THERMOSETTI NG ADHESI VE SHEET W TH ELECTROCONDUCTI VE AND THERMOCONDUCTI VE
PROPERTIES 5 10 Field of the Invention The present invention relates to a
t hernosetti ng adhesi ve sheet with el ectroconductive and thernoconductive
properties. The adhesive sheet is particularly wuseful for adhesion between
el ectronic el enents, such as integrated circuit chips and radiator plates,

that can radi ate heat. Background In nounted-type el ectronic parts known
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' rt]oermed on the TAB B are in connection with a wiring board (not shown). In order to
radiate heat generated from the IC and to prevent electrification, the IC chip A is attached
to a radiator plate E by an electroconductive adhesive D. For stabilization of the TAB B
connected to the IC chip A and to increase the strength of the electronic part as a whole, a
stiffener F is disposed between the TAB B and the rédiator plate E by way of a

20 thermosetting adhesive G. In the electronic part shown in this drawing, a ground
conductive path is formed to eliminate noise which electrifies the IC chip A, and this is
formed by soldering from the radiator plate E to the TAB B. Traditionally, the
electroconductive adhesive used has traditionally been an electroconductive adhesive
mixed with silver powder, such as an electroconductive silver paste.

25 However, because the aforementioned electroconductive adhesive has a large
amount of silver powder or other metal filler dispersed in an insulating polymer or
monomer, the material cost can be high. Thus, in the TAB type shown in Fig. 1, it has
been difficult to apply large-area adhesion and , consequently, inexpensive solder has been
used for grounding from the radiator plate, thus complicating the mounting step. In recent

30 years, with increasing power consumption due to greater integration of IC chips, the

amount of heat radiation has also been increasing. Because the aforementioned

electroconductive adhesives incorporating silver powder or the like generally have a



amount of heat radiation has al so been increasing. Because the

af orenenti oned el ectroconductive adhesives incorporating silver powder or
the like generally have a 1 thermal conductivity of 3-5 WnK, they fail to
be an adequate heat release strategy for 1C chips with high heat
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silicone rubber or a polyolefin-based elastomer in order to obtain adhesion with an object
to be cooled. The electroconductive fillers are typically metal materials such as gold,
20 copper, aluminum or the like. The fillers used are exposed on the sheet surface and
therefore a high viscosity adhesive cannot easily be used as the matrix resin. The exposed
sections of the fillers are treated to prevent formation of a resin film by masking agents

such as paraffin or styrene rubber, and therefore coating of resins can be very difficult.
Several patent documents relate to anisotropic electroconductive adhesive films for
25 electrical connection of microelectrodes or microwirings while maintaining electrical
insulation between each of the electrodes or wirings. Japanese Unexamined Patent
Publication HEI No. 8-306415 and Japanese Unexamined Patent Publication HEI No.
3-266306 relate to anisotropic electroconductive adhesive films. Therein, a plurality of
fine through-holes is formed in an insulating film of polyimide or the like running in the
30 direction of its thickness, and a metal substance is packed into the plurality of through-
holes. The metal substance is packed by forming riveted metal protrusion bumps thereby

preventing flaking of the metal from the film. Plating, sputtering and similar methods are
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Summary
The present invention provides a thermosetting adhesive sheet that has high

thermoconductive and electroconductive properties, and has lower cost than other
20 alternatives.

Specifically, the invention provides a thermosetting adhesive sheet with
electroconductive and thermoconductive properties, which comprises a thermosetting
adhesive sheet composed of a thermosetting adhesive composition comprising an
ethylene-glycidyl (meth)acrylate copolymer and a rosin containing a carboxyl group,

25 where crosslinking is formed between the ethylene portion of the copolymer by electron
beam radiation. The adhesive sheet has at least one through-opening region formed at a
prescribed location, and further has a low melting point solder placed within the through-
opening region formed at the prescribed location.

This thermosetting adhesive sheet can impart high electric conductivity and high

30 thermal conductivity in the direction of thickness, and only in the prescribed region. It is
also possible to reduce the amount of metal used in comparison with conventional

electroconductive adhesives. This type of thermosetting adhesive sheet is particularly



et hyl ene-gl ycidyl (nmeth)acrylate copolynmer and a rosin containing a
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has at | east one through-opening region formed at a prescribed |ocation,
and further has a low nelting point solder placed within the through-

openi ng regi for med a£ the prescribed |ocation. This thernosetting
adhesi ve %%Iégfor(?ghesil%a elepireyic glegientsi wick @p demiconduajoragiementy lento3@diakaer mal
conducti ids. i n the direction of thickness, and only in the prescribed
region. It is also possible to reduce the amobunt of netal used in

conpari son with conventional electroconductive adhesives. This type of

t hernosetti ng adhesive sheeﬁ. y..3 useful for adhesion of

el ectroni c el enents such as H gt or—e-eHEES onto radi ator plates.
Brief Descripgn it cIR-seEdMaNgiswrhl &nvéndo%alaels&%&-@ﬂfdr@@@hy\5'1%3 of a
conventional electronic part forned by a TAB system Fig. I s”an expl oded
per spect iS¥&ei ew of an exenpl ary enbodi mnent of an electronic part using a
t her nosetting LV, h ccordi.ng to t resent invention. Fig. 3 is
atop view of &'t é%’ r?glsg’t(?qgélegdagaﬁ% Ry Vé?l‘ge(?fe@? etxﬁglp§%¥/eer¥'ﬂt?°<51Hn%‘Hcﬂg gg used

10 in t heleexaippes usifj g-thedmosetfing sdhesiRE bifecth@Ord@AR &f the ptdisdtlenfomduct i vity
measuri ng apparatus. Detailed Description of the nvenF| on Thernosetting

adhesi ve sheet&3 ITA&R Her i aghemagetting adhesive shessof de inventionweelt asosedses a

t hgpnosett inagxadhgesi ve sheet conposed of a thernosetting adhesive
conposition conprising an ethylene-glycidyl (nmeth)acrylate copolyner and a
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et hyl ene units of the copolynmer by el ectron beamradi ati on. The adhesive
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15 The thermosetting adhesive sheet of the invention uses a thermosetting adhesive
sheet composed of a thermosetting adhesive composition comprising an ethylene-glycidyl
(meth)acrylate copolymer and a rosin containing a carboxyl group. Crosslinking is formed
between the ethylene units of the copolymer by electron beam radiation. The adhesive
sheet has at least one through-opening or via at a prescribed location or locations. The

20 adhesive sheet further includes low melting point solder placed within the prescribed
location in order to confer electric conductivity and thermal conductivity. In this detailed
description and in the examples, all numbers are assumed to be modified by the term
“about”. |

The thermosetting adhesive composition (hereinafter also referred to simply as

25 "adhesive composition") is solid at ambient temperatures, but can be thermo-compression
bonded at a prescribed temperature with relatively low pressure and in a short time (for
example, a temperature of 100-200°C, a pressure of 0.1-10 kg/cm? and a time of 0.1-30
seconds). Heating during or after compression bonding, also called postcuring, can effect
curing (crosslinking) without the need for moisture. Throughout the present specification,

30 the term "ambient temperature" will refer to approximately 25°C.

The thermosetting temperature normally exceeds 150°C, and the heating time is

usually one minute or longer. The thermosetting reaction is essentially a reaction between
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adhesive composition layer, which is sandwiched between two adherends, from
undergoing excessive flow during the thermo-compression bonding operation. The elastic
modulus improvement also effectively prevents reduction in adhesive performance that
may result when the adhesive layer thickness may not be adequate.

20 The elastic modulus of the adhesive composition can be specified by the storage
elastic modulus (G') at 150°C. But because the curing reaction of the adhesive
composition is promoted by heating, it may not exhibit a fixed elastic modulus at this
temperature. The storage elastic modulus of the adhesive composition is therefore defined
according to the following conditions. A sample is taken from the adhesive composition

25 before use (before it is applied onto the adherend, i.e. before thermo-compression bonding,
etc.), and a dynamic viscoelastometer is used for measurement of the storage elastic
modulus at a shear rate of 6.28 rad/sec while elevating the temperature of the sample from
80°C to 280°C at a rate of 5°C/min. The value of the storage elastic modulus at 150°C on
the obtained chart (temperature vs. storage elastic modulus) is defined as the "storage

30 elastic modulus” of the adhesive composition.

The storage elastic modulus of the adhesive composition as defined above is

usually in the range of from 1 x 10*to 1 x 10° dyne/cm?, and particularly suited from 2 x
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the curing reaction at tenperatures above 150'C it is possible to shorten

t he t her noset Whe§ theeadheping eamposftion isoBeasask phdhe prescribed temperature, the
ethylene-glycidyl (meth)acrylate copolymer undergoes curing reaction with the carboxyl

group-containing rosin, and functions to increase the cohesive force of the cured product.
20 A high cohesive force is advantageous for improving the adhesive performance, such as
the peel adhesive strength.

In addition, the ethylene-glycidyl (meth)acrylate copolymer has the function of
facilitating melt coating when the adhesive composition precursor is melted at relatively
low temperatures. It also imparts satisfactory thermal adhesion to the adhesive

25 composition. "Thermal adhesion” means adhesion to an adherend at the cooling and
solidification stages after the adhesive composition has been melted and attached to the
adherend.

The ethylene-glycidyl (meth)acrylate copolymer can be formed by polymerization
of, for example, a monomer mixture comprising glycidyl (meth)acrylate monomers and

30 ethylene monomers as the starting monomers. So long as the effect of the invention is not
hindered, a third monomer such as propylene, alkyl (meth)acrylate or vinyl acetate may

also be used in addition to the aforementioned monomers. In such cases, the minimum
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gI yci dyl (et Thaahisit olbe {6 (f%ﬂ@rﬂbhﬁb&@ﬁated as MFR") of the ethylene-glycidyl
(meth)acrylate copolymer, as measured at 190°C, is usually at least 1 g/10 minutes. A rate
of at least 1 g/10 minutes will allow thermal adhesion of the adhesive composition. In
order to effectively facilitate melt coating of the adhesive composition precursor, a rate of
20 at least 150 g/10 min is particularly suited. If the MFR is too large, the cohesive force of
the cured composition may be reduced; the MFR is most particularly suited in the range of
200-1000 g/10 min. Here, "MFR" is the value as measured according to Japanese
Industrial Standard (JIS) K6760. The weight-average molecular weight of the ethylene-
glycidyl (meth)acrylate copolymer should be selected so that the MFR falls within this

25 range.
The minimum proportion of the ethylene-glycidyl (meth)acrylate copolymer in the
adhesive composition is 10 wt% while the minimum proportion is 95 wt%. At less than
10 wt%, the effect of increased cohesive force of the cured product may be reduced, while
at greater than 95 wt% the adhesive force during thermo-compression bonding may be
30 reduced. From these considerations, the minimum proportion is 30wt% and particularly
suited at 40 wt% while the maximum proportion is 88 wt% and particularly suited at 85

wt%. This proportion is based on the total weight of the ethylene-glycidyl (meth)acrylate



10 (BE) in the repeating unit is preferably 50:50 to 1:99, and particularly
suited at 20:80 to 5:95. If the ethylene content is too |low, the
conpatibility with the rosin may be reduced to the point where a uniform
conposition cannot be achieved, and the el ectron beam crosslinking may be
hanpered. Conversely, if the ethylene content is too high, the adhesion
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The ethylene-alkyl (meth)acrylate copolymer may be obtained by polymerization
of, for example, a monomer mixture containing an alkyl (meth)acrylate monomer and an
ethylene monomer as the starting monomers. A third monomer such as propylene, or

20 vinyl acetate may also be used in addition to the aforementioned monomers, so long as the
effect of the invention is not hindered.

The alkyl group of the alkyl (meth)acrylate contains a minimum of 1 and a
maximum of 4 carbon atoms. If more than 4 carbon atoms are in the alkyl group, it may
be difficult to increase the elastic modulus of the crosslinked composition.

25 Useful ethylene-alkyl (meth)acrylate copolymers include a copolymer of alkyl
(meth)acrylate and ethylene and a terpolymer of alkyl (meth)acrylate, vinyl acetate and
ethylene. Such copolymers comprise a repeating unit polymerized from a monomer
mixture of alkyl (meth)acrylate and ethylene, in a proportion of usually at least 50 wt%
and particularly suited at least 75 wt% with respect to the total polymer.

30 The polymerization ratio the alkyl (meth)acrylate (G) and ethylene (E) in the
repeating unit is in the range of preferably 60:40 to 1:99, and particularly suited at 50:50 to

5:95. If the ethylene content is too low, the improved elastic modulus by electron beam



relatively low tenperature to facilitate nelt coating, and of increasing
the thernmal adhesion of the adhesive conposition. Also, the electron beam
irradiation forms a crosslinked structure with the ethyl ene-glycidyl
(meth)acryl ate copolynmer and/or the ethylene-alkyl (nmeth)acrylate
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adhesive composition and enhancing the adhesive performance Useful rosins include

gum rosin, wood rosin, tallow resin or chemically modified forms thereof, e.g.,

polymerized rosins.

20 The acid value of the rosin is preferably 100-300 mgKOH/g. If the acid value is
too low, its has a reduced reactivity with the ethylene-glycidy! (meth)acrylate copolymer,
possibly affecting the curability of the composition; whereas if it is too high, the stability
during heat molding may be impaired. Here, "acid value" is the value in milligrams of the
amount of potassium hydroxide required to neutralize 1 g of sample.

25 The softening point of the rosin is 50-200°C, and particularly suited at 70-150°C.
If the softening point is too low, reaction may occur with the ethylene-glycidyl
(meth)acrylate copolymer during storage resulting in lower storage stability. If the
softening point is too high the reactivity is decreased, possibly resulting in reduced
curability of the composition. The term "softening point" as used herein, means the value

30 as measured according to JIS K6730.

The proportion of rosin in the adhesive composition will typically be 1-20 wt%.

At less than 1 wt%, the curability and thermal adhesion of the composition may be



performance may be reduced. The ethyl ene-al kyl (nmeth)acryl ate copol ynmer may
be used as a single type or as a mxture of two or nore types. The MR of
t he et hyl ene-al kyl (nmeth)acrylate copol yner as nmeasured at 190Cis 5
usually at least 1 g/10 mn, particularly suited at |east 150g/10 mn. and
nost particul arly suited from200 to 1000 g/10 mn, for the reasons
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The term "softening point" as used herein, neans the value 30 as neasured
accordi ng to Yhesa@epng sheet used for the invention may be manufactured in the following
exemplary manner. First, an adhesive composition precursor is prepared comprising an
ethylene-glycidyl (meth)acrylate copolymer and a rosin, and optionally an ethylene-alkyl

20 (meth)acrylate copolymer. The precursor is then melt coated on a substrate to form a
sheet of the precursor. Next, the precursor sheet is irradiated with an electron beam to
form a crosslinked structure between the molecules of the polymer containing ethylene
units, thereby manufacturing an adhesive sheet have the required thermoconductive
properties.

25 The above-mentioned composition precursor is usually prepared by mixing the
starting material components to substantial uniformity using a kneading or mixing
apparatus. The apparatus used may be a kneader, roll mill, extruder, planetary mixer,
homogenizer or the like. The mixing temperature and time are selected so as to
substantially prevent reaction between the ethylene-glycidyl (meth)acrylate copolymer and

30 rosin, which usually will be a temperature in the range of 20-120°C and a time in the range

of 1 minute to 2 hours.

The complex elastic modulus n* of the composition precursor measured under

10



The proportion of rosin in the adhesive conposition will typically be 1-20
w% At less than 1 ww% the curability and thermal adhesion of the
conposition nmay be 9 reduced, and at higher than 20 wt % the adhesive
performance of the cured conposition nmay be reduced. Fromthese
considerations, the range is particularly suited at 2-15 Wt % and nore
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substantial uniformty using a kneading or m xi ng
' uniform in the direction of thickness, and this may reduce the reliability of the adhesive.
For the electroconductive and thermoconductive thermosetting adhesive sheet of
the invention, low melting point solder is placed within the through-opening region
20 formed in the adhesive sheet. The low melting point solder generally has a melting point
of 150°C or below, and particularly suited at a melting point of below 120°C. The solder
is placed within the opening region in the adhesive sheet formed in the manner described
above, and if necessary contact bonded with appropriate means such as a bonder through a
release liner, to obtain a thermosetting adhesive sheet according to the invention. The
25 contact bonding temperature is from 120 to 150°C. In this temperature range, the solder
undergoes melted flow, while the thermosetting adhesive composition also melts
sufficiently to allow molten adhesion between the solder and the adhesive composition,
without significant curing of the adhesive composition. Furthermore, because the solder
and the adhesive composition undergo molten bonding, flaking of the solder does not
30 occur even if it is not riveted. There are no particular restrictions on the low melting point
solder so long as the melting point is 150°C or below. Useful solders include the materials

mentioned in Denshi Zairyo no Handazuke Gijutsu [Electronic Material Soldering
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apparatus. The apparatus used may be a kneader, roll mll, extruder,

pl anetary m xer, honogeni zer or the |like. The mxing tenperature and tine
are selected so as to substantially prevent reaction between the

et hyl ene-glycidyl (nmeth)acrylate copolynmer and 30 rosin, which usually wll
be a tenperature in the range of 20-120'C and a tine in the range of 1

m nut e tqu hours. The.conpl ex el astic nodulus T)* of the conposition
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parti cul 8pnlsycoaté.t ed at a nelting point of below 120' C. The solder is

placed within the opening region in the adhesive sheet forned in the manner
descri bed The thermosetting adhesive sheet of the invention naturally exhibits adequate

adhesive force by the aforementioned thermo-compression bonding, but postcuring is done
to achieve even higher adhesive forces, i.e., in the bonding method described above, the
20 bonded structure is subjected to postcuring under conditions with a temperature of usually
120°C or higher, and usually from 130°C to 300°C, for a time in the range of 1 minute to
24 hours. Preferred conditions for hastening the postcuring step are 140-200°C for 30
minutes to 1.2 hours.
The electroconductive and thermoconductive thermosetting adhesive sheet of the
25 invention is also used, for example, as a heat radiating adhesive sheet for bonding between
an electronic element such as an IC chip and heat radiating component such as a heat
radiator plate for dissipation of heat generated from the element.
Fig. 2 shows an exploded perspective view of an embodiment of an electronic part
using a thermosetting adhesive sheet according to the invention. After laminating to heat
30 radiator plate 5, the laminated structure has thermosetting adhesive sheet 1 of the
invention with region(s) having low temperature solder provided in through-holes 2, and

adhesive region 3, an IC chip 4, stiffener 6 with an opening for housing IC chip 4.
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above, and if necessary contact bonded wi th appropriate neans such as a
bonder through a release liner, to obtain a therinosetting adhesive sheet
according to the invention. The 25 contact bonding tenperature is from 120
to 1500C. In this tenperature range, the solder undergoes nelted fl ow,
while the thernosetting adhesive conposition also nelts sufficiently to
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of from120 to 300'C, and a pressure of fromO.1 kg/cM to 100 kg/cM2, to

form a b&sgersl snd dighthermal condugdvisy Icay dresachivedct Thordbebivogrtchar . thahi s

d h .15 d ith suffici :
adsi vo et il BRBHARET sl borfing pORTFGH PSERkm e sat! EBlims. e

t her mosebiden @ ABbES slect®hrearahadufgctimieégson natural 'y exhi bits adequate
adhesive force by the aforenentioned therno-conpressi on bondi ng, but

postcuring is done
Exampies

20 The present invention will now be further explained by way of the following

examples.

Fabrication of adhesive sheet

First, 70 parts by weight of ethylene-glycidyl methacrylate copolymer CG5001

25 (BONDFAST,® Sumitomo Chemical Co., Ltd., MFR = 350 g/10 min), 25 parts by weight
of the ethylene-ethyl acrylate copolymer NUC6070 (Nihon Unica Co., Ltd., MFR = 250

g/10 min) and 5 parts by weight of the carboxyl group-containing rosin KR85 (Arakawa
Chemical Industries, Ltd., acid value = 170 mgKOH/g) were mixed and kneaded at a
temperature of 120°C for 7 minutes. The composition was then coated onto a 100 um

30 release-treated polyethylene terephthalate (PET) liner using a knife coater at 150°C, to
fabricate a 50 pwm thermosetting adhesive sheet precursor. The composition of the

precursor 1s shown in Table 1 below. The adhesive sheet precursor was irradiated with an
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to achi eve even higher adhesive forces, i.e., in the bonding nethod

descri bed above, the 20 bonded structure is subjected to postcuring under
conditions with a tenperature of usually 120'C or higher, and usually from
130'Cto 300'C, for atine in the range of | mnute to 24 hours. Preferred
conditions for hastening the postcufing step are 140-2000C for 30 m nutes

to 1.2 h . Th | ti dth ducti th tti
adhest ve RIFSD BT, He00oBY it PRTIES. 58 o USOKOY P Abreim Ehermeseiigeat
radi at i nGadaedrRsinest SheHET RherP O AgheBREWRER wa@'?ie?l:%ﬁﬁw Qggéhg%igggg%et juch as

an I C chip and heat radiating conponent such as a Heat ate for
di ssi pat i(a¢hesive skeet foydiranpargdiefxampleB. el ement. Fig. 2 shows an expl oded

per spective vi e i ment_of an e iC t usipg a.

t her noset ti ng %gj@e\%@ngﬁf pg%%(?ryd?’vﬁﬁﬂf 8¥ tec&tégq%ﬁv%fﬁf%ﬁ Paats; BY Wedghtrift i ng
to feat AC208di(silver pphvairevybFukude MRl el &IPS der Cloladhas §QehsBSHLYE NI
adhesi ve sheet 1 of the invention with region(s) having |ow tenperature
sol der prib% keraded mixyrcowahcorisdentp a BRH lingejeebteia aneedhesive sheen precucshi.p 4,
stiffener 1 o] [N usy l. C<hi 112 esi ye sheet 1
whi ch is7%@tﬁ%§ﬁ%§§?tQﬁgkagﬁ%§¢3£9%§%§%‘é%é%?kf%gm?%wtﬁﬂﬂPnWﬁWPVBﬁﬁﬁas t he
same opeprergrsas wat afsb emnatiated wathchn BARrén baad i€ tetsame n@nel f0aboSe RESHARMEd | N
the aforepentioned re%i on at a_ tenperature of from 120 to 300'C. At | east
a part of? BgMpsFng 3AkEShE shegi orhivadiiesiygsbest weas slseigated ap Adbesendieet @ t he
reqigon sichdiRtiod st fdr Comigardtive Bxbg {%Qr ovides electric conductivity and

hi gh thernmal conducti vi t;}ﬁ{mi e al go [l owi ng heat generated fromthe chip
to be satisfactorily rel eased. Adhesive sheet 1 also has solder placed

W t hin tq% fqggfn ofulantn tion on stiffener 6. Because stiffener 6 is
formed of 28 WECRIPORLRY L pUleS Y RFeLBESHSr  TAB 7 is in electrica
continuiity wth the adhesive sheel I, BEbhb&IEIn Qveigl & esi ve sheet 1,
havi ng. (e EaVESRIZET W3 Frecilold STTeT 0| df5H0 FRTRG0FARR S tips et for a
sol der ¢ [Hﬂéé’lgégﬁqeﬁfpréfﬁ‘g"w ecdge WI"Lf@S@% KEQZ CEFTan 4 of

convent i-orat—el-eetron -s—Fhus—wHtR—the—thef DS j 1eet
of the invention, the solder only needs to be placed in a retainable
manner in the AdRei PShe e Veas Bt REIHE IFmSARANShoWA tVERNE (5 B {aﬁPA HRENGMRL i vity
are required, the'larmu.nt of sol der used Is reducedl%ané hlsg t%er{r}aﬁﬁ
corduct i Wirpygheapenbig weione fathed Threeiad Heslanse-tthaed PBT lirfee was replaced. Next,

a low melting point solder ribbon with a thickness of 100 um, a width of 1 mm and a

melting point of 114°C manufactured by Senju Metal Industry Co., Ltd. was cut to a
length of 8 mm, placed in the through-opening regions of Adhesive Sheet 1, and contact
bonded with a bonder to obtain thermosetting adhesive sheets according to the invention.
20 The contact bonding pressure was 2 kg/cmz, the contact bonding temperature was 127°C
and the contact bonding time was 3 seconds. Each of the adhesive sheets obtained from

Adhesive Sheet 1 were designated as Adhesive Sheet 3 (adhesive sheets for Example 1).

Fabrication of samples for thermal conductivity measurement

25 The PET liners were released from each of the above-mentioned adhesive sheets,
and each of the adhesive sheets was used for bonding between two 500 um thickness
copper plates. For Example 1, two adhesive sheets were used for bonding, while only one
sheet was used for Comparative Examples 1 and 2. The contact bonding pressure was 2
kg/cmz, the contact bonding temperature was 175°C and the contact bonding time was 10

30 seconds. Each of the samples was cut to a 10 mm x 10 mm with a fret saw to make
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15 invention may al so be used for bonding of 1C chips and stiffeners with
radi ator plates in order to sinplify electronic part manufacturing steps.
Exanpl es 20 The present invention will now be further explained by way of
the follow ng exanples. Fabrication of adhesive sheet First, 70 parts by
wei ght of ethyl ene-glycidyl nethacrylate copol ynmer CG001 25 (BCNDFAST @
Sum tonmo Chem cal Co., Ltd., WR = 350 g/10 min), 25 parts % ght of the
et hy| eneampleslfontbesma cendusgisity mepsuxgiced7 ((N? W@hsqyl%{%&9‘wm L%Ftamlw = 250

g/10 m 5 ht, of n KR85
o alcanereeBitng 7S (o PP b b o RHPY cor0 1 RRBRA At A8 1 o
and kneagdeduineat. t TR &Joakttlictions ofzmeanéwure}nm r‘ﬂahfpﬂies TdreEzamplesi t irsh was

t hen coated onto a 100 gm 30 release-treated yeth % t erepht hal ate
(PET) | i Gemparai vegExemplest k2 apdthercopirolissppls arg § OW%leT 2 &80 [tm

t hernosetti ng adhesi ve sheet precursor. The conposition of the precursor
is shown in Table | bel ow. The adhesive sheet precursor was irradiated with
an 13 el ectron beam at 200 kV and an absorbed dose of 150 kGy, to obtain a
t hernosetting adhesive sheet on a PET liner. This adhesive sheet was

desi gnated as Adhesive Sheet 1 (adhesive sheet for Conparative Exanple 1).
After kneading 12.5 parts by weight of CG001 and 87.5 parts by wei ght of

5 AgC2001 (silver powder by Fukuda Metal Foil & Powder Co., Ltd.), as
descri bed above, the kneaded m xture was coated onto a PET liner to obtain
an adhesi ve sheet precursor. The conposition of the precursor is shown in
Table 1 bel ow. This adhesive sheet precursor was also irradiated with an
el ectron beamin the sane manner as above to obtain a thernosetting
adhesi ve sheet. This adhesive sheet was desi gnated as Adhesive Sheet 2 10
(adhesi ve sheet for Conparative Exanple 2). Table 1: Conposition of
adhesi ve sheet precursors Com position (weight ratio) Adhesive Sheet 1 and
3 precursorsCG001/ NUC6070/ KR85 = 70/ 25/ 5

15



Adhesi ve Sheet 2 precursor CG001/ AgC2001 = 12.5/87.5 Adhesive Sheet | was
cut to the dinensions shown in Fig. 3 to obtain a sheet with 15

t hr ough- openi ng regions fornmed therein. A release-treated PET |iner was
repl aced. Next, a |low nelting point solder ribbon with a thickness of 100
m a width of 1 mmand a nelting point of 114C manufactured by Senju Mt al
I ndustry Co., Ltd. was cut to a length of 8 nm placed in the

t hr ough- openi ng regi ons of Adhesive Sheet 1, and contact bonded with a

bonder to obtain_thern ting adhesi ve sheets according to the invention.
20 The cont act dilng jressure was 2 ,[ Th€] contact bondi ng
t enper at ure was BCS|and {t he contact | ing| time was 3 seconds. Each of
the adhesive sh % ined from Ad Sheget| 1 were designated as
Adhesi ve Sheet &ilEd|\ve sheets for e| 1) .| Fabrication of sanples
for thermal condltid|\d|tyy rreasurenent I liners were rel eased from
each of the aboygdmertiingd adhesive Z| apd| each of the adhesive
sheets was used|PoB|E)&Elid)g between t P Ehi ckness copper plates. For
Exanple 1, two £41U dHeet s were u rfg'bgn.q ng, while only one sheet
was used for Co armati vg Bxanples 1 a .Tct;é;‘icrent act bondi ng pressure was
2 kg/cn2, the Bact| dondi ng t enper ; s 1/5C and the contact bonding
time was 10 30 se¢&)dy=|Eqch of the saBples|was|cut to a 10 mmx 10 nmwith
afret sawto =14 isanmpl es for ther Bek| cpnfuctjvity neasurenment. A 100
nm square, 490 |tm&|lE|E stainless st{8eab|R|atel (BUS304 (BA)) was al so used
as a control sanpll&|fr3jt Hermal condutti¥{ey |wpaburenent. The
constructions of tlEa-gTERsUr enent sanpl@sajﬁ‘o'EXBchl e 1 and Conparative
Exanpl es 1-2 and e sqentriol sanple arg ghapt| HhtTable 2 below. 15 'b O U
a) a) 00 3|33 RN
"g 'g 'g H oli|—|olo
o|1Q| Q
NajNa)Na 8
o|g|B =
S|818|o 2
HEEG €0
AT L
Y belietictl <
—iwn|w|lwv b ')
gls|s|s|2 &g
slolo|els = <
v A Alv 5 g
5]
A
) = 8|28
3
<o an)
g2 59
Q 0
= 8 QIS | 7]
Hl=|Rn|n = 89
(=l et
52
o= | < 2|%
EEEEE : 51LERE
a |22 e 2SS HHH
g |elelelelg I B P A
< ZZEZO = S BRI RS
> 222185 I
£ |5 |s|8|s Bls|o|a|x
c 1212237 = B]2|ci| |
@ a ~
') — p—
B =1 2 =1 5| %
R Tt s £ Sl
5 EINSE 5 ElE1 8|2
5 5lglg|E £ %| 5| 8|5
S < o|a|o .2 mojolo
~N & H|O|0|0 o 2
o & L 8
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0O )+l +IO N +1+] OONNN HoNO U a) HU- 16 Thermal conductivity

measur ement An apparatus was manufactured for nmeasurenent of thernal
conductivity based on the vertical conparison nethod, and the thernal
conductivity of each of the sanples was neasured. Fig. 4 is a schematic
di agram of the apparatus. In the manner shown here, the 5 sanple (S) was
sandwi ched and anchored between two jigs. The jig (J) used was a

cal endering copper bar (JI h nayigti tional dianeter). The

upper jig was Qﬁ% ( t from
the heated | ipént roﬁg%gﬁg}a@ﬁgﬁg ftb’é)mtg %Sgyﬁé\/{le@# ﬁ?&“&lﬁa@q?’r‘éﬁﬁwgﬂﬁb

K-t her ml?@ watiesl doh)pavisdrhmiethpddamintht ellesmaf corslittigin efesach efrtedshetpl¢sovashe
center of the jig at. 4 spaci.ng for asur ene f the 10 heat flow n

£ hr ough TPFURR Fa s cerRBHIG HEEam o TBAHBUN o (E MEATRETOReET Whe
oppPHSi t &ajriplk tP WEMRYRINIER SHORNBRAISBEIES tWHGigRMTOURY jigf (Thesdd WA & | owi ng
through the ji'g was neasured by the tenperature difference in degrees

cent i gr adiendeq)ng eopperibat @HcE1 10kl Qaen aress-seoionehdiamstenl ples upped jigywishe

e the W B g e (PR WENTRORAGR: ROF EOMOR nefdRRE e Rine B BB, Y ™

The sanphgpletolife RS b Gehs WG Fad dTive e thebabyReles t(Mpwath dipetiseatisoied | i gs,
anchored using silver paste, and subjected to a dead |oad with a weight of
3 kg. Ea¥R umhvesrersodegded toThe ornserraiuhe dd ahidtAmaspaeiaR Ifommeayrenagnt o thenst ant

bo{' (9 'ng e H%w?nrfg &irct)uhg%r the jig. A water cooling unit was mounted at the bottom of the
opposite jig to remove heat from the sample. The amount of heat (W) flowing through the
jig was measured by the temperature difference in degrees centigrade (K)) and distance
between the two thermocouples and by the cross-sectional area (m?) of the calendering
copper bar, using

15 391 W/mK as the value for the thermal conductivity of the calendering copper bar.

The sample to be measured was sandwiched between the above-mentioned jigs,
anchored using silver paste, and subjected to a dead load with a weight of 3 kg. Each
thermocouple (T) was mounted with a small amount of an instant bonding agent on either
surface of the sample, allowing measurement of the temperature on both surfaces of the

20 sample. Upon heating, using heater (H) on this structure, the change in temperature at
each measurement point stabilized after one hour, and the temperature was measured at
the two points of the upper jig and on both surfaces of the sample. A glass cover was used
over the measuring sections in order to minimize the effect of the room temperature. The
results of are shown in Table 3 above.

25 The results for the control sample shown in Table 3 indicate that the thermal
conductivity of the SUS304 measured by this method was approximately 17 £2 W/mK,
which is close to the published value of 16.5 (W/mK (Dennetsu Kogaku Shiryo
Thermoconductive Engineering Materials, Revised 4th Edition, p.318), thus confirming
the validity of this measurement. As shown in Table 3, the thermal resistance of Example

30 1 was lower than that of Comparative Examples 1 and 2, indicating that the thermosetting
adhesive sheet of the present invention has high thermal conductivity suitable for heat

radiation purposes. The amount of metal used may therefore be reduced while obtaining
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surface of the sanple, allow ng neasurenent of the tenperature on both
surfaces of the 20 sanple. Upon heating, using heater (H on this
structure, the change in tenperature at each nmeasurenent point stabilized
after one hour, and the tenperature was neasured at the two points of the
upper jig and on both surfaces of the sanple. A glass cover was used over
the nmeasuring sections in order to mnimze the effect of the room

t enper at the sama Hegres ekheat idigtionythusprovidingamespnemigabydygriages The results for
the control s [ ‘3. adi - - | tivity
of the suss04%15&6?@3%@%5%@%2&%}&%%%0%@%@%Hﬁ‘%ﬁ%’%ﬁ%@hﬁﬁ% 5 Eﬁ@gk@v\hi ch

i s cl oseofthzat hdiafub forshetbcuahicelafient G &n €lv¥tradio RenfoemnsdibKe JaiidisySkeam, o
Ther noconduct i ve Engin ering Nht?rials, Revi.sed 4th Ediéion, ¥.318 ,. thus
conf i r mi PostiRle tpabqnd; e elactropicelament Andn SHTTeTRS O0if drfafiatlor Algte BN 4o
thegmal fegi i ifd@pstmatpreViding ARk &dllere
Exa%ples£ﬁg%%gﬂ%ggfﬁ%?5@??ﬁgﬁ¥ﬁg?éPﬁgﬁ?hgﬁﬁgggtting éhhes?@e sheet of the
present ¢doviemid atvattage.hi gh t hernmal conductivity suitable for heat

radi ati on purposes. The anount of netal used may therefore be reduced while
obtaining 17 the sanme degree of heat radiation, thus providing an
econom cal advantage. Wen the thernosetting adhesive sheet of the
invention is applied for the purpose of heat radiation for an electronic
element In an electronic part formed by a TAB system it is possible to
bond the electronic elenent and a stiffener onto a radiator plate using a
si ngl e adhesi ve sheet, thus sinplifying the manufacturing steps and
provi di ng an excellent econonm c advantage. 18 CLAIMS What is Clained is: 5
1. Athernosetting adhesive sheet with el ectroconductive and

t her noconducti ve properties, conprising: a) a thernosetting adhesive sheet
havi ng two maj or surfaces, conposed of a thernosetting adhesive
conposition conprising an ethyl ene-glycidyl (neth)acrylate copolynmer and a
rosin, said rosin containing a carboxyl group, where crosslinking is
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10 formed between the ethyl ene of said copolynmer by el ectron beam

radi ati on, and having at |east one through-opening region fornmed at a
prescri bed | ocation, and b) |low nelting point solder placed within said at
| east one through-opening region formed at the prescribed | ocation. 15 2.
AhthernDsetting adhesi ve sheet according to claim1l1, wherein said

t hernosetti ng adhesi ve conposition further conprises an ethyl ene-alk
(meth)acrylate copolynmer. 3. A thé@hﬁ%%@ilng adhesi ve shee¥ accordlﬁg to
claim1l1, wherein said 20 thernosetting adhesive sheet further conprises a
rel ease sheet on at |east one surface thereof. 4. An electronic structure
conpri siwgats Qgmgaset ti ng adhesi ve sheet according to claim1, wherein
sai d thernosetting adhesive sheet is a heat-radiating 25 adhesive sheet
which is positioned between an electronic el enent and a heat radiating
meafis and adheres gai ¢hh6Ghd 'Qadﬁ!eﬁ&eentsh%a sajith hedctfRdhdiclivg maans. 5.
An el ectronic structure according to claim4, wherein said prescribed

| ocat i onthefmeandhctive proplrt@paompgisinggi on t ouches said el ectronic el enment. 19

a) a thermosetting adhesive sheet having two major surfaces, composed of a
thermosetting adhesive composition comprising an ethylene-glycidyl (meth)acrylate
copolymer and a rosin, said rosin containing a carboxyl group, where crosslinking is

10 formed between the ethylene of said copolymer by electron beam radiation, and having at
least one through-opening region formed at a prescribed location, and

b) low melting point solder placed within said at least one through-opening region

formed at the prescribed location.

15 2. A thermosetting adhesive sheet according to claim 1, wherein said

thermosetting adhesive composition further comprises an ethylene-alkyl (meth)acrylate

copolymer.
3. A thermosetting adhesive sheet according to claim 1, wherein said
20 thermosetting adhesive sheet further comprises a release sheet on at least one surface
thereof.
4. An electronic structure comprising a thermosetting adhesive sheet

according to claim 1, wherein said thermosetting adhesive sheet is a heat-radiating
25 adhesive sheet which is positioned between an electronic element and a heat radiating

means and adheres said electronic element to said heat radiating means.

5. An electronic structure according to claim 4, wherein said prescribed

location of said through-opening region touches said electronic element.
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