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present invention rel ates to .an energy beam curable pressure sensit EZ)S
adhesi ve conposition and a use thereof. This energy beam curabl e pressure
sensitive adhesive conposition exhibits satisfactory adhesive strength to

an adherend before the irradiation witfh energy beam and can be cured by

the irradiation with energy beam to a degree such that the amount of

adhesive residue’ renmaining on the adr|i;¢5@$after peeling is extrenely

small. Further, the above conposition excellent expansibility at

e pxeanch Vgt SN KBRAER' enkSGRE' bAl-fivd Ml PpB o,

very | ow pickup strength at the b?ﬁﬂ espective of the
execution of the expandi ng step. etr)gg%éeﬁ)%%#ééﬁ energy beam curabl e
pressure sensitive adhesive conposition of the present invention is
suitable for use executing not only sticking but also peeling thereafter,

for exanple, wused in a wafer pFOOsINOEY INVENPIONPT Ot ective pressure
sensitive adhesive sheet. BACKGROUND OF THE | NVENTI ON

A sem conduct or wafly pHesen® ifvenphien $ELi€€8 ©6 an energy beam

curable pressure sensitive adhesive composition and a use
thereof. This energy beam curable pressure sensitive
adhesive compcsition exhibits satisfactory adhesive
strength to an adherend before the irradiation with energy
beam and can be cured by the irradiation with energy beam
to a degree such that the amount of adhesive residue
remaining on’ the adherend'after peeling is extremely small.
Further, the above composition ensures excellent |
expansibility at the expanding step and excellent
recognition at the time of pickup. Still further, the
above composition exhibits high work efficiency because of .
very low pickup strength at the bonding step, irrespective
of the execution of the expanding step. Therefore, the
energy beam curable pressure sensitive adhesive composition
of the present invention is suitable for use executing not
only sticking but-also'peeling thereafter, for example,
used in a wafer processing or surface protective pressure

sensitive adhesive sheet.

BACKGROUND OF THE INVENTION -
A semiconductor wafer of, for example, silicon or

gallium arsenide is produced in the form of a large



galliumarsenide is produced in the formof a |large

"2 diameter. This wafer is cut and separated (diced) into small el enent _
chips and is subjected to the subsequent bonding step and nounting step in
which the chips are nmounted on |lead franes. In this process, the

sem conductor wafer undergoes dicing, cleaning, drying, expanding and

pi ckup steps in the state of being attgched to a pressure sensitive
adhesi ve sheet and transferred to the Subsequent nounting step in which
the chips are nmounted on | ead frames. Adhesi ve sheets which are

i nt'ended for d43@etars heThps ovater nis seehpsand separated rHiaad dintiong step
up to the pickup step, are desired to have an adhesive force sufficient
to retain MBPQFlgnﬁlﬁﬁFﬁE ehiPgoAndutf ndublrcted ko the spbaaguent ¢ he

i ck tep,.th desired t I t aj dhesi f f such
D clup st . pohgy e desleadelon onby TSLoln S0 SINGE [T S5 of oo ar
criorts Tor BBMRhSsYadanebRRLAC0 PRCERNE Spr SEIEL! iEo ERIAS NES!
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phot opol yneri zabl € carbon-carbon doubl e bonds®in e er eof

whi ch can be seagdeived adbedivlr 8BcetlaABNErRAFEe PREH OF0 StHe!Coi SadiYerdt Ot
irradi ati on. These :

mounting step in which the chips are mounted on lead
frames. |

Adhesive sheets which are intended for use in the
processing steps of wafers, from the dicing step up to the
pickup step, are desired to have an adhesive force
sufficient to retain wafer and chips thereon during the
dicing step, but in the pickup step, they are desired to
only retain an adhesive force of such an extent that no
adhesive remains on the picked-up chips.

In the efforts for obtaining such a desired pressure
sensitive adhesive sheet, Japanese éatent Laid-open
Publication Nos. 60(1985)-196956 and 60(1985)-223139

' proposed pressure sensitive adhesive sheets each comprising
a substrate coated with a pressure sensitive adhesive
comprising a low molecular weight compound having at least
two photbpolymerizable carbon-carbon double bonds in each
molecule thereof which can be converted to a three-
dimensional netted structure,by light irradiation. These
proposals ére based on the ésncépt that, in a pressure
sensitive adhesive tape comprising a radiation

transmittable substrate and, applied thereon, a radiation



proposal s are based on the concept that, in a pressure sensitive adhesive
‘tape conprising a radiation transmttable substrate and, applied thereon,
a radiation 3 curable pressure
sensitive adhesive, the radiation curable conpound contained in the
pressure sensitive adhesive is cured by irradiation so that the pressure
sensitive adhesive cones to have a thyee-dinensional netted structure to
t her eby conspicuously lower the fluidi®y thereof. The above-nenti oned
conventional pressure sensitive adhesive sheets have the follow ng

particul ar peobldlebe pressinte esgridi ks AThe¥itieyp tecpadiation €leaBxeandi ng
step enlarges diced small elenent piece (chip) spacings to thereby

facilitate tétempoekdpcaditdimed cin pshe \fhmsssure censdttivenakiheafiee Wendi ng
pressure sensitive adhesive sheet capable of mnimzing the anount of
adhesi ve resfupedikyutrvadizionrsadhat tthe presswre seasditdivee adhesi ve
| ayer i s advanced to such an extent that' the pressure sensitive adhesive
layer beconed3dRemiye ceees tokae aHihreqtimgnsdonal aetitied istyucture
(expansibiliéé)Fis decr eased, thereby causing the attainnent of desired

chip spacin eEEPYi FPRIRd Fuoyslyistouan e finididauthedecfat  the
spaci ngs bet ween Lps negghbo 'ng ach gthg e not satisfactory to
t hereby cause rec§Eﬁ|FPSK Tﬂ??ﬁig %ﬁ ?ﬂ%‘e%ﬁiﬂ%%isﬁ%ﬁ?%ﬂ??1%ﬁﬂ? @ t. t hat
o o serfhelide LRYLEShave the "H1{SHing BT ANAS pFABILRY W

the expanding and pickup steps.

The expanding step enlarges diced small element piece
(chip) spacings to thereby facilitate the pickup of the
chips. When the conventional wafer bonding pressure
sensitive adhesive sheet capable of minimizing the amount
of adhesive residue is uséd, the curing of the pressure
sensitive adhesive layer is advanced to such an extent that
the'pressure sensitive adhesive layer becomes conspicuouély
hard. Thus, the sheet exteﬁsibility (expansibility) is
decreased, thereby causing the attainment of desired chip
spacings to be difficult. Illustratively, it occurred.that
the'spacings between chips neighboring each other were not
satisfactory to thereby cause recognition failure at the
pickup step with the result that operation error was.
invited.

Further, in the above conventional pressure sensitive
adﬁesive tape, the pressure sensitive adhesive layer
becomes so hard as to result in deteriorated chip holding
capability. Thus, it occurred that chips were dislocated
at the time of pickup to thereby cause pickup failure.

Japanese Patent Laid-open Publication No. 5(1993)-



adhesive tape, the pressure sensitive adhesive |ayer becones so hard as to
‘result in deteriorated chip holding capability. Thus, it occurred that
chips were dislocated - at the tine of pickup to thereby cause pickup
failure. Japanese Patent Laid-open Publication No. 5(1993)-

4 214298 teaches a pressure sensitive adhesive sheet provided wth a
pressure sensitive adhesive | ayer having, added thereto, a polyether
conmpound of relatively | ow nol ecul ar ﬁeight and an unsaturated oligonmer of
relatively low nolecular weight for rendering the adhesive curable by

radi ation ir2ad288i beachiesesepreybere t fensipivd adhesitiagd sHal P RAUAY

wei ght conponent is too large, this pressure sensitive adhesive suffers
from | oweri ngith atpreastrel senshesve cadhesies Nlaper thedind) added tering
woul d occur at the tine of dicing. On the other hand, when the amount of
added | ow notheuete, wai phlyetheoneompound cof srelativéky Ibwawsidcutad d be
encountered that_the reduction of the adhesive strength is unsatisfactory
-upon radi at | BRighE, aadagnpounsaturetedrehigemen e stekat ives nclaws
unfavorably | atge. _.Therefore, the control of adherent properties was very
dif1icult bePOLECHAATAPEASEREOT, sander bng| HhaA@Resive Cutable by

OBJECT OF THE INVENTICN gnder t he above circunstances, the inventors
have made eXPSAEFIERAETPALRNIPEe SHAUPEEE (i YRoR Yhe AReRRpk Pf added

low molecular weight component is too large, this pressure
sensitive adhesive suffers from lowering_of its initial
adhesive strength, so that chip scattering would occur at
the time of dicing. On the other hahd, when the amount of
added low molecular weight component is too small, the
drawback would be encountered that the redﬁbtion of ﬁhe
adhesivg strength is unéatisfactory upon radiation
irradiation or the amount of adhesive residue is
unfavorably large. Therefore, the control of adherent

properties was very difficult before and after the

radiation irradiation.

- QRJECT OF THE INVENTION

Under the above circumstances, the inventors have made
extensive and_intensive studies with a view toward
providing a pressure sensitive adhesive composition which
is excellent in curing properties and other functions. As
a result, the present invention has been completed. |

That is, the present invention has been made in view
of the above state of prior art, and an object of the
present invention is to provide an energy beam curable

pressure sensitive adhesive composition which has



providing a pressure sensitive adhesive conposition which is excellent in
“curing properties and other functions. As a result, the present invention
has been conpl et ed. That is, the present invention has been made in
view of the above state of prior art, and an object of the present
invention is to provide an energy beam curable pressure sensitive adhesive
conposi tion which has . ' sat gsfactory adhesive strength before the
irradiation with energy beam and can be cured by the irradiation with
energy beamtq a degree such that the amount of adhesive residue

remai ni ng ok} sEAcEOENd 29PeSiVBeEFFRRIER ReEPES TR sharadiatiipnvnidh
Fecoqn 1 on SREHEYe BAL 208 GROIRE SHASS BV FEF CRFABIALLOR gribraneray
rrespect | vOSR e SEERE SHOBT LRRE ERBLATTIRE cobprhesive Mhat e o ooy
Cheet . ospoc S (! ok atheBeR dBuc? BEERENG LI FRUAGIIRRIAT .o

and a surfaggg wmt&ptén%r@rse%%qléﬂésgkbxﬁsﬂﬂﬂfﬂggaéha%é %m the

above energy beam curabl e pressure sensitive adhesi conposition

~utilized. step and excellent redWyhR¥ioh AtEch&MVEMIE DE pickug @ngner gy

beam cur abl e pressure sensitive adhesive conposition of the present .

i nvention cdiyrtileas eathilbdast Wiywh work efficiency because of very low
.pickup'strength at the bonding step, irrespective of the
execution of.the expanding step.

Another object of the present invention is to provide
a pressure sensitive adhesive sheet, especially, a wafer
processing pressure sensitive adhesive sheet and a surface
protective pressure sensitive adhesive sheet in whiéh the
gbove energy beam curable pressure sensitive adhesive

composition is utilized.

SUMMARY OF THE INVENTION

The energy beam curable pressure sensitive adhesive
composition of the present invention comprises at least.two
energy beam curable copolymers'which have eneréy beam
polymerizable groups in side chains thereof. Preferably,
the energy beam curable pressure sensitivé adhesive
composition of the present invention comprises:

an energy Seam curable copolymer of at least 50,000 in
molecular weight which has energy beam polymerizable groups
in side chains thereof (A), the above energy beam curable
copolymer being obtainable by reacting 100 g of an acrylic

copolymer (al) which has functional group containing



ener gy beam curabl e copol yners whi ch have energy beam pol ynerizabl e groups
‘in side chains thereof. Preferably, the energy beam curabl e pressure
sensitive adhesive conposition of the present invention conprises:

an energy beam curabl e copol ynmer of at |east 50,000 in nolecular weight

whi ch has energy beam pol ynerizable groups in side chains thereof (A), the
above energy beam curable copol yner being obtainable by reacting 100 g of
an acrylic copolymer (al) which has f@nctional group containing

6 nononer units with at |east 0.12 nol of an energy beam polynerizable
group cont ai RoRBmeeTAAYRE aZh ¥R $8abaso. $IDRLILUENLR ERGRSY Mseathth the
above functional groups, and an energy beam curabl e cGpol yner of at

| east 50, 000polymeRiieabller geouphtonbathiRgScemsoaNdbear) ah Yok mZabl e
groups in side chains thereof (B), the above energy beam curable

copol yner beisuapstiitaientisl echytivacuion tH8 gboteabunctibngl Py Tednd bl )
whi ch has functional group containing nononmer units with less than 0.12
nol of an energy Reamnegugyy beanr sirabdeocppodymernofigatoipastds)pa@Po wim ch

has substituents reactive with the above functional groups. A
phot opol yner medEicayd-amweiighdr whdchc hasbengtdrdbeam phdymeoizakbhergyoupsim
curabl e pressure sensitive adhesive conposition. - The pressure

sensi tive adddsisideschaing thexrenfodBhy theyahevenenergyi keamacuraRle at e

coated with the above _ener beam cur abl e pressure sensitive adhesjve
conposi ti on copo%.ymer ber}.ngg%bta%.na%lie by rgact ng 100 g of an acrylic

copolymer (bl) which has functional group containing
monomer units with less than 0.12 mol of an energy beam
polymerizable group containing compéund {b2) which has
substituents reactive with the above functional groups.

A photopolymerization initiator (C) can be added to
the above energy beam curable pressure sensitive adhesive
'composition.

The pressure sensitive adhesive sheet of the present
invention comprises a substrate coated with the above
energy beam curable pressure sensitive adhesive composition
and is suitably.dsed as a wafer processing pressure
sensitive adhesive sheet or as a surface protective

pressure sensitive adhesive sheet.

- . DETAILED DESCRIPTION OF THE INVENTTON
The energy beam curable pressure sensitive adhesive
composition of the present invention will be described in
detail below.
The energy beam curable pressure sensitive adhesive
compositibn of the present invention comprises at least two

" energy beam curable copolymers which have energy beam



and is suitably used as a wafer processing pressure sensitive adhesive
'sheet or as a surface protective pressure sensitive adhesive sheet.

DETAI LED. DESCRI PTI ON OF THE | NVENTI ON ‘The energy beam curable
pressure sensitive adhesive conposition of the present invention will be
described in detai|l bel ow. The energy beam curabl e pressure

sensitive adhesive conposition of the present invention conprises at
| east two ener gy beam curabl e copolyﬁérs whi ch have energy beam
pol ynmeri zabl e groups in side chains thereof. In particular, the energy

beam cur abl e pelasmbizabAkRs igiowps adhesueecraIRgSthepeoe! tHg present
I nvention conprises an energy beam curabl e copolyner (A and an energy

beam cur abl @adpcauwicer, the whethy bedinl targblel poesslite COEREYERFe (A, tO
whi ch a photopol yneri zation initiator (C) is added according to necessity.

Sui t abl e examshesicfe avappsilidom ofir tbeeprepehy nknsent £dn aBEmSPESEY Lream
cur abl e copol yners &P) together with the photopol ynerization initi-ator (O
Wi |l be descranfx@y¥ fpPeageiminablel eapolymer (A) and &neepgrpabeamr abl e .
copolymer (A) ° The energy beam curabl e copol yner (A) is obtainable by
reacting an &I5ARke QoRAlymer ((B)) whdrbhigadifarenbnirongtbepcopotymnen ng

monormer gnitsiﬁv}ILéMLh'é r%yp %%gbolymerization initiator (C) is added
according to necessity. |
. Suitable examples of energy beam curable copolymers
(A) and energy beam curable copolymers (B) together with
.the photopolymerization initiator (C) will be described in
detail below;

The energy beam curxable copolymer (A) is obtainable by
reacting an acrylic copolymer (al) which has functional
group containing monomer units with an energy beam
polymerizable group containing compound (a2) whiéh has
_substituents reactive with the above functional groups.

The functionél group containing monomer is a monomef
having in its wolecuie not only a polymerizable double bond
but also a functional group such as a hydroxyl group, a
carboxyl group, an amino grbup,-a substituted amino group
Oor an epoxy group. Preferably, a hydroxyi group containing
unsaturated compound or é carboxyl group containing
unsaturated compound is employed. |

Specific examples of the above functional group
containing monomers inciude hydroxyl group containing
acrylates such as 2-hydroxyethyl acrylate, 2-hydroxyethyl

methacrylate, 2-hydroxypropyl acrylate and 2-hydroxypropyl



pol yneri zabl e group contai ni ng conpound (a2) which has substituents
-reactive with the above functional groups. The functional group
cont ai ni ng nononmer is a nononer having in its nolecule not only a

pol ymeri zabl e doubl e bond but also a functional group such as a hydroxyl
group, a carboxyl group, an am no group, a substituted am no group or an
epoxy group. Preferably, a hydroxyl group containing unsaturated conpound
or a carboxyl group containing unsatuBated conpound is enpl oyed.

Specific exanples of the above functional group containing nononers

i ncl ude hydrﬁéuhaaigyatésméﬁﬁnéé‘ﬁboﬁf% Y& PEES édk?{hﬁﬁpxﬁ R0 Wach

acryl ate, 2-hydroxyethyl -nethacryl 2- hydr oxypro acrylate an

2- hydr oxypr og¥l acrylic acid, ﬁéﬁﬂé‘éi%ifé SacEd tarkd " RRGAn 1 QlgE.L.oNt ai ni ng
conpounds such as acrylic acid, nmethacrylic acid and itaconic acid.

The above functi omble @bowe EQAt8i6hAY §POAPEESnEAINDRy MGiHehmertd My be
i ndi vidual ly or in conbination. The acrylic copolynmer (al) is

conposed of ssedcedther tindisideallgdofrbm ddrebhietyiod uncti onal group
containing nononer and structural units derived froma (neth)acrylate
mononer or a deri e weryldiceebpolymeabl(al] nbshyanpgsad eof nsrmowetuial f or
exanpl e, a cycloaléé; (nmeth)acrylate, benzyl gneth)acrylate or an al kyl
(met h) acryl apaits dived; fxom khe gbevp FuBctiepal sorewp Frrfiakinay
these, an alkyl (meth)acrylate in which the, al kyl group has 1 to 18
carbon at ons Me& 8rde FLANCERTRE, UpdESeRarpred ﬁﬁgﬂy? (meth)acrylate

monomer or a derivative thereof. Suitable (meth)acrylate
monomer is, for example, a cycloalkyl (meth)acrylate,
benzyl (meth)acrylate or an alkyl (meth)acrylate in which
the alkyl group has 1 to 18 carbon atoms. Of'these, an
alkyl (meth)acrYlate in which the alkyl group has 1 to 18
carbon atoms is preferred which is, for example, methyl
acrylate, methyl methacrylate, ethyl acrylate, ethyl
methacrylate, propyl acrylate, propyl methacrylate, butyl
acrylate or butyl methacrylate.

The acrylic copolymer (al) generally contains the
above. structural units derived from the functional group
containing monomer in an amount of i to 100% by weight,
preferably, 2 to 80% by weight and, still preferably, 3 to
50% by weight and contains the above structural units
derived from the (meth)acrylate monomer or derivative
thereof in an amount of 0 to 99% by weight, preferably, 20
to 98% by weight aﬂd, still preferably, 50 to 97% by
weight.

The acrylic copolymer (al) is obtained. by
copolymerizing the above functional group containing

monomer with the above (meth)acrylate monomer or derivative



acrylate, nethyl nethacrylate, ethyl acrylate, ethyl nethacrylate, propyl
"acryl ate, propyl nethacrylate, butyl acrylate or butyl nethacryl ate.

The acrylic copolyner (al) generally contains the above structural units
derived fromthe functional group containing nononmer in an amount of 1 to
100% by weight, preferably, 2 to 80% by weight and, still preferably, 3 to
50% by wei ght and contains the above structural units derived fromthe
(neth)acryl ate nonomer or derivative Sthereof in an anpunt of 0 to 99% by
wei ght, preferably, 20 to 98% by wei ght and, still preferably, 50 to 97%
by weight. thereosr HMo#itly €oCERE! ¥BRYehBlonkS SPOEEASF DY In this

copol yneri zing the above functional group containing mononmer W th the
above (et h)qgollyMet-IFAGTRY, @ sf@iilvahbusit (for example} hEgEabyaccording
to the conventional procedure. In this copolynerization, a small anount
(for exanpl ejeilflfe r Isghipreferadiy,psef byabeyght%obylassphéfor | ess) of
anot her nononer such as vinyl formate, vinyl acetate or styrene may be
used i n addidriathdmo ndmonem\sucibaseiayl formatee wihnylyabetateuornbl e
copol ynmer (A) is obtainable by reacting the above acrylic copolyner (al)
whi ch has fshtérsnalayyhmimssshiia aidddtionoker thai abowet honemensr gy beam
pol yneri zabl e group contai ni ng conpound (a2) which has substituents
reactive with theTh@RRexanReahgurpdigpsopolymer (A) is obtainable by

reacting the above acrylic copolymer (al) which has

functional group containing monomer units with an energy
beam polymerizable group containing compound (a2) which has
substituents reactive with the above funcﬁional groups.

The energy beam polymerizable group containing
compound (a2) containe substituents reactive with the
functional groups of the ;crylic copolymer (al). This
substituent is various depending on the type of the above
functional group. For example, .when the.functional group
is a hydroxyl or cerboxyl group, the sqbstituent is
preferred to be an isocyanate or epoxy group. When.the
functional group is an amino or a substituted amino group,
the substituent is preferred to be an isocyanate group or
the like. When the functional group is an epoxy group, the
substituent is preferred to be a carboxyl group.. One
substituent is contained in every molecule of energy beam
polymerizable group containing compound (a2).

Further, 1 to 5, preferably, 1 to 2 energy beam
polymerizable groups are contained in every molecule of
energy beam polymerizable group containing compound (a2).

Examples of suitable energy beam polymerizable groups

include a carbon-carbon double bond group, a carbon-carbon



The energy beam pol yneri zabl e group containing conpound (a2) contains
'substituents reactive with the functional groups of the acrylic copol yner
(al). This substituent is various depending on the type of the above
functional group. For exanple, when the functional group is a hydroxyl or
car boxyl group, .the substituent is preferred to be an isocyanate or epoxy
group. Wen the functional group is an amno or a substituted am no
group, the substituent is preferred 4@ be an isocyanate group or the
| i ke. When the functional group is an epoxy group, the substituent is

preferred toghg %%B%%&Eoﬂ OUR4 a gpo§ggggé%#?n;okstﬁggéainq%m%§?§yery

e gh
nol ecul e of energy beam ~“pol ynerizabl e*gr tai NI ng conbd%n ;

Further, 1 tQanbd¥ oAl Yonk bgoapeﬁgrﬂiée?@?FEd?O! ymeri zabl e groups are -
contained in every nol ecul e of “energy beam pol yneri zabl e group cont ai ni ng

conpound (a2). Specifdd@mpliess Wit dplet apoed¥nBegy Bahymeri zabl e groups
I ncl ude a carbon-carbon doubl e bond group, a carbon-carbon

10 triple lpalyneprmirabded grouppesytgiaing cbmpbafids Fa2pr PRS1Iudé&ar bon
doubl e bond group is preferred. Speci fi c exanpl es of the above energy
beam pol yneri zablRethasgry kaaanvatiy lc dipemyiens tea 2 m-ilsoprdpenyl-o, G-

nmet hacryl oyl oxyet hyl isocyanate, misopropenyl-[err],a- dinethyl benzyl

i socyanat e, redmetdiwibenzils dopoyanatendmethagryloydy dsacganate andcryl oyl
" nonoi socyanat e conmpounds each obtai ned by
allyl isocyanate;

ac;yloyl monoisocyanate compounds each obtained by
reacting'a diisocyanate or polyisocyanate compound with
hydroxyethyl (meth)acrylate;

acryloyl monoisocyanate compounds each obtained by
reaction of a mixture of a diisocyanate or polyisocyanate
compound, a polyol compound and hydroxyethyl
(meth)acrylate;

glycidyl (meth)acrylate; and

(meth)acrylic acid.

The enexrgy beam.polymerizable group containing
compound (a2) is generally used in an amount of at least
0.12 mol, preferably, from 0.12 to 1.0 mol and, still
préferably, from 0.12 to 0.5 mol per 100 g (solid contents)
of the above acrylic copolymer (al).

Further, the energy beam polymerizable group
containing compound (a2) is generally used in an amount of
20 to 100 equivalents, preferably, 45 to 95 equivalents
and, still preferably, 60 to 90 equivalents per 100
equivalents of the above functional group containing

monomer of the acrylic copolymer (al).



reacting a diisocyanate or polyi socyanate conpound with hydroxyet hyl

> (meth)acryl at e; acryl oyl nonoi socyanate conpounds each obtai ned by
reaction of a mxture of a diisocyanate or polyisocyanate conpound, a
pol yol conpound and hydroxyethyl (neth)acryl ate; gl yci dyl
(meth)acryl ate; and (meth)acrylic acid. The energy beam
pol'ynmeri zabl e group contai ning conpound (a2) is generally used in an
amount of at least 0.12 mol, preferddly, fromo0.12 to 1.0 nol and, stil
preferably, from©o.12 to 0.5 nol per 100 g (solid contents) of the above

acrylic copol ymerpdéldeaction Yetiels' thtehgcﬁ'ﬁ}iflﬁycgﬁa’i}(ﬁ@ky?gfoi za&&g group

cont ai ni ng conpound (a2) 1s generally used in an anbuni of to 100

equi val ent st H Iy} beadd pA yer@dbbl el geblip 86fltashihy E6Mbp&ERdl y, 60 to
90 equi val ents per 100 equivalents of the above functional group

containing (afjonsy gEnddad 1aciconiductedobyne0 €al 50°C under atmospheridhe
reacti on between the acrylic copolyner (al) and the energy beam

pol ymeri zablpregsue cordmianiperiodmpduatbouta2t he.geflitr bl prebedveded at 20
to 50[err] C under atnospheric pressure over a period of about 24 hr. It is
preferred tthat tthis rmeantion be efifected in a solution, for example; an
ethyl acetate solution in the presence of a catalyst such as dibutyltin
| aur at e. an ethyl acetate solution in the presence of a catalyst

such as dibutyltin laurate.

- As a result, the functional group present in the side
chain of the acrylic copolymer (al) reacts with the
substituent of the energy beam polymerizable group
containing compound (a2), so that the energy beam
polymerizable group is introduced in the side chain of the
acrylic copolymer (al), tLereby obtaining the energy beam
curable copolymer (A). In this reaction, the reactivity
between the functional group and the substituent is
generaliy at least 80%, preferably in the range of about 90
to 100%. Unreacted functional group may remain in the
energy beam curable copolymer (A).

The energf beam curable copolymer (A) has a molecular
weight of at least 50,000, preferably, from 70,000.to
1,500,000 and, still preferably, from 100,000 to 1,000,000.
The energy beam curable copolymer (A) generally has a glass
transition temperature of up to 20°C, preferably, about -70
to 0°C. The enérgy beam curable copolyﬁer (A) exhibits
adherence at room temperature (23°C).

The above energy beam curable copolymer (A) contains

the energy beam polymerizable group, so that the

irradiation with energy beam causes the energy beam curable



As a result, the functional group present in the side chain of the acrylic
‘copol yner (al) reacts with the substituent of the energy beam.

pol ynmeri zabl e group contai ning conpound (a2), so that the energy beam

pol yneri zable group is introduced in the side chain of the acrylic
copolynmer (al), thereby obtaining the energy beam curable copolyner (A).
In this reaction, the reactivity between the functional group and the
substituent is generally at |east 80% preferably in the range of about 90
to 100% Unreacted functional group nay remain in the energy beam curable

copol yrer (Bopol TG @R yRREEz60R8hY AR s ul ar
wei ght of at Fﬁ%é?“ﬁb,ﬁ?(x prefgrablyg ??bn1§0,000 toa %ﬁ%%%?o%gtégkﬁgstill

preferably, desunt]l @hadt0@Hed alind2@n@0thetorensr apsbeam curabl e copol ymer
(A) generally has a glass transition tenperature of up to 20[err]C,
preferably, about -70 t Gy bE&am hdegeopedymeur g8 e copol yner (A)
exhi bits adherence at roomtenperature (23[err]C). The above energy
beam cur abl e copdfhyersendryy dmedmmicerakilee coperlymere {B) pdisy sbtaiabbaegboup,
so that the irradiation with energy beam causes the energy beam curabl e

12 copol ynmeregeying thelerenyldsl yoomdlyateixor{bdnd whdchnbasi flanchéonadsul t

that the adherence thereof is |ost. Ener gy beam curabl e

copol yner (EJroup conpdndng gonemen andds witdp&henenerBy bsambt ai nabl e by

reacting the acryligc copolynmer (bl) which has functiona
9 pgiygérfgabfg roup(cogtaining compound (b2) which has

substituents reactive with the above functional groups in
the same manner as mentioned ébove. Specific examples of
the acrylic copolymers (bl) are the same as those of the
acrylic copolymers (al) listed above.

Specific examples of the energy beam polymerizable
group containing compounds (b2) are the same as those of
the energy beam polymerizable group containing compounds
(a2) listed above. However, the energy beam curable
copolymer (B) has a formulation which is different from
that of the energy beam curable copolymer (3). Preferﬁbly,

. the energy beam curable copolymer (ﬁ) is different from the
enerxgy beam curable copolymer (A) in thé amount of energy
beam polymerizable group containing compound (b2) used.

In the preparation of the energy beam curable
copolymer (B), the energy beam polymerizable group.
containing compound (b2) is generally used in an amount of
less than 0.12 mol, preferably, from 0.01 to less than 0.12
mol and, still preferably, from 0.02 to less than 0.12 mol

per'100 g (solid contents) of the above acrylic copolymer
(bl).



group contai ning nononer units with the energy beam polynerizable group
"cont ai ni ng conpound (b2) which has substituents reactive with the above
functional groups in the sane manner as nentioned above. Specific exanpl es
of the acrylic copolyners (bl) are the same as those of the acrylic
copolyners (al) |isted above. Speci fic exanpl es of the energy beam
pol yneri zabl e group containi ng conpounds (b2) are the sane as those of

t he: energy beam pol yneri zabl e group ééhtaining conpounds (a2) listed
above. However, the energy beam curable copolyner (B) has a fornul ation

which is differentuf¢nes, tird éﬁeﬁqyauaaM' 1aePicEbakl gre@pol ymer (A).
Preferably, the energy beam curable copolynmer (B) is different fromthe

ener gy beam eorittdl i pednptaind Ab2)N ilshgeagrddlyotisedeigyanbgadunt of

pol ymeri zabl e group contai ni ng conpound (b2) used. In the :
preparation 20 tdel@hezqyivebintsyr prleferablyl, ydsr toBP5 efgeieakegysbeam

pol yneri zabl e group containing conpound (b2) is generally used in an
anmount of |and, t$thlD. prefarably.cfedr &0l YO eauivelentsopeesiObhan 0.12 nol

and, still preferably, from0.02 to | éess than 0.12 nol Eer 100 g (solid
contents) ofednEvabeRtes oF \the akays iwactiopal group containing

13 Further, the_energy beam pol yneri zabl e group containing conpound
(b2) is gencfanPyersRf the °¥¥£§ﬁn¢9§°ltm?%<ibiéo equi val ents, preferably,

45 o 95 equival egls  ande, 5Ll LS I 0r 10 d SDIGHY Au] Solter 100

the energy beam polymerizable group containing compound
(b2).is conducted under the same conditions As mentioned
above.

As a result, the functional group pfesent in the side
chain of the acrylic copolymer (bl) reacts with the
substituent of the energy‘beam polymerizable group
containing compound (b2), so that the energy beam
polymerizable group is introduced in the side chain of the
acrylic copolymer (bl), thereby obtaining the energy béam
curable copolymer (B). In this reaction, the reactivity
between the functional group and the substituent is
generaily at least 80%, preferably in the range of about 90.

. to 100%. Unreacted functional group may remain in the
energy beam curable copolymer

The energy beam curable copolymer (B) has a molecular
weight of at least 50,000, preferably, from 70,000 to
1,500,000 and, still preferably, from 100,000 to 1,000,000.
The energy beam curable copolymer (B) generally has a glass
transition temperature of up to 20°C, preferably, about =70
to 0°C. The energy beam curable copolymer (B) exhibits

adherence at room temperature (23°C).



equi val ents of the above functional group containing nononer of the

-acrylic copolyner (bl). The reaction between the acrylic copol yner
(bl') and the energy beam pol yneri zabl e group contai ni ng conmpound (b2) is
conduct ed under the sane conditions as nentioned above. As a result,

the functional group present in the side chain of the acrylic copol yner

(bl) reacts with the substituent of {he ener gy beam pol yneri zabl e group

cont ai ni ng conpound (b2), so that the @nergy beam polynerizable group is
i ntroduced in the side chain of the acrylic copolyner (bl), thereby

obtaining the enerpg BBawe &HeRYECHLEMROLYFEH1E Ropdyhdd S(H LIt knd N
reactivity between the functional group and the substituent 1s generally

at | east 80%her eherghl beam pbEymenyealple agprotip 90so tthat) P%e Unr eact ed
functional group may remain in the energy beam curabl e copol yner The
ener gy beam dyradiatiopowibbrep&rghadseam nchwses drhe vengidy Weai daigile

50, 000, preferably, from 70,000 to 1,500,000 and, still preferably, from
100, 000 to 1<opOolymer (Bhetenurdergepelymenizatiow|ambrc)ngeniditalthe has
a glass transition tenperature of up to 20[err]C, preferably, about -70

to O[err]C. FREvdheFhptnEhm adhapercecthereef im)r edts adherence at

roomtenperature

err]C . - 14
The above ener gy ééghpyﬁha%PE b8pBrYiEFark} Y 8ftai HRe votohkcrabioeefn
polynerlzabl%hgrgggpoagnghg% Eggrgy beam curable copolymer - (A) to the

component of energy beam curable copolymer (B) in the

energy beam curable pressure sehsitive adheéive composition

is'preferred'to ranée from 1/100 to 100/1, especially, from

1/50 to 50/1 and, still especially, from 1/10 to 10/1

(a/B) . |
Bhotopolymerization initiator (C)

When ultraviélet rays are employed as the energy beam,
the polymerization/curing time énd the energy beam dosage
can be reduced by mixing a photopolymeriéation initiator
(C) in the above composition of the present invention.

Specific examples of suitable photopolymerization
initiators (C) include benzophenone, acetophenone, benzoin,
benzoin methyl ether, benzoin ethyl ether, benzoin ’
isopropyl ether, benzoin isocbutyl ether, benzoin benzoic
acid, benzoin methyl benzoate, benzoin dimethyl ketal, 2,4-
digthylthioxanthone, 1-hydroxycyclohexyl phenyl ketone,
benzyl diphenyl sulfide, tetramethylthiuram monosulfide,
azobisisobutyronitrile, benzil, dibenzyl, diacetyl and B-
chloroanthraquinone. It is preferred that the
photopolymerization initiator (C) be used in an amount

ranging from 0.1 to 10 parts by weight, especially, from



irradiation with energy beam causes the energy beam curable copolyner (B)
‘t o undergo pol ynerization and curing with the result that the adherence

t hereof is reduced. Al t hough can be arbitrarily set, the weight ratio
of the conponent of energy beam curabl e copol yner (A) to the conponent of
ener gy beam curabl e copolymer (B) in the energy beam curable pressure
sensitive adhesive conposition is preferred to range from1/100 to 100/1,
especially, from 1/50 to 50/1 and, 891 especially, from1/10 to 10/1
(A/B). Photopolynerlzatlon initiator (C When

ul traviol et Oaﬁlstcarﬁ gt Oyad wad ghite pere1Q9Y padts biyh®eight of the sum

pol yneri zation/curing tinme and the energy beam dosage can be reduced by

m xi ng a phoHgdhe eenpornandrs i (d)t iaador(B)(.C) i n the above conposition of the
present invention. - Specific exanples of suitabl e photopol ynerization
initiators (C) include benzopheno¥ , BRORER, benzoin, benzoin nethyl
et her, benzoin ethyl ether, benzoin |sopropyl et her, ben20|n I sobut yl

et her, benzoin be%&o?‘édl‘é%‘m tydiwiabane INATDOReRS St dA)bangoi(B) dandt hy!

k |, 2,4- h 1- hyd | ohex henyl k
IR Tl %thﬁ. (P arehonesuiieaBolie: faving
bi but I b di b I d
R R R
nitator (QLalf H3ethd Nedlrdy Milin 338100 g 8Bue! shRs10108" LankYs Y1 ONt

espeC|aIIy

composition of the present invention in an amount which is
not detrimental to the objects of the present invention.
The above acrylic polymer does nqt contain any energy beam
polymerizable group, so that itself has no
photopolymerizability. This acrylic polymer is, for
example, ‘a homopolymer of'é (methfacrylic ester, a
copolymer whose main structural monomer units are based on
a (meth)acrylic eéter or a mixture thereof. This
(meth)acrylic ester is preferred to be an alkyl
(meth)acrylate in which the alkyl group hag 1 to 18 carbon
atoms. In addition to this monomer, a comonomerlsuch as
viny; acetate, styrene or vinyl chloride may be used in the
copolymerization. |

The acrylic polymer has a molecular weight of at least
100,000, preferably, from 150,000 to 1,500,000 and, still
p:eferably, from 200,000 to 1,000,000. The acrylic polymer
generally has a glass transition temperature of up to 20°C,
preferably, about =70 to 0°C. The acrylic polymer exhibits
adherence at room temperature (23°C).

The above acrylic polymer may be added to the

composition of the present invention in an amount of,



0.5 to 5 parts by weight per 100 parts by weight of the sum of the
-conponents (A) and (B). Ot her conponents I n
addition to the above conponents (A) and (B) and optionally added
conmponent (C), an acrylic polynmer having w dely been used as a pressure
sensitive adhesive can be wused in the energy beam curabl e pressure
sensitive adhesive conposition of the present invention in an anmount which
is not detrimental to the objects ofl@he present invention. The above
acrylic polyner does not contain any energy beam pol ynerizable group, so

that itself #yg% 0 I ' MERAYA - | ymer is, for
exanpl e, a onnﬁ%%?#%? gﬁpgx%ggﬁ% g%#fl%% gg?é?? gﬁxﬁoggFg%er whose nain
structural ERorEFaniy,! Sitd B YARE by mmag,ul 160phPEsObya M xture
thereof. Thi's (meth)yacrylic estéer is preferred to be an alkyl

(met h) acryl afeighc ¥ athd Rfundldey It n@ Gémpdaentst qQa}8asar gy, atons. In
addition to this nononer, a conononer such as vinyl acetate, styrene or
vinyl chloride nmepubghesedan reridiyy xam \Polymetiizable compotd @& YbiC

pol ymer has a nol ecul ar wei ght of at |east 100,000, preferably, from

150, 000 t o Im&DOcHWDEx aweliglstt iddn e aefddeabltyy theoen2@gyObeamo chir@B@e000. The

acrylic polynmer generally has a glass transition tenperature of up to
20[err]C, RPee¢IFeRe \se ve Eghes e rgdnposiitdonc iyl iordesl $oeconkhpdbits
adherence at room tenperature (23Jerr]C). The above acrylic polyner

may be addedt?® ERRXIX IR FvAP VLt nERRReRS invention in an anount of,

The above energy beam polymerizable compound has a
molecular weight of not greater than 10,000, preferably,
from about 100 to 8000.

The energy beam polymerizable compound of low
molecular weight which can be used in the present invention
is, for example, an acrylate monomer, a urethane acrylate
oligomer, an epoxy-modified urethane acrylate oligomer or
an epoxy acrylate oligomer.

The energy beam polymerizable compound of low
molecular weight may be added to the coﬁposition of the
present invention in an amount of 0 to 100 parts by weight,
preferably, about 0.1 to 10 parts by weight per 100 parts
by weight of the sum of the components (A) and (B). When
the amount of the energy beam polymerizable compound of low
molecular weight is too large, the expansion of the
composition would be unfavorably difficult after curing.

Still further, an organic polyvalent isocyanate
compound, an organic polyvalent epoxy compound, an organic
polyvalent imine compound or fhe like can be added to the
energy beam curable pressure sensitive adhesive composition

of the present invention in order to regulate the initial



16 preferably, up to 100 parts by weight and, still .- preferably, up to 50
‘parts by weight per 100 parts by weight of the sum of the conponents (A
and (B). Further, an energy beam pol yneri zabl e conpound of | ow

nol ecul ar wei ght can be added to the energy beam curable pressure
sensitive adhesive conposition in order to control the energy beam
curability thereof. The above energy beam pol yneri zabl e conpound has
a nol ecul ar weight of not greater t Adh 10, 000, preferably, from about 100
to 8000. . The energy beam pol yneri zabl e conpound of |ow nol ecul ar

- wei ght whi chhaids fife UGrigtt RRdPEehesiveN¥ePEh§th b8, thélc P1€iomN
acryl ate nononer, a urethane acrylate oligoner, an epoxy-nodified urethane

acryl ate ol igsfeare @he adhexRpX Yead Yhrahaiatioaner . The energy beam
pol yneri zabl e conpound of | ow nol ecular weight may be added to the

conposi tion of tHehe palswntorgardnd ipalyvalantaisooyanbt8 tompOGndaiss by
wei ght, preferably, about 0.1 to 10 parts by wei ght per 100 parts by

wei ght of t hiox exanplkee agomunratiic paAlyxadenB) isvhpanatéecampoundpfan he
ener gy beam pol yneri zabl e conpound of "l ow nol ecul ar weight is too |arge,
t he expansi chtighatic polpsiantod speyeaate garrovndbl gndalicralicafter
curing. Still further, an organic pol yvalent isocyanate conpound,
an organi c RAYAISRt ARSSY AR GOFPORRder §akirdmerygfy ¢aFRneL| khpse

conmpound or t | i ke can be added to the energy beam curabl e pressure

sensitive adﬂggYV%iéﬂ) ¥ YPrte gompoungs. oz, |ﬁ§gﬁ¥?8ﬂtFnt8F8éPa¥%@

regul ate thquéé@ﬁéﬁg prepolymer obtained by reacting each of these
polyvalent isocyanate compounds with a polyol compound.
Specific examples of suitable organic polyvalent isocyanate .
compounds include 2,4-tolylene diisocyanate, 2,6-tolylene
diisocyanate, 1,3-xylylene diisocyanate, 1,4-xylylene
diisocyanate, diphenylmetﬁane-4,4'-diisocyanate,
diphenylmethane-2,4'~diisocyanate, 3-methyldiphenylmethane
diisocyanate{ hexamethylene diisocyanate, isophorone
diisocyanate, dicyclohexyl-methane-4,4'-diisocyanate,
dicyclohexylmethane—z,4'-diisocyanate and lysine
isocyanate.’ '

The above organic polyvalent epoxy compound is, for
example, a bisphenol A epoxy compound, a bisphenol F epoxy
compound, 1,3-bis(N,N-diglycidylaminomethyl)benzene, 1,3-
bis (N,N~-diglycidylaminomethyl)toluene, N(N,N',N'-
tetraglycidyl-4, 4-diaminodiphenylmethane.
The above organic polyvalent imine compound is, for

example, N,N'-~diphenylmethane-4,4'-bis(1-
aziridinecarboxyamide), trimethylolpropane-tri-f-

aziridinyl propionate, tetramethylolmethane-tri-p-



17 adhesive strength and cohesive strength of the conposition before the
renergy beamirradiation. .The above organi c pol yval ent isocyanate
conmpound is, for exanple, an aromatic pol yval ent isocyanate conpound, an
al i phatic pol yval ent.isocyanate conpound, an alicyclic polyval ent

| socyanate conpound, a trinmer of each of these polyvalent isocyanate
conpounds or an isocyanate term nated urethane prepol ynmer obtained by
reacting each of these polyvalent i%$8yanate conpounds with a polyol
conpound. Specific exanples of suitable organic polyval ent isocyanate

conpounds |g9é§qu%¥§n§ ¥k§3§tg|%ﬁﬁc¥aﬁatgolge§etglXlgng(ldl|socyanate

1, 3-xylylene diisoc dirsocyanat
di phenyl net B%B&‘rﬂhﬁedéh:b%&?&ﬁﬁab?tr;QhH?QEMLﬂE%Q{iIEHe2 4 -diisocyanate,

3- nethyldlphenylnethane dllsocyanate exanet ene dllsocyanate
| sophor one Eghiei @AM curabd : ; Cive‘adHes pé&siti
dlcyclohexylnethane 2 4' - d||socyanate and IyS|ne |socyanate The

above organi ¢ polThenlemirgap Gean curablé presbutre e¥asBteveaalihéshgaol A
epoxy conpound, a bisphenol F epoxy conpound,

1, 3- bi s( N, Ncamglosditdpina wfndinet prieseatzéneentidn is obtainable by

bIS(N N-di gl yci dyl am nonet hyl)tol uene, N, N N, N -

tetragl yci dyilending &wigesdieshsirel nbplv&nenergy beanecubabieocgpolymers
pol yval ent |n1ne conmpound i s, for exanp

N, N -di phen , #ptgionedly a;_lpngdwﬁ&batb@xyaﬁtepylymerizatmn
trinethylol pane trlqierr] aziridinyl propionate,
tetranethyl ) ﬁgqqabove other components according to the

conventional technique.

The above energy beam curable pressure sensitive
adhesive coﬁposition can be cured by the irradiation with
energy beam to a degree such that the amount of adhesive
residue remaining on an adherend after peeling is extremely
small. Further, the joint use of at least two polymers
which have energy beam polymerizable groups in side chains
thereof ensures excellent expansibility at the expanding
step and excellent recognition at the time_of pickup.

Still further, the above composition of the present
invention exhibits high work efficiency because of very low
pickup strength at the bonding step, irrespective of the
execution of the expanding step. Suitable examples of the
energy beams include ultraviolet rays and electron beams.
The energy beam dosage is varied depending on the type of
applied energy beam. For example, when ultraviolet rays
are used, the dosage thereof is preferred to range from
about 40 to 200 W/cm. When electron beams are used, the
dosage thereof is preferred to range from about 10 to 1000

krad. This energy beam irradiation realizes a marked



18 aziridinyl propionate and N, N -tol uene-2, 4-bis(l-

-azi ridi necar boxyam do)tri et hyl enenel am ne. Energy beam curabl e pressure
sensitive adhesi ve conposition The energy beam curabl e pressure
sensitive adhesive conposition of the present invention is obtainable by
bl endi ng toget her the above energy beam curabl e copolynmers (A) and (B)
optionally along with the photopol ynerization initiator (C and above

- other conponents according to the cdf®entional technique. The above
energy beam curabl e pressure sensitive adhesive conposition can be cured

by the irradg ﬁwi%t&f_%r%%t&&ﬁg{ ot %&&%h_cbﬂ%s%?coﬁ”wl“; of

adhesi ve residue renmal ning on an adheren er peeling is extrene

smal | . Furthehe pPeséRt Ninvéft fin Al PHAxdnifl e)OhinEleas MhieClalayevener gy
beam pol yneri zabl e groups in side chains thereof ensures excellent

expansi bi | i t gtabngbR €¥PANSHEGULSE SFurfibe o deiiiconueddirt waFeat the tine
of pickup. Still further, the above conposition of the present invention

exhi bi ts hi gbangel €tbmcabosy DEOats 1000 \Wi25 ImmvbeBodielRhe! etRghl at the
bondi ng step, irrespective of the execution of the expanding step.
Sui t abl e exabphmsivftathatiengergyntmealrscamdal et fiddtreal isal ¢hatayheand
~electron beans. The energy beam dosage is varied depending on the type of
appl i ed ener gghissdne Fbrengbhpaftenithe nexgy diesm rdpradigtdonsdd, t he
dosage thereof is preferred to range from about 40 to 200 Wcm Wen

el ectron beaﬁpoape u§e§? §H§ of that before the enerxqgy beam

irradiation.
Use

The above energy beam curable pressure sensitive
adhesive composition of the present invention exhibits
satisfactory adhesive strength to an adherend before the
irradiation with energy b;am and, on the other hand, can be
cured by the irradiation with energy beam to a degree such
that the amount of adhgsive residue is extremely small.
Therefore, this energy beam éurable pressufe sensitive
adhesive composition is suitable for use in applications in
which peeling is effected after sticking.

The energy beam curable pressure sensitive adhesive
sheet of the present invention comprises a substrate coated
with a pressure sensitive adhesive layer composed of the
above energy beam curable pressure sensitive adhesive
composition.

The substrate for use in the energy beam curable
pressure sensitive adhesive sheet of the present-invention
is, for example, selected from among general-purpose films
such as polyethylene, polypropylene, polybutene,
polybutadiene, poiymethylpentene, polyvinyl chloride, vinyl



dosage thereof is preferred to range fromabout 10 to 1000 krad. This

. energy beamirradiation realizes a marked

19. reduction of the adhesive strength of the conposition of the pr esent
i nvention. For exanple, whereas the adhesive strength to a specul ar
surface of sem conductor wafer ranges from about 100 to 1000 g/ 25 nm
before the energy - beamirradiation, control can be effected so that the
adhesive strength after the energy bggn1irradiation is about 0.5 to 50% of
t hat before the energy beam irradiation. The above energy beam

curabl e pressyre,sensitiyvye adhesive conposition of t resent invention
exhibits &gEQF&GFoF?PS&N@§FVeP8}¥EFB¥ﬂE?B Rt ﬂﬂF%efore t he

! Higi 2t onP %ﬁu&gie&é BERRPRGRaLREsr cBoLuRRecRRRE: RERERTRAY IR hahesi ve
T
Consitive SOREELS. CoBRRYREr, oAoendh rahrh’ PRI PTG A0PLB o0 €

“whi ch peel i ag.4iss B gﬁfg‘asé ek Bir18hehBgn) acry11NEogacfeboam cur abl o

pressure sensitive a sive eet of t ent 1 nventlion conprises a

substrate c ymdird, Ws%%&‘éh‘é aaasbbweaésaﬁat&efhmsraﬁ@rrposed of the
above energy ean1cura | e“préssure sensitive adhesive conposition.

The subst r atianfigiatése theddyE .ener gy beam cur abl e

When the energy beam curable pressure sensitive
adhesive sheet is uséd in the wafer proceséing including
the expanding step, it is preferred that the above
substrate have a Young's modulus ranging from 250 tb 5000
dyne/cm, especially, from 270 to 3060 dyne/cm and, still
especially, from 300 to 1500 dyne/cm. However, when the
energy beam curable pressure sensitive adhesive sheet is
used in the wafer processing including no expanding step,
the Young's modulus of the substrate is not particularly
limited.

When ultraviolet rays are used as the energy beam, it
is preferred that a film whose transmission of light of 300
to 400 nm in wavelength is at least 5%,-especia11y, at
least 10% and, sﬁill especially, at least 15% be used as
the substrate. |

When electron beams are used as the energy beam, it is.
not necessary for the substrate to beltransparent. Thus,
each of not only the aforementioned trénsparent films but
also opaque films obtained by coloring them and fluororesin
films can be used as the substrate.

The energy beam curable pressure sensitive adhesive

sheet of the present invention can be obtained by coating a



pressure sensitive adhesive sheet of the present invention is, for
‘exanpl e, selected from anong general - purpose filnms such as pol yet hyl ene,
pol ypr opyl ene, pol ybutene, polybutadi ene, pol ynethyl pentene, polyvinyl

chl oride, vinyl 20 chloride copol yner,
pol yet hyl ene terephthal ate, polybutylene terephthal ate, pol yurethane,

et hyl ene/ vinyl acetate copol yner, i mer resin, ethylene/(nmeth)acrylic
acid copolymer, ethylene/ (nmeth)acryli®’ acid ester copolynmer, polystyrene
and pol ycarbonate filnms and |am nates thereof. . When the energy beam

cur abl e preseariabbnsubsteratahas iappropediatiesthieknesst hbtthatke goeessi ng
I ncluding the expanding step, it is preferred that the above substrate
have a Youngerexgylbeam rcurfbile fpreasie tsenSd6dvedadbeshyveespmpositionfrom
270 to 3000 dyne/cmand, still especially, from300 to 1500 dyne/cm
However, whe*cedrding g thne ganvendtilonadr seshndquensmpilopinghastomngheet is
used in the wafer processing including no expandi ng step, the Young's
nodul us of tFRALEHsIFEABING GRAteHr tdieycoater,| KpVEESe coater gychhe

R R AR S TR CSa IR R

TRETREAE S U ¢ Ay St )

s necessary, a release sheet is applied onto thg pressure :
sensitive adhesive layér. _

Although varied depending on the use, the thickness of
the pressure sensitive adhesive laye; generally ranges from
about 1 to 100 um, préferably, from about 5 to 50 um and, .
still preferably, from about 10 to 30 Hm.

On the other hand, tﬁe thickness of the substrate
generally ranges from about 10 to 300 um, preferably, from
about 20 to 200 pum and, still preferably, from about 50 to
150 pm.

The cdnfiguration of the energy beam curable pressure
sensitive adhesive sheet of the present invention is not
limited and the sheet may have the form of, for exampie, a
tape or a label.

When the energy beam curable pressure sensitive
adhesive sheet of tﬁe present invention having been stuck
to an adherend is irradiated with energy beam, the adhesive
strength thereof is markedly reduced.

Thus, this sheet can be removed from the adherend
without causing adhesive residue to remain on the adherend.

Therefore, the energy beam curable pressure sensitive

adhesive sheet of the present invention is most suitable



not necessary for the substrate to be transparent. Thus, . each of not only
-the aforenenti oned transparent filns but al so opaque fil nms obtained by
coloring them and fl uororesin films 'can be used as the substrate.

The energy beam curabl e pressure sensitive adhesive sheet of the present

I nvention can be obtained by coating a

21 variable substrate in appropriat hi ckness with the above energy beam
curabl e pressure sensitive adhesive osition according to the
conventional technique enploying a comma coater, gravure coater, die

coater, revefae wsatial applivatidree iandndich peelifgCasPegicbiceBdt astbsgr eby
forma pressure sensitive adhesive |ayer on the substrate. \Wen considered

necessary, ostiatlerse. sikmat dxample,i dt dist asielde apr aswafer pedsebsifgadhesi ve
| ayer. Al t hough vari ed depending on the use, the thickness of the
pressure sersixface piatgctsl e pare spaner alensitdvgeadhesdvealsheetl to 100
[err]m preferably, fromabout 5 to 50 [err]mand, still preferably, from
about 10 to 30 [é¥n?n$urface r¥otert N @raasure ensitiisienesthesfivehe

substrate general]y ranges fromabout 10 to 300 [err]m preferably, from
about 20 to RREY e*%l]srﬁ‘H%HP%ft‘? Itheyrrrfiagn wI.f fon e¥e0P18 B0 150 [err]m

The configurglion of the e %%%y beam curabl e pressure _ sensitive adhesive
sheet of the ?ﬁ%ﬁ%ﬁ&v?rkﬂﬁiq i @ fhhasy phatss PatRd Béde @&y ahave the

form of, forpfgggpé S1dee (RS ;gjxr'otaeétasbe_i:llie same from soiling or

cratching during the transit or processing. When the
protection is no longer needed,'the surface protective
pressure-sensitivé adhésive sheet can easily be peeled off
by irradiating it with energy benm.

The wafer processing pressure sensitive adhesive sheet
is employed at the time of, for example, polishing the back
of a wafer or wafer dicing. |

A multiplicity of circuits are formed on a surface-of
a semiconductor wafer, and semiconductor chips are produced
by conducting cutting and separation (dicing) of the
semiconductor wafer for eéch individual circuit. If the
thickness of the wafer is irregular or an oxide layer has
been formed on the back of the wafer, the obtained chips
suffer from éerformance irregularity. Thus, the back of
the wafer is polished after the completion of the wafer
processing. However, this may encounter damaging of
circuits by polishing debris. In this instance, the
sticking of the wafer processing pressure sensitive
adhesive sheet of the present invention to a frontal face
of the wafer enables preventing the damaging of circuits.

Moreover, the wafer processing pressure sensitive adhesive



When the energy beam curabl e pressure sensitive adhesive sheet of the
‘present invention having been stuck to an adherend is irradiated with
energy beam the adhesive strength thereof is nmarkedly reduced.

Thus, this sheet can be renoved fromthe adherend w thout causing adhesive
residue to remain on the adherend. Therefore, the energy beam curable
pressure sensitive adhesive sheet oEé he present invention is nobst

sui tabl e 22 for use in applications in
which peeling is effected after sticking. For exanple, it is used as a

waf er processheeft wan :adidge her peededv efffir bysdreadéatingvit adieli ve sheet.
The surface protective pressure sensitive adhesive sheet is stuck onto the
surface of, engraxgar withawccemsing adhesive, resfduestel nemain omt al
plate or a plastic plate and protects the same fromsoiling or cratching
during the t¥R@syafer, proddasi meitihean ishshepwates: podlerd Aer| ehgeriteeded,
the surface protegctive ressure sensitive adhesixe sheet can easily be

peel ed of f eI+ AW it \fﬁh(%té-l‘ﬂ?ré’f sagnpee 109-The wafer processing
presure SeIS! L VB RIUPEL Y Bl heod SELIRY Tnclhek Rl B 2!
L o SpABATEGe B S 5 SR ShEalRchs 98 pns,
(dicing) of ghecufes CONME ity Y t3RC halefadl YhrdddssihbChbsshlet he
sensiﬁive a&heéive sheet of the present invention.
Further, the wafer processing pressuré sensitive adhesive
sheet of the present invention can be stuck to the back of
the wafer for fixing the wafer so that the wafer is stably,
held at the time of dicing. This'wafer processing pressure
sensitive adhesive sheet Sf the present invention can hold
the wafer with satisfactory adhesive strength before the
irradiation with energy beam and has.a.marked reduction of
the adhesive strength upon the irradiation with energy beam
after the dicing, so that the semiconductor chips.can
easily picked up'without suffering from soiling by the
adhesive. Further, upon the irradiation with energy beam,
the pressure sensitive adhesive layer is cured to a degree
such that the amount of adhésive residue is extremely
small. Furthermoré, the joint use of at least two polymers
which have energy beam polymerizable groups in side chains
thereof ensures excellent expansibility at the expanding
step and excellent recognition at the time of pickup in the
wafer processing. Still further, the above sheet of the

present invention exhibits high work efficiency because of



t hi ckness of the wafer is irregular or an oxide | ayer has been fornmed on
-'the back of the wafer, the obtained chips suffer from perfornmance
irregularity. Thus, the back of the wafer is polished after the conpletion
of the wafer processing. However, this may encounter danmaging of <circuits
by polishing debris. In this instance, the sticking of the wafer
processi ng pressure sensitive adhesive sheet of the present invention to a
frontal face of the wafer enables d?@venting t he damagi ng of circuits.

Mor eover, the wafer processing pressure sensitive adhesive

23 sheet ceargasbWyphekiipebedefdénbat i thadbeidigy idtep,) N rdsant iRRam

W t hout causi ng adhesive residue to remain on the wafer, so that neither

i s the waf eofstheedxaentioncoftthdagrpangingcstepat the tine of the

peel i ng. Li kewi se, the wafer dicing nmay encounter damagi ng of
circuits by cutting debris. Inthis instance as well, the circuits can be

protected by the wafer processing pressure sensitive adhesive sheet of the
present invention. Further, EEEEQELQE_Sﬁﬁcéﬂgﬁﬂﬁlgﬂessure sensitive
adhesi ve sheet of the present invention can be stuck to the back of the
waf er for fixing®shé@prearentsdromathenéongpeings shabppergkicP@@®mt the tinme

of dicing. This _wafer processiggﬁgressure sensi tive, agdhesi yve sheet of the

present invENPOTSCRTRGNFS SRE ¥e arhRsiye; SPERPBLYy %Bh%§i9%§strength
et ore L. AR, BIRIE B EAa MR BRI SeAgo e
to an adherend before the irradiation with energy beam and
can be cured by the irradiation with energy.beam to a
degree such that the amount of adhesive residue is
extremely small. Further, the joint use of at least two
polymers which have energy beam polymerizable groups in
side chains thereof ensures excellent expansibility at the
expanding step and excellent recognition at the time of
pickub in the wafer proceéssing. Still further, ﬁhe above
composition of the present invention exhibits high work
efficiency because of very low pickup strength at the
bonding step, irrespective of the execution of the
expanding step. Therefore, the energy beam curable
pressure sensitive adhesive composition of the present
invention is most suitable for use in applications in which
peeling is effected after sticking, for example, ; wafer

processing or surface protective pressure sensitive

adhesive sheet.



after the dicing, so that the sem conductor chips can easily picked up

‘W t hout suffering fromsoiling by the adhesive. Further, upon the
irradiation with energy beam the pressure sensitive adhesive |layer is.
cured to a degree such that the ambunt of adhesive residue is extrenely
small. Furthernore, the joint use of at |east two polyners which have
ener gy beam pol yneri zabl e groups in side chains thereof ensures excellent
expansibility at the expanding step2®d excellent recognition at the tine
of pickup in the wafer processing. Still further, the above sheet of the

present inventi O”Tﬁéh%)PIéEénEi o e%cgg‘;]vgi:.f]i. FUA RGBS 9 19lust rated

24 very low pickup strength at t ng step, Irrespective of the

execution of psiigyewPeRdiésesSéffe to the following ExampTesEwhifh IhFno
| NVENTI ON As apparent fromthe foregoing, the energy beam curable

pressure sengayi Yemdeherévec I$RO N ri¥ferddi®n present invention exhibits
sati sfactory adhesive strengt to an adherend before the irradiation with

energy beam and &anthe fol2dwhbygtEgamplesliaid Qonpddatang Exaipdes, 0 a
degree such that the anount of adhesive residue is extrenely small. '
Furt her, thethei N1808epedling |adivisive stpEinghs Wexpanisdbd lénglgy beam
pol yneri zabl e groups in side chains thereof ensures excell ent
expansibiIitVag@gﬂﬁbilékﬁéndfn§S§¢Q$ie?ﬁFﬁ%Gﬁﬁﬁ(ﬂﬂﬂlﬂni2$ﬁni&h¢eagthﬂe tinme

of pickup in the wafer processing. Stil] further, the above
were evaluated in the following manners.

180° peeling adhesive strength
The pressure sensitive adhesive sheet obtained in each
of the foll§wing Examples and Comparative Examples was
stuck onto the back (polished by #2000) of a semiconductor
wafer in 23°C/65% RH atmo;phere by reciprocating a 2 kg
rubber roller thereon, allowed to stand still for 20 min
. and peeled by means of a universal tgnsile tester

- (TENSILON/UTM-4-100 manufactured by Orientec Corporation)
at alpeeling'speed of 300 mm/min to thereby determine a
180° peeling adhesive strength. Also, the pressuré
sensitive adhesive sheet was stuck and allowed to stand
still under the same conditions, and was irradiated from
the substrate side at a.line speed of 5 m/min with
ultraviolet rays emitted from a high pressure mercury lamp
(80 W/cm) disposed at a distance of 10 cm from the sheet.

Thereafter, the 180° peeling adhesive strength was measured

in the same manner.
Expansibility
A 5-inch silicon wafer was stuck onto the pressure

sensitive adhesive sheet and fitted on a flat frame, and a



conposition of the present invention exhibits high work efficiency because
-of very low pickup strength at the bonding step, irrespective of the
execution of the expanding step. Therefore, the energy beam curable
pressure sensitive adhesive conposition of the present invention is nost
suitable for use in applications in which peeling is effected after
sticking, for exanple, a wafer processing or surface protective pressure
sensitive adhesive sheet. 26 25 The
present invention will further be illustrated below with reference to the

In the {0l | BaERoChRbmpdcERaRiCE R, sofbietsl FRR 26 imal Vel SiBh o) | g

adhesi ve stgep! Bhe u8¥P8ESAPY I fix "thick! ADARGAd iBYade . rq&{dual particle”

and "pickup strength” were evaluated in the follow ng nmanners. 180
peeling ad hﬁitY'ﬁvibﬁ.@EgiPrafliat 1dR ew&é eﬁé&é euﬁ&é‘:? ' tt.ﬁé’ Cs £ ES i SR
obtained in each of th | om ng Exanpl es and Conparative Exanples was

stuck onto pkejhacke(MehstbefleRY 200800 Opedl HREI SAHEBIGIO st Mt tn
23[err] C 65% RH at nosphere by reciprocating a 2 kg rubber roIIer thereon

al lowed to ahdndhet sheetowadleRpandaadbpetl efimbyitratise Ois@ offiaser sal
tensile tester (TENSILOV UTM 4-100 manufactured by Oientec Corporation)
at a peel i ngxppaedngf 30 mAtnthatotime;ebhedekpansikihity of the

entire wafer wéé measured.

Alignability

The chip alignability was evaluated by visual
inspection simultaneously with the above measurement of
expansibility.

A 4-inch silicon wafer was stuck onto the pressure
sensitive adhesive_sheet, allowed to stand still for é4 hr
and irradiated with ultraviolet rays under the same
conditions as in the measurement of 180° peeling adhesive
strength. Then, the sheet was peeled and the number of
particles remaining on the wafer was measured by the use of
a laser surface inspecting instrument (manufactured by
Hitachi Electronic Engineering Co.).

Rickup strength

A 6-inch silicon wafer was stuck onto the pressure
sensitive adhesive sheet and fitted on a flat frame, and a
full cutting thereof was conducted into 10 mm square chips
with the use of a 30 um thick diamond blade. an
ultraviolet irradiation was made under the same conditions
as in the measurement of 180° peeling adhesive strength.

Thereafter, the sheet was fixed without being expanded, and



180[ err] peeling adhesive strength. Al so, the pressure sensitive adhesive
- sheet was stuck and al'lowed to stand still under the sane conditions, and
was irradiated from the substrate side at a line speed of 5 nimn with
ultraviolet rays emtted froma high pressure nmercury lanp (80 Wcmnm

di sposed at a distance of 10 cmfromthe sheet. Thereafter, the 180[err]
peel i ng adhesi ve strength was neasured in the sane manner. Expansibility
A 5-inch silicon wafer was stuck ont8% he pressure sensitive adhesive
sheet and fitted on a flat frame, and a

26 full cutdddiy dH¥gs Ss | amnd@gctf%m' ghe Qgcmgqeﬁéesﬁéé@%;{ Vhddhd he

use of a 30 [err]mthick | ade ultraviolet irradiation was

nmade under td¥e £3EsHE L igiige AAviLR thesme UppERREeaf wibh £ridedre] i N
adhesive strength, -and the sheet masgexpandeg gy 10 mMwith the use of an

expandi ng jixh #Aiid hednddie pidpesgaeaghhki wEref méAsuredt at e10pEIintvels

nmeasured. Alignability ' The chip alignability was eval uated by vi sual
i nspection samdildwewsmyesdy W th the above nmeasurenment of expansibility.
Resi dual particle A 4-inch silicon wafer was stuck onto the pressure

sensitive adhesi vEhghfellowelrgvenktgy dtemand csiriabllef gopdymer (),
energy beam curable copolymer (B), photopolymerization
initiator (C), copolymer qpntaining no energy beam .
poljmerizable group (D), energy beam polymerizable compound
(E) and crosslinking agent (F) were employed in the
Examples and Comparative Examples.
Epnergy beam curable copolymer (A)

Al: product obtained.by reacting 100 parts by weight
of a 25% ethyl acetate solution of copolymer having weight
average molecular weight of 400,000 which was prepared from
60 parts by weight of butyi acrylate, 10 parts by weight of
methyl methacrylate and 30 parts by weight of 2-
hydroxyethyl acrylate with 7.5 parts by weight (0.19 mol
per 100 parts by weight of the copolymer) 6f
methacrylbyloxyethyl isocyanate.

A2: product obtained by reacting 100 parts by weight
of a 25% ethyl acetate solution of copolymer having weight
average molecular weight of 120,000 which was prepared from
60 parts by weight of butyl acrylate, 10 parts by weight of
methyl methacrylate and 30 parts by weight of 2-
hydroxyethyl acrylate with 7.5 parts by weight (0.19 mol
per 100 parts by weight of the copolymer) ofl
methacryloyloxyethyl isocyanate.

Energy beam curable copolymer (B)



and irradiated with ultraviolet rays under the same conditions as in the
-measurenent of 180[err] peeling adhesive strength. Then, the sheet was
peel ed and the nunber of particles renmaining on the wafer was neasured by
the use of a laser surface inspecting instrunent (manufactured by Hitach
El ectronic Engineering Co.). Pickup strength A 6-inch silicon wafer
was stuck onto the pressure sensi &ge adhesi ve sheet and fitted on a flat
frame, and a full cutting thereof s conducted into 10 mm square chips
with the use of a 30 [err]mthick dianond bl ade. An ul travi ol et

i rradi ati on wasBimdproddet otbtained byndeacbisg 108 partscoyeesighthent of .
180[ err] peeling adhesive strength. Thereafter, the sheet was fixed

wi t hout bePRgaeXpindthylandetate solution of copolymer having wedghteach

chip was pushed-up fromthe back of the sheet by means of a push_ pul
gauge havi Ayerage: pgleFuipgcnedphh afn4@0; Q00 vhich wasprepared Jfipm
strengt hs re neasured at_ 10 pojnts. and fverﬁgeg. Tgs foli i ng
energy beaftPcBREEFePYoHBAOREr OFf APutyl aryylatenfnd 18 RaELD PY s %%g,
phot opol yneri zatian _initiator co by cont aiyin en beam
polynerizaBFeég%@%ﬁofﬁf?hgieﬁﬁ§§g%ﬁﬁ1ng ngfizgﬁf schpgﬁgght(g§9§%d
crossl i nki a t I Nt ngdeConpar ati ve
Exanpl es. %%%eggg %gg) g%&%bﬁgp%§%§ﬁ§n§$ ?gf Eésgm§§§F?p$€duct obt ai ned by
reacting 1QQRaldr$10%18%y%8 byl isocyanate.
B2: product obtained by reacting 100 parts by weight

of a 25% ethyl acetate solution of copolymer of having

weight average molecular weight of 400,00 which was

prepared from 80 parts by weight of butyl acrylate, 15

parts by weight of methyl methacrylate and 5 parts by

weight of 2-hydroxyethyl methacrylate with 1.25 parts by

weight (0.032 mol per 100 parts by weight of the copolymer)

of methacryloyloxyethyl isocyanate.

E] ! ] ] ! .l [} I! i -! [g}

C: 1-hydroxycyclohexyl phenyl ketone (Irgacure 184 produced

by Ciba-Geigy) .

D1: 25% ethyl acetate solution of copolymer having
weight average molecular weight of 400,000 which was
prepared from 90 parts by weight of butyl acrylate and 10
parts by weight of 2-hydroxyethyl acrylate.

D2: 25% ethyl acetate solution of copolymer having
weight average molecular weight of 400,000 which was
prepared from 80 parts by weight of butyl acrylate, 15
parts by weight of methyl methacrylate and 5 parts by

weight of 2-hydroxyethyl methacrylate.



of a 25% ethyl acetate solution of copolymer having weight average

-nol ecul ar wei ght of 400, 000 which was prepared from 60 parts by wei ght of
butyl acrylate, 10 parts by weight of nmethyl methacrylate and 30 parts by
wei ght of 2- hydroxyethyl acrylate with 7.5 parts by weight (0.19 nol per
100 parts by weight of the copolyner) of nethacryl oyl oxyethyl isocyanate.
A2: product obtained by reacting 1002@arts by weight of a 25% et hyl
acetate solution of copolyner having wei ght average nol ecul ar wei ght of

20, 000 whi ch N age_mol i .
| éarts by me?ghrangtﬁggﬁg?t%%fﬁa%? éﬁégéﬁgxga Bgr%?88§yaé¥gﬁgc ate 1

yr oxy oLy wBEAHL B G AIE oo TS WY oHE) BB 466, 080 "BhiclShas 0 par s by

wei ght of the ¢ acrylo xyet hyl'" rsocyan Ener gy beam
curabl e cop 4ré8) from 55 parts by weight of butyl B1:
pr oduct obtgil)n%% Jlc)y re]a%rtll ng pfor S |yt é’%? weoghtu o o?cryJZ%'g?etqhyl acetate

sol ution of gaPELYRPIwEEYAN b ctHy]l meRWBERGE eelsﬁalgr gy of 400, 000
whi ch was pr%paregﬂ?rv:)n%wh 90 par??lb?QWE|g ? o but yl ao¥€$ate and 10

parts by weigbight 6f 2-Kydiergeil meehabayeaweth 2.7 parts by weight

(0. 07 nol per 100 parts by wei ght of the copol yner) of

nmet hacryl oyl BRged A (pglymg i zab ] hduct obt ai ned by reacting
100 parts by melght of a 25@6ethy| acetate sol ution of copol ymer of

havi ng wei ght Blerdijpenaexytibritodi dexastryda8te0 whi ch was

E2: urethane acrylate oligomer (weight average
molecular weight: about 10,000).

Crosslinking agent (F)

F: aromatic polyvalent isocyanate compound (Coronate L
produced by Nippon Polyurethane Co.)
Example 1 '

20 parts by weight of component Al, 80 parts by weight
of component Bl, 1 part by weight of component C and 0.5
part by weight of cohponent F were blended together;
thereby obtaining an_énergy beam curable pressure sensitive
adhesive composition. An 80 um thick ethylene/methacrylic
acid copolymer.film was coated with the above energy beam
curable pressure sensitive adhesive composition so that the
coating thickness after drying would be 10 jm and dried at
100°C for 1'min. Thus, a pressure sensitive adhesive sheet
was obtained.

The "180° peeling adhesive strength"”, "expansibility",
"alignability”, "residual particle"™ and "pickup strength"
of the obtained pressure sensitive adhesive sheet were
evaluated in the above manners. The results are given in

Table 1.



prepared from 80 parts by wei ght of -butyl acrylate, 15 parts by wei ght
-of methyl nmethacrylate and 5 parts by wei ght of 2-hydroxyet hyl
nmet hacrylate with 1.25 parts by wei ght (0.032 nol per 100 parts by

wei ght of the copol yner) of net hacryl oyl oxyet hyl isocyanate.

Phot opol yneri zation initiator (C) - C. 1- hydroxycycl ohexyl phenyl ketone
(I'rgacure 184 produced by Ciba-G%vg Copol ynmer cont ai ni ng no energy
beam pol yneri zabl e group (D) D1: 2 ethyl acetate sol ution of copol yner
havi ng wei ght average nol ecul ar wei ght of 400, 000 whi ch was

pr epar ed fr§§¢8@lﬁaats by wei ght of butyl acrylate and 10 parts by

wei ght of 2-hydroxyethyl acryl ate. D2: 25% et hyl acetate sol ution

of copolyner havFhE samemeraﬁ?d%ﬁ%r%iﬁﬁnnﬁ&amnkg-kmaa@hﬁe@eaneg e80ephi ch

“was re rom80 parts of but acrylate parts by
wei ght of nggﬁ% 3%&’?15'&? iét"é‘“a‘it%t §% .ahPaanzbmyww%t hyl
nethacrylat o et hyl

acet at e squFlgomB?n%%%d?§hE} RARK Ry Wﬁ%?ﬁﬁ:°§v8PE€8nﬁBFeGuPﬁ? &eséht of
gg?t gogym\/\/{aﬁgﬁ tﬂgﬁf' I%&@(ﬁ?a erﬁail t% par r%leﬁly %’éﬁfacri‘f’ate 40
2- hydr oxyet Qggumgghgféyég‘r,gn ixEnfélﬂl}é keam pol yneri zabl e conmpound (E)
El : di pentaerythritol hexaacrylate E2: urethane acryl ate oligoner
(wei ght aveEzg@ple 3
The same procedure as in Example 1 was repeated excépt
that 20 parts by weight of component Al, 80 parts by weight
of compoﬁent B2, 1 part by weight of component C and 0.5
parﬁ by weight of component F weré blended together. The
results are given in Table 1.
Example 4
The same procedure as in Example 1 was repeated except
that 33 parts by weight of component Al, 67 parts by weight
of component B2, 1 part by weight of component C and 0.5
part by weight of component F were blended together. The
results are given in Table 1.
Example 5
The samé procedure as in Example 1 was repeated except
that 20 parts by weight of component A2, 80 parts by weight
of component Bl, 1 part by weight 6f component C and 0.5
part by weight of component F were blended together. The
results are given in Table 1.
Example 6
Thé same procedure as in Example 1 was repeated'except
that 20 parts by weight of component A2, 80 parts by weight

.. of component B2, 1 part by weight of component C and 0.5



nol ecul ar wei ght: about 10,000). Crosslinking agent (F) F. aromatic
-pol yval ent i socyanate conpound (Coronate L produced by N ppon Pol yurethane
Co.) Exanple 1 20 parts by wei ght of component Al, 80 parts by

wei ght of conponent Bl, 1 part by wei ght of conmponent C and 0.5 part by
wei ght of conmponent F were bl ended together, thereby obtaining an energy
beam curabl e pressure sensitive ad I ve conposition. An 80 [err]mthick
et hyl ene/ methacrylic acid copolyner tilmwas coated with the above energy
beam curable pressure sensitive adhesive conposition so that the coating

t hi ckness apast dyyweighlbuwfl ¢empangndy F Wened kdendedqitogesdesrr| Ereor 1
mn. Thus, a pressure sensitive adhesive sheet was obtai ned. The

"180[ err] ptephrigsadresgieentivmfate Yexpansibility", "alignability",
“residual pﬁ%%éghgl%and "pi ckup strength” - of the obtained pressure
sensitive a heet were evaluated in the above manners. The results
_zla_[]g gg\r/rleanplrgcegﬁgb%aéaf“ﬁ PXofpfRre ﬁ%,s??e%’éaa R & 3% r?%%fte%%pma@re ?’gzby
1ol Ohe of CHREnSH ofbrglh el inblo b tlbondi RIS acRe vl R
together. The JofipdhbitaBE, 91VESrt "oy MtfoHt of component C, 5.0 parts

by weight of component El and 0.5 part by weight of

~ component F were blended together. The results are given

in Iable 1. |

Example 8

| The same procedure as in Example 1 was repeated except

that 20 parts by weight of component Al, 80 parts by weight

of component Bl, 1 part b; weight of component C, 5.0 parts

by weight of component E2 and 0.5 part by weight of

component F were blended together. The results are given

in Table 1;

Comparative Example 1

The same procedure as in Example 1 was' repeated except

that component Al was not used and component Bl was used in

an amount of 100 parts by ﬁeight. The results are given in

Table 1.

Comparative Example 2

The same procednfe as in Example 3 was repeated except

that component Al was not used and component B2 was used in

an amount of 100 parts by weight. The results are given in

Table 1.

Comparative Example 3



Exanpl e 3 The sane procedure as in Exanple 1 was repeated except
‘that 20 parts by wei ght of conmponent A, 80 parts by weight of conponent
B2, 1 part by weight of conponent C and 0.5 part by wei ght of conmponent F
were bl ended together. The results are given in Table 1. Exanple 4

The sane procedure as in Exanple 1 was repeated except that 33 parts by
wei ght of conponent Al, 67 parts by i ght of conponent B2, 1 part by

wei ght of conponent C and 0.5 part wei ght of conponent F were bl ended
together. The results are given in Table 1. Exanple 5 The sane

procedure as in HExenpame lprecedwreasdine dxguplea Hatwad0 nepeat ey exciepttt  of
conponent A2, 80 parts by weight of conponent Bl, 1 part by weight of
conponent Cthate eompongnt Bl was gt cﬁs r?ﬁ%&wﬂppmﬁe%l wageusedgdnher .
The results are given_in Table 1. - The same procedure as
in Exanpl e 3 \@R0 ol et P Rax: S kmal'felzazhtpar Thepregulis age gdvgondnt A2,
80 parts bmigighi of conponent B2, 1 part by wei ght of conponent- C and
0.5 31 part by weight of conponent F

wer e bl end spylts are given.in Table 1. Exanple 7
The sane procedure as 1n a 1 was repeated except
The same procedure as in Example 5 was repeated except

that component Bl was not used and component A2 was used in

an amount of 100 parts by weight. The results are given in

Table 1.
Comparative Example 5

The same procedure as in Example 1 was repeated except
that 1 part by weight of component C, 45 parts by weight of
component D1, 55 parts by weight of component El and 0.5
part by weight of component F were blended together.  The
results are given in Table 1.
G.Qmp.ér.anile_ﬂxamp__lhe_i

The same procedure as in Example 1 was repeated except
that 1 part by weight of component C, 45 parts by weight of
component D2, 55 parts by weight of component E2 and 0.5

part by weight of component F were blended together. The

results are given in Table 1.
Comparative Fxample 7

The same procedure as in Example 1 was repeated except
that 1 part by weight of component C, 45 parts by weight of
component D3, 55 parts by weight of component E1 and 0.5
part by weight of component F were blended together. The

results are given in Table 1.



that 20 parts by weight of conponent A, 80 parts by weight of conponent
Bl, 1 part by weight of conmponent C, 5.0 parts by weight of conponent- El
and 0.5 part by weight of conponent F were bl ended together. The results
are given in Table 1. Exanple 8 The sane procedure as in Exanple 1
was repeated except that 20 parts by weight of conponent A, 80 parts by
wei ght of conponent Bl, 1 part by \@3ght of conponent C, 5.0 parts by '
wei ght of conponent E2 and 0.5 part by weight of conponent F were bl ended
t oget her. The re.fults are give in Table 1. _Conparative Exanple 1

The sane proceduf®® a3, %%% WY 3Rdn &jend@ dxw@s rerepiedcengentnt Al

t t Bl d i t of 100 ts b
v gnt. The e BIRES dry dre ¥t ‘S Gowbeneit Bpatarprs BXHpheny
Th i 3 2at t t pat t Al
Ihe-sane P18 Uiofind b BRI L 55 UAT 88 Shbophene 130 pSaTRORe"
ueight . TRepd £ Uy Swéi ghidl S dufboneADEC whre HIAMBRLALLYELFXATP! £ 3
32 The sane procedure as |nIExarrpI &1 as repeated except Pﬁat

conponent Bley@bt §0d rél SPrya di ff opgpaRent, Al was used in an ‘amount of 100
parts by weight. The results are given in

Comparative Example 9

The same procedure as in ﬁxample 1 was repeated except
that 30 parts by weight of component Al, 1 part by weight
of component C, 70 parts by weight of component D2 and 0.5
part by weight of component F were blended together. The

~ results are given in Table 1.



Table 1. Conparative Exanple 4 The sane procedure as in Exanple 5
-was repeated except that conmponent Bl was not used and conponent A2 was
used in an amunt of 100 parts by weight. The results are given in Table
1. Conparative Exanple 5 The sane procedure as in Exanple 1 was
repeated except that 1 part by weight of conponent C, 45 parts by wei ght
of conponent D1, 55 parts by wei ght of conponent El and 0.5 part by

wei ght of conmponent F were bl ended together. The results are given in

Table 1. Conparative Exanple 6 The sane procedure as in Exanple 1
was repeated except that 1 part by I ght of conponent C, 45 parts by
wei ght of conponent D2, 55 parts b I ght of conponent E2 and 0.5 part by

wei ght of conmponent F were bl ended together. The results are given in
Table 1. Conparative Exanple 7 Tablghdl s@e procedure as in Exanple 1

was repeat ed-except that 1 part by weight of conponent C__45 parts hy
wei ght of | conpongnt D3, p‘i%s%rﬂes sgy. weis gt a%eSQWOEG%oFltE&q 0.5 part
by wei ght of conppnent F were 3 t oget her results are giver in
Tabl e 1. arts bYQWeig t) The sane- as
I n Exanpl e{1 was {epeated cept thc 70 par tis by jwei $t of bnent| Al ,
1 part by \eight 4 1) g (B2) | mﬁEé?Hné. dEML b nd
0.5
Ex.1 20 0 80 0 11.0] O 0 0 0 0 10.5
Ex.2 331 0 67 0 |1.01 O 0 0 0 0 j0.5
Ex.3 20 0 0 80 |1.0] O 0 0 ) 0 |o.5
Ex.4 33 0 0 67 11.0] © 0 0 0 0 10.5
Ex.5 0 20 80 0 _l1.0] O o 0 0 0 j0.5
Ex.6 0 20 0 80 |1.0} O 0 0 0 0 0.5
| Ex.7 20 0 80 0 |11.01 O 0 0 5 0 _10.5
Ex.8 20 0 80 0 J1.0] O 0 0 0 5 ]10.5
Comp. '
Ex.1 0 0 1100 0 (1.0} O 0 0 0 0 ]10.5
Comp.
Ex.2 0 0 0 10011.0] O 0 0 0 0 [0.5
Comp.
Ex.3 1100] O 0 0 ]1.0]1 © 0 0 0 0 ]0.5
Comp.
Ex.4 0 100] O 0 |1.0] o© 0 0 o 0 Jo0.5
Comp. _ )
Ex.5 0 0 0 0 11,0 45 0 (V] 55 0 10.5
Comp.
Ex.6 0 0 0 0 11.0] O 45 0 0 55 { 0.5
Comp.
Ex, 7 0 0 0 0 1.01 O 0 45 55 0 0.5
Comp.
Ex.8 70 0 0 0 j1.0} © 30 0 0 0 10.5
Comp .
Ex.9 | 30 0 (0] 0 j1.0f O 70 0 0 0 |10.5




part by weight of conponent F were bl ended together. The results are given
in Table 1. Conparative Exanple 9 The sanme procedure as in Exanple 1
was repeated except that 30 parts by weight of conponent A, 1 part by
wei ght of conponent C, 70 parts by weight of conponent D2 and 0.5 part by
wei ght of conmponent F were bl ended together. The results are given in

Tabl e 1. 34

Table 1 (1) Pressure sensitive adhesive conposition _
(parts by weight) (AD) (Bl) (B2) (O (D1) (D2) (D3) (H)
(E2) (F) Ex.1 20 0 80 %5 1.0 O 0 0 0 0 .5 ‘Ex.2

33 0 67 0 1.0 o. O 0 0 0 0.5 Ex.3 20 0 0

80 1.0 O 0 0 0 0O 0.5 Ex.4 33 0 0O 67 1.0 O
0 0 0 0 0.5 Ex.5 (@ablegl (I 0 1.0 O 0 0 0
0 0.5 . 6 0 20 0 80 1.0 0 0 0 0 0 0.5 Ex.7
20 0 | 80 0 0 0 5 Q_.0 Ex.d _ 2 0] 80
o 10 |0 ¢ Tmesife gl Ei¥e o Rgast 11585 Reffpuay| T 0
0 0 0 ) grrengty Conp.steength |0 bilixy |apbilimy] particle) 0
0 0 0 0]5 Copgyasmw3 1P0 0 0 0 1.0 0 0 0 0
0 0.5 Jonp. Efeéfore Wv|attér uvPio mOn /gll- O (39 0 0 (Qo.74 O 0.5
Co np. irradi- irradi- _ inch
ation ation wafer)
Ex.1 150 20 430 6 good 21
Ex.2 | 180 | 20 380 5 good 25
Ex.3 220 20 480 4 good _ 16
Ex.4 220 30 420 5 good | 15
| Ex.S 180 50 450 5 good 30
| Ex.6 240 40 490 3 good 25
Ex.7 240 5 470 4 good 11
| Ex.8 250 20 - 420 5 good 13
Comp . .
Ex.1 200 80 730 2 good 120
Comp. ' .
Ex.2 250 30 800 1 good 30
Conmp. '
Ex.3 300 10 700 1 good _ 18
Comp. -
Ex.4 | 280/cf 30 850 0.6 good 80
Comp . - :
Ex.5 200 9 590 1 _good 30
Comp.
Ex.6 | 280 15 680 3 good 600
Comp.
Ex,7 350 7 650 0.7 good 15
Comp. :
Ex.8 300 25 850 7 good 50
Comp.
| Ex.9 250 150 900 8 good | 2 10000




Ex5 0 10 45 0 0 55 0O 0.5 Comp. Ex.6 O
"0 0 55 0.5 Comp. Ex,7 O 0 0
0 0.5 Conp. Ex.8 70 O 0 0 1.0
: HIIIIIQIlIIlII |||I|Hﬁ|| SR N A S LA
35 _

Table 1 (1)~ Adhesive gg Pi ckup Expansi - Align-

Resi dual strength strength bility ability particle
g/ 25 mm Before UV After UV 10 nmJ[err] /g (99 : - (no./4
irradi- i™ha¥ is claimed is: inch ation
ation 20
430 6 - PRPenergy %‘“ gurable Pff?é)sure Seé’ﬁiti 380 :

5

16 Ex 4goodq2ﬁ}ve comggffilon qgﬂgrising ag least tgg gnergy b?gm Ex. 5good

188 E%%fable é%%o%ymers wﬁ%gh EfV$9%%Qr§XObeaﬁppog§mgrizab§é0 40

4 . 90 in ldia i 3 £ug | 420 |

good c@mupéso Y ]% &t oo piRlteo 730 2 good
120 Conp. Ex.2 2, 25ﬂn enerngbeam cuégghe pressure sensitdicad 30
Conmp. Ex. 3 300 1 good 18 Conp.
Ex. 4 280/£dhesive3&bmpositi3ﬁ)comprlsﬂhq§ good 80 Conp. Ex.5
200 9 590 1 good 30 Conp. EX.6 280.
15 680 an enérgy beamgowrable cdfill e .of at least 50,000 in

molecular weight which has energy beam polymerizable éroups
in side chains thereof (A); said energy beam curable
copolymer being obtainable by reacting 100 g of an acrylic
copolymer which has functional group containing monomer
units with at least 0.12 mol of an energy beam
pélymerizable group containing compound which has
substituents reactive with said functional groups, and

an energy beam curable copolymer of at least 50,000 in
molecular weight which has energy beam polymerizable groups
in side chains thereof (B), said energy beam curable
copolymer being obtainable by reacting 100 g of an acrylic
copolymer which has functional group containing monomer
units with less than 0.12 mol of aﬁ energy beam
'polimerizable group containing compound which has
substituents reactive with said functional groups.

3. The energy beam curable pressure sensitive
adhesive composition as claimed in claim 1 or 2, which

further comprises a photopolymerization initiator (C).



Ex'7 0.7 good 15 Conp. Ex.8
* good 50 Conp. Ex.9 250 150

650
fﬁﬂ 7
ggo V\ha \“m‘mm“u“g s:*|l | gooil- i\(r)log(r)ler gy beam curabl e pr essuré

sensitive adhe5|ve conposition conprising at |east two energy beam
cur abl e copol yners mhich have ener g8 /beam pol yneri zabl e groups in side
chai ns thereof. ) An energy beam curabl e pressure sensitive

adhes! ve conposig ! on CO P30, Iegﬁfitiv%“ﬁsgsgwebsﬁgaggaa%ﬁgmg'amer of

at | east 50, 000 whi'c as ener i zabl e

groups in g Eﬁﬁ%é%g} @%&H&@’ Skl (éhe gg§§ﬁ% 8a2ELEYI BBLEsuoPOl YITEr

bei ng obtain react1ng. copol ymer I ch has
functi onal &&&Mtﬁﬂﬂs&%&%ﬁ%@n%ﬁ pevahy 8F bedshs01leoryl of an
energy beam polynerizabl e group containing conmpound which ha

substituents reag!ivernd igresivtd Hetigitivle @dbeiveasilieet as caaiﬁecrgy
beam cur abl e copol ymer of at |east 50,000 in nolecular weight which has
ener gy beardmpot et i Zale Y digousedn asi de welfernprobessdhg(Bressarel ener gy
beam curabl e copol yner bei ng obtainable by reacting 100 g of an acrylic
copol ymer wkemnsitisge fadhetis iorealshgredtup cont ai ni ng nmononer units with |ess
than 0.12 nol of an energy beam pol ynerizable group contalnlng conmpound
whi ch has subst €t uernThe reeesswre \dansigdive faghesiyealshgesups. claimed

in claim 4, which is used as a surface protective pressure

sensitive adhesive sheet.



3. The energy beam curabl e pressure sensitive adhesive conposition as
»claimed in claiml1l or 2, which -further conprises a photopol ynerization
initiator (O. 37 4. A pressure
sensitive adhesive sheet conprising a substrate coated with the energy
beam curabl e pressure sensitive adhesive conposition of any of "‘clains 1 to
3. 5. The pressure sensitive adhgéive sheet as clainmed in claimd4,
which is used as a wafer processing pressure sensitive adhesive sheet.

6. The pressure sensitive adhesive sheet as clained in claim4, which is
used as a surfacceENERGE@EAM CURABLE PRESSURE SENSHIHOE ADHRIME

COMPOSITION AND USE THEREOF

ABSTRACT

An energy beam curable pressure sensitive adhesive

composition is disclosed which comprises at least two

| energy .beam curable éopolymers having energy beam
polymerizabie groups in side chains thereof.. This energy
beam curable pressure sensitive adhesive composition has
satisfactory adhesive strength before the irradiation with
energy beam and can be cured by the irradiation with energy
beam to a degree such that the amount of adhesive residue
remaining on an adherend after peeling;i§ extremely small.
Further, the above composition ensures excellent
expansibility at the expanding step and excellent
recognition at the time of pickup. Stili further, the
above composition exhibits high work efficiency because of
very low pickup Strength at the bonding step, irrespective

of the execution of the expanding step.




