexes of platinum and vinylsiloxane, and
catalysts composed of thermoplastic resins containing
these platinum catalysts. Examples of these
thermoplastic resins include silicone, polycarbonate,
acrylic, nylon, and polyester. Moreover, the softening
point of this thermoplastic resin is preferably 5-20°C,
and its particle diameter is preferably 0.01-10 um.

The amount of component (E) in our composition is
an amount sufficient to achieve cure of said
composition. The amount of component (E) provides an
amount of platinum metal in our composition ranging
from 0.1-1,000 ppm, with 0.5-500 ppm being preferred.

Component (A') is the main ingredient of our
second electrically conductive silicone composition.

It is a silicon-bonded alkenyl containing
organopolysiloxane having an average of at least two
alkenyl groups per molecule.

In one embodiment of component (A'), it also
contains silicon-bonded acrylic groups having the

formula:

REPLACEMENT SHEET
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trimethyl chl orosilane; organosilanes such as hexanethyl disilane; or
sil oxane oligoners, such as dinethylsiloxane oligoner,

met hyl phenyl si | oxane 36 ol i goner, and
met hyl vi nyl si | oxane ol i gonmer, all having both nolecular termnals capped
wi t h hydroxyl groups. Finally, organic solvents such as tol uene,

xyl ene, acetone, nethyl ethyl ketone, nethylisobutyl ketone, hexane, and
hept ane; non-cross-1inking organopol ysilxexanes, such as
polydinethylsilgﬁaﬁg and

) REPLACEMENT HEET!
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HC=C -C-0 R fizggh -7:
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wherein R ,R2 and R’ are as defined above. 1In another
embodiment of component (A'), it is fee of silicon-
bonded acrylic groups.

If component (A') contains an average of less than
two silicon-bonded alkenyl groups per molecule, the
resulting electrically conductive silicone composition
will not properly cure via a hydrosilylation reaction,
making it unsuitable as a die bonding agent.

In preferred embodiments, the silicon-bonded
alkenyl groups of component (A') are selected from the
group consisting of vinyl, allyl, butenyl, pentenyl,
hexenyl, or heptenyl. Vinyl is particularly preferred.
The silicon-bonded alkenyl group of component (A!) may
be located on the molecular terminal, the molecular
side chain or both.

In preferred embodimentsg, any silicon-bonded
organic group, other than the silicon-bonded alkenyl
groups, in component (A') is selected from the group
consisting of alkyl, cycloalkyl, aryl, aralkyl,
halogenated alkyl, alkoxy and hydroxyl groups.

Preferred alkyl groups are selected from the group

consisting of methyl, ethyl, propyl, butyl, pentvyl,

This Sheet Has Reen Rep
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pol ynet hyl phenyl si | oxane, both having their nolecular term nals capped

with trinmethylsiloxy groups; flanme retardants; heat-reS|st|ng agents

pl asti ci zers;
hi gh-energy beans used to induce the free radical rea

t hi xotropi ¢ agents; and antlfungal agent

TR ACEER

5ﬁﬁ of
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electrically conductive silicone conpositions include vr5|bleeé¢ g%?
ul traviol et 2 yS b |

preferred for practical use. In nethodshor irradiatio
sources such as hydrogen discharge tubes,
hal i de | anps, xenon | anps, chem cal | anps,

rays,
| anps,

| i ght
net al

rays, Xx-rays, and el ectron beans, with ultir3dvi él

usin
ary vapor

t

d_carbep—artc

lanps are prefkesply eepteyedocthile, nwamal edglchy19f ahheset gﬁé&§y|olet rays
are preferably in

Preferred cycloalkyl groups are selected from
cyclopentyl or cyclohexyl groups. Preferred aryl
groups are selected from the group consisting of
phenyl, tolyl, xylyl, and naphthyl. Preferred aralkyl
groups are selected from the group consisting of
benzyl, phenethyl, and phenylpropyl. Preferred
halogenated alkyl groups are selected from 3-
chloropropyl, or 3,3,3-trifluoropropyl groups.
Preferred alkoxy groups are selected from the group
consisting of methoxy, ethoxy, propoxy, butoxy,
methoxymethoxy and ethoxyethoxy group. Particularly
preferred groups are methyl and phenyl.

When component (A') is free of silicon-bonded
acrylic groups, or contains an average of less than two
such groups per molecule, component (B') must also
contain an average of at least two silicon-bonded
acrylic groups per molecule, and have the formula.

R' R

HC=C C-0-R-

O
wherein Rl, RZ, and R’ are described above. If neither
component (A') nor component (B') contains an average

of at least two silicon-bonded acrylic groups per



the range of 250-400 nm Concerning conditions of irradiation with
ul traviolet rays, our electrically conductive S|I|co@a¢gogpg§
irradi ated under refrigeration, at roomtenperature,{'or "uhder

And, the irradiation nmay occur in an inert gas atnosphere, such as

vacuum The total irradiation dose of ultraviol et Eiiﬂ}5 J/ cni er.

nitrogen or argon; in air; or in a L . ADDEC B9 .
ray

| ess at a wavel ength of 250-400 nm An |

+ wyomtnn. cmpemeramA s
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molecule of the above formula, then the acrylic group
free radical reaction will not be adequately induced.
Examples of the molecular structure of component (ar),
its viscosity at 25°C, and representative examples
thereof, including preferred embodiments, are the same
as described above for component (a).

A method for preparing an alkenyl containing
organopolysiloxane, having an average of at least two
silicon-bonded alkenyl groups per molecule, and also
having the aforementioned silicon-bonded acrylic
groups per molecule, comprises reacting a silicon-
bonded alkenyl group containing organopolysiloxane,
having an average of at least two silicon-bonded
alkenyl groups per molecule and an average of at least
two silicon-bonded hydrogen atoms per molecule, by
means of a condensation reaction, with an organic
silicon compound having the aforementioned silicon-
bonded acrylic group and a silicon-bonded alkoxy group.
Such an organopolysiloxane composition is represented
by methylvinylpolysiloxane having both molecular
terminals capped with silanol groups, or by
dimethylsiloxane-methylvinylsiloxane copolymer having
both molecular terminals capped with silanol groups.
Moreover, examples of an organic silicon compound

having the aforementioned silicon-bonded acrylic group

be

37
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irradiation range of 1-8 J/cnferr] is preferred. The tinme of this
irradiation is preferably immediately after application of our
electrically conductive silicone conposition to a substrate. The fact that
our conposition has undergone a suitable acrylic group free radical
reaction due to high-energy beamirradiation is confirmed by an increase
in viscosity or film formation, on the surface of the resulting cured
el astomer conposition, but it is not necegsarily acconpanied by changes in
external appearance. The tenperature at which our electrically _
conductive silicone conposition is cured by a hydrosilylation reaction is
in the range o0én&0a390] Brog-Gonded ange:Qf g80p25akenabCGis preferred.
Concerni ng the

acryloxypropyltrimethoxysilane, 3-acryloxypropyl

dimethylmethoxysilane, 3-

acryloxymethylbis (trimethylsiloxy)silane, 3-

methacryloxypropenyltrimethoxysilane, 3-

methacryloxypropyl dimethylethoxysilane, 3-

methacryloxypropylmethyldiethoxysilane, and 3-

methacryloxypropyltris (methoxyethoxy)silane. 1In such

condensation reaction, a commonly-known condensation

catalyst may also be used.

Component (B') is a component for curing the

latter electrically conductive silicone composition,

and it is a silicon-bonded hydrogen-atom containing

organopolysiloxane which has an average of at least two

silicon-bonded hydrogen atoms per molecule. Component

(B') may also contain a silicon-bonded acrylic group

having the formula:

Rl RZ

?, and R’ are described above. Component

wherein R', R
(B') may also be free of such silicon-bonded acrylic

groups.

REPLACEMENT SHEET
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met hod for heating our electrically conductive silicone conposition, the
use of heating devices such as an infrared irradiation device, hot-air

circulation oven, or hot plate is preferred. Concer ni vﬁ JAR T
of our electrically conductive silicone el astoner obtai ned et RIS MHSE
A hardness, as specified by JIS K 6301, is 20 or above, wth ja figure of "°
30-95 being preferred. Qur electrically conductive silji cond 2BEC %67 |
conposition may be used as a die bonding agent for bonding !

Component (B') must have an average of at least
two silicon-bonded hydrogen atoms per molecule. If
there are fewer than two such hydrogen atoms per
molecule, the resulting composition will not be
sufficiently cured by the hydrosilylation reaction,
making it unsuitable as a die bonding agent. Examples
of the bonding position for this hydrogen atom are the
molecule terminals or side chains. Moreover, examples
of other groups which bond to the silicon atoms in
component (B') include alkyl groups such as methyl,
ethyl, propyl, butyl, pentyl, hexyl, heptyl, octvyl,
nonyl, decyl, or octadecyl; cycloalkyl groups such as
cyclopentyl or cyclohexyl; aryl groups such as phenyl,
tolyl, xylyl, and naphthyl; aralkyl groups such as
benzyl, phenethyl, and phenylpropyl; halogenated alkyl
groups such as 3-chloropropyl or 3,3,3-
trifluoropropyl; alkoxy groups such as methoxy, ethoxy,
propoxy, butoxy, methoxymethoxy, and ethoxyethoxy; and
hydroxyl groups, with a methyl or phenyl group
preferred. Moreover, in cases where component (A')
contains less than an average of at least two silicon-
bonded acrylic groups per molecule, or said component
does not contain said acrylic group at all; it is
necessary for component (B') to have an average of at

least two silicon-bonded acrylic groups per molecule.



forth. Once the

38 sem conductor chips to substrates, packages, and so
sem conduct or chip has been nounted on a substrate by m
conposition, and it has been irradiated with a high-ene
causes an acrylic group free radical reaction, it is po
out gassi ng of | ow nol ecul ar-weight silicone species fro
before and during cure by a hydrosilylation reaction. T
chip, substrate, package, and | ead franejsgare therefore

I e aufal e
e
5s| ble to |nh|b|t
m :al 2 BbRpHEYt ijor
he sen1conductqr

not contam nat ec

the advant age of

ty

| ow nol ecul ar-wei ght silicone species. This fact offers
elimnating or at |east decreasing defects in wire

Examples of the molecular structure of

(B') are straight-chain, partially-branched

chain, branched-chain, cyclic, and network.

component
straight-

The

viscosity of component (B') at 25°C is in the range of

1-50,000 mPa.s; so the resulting composition is storage

stable and its handling or workability properties are

favorable. A viscosity range of 5-1,000 mPa.s at 25°C

is particularly preferred.

Examples of siloxanes used as component (B!')

include those organopolysiloxanes mentioned

above

for component (B'), and silicon-bonded acrylic-

functional organopolysiloxanes.

When component (B') is a silicon-bonded acrylic-

functional organopolysiloxane, it is preferably

selected from the group consisting of

methylhydrogenpolysiloxane having both molecule

terminals capped with 3-methacryloxypropyl

dimethoxysiloxy groups; dimethylsiloxane-

methylhydrogensiloxane copolymer having both terminals

capped with 3-methacryloxypropyl dimethoxysiloxy

groups; methylhydrogenpolysiloxane having both

terminals capped with 3-methacryloxypropyl

diethoxysiloxy groups; dimethylsiloxane-

methylhydrogensiloxane copolymer having both terminals
capped with 3-methacryloxypropyl diethoxysiloxy groups;

methylhydrogensiloxane-



bondability to sem conductor chips, |ead frames and the

adhesi on defects between sem conductor chips, substrates,
| ead franes and the sealing resin are also mnimzed or

conposition of the present invention, and are then sol dered or

l'i ke.

Furt her nore,
packages,
el i m nat ed.

Unexpect edl y, when these conponents have been adhered using the

or

a conf or mal

coating is applied over them soldering defects, crawling of the coating,

etc., do not occur. Therefore, there is Jshe surprising

advant age that by

using our electrically conductive silicone conmposition as a die bonding
agent, it is possible to manufacture sem conductor devices having

methyl (trimethoxysilylethyl) siloxane-methyl (3-

methacryloxypropyl)siloxane copolymer having both

terminals capped with trimethylsiloxy groups,

dimethylsiloxane-methylhydrogensiloxane-

methyl (trimethoxysilylethyl) siloxane-methyl (3-

methacrvloxypropyl)siloxane copolymer having both

terminals capped with trimethylsiloxy groups;

methylhydrogenpolysiloxane having both terminals capped

with 3-acryloxypropyl dimethoxysiloxy groups;

dimethylsiloxane-methylhydrogensiloxane copolymer

having both terminals capped with 3-acryloxypropyl
dimethoxysiloxy groups; methylhydrogenpolysiloxane

having both terminals capped with 3-acryloxypropyl

diethoxysiloxy groups; dimethylsiloxane-

methylhydrogensiloxane copolymer having both terminals

capped with 3-acryloxypropyl diethoxysiloxy groups,

methylhvdrogensiloxane-

methyl (trimethoxysilylethyl)siloxane-methyl (3-

acryloxypropyl) siloxane copolymer having both terminals

capped with trimethylsiloxy groups; dimethylsiloxane-

methylhydrogensiloxane-

methyl (trimethoxysilylethyl) siloxane-methyl (3-

acryloxypropyl) siloxane copolymer having both terminals

capped with trimethylsiloxy groups, and mixtures of two

or more of these organopolysiloxanes.




39 outstanding reliability, such as noisture resistance, wth favorable
yi el ds. Next, the method for manufacturing sem conductor devices Of

the present invention, and the obtained sem conductor hi F“q
met hod, will be explained in detail. Fig. 1is a gggﬁféhﬁﬁgﬁ
of a sem condutor device of the present invention which §siused in thg
exanpl es. § | 12DEC

30 ‘ : - .j

i

An example for manufacturing a silicon-bonded
hydrogen-atom containing organopolysiloxane, having an
average of at least two silicon-bonded hydrogen atoms
per molecule, and an average of at least two silicon-
bonded acrylic groups per molecule, is a method in
which an organopolysiloxane, having an average of at
least two silicon-bonded hydrogen atoms per molecule
and an average of at least two silicon-bonded hydroxyl
groups per molecule, and an organic silicon compound
having silicon-bonded acrylic groups and a silicon-
bonded alkoxyl group are subjected to a condensation
reaction. Examples of such an organopolysiloxane,
having an average of at least two silicon-bonded
hydrogen atoms per molecule, and an average of at least
two silicon-bonded hydroxy groups per molecule include
methylhydrogenpolylsiloxane having both terminals
capped with silanol groups, or dimethylsiloxane-
methylhydrogensiloxane copolymer having both terminals
capped with silanol groups.

Moreover, examples of organic silicon compounds
having the aforementioned silicon-bonded acrylic group
and a silicon-bonded alkoxyl group include 3-
acryloxypropyltrimethoxysilane, 3-acryloxypropyl
dimethylsiloxane, 3-
acryloxymethylbis(trimethylsiloxy)silane, 3-

methacryloxypropenyltrimethoxysilane, 3-




Fig. 2 is a sectional diagram of another sem conductor device of this

I nvention also denonstrated in the exanples. Expl anation of Symbols
1. Semconductor chip 2. Tab 3. Electrically conductive silicone

el ast oner conposition 4. Metal Bonding pad 5. Metal lead frame 6.

Bonding wwire 7. Sealing resin 8. CGrcuit board p Ry
° ° REPLACEMENT SHEET
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methacryloxypropyldimethylethoxysilane, 3-

methacryloxypropylmethyldiethoxysilane, and 3-
methacryloxypropyltris (methoxyethoxy)silane. In the
condensation reaction, a commonly-known condensation
catalyst may also be used.

Another example is a method in which an organic
compound, having alkenyl group and acrylic group, is
subjected to a hydrosilylation reaction with an
organopolysiloxane having at least three silicon-bonded
hydrogen atoms per molecule in the presence of a
platinum catalyst. Examples of such organic compounds
include allyl methacrylate or 3-
methacryloxypropyldimethyl (vinyldimethylsiloxy) silane.
Examples of platinum catalysts used in this reaction
are the same catalysts as those specified for component
(D) above.

The amount of component (B') in the claimed
composition is an amount such that the silicon-bonded
hydrogen atoms in component (B') are present in the
amount of 0.5-20 moles per mole of silicon-bonded
alkenyl group in component (A'). If the amount of
silicon-bonded hydrogen atoms in component (B') is less
than 0.5 mole per mole of the silicon-bonded alkenyl
group in component (A'), the resulting curable silicone
compositions will not cure properly and will be

unsuitable as a die bonding agent. If the amount of



9. CGrcuit wiring 10. Electrical conponents

40 Exanpl es of sem conductor devi ces manufactured by

t he net hod of

this invention include diodes, transistors and thyristors; or integrated

circuits (10

selected fromthe general type of nonolithic, hybrid,

| ar ge

scale integration and very large scale integration. Mreover, exanples of

sem conduct or chi ps

32

silicon-bonded hydrogen atoms in component (B') is
greater than 20 moles per mole of silicon-bonded
alkenyl group in component (A'), the resulting
composition will form bubbles during cure.

Component (C) is the same electrically conductive
filler as wused above for our first electrically
conductive silicone composition. Examples, amounts,
and particle sizes thereof are the same as the above,
including preferred embodiments and amounts.

Component (D) is the same photosensitizer as used
above for our first electrically conductive silicone
composition. Here, however, the free radical reaction
occurs due to the acrylic groups in component (A')
and/or component (B') when said composition is
irradiated with a high-energy beam. Examples and
amounts are the same as specified above, including
preferred embodiments.

Component (E) is the same platinum catalyst as
used above for our first electrically conductive
silicone composition, and examples, amounts and
particle sizes thereof are the same as those specified
above, including preferred amounts and embodiments.

Adhesion-promoting agents may also be added with

these electrically conductive silicone compositions as

REPLACEMENT SHEET
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in sem conduct or devices include diode chips, transistor chips, thyristor

chips, nonolithic IC chips, and hybrid IC chips. As shown in Fig. 1, a
sem conduct or devi ce obtai ned by our manufacturing nethod conprises a
sem conductor chip 1 and a tab 2 which are adhered by nmeans of our

electrically conductive silicone conposition that has been cured to form
an elastoner. (Atab is a substrate upon which a sem conductor chip may be

nmount ed). Exanples of raw nmaterials of sab 2 include copper and iron

alloys. Further, as shown in Fig. 2, in another sem conductor device
obt ai ned by our nanufacturlng met hod, a circuit board 8 is conposed of
material s, sudPiisonEdr awimEeNneot sgl a@heyamdclsdus&ﬂc@sysifeamﬁ)ﬁud’t e for

mount i ng t he _
as tetramethoxysilane, tetraethoxysilane,

dimethyldimethoxysilane, methylphenyldiethoxysilane,
phenyltrimethoxysilane, methyltrimethoxysilane,
methyltriethoxysilane, vinyltrimethoxysilane,
allyltrimethoxysilane, allyltriethoxysilane, 3-
glycidoxypropyltrimethoxysilane, and 3-
methacryloxypropyltrimethoxysilane; or

organopolysiloxanes having the following formulas:

CH, |CH OCH

3 3 3

N
CH ,=CH - SiO - 8iO —8i~OCH | ;
.
CH, |CH,| OCH,

S L ]

. REP LACtMEﬂ 1‘E
l l | 3 42DEC 197

H.CO |CH CH,| OCH,

3 3 3

CH,-CHCH ,(XCH ) SiO+Si0 Si0+SiCH,),0CH ,CH~CH_ ;

\ 7 ] ] \

O H.CO Cyf:(ﬂ¥h”163¥3" OCH O

raw

|



sem conductor chip 1. CGrcuit wiring 9 is fornmed on

board 8 by neans of netals such as gold,

silver, and

the surface of circuit

copper,

and

el ectrical conmponents 10, such as capacitors, resistors, and coils, nmay
al so be mounted on the surface of circuit board 8. _ _
41 After nounting sem conductor chip 1 on tab 2, or «circuit board
8, with our electrically conductive silicone conposition, a free radical
reaction of the 34
CH,| | CH, e
| | T
SiO-— SiO ; and ! 4 2DEC ®W
BN | i
] H | _CzH 4Si(OCH3)3_" L .
CH,|CH,| |CH, CH, cH,| CH,
L] | ]
CH, -Si0~| SiO SiO S0 SO+—S -CH
| l | | |
CH,| H C,H S(OCH ), (CH),0CH,CH-CH,| |CH, CH,
m VL
- - A -l i O | - -

wherein m, n and p are positive numbers, and g is 0 or
a positive number. Such adhesion promoters are present
in an amount ranging from 0.01-20 parts by weight perxr

100 parts by weight of component (A) and/or component

(A'). A range from 0.1-5 parts by weight is

prticularly preferred.

Moreover, other optional components that may be

mixed with our electrically conductive silicone

compositions include acetylene compounds such as 3-

methyl-1-butyn-3-0l; and 3,5-dimethyl-i-hexyn-3-o0l; 3-

phenyl-1-butyn-3-0l; enyne compounds such as 3-methyl-




acrylic group of said conposition is induced, by irradiation wwth a

hi gh- energy beam The ul travi ol et |rrad|at|on S preferab@gg @@@“FN?%%LET

i medi ately after nmounting of the sem conductor chip
electrically conductive silicone conmposition was next cured by ng @5 9
hydrosilyl ation reaction, and the sem conductor chip 1 was caus% 97
adhere to the tab 2 or the circuit board 8. After n N
el ectrically conductive silicone elagtoner 3 was fornedjin this manner,
wire bonding of the nmetal bonding pad 4 (alumnun) installed.at the _upper
edge of the sem conductor chip 1, and the netal lead frame 5 or circuit
wiring 9, was Ppadmrared dpne maEns ,6f-dherdhpg -8l hexén-10yaddi tion to gold,
exanpl es

5o+ s e s

cycloalkenylsiloxanes such as 1,3,5,7-tetramethyl-
1,3,5,7-tetravinylcyclotetrasiloxane or 1,3,5,7-
tetramethyl-1,3,5,7-tetrahexenylcyclotetrasiloxane;
triazole compounds such as benzotriazole; and addition
reaction inhibitoxs, such as compounds containing
phosphine, mercaptans and hydrazine. The amount of
these inhibitors in our composition differs depending
on the curing conditions. Generally speaking, however,
this inhibitor is provided in an amount of 10-1,000 ppm
by weight with respect to our electrically conductive
silicone composition.

Furthermore, examples of other components which
may be optionally mixed with our electrically
conductive silicone compositions include inorganic
fillers, such as fumed silica, wet silica, quartz,
calcium carbonate, titanium dioxide, diatomaceous
earth, aluminum dioxide, aluminum hydroxide, zinc
oxide, and zinc carbonate; or hydrophobic inorganic
fillers, such as the above fillers which have been
surface-treated with organoalkoxysilanes such as
methyltrimethoxysilane; organohalosilanes such as
trimethylchlorosilane; organosilanes such as
hexamethyldisilane; or siloxane oligomers, such as

dimethylsiloxane oligomer, methylphenylsiloxane




of this bonding wire include copper and al um num Exange '“"é" ) HEET
Wi r e- bondi ng met hods i nclude thernoconpression Qe ! hL '
bondi ng, and ultrasonic thernoconpression bonding. Th fsz"cone - b
el astomer or silicone gel was formed on the surface of h s 45EbECo aﬂcto,
chip 1 to protect it. Mreover, if needed, the sen1cond c{or device of tqe
present invention nay be forned by resin seallng of thel Seﬁ?ﬁﬁﬁﬁ”btor |
chip 1 by neans of sealing resin 7. 36 . =
42 L

oligomer, and methylvinylsiloxane oligomer, all having

both molecular terminals capped with hydroxyl groups.

Finally, organic solvents such as toluene, xylene,
acetone, methylethyl ketone, methyliscbutyl ketone,
hexane, and heptane; non-cross-linking
organopolysiloxanes, such as polydimethylsiloxane and
polymethylphenylsiloxane, both having their molecular
terminals capped with trimethylsiloxy groups; flame
retardants; heat-resisting agents; plasticizers;
thixotropic agents; and antifungal agents.

Examples of high-energy beams used to induce the
free radical reaction of our electrically conductive
silicone compositions include visible light,
ultraviolet rays, x-rays, and electron beams, with
ultraviolet rays being preferred for practical use. 1In
methods for irradiation using ultraviolet rays, light
sources such as hydrogen discharge tubes, mercury vapor
lamps, metal halide lamps, xenon lamps, chemical lamps,
and carbon arc lamps are preferably employed. The
wavelength of these ultravioclet rays are preferably in
the range of 250-400 nm. Concerning conditions of
irradiation with ultraviolet rays, our electrically
conductive silicone composition can be irradiated under
refrigeration, at room temperature, or under heating.
And, the irradiation may occur in an inert gas

atmosphere, such as nitrogen or argon; in air; or in a



Exanpl es of this sealing resin are epoxy resin, phenol resin, and

pol yphenyl ene sul fide resin. EXANELFQ
curable electrically conductive silicone conposition, our %2

manuf acturing a sem conductor device, and the resulting s n"u
devi ce are now shown by neans of practical exanples. The Vi COS|t%§value

Qur

".A?A

A " SHEET]

In the exanples were neasured at 25[err]C. Furthernore, eya uckd &

har dness and
bondabi lity,

volume resistivity, the maaufacturing nethodf the wire

8§the

t he noi sture resistance, and the adhesion pr, perties of

sealing resin were determned as follows. —

vacuum. The total irradiation dose of ultrav1olet rays
is 15 J/cm® or less at a wavelength of 250-400 nm. An
irradiation range of 1-8 J/cm’ is preferred. The time
of this irradiation is preferably immediately after
application of our electrically conductive silicone
composition to a substrate. The fact that our
composition has undergone a suitable acrylic group free
radical reaction due to high-energy beam irradiation is
confirmed by an increase in viscosity or film
formation, on the surface of the resulting cured
elastomer composition, but it is not necessarily
accompanied by changes in external appearance.

The temperature at which our electrically
conductive silicone composition is cured by a
hydrosilylation reaction is in the range of 50-300°C.

A range of 100-250°C is preferred. Concerning the
method for heating our electrically conductive silicone
composition, the use of heating devices such as an
infrared irradiation device, hot-air circulation oven,
or hot plate is preferred.

Concerning the hardness of our electrically
conductive silicone elastomer obtained herein, its JIS
A hardness, as specified by JIS K 6301, is 20 or above,
with a figure of 30-95 being preferred.

Our electrically conductive silicone composition

may be used as a die bonding agent for bonding

the




Har dness of the electrically conductive silicone elastonmer was determ ned
as follows. After ultraviolet irradiation of said conposition, using a
conveyor-type wultraviolet irradiation device (manufactur y::fﬁﬁgk‘"?;x'
TM K. K. ; UVG- 2533/ 1IMNLC3- AA08) by means of a 160 Wcm hi %@h‘tﬁéémw:-
mercury lanp to a total irradiation dosage of 5 J/cnferr},iit was he%%ed

for 30 minutes at 150[err]C to forman el astomer. The hatdhest? DEC #4/d
el ectrically conductive silicone elastoneg was neasured ysing the JIS A

hardness procedure specified in JI'S K 6301. Vol une jreststivity of
electrically conductive silicone elastoner was tested as|follows. An
el ast omer semiconductor chips to substrates, packages, and =0

forth. Once the semiconductor chip has been mounted on
a substrate by means of our curable composition, and it
has been irradiated with a high-energy beam which
causes an acrylic group free radical reaction, it is
possible to inhibit outgassing of low molecular-weight
gilicone species from said composition before and
during cure by a hydrosilylation reaction. The
semiconductor chip, substrate, package, and lead frame
are therefore not contaminated by low molecular-weight
silicone species. This fact offers the advantage of
eliminating or at least decreasing defects in wire
bondability to semiconductor chips, lead frames and the
like. Furthermore, adhesion defects between
semiconductor chips, substrates, packages, or lead
frames and the sealing resin are also minimized or
eliminated.

Unexpectedly, when these components have been
adhered using the composition of the present invention,
and are then soldered or a conformal coating is applied
over them, soldering defects, crawling of the coating,
etc., do not occur. Therefore, there is the surprising
advantage that by using our electrically conductive
silicone composition as a die bonding agent, it is

possible to manufacture semiconductor devices having




43 sheet of 1 mmthickness was first fornmed. The volume resistivity of
this sheet was neasured using a Model K- 705RL resistivity device
manuf act ured by Kyowa Ri ken TM Ltd. The manufacturing methods of the
sem conductor device and wire bondability were evaluated as follows. The
sem conductor device shown in Fig. 1 was prepared. This sem conductor
device had 144 leads in its lead franme, and the size of the sem conductor
chip was 10 nm x 10 mm This sem conducB®r chip 1 was nounted on the
outstanding reliability, such as moisture resistance,
with favorable yields.
Next, the method for manufacturing semiconductor
devices of the present invention, and the obtained
semiconductor devices of this method, will be explained
in detail.
Fig. 1 is a sectional diagram of a semicondutor
device of the present invention which is used in the
examples.
Fig. 2 is a sectional diagram of another

semiconductor device of this invention also

demonstrated in the examples.

Explanation of Symbols BRE?LACEW§®§L§ﬁ§ET‘
1. Semiconductor chip f—i;;DEC'WQ7 1 i
2. Tab e '
3. Electrically conductive silicone elastomer

composition
4. Metal Bonding pad
5. Metal lead frame
6. Bonding wire
7. Sealing resin
8. Circuit board
9. Circuit wiring

10. Electrical components



tab 2 by means of our electrically conductive silicone conposition, and
irradiated with ultraviolet rays using the conveyor device nentioned

above. The surface of said conposition, extruded on the perigﬁg
chip, was thereby caused to undergo an acrylic group free ra Ppdf
reaction. The conposition was heated for 10 mnutes at 150[efr

electrically conductive silicone elastoner 3. Wre bondi ng of
(al um num bonding pad 4, installed on the upper edge of the
chip 1, and the netal lead frame 5, was then conducted using
6. Thus, a sem conductor device was forned. The wire bonding

A

s L\l,ﬁ.he SHE.

Ctoform

t hat HREGI 1997

P conduct or

o - - = ————

onding wWire
was

P,

performed using theExdnpbsonit dehecmmdumpoesseohcebonghafasetihed Kpondi ng

tenperature: 160-250[err]C, |oad:
the method of this invention include diodes,

transistors and thyristors; or integrated circuits (IC)

-

selected from the general type of monolithic, hybrid,

large scale integration and very large scale

integration. Moreover, examples of semiconductor chips

in semiconductor devices include diode chips,

transistor chips, thyristor chips, monolithiec IC chips,

and hybrid IC chips. As shown in Fig. 1, a

semiconductor device obtained by our manufacturing

method comprises a semiconductor chip 1 and a tab 2

which are adhered by means of our electrically

conductive silicone composition that has been cured to

form an elastomer. (A tab is a substrate upon which a

semiconductor chip may be mounted). Examples of raw

materials of tab 2 include copper and iron alloys.

Further, as shown in Fig. 2, in another semiconductor

device obtained by our manufacturing method, a circuit

board 8 is composed of raw materials, such as ceramics

or glass, and is used as the substrate for mounting the

semiconductor chip 1. Circuit wiring 9 is formed on

the surface of circuit board 8 by means of metals such

as gold, silver, and copper, and electrical components

10, such as capacitors, resistors, and coils, may also

be mounted on the surface of circuit board 8.



30-100 nmg/unit). 20 of these sem conductor devices were pggpared:wwggﬁgh___m
neck formation between the _ \DED MENT CHET
bonding wire 6, and the bonding pad 4 or netal lead frame ;%E ﬁﬁ&hﬁm‘?lﬁ
under a mcroscope. At this tine, by stretching the bonding Wire 6, the
bonding status of this wire was observed. The wire bondabi|ily 12\ c 197
expressed as the rate of bonding defects 4qf the bonding w e} 6.

-

After mounting semiconductor chip 1 on tab 2, or
circuit board 8, with our electrically conductive
silicone composition, a free radical reaction of the
acrylic group of said composition is induced, by
irradiation with a high-energy beam. The ultraviolet
irradiation is preferably conducted immediately after
mounting of the semiconductor chip.

The electrically conductive silicone composition
was next cured by means of a hydrosilylation reaction,
and the semiconductor chip 1 was caused to adhere to
the tab 2 or the circuit board 8.

After an electrically conductive silicone
elastomer 3 was formed in this manner, wire bonding of
the metal bonding pad 4 {(aluminum) installed at the
upper edge of the semiconductor chip 1, and the metal
lead frame 5 or circuit wiring 9, was performed by
means of bonding wire 6. In addition to gold, examples
of this bonding wire include copper and aluminum.
Examples of wire-bonding methods include
thermocompression bonding, ultrasonic bonding, and
ultrasonic thermocompression bonding. Then, silicone
elastomer or silicone gel was formed on the surface of
this semiconductor chip 1 to protect it. Moreover, if
needed, the semiconductor device of the present
invention may be formed by resin sealing of the

semiconductor chip 1 by means of sealing resin 7.



Mbi sture resi stance of these seni conductor devices was tested as follows

Sem conduct or

of a seniconductor chip to which bonding wire 6 was favor

devices were prepared by resin sealing, usi,gf,ggﬁﬁ&&ﬁﬁigﬂ

of these sem conductor devices were heated for specified geniodsg En 2907
saturated water vapor at 121[err]C and 202.6 kPa (2 atnnsﬁhere%?@ﬁﬁ Rk
pressure. After heating, an electric current was applied tio t he

sem conductors, and the |eak current Dbetgeen the netal |legd frame 4 was
measured. Thereafter, noisture resistance of the sem conductors was
expressed as the rate of increase in |leak current and defective

sem conduct or

Heamgkssi of wohth seallinyi p8sinasrédeépsiiVeesin, phenol
resin, and polyphenylene sulfide resin.
EXAMPLES

Our curable electrically conductive silicone
composition, our method for manufacturing a
semiconductor device, and the resulting semiconductor
device are now shown by means of practical examples.
The viscosity values in the examples were measured at
25°C. Purthermore, evaluations of the hardness and
volume resistivity, the manufacturing method, the wire
bondability, the moisgture resistance, and the adhesion
properties of the sealing resin were determined as
follows.

Hardness of the electrically conductive silicone
elastomer was determined as follows. After ultraviolet
irradiation of said composition, using a conveyor-type
ultraviolet irradiation device (manufactured by Ushio
Denki TM K.K.; UVC-2533/1MNLC3-AA08) by means of a
160 W/cm high-pressure mercury lamp to a total
irradiation dosage of 5 J/cmz, it was heated for 30
minutes at 150°C to form an elastomer. The hardness of
said electrically conductive silicone elastomer was
measured using the JIS A hardness procedure specified
in JIS K 6301.

Volume resistivity of electrically conductive

silicone elastomer was tested as follows. 2An elastomer




Adhesi on of sem conductor chips and sealing resin were also determ ned
herein. After 20 sem conductor devices, which had been resin-seal ed using
epoxy resin, were left standing for 168 hours under conditions of
85[err]C and 85% RH, they were heated using an IR reflow at 245[err]C
After heating, the sem conductor devices were

45 observed using an ultrasonic mcroscgpe, and separation occurring
bet ween the sem conductor chip 1 and the

sheet of 1 mm thickness was first formed. The volume
resistivity of this sheet was measured using a Model K-
705RL resistivity device manufactured by Kyowa Riken TM
Ltd.

The manufacturing methods of the semiconductor
device and wire bondability were evaluated as follows.
The semiconductor device shown in Fig. 1 was prepared.
This semiconductor device had 144 leads in its lead
frame, and the size of the semiconductor chip was 10 mm
x 10 mm. This semiconductor chip 1 was mounted on the
tab 2 by means of our electrically conductive silicone
composition, and irradiated with ultraviclet rays using
the conveyor device mentioned above. The surface of
said composition, extruded on the periphery of the
chip, was thereby caused to undergo an acrylic group
free radical reaction. The composition was heated for
10 minutes at 150°C to form electrically conductive
silicone elastowmer 3. Wire bonding of the wmetal
{aluminum) bonding pad 4, installed on the upper edge
of the semiconductor chip 1, and the metal lead frame
5, was then conducted using bonding wire 6. Thus, a
semiconductor device was formed. The wire bonding was
performed using the ultrasonic thermocompression
bonding method (bonding temperature: 160-250°C, load:
30-100 mg/unit). 20 of these semiconductor devices
were prepared. Next, neck formation between th%ﬁ?~_QEHMm@€mu;;n“-
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epoxy resin sealing material was observed. The rate of occurrence of
sem conduct or devi ces show ng peeling was determ ned.

Exanmple 1

term nal s

conposed of 23.5% by wei ght of a dinethyl polysil oxane ha
capped with 3-nethacryl oxypropyl dinmethoxysil oxy groups “and 3

viscosity of 15,000 nPa.s, and silicone resin conposed of DEC %7

(CHerr])[err]Siderr],

CH[err]—C(CH[err])COOC[err]H[err](CH[err]C»[err]SlC{err] ang ST err|——

units; and 76.5% by melght of a mxture of

capped with dlnethyIV|nyIS|ony groups, and silicone resin conposed of
(CH err])|[ errESa@eebr,] was observed under a microscope. At this

time, by stretching the bonding wire 6, the bonding
status of this wire was observed. The wire bondability
was expressed as the rate of bonding defects of the
bonding wire 6.

Moisture resistance of these semiconductor devices
was tested as follows. Semiconductor devices were
prepared by resin sealing, using epoxy resin, of a
semiconductor chip to which bonding wire 6 was
favorably bonded. 20 of these semiconductor devices
were heated for specified periods in saturated water
vapor at 121°C and 202.6 kPa (2 atmospheres) of
pressure. After heating, an electric current was
applied to the semiconductors, and the leak current
between the metal lead frame 4 was measured.
Thereafter, moisture resistance of the semiconductors
was expressed as the rate of increase in leak current
and defective semiconductor devices in which conduction
was defective.

Adhesion of semiconductor chips and sealing resin
were also determined herein. After 20 semiconductor
devices, which had been resin-sealed using epoxy resin,
were left standing for 168 hours under conditions of
85°C and 85% RH, they were heated using an IR reflow at

245°C. After heating, the semiconductor devices were



(CHerr]=CH (CH err])[err]SidJerr], and SiJerr] units (V|wREpBA Eﬁﬁp@n@ ﬁl
= 0.9% by weight), 16 parts by wei ght of . meon nSTy
met hyl hydr ogensi | oxane- di met hyl si | oxane copol yner havi ng hoth gg %ﬁggﬁg
term nals capped with hydrogensil oxy groups and a viscosity {of @ &’
(amount of silicon-bonded hydrogen atons 0. 75% by weight]) | 17 parts hy,
wei ght of organopol ysil oxane having the fornula B

46

45

observed using an ultrasonic microscope, and separation
occurring between the semiconductor chip 1 and the
epoxy resin sealing material was observed. The rate of
occurrence of semiconductor devices showing peeling was
determined.
Example 1

100 parts by weight of an organopolysiloxane
mixture, composed of 23.5% by weight of a
dimethylpolysiloxane having both molecule terminals
capped with 3-methacryloxypropyl dimethoxysiloxy groups
and a viscosity of 15,000 mPa.s, and silicone resin
composed of (CH;);810,,,, CH,=C{CH,)COOC;H, (CH;0),810,,,,
and Si0, units; and 76.5% by weight of a mixture of
dimethylsiloxane-methylvinylsiloxane copolymer, having
both terminals capped with dimethylvinylsiloxy groups,
and silicone resin composed of (CH,;);SiO,,,,
(CH,=CH) (CH;) ,810,,,, and SiO, units (vinyl group content
= 0.9% by weight), 16 parts by weight of
methylhydrogensiloxane-dimethylsiloxane copolymer
having both molecular terminals capped with
hydrogensiloxy groups and a viscosity of 30 mPa.s
(amount of silicon-bonded hydrogen atoms = 0.75% by
weight), 17 parts by weight of organopolysiloxane

having the formula:



[err] 510 parts by weight of flake-type silver having an average
particle dianmeter of 7 [err]m 10 parts by weight of benzophenone as a

phot osensitizer, 7 parts by weight of hydrophobic funed silica which was
surface-treated w th hexanethyl disilazane and had a surface area of _ 200
nerr]/g, a 1,1,3,3-tetranmethyl -1, 3-divinyldisiloxane cogpLe; EQT%%HﬂyH]
(in an anount such that the platinummetal content in thBE LL-OA—WAS
15 ppm by weight), and 3-phenyl - 1-butyn-<48-ol (in an anodnt s

UCh - PN
43,2‘@?:2 BY7

EQ(I9-kyga ] —Czaq CXH?Z %
|1 by
CH,~CHCH,({CH ) SiO+Si0 Sio+ Si(CH ), OCH ,CH-CH,
\ / R | ] \ /
0 H.Co | CH=CH,|,|CH,\; ocH, 0

510 parts by weight of flake-type silver having an
average particle diameter of 7 um, 10 parts by weight
of benzophenone as a photosensitizer, 7 parts by weight
of hydrophobic fumed silica which was surface-treated
with hexamethyldisilazane and had a surface area of
200 mz/g, a 1,1,3,3-tetramethyl-1,3-divinyldisiloxane
complex of platinum (in an amount such that the
platinum metal content in the composition was 15 ppm by
weight), and 3-phenyl-i-butyn-3-o0l (in an amount such
that the content in the composition was 350 ppm by
weight) were uniformly blended to prepare an
electrically conductive silicone composition.
Semiconductor devices prepared using this electrically
conductive composition have their results shown in
Table 1.
Example 2

100 parts by weight of an organopolysiloxane
mixture, composed of 22.5% by weight of a composition
of dimethylpolysiloxane having both molecular terminals

capped with 3-methacryloxypropyl dimethoxysiloxy groups



that the content in the conposition was 350 ppm by weight)
bl ended to prepare an electrically conductive silicone co
Sem conduct or devices prepared using this electrically con? TTve
conposition have their results shown in Table 1. 4 2DEC 1997
Exanpl e 2 100 parts by weight of an organopol ysil oxan ni&?urb,
conposed of 22.5% by wei ght of a conposition of dinethyl pollysiloxans—e—-
havi ng both nol ecular term nals capped wth 3-nethacryl oxypropyl

di met hoxysi | oxy groups -

and a viscosgity of 15,000 mPa.s, and silicone resin

EPLAGEMEN
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composed of (CH,)3510,7,, CHy=C(CH;) COOC;H, (CH30) 2810, ,,
and Si0, units, and 77.5% by weight of a mixture of
dimethylsiloxane-methylvinylsiloxane copolymer having
both molecular terminals capped with
dimethylvinylsiloxy groups, and silicone resin composed
of (CH;),810,;,,, (CH,=CH) (CH;),8i0;/,, and S8i0, units
(vinyl group content = 0.9% by weight), 16 parts byl
weight of methylhydrogensiloxane-dimethylsiloxane
copolymer having both molecular terminals capped with
hydrogensiloxy groups and a viscosity of 30 mPa.s
{(amount of silicon-~bonded hydrogen atoms = 0.75% by
weight}, 17 parts by weight of organopolysiloxane

having the formula:

EQCK) czg czg CKIQ
I .
CH,~-CHCH ,O(CH ) Si0 50 Si0Si(CH ),0CH,CH~CH,
\/ | || \ /
0 H,CO | CH=CH,|;|CH, |, OCH, 0

510 parts by weight of flake-type silver having an
average particle diameter of & um, 9 parts by weight of
2-hydroxy-2-methyl-1-phenylpropan-i-one as a
photosensitizer, 3 parts by weight of hydrophobic fumed
silica which had been surface-treated with
hexamethyldisilazane and having a surface area of

200 nf/g, a 1,1,3,3-tetramethyl-1,3-divinyldisiloxane



47 and a viscosity of 15,000 nPa.s, and silicone resin conposed of
(CHerr]) [err]Sigerr], CHerr]=C (CHerr]) COC[err]Herr] (CHerr]O
[err]Siderr], and Sierr] units, and 77.5% by wei ght of a mxture of
di met hyl si | oxane- et hyl vi nyl si | oxane copol ymer having both nol ecul ar
term nals capped with dinmethylvinylsiloxy groups, and silicone resin

conposed

of (CHerr]) [err]Siderr], (CHerr]=CH (CHerr])[err]Sierr],

and SiJerr] units (vinyl group contentqg 0.9% by weight), 16 parts by
wei ght of nethyl hydrogensi | oxane-di met hyl si| oxane copol ymer having both
nol ecul ar term nals capped with hydrogensiloxy groups and a viscosity of

30 nPa. s

complex of platinum (in an amount such that the
platinum metal content in the composition was 15 ppm by
weight), and 3-phenyl-1- butyn-3-ol (in an amount such
that the content in the composition was 350 ppm by
weight) were uniformly blended to prepare an
electrically conductive silicone composition.
Semiconductor devices prepared using this composition
have their evaluations given in Table 1.
Example 3

100 parts by weight of organopolysiloxane,
composed of (CH;)38i0,/,, CH,=C(CH,;)COOC;H (CH;0) ,810,,,,
(CH,=CH) (CH,;),S8i0,,,, and SiO, units (vinyl group content
= 1.0% by weight), 18 parts by weight of
methylhydrogensiloxane-dimethylvinylsiloxane copolymer
having both molecular terminals capped with
dimethylhydrogensiloxy groups and a viscosity of 30
mPa.s (amount of hydrogen atoms bound to silicon atoms

= 0.75% by weight), 17 parts by weight of

organopolysiloxane having the formula: -

- 12 DEC 997
CH,|CH,| OCH
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CH, = CH - SiO—} SiO+—Si~OCH | :

CcH, |CH,| OCH,

3] 3

650 parts by weight of flake-type silver having an

average particle diameter of 5 um, 9 parts by weight of



(amount of silicon-bonded hydrogen atons = 0.75% by weight),
wei ght of organopol ysil oxane having the fornul a:

17 parts by

[err]

510 parts by weight of flake-type silver having an average%mﬂé@@ga\ﬁ SHEH?

dianeter of 5 [err]m 9 parts by wei ght of
2- hydr oxy- 2- net hyl - 1- phenyl propan-1-one as a photosensitiz

Ja
wei ght of hydrophobic funed silica which had been surface-{r
]

hexanet hyl di si | azane and having a surfaceg area of 200 nieri
1,1, 3,3-tetranet hyl -1, 3-di vi nyl di si | oxane

sz a1

atERDREL B

9.

a

L.

a mixture of benzophenone and 2-hydroxy-2-methyl-1-

phenylpropan-l-one in a weight ration of 1 : 1 as

a

photosensitizer, 3 parts by weight of hydrophobic fumed

silica which was surface-treated with

hexamethyldisilazane and had a surface area of

200 m’/g, a 1,1,3,3-tetramethyl-1,3-divinyldisiloxane

complex of platinum (in an amount such that the

platinum metal content in the composition was 15 ppm

by weight), and 3-phenyl-1- butyn-3-ol (in an amount

such that the content in the composition was 350 ppm by

weight) were uniformly blended to prepare an
electrically conductive silicone composition.

Semiconductor devices were prepared using this

composition and their results are listed in Table 1.

Comparison Example 1

100 parts by weight of dimethylpolysiloxane,

having both molecular terminals capped with

dimethylhyvinylsiloxy groups and having a viscosgity of

2,000 mPa.s (vinyl group content = 0.2% by weight),

2.5

parts by weight of methylhydrogenpolylsiloxane having

both molecule terminals capped with trimethylsiloxy

groups having a viscosity of 20 mPa.s (amount of

hydrogen atoms bound to silicon atoms = 1.5% by

weight), 8 parts by weight of organopolysiloxane having

the formula:




48 conpl ex of platinum (in an amount such that the platinum netal
content in the conposition was 15 ppmby weight), and 3-phenyl-1-
butyn-3-ol (in an amount such that the content in the conposition was 350

ppm by weight) were unifornly blended to prepare an el ectricats ENT
conductive silicone conmposition. Sem conductor devices prep ﬁ%ﬁ&@ﬁéﬁwe rﬁ%@j
conposition have their evaluations given in Table 1. i s
50 12 DEC W97
HOo [ca,  ||cn,] ocH, .
] |1
CH,-CHCH, KCH ), Si0O~ Si0 8i0--8S{CH ) ,OCH,CH - CH ,
\ || || \/
O H.CO CH=CH |, CH 1, OCH, O

480 parts by weight of flake-type silver having an
average particle diameter of 5 um, 9 parts by weight
of hydrophobic fumed silica which was surface-treated
with hexamethyldisilazane and had a surface area of
200 nﬁ/g, a 1,1,3,3-tetramethyl-1,3-divinyldisiloxane
complex of platinum (in an amount such that the
platinum metal content in the composition was 15 ppm by
weight), and 3-phenyl-1-~ butyn-3-ol (in an amount such
that the content in the composition was 350 ppm by
weight) were uniformly blended to prepare an
electrically conductive silicone composition.
Semiconductor devices prepared using this composition
are also evaluated in Table 1.
Comparison Example 2

Using the composition prepared in Comparison
Example 1, semiconductor devices were prepared in the
same manner as in Example 1, except ultraviolet
irradiation was not carried out. The results of
evaluation thereof are reported in Table 1.

Comparison Example 3




Exanpl e 3 100 parts by weight of organopol ysil oxane, conposed of
(CH err]) [err]Sierr], CHerr]=C (CHerr]) COOC[err]Herr] (CHerr]O
[err]Sierr], (CHerr]=CH (CHerr])[err]Siderr], and SiJerr] units
(vinyl group content = 1.0%by weight), 18 parts by wei ght of
met hyl hydr ogensi | oxane-di net hyl vi nyl si | oxane copol yner havi ng both
nol ecul ar term nals capped with dinethyl hydrogensil oxy groups and a
viscosity of 30 nPa.s (anmount of hydrogen atons bound to silicon atons
0. 75% by weight), 17 parts by wei ght of organopol ysil oxane having the
f or mul a: [err]

Using the electrically conductive silicone

composition prepared in Example 1, semiconductor
devices were prepared in the same manner as in Example
1, except ultraviolet irradiation was not carried out.

The results of evaluation thereocf are in Table 1.
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average particle

havi ng an

dianeter of 5 [err]m 9 parts by wei ght of

650 parts by weight of flake-type silver
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hexanet hyl di si | azane and had a surface area of 200 nferr]/g, a
1,1,3,3-tetranet hyl -1, 3-di vi nyl di si |l oxane conplex of platinum (in an
anount such that the platinummetal content in the conposition was 15 ppm

by wei ght), and 3-phenyl-1- butyn-3-ol (in an anmbunt s
in the conmposition was 350 ppm by weight) were uniforH
prepare an electrically conductive silicone conpositia
devi ces were prepared using this conposifion and their
in Table 1. Conpari son Exanple 1

wei ght of di nethyl pol ysil oxane, having both nol ecul ar
w th di met hylICywiMsyl si |l oxy groups and having a vi scosi

uch that the content

“\erbD | R i O7ymyen
REP ALY, SHEET
jesults are |ibt
109 2BEE 5B
term nal s cappe
t Y=o

D
o

JJ

1. An electrically conductive silicone composition,

comprising:

(A) 100 parts by weight of an organopolysiloxane

consisting:

{a) 5-95% by weight of an acrylic-functional

organopolysiloxane having an average of at
silicon-bonded acrylic groups per molecule

formula:

|

HC= C -C-0-R*-

O

wherein R' and R? are hydrogen atom or a mo

least two

having the

o A

novalent

hydrocarbon group, and R’ is a divalent hydrocarbon group

having 1-10 carbon atoms; and

{(b) ©5-5% by weight of an alkenyl containing

organopolysiloxane having an average of at

silicon-bonded alkenyl groups per molecule;

least two

4

(B) a silicon-bonded hydrogen-atom containing

organopolysiloxane having an average of at

silicon-bonded hydrogen atoms per molecule

least two

, in a quantity

This Sheet Has Been Repl

LT



2,000 nPa.s (vinyl group content = 0.2% by weight), 2.5 parts by weight of
met hyl hydr ogenpol yl si | oxane having both nolecule term nals capped with
trimethylsiloxy groups having a viscosity of 20 nmPa.s (amount of hydrogen
atons bound to silicon atonms = 1.5% by weight), 8 parts by weight of

or ganopol ysi | oxane having the fornul a:

> y IR R

sufficient to provide 0.5 to 20 moles of silicon-bonded
hydrogen atoms in component (B) per mole of silicon-
bonded alkenyl group in component (b);

{C) 50-2,000 parts by weight of an electrically
conductive filler;

(D) 0.1-20 parts by weight of a photosensitizer; and

(E) a platinum catalyst, in a quantity sufficient to

cure the electrically conductive silicone composition.

2. An electrically conductive silicone composition,
comprising

(A") 100 parts by weight of an alkenyl containing
organopolysiloxane having an averaage of at least two
silicon-bonded alkenyl groups per molecule;

(B') a sgilicon bonded hydrogen-atom containing
organopolysiloxane having an average of at least two
silicon-bonded hydrogen atoms per molecule; in an amount
sufficient to provide 0.5-20 moles of silicon-bonded
hydrogen atoms in component (B') per mole of silicon-
bonded alkenyl group in component (A');

(C) 50-2,000 parts by weight of an electrically
conductive fillerx;

(D) 0.1-20 parts by weight of a photoéensitizer; and

(E) a platinum catalyst, in an amount sufficient to

cure the electrically conductive silicone composition;

REPLACEMENT SHEET
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Foorizerree,




[err] 480 parts by weight of flake-type silver having an average

particle dianeter of 5 [err]m 9 parts by weight of hydro"g M
silica which was surface-treated wth hexanethyl disilazan

"MIRY SHEET

surface area of 200 nferr]/g, a 1,1,3,3-tetranmethyl-1, 3- d|V|nyId|S|onan
conpl ex of platinum (in an amount such that the piatinum al 4 20&LCe M7

e

the conposition was 15 ppm by weight), and 3-phenyl-1- butyn-3-ol (in an
anmount such that the content in the conpgsition was 350 ppm™By

wherein at least one component selected from components
(") and (B') contains an average of at least two
silicon-bonded acrylic groups per molecule having the
formula

R' R

e & o0 NI

O

wherein R' and R® are hydrogen atom or a monovalent
hydrocarbon group, and R’ is a divalent hydrocarbon group

having 1-10 carbon atoms.

3. A method for manufacturing a semiconductor device,
comprising the steps of:

mounting a semiconductor chip on a substrate
using the electrically conductive silicone composition of
claims 1 or 2;

irradiating said composition with a high-energy
beam to induce an acrylic group free radical reaction;
and then allowing the composition to cure via a

hydrosilylation reaction.

4. A method for manufacturing a semiconductor device,

comprising the steps of:

This Sheet Has Been Re

T




wei ght) were uniformy blended to prepare an electrically conductive
silicone conposition. Sem conductor devices prepared using this
conposition are also evaluated in Table 1. Conpari son
Exanpl e 2 Usi ng the conposition prepared in Conparison Exanple 1,
sem conductor devices were prepared in the sanme manner as in Exanple 1,
except ultraviolet irradiation was not carried out. The results of
eval uation thereof are reported in Tabl e 5. Conpari son
Exampl e 3
mounting a semiconductor chip on a substrate
using the product of claim 3;
irradiating said product with a high-energy
beam to induce an acrylic group free radical reaction;
and then
allowing the product to cure via a

hydrosilylation reaction.

5. A semiconductor device obtainable by the method of

claim 4.

AR

This Sheet Has Been Replaced
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51 Using the electrically conductive silicone conposition prepared
in Exanple 1, sem conductor devices were prepared in the same manner as in
Exanple 1, except ultraviolet irradiation was not carried out. The
results of evaluation thereof are in Table 1. 52

57

ABSTRACT OF THE DISCLOSURE

ELECTRICALLY CONDUCTIVE SILICONE ELASTOMER COMPOSITIONS,

AND USE FOR MANUFACTURING SEMICONDUCTOR DEVICES

There is disclosed herein a hydrosilylation curable
electrically conductive silicone composition containing
an acrylic-functional organopolysiloxane, such that when
the composition is used to adhere a semiconductor chip to
a substrate and the composition is then irradiated with a
high-energy beam, the exposed periphery of =aid
composition cures to an extent that migration of low
molecular-weight silicone species from said composition,
both before and during the hydrosilyation reaction, is
minimiged.

A method for manufacturing a semiconductor device
having improved reliability is also disclosed in which,
during adhesion of a semiconductor chip to a substrate,
package, or the like, by means of this composition,
decreases in wire bondability to the semiconductor chip
or lead frame, or adhesion defects between the
semiconductor chip, substrate, package, or lead frame and
the sealing resin are inhibited.

A semiconductor device manufactured by this method

has improved reliability.

This Sheet Has Beep g,
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[err] _ 53  CLAI MB: 1. An qerae= 902
el ectrically conductive silicone elastoner conposition, conprising:
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ABSTRACT OF THE DISCLOSURE

ELECTRICALLY CONDUCTIVE SILICONE ELASTOMER COMPOSITIONS,

AND USE FOR MANUFACTURING SEMICONDUCTOR DEVICES

There is disclosed herein a hydrosilylation curable
electrically conductive silicone composition containing
an acrylic-functional organopolysiloxane, such that when
the composition is used to adhere a semiconductor chip to
a substrate and the composition is then irradiated with a
high-energy beam, the exposed periphery of said
composition cures to an extent that migration of low
molecular-weight silicone species from said composition,
both before and during the hydrosilyation reaction, is
minimized.

A method for manufacturing a semiconductor device
having improved reliability is also disclosed in which,
during adhesion of a semiconductor chip to a substrate,
package, or the like, by means of this composition,
decreases in wire bondability to the semiconductor chip
or lead frame, or adhesion defects between the
semiconductor chip, substrate, package, or lead frame and
the sealing resin are inhibited.

A semiconductor device manufactured by this method

has improved reliability.

Figure 1



oBigq $03
(A) 100 parts by weight of an organopol ysil oxane consisting of:
(a) 5-95% by weight of an acrylic-functional organopolysil oxane having an
average of at least two silicon-bonded acrylic #roups per nolesdl e havi-ng

the fornula: [err] wherein R and R awe hydrogen atom or a s5

nonoval ent hydrocarbon group, and R err] is a dival ent hydrocarbon group

having 1-10 carbon atons; and v " _
9 : wfalaf

curing the composition via a hydrosilylation
reaction.

The present invention also relates to the manufacture
of a semiconductor device,

Component (A) is the main ingredient of our
curable electrically conductive silicone composition.
It is an organopolysiloxane mixture consisting
essentially of (a) 5-95% by weight of an acrylic-
functional organopolysiloxane having an average of at
least two silicon-bonded acrylic groups per molecule

and having the formula:
B

- IREPLACENR o
RR? i @%;§&3§1%§§§§?
|| '] 20css w0
HC:=: C -C—0-R -
!
0

wherein R, R®, and R’ are described above; and (b) 95-
5% by weight of an alkenyl containing
organopolysiloxane having an average of at least two
silicon-bonded alkenyl groups per molecule.

In component (&), the component (a) accounts for
5-95% by weight and component (b) is the remaining
amount. If said composition has component (a)
accounting for less than 5 wt% of component (A), the

desired free radical reaction does not occur to a

e N N
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(b) 95-5% by weight of an al kenyl containing organopolysiloxane having an

(B) a silicon-bonded hydrogen-at om cont ai ni ng

average of at least two silicon-bonded al kenyl groy P & i (T B
° orgarggngépggﬁﬁﬁggﬁg
average of at least two silicon-bonded hydrogen atqng

quantity
silicon-bonded

per mol ecul e
sufficient to provide 0.5 to 40 |noR @i 1539
hydr ogen atons in conponent (B) per {ndl e of silicont

~A

21 e

azoisobutyronitrile; benzoisoperoxide; di-tert-

butylperoxide; 1-hydroxychlorohexylphenyl kectone; 2-

hydroxy-2-methyl-1-phenylpropan-1-one; 1- (4-

isopropylphenyl)—2—hydroxy—z—methylpropan—l—one;

methylbenzoylformate; diphenylsulfide; anthracene; 1-

chloroanthraquinone; diphenyldisulfide; diacetyl;

hexachlorobutadiene; pentachlorobutadiene;

octachlorobutadiene; and 1-chloromethylnaphthalene; or

mixtures of two or more of these photosensitizers.

Acetophenone, benzoin, benzophenone, and their

derivatives are preferred.

The amount of component (D) in our composition is

0.1 - 20 parts by weight with respect to 100 parts by

weight of component (A), with 5-15 parts by weight

preferred. If the amount of component (D) is less than

0.1 part per 100 parts of component (A), the free radical

reaction of the acrylic groups is difficult to produce,

making it impossible to achieve the purpose of this

invention. If the amount of component (D) exceeds 20

parts by weight, the resulting composition will exhibit

poor storage stability, poor handling and decreased

workability properties.

Component (E) is a platinum catalyst for promoting

the hydrosilylation reaction of the claimed composition

of this invention. Examples of component (E) include

platinum black, platinum activated charcoal, platinum-

ng an
n a



bonded al kenyl group in conponent (b); (C 50-2,000 parts by weight
of an electrically conductive filler; (D) 0.1-20 parts by wei ght of
a photosensitizer; and (E) a platinumcatalyst for pronoting the
hydrosilyl ati on reaction of the conposition, in a quantity sufficient to
cure the electrically conductive silicone conposition. 2. An
electrically conductive silicone elastonmer conposition, conprising
(A") 100 parts by weight of an al kenyl containing or ganopol ysi | oxane
havi ng an average of at |east two si |l i gon-bonded_al kenyl groups_per
nol ecul e; (B') a silicon bonded hydrogen- at T IR AN .
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| 29 SEP 1999

IC=C -C-0-R-

O

wherein R’ Jf and R’ are as defined above. In another
embodiment of component (A'), itis free of silicon-
bonded acrylic groups.

If component (A') contains an average of less than
two silicon-bonded alkenyl groups per molecule, the
resulting electrically conductive silicone composition
will not properly cure via a hydrosilylation reaction,
making it unsuitable as a die bonding agent.

In preferred embodiments, the silicon-bonded
alkenyl groups of component (A') are selected from the
group consisting of vinyl, allyl, butenyl, pentenyl,
hexenyl, or heptenyl. Vinyl is particularly preferred.
The silicon-bonded alkenyl group of component (A') may
be located on the molecular terminal, the molecular
side chain or both.

In preferred embodiments, any silicon-bonded
organic group, other than the silicon-bonded alkenyl
groups, in component (A') is selected from the group
consisting of alkyl, cycloalkyl, aryl, aralkyl,
halogenated alkyl, alkoxy and hydroxyl groups.

Preferrad alkyl groups are selected from the group

consisting of wethyl, ethyl, propyl, butyl, pentyl,



or ganopol ysi | oxane havi ng an average of at |east two silicon-bonded
hydr ogen atons per nolecule; in an anobunt sufficient to provide 0.5-20
nol es of silicon-bonded hydrogen atons in conponent (B ') per nole of

silicon - bonded al kenyl group in conponent (A) £6)—-50-2,.000 parts
by wei ght of an electrically conductive filler; Rﬁ@bﬁfgxﬂjvngEgT's by
wei ght of a photosensitizer; and (BE) a platlnun1c

pronoting the hydrosilylation reaction of the conpogitfi op 9 aWDuht
sufficient to cure the electrically conductive silicgn é%%%l Yon

CLAIMS: L__-~

e e

1. An electrically conductive silicone elastomer
composition, comprising:
(A) 100 parts by weight of an organopolysiloxane
consisting of:
(a) 5-95% by weight of an acrylic-functional
organopolysiloxane having an average of at least two
silicon-bonded acrylic groups per molecule having the

formula:

R' R?

I C-C-0=R -

0O
wherein R' and R® are hydrogen atom or a monovalent
hydrocarbon group, and R’ is a divalent hydrocarbon group
having 1-10 carbon atoms; and
(b) 95-5% by weight of an alkenyl containing

organopolysiloxane having an average of at least two
silicon-bonded alkenyl groups per molecule;

(B) a silicon-bonded hydrogen-atom containing
organopolysiloxane having an average of at least two

silicon-bonded hydrogen atoms per molecule, in a quantity

[N TN



55 wherein at |east one conmponent selected fromconmponents (A") and (B'
contains an average of at |least two silicon-bonded acryl i éhigShea
nol ecul e having the fornula [err]
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sufficient to provide 0.5 to 20 moles of silicon-bonded
hydrogen atoms in component (B) per mole of silicon-
bonded alkenyl group in component (b);

(C) 50-2,000 parts by weight of an electrically
conductive filler;

(D) 0.1-20 parts by weight of a photosensitizer; and

(E) a platinum catalyst, in a quantity sufficient to

cure the electrically conductive silicone composition.

2. An electrically conductive silicone elastomer
composition, comprising

{A") 100 narts by weight of an alkenyl containing
organopolysiloxane having an average of at least two
silicon-bonded alkenyl groups per molecule;

(B') a silicon bonded hydrogen-atom containing
organopolysiloxane having an average of at least two
silicon-bonded hydrogen atoms per molecule; in an amount
sufficient to provide 0.5-20 moles of silicon-bonded
hydrogen atoms in component (B') per mole of silicon-
bonded alkenyl group in component (A');

(C) 50-2,000 parts by weight of an electrically
conductive filler;

(D} 0.1-20 parts by weight of a photooen itizer; and

(F) a platinum catalyst, in an amount sufficient to

cure: the electrically conductive silicone composiltion;

AR



wherein R err] and R err] are hydrogen atom or a nonoval ent hydrocarbon
group, and Rerr] is a divalent hydrocarbon group having 1-10 carbon

at ons. 3. A nethod for manufacturing a sem conductor device,
conprising the steps of: nounting a sem conductor chip on a
substrate wusing the electrically conductive silicone el astoner
conposition of clainms 1 or 2; irradiating said conposition with

a high-energy beamto induce an acrylic group free radical reaction; and
then allow ng the conposition to cure via“a hydrosilylation reaction.

wherein at least onc component selected from components
(r') and (B') contains an average of at least two
silicon-bonded acrylic groups per molecule having the

formula

B s |

ST IRET

R' R’

)
N e
. Lo R ‘e

JIC= C -C-0-R’-

O
wherein R' and R® are hydrogen atom or a monovalent
3. . . . )
hydrocarbon group, and R° is a divalent hydrocarbon group

having 1-10 carbon atoms.

3. A method for manufacturing a semiconductor device,
comprising the steps of:

mounting a semiconductor chip on a substrate
using the electrically conductive silicone elastomer
composition of claims 1 or 2;

irradiating said composition with a high-energy
beam to induce an acrylic group free radical reaction;
and then allowing the composition to cure via a

hydrosilylation reaction.

4. A semiconductor device obtained by the method of

claim 3.

R



4.

A sem conduct or devi ce obt ai ned by the nethod of claim3
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ABSTRACT OF THE DISCLOSURE

ELECTRICALLY CONDUCTIVE SILICONE ELASTOMER COMPOSITIONS,

AND USE FOR MANUFACTURING SEMICONDUCTOR DEVICES

There is disclosed herein a hydrosilylation curable
electrically conductive silicone composition containing
an acrylic-functional organopolysiloxane, such that when
the composition is used to adhere a semiconductor chip to
a substrate and the composition is then irradiated with a
high-energy beam, the exposed periphery of said
composition cures to an extent that migration of low
molecular-weight silicone species from said composition,
both before and during the hydrosilyation reaction, is
minimized.

A method for manufacturing a semiconductor device
having improved reliability is also disclosed in which,
during adhesion of a semiconductor chip to a substrate,
package, or the like, by means of this composition,
decreases in wire bondability to the semiconductor chip
or lead frame, or adhesion defects between the
semiconductor chip, substrate, package, or lead frame and
the sealing resin are inhibited.

A semiconductor device manufactured by this method

has improved reliability.
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sufficient to provide 0.5 to 20 moles of silicon-bonded
hydrogen atoms in component (B) per mole of silicon-
bonded alkenyl group in component (b);

(C) 50-2,000 parts by weight of an electrically
conductive filler;

(D) 0.1-20 parts by weight of a photosensitizer; and

(E) a platinum catalyst for promoting the
hydrosilylation reaction of the composition, in a quantity

sufficient to cure the electrically conductive silicone

composition.

2. An electrically conductive silicone elastomer
composition, comprising

(20 100 parts by weilght of an alkenyl containing
coraganopolyst ltoxans having an average of at loeaost two
silicon-bonded alkenyl groups per molecule;

(B') a silicon bonded hydrogen-atom containing
organopolysiloxane having an average of at leasl two
silicon-bonded hydrogen atoms per molecule; in an amount
sufficient to provide 0.5-20 moles of silicon-bonded
hydrogen atoms in component (B') per mole of silicon-
bondnrd alkenyl group in component (A');

() 50-2,000 parts by weight of an electrically
conductive filler;

(D) 0.1-20 parts by weight of a photoﬂenﬁitizcr; and

(E) a platinum catalyst for promoting the
hydrosilylation reaction of the composition, in an amount
sufficient to cure the electrically conductive silicone

composition;



