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

ADHESI VE SHEET FOR SEM CONDUCTOR AND PROCESS FOR
RRCOUGING SEM CONDUCTOR DEVICE 5 FIELD OF THE

| NVENTI ON- The present invention relates to a novel

har denabl e pressure-sensitive adhesive (hereinafter
"HPSA", and "pressure-sensitive adhesive" is called
"PSA") sheet for sem conductor and process for
produci ng a sem conductor T@Ttdevi ce. Mre

particularly, the present invention relates to a HPSA

HARE N IIFR R SEORFL SN Y R ?%%ﬁ?ﬁ*% }gng PR eof

silicon wafer, etc. and effect

f a t

A oty SRR, WA APLIREN] Hopucren
HRSA sheet. 15 BACKGRCUND OF THE | NVENTION A

sem conductor wafer of silicon, galliumarsenide, etc.

is produced in large dianeter. The wafer is
Legnent oty "y bl U e, TGN cup separ ati on
(dicing) into smal | 20 el ement pi eces (1 C chips) and

mountiify RAGSSEST invempaien cigkates tsem cordett bardaefiable
in the state of being stuck to a PSA sheet is
pegaenrieabkysstibyectdietsd vehg hetrepradt e rd™GEER”, and
washi ng, drying, expanding and pick-up and ,
"pressure-sensitive adhesive” is called “PSA”) sheet for
semiconductor and process for producing a semiconductor
device. More particularly, the present invention relates
to 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.

BACKGROUND OF THE INVENTION

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 therecof. In
particular, a semiconductor wafer in the state of being stuck
to a PSA sheet is sequentially subjetted 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
dF-wai2r fixing function and di e bonding function

have been proposed in order to sinplify the procedure
fromthe pickup. step through the bondi ng step anong
these steps. See, for 5 example, Japanese Patent

Lai d-open Publication No. 9(1997)-100450. In this

ref ergaeeoub hEPEAI shdkesel @sedsami BhAuThe’t ey $oth of
a base material and, superinposed thereon, a HPSA

Ly CONPI P fith @ CONPLSH A0 KON Eh &I BEncRibA0haYEOBeen
curabl e pressure-sensitive conponent and a 10

t N es) : . .S, .

e e S RS e
f icing. .. W hi i ck- [ f d aft

CRER SRBMTb 5t DPEERY, SEPRe iRk FAGRF T LRt actiey or

fromthe base material together wth the chips. Wen

AR ohi PR Tt it by2 tfeopsPu bicalepn aie-

nounted on a substrate and heated, the thernosetting

A Ve I8 dhentl rofthilve reESAchsper té)xana sis ghlsclosed a
adhesi ve strength to thereby conplete the bondi ng of
tHRSA |dheati pompox i dieng b Sta st ena Tén sa HPSAd sheepef tmposed
sem conduct or nmay al so be used for 20 the nutua
torediengh ,0fa HEsehilpse Webhpréspact at ecibesdkave BBBAaining

sheet, when a general -purpose epoxy resin is used as
the-dermmsetdifble pressure-sensitive component and a
thermosetting adhesive component. This HPSA layer exerts
‘the function of fixing a wafer at the step of wafer dicing.
When chip pick—up is performed after the completion of dicing,
the HPSA layer 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 HPSA 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.
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adhesi ve conponent, the adherence thereof is high so
that the application to a wide variety of uses is
@oitilsihg. SF-1132 3 However, in the IR ref |ow
operation, etc. of reliability test, the occurrence

of war page of substrate and chips and del am nation

bet ween substrate and chips ks tended to increase in
accordance with a decrease of the thickness of 5.
Sidwesr chhpshe TRerflUSECopErb R Snpr bt eWivwesl thibel fy test,
difference in thermal expansion coefficient between
SHd R Gdscanss Fariace d@t%béi:r&{eégaﬂdﬁccﬂ%@réﬁ&
such as a polyimde) of ~“substrate on which the

j dqi X ri of
R b
silicon wafer is in the range of 3 to 5 -6/ C. ile
SR S amarcnstmraet FEYS fecterdp af dhe chickiess or
Consequent |y, under heat cycle conditions, the HPSA
1S4ydicOT) ittetRydsed between the silicon chips and the
substrate 15 suffers a stress attributed to the
di f f eFlemceatfet pér phls prphhenonovdef biecipedti ffenence in
particul ar, when the storage nodulus of the HPSA
[taneeTnalls drvimgn s han pagest iofi drite Isetbsd sat €1 1 atsh cdhiiiss and
and del am nati on between the substrate and chi ps have

beerdurppaned:i 20 (Dhgaefierfatehene k6ch sdempdilonitbe or
devel opment of a HPSA [ayer that while retaining the

R tadher &NC i cieRARY silicon chips are mounted. In a
comparison of thermal expansion coefficient, the
coefficient of silicon wafer is in the range of 3 to 5 x107¢/°C
while that of common polyimide is 3 to 5 x107°/°C.
Consequently, under heat cycle conditions, the HPSA layver

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 delamination between the substrate and chips
have been happened.

Therefore, there is a demand for the development of a
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.



resin after thermal curing, exhibits | ow storage
ngggh#§2at hi gh tenperatures and enabl es reducti on of
the Stréss between the substrate and chips. SF-1132 4
SUMVARY OF THE | NVENTI ON For neeting the above demand,
the invention provides a solution including the
follow ng subject matter. In éne aspect, there is
provi ded: [1] A HPSA sheet for seni conductor,
conprising a base material and, superinposed thereon,
a HPSA | ayer conprising an acrylic pressure-sensitive
conponent (A) and§§¥ﬂé#%qpﬂ i PEYERBI®Mg such .
characteristic that a cured product thereof has gl ass
t r ansifdromeeiiger dihg eilofvd OdEnandpetbe, inteneiont pbeovides
HPSA | ayer after thermal curing has a storage nodul us
at $¢ltirioh in@lxdifg Rae doliedwim@tsiliNG anghdedr X
105 Pa or above at 160C. In one enbodirhent, there is
PlPhEaShediZinel®s pRSRaheet as described in [1],

wherein the HPSA Tayer contains a radiation curable
CAPA B | BndhN S ARPRELRAUUAET CoRTrfishld®d ke Imtefial and,
process for producing a sem conductor device, S
conprj sing .the steps .. Sticking a.sem condyctor -
St Mg, o HSAadecoTpRiiE Ao BOUS (Pipssure-sensitive
or[2], dicing the sem conductor wafer into |IC chips,
dearaponery (A @ndcar iepesy wesin @) davipgasucty sharactaiisticéhat a cured
base

product thereof has glass transition femperature of 100°C or below, wherein the

HPSA layer after thermal curing has a storage modulus at 11 Hz of 1.0 x 107 Pa
or below at 100°C and 1.0 x 10° Pa or above at 160°C.

Inone embodirhent, there is provided:

[2} The HPSA sheet as described in [1], wherein the HPSA
layer contains a radiation curable component.

In other aspecits, there are provided:

[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] or[2],

dicing the semiconductor wafer into IC chips,

detaching the IC chips with the HPSA layer from the base
matérial, | .

attaching the IC chips on a lead frame with the HPSA

layer interposed therebetween, and



material, attaching the 1C chips on a lead franme with
the HPSA |ayer interposed therebetween, and 4a
heati ng so that the HPSA Iaygr exerts an adhesive
strength to thereby acconpli§R bonding of the IC chips
to the lead frame. SF-1132 5 [4] A process for
produci ng a sem conductor device, conprising the

steps of: sticking a sem conductor wafer to the HPSA

| ayer of the HPSA sheet of [2], 5 dicing the

sem conductor wafer into IC chips, wth irradiating
the HPSA | ayer either prior to the dicing or after .
the dicing so as to cure the HPSA | ayer, detaching the
| C chi*patwigh sehé&habShiheafdis A davahetasts amtadhasive
10 attaching the 1C chips on a lead frame with the
RNty ero | ther g ed-ddigs Ebeh ieend iagdo heghé NYcSéhips to
that the HPSA | ayer exerts an adhesive strength to
tiher dlyadicEesme | sh bonding of the 1C chips to the

| ead frame. 15 EFFECT OF THE 1 NVENTI ON
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By virtue of the present invention, there is provided
a HPSA sheet for semi conductor excellent in
veFshtBRity and adherence, by which a seni conduct or
device of high 20 reliability free fromthe warpage
and del am nation of substrate and chi ps even exposed
under heat cycle conditions gan be produced. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON SF-1132 6 The HPSA sheet
of 41 ha presest ifovepkbancdnd thesguriegesticfdr device,
produci ng a sem conductor device with the use of the

HESfprsbery whé | sbepgleseribed in detail below The
HPSA sheet for sem conductor according to the 5

pr eseettlcﬁaﬁgt%ave ?%ngy&c?ﬁgga@ﬁ Lgual '}@épfaq¥e9rof the

exanpl e ormof a tape or [ab

S[ eet f0£ ﬁfﬁjconductor according to the present
|nvent|on conpr s a base material and, superinposed
t hereqgn, .a HPSA | ayer, the HPSA | ayer. 10 conprising a
press L&18an5PEi TENL BRRERERCT( MA &R i@t o déx FhiRsyi with

B) . According to necessity, the HPSA | ayer may
cwqi%%thng kepHRIA Laver vl et aréar tuEhagliagers or after
(©, a coupling agent (D), a radiation curable
compohibning B9 #s fd exibi ethenBBARNLayEr, a filler (O
and/ or other conponents 15 (H). The HPSA sheet for
sem cdetachangadoondi cigipe wiieh 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 versatility 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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present invention is characterized in that the storage
nmodul us of the HPSA | ayer after thermal curing falls
VR4 182 a specified range. 20 In particular, the
storage nodul us at 100C of the HPSA |ayer after
thermal curing is 1.0x107 Pa or below, preferably in
the range of 1.0x106 to 1.0xX¥0' Pa. \Wen the storage
nodul us at 100C is larger than 1.0x10" Pa, in the IR

ref | onhe oppezatheRt €fCthe i@ RSt HabALABE SHERSH AR ocess
likely to suffer SF-1132 war page and del am nati on.

Tf@r g&eaaeeng%dglema cehdaeg&g&ewe HR$A lcﬁws@%tfeéhe HPSA

hermal curing I's or above, preferably

tgheuelrtaq& 1 %@0% Xc]r%% ecgs 107 V\hen t he stor age

us ‘a voi ds are
i kel in t HPSA Ia er and there is the
dange¥h%?H€%§ k%@%eEr§%£| ﬁamftﬁoneﬁetpa PEFPERLAAd b6t e
steps. Wth respect to the glass transition
t@%‘?p‘@% UPEST YYD G PRYCHPSA doafdguatatdion padnfr example,
curing, the upper limt value 10 is preferably 120C
srarbdlacie, tdrei [forpy effercaliiap@0fx okddsd ow, while the
lower limt value is preferably 40C or higher.

Var i olise cépsentlienal fPSAsenabohauused ascbbaing to the
pressure-sensitive conponent (A) w thout particul ar

Idrddeatt Ahvehit ildhe Rmgieed NV O dOmhattef £1 ragyuse is
made 15 of an acrylic PSA, a rubber-based PSA and a
RAIPESSERIcRS@ereon, 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 to 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 likely to suffer
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PSA. O these, an acrylic PSA is especially preferred.
As the acrylic PSA, there can be nentioned, for
eolze, a (nmeth) acrylic ester copol yner conposed of
structural units derived froma (neth)acrylic ester
nmononer and a 20 (neth) acrylic acid derivative. As
the (neth) acrylic ester noRonmer, use can be nmade of
any of a cycloal kyl (nmeth) acrylate, benzyl
WERiJRRC I atR 1Rt it iyl (meth)acryl ate wherein
the alkyl has 1 to 18 carbon atons. O these,
espe%@é'%o%&é %%8Q1H§ea‘cslgﬁd@ B %ﬁeahﬁh ﬁﬁgﬂé@after
acryl ate erein the SF-1132 8 alkyl has 1 to 1

ST 0 R e SRR o Y o no
2P B A TSRy A UL S5T L e o

derivative, 5 there.can be nentioned, for exanple, |
(rfethsge e 1ladid,0” Rydr BRyeehgre( Aekrlacityl geeur in the
glycidyl (meth) acrylate or the 1like. Wen glycidyl

Hs layeyl and ithersed saghehdanBer( mét bpakeygki crackdng in
derivative, the resultant ester 10 copol yner has an
eftfan®ed efdnpatart ldtthemidtredse | ater descri bed epoxy
resin and after curing, has high Tg so as to realize

enhangegh headpd @sitsd aee g1kl eduelslien odf tamperature (Tg)
hydr oxyl at ed nonomer, such as hydroxyet hyl acryl ate,

WRULHe HPSA layer after thermal curing, the upper limit value

_ispreferably 120°C or below, still preferably 90°C or below,

‘while the lower limit value is preferably 40°C or higher.
Various conventional PSAs can be used as the
pressure-sensitive component (A) without particular
iimitation. 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 fromla (meth)acrylic ester monomer and a
(meth)acrylic acid derivative. As the {(meth)acrylic ester
monomer, use can be made of anyof a cycloalkyl (meth)acrylate,
benzyl (meth)acrylate and an alkyl (meth)acrylate wherein
the alkyl has 1 to 18 carbon atoms. Qf these, especially

preferred use is made of an alkyl {(meth)acrylate wherein the.
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facilitate controlling of adherence to adherends and
15 tacki ness properties. The wei ght average nol ecul ar
wa-ghit3of the (nmeth)acrylic ester copolymer for use
in the acrylic pressure sensitive adhesive is
preferably 100,000 or nore, especially preferably in
the range of 150,000 to 1,00& 000. 20 The
(meth)acrylic ester copolynmer has generally a gl ass

talansl tHon 1 erperataonf 2A0609f bekhvwesphetryabhyrihate,
the range of -70 to OC or so, and exhibits tackiness

e tilPMpdaimerdave (4391 JLeyEReXY %‘@%ﬂri‘ iﬁ@@:hﬁé@y%ate,

mar ked i nfluence on the storage SF-113 nodul us ©

S. ft er ' Ac g'n % ﬁ e
R T TR T i P et A e B
t qrage nodulus qf th WFSA Qg r.after, ther,mpl, curin
S Rt R T RE abobE TEngEe G TREN AHE S5eRyative:
resin (B) is not particularly limted, use can be ,
e ofca die dieitpldieh HBnhEegkher Areplut peselic acid,
epoxy resin and epoxy resin having a bispheno
skislnsraretdnid (methéribyiaskel @t vpi dThd mesbk pcradiate or the
havi ng a bi sphenol skeleton and a flexi ble skel eton
ilsikef.or exanple, as follows: 10 CH3 CH3 _(D_

When glycidyl {(meth)acrylate is used as the
{meth)acrylic aclid derivative, the 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 resistance. Introduction of a
hydroxylated monomer, such as hydroxyethyl acrylate, would
facilitate controlling of adherence to adherends and
tackiness properties.

The weight 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°C).

The epoxy resin (B) has marked influence on the storage
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OOTO XxRXO0OCH3CHB n CH30~0-R X X R OO0
CH3 n' 15 In the above formul ae, although the bondi ng
Fpups3X and X are not particularly limted, there
can be nmentioned, for exanple, an ether bond (0), an
ester bond (COO, OCO) and the Iike. An ether bond of
relatively low polarity is pmeferred. Rand R are
not limted as long as they are 20 fl exi bl e bondi ng

GQUPEUS WEht Bs HElsphayee (graupshebanl @xaimy e, Adwerelingly,

can be mentioned, having or not having a side SF-1132

%y s Al koﬂ)efles a‘iﬁiﬂ@iﬂ%{te?ﬂaﬂﬁl%ted so that the
polybuta I ene skel eton, polyisoprene skeleton, etc. n

f
par?l C ?E“%F%ei%[@h‘gf e%%g;%%rség.i n§%£oaét%r E'ﬁ%?tﬁa {:ﬁflﬁxg falls
skel.ef on and a flexible skeleton may be referred to

d%ltq}%xF%ﬁea%$%§yr?%%?n The epoxy equi val ent of

flexible epoxy resin is referably in the range
100 %&ét@eeehngeﬁqep%mweﬁ%f & abt ylotzxe%r%c%@rlgré&mted

| Wth respect to the product of curing of 10 the

fusxidsire bepoage ralsi Fox kagbdss ariabeid iadh Jeanrerdatyreose
(Tg) is preferably 100C or below, still preferably 80C
OFpoxy resin and epoxy resin having a bisphenol skeleton and

a flexible skeleton. The epoxy resin having a bisphenol

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

__ CHy CHs
o - F O O-F O
3 3 n

In the above formulae, although the bonding groups X
and X’ are not particularly limited, there can be mentioned,
for example, an ether bond (0}, an ester bond (COC, 0CO) 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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bel ow. When this flexible epoxy resin is used as the
epoxy resin (B), after thermal curing, not only the
glFagg 3ransition 15 tenperature of HPSA | ayer but

al so the storage nodul us of HPSA | ayer tends to
lower. As this flexible epoxy resin, there can be
mentioned, for exanple, EXA#850-150 and

EXA- 4850- 1000 produced by Daini ppon I nk And

chedinGalas, almeletrg RenacahdeX-s3&0 atsh, 260 BRANHAI ene
produced by Nagase Chentex Corporation. As the

3§R92nDULBOSE sBRPE ef §REMeLXSde ¥t N & Mg dﬂ tbBch a
epoxy resin, it is generally preferred to enploy

glrglgﬁgroofaqwto 3QQ to 2000 nol ecul ar ‘wei ght. In

Cular there can be nentloned a liquid epoxy

'reS|gﬂ%n t he_.or di nar st at e havi

o eCHFEE R G R SBEr R bR 3600, EBF crRP AR JoSa0n ?ging a
800, a solid epoxy resin in the ordinary state havin

RissheagraPGAPGRR BRA/DT SR BED SKAETEIRBIAY BEOrPASrTed

2000, and a blend thereof. The epoxy equival ent of

e s 5 fgerabdle pgposaesioXy resins is generally in

the range of 50 to 5000 g/eq. Exanples of these epoxy

r esi rMehé nepparde eqghicaiyht et fief sewfbpheapbsysuebhinsis

bi sphenol A, bisphenol F, resorcinol, phenyl novol ak
PG fresaly Novdlakangpaxy 1006eSd 19000 i Nidtg 1 preferably

di cycl opent adi ene skel eton; glycidyl 10 ethers of
eIPRxYkhe §2LES Swcth asdPUhalds 86 droduct of curing 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
(B), after thermal curing, not only the glass transition
t.emperature of HPSA layer but also the storage modulus of
HPSA laver tends to lower.

Ag this flexible epoxy resin, there can be mentioned,
for example, EXA—4850—1_50 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 molecular weight. In particular,

there can be mentioned a liquid epoxy resin in the ordinary
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'isophthalic acid and tetrahydrophthalic acid; glycidyl

type or alkylglycidyl type epoxy resins obtained by
swbstituti ng an active hydrogen bonded to nitrogen
atomof aniline isocyanurate, etc. with a glycidyl
group; and epoxy resins 15 having an epoxy group

i ntroduced therein through, fior exanple, oxidation of
an intranol ecul ar carbon to carbon double bond, known

a%adl ;_a!aivwgl b nCPOXi ey WiCth 8o WOW't%beOb‘?Xlﬁf\éferably
di epoxi de, 4- epoxycycl ohexyl met hyl

8?396QMﬁi° eé@f?&@g&%éyk%%ﬁnﬁﬂg. Re ordlnasy state having

4- epoxy) cyc 5,5-spiro(3, 4-epoxy)cycl ohexan

& nfT 036800 Pl NP e Prel gl U3% IS JAYE a8 B0 2000,

ype epoxy T€s r esol

novol a pe OXY I esi henol ol ak ty epoxy
RB6 A Shaan EERRp T eorhenduphy SauiTasers o' ?

di cycl opent adi ene skel eton. These general - pur pose

GFHRY LAY OG8N cPeXlsEESAREnéS deneralégnbhniheonange of
Al so, use can be nade of a nodified resin resulting
BOoMEM5AI00i gaticon Enamplescefothele Bpgeyerakiper posd ude
epoxy resin together with the flexible conponent (F)
dasehiidhadeltakes. oThpsenotif sedhr asi bisphepal t Acubhsblencl
called an alloy nodified resin or rubber blend

modirkised a1, pHReR1epeXY 18sidisd Hrd N MRAWIS epoxy
wei ght and | ow epoxy
resins containing a dicyclopentadiene skeleton; glycidyl
ethers of carboxylic acids such as phthalic acid,
isophthalic acid and tetrahydrophthalic acid; glycidyl type
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 carbeon to carbon
double bond, known as an alicyclic epoxide, such as
vinylcyclohexane diepoxide, 3,4-epoxycyclohexylmethyl
3,4—dicyclohexanecarboxylate and
2~ (3,4-epoxy)cyclohexyl-5, 5-spiro (3, 4-epoxy) cyclochexane-
m-dioxane.

0Of 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 equi val ent are used, the storage nodul us of HPSA
| ayer after thermal curing tends to increase. The

EpPrgEd ate epoxy resin (B) can be obtai ned by m xing

the flexible epoxy resin wth the general - purpose
epoxy resin so that the average epoxy equival ent
thereof falls preferably withgn the range 15 of 200 to
800 g/eq, still preferably 300 to 800 g/eq and

RS Re 1 eh i Efeafcalne ROLA 0 700 g/ eq. Wen the
average epoxy equivalent is below 200 g/eq, the

shri
causﬁﬁgdeiéee%%%%‘?ﬁ% TSt gﬁ%ﬂ%%%fﬁé‘s%ﬁﬁ%%ﬁe alone,
and mh aver uji v exc
Gogn SR e ok M B e P R T
so as to fail to rea |ze sati sfactor bondln
DY e S G IPutl 2PERYCF e3F nHihose
epoxy equivalent 'is 500 g/eq or below is preferably
igENeHE Ay te dnmdl S in 3bogsther whih eplaryfiexihple
(B) , 20 to 90 wt.% still preferably 30 to 80 w.%
angdrespeti al By dasefretad] ylaAet o 7hig WodMfierd tdwin is
content is less than 20 w. % enbeddi ng performance at
e tiandiangl i @agdUbgt fAatLl Iy shel ideiel resahesr rmbher blend
epoxy resin (B) is preferably used in an anmount of 50

508G pardsiby weight, still preferably 100 to 1000
parts by weight and especially preferably 200 to 800

par t syh¥n ncg{g reR§hs109 P&G%l@’cdﬁrgtb%lghtt D84 1ow epoxy

pressure-s I ve conponent

gg.'i. %g resin

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
epoxy equivalent thereof falls preferably within the range
of 200 to 800 g/eq, still preferably 300 to 800 g/eqg and
especially preférably 500 to 700 g/eq. When the average
epoxy equivalent is below 200 g/eq, the shrinkage at thermal
curing may increase so as to cause a decrease of adhesive
strength. On the other hand, when the average epoxy
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 1iquid epoxy resin whose epoxy equivalent

is 500 g/eq or below is preferably in the range of, based
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(A). Wen the amount is | ess than 50 parts by weight,

10 satisfactory adhesive strength may be unattai nabl e.
@f+41He32 ot her hand, when the anpbunt exceeds 1500 parts

by weight, it would be probable that cured product
becones brittle to thereby cause adhesive strength to

be unsatisfactory or cause agtachnent perfornmance-to

be poor. 15 The thernmally activated | atent curing

agenthe( €poky BesCHr (BY, agento Wd isugh sehanagiresieatddsy 30
that it does not react wth epoxy resins at room

LRI AkuBe BHY &@ﬁ@cm@&ﬁdpk@fgkmn A@"RETAd Wi, PI'  When
hi gher,.is activated to thereby reac¥ with epoxy

r.8Si Tk i Vat | f the therna].l t&*ﬂ#ﬁg

| a éeﬁng%?ﬁtngg g%%%ta?%?rbcgrw 'e°’a§§%§prq§l§%$egj%§y, Giice at
aml e, ..the nethqd . in which chem cal. reacti,on is

B R P T T HerbEY DYaier et PSR Y6 speci es

(anion or cation); the nethod in which stable

di spe?%‘? gAY tq?élébdﬁ) desPreferaRsyr eiedt 1R Fgyamount of

SF-1132 14 roomtenperature but when heated to high

tehperiatdp parts dipdei ohti i bhripfarehe yehdkFor b8y hrarts

or dissolution therein occurs to thereby initiate

dur wajgheactd espet bel 1 petredte riab wh? ¢h tos®0 0 parddebpived ght

curing agent sealed in 5 nolecular sieve that is fused

GHr abohpght & epeedbliteoForhd Refeeliy rieristenatier ot icdghponent .

reaction; or the method in which use is nmade of a
MOl OCHPSH! €he amount is less than 50 parts by weight,
satisfactory adhesive strength may be unattainable. On the

other hand, when the amount exceeds 1500 parts by weight,

.1t would be probable that cured product becomes brittle to

thereby cause adhesive strength to be unsatisfactory or
cause attach.rqent performance to be poor.

The thermally activated latent curing agent (C} is a
curing agent with such characteristics that it does not react
with epoxy resins at room temperature but when heated to given
temperature or higher, is activated to 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 reaction 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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The thermal |y activated |latent curing agents (C) can
be used al one or in conbination. For exanple,
direyandi ami de, - 10 an i m dazol e conpound or a mxture
thereof can preferably be used. The above thermally
activated latent curing agent (C) is preferably used
in an anount of 0. 1 to 20 pasts by weight, stil
preferably 0.5 to 15 parts by weight and especially 15
RicRine frailoy rh thar sl bpardiserbyn o gt pei i JRO0t pap e sabyre,
wei ght of the epoxy resin (B). The coupling agent (D)
RIBioaraBhy iBas el carallfox Pfrd£aet bAgavskbiution
functional groups of the above conponent (A) or (B)

\(I\Ebh%%%ii% bunetional @{éé%%qnfﬂeat%)g@%}ﬁfﬂgagggétgg?( Qe

react wth the resin, s at“the coupl i ng

AR O B S 4 I o, SRR PESES

and can further enhance the water resistance of -
aliesglprodd@ve At ane TusiibIGHy gt IR stprReERABFS ©
used as the coupling agent. SF-1132 15 This couplin
derebysipt bl acabtyr ikg ¢ sartderanpunthefmeihed {5 wgich use
parts by weight, still preferably 0.5 to 10 parts by

vies ghitdeperf BOGipardcadnulel ght of the epoxy resin. The
radi ati on curable conponent (E) is a conpound that 5
when ThHe adieated] Wt Act adhBédobateys suelingsSagents (C) can

ultraviolet radiation or electron beans, undergoes

R Y58 a2 dHOBra combination. For example, dicyandiamide,
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 te 20 parts by weight,
still preferably 0.5 to 15 parts by weight and especially
preferably 1 to 10 parts bylweight,per 100 parts by weight
of the epoxy resin (B}.

The coupling agent (D) preferably has a group capable
of reacting with functiocnal groups of the above combonent
(A) 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 0of curing product. A silane

“coupling agent is preferably used as the coupling agent.
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curing. As the radiation polynerizable conpound, use

can be made of, for exanple, acrylate conpounds such
gs-toBpet hyl ol propane triacryl ate,

tetramet hyl ol net hane 10 tetraacryl ate,

pentaerythritol triacrylate, dipentaerythritol

nmonohydr oxypent aacryl ate, digpentaerythritol

hexaacryl ate, 1, 4-butylene glycol diacrylate, 1,
onhexanapiehgdhgeny! a e rmd et hy leed gliy @l amount of 0.1
di acryl ate, oligoester acrylate, urethane acryl ate

eb 9@@&@%?&9@%&@@&% @%@&ta@glm YEtReh 0 parts by

acrylate and 1taconic acid oligoner hese conpounds

FReoRo %5?‘&%0‘3 Bt By BUHEY i RS

" nol ec Iar ht theregﬁﬁ & nelraLe_I%/]6 n the ran

100 T i5reFora P5985 {5} s GogonBgiRatnat
Further conpounds havi ng a di cycl opent adi ene skel et an
HREDt A& TROKE tLesh WHé hyFed1ad iothara ek afle 2 ofikHaviolet
radi ati on, polynerizable conpounds. The HPSA
@@dpagnpmonrcaheatnongbewes abon@ergdiat bohymeni apreon and
conmponent (E) is cured when irradiated with SF-1132 16
cadiati.onasayse Exahptiesn obfolLgedulzableatboponagls use can
include wultraviolet or electron beans, etc. Wen

vkt iaMieObat, rad atdaaplies usedlasd hen@diratd audaws
the polynerization and curing tinme and radi ati on dose

:E%rﬂ{nlea%%'lg? o{l%%%)%%eb&rma@rnyg a& Dhatapol el Zathdhane
tetraacrylate, pentaerythritol triacrylate,
dipentaerythritol monohydroxypentaacrylate,
dipentaerythritol hexaacrylate, 1,4-butylene glycol
diacrylate, 1, 6-hexanediol 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 molecular weight thereof is generally in the
range of 100 tor 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 component (E}) is cured when irradiated with
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t he above conposition. As the photopol ynmerization
initiator, there can be nentioned, for exanple,
lgnzamrenone, acet ophenone, benzoin, benzoin nethyl

et her, benzoin ethyl ether, benzoin isopropyl 10

et her, benzoin isobutyl ether, benzoin benzoate,

met hyl  benzoin benzoate, beggoin dinethyl ketal,

2,4-di ethyl thioxanthone, a-hydroxycycl ohexyl phenyl
keidings Lomeanzy . di ma@lﬂlyieg,%flwk@ef&r:tﬂaail@&iwd trhi i dMclude

monosul fide, azobisisobutyronitrile, benzi

Qilbaefhzx)’iol ac?&gté/lect]r%r{ %é%{}hé” hraqw none and 2,

4, trlne enzoyldlphenylphosp I ne oxide. Although

the #RLL qravd.oel%ltalt-ég{]agﬁf %bls u%gﬁpggl%ﬁt r(%ia{f‘on rays,

appropria ternined” rn-accordance

haracterlstlc of added cqnponents, -the radiation
e heOCEF ST ddtl rgyp Faddait oy dose can
anount of about 1 to 30 parts by weig stil

preefeadiptisd it §ixdngapt @hﬁyom@lgmer lﬁ@lth@O ipditfigtgyr into
wei ght of the sum of conponents A and B. The flexible
ddvepariEnte (FYnpss id icanvponent capabl e of  retai ni ng
flexibility even after curing of the epoxy SF-1132 17
conpoRenthéBphoaogo tanst St st bbnainhedmapasthereesiam be
or elastoner. This flexible conponent (F) is

Rreafteratd ¥, usedxdnbia) BaRYAbhehohel add: R difody, benzoin,
wei ght, still preferably 4 to 30 parts by weight and

eRed A by cRLeTRAR YbéntfiA% thyl ether, benzoin isopropyl
ether, benzoin isobutyl ether, benzoin benzoate, methyl
benzoin benzoate, benzoin dimethyl ketal,
2,4-diethyvlthioxanthone, a-hydroxycyclohexyl phenyl ketone,
benzyldiphenyl sulfide, tetra methylthiuram monosulfide,
azobisisobutyronitrile, benzil, dibenzyl, diacetyl,
B—-chloroanthraquinone and
2,4,6-trimethylbenzoyldiphenylphosphine oxide.

2lthough 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 parts by weight, 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 flexibilify even after curing of the epoxy
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5 parts by weight per 100 parts by wei ght of the epoxy
resin (B). The flexible conmponent (F) has a gl ass
tSFaigdixa on  tenperature (Tg) of preferably about -40

to 80C, especially preferably about -30 to 10C. The

nol ecul ar wei ght of .the 10 flexible conmponent (F) is
preferably in the range of apput 10000 to 1000000,
especially preferably about 20000 to 600000. However,
thirpdiees n@®) ,appldy dondihe  |@Xidl ehewonpbasnic (Fsin or
internally crosslinked. The fl exi ble conponent (F)

raf ffiontd 2 PANBOPESL 1bhat corkfohsnsubBt and ipaldremefly used
cured by radi ation or heatlng, and may be a pol yner,

OJ aang E‘Jﬁ%ogﬁoaee Egkwﬁy%e%ﬁ%k s%grfﬁoﬁ%@tfeq}fably

['exi bl'e cohponent s (ni form
d| ed in he HPS r after
i_%%% B0 b rEC PR at S, FSPﬁ&l@‘&ﬁ d%?aetyf%m%ela’e Vo 25
enhance resistance to_an ext.er nal , ‘V§ Furt her

e S S Brd9BbnPBRent Y (FITFE P G SRy resin

di spersed or mxed in the epoxy resin (B).

AdPordingly, the flexible conponent (F) is preferably

in mcroparticulate form or soluble or easily soluble

in SFTa432148ibha oomponmensol{Feénhassechlasst dlrasmd tdon

nmet hyl ethyl ketone. As the flexible conponent (F) in

M eniped thiredl | ate dOpiefesably andet of4paotd T1@s esbelikblly
5}im preferably 0.1 to

preferably about -30 to 10°C. The molecular weight 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 polymer.

The flexible component (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) . Bccordingly, the flexible component (F} is preferably

in microparticulate form, or scluble or easily soluble in
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1 pmdianmeter. 5 Wth respect to the flexible

conponent (F) soluble or easily soluble in an organic
soivldnt2 it is known that depending on the curing
process, the flexible conponent (F) wundergoes a phase
separation fromthe epoxy resin (B) and is

structurally brought into a bg§nary phase system As

the 10 above fl exible conponent (F) soluble or easily

sul obleniin sahvenganiecls dw éniuchieesce mathhe amEnti ¢redne.
a saturated polyester resin, aliquid NBR, a liquid

chl ormprerert ahbbl c@npuseéztt@rre ryﬁb@rer&pap@ty&tﬁét@ form,
resin, a silicone oil, etc. O these, a saturated

Rel/ Q%! ARAECSENpLStPECLET bRy 15 ASs t , RSy 0.1 to

conponent (F) in mcroparticulate form’ e can
Qﬂ%&t crylic rubber mcroparticles prepared by
enu sion po ynerlzatlon a bIock pol yester el ast omer

such ether eth | ene
m cr o"%a‘?kf E%/ tP Cﬁ‘%’éﬁﬁr}‘bl@ sedgble or

2 these acryllc rubber m croparticles and a bl ock
t SPLURLE tighén SR PHeF T SRR T t hE r b plieewn othat

the above flexible conponent (F) in mcroparticul ate
fFependingr eni shomacamprocasby tivai i tble wontperfeortm(F)
of a dispersion in an epoxy resin. Also, as SF-1132 19
afhdeggeesi enelia ses sepam atd ompdeoaf taemegickivedes@si IB) and
resulting fromprior nodification of the epoxy resin
(B) sapdcthexibl/éorought into a binary phase system. As the
above flexible component (F) soluble or easily soluble in
an organic solvent, there can be mentioned a saturated
polyester resin, a liquid NBR, a liquid chloroprene rubber,
a urethane rubber, a polyoclefin resin, a silicone o0il, etc.
Of these, a saturated polyester resin is preferred.

As the flexible component (F} in microparticulate form,'
there can be mentioned acrylic rubber microparticles
prepared by emulsion polymerization, a block polyester
elastomer such as polyether polyester, polyethylene
microparticles, silicone rubber micro.partj.cles., etc. Of
these, acrylic rubber microparticles and a block polyester
elastomer are preferred.

With respect to the above flexible component (F) in

microparticulate form, there is one commercially available

in the form of a dispersion in an epoxy resin. Also, as
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conmponent (F) . This nodified resin is particularly

known as an alloy-nodified resin or

ribider3dbl end- nodi fied resin. 5 As the above nodified
material, there can be nentioned various

rubber-nodi fied epoxy resins (for exanple,

NBR- nodi fi ed or CTBN-nodifiet, a urethane-nodified

epoxy resin, a silicone-nodified epoxy resin, etc.
Bfansres taforrathbes e nedi be edhdepoxya meslii fis ednod side rAdeka ing
10 Resin EP-4023 (trade nanme, produced byAsahi Denka

Grom ptdo), moddekaaResh o £ERAD2b ki 2dginaA®) dHPEUeREble
byAsahi DenkaCo. Ltd.), Adeka Resin EP-4026 (trade

R oirduged bfh@%aﬁbdl@‘f@lﬁar@%&n Etsdg‘)grﬁﬂgu@ggﬁ? known

'Re3|n EPR—20 (trade name, produce

anl‘éijl% %édgﬁ%gﬁ Ie%jg{ O Egh ec:t %Iidl fd ?ﬂ%ﬁ%)% resin.

resins I nc esl n rade nahne,

produce ; .,. Ltd,), Adeka Resin

U 7 (A5 T BO bt HAICRAT B ALk A< Foriiat B mentioned
Ltd.) and Adeka Resin EPU- 78-11 (trade nane, produced
FRTASHT mbher @edified )epoy Areeiett fioal ¢xample,
conductive or thermally conductive filler, such as
§BRdmosiifigd ogopEeN ;- maidéieked)al aniinekhanstabdliéssd epoxy
steel, carbon, or filler consisting or ceramc,
akﬁﬁﬂ,(a'sﬂhﬂdamaﬁmdﬂﬂfiadxﬂgﬂkywﬁésfﬂ}vetc.nay be

added as the filler (G for the purpose of inparting

an elmedmipTes oIFFribBar2Rods FRGUCEPYLYYraitdanihide Adeka

conductivity after die bonding.
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 Adeka Resin EPU~-78-11 (trade name,

produced by Asahi Denka Co., Litd.).

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 imparting an electrical



10

15

20

Al so, a nonconductive filler, such as asbestos,
silica, glass, mca, chrom um oxide, titani um oxide
&F-d dynment, may be added. These fillers may be
added in an anmount of 5 about 0 to 400 parts by mass
per 100 parts by mass of the sum of conponents
(excluding fillers) constituppng the HPSA |ayer. y'
As the other conponents (H) , a crosslinking agent,
Sieldu S bt Praanite el Vi Sosganat €1 €pnpeusd @i caBonding.
organi ¢ 10 pol yi m ne conpound, can be added to the
SR, C UMM dd i i ve (18] Dol POSE-RI a5 €QhaLLEY, Okilica,
initial adhesion strength and cohesive force. As the

| C [ e ound, e b ;
%{al%agg Hg‘?é%or%@&%i{%%#ﬂe, 98_% rtci atntl%n ogal?:le %r gt glgment,

nt1dne exa an dromati ¢ polyisocyan
Co und, . . 15 an,aliphatic polyi socyanate conmpound, a
TR 4557y F2bBsh AL d o ativ Do d S ot Aot Thade of
pol yi socyanate conpounds. Representative exanpl es of
RO dartice 4900 PRrdSe Pan BES Sc ifodids agdisugy mass of the
4-tolyl ene diisocyanate, 2,6-tolylene diisocyanate,
BB 9| gomepenei i sdeyadarddnodil lergy| gorepeituting the HPSA
di'i socyanate, diphenyl net hane-4,4'-diisocyanat e,
dipfeeny| et hane- 2, 4' - di i socyanat e,
3- net hyl di phenyl net hane dii socyanate, hexanet hyl ene
di i sory & erhesophsamen s i @Dy anat®ss Sntidsd Zjent, such

as an organic polyisocyanate compound or an organic

polyimine compound, can be added to the HPSA composition for

the purpose of regulation of initial adhesibn strength and

cohesive force.

As the organic polyisocyanate compound, there can be
mentioned, for example, 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,
l,4-xylylene diisocyanate,
diphenylimethane-4, 4’ -diisocyanate,
diphenylmethane-2, 4’ -diisocyanate,
3-methyldiphenylmethane diisocyanate, hexamethylene

diisocyanate, isophorone diisocyanate,



-y

10

15

20

di cycl ohexyl net hane- 4, 4' -di i socyanat e,

di cycl ohexyl net hane- 2, 4' -di i socyanate and |ysine
iSgodyladfat e. Use may al so be nmade of urethane
prepolyners wth isocyanate term nal obtained by
reacting these 5 polyi socyanate conpounds w th pol yol
conmpounds. Exanples thereof2include

tri nmet hyl ol propane-nodified tolylene diisocyanate and
tchies ytd o e xAd mestdaplee st ,of ' tdhiel soyagaariadepol yi mi ne
conpounds, there can be nentioned, for exanple, 10
AN i g tane-24, 4 ~di Sddcpaidtdinesar poxyan de)

, trinmethylol propane-tri-(3-aziridinyl propi onate,

t; | pet.hane- 1§ ke iLidi Hy! honat 8
legda}a‘%fﬁsé.o fet.hane- L koRyazhnbdi Hy! RrePhanat s. @g%?ﬂeﬂers

N -t ol uene-2, 4-bi s(I-aziridi necarboxyam do)trie
ne | .am.he...Th g sligﬁg .S, aLe; e%g Q%Iy
$3 TR PETALS A o 1 O 1 SounE of 10 T o
5 L% still prefeggﬁh% ggéﬂto 1 %ﬁ.@b Furt her (€ nle
P TS AN S GEMP YR &t #6181t 8P, ‘HpERAIPLes
conposition. The addition of the antistatic. agent
it IRals igrclads it ey RIPRAGTTA Hgt rd t Helyteme
20 of expanding or pickup, thereby enhancing the chip
el sgliyanare and Kéreantilst atic agent, use can be made
of, for exanple, generally known anionic, cationic,
noni oRs cexanth 1 egphivtidre oricamianpbdvaniocecagempsunfise there
antistatic agent is preferably added to the HPSA
G QS Ot iiched]) aABMINExQfp1e SF- 1132
N, N’ ~diphenylmethane-4,4’ -bis(l~aziridinecarboxyamide),
trimethylolpropane—tri—B-aziridinylpropionate,
tetramethylolmethane-tri-f-aziridinylpropionate and
N,N’-toluene-2, 4-bis(l-aziridinecarboxyamido) triethylene
melamine. These crosslinking agents are preferably added
to the HPSA.coﬁposition in an amount of 0 to 5 wt.%, still
preferably 0.1 to 1 wt.5%.

Furthermore, an antistatic agent can be added to the
above HPSA composition. The addition of the antistatic
agent inhibits of static electricity occurring at the time
of expanding or 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 O
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22 to 50 mt.% still preferably O to 30 wt.% The
HPSA sheet of the present invention can be obtained
ByF-ddadti ng a base material with a HPSA conposition
conposed of the above conponents by comon neans,
such as a roll-knife 5 coater, gravure coater, die
coater or reverse coater, amgk thereafter drying
thereof. Al so, the HPSA sheet of the present

ItV &t Wan $¢artia lohirai fretHlyy aoaid p awtr &t ease sheet
with the HPSA conposition by the above neans, drying

ther emfe i@ at BREERYCE AHE BrHESATt] ﬁﬂ@én@ﬂgntééﬂ}ﬂﬂeebb'tﬁgned
the HPSA layer 10 to a base material. As the base

f, I h
;fﬁvlt %Bégk%%r%%rdo%yﬁgcé%r : llmw_uo_ghe%?fyﬂéﬁ gr?ep]p@(ltﬁ%tn }ébﬁﬁgsed

but adi ene fi neth entene fl
831 U8F 3 v rr b Rkrr i LRI T o Res S8 goFgibr imife
f|In1 a 15 polyethyl ene terephthalate film a
SORHSG Yy FER ur@eF@BﬁFﬁalQﬁ@ FPPﬁﬁra°50F9H?éFﬁaﬁ@aF?Fn1and
an ethylene vinyl acetate film an iononer resin
fihlemeadit e re diiyliase fhesadfacr fllEe, athe HE58 pheets idfmthe
an ethylene/ (neth) acrylic ester copolyner film a
palepshyr emeenofhidan ba potyteeddnateatihma aelease sheet
fluorinated filmor the like. The base material may
e ta sheagirsh aypapoefi tasy ©F thhesboteli@an®) dayianRi BAkeeof
thereof. A material being perneable for enployed

@0t RE OBy IS aSHPHRSEIVAS ahler PAsSsraBt ehbathe THI®A layer
surface tension of the base material is preferably
to a base material.

As the base material, use 1s made of, fér example, a
polyethylene film, a polypropylene film, a polybutene film,
a polybutadiene film, a polymethylpentene film, a polyvinyl
chloride film, a vinyl chloride copolymer film, a
polyethylene terephthalate film, a polybutylene
terephthalate film, a polyurethane film, an ethylene vinyl
acetate film, an ionomer resin film, an
ethylene/ (meth)acrylic acid copolymer film, an
ethylene/ (meth)acryliic ester copolymer film, a polystyrene
film, a polycarbonate film, a fluorinateé film ox tﬁe like.
The base material may be a single layer of any of these films
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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SF-1132 23 40 mN'mor less, still preferably 37 mim
or less and especially preferably 35 mV mor | ess.
Br-<. Mul d enabl e transfer bonding of the HPSA | ayer
of the HPSA sheet according to the present invention
to an adherend. The base material 5 with the above | ow
surface tension can be obtaiggd by appropriate
selection of material, or by performng rel ease

taceaiNyentort Mraugh oatl norofeddiel sUst agR/Rf obasess and
material wth a silicone resin or the |ike.

RISNATONE 1 USE CAN P& 5 TG & PARK s Pase i mRLLLIA enable
for exanpl'e, gl assine paper, 10 coated papers such as

lacg%ln e%oséﬁglﬁgpo%r t}%g giﬂsisi%(gg%{]fsfhe% gl%%gn%%é‘}%%according

nated papers such as a potyet
a and pol ypropyl ene | am nated paper. The thickness
00 TPRARERERE TRITH S SO0 eBenaRar FPor n The HeigBagerial
about 10 to 300 pm preferably 20 to 200 pm and
aE5ecithg Ve bSPTIR e aken paan Aee oPldF abned by
necessity, the HPSA conposition can be dissolved or
dirpreryddtin saleehiento bakdea icdat prgoy aEarfatimmyg kelease
is generally preferred that the thickness of the HPSA

[tapertrehtt b rdRSA sloedt.ngc odr dihrg stua fidte pifebeBe material
invention 20 be in the range of 3 to 100 pin,

eStechatiyidfntor&Dinimr Naw 1ihe.progessef0brdf AHLIRG be
a sem conductor device according to the present

hRRN QpMd Ih e dpscddibad. 44y dh8.p1ocess, 0fiddaper,
present i nvention, first, the HPSA sheet
coated papers such as a clay coated paper and resin coated
paper, or laminated papers such as a polyethylene laminated
paper and polypropyvlene laminated paper. The thickness of
these base materials is generally in the range of about 10
to 300 pym, preferably 20 to 200 um and especially preferably
50 to 150 pm. According to necessity, the HPSA composition
can be dissolved or dispersed 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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is fixed on a tape nounting device by nmeans of a ring
frame. SF-1132 24 One nmmjor surface of a silicon
ViEF€r13% attached on the HPSA |ayer of the HPSA

sheet, and slight pressure is applied to thereby

i mmobilize the wafer. Thereafter, when the HPSA | ayer
contains a radiation 5 curalklie conponent, the HPSA

sheet is exposed to radiation rays fromthe base
memaglorssdefsoeast tosi.ldreaswatfbe i<ehesiched oncehofHPsSA
the HPSA | ayer, thereby |owering the adherence

thefeofo thehﬁP@ﬁSQhEEEEr kak. sﬁygﬁecw@ééwrevms hhpgeed to
use of dicing neans such as dicing saw, the silicon

\é}ﬁ{ﬁeﬂ@ i ced, d ”EIPe'v%ﬁQJ:pS The depth of the

Icing 1s to agree  w th the sum of thickness of

silic and hIC HPSA Ia r.MAt ny,. . .
abras?gn élcfng gﬁgﬁh& Y&%bg al?ﬁea Tahiation
exposur e to radlatlon ra s may be carried out after

dt 'Bfﬁgle SO oh & o IHER ee‘%(tpalrr“dlei%‘éjos"teéipto radiation
According 15 to necessity, the HPSA sheet is

s dethl THeh bagmde bt bebnside chppasafe tnFueged the
with the result that pickup of IC chips can be
fadidditet ethrde ahitheiERED béveC, chhpsebyhkodecédg the
HPSA | ayer can be detached in the state of remaining

fadtetrarcd heehack b dhe PAsefméteehips fTuBddeibese, with
mat eri al. The thus obtained I C chips are nounted

tdHOUgh dhelildRSl heyes At adi @i padgRant, thdhg ti&wadifer
part is heated prior to attachnment of Ié chi ps

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

The exposure to radiation rays may be carried out after
dicing, or after the following expanding step. According
to necessity, 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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or inmmedi ately after the attachnment. The heating
tenperature is generally in the range of 80 to 200C,
SE-1132 25 preferably 100 to 180C. The heating tine.

is generally in the range of 0.1 sec to 5 mn,
preferably 0.5 sec to 3 mn. Chip nounting pressure

is generally in the range of28 kPa to 100 MPa. 5

After the nmounting of IC chips on the die pad, further -
peatfiergbdgnlbe ebfee02d.soras Hanthimiond iatsolits gemieng1dfy in
the HPSA layer with the result that the |IC chips and
ithe dhegpadr parts«t st angl ypbendesbl 9 eashset hey .3 min.
Wth respect to the conditions for this heating

fl e teny I i $0 Id Bt heyx
ran&gggﬁhggngoﬁ%gg%u pre?ggggesa%gg i3 %%%%%%néhd t he va

antl e is generally in the range of 1 to 120

mn, pre erably 10 to 90 n1n In the thus obtained

sen1co duct devi e 1no us,.of cu

rpon REEAE o FORR g ol ot 165 ST S i Aty g5 ther

Pa or above at 160C. In an IR refl ow operation, etc.
eatdmec caPy PR kEgEt REI PALRT | 1Y AR DH@RA eI NY RT the
addition to the above nmethod of use, the HPSA sheet of
HRSA prgeemitinidint resuddntbetuks IchchA®shandi e gfie pad
sem conduct or conpounds, glass, ceram cs, netals,

glart 20e | NRUIGERIVAboARRId €ABadTYther. With respect to the
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 generally in the range of 1
to 120 min, preferably 10 to 20 min.

In the thus obtained semiconductor device, the storage
modulus of cured HPSA is 1.0x10’ Pa or below at 100°C while
1.0%x10° Pa or above at 160°C. In an IR reflow operation,
etc., satisfactory package reliability can be attained. In
addition to the above method of use, the HP3A sheet of the

present invention can be used in the bonding of semiconductor

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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Wth respect to the HPSA sheet of the present

i nvention, the storage nodul us at high tenperature
é&nlddecessfully be |owered while naintaining high
adhesion strength. As a SF-1132 26 result, there can

be realized production of a sem conductor device of

high reliability with a stremgth capabl e of

preventing del am nation, etc. at a substrate-chip or
ekispichi phéoadiargbientesl icedaitefu@dloh @ Re0Eemetboinibtor
operati on subsequent to application of heat and

AuRti et ¥r hESAVPEE i aFhQ iRReSAR 1 v@itd mdapme of

further illustrated below w th reference to the

E)Elelvgﬂ‘tgﬂg @ﬁﬁ!m%i’at%%he Wevar J n, ﬁ&rg,ft sl sh;aet

€ Scope o e I nventiron Pr eparati on

eRon"Fne L AP entls 183G B TR s AT A Sy e

used. HPSA: The conpositions are |isted in Table 1.
APSAati8NsRUBESIHER Ls i esﬂiae%ﬂowepé BBELi ARd ]W“ldlty
coating the base material wth each of the listed

HPSA conpositions and drying the coated naterial so

that the coating thickness was 20 pim The storage
nmodul us and gl ass transi tE¥AMPBHRperature (tenperature

at which tan S was nmaxi m zed) of HPSA | ayers 20 after

t her mbe puekagtwatesmebsnidd 1i betherflodt awlng tranedrbelow
The base material was coated with each of the HPSAs

anenhdFbelrence to the following Examples, which however in
ne way limit the scope of the invention.
| [Preparation of HPSA sheet for Semiconductor]

Base material: A.polyethylenelfilm (100 um 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 um.

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

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

material was peeled off (when a radiation curable component

was contained, the delamination was carried out after
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so that the coating thickness was 200 pm Then, the

base nmaterial was peeled off (when a radiation

Eur-dil32 conponent was contai ned, the del am nation was
carried out after SF-1132 27 exposure to radiation

rays) . Thermal curing of the HPSA |ayers was carried
out at 160C for 60 min. Wth2respect to obtained
sanpl es thereof, the storage nodul us and gl ass
texaasiuideortd empEaativme nwerses e dSgrec Ibyurdans off the HPSA
dynam c 5 viscoelasticity meter (RHEOVI BRON DDV-1I1-EP,
MR rac gL da iy « et i2¢ QU aldOm0 @lind fﬁﬁﬂﬁe@‘é}épect
of 11 Hz. The results are listed in Table 2. Table 1

%%f 9%%%*1&3%%%%9%9 @ﬁ@éé&fVeFﬁQ@t%ﬁ’ £ HBRS 1 %gzglass

Tot 3 B4I B5 C
16 41 40 0.7 0.8 1 0.5 100 14.3
%%?Szle%l s g e TR S T e 5 gyptanic

O 7 O 6 10 0.5 100 12 33 . 33.3 0.5 0.5

results are listed in Table 2.

aszi“l‘:‘%dﬁbimé’tfé

by Orientic Corporation)

at a frequency of 11 Hz.

é%Hg%V@Bﬂqy @DY—615Efgomanu%actured

The

welght average molecular weight and -28°C glass transition

Table 1
Hardenable pressure-sensitive adhesive composition (pts. wt.)
B c
A B1 | 85 | B3 | B2 ] B5 |cicz| P |B|F | H |Total

?xample 16 41 40 0.7 0.8 1 6.5| 100

Example

) 14 | 36.5 36.5]| 2.5 0.5]0.5|0.5 9 100

Example 13.5| 37 37 0.710.710.6| 10 0.5| 100

Example

. 12 33 33 3 0.5 |0.5]0.5| 9 100

Example

. 16 51 30 0.710.8]| 1 0.5 | 100

2xample 14 36.5 | 36.5 | 2.5 0.5}0.5{0.5 9 100

Ccomp . 16 40 41 |0.7]0.8| 1 0.5] 100

Fx. 1

comp . 14 36.5 | 2.5136.5|0.5|0.5]0.5 9 100

Ex. 2

comp. 13.5 37 37 |0.710.7]0.6|10 0.5! 100
| Bx. 3

Comp - 12 33 3 33 [0.5[0.5|0.5| 9 |8.5 100

Ex. 4

Comp - 16 30 51 [6.710.8] 1 0.5! 100

Ex. 5

Comp. 14 36.5|2.5|36.5]0.510.5]0.5 9 100

Bx. 6

(A) pressure-sensitive component: copolymer of 900,000
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5 Exanple 14 36.5 36.5 2.5 0.5 0.5 0.5 9 100 6 conp.
16 40 41 0.7 0.8 1 0.5 100 Ex. 1 Conp. 14 36.5 2.5
3FFEHIMWS5 0.5 0.59 100 Ex. 2 Conp. 13.5 37 37 0.7 0.7
0.6 10 0.5 100 Ex. 3 Conp_ 12 33 3 33 0.50.50.59
8.5 100 Ex. 4 Conp. 16 30 51 0.7 0.8 1 0.5 100 Ex. 5
Conp. 14 36.5 2.5 36.5 0.5 026 0.5 9 100 Ex. 6 10 (A
pressure-sensitive conmponent: copol ymer of 900, 000
Visg g r atveraa geb trailrewil | ey - aep ghimendza 286h gb8SS5 parts by
transition SF-1132 28 tenperature- obtained by
Q@@ﬂ%rrymﬁ Zatd N L2frpin Pa) t 50 bﬁarﬁ@'@:{?twéigﬁﬁt ¥E methyl
cry ate, 10 parts by weight of neth nmet hacryl at e,

parts iyl%wlﬁq#)agth&%m@ﬂ ﬁlrfle ?Jrl ce.’ntd%/l %)h]a%rylate

wei ght o xyet ate.
%PQ¥WJgeSH%s by weight of 2-hydroxyethyl acrylate.

U1 0

(B} epoxy resin:

(B1) epoxy resin having bisphenol skeleton and flexible
skeleton (EXA-4850-150 produced by Dainippon Ink And
Chemicals, Inc., having an epoxy equivalent of 450 g/eq and
a glass transition temperature after curing of 29°C),
(B2) epoxy resin having bisphenol skeleton and flexible
skeleton (EXA—4850—iOOO produced by Dainippon Ink And
Chemicals, Inc., having an epoxy equivalent of 350 g/eq and
a glass transition temperature after curing of 62°C),
(B3) general-purpose epoxy resin: solid bisphenol A type
epoxy resin (having an epoxy equivalent of 800 to 900 g/eq
and a glass transition temperature after curing of 120°C),
(B4) general-purpose epoxy resin: solid epoxy resin having
dicyclopentadiene skeleton (EXA-7200HH produced by
Déinippon Ink And Chemicals, Inc., having an epoxy
équivalent of 275 to 280 g/eq and a glass transition
temperature after curing of 185°C), and

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

Ltd., having an epoxy equivalent of 184 to 194 g/eq and a



10

15

20

(Bl1) epoxy resin having bi sphenol skeleton and

flexi ble skeleton (EXA-4850-150 produced by Dai ni ppon
Pik1A3d F Chenicals, Inc., having an epoxy equival ent
of 450 g/eq and a glass transition tenperature after
curing of 29C), 10 (B2) epoxy resin having bispheno
skel eton and flexible skel&fn (EXA-4850-1000
produced by Daini ppon Ink And Chem cals, Inc. haV|ng

@l aspokyapgditiaine itenyfe 380Ny ed tand cmrgllqascsf 140°C) .
‘transition tenperature after curing of 62C), (B3)

genercakipar pog@tepoxy resin: solid bisphenol A type 15
epoxy resin (having an epoxy equival ent of 800 to 900

9/cag addih Bagbaeert 8 806AL D0 dueRREH Alidh abbRka®@Y ,N0td. ,
of 120C3 (B4) general - purpose epoxy resin: solid

y resin having dicycl opentadi ene skel eton
? - 7200HH pr oduced by Dainippon I nk And Chem cal s,

havi i val of 27 2 .
oFéy i PR E R ol PR B Lo g on.
of 1850, and 5 ene aI-p se epoxy .resi g
B pRaRBe AL A e SR e B AL C B ESREC B9 Dresd Uy car
Japan Epoxy Resins Co. Ltd., having an epoxy
SQUDEAYenL 1B tES. t0 194 g/eq and a SF-1132 29 gl ass
transition tenperature after curing of 140C) (O
)i mgdagénbn €akpbAdekamaprentr GGQ@ASlrtﬁ@@u@empbyed of:
Asahi Denka Co. , Ltd. and
100 parts by weight of—acrylate having dicyclopentadiene
skeleton {Kayvarad R684 produced by Nippon Kayaku Co. Ltd.)
and
3 parts by weight of
2,4,6-trimethylbenzoyldiphenylphosphine oxide.

(F} flexible component: thermoplastic polyester (Vylon 220
produced by Toyobo Co., Ltd.).
(H) crosslinking agent: trimethylolpropane-modified

tolylene diisocyanate (Coronate L produced by Nippon

Polyurethane Industry Co., Ltd.).



5 (C2) Curezol 2PHZ produced by Shi koku Chem cal s
Corporation. (D) silane coupling agent: A-1110
produced by Ni ppon Unicar Conpany, Limted. (E)

radi ati on curabl e conponent: conposition conposed of:
100 parts by wei ght of acry%ate havi ng

di cycl opent adi ene 10 skel efon (Kayarad R684 produced
by N ppon Kayaku Co. Ltd. and 3 parts by wei ght of
2, 4, 6-trimethyl benzoyl df3Heény phosphi ne oxi de. (F)

flexible conmponent: thernoplastic polyester (Wylaon 220

15 produckd®by FE¥obo BRexY E¥ein) .| (FFoerwssspinkPng  class
agent: trj nefuhydiehpr ppareatodifi gd &oleyl enemal transition
di i socyanat e ( nate_l. prod d by g% 0 p N T
Polyurethanerlﬁgﬁgtr, o, Lfggf. 20° 5Tg%‘?)e 2 Av.emi” g
epoxy Epoxy r&SiA St or atfFPRBERA us AU eqditddl ent (°C)
content, jafteag/éhermal tramsition or epoky pts. W.
meﬁﬁg(Pdggcwp,'m5rsinbomr£%t 1066-366€ T
T o) (A Exampi e 1°648 506 3. 0x106| 3 2%106 |88
earpt & 2 638 B89 5. 0x1065521x106§ 790xBxanpt-€x30°%650 79
odapfe OXIU6 3.6851006 2 548 4.0x10° [ 3.8x10° 82
Example 4 633 575 7.0x108 4.7x10° 81
Example 5 535 506 3.0x10° 3.1x10° 85
Example 6 589 539 6.0x10° 5.4x10° 87
Comp. Ex, 1 515 506 4,0x10° 2.2x10° 141
Comp. Ex. 2 511 539 8.0x10° 4.4x10° 123
Comp. Ex. 3 520 548 7.0x10° 4,.1x10% 131
Comp. Ex. 4 509 575 7.0x10° | 5.3x10° 126
Comp. Ex. 5 434 506 5.0x10° | 3.8x10° 127
Comp. Ex. 6 511 539 9.0x10° 6.9x10° 122

With respect to the thus obtained HSPA sheets, test 1
{peel strength), test 2 (package reliability) and test 3
(estimation of warpage by thermal curing) were carried out in
the manners described later. The results are listed in Table
3.




Exanpl e 4 633 575 7.0x106 4.7x106 81 Exanple 5 535
506 3.0x106 3.1x106 85 Exanple 6 589 539 6.0x106
5p4xi0e 87 Conp. Ex. 1 515 506 4.0x10 2.2x106 141
Conp. Ex. 2 511 .539 8.0x106 4.4x106 123 Conp. Ex. 3
520 548 7.0x106 4.1x106 131 Conp. Ex. 4 509 575
7.0x106 5.3x106 126 Conp. EBEx3 5 434 506 5.0x106
3.8x106 127 Conp. Ex. 6 511 539 9.0x106 6.9x106 122
Wth respect to the thus obtained HSPA sheets, test 1
(peel strength), test 2 (package reliability) and test
3 (estimtion of warpageTbhplehér mal curing) were
carried out in the manners described | ater. The

results—are listed in Table 3 SE-1132 31 Table 3
Test 1|Test 2 Test |3 Tet&nple |1 TextAR 5 |Exdapie 2 6.9
A7 E"%@%ﬁ@ﬁj B9, Exanplle 4 7,5 A Exanple |5
7.1 A ¢ Yaml e-6-18-3 A 7 Canm Ex 1.5 1 C 292
et oo OO v o T =AW = T L O I
Example 2 6.9 A 7
Example 3 6.7 B 9
Example 4 7.5 A 7
Example 5 7.1 A g
Example 6 8.3 A 7
Comp. Ex. 1 5.1 o 32
Comp. Ex. 2 4.9 b 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 b 35

A: None of lifting/delamination and package cracking.

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

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

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

E: Complete 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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ti Conp. Ex. 2 4.9 D41 Conp. Ex. 3 5.3 E 29 Conp.
Ex. 4 5.5 D 38 Conp. Ex. 5 3.9 C32 Conp. Ex. 6 4.7
388 1322 None of lifting/delam nation and package
cracki ng. B: Sonme degree of lifting was observed, but
there was no package cracking. C Partia
lifting/del am nati on or packgge cracking were
observed. 10 D: Lifting/delam nation or package

caedd ing: ooyl esf 3w ogsthheksperi smhwaEerConpheteafter,
del am nati on was observed. Test 1 (peel strength) 15

m{eerHE% fﬁﬁs@@ia%re@&htﬁnéa% EXa{pt e8n @%&a@l@%bﬁbbﬁ%nt

npl es was stuck to a polished surface (polished

t a \, 2
D AR ey 6 12000 TR E 1ione.
nt ained a_radiati one t he se .
f?& e §’|35§rv\)§§se‘ib‘c}?gdl%ou?g?ﬁ@l o2 Py - 1 oo
the wafer was diced into chips of 12 mm X
S heh elatece @ ToFuEae ﬁfatt%éilﬂﬁl&gnya\ﬁ/a@%cthalfratthﬁh@ase
base material was incised by 10 pm Subsequently,
el alhwast incised by 10 ym. Subsequently, upward thrust

with 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 laver 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 w;axs conducted in a 160°C thermostat for 60
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 Comparative
Examples was stuck to a surface polished with abrasive #2000
of 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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- wWth a needle fromthe side of HPSA sheet was carri ed

out so as to achieve pickup in such a manner that the

chr-pa3wi th the HPSA | ayer were detached fromthe
interface of base 10 material. The obtained silicon
chi ps were attached through the HPSA | ayer onto a 150
pmthi ck copper sheet, and d#pndi ng/curing was
conducted in a 160C thernostat for 60 mn. Thus,
samhes wenerehfaeredwhéhe thel HeGR Ghiviersicd@tadmepeh
of the sanpl es was bonded and secured to a hard 15

herdizental Peatde antddiemopnal. $heat ﬂ@:se%i edi @ was

an angle of 90 and at a rate of 50 nm m n.

FRATS B L R o PR e e TS
étga:;%lluctm mgi ct or CE:E 20 @@Hﬁﬁfihﬁg; of

stuck to a surface polished w.th abraswe #2000 _of
SPOFRtHEFdr (20D SRATENAAYY efll ahEII20BRE TR PR Kk pm * 9
wth the use of tape nounter (Adw |l RAD2500, ‘
e sfigct wesd pey farmede o itdy géraatisen)of dimltig wearhine

ring frame for wafer SF-1132 33 dicing. Thereafter,
vizaim-4toe OEPSAnfpert et diynddkyo sadmattisanCour altlde ) .  The
conponent, the base material side was exposed to

delgrav ©f elitHighd t Whishd 1 8engs@ sofudlY thiatathatba®e material
machi ne (Adwi || RAD2000, manufactured by Lintec 5

)ﬁz;%gsp%@tiis%@) by ubsgdueshb¥eqdbstng, | BhRachi PEAELOWITY 2

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 package

Substrate for IC package (laminate of polyimide film
(50 um) and electrolytic copper foil (20 pm), having, as a
die pad part, sequentially 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 substrate for IC
package under pressure at conditions of 120°C/50 MPa/1 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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mm si ze was perfornmed wth the use of dicing nmachine
(AVD- 4000B manuf actured by Tokyo Seimtsu Co. Ltd.).
Biifelldegree of cut-in at the dicing was such that the
base material was incised by 10 pm Subsequently,

upward thrust with a 10 needle fromthe side of HPSA
sheet was carried out so as 30 achi eve pickup in such

a manner that the chips with the HPSA |ayer were

chiti aatiedn £ sdriet e subtsérbaees DEh zamel dahgriedin 102 a given
Production of |C package Substrate for |IC package

doarfikahe tdforPeing mhda iy [the e dH0 Wwiddr afshditions of
el ectrolytic copper foil (20 pm, having, as a die

Fi@@ Rt hrseqS'&Béegt&eMtPﬁt terdl 7ed- 9ol th RiAL 'f'l%t%‘@id fon the

pal | adi um pl at 1 ng peri nposed on the copper foil

R . LGl v L N WS

throu HPSA 20 | ayer sheet onto the die pad part
g‘qsll%’trté’tp@ & A %aﬁfckage under pressure at

condltl ons of 120C/ 50 MPa/l sec, thereby carrying out
dRi) p EftdRGtHED Trielssiesie, teteraRil iteiri ng was

conduct ed under conditions of 160C/60 mn. Further,

hi gh Faressuf dsealbiteg neds 16f packed sy was| dilagweHeto stand
SF-1132 34 chip nount side of substrate with a

“rlidilngtr@st @ dimted2aryi ften 1 &8obfd guras itanaksdrbundhgture.

the resin under conditions of 175C/6 hr.

Subsequentd,y thd SRIAerdald oS fid e Ml diihation of
unseal ed side of substrate, thereby conpleting a BGA
E%@dedpartandoccurrenceof;mckagecrackinguponIRreflow
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 toa 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 ef'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



5 Gid Allay) type I C package. (3) Estimation of
package reliability Each of the obtained |IC packages
was-1aldowed to stand . still at 85C in 60% RH for 168
hr so as to absorb noisture. Thereafter, the
occurrence of lifting/delamnation of 10 bonded part
and occurrence of package cragking upon IR ref |ow
conducted twice with a maxi numtenperature of 260C
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ultrasonic flaw detector and by cross-section
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I ndustries, Ltd.). Thereafter, when the HPSA | ayer
contai ned a radiation curable conponent, the base
material side was exposed to ultraviolet light with
the 20 use of UV irradiation machine (Adw || RAD2000,
manuf actured by Lintec Corporation) . The base

mat eri al. was detached, and thermal curing was
conduct ed ‘under conditions of 160C/60 mn. The
polyimde filmwth cured HPSA | ayer was allowed to
stand still until cooling to roomtenperature, and
with SF-1132 35 the polyimde filmsurface side down
was placed on a horizontal plane. The war page was
assessed by neasuring the height (unit: m) of
l[ifting polyimde film ends.



36 What is clained is: 1. A hardenable _
pressure-sensitive adhesive sheet for sem conductor,
conprising a base material and, superinposed thereon,
a hardenabl e pressure-sensitive adhesive | ayer
conprising an acrylic pressy ﬁe sensitive conponent (A)
and an epoxy resin (B) havi'ng such characteristic
that a cured product thereof has glass transition
Whahper &laieedf1s00C or bel ow, wherein the hardenabl e
pressure-sensitive adhesive layer after thermal
curing has a storage nodulus at 11 Hz of 1.0x10" Pa
Lor bBIRFdanaPdeCraprPUEORED51 P Oradhis6iee athagoor 2,
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2, The hardenable pressure-sensitive adhesive sheet as
claimed 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 1 or 2,

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
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har denabl e pressure-sensitive adhesive | ayer

i nterposed therebetween, and heating so that the
lr-darsabl e pressure-sensitive adhesive |ayer exerts
an adhesive strength to thereby 5 acconplish bonding
of the IC chips to the lead frame. 4. A process for
produci ng a sem conductor deyfce, ( conprising the
steps of: sticking a sem conductor. wafer to the

handenablie phohassWaSHNSHd i umasdhesi Yeybayeht8fposed
t he hardenabl e pressure-sensitive adhesive sheet o

'@Hﬁ$@ﬁétd%?ﬁfﬂhﬂ5@ sem conductor wafer into IC chips
W t '

irradi ating the hardenabl e pressure-sensitive

adhesi ve .l ayer githe rior .to the dicing or after_,
the & FhalT bl pekargah IR Brasrerd-stnsikive
pressyre-sensitive adhesive_l|ayer, detaching the IC
QIS WSt 1 AR IRrSdemaite adhessisin oS erRy v EC abihRERhE
| ayer fromthe base material, attaching the I1C chips
FFcRMPdadhf arel g 0k Hdve H&r d8Habs eto the lead frame.
pressure-sensitive adhesive | ayer interposed 20

t her ebet ween, and heating so that the hardenabl e
pressure-sensitive adhesive |ayer exerts an adhesive
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comprising the steps of:

sticking a semiconductor wafer to the hardenable
pressure-sensitive adhesive layer of the hardenable
pressure-sensitive adhesive sheet of claim 2,

dicing the semiconductor wéfer into IC chips, with
irradiating the hardenable pressure-sensitive adhesive
layer either prior to 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 frame 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.



