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SF-1132 5 1 TITLE HARDENABLE PRESSURE- SENSI Tl VE

ADHESI VE SHEET FOR SEM CONDUCTOR AND PROCESS FOR
PROL SEM CONDUCTOR DEVI CE FI ELD OF THE | NVENTI ON
e ent invention relates to a novel hardenable
pressure- sensitive adhesive (hereinafter "HPSA", and
"pressure-sensitive adheS|ve is called "PSA") sheet
for sem conductor and proce s for producing a
seni conductor 10 devi ce. N@ g gartlcularly, t he
present invention relates HPSA sheet suitable
for use in the steps of dicin silicon wafer, etc.
RN Ag RS ol e é‘é%ﬂFtS&V@ SHEEY 15%e,
and relates to a process for producing a sem conduct or
CRRM CEONWECT GFh NI @FSICR I e HIPSARSHEISIING] 5 EBACKEROINDR

OF THE | NVENTI ON A semnm conductor wafer of silicon,

gavigEn arsenide, etc. is produced in large dianeter.
The wafer is sequentially subjected to the steps of
cut separation (digimg) omtosmeG o ement pi eces
(1C chips) and nounting thereof. particular, a

sem CoRdUEL Ok Nl BhvéRci e SLALLOTtHE NGSEUCKardOndble
PSA sheet is sequentially subjected to the steps of

CBJ:C Q&iremsseqisqgc:w%r 2 cﬁ%sa_wa{hder[eqn%%e@ G“?{]?Lg%{"andand

“pressure-sensitive adhesive” is called “PSA") sheet for

semiconductor and process for producing a semiconductor
device. More particularly, the present invention relates
£o a HPSA sheet suitable for use in the steps of dicing a
silicon wafer, etc. and effecting die bonding thereof to a
lead frame, and relates to a process for producing a

semiconductor device with the use of the HPSA sheet.

- BACKGROQUND OF THE INVENTICN

A semiconductor wafer of silicon, gallium.arsenide, etc.
is produced in large diameter. The wafer is sequentially
subjected to the steps of cut separation (dicing) into smail
element_pieces (IC chips) and mounting therecf. 1In
particular,asemiconduetorwafarinthestate<xfbeingstuck
to a PSA.sheet-is sequentially subjected to the steps of
dicing, washing, drying, expanding and pick-up and

thereafter to the subsequent step of bonding.
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thereafter to the subsequent step of bonding. SF-1132
2 Various HPSA sheets for sem conductor having both of
I§¥{¥1%%Xing function and di e bonding function have

e oposed in order to sinplify the procedure from

t he pi ckup step through the bonding step anong these

steps. See, for 5 exanple, Japanese Patent Laid-open
Publ i cati on No. 9(1997)--100450. In this reference,

there s, dis d a HPSA sheet. conpri.sin .

mat er Y &f l%%%%@%%e??%‘b%e L Heeon; aciiﬁé%l %%Zq?%Oth ot
conprising a conmposition containing a adiatio%

NAE & iprass FHELLdmsl @nre Hénpo g ten have been
t hernosetti ng adhesi ve conmponent. This HPSA | ayer .
axeritssed he $uderiton sémpiilfivnghe pafeadwte forstep wickup
waf er dicing. Wen chip pick-up is perforned after

tdhtesye drimlogtghohhef bdhding, s t¢iheartdPSA thayeesr sitepdet atdred for
fromthe base material together wth the chips. Wen

tdheak 3 Chippacemaniat haitdhedRSAuLIS deayien ale
mounted on a substrate and heated, the thernosetting

agl | M 1IGRANENt ok vt Be tHPSAhayer tB%eEt §s @8Rsclosed a.
adhesive strength to thereby conpl ete the bondi ng of

tI-ﬁeSA I S%C?Cétﬂ. Qﬁ)ﬁnpg:yit%%lsgg%g%arsaet Snaftg}ii%lH% S t’éﬁﬁateJ::‘i‘i’ntpo sed

sem conduct or e use or 20 the nmutua

bandi f hips. Wth ‘ .
S50 VRSB VL GSDEEL ! SrblEe2ERYE A sn

the thernpsettin adhesi ve coQPon%pt 1t he adher.ence
t@mﬁ%Qﬁaﬁ¥9qﬂﬁﬂF § fppessure-sensl 1ve componant and a

thermosetting adhesive component. This HPSA layer exerts
the function of fixing a wafer at the step of wafer dicing.
When chip pick-upis per_formed after the completion of dicing,
the HPSA laver is detached from the base material together
with the chips. When the IC chips accompanied by the HPSA
layer are mounted on a substrate and heated, the.
thermosetting adhesive component of the HPSA layer exerts
an adhesive strength to thereby complete the bonding of the
IC chips to the substrate.

This HPSA sheet for semiconductor may also be used for
the mutual bonding of IC.chips.

With respect to the above EPSA sheet, when a
general-purpose epoxy resin is used as the thermosetting
adhesive component, the adherence thereof is high so that

the application to a wide variety of uses is promising,



10

15

20

the application to a wde variety of uses is

prom sing. SF-1132 However, in the IR ref |ow
%&gﬁﬁgbon, etc. of reliability test, the occurrence

of warpage of substrate and chips and del am nation
bet ween substrate and chips has tended to increase in
accordance wth a decrease of the thickness of 5
silicon chips.. The cause of“thi's problemwould be a

i fference i ermal expansi.on cqeffici
géol"‘rie&?ﬁ rchi 521%#8} reﬁ??"éf’ e %ileorrll’ag%férogfaﬁ:g%l%% et T Hrest
such as a polyimde) of su str%%% on whi%h ﬁhe a
SNG CETICRIPS Card HEEREEE. Offn SEPEG T EdwparfisGRIBF 21
thermal expansion coefficient, the coefficient of
sialiapdmakdiosr Hefveaen sabsakgéeofrg cdipsxhgserendami e
that of common polyimde is 3 to 5 x105/C.
Gonsegwent.hy zcondéanbeati By @ decordists ofisthe HehiRSkss of
| ayer interposed between the silicon chips and the
substdoat ehlipssuffers a stress attributed to the
difference in thermal expansion coefficient. In

par t i akau b ens the: $toF e MRsul Ao &f s tdier fdRSAce in
| ayer is high, warpages.of the substrate and chips

and %'la'&ﬁ%g{ﬁg;&b%g?ggc%%t%%we@ne s@'l‘.%%ﬂidefﬁipgaﬁﬁd

been happe ore, there is a deman or the

dsﬁl\é:h ag Wﬁ%tt c:)t‘fia (Hggéllgyfgtéﬁa%%gﬂ%lﬁ arseg%%]iﬁrhitgﬁ&) of

h erence %of '8 y"resin a erma
SRR o st age ot s ol 180 e gtres agd,
%%?np%@i%so'n of thermal expansion coefficient, the
coefficient of siliconwafer is in the rangeof 3 to 5 x1078/°C
while that of common polyimide is 3 to 5 x107°/°C.
Consequently, under heat cycle conditions, the HPSA layer
interposed between the silicon chips and the substrate
suffers a stress attributed to the difference in thermal
expansion coefficient. In particular, when the.storage‘
modulus of the HPSA layer is high, warpages of the substrate
and chips and delémination between the substrate and chips
have been happened.

Therefore, there is a demand for the devélopment of &
HPSA layer that while retaining the high adherence of epoxy
resin after thermal curing, exhibits low storage modulus at

high temperatures and enables reduction of the stress

between the substrate and chips.
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SF-1132 4 SUWARY OF THE | NVENTI ON For neeting the
above demand, the invention provides a solution

_i#$jff§ g the follow ng subject matter. 5 [1] A HPSA
sheét

or sem conductor, conprising a base mteri al
and, superinposed thereon, a HPSA | ayer conprising a
pressure-sensitive conponent4(ﬁo and an epoxy resin
(B) , wherein the HPSA | ayer after thermal curing has

" a storage nodulus of 1.0x107 Pa or bel ow at 100C and

1. 0x105 Pa or 10 above at 160C. [2] The HPSA sheet as

‘described in [1], in: P contains a
radi ation curabl & s for

produci ng a sem conduct or device conprising the ,

st epsFQ¥  MAGLIRG i G POV eMFBIHIUCIRS MR 40P fevides
HPSA | ayer of the HPSA sheet of [1], dicing the
semcdoriduet omalafdéngi hhe Ifoldiewisag sgbiachi AgtLRE .| C
chips with the HPSA | ayer fromthe base material, 20
dtitlac i rgps A esHde tc Higas semiardrehdt fommeonictdi stilngy HP$&se

layer interposed therebetween, and heating so that the

HRSA 4 1ayie EnaXx eflpse Al @R ke reshl, eA@PIS AL Dajdereimprising
acconpl i sh bonding of the 1C chips to the |ead frane.
%Fp%%%%ure—sensitive component (A} and an epoxy resin {B),
whérein the HPSA layer after thermal curing has a storage
modulﬁs of 1.0x107 Pa or below at 100°C and 1.0x10° Pa or
above at 160°C.
[2] The HPSA sheet as described in [1], wherein the HPSA
layer contains a radiation curable component.
[3] A process for producing a semiconductor device,
comprising the steps of:
- sticking a semiconductor wafer to the HPSA layer of the

HPSA sheet of [1],

dicing the semiconductor wafer into IC chips,

detaching the IC chips with the HPSA layer from the base
material,

attaching the IC chips on a lead frame with the HPSA
layer interposed therebetween, and |

heating so that the HPSA layer exerts an adhesive
strength to thereby accomplish bonding of the IC chips to

the lead frame.
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5 [4] A process for producing a sem conductor device,

conprising the steps of: sticking a sem conductor
:$¥f¥l§é)the H. PSA | ayer of the HPSA sheet of [2], 5
ci'ng the sem conductor wafer into I.C chips, with
irradiating the HPSA [ayer either prior to the dicing
or after the dicing so as tg cure the HPSA | ayer,
detaching the IC chips with the HPSA | ayer fromthe

base .material,. 10 attaching th e
Ao RTEt R SUSRlebEN sttt Vel
and heatlngtgp that th HPSA Iayer exerts an adhesive

GFEHGtH- % HRePEBYSadonpl i sh bondi ng of the IC ChIpS
to the lead frame. 15 EFFECT OF THE | NVENTI ON

vi rt ust bekine aps A bpeNARGERE | WML X frer B¢ éiPp%Pox;Had’éfdf of the
HPSA sheet for sem conductor excellent in versatility
aiRbA adtwrternde,[2by whi ch a sem conduct or devi ce of

high 20 reliability free fromthe warpage and

del aniipain@ntiod saauihsdrndlet@ndvehepsi reve i @xqposes, with
under heat cycle conditions can be produced. DETAI LED

DESGR 2] 1@ Ok FHEAIINVENT EONn6 r Hhe JiRSAtskegicOhgblireafter

present invention and the process
the dicing so as to cure the HPSA layer,

detaching the IC chips with the HPSA layer from the base
material,

attaching the IC chips on a lead frame with the HPSA
layer interposed therebetween, and

heating so that the HPSA layer exerts an adhesive
strength to thereby accomplish bonding of the IC chips to

the lead frame.

EFFECT OF THE INVENTION

By virtue of the present invention, there is provided
a HPSA.sheet for semiconductor excellent in vérsatility and
adherence, by which a semiconductor device of high
reliability free from the warpage and delamination of
substrate and chips even exposed under heat cycle conditions

can be produced.

DETAILED DESCRIPTION OF THE INVENTION
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for producing a sem conductor device wth the use of

the HPSA sheet w il be described in detail below The
_Aelﬁgeet for sem conductor according to the 5

EPP el i nvention can have any configuration and for

exanpl e, can have the formof a tape or |abel. The

HPSA sheet for seniconductor according to the present

i nvention conprises a base nateri al and super i nposed

TOPSEE £ Hgéﬁ‘s? ?%qu:‘lo tﬂgﬁggfs% 1000%59 ‘E}é%%ﬁocess

(B) According to necessity, the HPSA | a
c%PF@@u%lft%érW+90%‘é‘tlF%¥ Q@ngﬁémt%men@%@éﬁﬁ]a%)mﬂ

~a coupling agent (D), a radiation curable

cdrgednentl(Fpe deflenibielde imoesnént bekpw. a filler (G
and/ or other conponents 15 (H). The HPSA sheet for

sem cTel HRIN sAooot didyy 4enidendipresecdarmding dp itthe

characterized in that the storage nodulus of the HPSA

| eferdf 18F et MBS MRlarCHAT8GiriabbST Wi Ph PioA SREEbEiRtnple,
range. 20 In particular, the storage nodulus at 100C

ce‘a& fhedx)ép%ﬁe E@fﬁ{ oaff taertayaewahaﬁgnl.ng is 1.0x107 Pa
or bel ow, prefera y in the range of 1.0x10 to

1. 0x n e o) e [{%{qu
| ar gé?hef han xel(%)1£1 TF&'I é&%{ I rLeif ?a%?/v&pcggle Zlﬁ otnlr,le
etc. t he su strate and chi ps,are Il%eelﬁto suffer

SEEEERS FANBPbAGE SITHEISET RaPron.

- superimposed thereon, a HPSA layer, the HPSA layer

comprising a pressure-sensitive component (A) and an epoxy

‘resin (B). According to necessity, the HPSA layer may

comprise a thermally activated latent curing agent (C), a
coupling agent (D), a radiation curable component {(E)}, a
flexible component (F), a filler (G) and/or other components
(H) .

The HPSA sheet for semiconductor according toc the

. present invention is characterized in that the storage

modulus of the HPSA layer after thermal curing falls within

"a specified range.

In particular, the storage modulus at 100°C of the HPSA
layer after thermal curing is 1. 0x10" Pa or below, preferably
in the range of 1.0x10° to 1.0x10’ Pa. When the storage
modulus at 100°C is larger than 1.0x10" Pa, in the IR reflow

operation, etc., the substrate and chips are 1likely to suffer .
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The storage nodul us at 160C of the HPSA | ayer after
t her mal curing is 1. 0x105 Pa or above, preferably in
#% ﬁg of 5.0x105 to 1.0x10' Pa. Wen the storage

dd at 160C 5 is |less than 1.0x105 Pa, voids are
likely to occur in the HPSA |layer and there is the
danger of package cracking i the IR refl ow and ot her
steps Wth respect to the glass transition

eraturg éT é of the HPSA | ayer after therma

@GF AgS £h g PLPPR P val ue 10 is preferably 120C or
bel ow, still preferabhly 90C or bpel ow, while the Io
i ni tThealRi@ a9 maBHas RdE%C Mighde HP\%H "Srter
conventional PSAs can be used as the )
mhessai ewsinsg tisve Cdmpdirent Joyver PreGerpatvilauthe range
limtation. In the present invention, preferred use is
refdB . 0450bfcah. agt ¢l iPa. PSthen Theblséorsasero@shuant 4 60°C
pol yester-based PSA. O these, an acrylic PSAis
agpeckal kyapr ef exned. pa Asvd s acfy|liikdSA td hereurcdm the
be nentioned, for exanple, a (neth) acrylic ester
¢2Ra) X@ércgmoﬁﬁgr@f 1 StENStaRbe 8N £ Soadieldey etk dddmaA in
(net )acrylic ester mononmer and a 20 (neth) acrylic

@%e Iﬁe& %ﬂthy%nd?%ghQQ %ngg) acrylic ester nononer,

use can be a cycloalkyl (et h)
I b h
(et st feas[%Qez &Sﬁh ) BERYL AL SRR A Aldileratyee (1)
Ot [ f
kg a %eétﬁea%e%ﬁﬁée%ﬁf@é;% W%alue

has 1 to 18 carbgn atons, such as methyl acr

late
réest e £ erealnhic AYI0ACeOT BEAPH sty P& STerRplY 90 J0C St below,

-nethacrylate
‘while the lower limit value is preferably 40°C or higher.

Varlious conventional PSAs can be used as the

pressure-sensitive component (A) without particular

" limitation. In the present invention, preferred use is made

of an acrylic PSA, a rubber-based PSA and a polyester-based
PSA. Of these, an acrylic PSA is especially preferred.
'As the acrylic PSA, there can be mentioned, for example,
a (meth)acrylic ester copolymer composed of structural units
derived from a (meth)acrylic ester moncomer and a
(meth)acrylic acid derivative. As the (meth)acrylic ester
moncmer, use can bemade of any of a cycloalkyl (meth)acrylate,

benzyl (meth)acrylate and an alkyl (meth)acrylate wherein

the alkyl has 1 to 18 carbon atoms. Of these, especially

preferred use is made of an alkyl (meth)acrylate wherein the



10

15

20

propyl acrylate, propyl nethacrylate, butyl acrylate
or butyl nethacrylate. As the (neth) acrylic acid
gﬁ%j %}ive, 5 there can be nentioned, for exanple,

t )é%rylic aci d, hydroxyethyl (neth) acrylate,
glycidyl (meth) acrylate or the [|ike. Wen glycidyl
(meth)acrylate is used as the (neth)acrylic acid
derivative, the resultant ester 10 copol yner has an

enhanced compatibility with the |later described epox
POd B ok Rer 1euPrgoth alolitgh St Ts gonBehe L, Sstugate:
enhanced. heat resistance. Introduction_of a

mettdR GrreRer, eShoR asydtey ethyr Bethrgrylate,
would facilitate controlling of adherence to
adtgrdndsandte; tackiyiess theoparltites. bty lwaicgilate or
aver age nol ecul ar -wei ght of the (neth)acrylic ester
¢apsily nethber yiseei n Adhehacrykith ) aprgdsar ecséntivative,
adhesive is preferably 100, 000 or nore, especially

Riefer aly He nfdif iaRae obrlaRanAQ t qmbth(ReryAQQ. a2Gd,
The (nmeth)acrylic ester copolyner has generally a

g!@?rxg}b%tg{fﬂnt({ngghf;%@ﬂ%@! %71 - 120Q %e@?)'z%%y]aate or the

range of - to"0C or so, an
é_kpits tacki ness at room tenperature (23C). The
epoxy resin (B) has marked influence on the storage

o LS olBaehp Ml bE tESL veL aligrcterum
am%rt%%reicagyell iyc Saecliedctd%q:i%%ttilgfaet, tt?lee resultant ester
copolymer has an enhanced compatibility with the later
described epoxy resin and after curing, has high Tg so as
to realize enhanced heat reéistance. Introduction of a
hydroxylated monomer, such as hydroxyethyl acrylate, would
facilitate controlling of adherence to adherends and
tackiness properties.

The welght average molecular weight of the

(meth)acrylic ester copolymer for use in the acrylic

pressure sensitive adhesive is preferably 100,000 or more,

especially preferably in the range of 150,000 to 1,000,000.

The.(meth)acrylic ester copolymer has generally a glass
transition temperature of 20°C or below, preferably in the
range of -70 to 0°C or so, and exhibits tackiness at room
temperature (23°C5.

The epoxy resin (B) has marked influence on the storage
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storage nodul us of the HPSA | ayer after thermal curing
falls wthin the above range. Although the epoxy

resi ) is not particularly limted, wuse can be
&%ﬁéﬁ%¥$ for exanple, a blend of general -purpose

epoxy resin and epoxy resin having a bi spheno

skeleton and a flexible skeLeton. The epoxy resin
havi ng a bi sphenol skel eton and a erX|bIe skel et on

Bl PR oGRS B8 g5t o,

are not particularly I|n1ted, t here can. be ntio

figte SRaril &edn dPher ShBRATPRTLAtaNY e3¢ E CB%ﬁdS? d&ﬁqﬂ the
OCO and the like. An ether bond of relatively

polcaraqy mpdulppefotnediPSR layerrethe e trlikﬁrmailnﬁléélnasfalls
|l ong as they are 20 fl exible bondi ng groups such as
avitghiat i tthegradupse rEorge exanpl e, there can be

menti oned, having or not having a side SF--1132 10

~ chai nltnaughltyiee@poxpmexeamhem dkehet partmab)llauﬂlqzdlmmeted,

skel eton, polyisoprene skeleton, - etc. n and n' are
e@&@ &n BH'W&% fo 1@ dRambles ﬁlan%flb@ﬁ, opaddh&th BFhyrpose

the epoxy resin aV|ng a 5 bisphenol skeleton and a _
f | e d%}’ efgvi8g a 1Q BhenJiexkbh et d
é%gx F%?i%‘%ﬁ# oi%ggghﬁgaFeﬁtaof é&lble epox?/n an
raesffexfble skeleton. The epoxy resin having a bisphenol

skeieton and a flexible skeleton is, . for example, as follows:

CHa CHy
0
2 W W v A WA R L AN
CHs CHs n

In the above forinulae, although the bonding groups X
and X’ are not particularly limited, there can be mentioned,
for example, an ether bond (0), an ester bond (COO, O_CO) and
the like. An ether bond of relatively low polarity is
preferred. R and R’ are not limited as long as they are
flexible bonding groups such as aliphatic groups. For

example, there can be mentioned, having or not having a side
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preferably in the range of 100 to 1000 g/eq, stil

preferably 200 to 600 g/eq. Wth respect to the
g&gﬂﬁg? of curing of 10 the flexible epoxy resin, the
I ransition tenperature (Tg) is preferably 100C

or below, still preferably 80C or below Wen this

flexible epoxy resinis useﬂ as the epoxy resin (B),

after thermal curing, not o Py the glass transition

15 tenperature. of HPSA.| ayer_ bu I th :

Fas o1 © LKBSA"Fay BP LY EEGET (B T bher™r ALCTRPL 8 ene
flexi bl e epoxy resin, there can be nentioned,, for h
EXETSIEn ERAL 4BB0PT50C afkE R HeST-1008 BRadhicdf by 2eh 2
Dai ni ppon I nk And Chem cals, Inc. and Denacol EX-250
anghbe20 oEX250 ploduced by Nagase Chent ex Cor poration

. As the general - purpose epoxy resin mxed with this

f | exild e apoikyer espartiduliasr lgendhal lepgsefrasisd haying a
enpl oy those of about 300 to 2000 nol ecul ar wei ght.

1 pAchicaub el etbhesed carr ke imRet sRagdtan! mawilsk epderred
resin.in the ordinary SF-1132 11 state having a

) eGulan eiaht hx300ek0n*Q00, preferably 330 to
800, a solid epoxy resin in the ordinary state having

I I el : , I it
gog‘()),ﬁ?éjan oagf: %ﬂﬁdl ‘?%Ileeﬁgtgfc?PT e%q%r?ol% eée%ﬁ%eal?/eesﬁitqpolf§

RS P RIS DT HO0Y R ik
R Ren BP0 A s it Fosbel 2°tnBEP8E 2 6F &fring of
the flexible epoxy resin, the glass transition temperature
(Tg) is preferably 100°C or below, still preferably 80°C or
below.

When this flexible epoxy resin is used as the epoxy resin
(By, after thermal curing, not only the glass transition
t-emperature of HPSA layer but also the storage modulus of
HPSA laver tends to lower.

As this flexible epoxy resin, there can be mentiocned,

for example, EXA-4850-150 and EXA-4850-1000 produced by

‘Dainippon Ink And Chemicals, Inc. and Denacol EX-250 and

EX250L produced by Nagase Chemtex Corporation.

As the general-purpose epoxy resin mixed with this

flexible epoxy resin, it is generally preferred to employ

those of about 300 to 2000 melecular weight. In particular,

there can be mentioned a liquid epoxy resin in the ordinary
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F, resorcinol, phenyl novol ak and cresol novol ak;

epoxy resins containing a dicycl opentadi ene skel et on;
gﬁ{ﬁ‘ 10 ethers of carboxylic acids such as

§1|c acid, isophthalic acid and tetrahydrophthalic
aci d; egcrdyI type or alkylglycidyl type epoxy
resins obt ai ned by substituting an active hydrogen
bonded to nitrogen atom of dhi i ne i socyanurate, etc.

with a glycidyl ou and .e i.n vin

Sk st ml bt R EhY b SR i Bl et st an1y
OX|dat|on of an_intranol.ecul ar carbon to carbon
doifole $Hohd,2 RRGW erO%dh reﬁr@yhrluféﬂ%,@aﬁlaerys%%t%@avmg
vrnylcyclohexane di epoxi de, 3, 4-epoxycycl ohex t hyl
3;4@d@©wdbaheﬁagbtambaxylame2é@@r29r2fe@abl& %@%x@q 2000,
cycl ohexyl -5, 5-spiro (3, 4-epoxy) cyclohexane- - .
mdl eXanendOftHdreses,. preseeperdyusquiisaimde of Bhese

'bisphenol glycidyl type epoxy resin, an o-creso

RRO¥Y OGS kBsiBs pBe@@heﬁeymyakntmp@ Ry of
res|n an an epoxy resin having dicycl opentadi ene

sielief oo TRk 9eRgEAb1 P PESEnERAX¥pEYG! PEs £AF peclude |
used alone, ~or in conbination. Al so, use can be nade

f d t f t
L era?f%u%‘E%%é%B%%&?%ﬁ%%83’5%’“%1
,th the f.lexibl nt . (F d
di'fS3 @gfcr]vérg‘?ﬁrr pgle“ﬁg SGaN ( Fcisge(rf' eng|v|%ga5<; Wogy

nodi fied resin or rubber blend nodifie re

ST SIS I DWW FEICYEdORCAS GRS 'ogpo%fi cidyl

ethers of carboxylic acids such as phthalic acid,
isophthalicacidandtetrahydrophthalicacid;glycidyltype
or alkylglycidyl type epoxy resins obtained by substituting
an active hydrogen bonded to nitrogen atom of aniline
isocyanurate, etc. with a glycidyl group; and epoxy resins
having an epoxy group introduced therein through, for
example, oxidation of an intramolecular carbon to carbon
double bond, known as an alicyclic epoxide, such as
vinylcyclohexane diepoxide, 3,4—epoxycyclohexylmethyl.
3,4-dicyclohexanecarboxylate and

- (3, 4=-epoxy) cyclohexyl~5, 5-spiro (3, 4—epoxry) cyclohexane-
m-dioxane.

Of these, preferred use is made of a bisphenol glycidyl

type epoxy resin, an o-cresol novolak type epoxy resin, a

phencl novolak type epoxy resin and an epoxy resin having
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10 equival ent are used, the storage nmodul us of HPSA
| ayer after thermal curing tends to increase. The

tSHproprlate epoxy resin (B) can be obtained by m xing
theé

#43%xi bl e epoxy resin wth the general-purpose
epoxy resin so that the average epoxy equival ent
thereof falls preferably within the range 15 of 200 to
800 g/eq, still preferably 330 to 800 g/eq and
especially preferably 500 to 700 g/eq. Wen the
s\isvager SBGuiSFare&Phi-s bel ow 200 g/eq, the
shrinkage at thermal curing may increase so as to
causeThe sle cyease lofouatioss wPoXst Fesdils. Can hhaizdharlone,
hand, when the average epoxy 20 equival ent exceeds 800
g;/zemn ddmeb raosisin .nkAtlsasiugye afarebe magtd of ammgdbEikdwesin
so as to fail to realize satisfactory bonding
steRNAihg et arldert cak ilbnquird fpexcd sl nhehose
epoxy equi valent is 500 g/eq or belowis preferably

418, 13108, £ Sl k3Rrekhe 0N ildhe tABOXY AT
, 20 to 9oeme?’%§?d§te|| orefrerably 30 to 80 w. %

a I 0

q‘tp 4@ igiacall 010 1, St S or bamne e
at _.the bo 0 subs rate be deterlorat .

i kP SI E‘%}i SR F‘galyl‘;lﬁgeﬁe?n an aﬁ%ﬁﬁ? Rfena
50 to 1500 parts by melght still preferably 100 to

SFeHY -wei ght and especial ly preferably'ZOO to

800 parts by weight per 100 parts by weight of the
pr essren sty KeeinsmbrAat nodarul aphest §ihe 28F0LAY FROXY

| ess than 50 parts by weight,
equivalent are used, the storage modulus of HPSA layer after

thermal curing tends to increase. The appropriate epoxy
resin (B) can be obtained by mixing the flexible epoxy resin
with the general-purpose epoxy resin so that the average
epoxXy equivalent thereof falls preferably within the range
of 200 to 800 g/eq, still preferably 300 to 800 g/eqg and
especially preférably-SOO to 700 g/eq. When the average
epoxy equivalent is below 200 g/eq, the shrinkage at thermal
curing may increase sd as to cause a decrease of adhesive
strength. On the other hand, when the average epoxXy
equivalent exceeds 800 g/eq, the crosslink density after
curing may be low so as to fail to realize satisfactory
bonding strength.

The content of liquid epoxy resin whose epoxy equivalent

is 500 g/eq or below is preferably in the range of, based
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10 satisfactory adhesive strength may be unattai nabl e.
On the other hand, when the anobunt exceeds 1500 parts
kﬁ? it would be probable that cured product

C brlttle to thereby cause adhesive strength to
be unsatisfactory or cause attachnment performance to
be poor. 15 The thermally activated |latent curing
agent (C) is a curing agentK%Wth such characteristics

“that it does not react mnth

BoX esi.ns at room
Oéhﬁ@@aeaPéyaa%S%e@ hedited ot GO e %‘ia]ﬁ]pﬁr %feefaoktly 30
hi gher, is activated to thereb react wwth _ep
resiBRs W28, Teved memasta by 6Tz aiReaier Al £ EQtWa‘f ed When
| atent curing agent (C) can be acconplished by, for
entemuloat ehitei seltdwod thiam &I ol . 8heaicadd iepmenipimance at

induced by heating to thereby generate active species

(1 QorieatticoRlib stthe tre tagd Hen dewkirdbratabl.e
di spersionin the epoxy resin is ensured at about

SF- 1182 14 o400t eNPpal af yrer ek r e vleat ed &6 H@nt of

tenperature, = conpatibilization with the epoxy resin

o5 diSSQ ML PRy b&hﬁéﬁl@t 0GEYRS P £dHenely 1 boid @b@o parts

curing reaction hod i n which use is nade of

urin ent sealed I v
3 5t ﬁ?@ﬁldt et e B fReERth it £ ?.Ogi’fzﬁrcﬁbi\*ﬁ@f’ght
react.i he netg whi ch use i ‘
s o0Rner bs MneC THBE ot |5 nBE Fasn e PaRERT TLG ﬁ%?onen '
agent s gf) can be used alone or in_conbinatjon. 5

! dhegj @99n§qngﬁﬂgels less than 50 parts by weight,

satisfactory adhesive strength may be unattainable. On the
other hand, when the amount exceeds 1500 parts by weight,
it would be probable that cured product beeomes brittle to
thereby cause adhesive strength to be unsatisfactory or

cause attachment performande to be poor.

The thermally activated latenf curing agent (C) is a
curing agent with euch characteristics that it does not react
with epoxy resins at. room temperature bat when heated to given
temperature or higher, is activated tQ thereby react with
epoxy resins.

The activation of the thermally activated latent curing
agent (C) can be accomplished by, for example, the method
in which chemical react:ion is induced by heating to thereby
generate active species (anion or cation); the method in

which stable dispersion in the epoxyresin is ensured at about
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10 an im dazol e conpound or a m xture thereof can
preferably be used. The above thermally activated
I%%EEEZCuring agent (C) is preferably used in an

& of 0.1 to 20 parts by weight, still preferably
0.5 to 15 parts by weight and especially. 15 preferably
1 to 10 parts by wei ght per ,.100 parts by wei ght of
the epoxy resin (B) The couﬁ ing agent (D) preferably

3%3@2 rou?ﬁgugﬁobgtcgﬁﬁ%ﬁg % EA§AtHl ngéﬁﬁgggture,

functional groups of the coupling agent
cerpe tWPLALERE LBPoYY tRe dPR, e@BXVhﬁ?gﬁﬂeOEoﬁé % E“glon

agent (D) can enhance the adherence of curing product :
wihelredn odetrisnint therehs ﬂnétﬁatesﬁaﬁﬂngtyeﬁﬁg%@Bf the
and can further enhance the water resistance of

awtihog pnodhdth Asei Laneadeoufl Enguagent agsnpr etatadl yn
used as the coupling agent. SF-1132 15 This coupling

agartul s rpsetetabhy rused fuseanoarodnt hakhOrémpeoallre to
parts by weight, still preferably 0.5 to 10 parts by

We%‘bypﬁﬁl@%@%ﬂﬁr@/réﬁbgbénwoﬂ RBcaRoXYod asi Waidheise
radi ation curabl e conponent (E) is a conmpound that 5.

e%abgr élgtﬁg&'a%%gS%ﬁlatlon rays such as

traV|o or el ectron beans, undergoes

p0| y:@{ %—%b' of Ou%%{va”&d A_Lsa‘ge ec &q’}glo%%nts .C can

pol y UsSe can

| yl at d
B Wt RHIGrS! Spame PTPAETyate, Kok FARBPAGI ohfoitigmide:

an imidazole compound or a mixture thereof can preferably
be used.

The above thermally activated latent curing agent (C)
is preferably used in an amount of 0.1 to 20 parts by weight,
still preferably 0.5 to 15 parts.by weight and especially
preferably 1 to 10 parts by weight per 100 parts by weight
of the epoxy resin (B).

The coupling agent (D) preferably hés a group capable
of reacting with functional groups of the above combone_nt
(R) or (B). Organic functional groups of the coupling agent
(D} would react with the epoxy resin, so that the coupling
agent (D) can enhance the adherence of curing product without

detriment to the thermal stability thereof and can further

enhance the water resistance of curing product. A silane

coupling agent is preferably used as the coupling agent.
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10 tetraacryl ate, pentaerythritol triacrylate,

di pentaerythritol nonohydroxypentaacryl ate,
gkggﬁ§gerythritol hexaacryl ate, 1, 4-butylene glyco
ra ate, 1, 6-hexanedi ol diacrylate, polyethylene

gl ycol diacrylate, oligoester acrylate, urethane

~acrylate oligoner, 15 epoxy- RDdlfled acryl at e,

pol yet her acryl ate and i tacd acid ol i goner. These

nmpounds_each have at yneri zabl oubl
oG FRBh L ot eatt o5 Rordarethve PR TRt A 2.8 1
nol ecul ar weight thereof .is generalli in the ran%e of
1002PopBOt BT sriskdr aBity LabBEETeHaPLY Y0° dop 1hgarts by
Further, conpounds having a dicycl opentadi ene skel eton
amed ghite pbirk & 0O6apabssubgdwasabthef & anpbesyofesie-
radi ati on polynerizabl e conpounds. The HPSA
conpo¥id iremictibal nbngbl hecahpmuentadiEat iena cumrahing that
conmponent (E) is cured when irradiated with radiation
KRS, iErampRhesdolyivsetulibadbat i-apsr ayushi asl ulleraviolet
ultraviolet or electron beans, etc. Wen ultraviol et

&%@h@%ﬁ%ﬁ bs Qﬁ@gtféntﬁ@%ﬁé““ﬁﬁdé%?dé%’ Solly¥@rization and

pol ymerization and curing tine radiati on dose can

5 redug gn%tggg! Jodl b iator
u?r%ngt he ag%ve corrposﬁ?n %%lezactdn&% Y an
hot o § rlzatlon initiator here

nf 't §PTeRERPP efb85§8%ﬁ%ﬁ058mp8 ?opﬁenone
benzoi n, . benzoi n net hyl her, en20|n E¥3¥H %B 5
6§ﬁ?@¢ﬁyﬁ§é§F88?PelGréﬁﬁéﬁ ab&nz eﬁf?@&ﬁ BERap™
benzoi n benzoate, nethyl benzoin benzoate, benzoin
maﬁgﬂqgryggﬁgh pentaerythrltol triacrylate)

-dipentaerythritol monohydroxypeqtaacrylate,

~dipentaerythritol hexaacrylate, 1,4-butylene glycol

diacrylate, 1, 6é-hexanediocl diacrylate, polyethylene glycol

diacrylate, oligoester acrylate, urethane acrylate oligomer,

“epoxy-modified acrylate, polyether acrylate and itaconic

acid oligomer. These compounds each have at least one
polymerizable double bond in the molecule thereof, and the
weight average:molecuiaX‘weight thereof 1s generally in the
range of 100 td 30,000, preferably'about 300 to 10,000.

Further, compounds having a dicyclopentadiene skeleton
and the like can be used as other examples of the radiation
polymerizable compounds. | |

The HPSA composition containing the above radiation

curable ccmporent (E) is cured when irradiated with
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2,4-di ethyl thioxanthone, a-hydroxycyclohexyl phenyl

ket one, benzyl di phenyl sulfide, tetra nmethylthiuram
gﬁggﬁg%%ide, azobi si sobutyronitrile, benzil

, diacetyl, 15 (3-chl oroanthraqui none and
2,4,6-trinmet hyl benzoyl di phenyl phosphi ne oxi de.
Al t hough the content of radiation curable conmponent
(E) 1is appropriately det er Mi®ned in accordance with
the . characteristjcs of added c onents, .t he .
CERILATGH Cavabl S STRTRGHONE SCE Fadbr b &P abrYS el ude
in an anount of about 1 to 30 parts by weight, stil
pHeFerEbt e s aro elscfarts DeEngei GRC- per 100 parts by

wei ght of the sum of conponents A and B. The flexible
conp@hentulitErviis latcomporetn dapattd asfthe sediptagn rays,

~flexibility even after curing of the epoxy SF-1132 17

cerp arentme(rB)za tdre endstaksngf tamé hendopddisd it tom eddé$e can
or elastonmer. This flexible component (F) is

wefaraniay pseaixiAgald gRBUAbo Oimdri fadloPali St Dytor into
wei ght, still preferably 4 to 30 parts by wei ght and

especialdy pefgrably 4 to 25 5 parts by weight per
100 parts bylﬁiidht of the epoxy resin (B). The

flexihle nen E)_h . . Lti

e B e EPANES, (e foRat oh 55 LT O can oo

especj al | referahly about -30 to 10C, The nol ecul ar .
Ibt}ﬁorbﬁ‘a/’tﬁ I FEF PR o & E ORponent FE?’EPEESPSPSVE%WZOM'

in the,ran%e of about. 10000 to 1000000, especiallg :

[ﬁ%ﬁ%ﬂ%ﬂﬁ@ BeRthegedeepeoln ethyl ether, benzoln 1s propyl

ether, benzoin isobutyl ether, benzoin benzoate, methyl
benzoin benzeoate, benzoin dimethyl ketal,
2,4—diethylthioxanthone,a—hydroxycyclohexylphenyiketone,
benzyldiphenyl sulfide, tetra methylthiuram monosulfide,

azobisisobutyronitrile, benzil, dibenzyl, diacetyl,

- B-chlorcanthraquinone and

2,4,6-trimethylbenzoyldiphenylphosphine oxide.
Although the content of radiation curable component (E)
is appropriately determined in accordance with the
characteristics of added components, the radiation curable
component (E) is preferably used in an amount of about 1 to
30 parte by'weighﬁ, still preferably 5 to 15 parts by weight
per 100 parts by weight of the sum of components A and B.
The flexible component (F) is a component capable of

retaining flexibility even after curing of the epoxy
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600000. However, this does not apply to the flexible
conponent (F) internally crosslinked. The flexible
gﬁﬂgﬁgﬁ¥t (F) refers to a conponent that 15 is .-

b ially not cured by radiation or heating, and
may be a polyner, or a graft conponent of polyner or
bl ock conponent -of polymer. _The flexi bl e conponent
(F) is uniformy dispersed ild  the HPSA | ayer after

curing to thereby .inprove.the_20 ittl eness.af
éﬁ?%ﬁgﬁﬁ§eﬁB§mdaéﬂh&ﬁ@élﬁg§ig?aﬁcgﬁ?gmgﬁgasé%gefﬁgﬁn oF
stress. Further, the flexible conponent_%ﬁg [

grlersdoasry  uRLEorid §X R 59 siBeTSR il X e dt Jf?ﬁﬁee%%% used
resin (B) . Accordingly, the flexible conponent (F)

iis prefaoablyofi b hbcédOpparisldatweidity HrlkblIRIEHPLY

~easily soluble in 18 an organic solvent, such as

toluene parmet byl weibigt kptiomspedsalthe prekebilely 4 to 25
conmponent (F) in mcroparticulate form use is nade

g{arwlbtyi wheghefpr 11 6® $udin bR ebesakl yrOthetepody pmsin
iameter. 5 Wth respect to the flexible conponent (F)
sgipple or easily soluble in an organic solvent, it is
known that depending on the curing process, the

1 ox Bhe EP0PORED chiop IfCTOP I £ 100E SOPALI Ol

fromithe epoxy rTesin and 1s structurally brought

i nt i t As .th 1 oful . :
R TP BB BRA P g AP B L ey

st AP Y GUOHINBRD 501 Tt AFoPERRERD FruBBGPI T OF the

flexible component (F) is preferably in the range of about
10000 to 1000000, especially preferably about 20000 to
600000. However, this does not apply to the flexible
component (F) internally crosslinked.

The flexible component (F) refers to a component that
is substantially not cured,by radiation or heating, and may
be a polymer, or a graft component of polymer or block
component of pclymer.

The flexible compcnent (F) is uniformly dispersed in
the HPSA layer after curing to thereby improve the

brittleness of the cured layer and enhance resistance to any

"external stress. Further, the flexible component (F) is

preferably uniformly dispersed or mixed in the epoxy resin
(B) . Acéordingly, the flexible component (F) is preferably

in microparticulate form, or soluble or easily soluble in
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a urethane rubber, a polyolefin resin, a silicone oil

etc. O these, a saturated polyester resinis

preferred. 15 As the flexible conmponent (F) in
Ehﬁgﬁgrticulate form there can be nentioned acrylic

rubber mcroparticles prepared by emnulsion

pol yneri zati on, a bl ock polyester elastonmer such as

pol yet her pol yester, polyetBf$l ene nicroparticles,

silicone rubber mcroparticles, etc. O 20_these

acr 9?—'9%“%9%‘7%1%« oﬁi’&ht rElfesluane Qrbméc?]k‘yﬂro??é%jt dretone.

el astoner are preferred. Wth respect to the above

f | exifd eheohponiht e Prwoneniy trioparnicupaestienhpte form,

there is one conmmercially available in the formof a

disgpessinadei of gpaepdxyes esi .. 1ALso> pm, SPrdi82aliby 0.1 to

af orenenti oned, use can be nade of a nodified resin ‘

riesuwl WiAgetlki-qm prior nodification of the epoxy resin

(B) and flexible conmponent (F) This nodified resin is

par t iygilardas ko 5 3car18kk 9y nEGLELeanEesEN Yiuble or
rubber-bl end-nodi fied resin. 5 As the above npodified

_F%%%g&?%gépgg%ﬁi%a%nb% R'EogggyeésgL%ﬁZ}s known that

I ed epoxy resins
- modi fied gr CIBN-nodified), uret hane- nodi fi ed
Sesertpgen He SHENEEhER | che ity Pde Rohgefene ()
Exanpl es of rubber-nodi fied epoxy resins include Adeka
PEORESPRSER- BH2S S FFRAE2HARB, P{)‘? d‘iﬂ&%d%?xﬁsﬁ%?”beﬁdﬁéa and

Co., Ltd.) , Adeka Resin EP-4024 (trade nane,
prrogtizedt Bya A HHPT Pagikla 1040, 2 RIMPYY DAEE sHSSieR- As the
EP- 4026 (trade nane, produced by Asah

above flexible component (F) soluble or easily soluble in
an organic solvent, there can be mentioned.a saturated
polyester resin, a liquid NBR, a liguid chloroprene rubber,
a urethane rubber, a polyolefin resin, a silicone oii, etc.
Cf these, a saturated polyester resin is preferred,.

As the flexible component (F) in microparticulate form,
there can be mentioned acrylic fubber microparticles
prepared by emulsion polymerization, a block polyester
elastomer such as polyether polyester, polyethylene
microparticles, siiicone rubber mi-cropa‘rticles, etc. Of
1.l:hese, acrylic rubber micropaxticles and a block polyester
elastomer are preferred,

With respect to the above flexible component (F) in

microparticuiate form, there is one commercially available

in the form of a dispersion in an epoxy resin. Also, as
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Denka Co., Ltd.) andAdeka Resin EPR-20 (trade nane,
produced by Asahi Denka Co., Ltd.) 15 Exanpl es of
]g-@f nodi fi ed epoxy resins include Adeka Resin
%% rade nane, produced by Asahi Denka Co.,
Ltd.), Adeka Resin EPU-73 (trade nane, produced by
Asabhi Denka Co., Ltd.) and Adeka Resin EPU 78-11
(trade nane, produced by Addhi Denka Co., Ltd. ). 20

An el ectri cal conductive qr thernal]| nductive
f%ﬁqr@meweég gof §andig W@g %Bﬁ%ﬁ’é %}%Cﬁéﬁsm reulting
al um num stainless steel, carbon, or filler ,
doiesl BEILAY BPAEBEami o Ofi ERel eRPXEIuAH Hufp) eged flexible
coated with silver, may be added as the filler (Q
faampdrerdur (fse Ghisnpadifigd areeiectsipattoilarly known
conductivity or thermal conductivity after die
kendhnglloMN86diai eoneeiducti yebbekFplendunbdaBied resin.
asbestos, silica, glass, mca, chrom um oxide,

ti t anh 4 ioxige v nddPf Ji@Mat e By paraddedanThes®ntioned
fillers may be added in an anount of 5 about O to 400

RAAiS Y f{ﬁ;?;gexcl ! dqll g%ﬁro <Y 1SS OF ( A d1e o Sph el

conponent ) constituting thé HPSA

£E%§ J¥%t E%EN en&?y(gbureeh ngsﬁ$é{%ﬁ rpoxy

Suc n org fctpol yi Socyanat e conpoun

an organic 10 i m ne.,compound, can be added to the
ﬁrﬁéﬁk%rﬁp&sﬁa%}v% S &S eRs3sk T et on of
initial adhesion strength and cohesive force. As the

or gant¥ampl §F Sc FHRREE-BORADELRE, CPRBY & eimspenclude Adeka

Resin EP-4023 (trade name, produced by Asahi Denka Co., Ltd.),
Adeka Resin EP-4024 (trade name, produced by Asahi Denka Co.,

Ltd.), Adeka Resin EP-4026 (trade name,. produced by Asahi

Denka Co., Ltd.) and Adeka Resin EPR-20 (trade name, produced |
by Asahi Denka Co., Ltd.).

Examples of urethane-modified epoxy resins include
Adeka Resin EPU-6 {trade name, produced by Asahi Denka Co.,
Ltd.}, Adeka Resin EPU-73 (trade name, produced by Asahi
Denka Co., Ltd.) and Adékal Resin EPU-78-11 {.trade name,
produced by Asahi Denka Co., Ltd.).

An electrically conductive or thermally conductive
filler, such as gold, silver, copper, nickel,.aluminum,
stainless steel, carbon, or filler consisting or ceramic,
nickel or aluminum, etc. coated with silver, may be added

as the filler (G) for the purpose of impariing an electrical
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mentioned, for exanple, an aromatic polyisocyanate
conpound, 15 an aliphaticpol yi socyanate conpound, an

alicyclic polyisocyanate conpound and trimers of these

If1 yanat e conpounds. Representative exanpl es of
the organic polyisocyanate conpounds include 2,
4-tolyl ene diisocyanate, 2, 6-tolylene diisocyanate,
1, 3-xyl yl ene diisocyanate, & 1, 4-xylylene
di i socyanat e, di%henylnethane-4,4'-diisocyanate, ,
d:,o‘gﬁﬂém}q%’qya@g_ Fhegmad, i@@%\fé’ty after’ die bonding.
3- et hyl di phenyl met hane dii socyanate, hexanethyl ene
dilissocyamatreondssphgeodd 1disits oopahats, askesigg,28ilica,
di cycl ohexyl net hane-4, 41-dii socyanate,
dilaed olmexod, mehiranen, dtidei, sbiyanate @nidd ysi ree pigment,
i socyanate. Use may al so be nade of urethane - '
I8P Uy BRI d W ThHebSOEYRNAEE hey Nboakd@d aimeth mount of
reacting these 5 polyi 3ocyanate conpounds w th pol yol
GOMRAUAS, ByanpLesstBerRgtsi pekudso parts by mass of the
tri met hyl ol propane-nodified tolylene " diisocyanate and
8 blEKS mpdife, AATRLES Al bhes O 9A0) RN BRg the HPSA
conpounds, ere ‘can be ntionéed, for exanple,

, N, ' -di phenyl net hane- 4, 4' - bi s(I-aziridinecarboxyam de
-2Y4% i net hyl ol propane-tri - p-aziridi nyl propi onat e,
tetrapet hyl ol met hane-tri-p-aziridinyl praopi.gnate and N
N - toF Jdifeobhe s aywopends (Fli ng GBSy &iias) $98R¢, Nucn
triethyl ene .
as an organic polylsocyanate compound or an crganic

| polyimine compound, can be added to the HPSA composition for

thé purpose of regqulation of initial adhesion strength and
cohesive force.: |

As the organic polyisocyanate compound, there can be
mentioned, for5example, an aromatic polyisocyanate compound,
an aliphatic polyisocyanate compound, an alicyclic
polyisocyanate compound and trimers of these polyisocyanate
compounds. Representative examples of the organic

polyisocyanate compounds include 2, 4-tolylene diisocyanate,

- 2,6-tolylene diisocyanate, 1,3=-xylylene diisocyanate,

1, 4-xylylene diisocyanate,
diphenylmethane-4, 4’ -diisocyanate,
diphenylmethane-2,4' —diisocyanate,
3-methyldiphenylmethane diisoccyanate, hexamethylene

diisocyanate, isophorone diisocyanate,
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nmel am ne. These crosslinking agents are preferably
added 15 to the HPSA conposition in an anount of 0 to
%?v\_itoé;z still preferably 0.1 to 1 w.% Furthernore,
I'stati c agent can be added to the above HPSA
conposition. The addition of the antistatic agent
inhibits of static electricity occurring at the tine
20 of expandi ng or pickup, ttiereby enhancing the chip

reliahbility. the anti,stat.i.c n use can be nmde
%Cyéiﬂhﬁg&gwgﬁgﬁnﬁéaéﬁarﬁﬁlﬁﬁ%&%ggﬁ?bnic, cationic,
noni oni ¢ and anphoteric-ign antistatic a9 nts. The
G VgD ane - 2p AL SrdBPy YABAEE £BOt RESHBEA
conposition in an anmount of 0 SF-1132 22 .to 50 wt.. %
sitdddvapredicer abby MY 02 B8P we Wadm e HEGA tRe@ PefeRHgmers
present invention can be obtained by coating a base
vetter iisoayialata HRSAicedpoditeiordcbyposedtiof these
above conponents by common neans, such as a roll-knife
DEoatRIcygadeutengoands, wdice poavel armpewedse Examples

- coater, and thereafter drying thereof. 'Also, the

HRRA e atn afdkh e r iRl /N b liviveRhkoncsafiibe eblaileaed
by coating a rel ease sheet w th the HPSA conposition

-Ihﬁ NS, drYi thereof to thereby forma
%éé’ e%ﬁghgggrg%gféﬁﬁ%%g the HPSA layer 10 to a

?gfee gaé%%ﬁg%féw%f:%%ebgigﬁg§%$$£f§hnﬂﬁ$ ééﬁ?ﬁﬁ%ﬁjgf'there

pol yethy m - a pol ypropylene
film a polybutenefilm a polybutadiene film a
ﬁﬁF&ﬁﬁlﬁ% e ﬁqgne%¥ﬂﬁ;%Winyl '

N,N’—diphenylmethane—4,4’—bis(l—azixidinecarboxyamide),
trimethylolpropane-tri-RB-aziridinylpropionate,
tetrémethylolmethane—tri-B—aziridinylpropionate and
N,N’—toluene—Z,4—bis{1—éziridinecarboxyamido)triethylene
melamine. These crosslinking agents are preferably added
to the HPSA cdmposition in an amount of 0 to 5 wt.%, still
preferably 0.1 to 1 wt.%.

Furthermore, an antistatic agent can be added to the
above HPSA composition. The addition of the antistatic
agent inhibifs of static electricity occurring at the time
of expanding cr pickup, thereby enhancing the chip
reliability. As the antistatic agent, use can be made of,
for example, generally known anionic, cationic, nonionic and
amphoteric-ion antistatic agents. The antistatic agent is

preferably added to the HPSA composition in an amount of 0
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chloride film a vinyl chloride copolynmer film a 15
pol yethyl ene terephthalate film a pol ybutyl ene
terephthalate film a polyurethane film an ethyl ene
vitnyt3Zacetate film an ionomer resin film an

et hyl ene/ (nmeth)acrylic acid copolyner film an.

et hyl ene/ (neth) acrylic ester copolyner film a

pol ystyrene 20 film a polg%arbonate film a
fluorinated filmor the Ijke. The_base yaterlal may

be &0sihgbe Fhyel BFe&AyaBtYtReke ?9I%§ or a Ian1nate

thereof. A material being perneable for enploye

r adi dtticoHPBAyshést cotha REeI4NE BATENRAOET Fal berr?@talned
surface tension of the base material is preferably

B 3332123 a BAseNhaterisbse, tisti HPShrafural iyl @Y conpmsed
or léss and especially preferably 35 nNm or |ess.

Y shavaubecensbben et £ apyf @snantengsofsidie adPSAdlaydnite
of the HPSA sheet according to the present invention

tc%a@:%rédgfé@ﬁge Iherbasegatesdalr & Widdtidie RRewe, and

l'ow surface tension can be obtained by appropriate
ST ReRrL T RF ug SosFrRs ofﬂ%’ﬁé T ACIE AR, of whe
Firre nﬁ&?%“eﬁﬁﬂs%‘ni%{ﬁ% Sl Bl ould Smetersy sheet
E«%hiér?%%as@d%ﬁéé%gﬁaé’%?&tﬁé%ﬁﬁ%%%sﬁlﬁ dgsfﬁ*é’“chereof
| am nat ed papers such as a pol yet hyl ene Ian1nated

papthe arkly folip RORY$ B e vieanr Ad et iFalrs 1 oeh EPEHT R R 66 o

of these base materials is generally in the range of
dlvout bh@e material.

As the base material, use is ﬁade of, fo'r example, .a
polyethylene fiim, a polypropylene film, a polybutene film,
a polybutadiene film, a polymethylpentene film, a polyvinyl
chloride film, a vinyl chloride 'copolyn-Ler £ilm, a
polyethylene terephthalate film, a polybutylene
terephthalate film, a polyurethane £iim, an ethylene vinyl
acetate film, an ionomer resin film, an
ethylene/ (meth)acrylic acid copolymer film, an
ethylene/ {meth)acrylic ester copolymer film, a polystyrene
film, a poliycarbonate film, a fluorinateé fiilm or the like.
.The base material may be a single layer of 'any of these £ilms
or a laminate thereof. A material being permeable for
employed radiation rays is chosen as the base material.

The surface tension of the base material is preferably
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to 300 ~im preferably 20 to 200 pm and especially
preferably 15 50 to 150 ~im According to necessity,

t he HPSA conposition ca n be dissolved or dispersed
SA-4138l vent before coating operation. It is
generally preferred that the thickness of the HPSA

| ayer of the HPSA sheet according to the present
invention 20 be in the rangé of 3 to 100 pm
especially 10 to 60 §n1 Now, the process for roducigg
405l BoRAUAESE  dEFied PRREBFEPHY © @szp?ﬁs pEs an
invention will be described. In the process of _the
eseseht lilpveneifenabilysts mhan HRSA eheet This pokdd sragle
tape nmounting device by neans of a ring franme. SF-1132

24 zneferimajrodisqofate ©FSA lsverconthalBiSA shaet a©|¢@erdlng

on the HPSA - | ayer of the HPSA sheet, and sli ght

Qbeﬁﬁérﬂéﬁarﬁpﬁwv%ﬁttl@ntfk@rdib)adhl@md i zBht e safeterial
Thereafter, when the HPSA | ayer contains a radiation 5

W 3ﬁbkﬁe0%%89%6ﬁbw %H§f58§Atéh§§bnl@aﬁxeesggthgned by

latron rays fromthe base naterial side so as to

ia%é&%%}%%att%esefggfﬁéﬁl%f fRee ok e BESOe) AYafing release

I"ower erence there to the base

| b h fdi
%%régn&lgﬂ Se%ﬁwﬁ %%ngl? c %63%¢S §% f%j gﬁﬁ%ﬁgal
N ey R t o
LG Stups, e depth of e d(clo L2 \p 0ree Wi

HPSA | ayer with any abrasion by dicing saw_taken into
aecsupt paper base material, for example, dglassine paper,

coated papers such as a clay ccated paper and reéin coated
paﬁer, or laminated papers such as a polyethylene laminated
paper and polypropylene laminated paper. The thickness of
these base materials is generally in the range of about 1C
to 300 um, preferably 20 to 200 pm and especlally preferably
50 to 150 um. According to necessity, the HPSA composition
can be dissclved or dispérsed in a solvent before coating
operation.

It is generally preferred that the thickness of the HPSA
layer of the HPSA sheet according to the present invention
be in the range of 3 to 100 um, especially 10 to 60 um.

Now, the process for producing a semiconductor device
according to the present invention will be described. In

the process of the present invention, first, the HPSA sheet

" is fixed on a tape mounting device by means of a ring frame.
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The exposure to radiation rays may be carried out
after dicing, or after the foll ow ng expandi ng step.
According 15 to necessity, the HPSA sheet is

pdid€d. Then, space between I C chips are enlarged
with the result that pickup of IC chips can be
facilitated. In this pickup of IC chips, the diced
HPSA | ayer can be det ached %44n the state. of remai ni ng
fixed on the back side 20 of IC chjps fromthe base
(Rt RPAPT STHeL3¢fu 9 TobtHt higePT} & ﬁFszg &fet%ﬁ% Sy the HPSA
t hrough the HPSA | ayer on a die pad part. The die pad
gaten sfhehecdPphidreato ancheldoht BFSPEUER| pS alplied to
i medi ately after the attachnent. The heating

- tergrestat umendkd ldererthlel wafirert.he range of 80 to 200C,

SF-1132 25 preferably 100 to 180C. The heating tine
i s gengsabiyrén, wihen remgenedn Oldyseccdtbimd g radiation
preferably 0.5 sec to 3 min. Chip nounting pressure

| §,,08N0 Aldnp o e thangesal shekPai st &xd09edPo Fadiation
ﬁ?%er %%e%ﬁ&ﬁﬁf%g of 1C chips on the die pad, further

{1%3}4 ﬂ%g&?”ch%e b%fsfee&xtat%%ﬁ%laﬁﬂdé hid ng akoyt, WA ofe

layer wt e result that the I C chips and

the die art. are ngl y honded t h at. .

w3 e a8 4 R R e o T D hasti g O the
curing, the heating tenperature 10 i.s generally in the
S HiCBENPEeRB0E throber aBAFE0G o S 1BBEIUER LinaTL D
heating tinme is generally in the range of 1 tq.120

i g upggf%ﬁa'@ipglr@eqr@sg@lqﬁ as dicing Saw, the silicon wafer

is diced into IC chips. The depth of the diCing is to agree
with the sum_éf thickness of silicon wafer and thickness of
HPSA layer with any abrasionby dicing saw taken into account.

The exposure to radiation rays may be carried out after
dicing, or after the following expanding step. According
to hecessity, the HPSA sheet is expanded. Then, space
between IC chips are enlarged with the result that pickup
of IC chips can be facilitated.

In this pickup of IC chips, the diced HPSA.layer can
be detached in the state of remaining fixed on the back side
of IC chips from the base material. The thus obtained IC
chips are mounted through the HPSA layer on a die pad part.
The die pad part is heated prior to attachment of IC chips
or immediately after the attachment. The heating

temperature is generally in the range of 80 to 200°C,
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In the thus obtained sem conductor device, the storage
nmodul us of cured HPSA is 1.0x107 Pa or bel ow at 100C
while 15 1.0x105 Pa or above at 160C. In an IR refl ow
6pertaffon, etc., satisfactory package reliability can
be attained. In addition to ..the above nethod of

use, the HPSA sheet of the resent invention can be
used in the bondi ng of sem €dnduct or compounds,

gl ass, ceramics, netals, etc.. 20, | NDUSTRI AL -
REPERCABEY TS Ve 1 b Grec TP PRELPSA Bhedt GSPeFRdLY 1o
present invention, the storage nodul us at _high .
téeperntaret darl seccess uHiyr B e IeERELed \wAi F%C to 3 min.
mai nt ai ni ng hi gh adhesion strength. As a SF--1132 26
cesy ouhhéne paasbereeasi getepebhyickn dmhofrapge of 1 kPa
sem conductor device of high reliability with a

o engt peapabl e of preventing del am nation, etc. at

a substrate-chip or chip-chip bonding interface after

240 t0r 260G HehbawrSnaperat o iphsequRatdie pad, further
application of heat and humdity. EXAMPLE The present .

irhgag{%{ggga oﬂ)% h{%ﬁ?%ﬁé@%’o idd ust ratag BBLAW Miting of the

ow ng Exanpl es, "whi ch however in.

0,00 AT SIREREE Pk 1 RSOl o g i e

AT AT Ao o

conditions for this heating curing, the heating temperature

is generally in the range of 80 to 200°C, preferably 100 to

180°C, .and the heating time is gene:ﬁally in the range of 1
to 120 min, preferably 10 to 90 min.r

| In the thus obtained semiconductor device, the storage

modulus of cured HPSA is 1.0x107 Pa or below at 100°C while
1.0x10°> Pa or above at 160°C. In an IR reflow operation,
etc., satisfactory package reliability can be attained. 1In
addition to the above method of use, the HPSA sheet of the
present invention can be used in the bondil;lg of semiconducter

compounds, glass, ceramics, metals, etc.

INDUSTRIAL APPLICABILITY

With respect to the HPSA sheet of the present invention,
the storage modulus at high temperature can successfully be

lowered while maintaining high adhesion strength. As a
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HPSA: The conpositions are listed in Table 1. HPSA 15
sheets for sem conductor were obtained by coating the
base material with each of the |isted HPSA
&dirgéstti ons and drying the coated material so that

t he coating thickness was 20 um The storage nodul us

~and glass transition tenperature (tenperature at which

tan d was maxim zed) of HPSR6l ayers 20 after thermal
curin% were neasured in the foll owi ng manner. The gas%
resedtal thase coat bE 1R hl 2 Produtie OMPBAS &RI-GFPEYCteT
so that the coating thickness was 200 }gym Then, the
base cenatfehiigh wadipbélétyvoltthwhestaepadhacpppble of
curabl e conponent was contained, the del am nati on was
@alcfviead iyt daflibeinSEidh32e2¢. axpassubstoatadchipoor
rays) Thermal curing of the HPSA |ayers was carried

@k'ltipafchl?ogofn@ﬁnéo iAkBrfWEtharespectio to ebbacnedflow
sanpl es thereof, the storage nodul us and gl ass

t itian_t. r f L dity.
SEAISLELEN ST €10 Tsest ol B eeng i

manufactured by Orientic Corporation) at a frequency
of 11 Hz. The results are |listed in Table 2. Table 1

Har denabl e pressure-sensii] hesi ve conposition (p
S. wt.) BCDEFHTotal A Blé%%é%ﬁ@gd c2

Exanpl €1641400. 70. 810. 5100
inhe present invention will be further illustrated below

with reference to the following Examples, which however in
no way limit the scope of the invention..
| [Preparation of HPSA sheet for semicoﬁdﬁctor] '

Base material: | A polyethylene film (100 pm thickness
and 32 mN/m surface tension} was used.

HPSA: The compositions are listed in Table 1. HPSA
sheets for semiconductor were obtained by coating the base
material with each of the listed HPSA compositions and drying
the coated material so that the coating thickness was 20 ﬁm.

The storage modulus and glass transition temperature
(temperature at which tan & was maximized) of HPSA layers
after thermal curing were measured in the following manner.

The base material was coated with each of the HPSAs and dried

- so that the coating thickness was 200 pm. Then, the base

material was peeled off (when a radiation curable compcnent

was contained, the delamination was carried out after
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1 Exanpl e1436. 536. 52. 50. 50. 50. 59100 2

Exanpl e13. 537370. 70. 70. 6100. 5100 3

Exanpl e12333330. 50. 50. 598. 5100 4
BXaipl€1651300. 70. 810. 5100 5.

Exanpl e1436. 536. 52. 50. 50. 50. 59100 6

conp. 1640410. 70. 810. 5100 Ex.

Conp. 1436. 52. 536. 50. 50. 50. 54100 Ex. 2

Conp. 13. 537370. 70. 70. 6100. 5100 Ex. 3 o

PP SIX333930250 250050828800 Exheynal curing of the HPSA
Conp. 1630510. 70. 810. 5100 Ex. 5
CenmerE436.5522536280080. 80. 56900 £xr @0 roig A) With respect
pressure-sensitive conmponent: copolynmer of 9.00, 000

wel ght- zaviedagempbéeciHeaatea®i gite ahdrag8Crgliabss and glass
transition

transiticn temperature were measured by means of dynamic
viscoelasticity meter (RHEOVIBRCON DDV-II-EP, manufagtured
by Orientic Corporation) at a frequency of 11 Hz. The

results are listed in Table 2.

Table 1
Hardenable pressure-sensitive adhesive composition (pts. wt.)
A B ¢ D E F H Total
B1 B2 | B3 | B4 | B5 | Ccl | c2

fxample 16 41 40 0.710.8| 1 0.5% 100
gxample 14 | 36.5 136.5|2.5 0.510.5|0.5 g 100
Example .
;s 13.51 37 37 0.7 0.7]0.6/20 0.5 100
ﬁxample 12 33 33 3 0.510.5/0.5| 9 100
?xample 6 51 | 30 0.7 0.8 1 0.5| 100
ixample 14 36.5|36.5|2.5 0.5]0.5{0.5 9 100
comp - 16 40 41 lo.7]o0.8| 1 0.5| 100
Bx. 1
comp. 14 36.5|2.5|36.5|0.5]0.5|0.5 9 100
Ex. 2
Comp. - 113 5 37 37 |0.710.7]|0.6]10 0.5| 100
Ex. 3
Comp- 12 33 | 3 33 10.5|06.5|0.5] 9 100
BEx. 4 :
comp - 16 30 51 |0.70.8| 1 ¢.5| 100
ExX. b
;;mpé 14 l36.5|2.5/36.5|0.5|0.5!0.5 9 100

(A) pressure-sensitive component: copolymer of 200,000

weight average molecular weight and -28°C glass transition
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SF-1132 28 tenperature obtained by copol ynerization
of 55 parts by weight of butyl acrylate, 10 parts by
meig$t of methyl nmethacrylate, 20 parts by wei ght of

i nmet hacrylate and 15 parts by wei ght of
2-hydroxyethyl acrylate. 5 (B) epoxy resin: (Bl) epoxy

-resin having bi sphenol skeleton and flexible skeleton

( EXA- 4850- 150 produced by D&ni ppon I nk And

Chem cals, Inc., having an epoxy equi val ent of 450
Jrempesieture gbdsdnerakdi o lvBRpératire aft e ParitagY
of 29C), 10 (B2) epoxy resin having bi sphenol skel eton
zﬂﬁidﬂu»dﬂﬂhﬂtyikebewdnteEXAﬂ4®5®t$000 perodbted fopethyl
Dai ni ppon Ink And Chem cals, Inc., having an epoxy

egtineigtatef, 350pgteq agdweagagt ass ganisiyl arethacrylate
tenperature after curing of 62C), (B3)

gaieral JUROSE, eRAXNE 8% N-hs@irbsvhi-spheaeryAatene 15
epoxy reS|n (havi ng an epoxy equival ent of 800 to 900

4 q ss transition tenperature after curing
0 15%%3,y, i?lgeneral-purpose epoxy resin: solid

T AT AR ORR R RIS s

Inc haV|n 0 20 equi va of .275 t 8
L P ang: EraReces e é&PéPEPPe&nﬁm%%

of 185C3 and (B5) general - purpose epoxy resin

HihsIHlS ATRGpe NEHEXY e SPAXYERTRHA L 828 T éé&cggeafnd

Japan Epoxy Resins Co. Ltd., having an epoxy

e Lg Maad e ritr aofs 11§41t (temx@/tex;@a@dt@r curing of 29°C),

(B2) epoxy resin having bisphenol skeleton and flexible
skeleton (EXA-4850-1000 produced by Dainippon Ink And
Chemicals, Inc., having an epoxy equivalent of 350 g/eq and
a glass transition temperature after curing of 62°CY,
(B3) general-purpose epoxy resin: solid bisphenol A type
epoxy resin (having an epoxy equivalent of 800 to 200 g/eq
and a glass transition temperature after curing of 120°C),
(B4} general-purpose epoxXy resin: solid epoxy resin having
dicyclopentadiene skeleton (EXA-7200HH produced by
Dainippon ink And Chemicals, Inc., having an epoxy
.equivalent of 275 to 280 g/eq and a glass transition
temperature after curing of 185°C), and

(B5) general-purpose epoxy resin: liquid bisphenol A type
epoxy resin {Epicoat 828 produced by Japan Epoxy Resins Co.,

Ltd., having an epoxy equivalent of 184 to 194 g/eg and a
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SF-1132 5 29 glass transition tenperature after
curing of 140C) (O curing agent: (d) Adeka Hardener
3636AS produced by Asahi Denka Co . , Ltd., and (C2)
&drdZd 2PHZ produced by Shi koku Chenical s |
Corporation. (D) silane coupling agent: A-1110

_ produced by Ni ppon Unicar Conpany, Limted. (E)

radi ati on curabl e conponent29conposition conposed of :
100 parts by weight of acr Iat%Rhavin

dlaps éFﬁé‘ﬁtSé&llé’ﬁe CEgrSREtargna S§aFH%iﬁ§8ﬁ?fpllélgagéd

by Ni ppon Kayaku Co. Ltd.) and 3 parts by wei ght of

24, euningeeldginitenzoyl di phenyl phosphi ne oxi de. (F)

fl exi bl e conponent: thernoplastic polyester (VWylon 220
15 1pr Adelks 8 alryleTeyobe3 @S protdeyd (Hhsehod¥nikfag, Ltd.
agent: trinethylol propane-nodified tolylene

‘didgocyanate (Coronate L produced by Ni ppon

Pol yur et hane I ndustry Co., Ltd.). 20 SF-1132 30 Tabl e
2(PM- cEPOXY1 2PHZ produced by Shikoku Chemicals Corporation.

(D) silane coupling agent: A-1110 produced by Nippon Unicar
Company, Limited.

(E) radiation curable component: composition composed'of:
100 parts by weight of acrylate having dicyclopentadiene
skeleton (Kayarad R684 produced by Nippon Kayaku Co. Ltd.)
and

3 parts by weight of
2,4,6-trimethylbenzoyldiphenyliphosphine oxide.

(F) flexible component: thermoplaStic polyester (Vylon 220
produced by Toyobo Co., Lid.).

(d) crosslinking agent: trimethylolpropane—modified
tolylene diisocyanate (Coronate L produced by Nippon

Polyurethane Industry Co., Ltd.).
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" Epoxy resin Elasticity after thermal d ass

equi val entcontent,curing (Pa)transition pts.w. per
of epoxy 100pts.wt. tenp., Tg resin of 100C160C(C)
E§rédy¥éonmponent (A) Exanpl e 16485063. 0 X 1063.2 X
10688 Exanpl e 2638539S. 0 X 1065.1 X 10679 Exanpl e

'+ 36505484. 0 X 1063. 8 X 10682 Exanple 46335757. 0 X

1064. 7 X 10681 Exanple 55388063. 0 X 1063.1 X 10685

Exanpl e 65895396. 0 X 1" 0%]149 % 10687 Conp. Ex.
15155064. 0X1082. 2X10' 141 np. Ex. 25115398. 0 X 1084.

0 X 107123 Conp. Ex. 35205487.0X1064.1X107131 Conp.

Ex. 4509b7hv. efbxX 168exy.r8s6 [1H)AIRE1 Comyer BhernB4Y3456655
0 X 1083| GYEVROFE2Y content, curing_(Pa) Eransition
of epoxy pts. wt. per tempo. , Tg
resin 100 pts. wt. {°C)
{g/eq) of io00°Cc 160°%C -
component:
(A)

Example 1 648 506 3.0X10° 3.2%10° 88
Example 2 638 539 5.0X10° 5.1xX10° | 79
Example 3 650 548 4.0X10° 3.8%X10° 82
Example 4 633 575 7.0%X10°8 4.7%10° 81
Example 5 535 506 3.0X10° 3.1Xx10° 85
Example 6 589 539 6.0X10° 5.4X10° 87
Comp. Ex. 1 515 506 4.0X10°8 2.2%X10’ 141
Comp. Ex. 2 511 ' 539 g.0x10"8 4.0%x10" 123
Comp. Ex. 3 520 548 7.0%X10% 4.1%10’ 131
Comp. Ex. 4 509 575 7.0%10" 5.3%10’ 126
Comp. Ex. 5 434 506 5,0X10° 3.8X10’ ‘1z7
Comp. Ex. 6 511 539 9.0X%X10° 6.9%10’ 122

With respec’t_to the thusg obtained HEPSA sheets, test 1
(peel strength), test 2 (package reliability) and test 3
(estimation of warpage by thermal curing) were carried out
in the manners deécribed later. The results are listed in

Table 3.
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Conp. Ex. 65115399. 0 X 1086. 9 X 107122 Wth respect
to the thus obtai ned HPSA sheets, test 1 5 (pee
strength), test 2 (package reliability) and test 3
(%%ﬁ%ﬁ%ﬁion of war page by thermal curing) were carried
out in the manners described later. The results are
listed in Table 3. 10 SF-1132 31 Table 3 Test | Test
2Test 3 Exanpl e 17.1A5 Exanplle 26. 9A7 Exanpl e 36. 7B9
Exanpl e 47.5A7 Exanple 57. 1A9 Exanpl e 68. 3A7 Conp. Ex.
15.1C32 Conp. Ex. 24.9D41 Conp. Ex. 35.3E29 Canp. EX.
45.5D38 Comp. Ex. 53.9C32 CEEE.BEX. 64. 7D35 A: None of
l'ifting/delamnation and B% gé cracking. B: Sone
degree of lifting was observed, but there was no
packagg cracking.

Test 1 Test 2 Test 3
Example 1 7.1 A ' 5
Example 2 6.9 A 7
Example 3 6.7 B 9
Example 4 7.5 A 7
Example 5 7.1 A 9
Example 6 8.3 A 7
Comp. Ex. 1 5.1 - C 32
Comp. Ex. 2 4.9 D 41
Comp. Ex. 3 5.3 E 29
Comp. Ex. 4 5.5 D 38
Comp. Ex. 5 3.9 C 32
Comp. Ex. 6 4.7 . D 35

A: None of lifting/delamination and package cracking.

B: Some degree of lifting was observed, butAthere was no
package cracking.

C: Partial iifting/delamination or package cracking were
observed.

D: Lifting/delamination or package cracking occurred
across the specimen.

E: Cdmplete delamination was observed.

Test 1 (peel strength) ‘
The HPSA sheet of each of the Examples and Comparative

Examples was stuck to a polished surface (polished with
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C. Partial lifting/delam nation or package cracking
were observed. 10 D: Lifting/delam nation or package-
crackhgg occurred across the specinmen. E Conplete
i-rati on was observed. Test 1 (peel strength) ' 15
The HPSA sheet of each of the Exanples and Conparative
Exanpl es was stuck to a polished surface (polished
with SF-1132 32 abrasive #200) of 350 pamthick
silicon wafer. Thereafter, when _the HPSA | ayer

cnita e #20PAYI o 360 lirEbi @k edrpsrBnrater he Hegeatter,

material side was exposed to ultraviolet light. Then .
tireemaherHRitis ldiyerdanitaoirodd poragii a2 amerraplmmaoipanent,
5 The degree of cut-in at the dicing was such that the
hase bawd efdialrisds sinel sed BxpGap mo Suhvequendttty light.
upward thrust wth a needle fromthe side of HPSA

sheat Mas wadkehl s 04l ced0i @60 téh BehicgV @ 2Pk MpP1 2 Nus Utihze .
a manner that the chlps with the HPSA | ayer were

d@%aﬁ:{r}egggt g o Hhe LA gtf ane af bAse,d0 amterily e pase

Ilcon c I ps were attached through the HPSA

; _
i A e S

ng wWas corduct
60, . _.mn. Thus, sanpl S were o The silicon chi
Hdd PSR FFOFhL §aﬁﬁp§s &aﬁ nﬁ%%egﬁﬁa%é%ﬁﬁ%&F put
a hard 15 horizontal board, and the copper sheet was
PR Red tata AR ey Pé CkIP DD HiHel: &t MANREE &-bTt FGenfiPhPR, With
The adhesi on strength
the HPSA layer were detached from the interface of base

material. The obtained.silicon.chips-were attached through
the HPSA layer ontd a 150 pm thick copper -sheet, and
bonding/curing was conducted'in_a 160°C thermostat for €0
min. Thus, samples were.obtained. The silicon chip side
of each of the samples was bonded and secured to a hard
.horizontal board, and the copper sheet was peeled at an angle
of 90° and at a rate of 50 mm/min. The adhesion strength
exhibited at the peel was measured (N/10 mm width).
Test 2 (package reliability)
(1) Production of semiconductor chip

The HPSA sheet of each of the Examples and Cqmparative
Examples was stuck to a surface polished with abrasive #2000
'df silicon wafer (100 mm diameter and 200 pm thickness) with
the use of tape mounter (Adwill RAD2500, manufactured by

Lintec Corporation), and fixed on a ring frame for wafer
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exhibited at the peel was neasured (N 10 nm wi dth).
Test 2 (package reliability) (1) Production of

sem conductor chip 20 The HPSA sheet of each of the
BfaiHi3és and Conparative Exanples was stuck to a
surface polished with abrasive #2000 of silicon wafer
(100 mm di aneter and 200 pm thickness) with the use

of tape nounter (Adwill RAD3800, manufactured by

Li ntec Corporation), and fixed on a ring franme_ for
WhfcdngsF- Thepeasteni cihgn TherEaia ekavoh e Frltpse

| ayer contained a radiation curable conponent, the

hasd aeber icalr adilde camponexpesttet bagkt mateoliel bight was
with the use of UV irradiation machine (Adw ||

RARAQQL taanuf acd U esk Dy ghitneeh ScHeonper afi Wn)irradiation
Subsequently, dicing into chips of 9 mMmx 9 .nm si ze

- WasHaeld qneRd W Rapbhe ous aagfirdtelrganBeghiAgtec

(AVD- 4000B manufactured by Tokyo Seimtsu Co. Ltd.).
-EQ) o‘}%& %%;;?f Elhsl ué‘ltxt%{}e & S MBS, $hE tB%t ol x 9

& et eri was | C|se by 107 m Subsequently,

d th
R R B%%L"O‘éh%l%'ﬂéu%gfﬁgﬁﬁch

0 as

a_manner that the chips he HPSA, | ayer r
dYEEHOR OFr BRPIRE CERE &P QaeTafWBaé%l%Fa\l. G- Vf‘f%
Production of |C package Substrate for |C package
(esirasae & cot -H#6l 3t el 5198 Was (S8 bR tdiite base material
el ectrolytic copper foil (20 }im, having, as a die

pad parct sesiepyeddi afl.y %@&%mm@kﬁf@dﬁmﬂ@ﬂ@tﬁwfﬁnmlth a

needle from the side of HPSA sheet was carried out so as to
achieve pickup in such a manner that the chips with the HPSA
layer were detached from the interface of base material.
{2) Production of iC prackage

Substrate for IC package (laminate of peclyimide film.
(50.pm) and electroiyfic copper foil (20 um), having, as a
die pad part, séquentially patternized gold plating and
palladium plating superimposed on the copper foil and
further a solder resist of 25 pm height) was provided. The
above semiconductor chips were attached through the HPSA
layer sheet onto the die pad part of the substﬁate fer IC
package under pressure at conditions of 120°C/50 MPa/1l sec,
thereby carrying out chip mounting. Thereafter, thermal
curing was conducted under conditions of 160°C/60 min.

Further, high pressure sealing was effected_by molding the
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ul trasonic

“pal | adi um pl ati ng supéri nposed oh the copper foil and

further a solder resist of 25 dun hei ght) was

-provided. The above sem conductor chips were attached

tHrddgH t he HPSA 20 | ayer sheet onto the die pad part

of the substrate for IC package under pressure at
condi tions of 120C/50 MPa/1l sec, thereby carrying out
chi p mounting. Thereafter, thermal  curi ng was

conduct ed under conditions of 160C/ 60 mn.  Fuyrther, .
KNG ek sreleseh PRy thas e éfiftde v 13 HbF 8P Hiy 1te @ g1ven
SF-1132 34 chip nount side of substrate with a,
reindilegnedsion jamdo cargngefhec sapilguiacesncandiElppagot
the resin under conditions of 175 C/6 hr.

S equeehtd.y, Sabseddert bal la was dart oed lowasheéitted on the
unseal ed side of substrate, thereby conpleting a BGA

(Balda1ed isd Al baydubapead package: codplEsthonsimeh ofBall
package reliability Each of the obtained |IC packages

was Rl19ued ttQst apd paskialyk .at 85" Cin 60% RH for 168
hr so as to absSorb noi sture. Thereafter, the

QGG ERNGE Al I E%%gglea@eﬁﬂtahoqui%éf 10 bonded part

occurrence o e cracking upon IR ref |ow
conducted twi.ce with. a 'rrum%e eratur f 2 QEIOC
wer eué:%@ée ge%%%&ﬁé@?&?#?oﬁai: ?%Shwgss%]g%"feﬁg R and
of law detector %gd by cross-sectian  <fure
Sty 8t 67" C a5 £03 KRSImALFORT 0F0 Vi pAgE BYF T MEHAfITe -
curing) 15 The HPSA sheet of each of the Exanples and

tiare theansiced IRas es tifc K itfd 19706 Lamieatdonnmt
polyimde f il m(Kapton
bonded part and occurrence of package cracking upon IR reflow
conducted twice with a maximum temperature of 260°C were
assessed by cbservation through a scanning type ultrasonic
flaw detector and by cross-section observation.
Test 3 (estimation of warpage by thermal curing)

The HPSA sheet of each of the Examples and Comparative
Examples was stuck to a 100 mm x 100 mm polyimide film {(Kapton
300H, produced.by Ube Industries, Ltd.}. Thereafter, when
the HPSA layer contained a radiation curable component, the
base material side was exposed to ultraviolet light with the
use of UV irradiation machine (Adwill RAD2000, manufactured
by Lintec Corporation). The base material was detached, and
thermal curing was conducted under conditions of 160°C/60

min. The polyimide film with cured HPSA layer was allowed

to stand still until cooling to room temperature, and with



300H, producedLby Ube Industries, Ltd.) . Thereafter,
when the HPSA | ayer contained a radiation curable
conponent, the base material side was exposed to

AR T D! et light with the 20 use of UV irradiation
machi ne (Adwi | | RAD2000, manufactu red by Lintec
Corporation) . The base material was detached, and
thermal curing was conduct ed3iunder conditions of
1600C/ 60 min. The polyimde filmwth cured HPSA | ayer
e abd lowed. deo fStlangustfialde witdd deowl iWeg Pdacgdmen a
tenperature, and with SF-1132 35 the polyimde film
swiiacmisildpldown Vs phapedcoma askesszdritahepsaméng the
The war page was assessed by neasuring the height
(HeYidrit MMoniaf: Wit I0F9 1RABENY 4 I irmdendsim3endat is
clainmed 1s: 1. A hardenabl e pressure- sensitive -
adhesi ve sheet for sem conductor, conprising a base
mat eri al and, superi nposed thereon a hardenabl e
pressure- sensitive adhesive |ayer 5 conprising a
pressure-sensitive conponent (A) and an epoxy resin
(B) , wherein the hardenabl e pressure- sensitive
adhesive layer after thermal curing has. a storage
nmodul us of 1.0X10 7 Pa or below at 1 000OC and 1.0x105
Pa or above at 1600C. 10 2. The hardenabl e
pressure-sensitive adhesive sheet as cl ainmed in claim
1, wherein the hardenabl e :

™~
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pressure-sensitive adhesive |layer contains a radiation
curabl e conponent. 15 3. A process for producing a

‘'sem conductor device, conprising the steps of:

stHtki3¥g a semi conductor wafer to the hardenable pres
sure- s ens itive adhesive |ayer of the hardenabl e i

20 pre s sure- sensitive adhesive sheet of claim
[1:0r2,, dicing the sem condifictor wafer into |IC chips,
detaching the IC chips with the hardenabl e pressure-
don tiveladhedi v6:1 ayer fromthe base material,
attaching the IC chips on a lead frame with the

SF- 1182 37hahdedeinbdler ¢ esser eerseinsivel vdhadhesi veeet for
| ayer interposed therebetween, and heating so that

then ihadrderablke @5Rssus en§enshbb e tcadhashng, | yeirimposed

exerts an adhesive strength to thereby 5 acconplish

hapding, of, %@?d‘ega%h'eoirte%éﬂ%Js%%@1%&@@9ad‘ﬂlesﬁve layer

process "for prod UC|ng a sem conductor device,

C@q@@ﬂ &l '}}%Bhﬁ Een%‘c%é ”&nﬁ:o%%’ﬂtco(%i“%&r an epoxy

réssure-sensit
adheS|v r of th rde abI pressur.e-sensi
Eﬁrsfm Bt s PR LS SRR e
mafer |nto I C chi Wi th
adhesive layer af er thermal curing has a storage modulus

of 1.0x10" Pa or below at 100°C and 1.0x10° Pa or above at

160°C.

2. The hardenable pressure-sensitive adhesive sheet as
clalmed in claim 1, wherein the hardenable

pressure-sensitive adhesive layer contains a radiation

curable component.

3. A process for producing a semiconductor device,
comprising the steps of:

sticking a semiconductor wafer to the hardenable
pressure-sensitive adhesive layer of the hardenable
pressure-sensitive adhesive sheet of claim lbfZ{

dicing the semiconductor wafer into IC .chips,

detaching the IC chips-with'the hardenable

pressure~sensitive adhesive layer from the base material,

attaching the IC chips on a lead frame with the



irradiating the hardenabl e pressure-sensitive adhesive
| ayer either prior to the dicing or after the dicing
sSQ 33 5 to cure the hardenabl e pressure-sensitive
atiedisve | ayer, detaching the IC chips with the

har denabl e pressure-sensitive adhesive |ayer fromthe
base material, attaching the IC chips on a |lead frane
with the hardenable pressurd-sensitive adhesive |ayer
i nter posed 20 t herebetween, and heating_so that the
Hardenable pressuré-sensitive aﬁEﬁééV@elﬁﬁ?érl@%@FPgsed
an adhesive strength to thereby acconplish bondi ng of
there@etheps t 6dhe | ead frane. 25

heating so-that the hardenable pressure-sensitive
adhesive layer exerts an adhesive strength to thereby

accomplish bonding of the IC chips to the lead frame.

4. A process for producing a semiconductor device,
7 comprising. the steps of:

sficking a semiconductor wafer to the hardenable
pressure-sensitive adhesive layer of the hardenable
pressure-sensitive adhesive sheet of cliaim 2,

dicing the semicénductor wafer into IC chips, with
irradiating the hardenable pressure-sensitive adhesive
layer esither prior o the dicing or after the dicing so as
to cure the hardenable pressure-sensitive adhesive layer,

detaching the IC chips with the hardenable
pressure-sensitive adhesive layer from the base material,

attaching the IC chips on a lead ffame with the
hardenable pressure-sensitive adhesive layer interposed
therebetween, and

heating so that the hardenable pressure-sensitive
adhesive layer exerts an adhesive strength to thereby

accomplish bonding of the IC chips to the lead frame.



