15 APR 2005 DESCRI PTI ON ENERGY- BEAM CURABLE THERVAL- RELEASABLE PRESSURE-
SENSI Tl VE ADHESI VE SHEET AND METHOD FOR PRODUCI NG CUT PI ECES USI NG THE SAME
Technical Field The present invention relates to an energy-beam curable

t her mal -rel easabl e pressure-sensitive adhesive sheet from whigch ui

pi eces, which are adherends, can readily be rel eased and collﬁk%@hﬂgy
irradiation wwth energy beans and heat treatnent; and a nethod for
produci ng cut pieces using this sheet. Background Art Upon cutting a

sem conductor wafer or nultilayer capacitor sheet into pieces of a
predeterm ned size, conventional hyskpepPrdR a pressure-sensitive adhesive
sheet for causing it to adhere to the wafer or sheet (adherend) and
facilitating rel ease and col |l ection of cut pieces such as cut chips is a
thermal -rel easabl e pressure-sensitive adhesive sheet having a

bl owi ng- agent - cont ai ni n d

hi gh e?asglc f ENERG I ! ﬁﬁﬁégéﬁhaﬁgﬁﬁgﬁ‘suéﬁ as 5¥§s¢|c§%g§#nggel3398a
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PRODUCING CUT PIECES USING THE SAME

Technical Field

The present invention relates to an energy-beam-
curable thermal-releasable pressure-sensitive adhesive
sheet from which cut pieces, which are adherends, can
readily be released and collected by irradiation with
‘energy beams and heat treatment; and a method for producing

cut pieces using this sheet.

Background Art

Upon cutting a semiconductor wafer or multilayer
capacitor sheet into pieces of a predeternined size,
conventionally known as a pressure-sensitive adhesive sheet
for causing it to adhere to the wafer or sheet (adherend)
and facilitating release and collection of cut pieces such
as cut chips is a thermal-releasable pressure-sensitive
adhesive sheet having a blowing-agent-containing pressure-
sensitive adhesive layer disposed on a high elastic film or

sheet base material such as plastic (JP~-B-50-13878, JP-B-



sheet is ained at both retention of adhesion enough for wthstanding
cutting of the adherend and easy rel ease and «collection of the cut pieces.
Descri bed specifically, this sheet is caused to adhere to the adherend

wi th high adhesion, but upon collection of the cut pieces, the cut pieces
can be rel eased easily, because the expandable pressure-sensitive gdhggi ve
| ayer contai ning thernpo- expandabl e m crospheres foans or expands by
heati ng and roughens the surface of the pressure-sensitive adhesive

| ayer, leading to |lowering or |oss of adhesion due to a decrease in the

adhesi ons AL 6g-9ht h;phe-aghesapd, Sese Jdisiayme seseiébarbaesl,

t her mal - asabl e pressure- ‘sensitive adhesi ve sheet has a soft and thick
Ut ng BFSGL-of TBRObT R RLS S AEEE i i Bra G DY fho naeeesve by @
Thi i ng=beeEheSpABER: BLaBRSP F55 BMas 18 qoyert veed B ror
Che. di ametshstanding EHBLADS0CHa RE PETRANSL I CF ShMERee ke
DOt hneees LRGKEAD PE FREoSHRDPS 966 SoxhSIC TR MRS S0 SbRES| Bt Enough
to retain the adherend. Then, the sheet fajls to serve .as a
pressur esbersi fisveandkdsitee ashese, to the adherend with high

adhesion, but upon collection of the cut pieces, the cut

pieces can be released easily, because the expandable

pressure-sensitive adhesive layer containing thermo-

expandable microspheres foams or expands by heating and

roughens the surface of the pressure-sensitive adhesive

layer, leading to lowering or loss of adhesion due to a

decrease in the adhesion area with the adherend.

Since the above-described thermal-releasable pressure-

sensitive adhesive sheet has a soft and thick adhesive

layer, however; problems such as winding up of the adhesive

by a cutting blade or chipping associated with vibration of

the pressure-sensitive adhesive layer occur upon cutting of

the adherend. Thinning of the pressure-sensitive adhesive

layer is effective for overcoming the above-described

problems. If the layer is made thinner than the diameter

of the thermo-expandable microspheres, however, these

microspheres protrude from the surface of the layer and

impair its smoothness, making it impossible to exhibit



Di scl osure of the Invention An object of the present invention is therefore
to provide an energy-beam curable thermal -rel easabl e pressure- sensitive
adhesi ve sheet which has adhesi on enough to w thstand a transporting step
after a step such as bonding or cutting of an adherend, causes neither

wi ndi ng up of the adhesive nor pitching upon a cutting step, and5AH}2M5
facilitating release and collection of cut pieces; and a nethod f

produci ng cut pieces using this pressure-sensitive adhesive sheet. As a
result of extensive investigation with a view toward attaining the

above-descri bed obj ect ¢ pian av n n an

ener gy- be%ﬂ?%ﬁ?%%l DOHQECE§| §§H|§§er%an59&§1 er?ghggpgﬁgga%%ygghesive

| ayer are stacked one after another in thi. Ord%ﬂiovgfvéusﬂ one side
of a basef#htertal SefKe @fndi RGSIFISF @ﬁﬁﬁ& HFe adheS|ve can be

i nhi bited upon a cutting step while keeping adhe5|on to the adherend, and
at the sane tine, cut pieces can be readily rel eased and coll ected,

| eading to the conpletion of the invention. In one aspect of the

i nventionpishbesure eRushpr uVEEHELIINI5 APR 2005 an ener gy- beam curabl e

t hermal -rel easabl e pressure- sensitive adhesive sheet having, over at | east
one side of aAhask]eatepfathespaeisen tad raraytgprpdamidifrdiere to

provide an energy-beam-curable thermal-releasable pressure-
sensitive adhesive sheet which has adhesion enough to
withstand a transporting step after a step such as bonding
or cutting of an adherend, causes neither winding up of the
adhesive nor pitching upon a cutting step, and facilitating
release and collection of cut pieces; and a method for
producing cut pieces using this pressure-sensitive adhesive
sheet.

As a result of extensive investigation with a view
toward attaining the above-described object, the present
inventors have found that when an energy-beam-curable
viscoelastic layer and a thermo-expandable adhesive layer
are stacked one after another in this order over at least
one side of a base material, the winding up or chipping of
the adhesive can be inhibited upon a cutting step while
keeping adhesion to the adherend, and at the same time, cut
pieces can be readily released and collected, leading to
the completion of the invention.

In one aspect of the invention, there is thus provided



vi scoel astic | ayer and a therno-expandabl e pressure- sensitive adhesive

| ayer contai ning therno-expandable mcrospheres in the order of nention.

I n anot her aspect of the invention, there is thus provided a nethod for
produci ng cut pieces, which conprises applying a material to be cut on the
surface of the thernp- expandabl e pressure-sensitive adhesive Iaﬁggj 2 ?
above descri bed energy-beam curabl e thernal -rel easabl e pressure- ﬁg
adhesi ve sheet, irradiating the energy-beam curable viscoelastic |ayer

W th energy beans thereby curing the layer, cutting the material into

pi eces, g&i Ez%érf%d%ﬂ@ad}p&%aﬁ-F&F&Seséﬁ@oﬁergsréssemdhes| ve layer to
atlng

foan1by easing and collecting the cut pieces. In a further

aspect Ofﬂ%ngﬁ I “‘r’;g“tdhe’kn}ehesr Z’eétf HH Y g,prc@)’éxdegt a1 §B5hodnkok 1AROGHECI Ng cut

pi eces, ASee 15 ra ing t ove-descri bed

ener gy- beam curabl e . I-reI asabl e - ve adhesi ve sheet
with enér fSSedirte rilf?g‘r E%accd?‘? heeneeni\?3 égbrga%}ﬂé%irﬁé I e vi scoel astic

| ayer, applying a naterlal to be cyt on the

thernn-e%ﬁ@ﬂﬁéi%ﬁ §Eﬁ£ﬁti 9?%£$§ﬁi?§%%§g eS|ve ®layer, cutting

the material into pleces causing the therno- exg&ndable ES@ sure-sensitive

adhesi ve slempdrt i@ S IKE Hets - Ot 1t At g Angr R o1 ng the cut

nicrospheres in the order of mention.

In another aspect of the invention, there is thus
provided a method for producing cut pieces, which comprises
applying a material to be cut on the surface of the thermo-
expandable pressure-sensitive adhesive layer ef the above-
described energy-beam-curable thermal-releasable pressure-
sensitive adhesive sheet, irradiating the energy-beam-
curable viscoelastic layer with energy beams, thereby
curing the layer, cutting the material into pileces, causing
the thermo-expandable pressure-sensitive adhesive layer to
foam by heating and releasing and collecting the cut
pieces.

In a further aspect of the invention, there is also
provided a method for producing cut pieces, which comprises
irradiating the above-described energy-beam~curable
thermal-releasable pressure—sensitive adhesive sheet with
energy beams, thereby curing the energy-beam-curable
viscoelastic layer, applying a material to be cut on the

surface of the thermo-expandable pressure-sensitive



pi eces. Brief Description of the Drawings FIG 1 is a schematic
cross-sectional view illustrating one exanple of the energy-beam curable

t her mal -rel easabl e pressure-sensitive-adhesive sheet of the invention.
FIG 2 is a schematic cross-sectional view illustrating another exanple_of
t he energy-beamcurable thermal-rel easable pressure-sensitive-adh@$ﬁ€&m5
sheet of the invention. FIG 3 is a schematic view illustrating one
exanpl e of the manufacturing process of cut pieces of the invention. Best
Mode for Carrying Qut the Invention The enbodi nents of the invention wll

nerel nal Leh e ydepeyd Dedeuh figh athe thb ek 2her enite pa caecompampling dr aw ngs
i f necessary. I I's a schenatic cross-sectional view illustrating one

exanpl e qfy { he, &ner oy; beag os abl g chher BBhsE 84 asalhe saesquvensensi {i ve

adhesi ve i nven n this exanple, an energy-beamcurable s

15 APR 2005 viscqel astic |ayer 2.1 I sposqd :Si-de Hef & tbase
mater i al IAmP LIRS nertaves - ef e hS AT eBE g ERg ¢
pressure-sensitive adhesive layer 3 and a separator 4 in this order. The

pressur eI 3 1 ve adhesive sheet relating to the invention may be in any
known or conventional |l y-used

Brief Description of the Drawings

FIG. 1 is a schematic cross-sectional view
illustrating one example of the energy-beam-curable
thermal-releasable pressure-sensitive-adhesive sheet of the
invention.

FIG. 2 is a schematic cross-sectional view
illustrating another example of the energy-beam-curable
thermal-releasable pressure-sensitive-adhesive sheet of the
invention.

FIG. 3 is a schematic view illustrating one example of

the manufacturing process of cut pieces of the invention.

Best Mode for Carrying Out the Invention

The embodiments of the invention will hereinafter be
described in detail with reference to accompanying drawings
if necessary. FIG. 1 is a schematic cross~sectional view
illustrating one example of the energy-beam-curable
thermal-releasable pressure-sensitive adhesive sheet of the

invention. 1In this example, an energy-beam-curable



formsuch as sheet or tape as needed. The base naterial 1 serves as a
supporting base for the energy-beamcurable viscoelastic layer 2 and as
it, a mterial having heat resistance enough to prevent its nechanical
physi cal properties frombeing inpaired by heat treatnment of the

t her no- expandabl e pressure-sensitive adhesive layer 3 is enploy§g R 2005
Exanpl es of such a base material 1 include, but not limted to, p?astic
films or sheets made of polyester, olefin resin or polyvinyl chloride.
The base material 1 is preferred to be cuttable by cutting nmeans such as a

cutter U%ﬁ%%bgﬂ’éw tding,of 2ns adhgege Mhesna sofie pgl yobalsien il m or

sheet equipp th bot'h heat resistance and stretchability is used as the

ibﬁzgr ?gé%{?iptgelr{i]a’ e, RASE L& 'f’l’le[»f%% hy Wi £t BeEMbLERBanBade i s

cutting of a nateria e cut can be stretched later so

that use of it is suit.ed for_ gut-. piece-coliecti i gh d
f or mat i oPHFESSMEST SN i NG A é%%?ﬂéﬁﬁﬁgggﬁ%rgéaBgaﬁéﬁgﬁgkgﬁkﬁoiggefzrspace

curing the energy-beam curabl e viscoelastic . a PR
1005 mmat &t QF%QQKHrﬁﬂ%”&ﬁﬁﬁﬁﬁﬁ%f?ﬁ%ﬁéﬁﬁ%&S%%%?%%é% %gﬁggiéglgféé r 3 or
the Iike) nust be conposed of .a naterial

| cast & BredRernREIEmAY o Shay B CnboReE RRLET Il i othy be a
single |%¥i;1;ﬁéﬁiégﬂéﬂéégxgg-t;ggﬂgéfﬁ%éﬁgégce of the base material 1
The base material 1 serves as a supporting base for
the energy-beam-curable viscoelastic layer 2 and as it, a
material having heat resistance enough to prevent its
mechanical physical properties from being impaired by heat
treatment of the thermo-expandable pressure-sensitive
adhesive layer 3 is employed. Examples of such a base
material 1 include, but not limited to, plastic films or
sheets made of polyester, olefin resin or polyvinyl
chloride. The base material 1 is preferred to be cuttable
by cutting means such as a cutter used upon cutting of an
adherend. When a soft polyclefin film or sheet eguipped
with both heat resistance and stretchability is used as the
base material 1, the base material through which a cutting
blade is inserted upon cutting of a material to be cut can
be stretched later so that use of it is suited for cut-
piece-collecting system which needs space formation between

cutting pieces. Since energy beams are employed for curing

the energy-beam-curable viscoelastic layer 2, the base



is treated with a suitable releasant which will be described |ater, and

t he energy-beam curabl e viscoelastic l|ayer is forned over the treated
surface, it is possible to thin the energy-beam curabl e therno-expandabl e
pressure- sensitive adhesive sheet itself by irradiating it with energy
beans to cure the energy-beam curabl e viscoelastic |ayer and tHgrAPR€805i ng
the base material 1. Although the thickness of the base nmaterial 1 can be
sel ected as needed within an extent not damagi ng the operation ease or
wor ki ng efficiency in each step such as adhesion of an adherend, cutting

of the agharsnds; PeelingrmdDlysohliss! toprebsare Beasdt iand sftediniee, it 1's

usual l'y pmor |ess, preferably about 3 to 300 pm nore preferably

about 5 to 280 pra. | g, or g onfef 0BLeRonBgbEal o1 Wi i aad) acent |ayer

and ret et 6 e adhesrion, t ase material 1 may be subjected to

ordinarily e ‘éo.ed €urface Lreatppn %Eéggsgxgngkgdet%@%gﬂya SMoysi ca

t r eat nent Ehy DR TARF U t Yea exposure to ozone, exposure to a
flame, exposure 7 15 APR 20

o at | oritE TS EBBIPRT  hUBE URABFCBAFT REe SatniFeks & Caky SuRdiEnce. |
> cont ai 1R ArMEREr oY HeAm (ORI ENEORGEORES(BF SHE A dsedmiciia &
is treated with a suitable releasant which will be
described later, and the energy-beam-curable viscoelastic
layer is formed over the treated surface, it 1s possible to
thin the energy-beam-curable thermo-expandable pressure-
sensitive adhesive sheet itself by irradiating it with
energy beams to cure the energy-beam—-curable viscoelastic
layer and then peeling the base material 1.
Although the thickness of.the base material 1 can be
selected as needed within an extent not damaging the
operation ease or working efficiency in each step such as
adhesion of an adherend, cutting of the adherend, peeling
and collection of cut pieces and the like, it is usually
500 um or less, preferably about 3 to 300 um, more
preferably about 5 to 250 pm. In ordef to heighten
adhesion with the adjacent layer and retention of the
adhesion, the base material 1 may be subjected to
ordinarily employed surface treatment, for example,
chemical or physical treatment such as chromic acid

treatment, exposure to ozone, exposure to a flame, exposure



resin) for inparting the layer with energy beamcurability and at the sane
time, has viscoelasticity enough to relax the unevenness induced by

t her no- expandabl e m crospheres upon contact bonding with the

t her no- expandabl e pressure- sensitive adhesive layer 3 (refer to an
enlarged view of FIG 1). The energy-beamcurabl e viscoel astic | aydpR 205
which will be elastic after irradiation with energy beans 1is preferred.
From such vi ewpoi nts, the energy-beam curable viscoelastic layer 2 is
desired to be conposed of a conposition obtained by addi ng an

ener gy- beam GUEARE o AURAUNG (it ane s dieask citirabl g eséalaton, parent

material Raving viscoelasticity. As the parent material, organic
ol ude nSCAEARS (HEd & BYINE S ICBEE and T ubher L e e
Fesi ns mHBLGh 34 Holp SRR GO e of an al kyl (meth) acryl ate [for
exanpl e, (neth)acrylates of a Cl-20Q alkyl_ su S. ér 8l 2005
ethyl, propyl, TheosnEHAY - REATYICHY t@h§CQﬁa 11%€i£¥1 2% e?ﬂgFﬁgxy!,
i Kyl { meeh) SoeylastBeRm TR CoMRTObr (1 (PR e e o
cont ai ni ng a car boxyl group or an acid an.hyﬁjrééjeersuc]glegrﬁ g&r_’gﬁii%gﬁi d,
met hacryl resin) for imparting the layer wit ay

and at the same time, has viscoelasticity enough to relaX

the unevenness induced by thermo-expandable microspheres

upon contact bonding with the thermo-expandable pressure-

sensitive adhesive layer 3 (refer to an enlarged view of

FIG. 1). The energy-beam-curable viscoelastic layer 2

which will be elastic after irradiation with energy beams

is preferred. From such viewpoints, the energy-beam-

curable viscoelastic layer 2 is desired to be composed of a

composition obtained by adding an energy-beam-curable

compound (or energy-beam-curable resin) to 2 parent

material having viscoelasticity.

As the parent material, organic viscoelastic materials

having desired viscoelasticity are usable. Examples

include natural rubbers, synthetic rubbers and rubber

adhesives using them, silicone rubbers or pressures-

sensitive adhesives thereof, acrylic resins made of a

homopolymer or copolymer of an alkyl (meth)acrylate [for

example, (meth)acrylates of a Ci-20 alkyl such as methyl,



acid, itaconic acid, maleic acid, maleic acid, fumaric acid or naleic
anhydri de; a hydroxyl -contai ni ng nononer such as 2-hydroxyetr hyl
(nmeth)acrylate, sulfonic-acid-containing nononer such as styrenesul fonic
acid, a phosphoric- acid- containing nonomer such as 2-hydroxyethyl acryl oyl
phosphate, an am de-containing nononer such as (neth)acryl am deg g 005

am no- cont ai ni ng monomer such as am noethyl (meth)acrylate, an

al koxy-contai ni ng nononmer such as nethoxyethyl (neth)acrylate, an

i m de-containing nononer such as N-cycl ohexyl mal eimde, a vinyl ester

such as yj acet at e, ' v§0NL Ak Ng ;ReRRF ClH h
Q-V|nyIpy?#?%#ﬁpﬁaésgfétéﬁéhgghggénégkggéhlgé §§§¥e§§9§ﬁ§ﬁg?ﬁg?ﬁyfgfyrZﬁe,

cyano- cont aj hi hg. mononer uch_as_acryl.qnitri an p LN
gﬁgﬁl|gsnéﬁﬁﬁ%PZ?ggfylﬁgoﬁFyifd%FO?ﬁE&ﬁ)ggrf%gkgggﬂ’vfﬁ§ﬁ¥g%ﬁg€1%%ﬁ%ngr

_ or pressure-sensitiyve hesi ves of |

resin, po@?ugé?haﬁévﬁé§ﬁﬁ§pgﬂ b?§s§§$§;séﬁfﬁ?ﬂ&§u3éﬁhé%f@%gﬁt @?%%%%Cand
et hyl ene-vinyl acetate copolynmers. Use of, as .the parent_.nate ia{
conponentsospREFal for 9X2BPAPR 20BS R 0 FETE A ﬁn?ﬁﬁgﬁﬁgiegs?PPve
adhesi ve constituting the therno-expandabl e pressure-sensitiye adhesive
|layer 3 ahish acifl Behidsidebeuchapér afaNed G R PGhsi M AT ¥tAEk  the

ener gy- beam curabl e viscoel astic |ayer 2 and the therno-expandabl e
adhesi ve hayéj 3twutbhigoediddhmeiledc acid, maleic acid, fumaric acid

or maleic anhydride; a hydroxyl-containing monomer such as
2-hydroxyetrhyl {meth)acrylate, sulfonic-acid-containing
monomer such as styrenesulfonic acid, a phosphoric-acid-
containing monomer such as 2-hydroxyethylacryloyl
phosphate, an amide-containing monomer such as
(meth)acrylamide, an amino-containing monomer such as
aminoethyl (meth)acrylate, an alkoxy-containing monomer
such as methoxyethyl (meth}acrylate, an imide-containing
monomer such as N-cyclohexyl maleimide, a vinyl ester such
as vinyl acetate, a vinyl-containing heterocyclic compound
such as N-vinylpyrrolidone, a styrene monomer such as
styrene and a-methylstyrene, a cyano~containing monomer
such as acrylonitrile, an epoxy-containing acrylic monomer
such as glycidyl (meth)acrylate or vinyl ether monomer such
as vinyl ether]} or pressure-sensitive adhesives of the
acrylic resin, polyurethane resins or pressure-sensitive
adhesives thereof, and ethylene-vinyl acetate copolymers.

Use of, as the parent material, components similar or



Preferred exanples of the parent material include tacky substances such as
acrylic pressure-sensitive adhesives. The parent material nmay be conposed
of either one conponent or plural conponents. Although no particul ar
limtation is inposed on the energy-beam curable conpound for energy beam
curing of the energy-beamcurable viscoelastic |ayer 2 insofar Hsh

curabl e by energy beans such as visible rays, ultraviolet rays or electron
beans, that permtting efficient three- dinensional network formation of

t he energy-beamcurable viscoelastic |layer 2 after irradiation with energy

beans is . RLELELGEd L oFRR0YRRAMAULAR oo oS TRy diundisert Big her

singly or 1'n~conbi nati on. Specific exanples of the energy-beam curable

compound . Lackydertr LUBLIMLAhR gpans il AU iHite dAIEATTY wdgdses hane

tetraacry ) r tricacryl ate, pentaerythritol tetraacrylate,
hewancr vl KPech v Hubs BreeryRat 10°E8 APRR00S B et orC 1 & Fixanedi o
Compound, CBRCPGFTBYaRE SETCIBEE HodR AE T T el Thbrates of the
energy- beam curabl e LBt LaRedls PR S J A S S QP
Preferred examples of the parent material include tacky
substances such as acrylic pressure-sensitive adhesives.
The parent material may be composed of either one component
or plural components.

Although no particular limitation is imposed on the
energy-beam-curable compound for energy beam curing of the
energy-beam-curable viscoelastic layer 2 insofar as it is
curable by energy beams such as visible rays, ultraviolet
rays or electron beams, that permitting efficient three-
dimensional network formation of the energy-beam-curable
viscoelastic layer 2 after irradiation with energy beams is
preferred. Energy-beam-curable compounds may be used
either singly or in combination.

Specific examples of the energy-beam-curable compound
include trimethylolpropane triacrylate,
tetramethylolmethane tetraacrylate, pentaerythritol
triacrylate, pentaerythritol tetraacrylate,

dipentaerythritol monohydroxypentaacrylate,

dipentaerythritol hexaacrylate, 1, 4-butyleneglycol

10



cont ai ni ng polyners or oligoners, for exanple, ester (neth)acrylate,

uret hane (neth)acrylate, epoxy (nethacrylate), nelam ne (neth)acrylate and
acrylic resin (neth)acrylate, each having a (nmeth)acryl oyl group at the
end of its nolecule; thiol-ene addition type resins having, at ;qﬁ 005

nol ecul ar end thereof, an allyl group; photo- cationic polyneriﬂ t B#[lype
resins; cinnanoyl-containing polynmers such as polyvinyl cinnamate;

di azoti zed am no- novol ac resins; and acryl am de pol yners. Exanpl es of the
pol ymer sensitive to high energy beans include epoxidated polybutadi ene,

unsat ur at g, pplygster 1, Bohyghyiendyh dmidigartatand o ypetlyyhemee and
pol yvi nyl siloxane. The above-described parent material is not always

necessary q -beam curabl e resin is enployed. The
energy-beg%§g§$agpgegg%%§36d is added, for exanple, in an anount of about

5 to 500 parts,hy i p rahl 0 dr, 3% ShHeymwei ght, nore
preferably ab%ﬁttgg gggfgg %%%@ség§¥ﬁ§?bﬁ%) ased on f%%ﬁ%arts by wei ght
of the parent

terial. Excell L i d
oL Lhe ParoL VBt et sl ESeLER SN LA DR 2008, oneersgn or
-b bl i | asti I 2 has .a. i I _
orer oy beam 8 el seockasty Suke i B s & s cconlisal.

filmof 1.5 mmthick), in terns (_)Lfig%tmoerrasqe Ok}:e%rxanmop é’usésgtfeéer

containing polymers or o
(meth)acrylate, urethane (meth)acrylate, epoxy
(methacrylate}, melamine (meth)acrylate and acrylic resin
(meth)acrylate, each having a (meth)acryloyl group at the
end of its molecule; thiol-ene addition type resins having,
at the molecular end thereof, an allyl group; photo-
cationic polymerization type resins; cinnamoyl-containing
polymers such as polyvinyl cinnamate; diazotized amino-
novolac resins; and acrylamide polymers. Examples of the
polymer sensitive to high energy beams include epoxidated
polybutadiene, unsaturated polyester, polyglycidyl
methacrylate, polyacrylamide and polyvinyl siloxane. The
above-described parent material is not always necessary
when an energy-beam-curable resin is employed.

The energy-beam-curable compound is added, for
example, in an amount of about 5 to 500 parts by weight,
preferably about 15 to 300 parts by weight, more preferably

about 20 to 150 parts by weight based on 100 parts by

weight of the parent material. Excellent cutting

11



irradiation with energy beans. This storage nodul us can be adjusted by
sel ecting the kind or anpbunt of the energy- beam curabl e conpound or
conditions of irradiation with energy beans as needed. In the

ener gy- beam curabl e vi scoel astic |ayer 2, an energy bean1po|yﬂ§rP@2@§on
initiator for curing the energy- beam curable conmpound, and ad @ for
inparting it with suitable viscoelasticity before and after curing by
energy beans such as thermal polynerization initiator, crosslinking
agent, tackifier and vul cani zing agent may be incorporated, in addition to

the aboves ihedin & oMpenRat Sre Pea Bl Bheygyahebm paktpiweidzat i on
initiator,” known or ordinarily enployed polynerization initiators can be

sel ect ed %%%?%O%%%. Ol t Be Kb Pdo@fimt BEraBeegy i skealm strd de used.

Such enersgy rization 1nitiators may be used either singly or in

conbi nation. _The energ LZAki LRk Lk al,0gtl 3oadded i9n xan
anount ofla&beoﬁjt?g?als ta(() %%P%@?%?%%H%ﬁ\e%g %,Qg?g?éﬁzab y about 12 15 APR 2005

mat or i af 107 Rodedsaly, Gh CHTTy Heh | gy nbr TOAt o Seem SFfor

material . Qf_tﬁe _ _ ( ation accel erator may be
o1 1 at om THE. Sher gyt HESTRELP Bbf Lo TF eeoer et | TORdaEr 5 iakatpe O
irradiation with energy beams. This storage modulus can be
adjusted by selecting the kind or amount of the energy-
beam-curable compound or conditions of irradiation with
energy beams as needed.

In the energy-beam-curable viscoelastic layer 2, an
energy beam polymerization initiator for curing the energy-
beam-curable compound, and additives for imparting it with
suitable viscoelasticity before and after curing by energy
beams such as thermal polymerization initiator,
crosslinking agent, tackifier and vulcanizing agent may be
incorporated, in addition to the above-described
components.

As the energy beam polymerization initiator, known or
ordinarily employed polymerization initiators can be
selected as needed depending on the kind of the energy
beams to be used. Such energy bean polymerization
initiators may be used either singly or in combination.

The energy beam polymerization initiator is added in an

amount of about 0.1 to 10 parts by weight, preferably about
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formed i
sol uti on

ener gy beam pol yneri zabl e conpound

n a conventional manner, for exanple, by applying a coating

contai ning an energy-beamcurable resin or a parent material,
and an energy beam pol yneri zati on

an

initiator and, if necessary, an additive and a solvent onto a basg ApR 7009

mat eri al
proper s

1, or by applying the above-described coating solution onto
eparator (release paper, etc.) to forman energy- beamcurable

a

vi scoel astic layer 2 and then transferring it to the base material 1. The
s of the energy-beamcurable viscoelastic |ayer 2 may be about 5
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SR SRR ot L 0ECk et e AAecmxyPsadad
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preventing vibration due to a

I'n"a tacky substance for

it with 13 1'S APR 2005 t acki d_therng- |
dinss FRVaTRATEE REC | T09T 4R RO RO LYDRRAABIA T GRAIAe As t he

bst ance, conventionally kno

sensi tive.adhesives are

Exanpl e oiP @@y pheaBf et 2k %s{;{?e%‘gg;gh&'f:v ARE Gd&FuBer type

-sensitive .
formed in a conventional manner, for example, by applying a

coating solution containing an energy-beam-curable resin or
a parent material, an energy beam polymerizable compound
and an energy beam polymerization initiator and, if
necessary, an additive and a solvent onto a base material
1; or by applying the above-described coating solution onto
a proper separator (release paper, etc.) to form an energy-
beam-curable viscoelastic layer 2 and then transferring it

to the base material 1.

The thickness of the energy-beam-curable viscoelastic
léyer 2 may be about 5 to 300 um, preferably about 10 to
150 pm, more preferably about 15 to 100 um from the
viewpoints of relaxing the unevenness induced by thermo-
expandable microspheres contained in the thermo-expandable
pressure-sensitive adhesive layer 3 and preventing
vibration due to a rotating blade upon cutting of the
adherend.

The thermo-expandable pressure-sensitive adhesive

layer 3 may contain a tacky substance for imparting it with

13



adhesi ves such as natural rubbers and various synthetic rubbers, silicone
type pressure-sensitive adhesives, and acrylic pressure-sensitive
adhesives (for exanple, acrylic pressure-sensitive adhesives described as
the parent material of the energy-beamcurable viscoelastic |ayer 2) such
as copolynmers of an al kyl (nmeth)acrylate and anot her unsaturateﬁiﬂﬂpﬂmgr
copol yneri zable with this ester. As the therno-expandabl e
pressure-sensitive adhesive |layer 3, an energy-beanmcurable
pressure-sensitive adhesive may also be used. In this case, good

rel easabi ££%g;ﬁg§sb‘§¥1ﬁt Tt%%@—eaggﬁd%mmd%n@réﬁ gbasihehtying 1 x

105 to 5 X requency: 1Hz, sanple: filmof 1.5 mmthick) in terns

of stora?g ggﬁﬁrtgggﬁbggxﬁghggb&%r?g%@%%ﬁgﬁgg}I1 energy beans wthin a

tenperatu ange I'ni'trati hg expans erno- expandabl e m crospheres.

Substance. whi A FRCGRSEY) GHEPPABS:nil SABML by haalTag P Caerese o -

subst ance, whi e and expan eatl ng,” such as

i sobut ane, propane or,. pentane enclosed in_an el.astic.shell. T ell is
usual Iy 1§e@§1£®l‘§926§§eﬁé88501‘3r3 Pﬁ@?’ﬁﬁpl aé%a@pslfbsstoa%c%?e h%{e%%‘llfg
substance or a  substance which_is broken by thermal expansion. Exanples

of the sh&ensibikengdBeEivandaclHErydELRPERy IGYEE & B T 25 hbtYFonitrile

copol yner, pol yvinyl al cohol, polyvinyl butyral, polynethyl. nethacryl ate,
poPanryledges{vggysuch as nat%ra rubbers Qéd various sygkhetlc y

rubbers, silicone type pressure-sensitive adhesives, and
acrylic pressure-sensitive adhesives (for example, acrylic
pressure-sensitive adhesives described as the parent
material of the energy-beam-curable viscoelastic layer 2)
such as copolymers of an alkyl (meth)acrylate and another
unsaturated monomer copolymerizable with this ester. As
the thermo-expandable pressure-sensitive adhesive layer 3,
an energy-beam-curable pressure-sensitive adhesive may also
be used. In this case, good releasability can be attained
at a dynamic modulus of elasticity of 1 x 10° to 5 x 10" Pa
(frequency: 1Hz, sample: film of 1.5 mm thick) in terms of
storage shear modulus after irradiation with energy beams
within a temperature range initiating expansion of thermo-
expandable microspheres.

As the thermo-expandable microspheres, usable are
microspheres having a substance, which is easily gasified
and expands by heating, such as isobutane, propane or

pentane enclosed in an elastic shell. The shell is usually
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pol yvi nyl i dene chl ori de and pol ysul fone. Therno-expandable m crospheres
can be prepared by a conventional manner such as coacervation or
interfacial polynerization. A comercially available product such as

Mat sunmbto M crosphere [trade name; product of Matsunoto Yushi - Sei yaku
Co., Ltd.] can also be used as the therno-expandable nicrospheres]Sﬁﬁ&2W5
average particle size of the therno-expandable mcrospheres is usually
about 1 to 80 (err)m preferably about 4 to 50 pmin consideration of
dispersibility and thin-film formation. In order to efficiently |ower the

adhesi on gf 40t Be Br o i Hild wepadhesioe How ofe TN utdh pantdeoraghesi ve

by heating, the therno-ex bl e m crospheres preferably have a

SU11) L BASSRRLI AL O DR buplkot, Ut OlRIK C expappion ratio

becomes 5° reateéer, particu en the

t her no- expandabl e. m.cr gspheres braoken at .a | e | O o Lcient or a
t her no- exggnggﬁl éhﬁégn%%ﬁ'gltmgmsél;j gﬁ@gﬁs&%ﬁ%gﬂ? )é'ple lo@%réfg ‘2‘{#%@ %gi on
area between the 15 15 APR 2005 pressur.e-sensitiyve . adhesive |ayer 3 and
Rher ond TSeREY LOPAUEALE SOPPISTETT FOLIA Ty TA Ay py b ]
releasability. Al though the _anount of the thernp-expandabl e m crospheres
depends oRULN&RE:kPRAYIRLhYd mMebdhasrylste, RPLMasFz %éh%%l%y wei ght,

preferably about 20 to 125 parts by -
polyvinylidene chloride and polysulfone. Thermo-expandable

microspheres can be prepared by a conventional manner such
as coacervation or interfacial polymerization. A
commercially available product such as Matsumoto
Microsphere [trade name; product of Matsumoto Yushi-Seiyaku
Co., Ltd.] can also be used as the thermo-expandable
microspheres.

The average particle size of the thermo-expandable
microspheres is usually about 1 to 80 um, preferably about
4 to 50 pm in consideration of dispersibility and thin-film
formation. In order to efficiently lower the adhesion of
the pressure-sensitive adhesive layer including the
adhesive by heating, the thermo-expandable microspheres
preferably have a sufficient strength not to be broken
until the volumetric expansion ratic becomes 5 times or
greater, particularly 10 times or greater. When the
thermo-expandable microspheres broken at a low expansion
coefficient or a thermo-expandable agent not

microencapsulated is employed, an adhesion area between the

15



wei ght based on 100 parts by weight of the adhesive base polymer
constituting the therno-expandabl e pressure- sensitive adhesive |ayer 3.
Amounts less than 10 parts by weight lead to insufficient reduction in
adhesion after heating, while anobunts exceeding 200 parts by weight tend
to cause cohesive failure of the therno-expandable pressur e- seh&iAPR Vi85
adhesive layer 3 or interfacial fracture between the energy-beam curable
vi scoel astic layer 2 and thernop-expandabl e pressure-sensitive adhesive

| ayer 3. The thernp-expandabl e pressure-sensitive adhesive |ayer 3 may

contain, Sﬂﬁ@&ﬂéiﬁhéﬂiwﬁ&ﬁ@éﬂ'@ aagert Benfa- expandal & snimytospher es,
additives such as a crosslinking agent (for exanple, isocyanate

crosslinki céﬁﬁgﬁfchf%ﬁ#%¥9rﬂéé&iﬂéiEQ afgenl br abaeKird e s iexanpl e,

rosin derivative resin, erpene resin, petroleumresin or oil-soluble

phenol resin)., plastiel 6, filleros 20LT XLAARL cRABENRCt ant as needed.

The t her np- ex pressure-sensitrve adhesive "layer 3 can be formed by
S FLePe ey L1, UATELS, Y PGS RERZ00% deieckly abidio 8 coat o
U scoel astd @ TRyRAT b2 B IOABE byP EORESEE  BoRHTRG G0a 'S Leepdidigr 4 or
applying vsehieghatbok;/aes-ggsgrgilb(?g pcé)?%én]gy weight of the adhesive base
polymer constituting the thermo-expandable pressure-
sensitive adhesive layer 3. BAmounts less than 10 parts by
weight lead to insufficient reduction in adhesion after
heating, while amounts exceeding 200 parts by weight tend
to cause cohesive failure of the thermo-expandable
pressure-sensitive adhesive layer 3 or interfacial fracture
petween the energy-beam-curable viscoelastic layer 2 and
thermo-expandable pressure~sensitive adhesive layer 3.

The thermo-expandable pressure-sensitive adhesive
layer 3 may contain, in addition to the adhesive and
thermo-expandable microspheres, additives such as a
crosslinking agent (for example, isocyanate crosslinking
agent or epoxy crosslinking agent), tackifier (for example,
rosin derivative resin, polyterpene resin, petroleum resin
or oil-soluble phencol resin), plasticizer, filler,
antioxidant and surfactant as needed.

The thermo-expandable pressure-sensitive adhesive

layer 3 can be formed by a proper method, for example, by
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solution onto a suitable separator (release paper, etc.) 4 to formthe

t her no- expandabl e pressure-sensitive adhesive |ayer 3, followed by
transfer onto the energy-beam curable viscoelastic |ayer 2 by contact
bondi ng. Al though the thickness of the thernp-expandabl e
pressure-sensitive adhesive layer 3 can be determned as needed5dfReiili ng
on the using purpose of the pressure- sensitive adhesive sheet or |owering
degree of the adhesion by heating, it is preferred to set it not greater
than the nmaxi mum di aneter of the therno-expandabl e m crospheres in order

to maint ahfi‘r%%flgcsgggg%@n%s S0k £MRItG orf Ron td1e1 1Ry expandabl e
e Sl

pressure-sensiti e layer 3’"has a thickness of 1 to 100 pm

pref er abl Y et 0B0aPM (IRCRRLELELANI Bl ApiDe A 09 S fonally,

t her no- ex pressure-sen ve adhesivel ayer 3 ns to fail in

supporting _the adherend because of insufficient 168S1.QN. separ at or

4, usablegarégglgégg ﬁﬁ?e?igpiﬁgﬁg 8P%Oaﬁaea§ﬁ%?§¥W§é%ﬁ]%éﬁ%#f aving a

surface coated %% rel easant silicone resin, a |ong-chain
[

th, i fi b
al kyl 17 Y3SEPR é@S%a&Pyﬁét fréeﬁﬁ%®ﬁhfg§b¥PﬁéaF§s !kQ%ﬂFeY%%s% mat eri al

made of a non-polar polynmer such as polyethyl ene or . pol ypropyl ene and
havi ng snﬁPPaaéﬁ§§iéﬁ.OThéPQéﬁéPQt6pe4aggﬁﬁ§9%%$r(QQQnﬁﬂ%g%niupport upon

contact bonding and transfer of the therno-expandable
solution onto a suitable separator (release paper, etc.) 4

to form the thermo-expandable pressure-sensitive adhesive
layer 3, followed by transfer onto the energy-beam-curable
viscoelastic layer 2 by contact bonding.

Although the thickness of the thermo-expandable
pressure-sensitive adhesive layer 3 can be determined as
needed depending on the using purpose of the pressure-
sensitive adhesive sheet or lowering degree of the adhesion
by heating, it is preferred to set ;t not greater than the
maximum diameter of the thermo-expandable microspheres in
order to maintain surface smoothness. For example, the
thermo-expandable pressure-sensitive adhesive layer 3 has a
thickness of 1 to 100 pm, preferably 3 to 50 um, more
preferably 5 to 20 pym. A too thin thermo-expandable
pressure-sensitive adhesive layer 3 happens to fail in
supporting the adherend because of insufficient adhesion.

As the separator 4, usable are a base material made of
a plastic film or paper having a surface coated with a

releasant typified by a silicone resin, a long-chain alkyl

17



pressure-sensitive adhesive layer 3 onto the energy-beam curable

vi scoel astic layer 2 or as a protector of the thernop-expandable
pressure-sensitive adhesive layer 3 until practical use. The

ener gy- beam curabl e viscoelastic |layer 2 and the thernn-expandaﬁiiﬂanms
pressure-sensitive adhesive |layer 3 disposed thereon can be for not
only one side but both sides of the base material 1. Alternatively, the
energy- beam curabl e viscoelastic |ayer 2 and the therno-expandabl e
pressure-sensitive adhesive |layer 3 are stacked on one side of the base

mat er i al %czggfa@y ?ESQHOBEE%’lu‘Mylh% FesINIVERd ANals JY GRSE L SENBAAE VE

adhesi ve I'S drspose he opposite side. A pressure-sensitive
adhesi ve | ayer e dis osed Qn, he .t er pressure-sensitive
adhesi ve ?gy%rn%nfBP BFe?@ #Irg MO tht%S ISEV lu?%gon the interface
wi th an adherend ich wll otherw se u Qwi_.ng to roughening of the

t her mo- exXpRh¥RBPRY hEBEs APE- h§¥ﬁ§ﬁt§9@'3 é%*ﬁ%‘?%yer 3 upon heating. As
tacky substance for this pressure- sen5|t|ve adhesive | a el 18 15 APR 2005
adhesi ves as e?%ﬁpﬁﬁpﬁéétpﬁ tih & SENESME Se Rp &THHIN & 1t é§§§¥ ftive
adhesive layer 3 are usable. The thickness of the pressure- sen5|t|ve
adhesi ve telyeactsbpndiagabhg Gransdersofuiheedfedmg18¥PatF B ¢min

consideration of a reduction or |oss of adhesion to the adherend and this
| ayer carpbessure-sensitive adhesive layer 3 onto the energy-beam-

curable viscoelastic layer 2 or as a protector of the
thermo-expandable pressure-sensitive adhesive layer 3 until
practical use.

The energy-beam-curable viscoelastic layer 2 and the
thermo-expandable pressure-sensitive adhesive layer 3
disposed thereon can be formed not only one side but both
sides of the base material 1. Alternatively, the energy-
beam-curable viscoelastic layer 2 and the thermo-expandable
pressure-sensitive adhesive layer 3 are stacked on one side
of the base material 1 one after another, while a
conventional pressure-sensitive adhesive layer is disposed
on the opposite side. A pressure-sensitive adhesive layer
can be disposed on the thermo-expandable pressure-sensitive
adhesive layer 3 for preventing minute cohesive failure on
the interface with an adherend which will otherwise occur
owing to roughening of the thermo-expandable pressure-
sensitive adhesive layer 3 upon heating. As tacky

substance for this pressure-sensitive adhesive layer,
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formed in accordance with that enployed for the therno- expandable
pressure-sensitive adhesive layer 3. FIG 2 is a schematic cross-sectional
view illustrating another exanple of the energy-beam curable

t her mal -rel easabl e pressure-sensitive adhesive sheet of the presﬁgbﬂ12@5
invention. In this exanple, an energy-beamcurable viscoelastic er

t her no- expandabl e pressure-sensitive adhesive |ayer 3 and separator 4 are
stacked in this order over one side of a base material 1, while a
pressure- sensitive adhesive |ayer 5 and a separator 6 are stacked over

Lhe oppOsikifesi s kst BeehipgeciBlcihatnd. (Rbfo-REGESILAISCRYIdd st adnesi ve

sheet difters fromthat o 1 only in disposal of the
ressure-sensiiti i 5 d at or : i osite
o the. o CahotINE BHNERLYE, LYEF 2 RS0 nSeRRER DIE FhichBSNS BaOPP
iscoelastic layer 2 and _the thermo- a e.pr - i
;hhesive W%ﬁé?r% Fof fied®thd égﬁ.a?ﬁnsgﬁgsggﬁggsé%s'??#&EE%ﬁBZFbgyﬁé§er 5
contains a tacky subsifnce. As this.substanée %hose enplkgi%g_as 19 15
APR 2005 § Halt a@2kpeSiBiidnletPnot HE {ReFRBSERFAA éBPeO§$§%§ﬁﬁ S tive
adhesive layer 3 are usable. If necessary, an 3dgﬁtivﬁ such as
crossl i nkehglagen?f (dheskanpte, thA aﬂ@%%?ﬁaa?ﬁ ctBes| iLaRiStg 2deh® or epoxy

crosslinking agent), tackifier (for exanple, a rasin derivative resin,
formed in accordance with that employed for the thermo-

expandable pressure-sensitive adhesive layer 3.

FIG. 2 is a schematic cross-sectional view
illustrating another example of the energy-beam-curable
thermal-releasable pressure-sensitive adhesive sheet of the
present invention. In this example, an energy-beam-curable
viscoelastic layer 2, thermo-expandable pressure-sensitive
adhesive layer 3 and separator 4 are stacked in this order
over one side of a base material 1, while a pressure-
sensitive adhesive layer 5 and a separator €& are stacked
over the opposite side of the base material 1. This
pressure-sensitive adhesive sheet differs from that of FIG.
1 only in disposal of the pressure-sensitive adhesive layer
5 and separator 6 on the side opposite to the side of the
base material 1 having the energy-beam-curable viscoelastic
layer 2 and the thermo-expandable pressure-sensitive
adhesive layer 3 formed thereon.

The pressure-sensitive adhesive layer 5 contains a

tacky substance. As this substance, those exemplified as
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pol yterpene resin, petroleumresin or oil-soluble phenol resin),

pl asticizer, filler, antioxidant or surfactant may be added. It is not
preferred to use or. add a substance markedly disturbing the transni ssion
of energy beans for curing the energy-beam curable viscoelastic i; U%'
Al t hough the thickness of the pressure-sensitive adhesive Iayer1 ﬁﬁgm e
determ ned as needed within an extent not inpairing operation ease upon
contact bondi ng of the therno-expandabl e pressure-sensitive adhesive |ayer
3 wth an adherend, cutting of the adherend, release and collection of

cut piec%%eigad%?tgﬂggﬂah@gxﬁﬁ thd ot 1Ormer expaptiebabl prassar2G pm The
e

pressure-sensiti adhesive layer 5 can be fornmed in accordance with that

enpl oyed for_.the & hepim: expandabl e; pressyssrsensiki vecadbasiye drayer 3. As
t he sepaﬁﬁﬁﬁléy%e[%éﬁg%fﬁ$lar to the separator 4 disposed on the therno-

ool ST WL AR fets w20 o

pressur e- . STve she i xed to the surface of a seat by
TR, S S SULESL YR LIS 20010 APRA009 BreELG ks BASSTRL
O e s T LR DSl £ PSS Lyt b, 1 0 FI G S are

polyterpene resin, petroleum resin or oil-soluble phenol

resin), plasticizer, filler, antioxidant or surfactant may

be added. It is not preferred to use or add a substance

markedly disturbing the transmission of energy beams for

curing the energy-beam-curable viscoelastic layer 2.

Although the thickness of the pressure-sensitive

adhesive layer 5 can be determined as needed within an

extent not impairing operation ease upon contact bonding of

the thermo-expandable pressure-sensitive adhesive layer 3

with an adherend, cutting of the adherend, release and

collection of cut pieces, it is usually about 1 to 50 pm,

preferably 3 to 30 um.

The pressure-sensitive adhesive layer 5 can be formed

in accordance with that employed for the thermo-expandable

pressure-sensitive adhesive layer 3. As the separator 6,

that similar to the separator 4 disposed on the thermo-

expandable pressure-sensitive adhesive layer 3 is usable.

Such a pressure-sensitive adhesive sheet can be fixed to

the surface of a seat by making use of its adhesive layer
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material to be cut (adherend) 7 to adhere onto the surface of the

t her no- expandabl e pressure-sensitive adhesive |layer 3 of the

ener gy- beam curabl e thermal -rel easabl e pressure- sensitive adhesive sheet
of FIG 1 (fromwhich the separator 4 has been rel eased) by contact

bondi ng, curing the energy-beam curable viscoelastic layer 2 byig APR 2005
irradiation wth energy beans 8, cutting the adherend along a cutting

line 9 into pieces of a predeterm ned size, expanding and foam ng

t her no- expandabl e mi crospheres in the therno- expandabl e pressure-sensitive
adhesi vecr ayer 3 by heating and then peeling and collecting the cut pieces
7a. Alternatively, after curing the energy-beamcurable viscoelastic

| ayer 2 by irragiatq v tdy eergyewefBus Brat heghaher bakmpdebefcut
(adherend) 7 F?Q%ausggsto a %ﬁ% onto ?he surface ofgthe t her no- expandabl e

Ut i ng. SPond N SR Ay o el B O RO PR s
APR 2005 LIRS on M T SISy Bebhe ekl SECEErRE, M LSRR aare” Y 4 B
B o oxpaRIEE By Gy, SARES T i ST On O hCoRer Sy BRSeeieTRe contact
bondi ng (r)t:caéehreiiz;[lhetronob_eexcptggd?abclifePér?g)sU'FeEo adhere onto the surface

of the thermo-expandable pressure-sensitive adhesive layer

3 of the energy-beam-curable thermal-releasable pressure-

sensitive adhesive sheet of FIG. 1 (from which the

separator 4 has been released) by contact bonding, curing

the energy-beam-curable viscoelastic layer 2 by irradiation

with energy beams 8, cutting the adherend along a cutting

line 9 into pieces of a predetermined size, expanding and

foaming thermo-expandable microspheres in the thermo-

expandable pressure-sensitive adhesive layer 3 by heating

and then peeling and collecting the cut pieces 7Ta.

Alternatively, after curing the energy-beam-curable

viscoelastic layer 2 by irradiation with the energy beams

8, the material to be cut (adherend) 7 is caused to adher

onto the surface of the thermo-expandable pressure-

sensitive adhesive layer 3 by contact bonding, followed by

cutting along the cutting line 9.

In FIG. 3, indicated at numeral 1 is a base material,

2a an energy-beam-curable viscoelastic layer cured by
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sensitive adhesive |layer 3 of the energy-beamcurable thermal-rel easable
pressure-sensitive adhesive sheet wwth the adherend 7 can be carried out,
for exanple, by contact bonding using proper pressing nmeans such as rubber
roller, lamnating roll or pressing machi ne. Upon contact bondi ng

heating at a tenperature within a range not permitting expansidr Hﬂ 10k

t her no- expandabl e m crospheres or activation of a tacky substance by
application of water or an organic solvent may be carried out as needed
depending on the type of the tacky substance. As the energy beans 8,

vi si bl e rays | t.r.avi ql.et. rays d el ectron,be b %. l.rradi ation
with the ERG T & hes SROLHTTEG B0 B9 2 SUraB ERELASE Sut to
prevent starting of expgnsion qQf the pﬂgrno-e andgﬁle m crospheres due to
heat _upon RHESRHEE SRS 11 1S 20 T0EE (1P YShpt 6S5 BRCi FPEEFATI on i e as
short as possible or to air cool the radiation-curable thermal-rel easable
pressur e- eXfIdahAe RIFEISROSRBI2ED KEPIIE PRDPeRELDFe2REETt0 initiate
expansi on of the therno-expandabl e m crospheres. 22 15 APR 2005 The
adher end Amadisd ian Wwitle@namay dredmgutting means such as dicing.
Heating conditions can be set as needed depending on the surface
conditions or et cardsicit droaliofy tdie Hoherledhng- ¢xpardabpeepesspaye,- kind
of the therno-expandabl e m crospheres, heat resistance of the

sensitive adhesive layer 3 of the energy-beam-curable

thermal-releasable pressure-sensitive adhesive sheet with

the adherend 7 can be carried out, for example, by contact

bonding using proper pressing means such as rubber roller,

laminating roll or pressing machine. Upon contact bonding,

heating at a temperature within a range not permitting

expansion of the thermo-expandable microspheres or

activation of a tacky substance by application of water or

an organic solvent may be carried out as needed depending

on the type of the tacky substance.

As the energy beams 8, visible rays, ultraviolet rays

and electron beams may be used. Irradiation with the

energy beams 8 may be carried out by a suitable method, but

to prevent starting of expansion of the thermo-expandable

microspheres due to heat upon irradiation, it is desired to

suppress an irradiation time as short as possible or to air

cool the radiation-curable thermal-releasable pressure-

sensitive adhesive sheet to keep the temperature not to

initiate expansion of the thermo-expandable microspheres.

22



pressure-sensitive adhesive sheet or heat capacity of the adherend
(material to be cut). Heating is usually conducted under conditions at
350C or less for 30 mnutes or less, with conditions at 80 to 200C for 1
second to 15 mnutes being particularly preferred. Hot air heating, hot
pl ate contacting or infrared ray heating can be enployed as a T§%@$Q?ﬁ
nmet hod, but is not limted particularly. Wien the base materi al e
pressure-sensitive adhesive sheet has stretchability, stretching can be
conduct ed usi ng conventional stretching nmeans enpl oyed for secondary

stretching of she é. Since the energy- ean}curaq#s)thfr | -rel easabl e
pressure-sensi??@eag ﬁE%P@e%sﬁégtESfcgﬁe grﬁaﬁﬁe it (é?k?%@gthe
t her no- expandabl e pressyre-sensitive, adhesive l.ayer 3 containing a tacky
subst ance‘“‘f%&%lﬁe%?ﬂ?g) ?StHéCéBﬁer eHSaslnSaﬁoﬁ‘éilﬁd'r%b’d %%ﬁi?ﬁ%i "ﬁgd firmy
thereto and it is not released by vibration upon transport. Since the
t her nn- expRAALHEPPREEBHr BUsERS| FRVEa58hESPEE Higsy oF diRtbe thinned and
at the sane tine, the energy-beamcurable 23 15 APR 1005 viscoel astic |ayer
2 is curededpystanadi afi hpewpdhesnrdgy (psastpBiccaso Guth rgind het
resulting sheet can be cut into a predeterm ned size while reducing
wi ndi ng uphefthéemopeessndabiennitkvephdhesi véeadyereciaisaddywh theting
bl ade or chipping caused by vibration of the pressure-sensitive
pressure-sensitive adhesive sheet or heat capacity of the
adherend (material to be cut). Heating is usually
conducted under conditions at 350°C or less for 30 minutes
or less, with conditions at 80 to 200°C for 1 second to 15
minutes being particularly preferred. Hot air heating, hot
plate contacting or infrared ray heating can be employed as
a2 heating method, but is not limited particularly.
When the base material 1 of the pressure-sensitive
adhesive sheet has stretchability, stretching can be
conducted using conventional stretching means employed for
secondary stretching of a sheet.
Since the energy-beam-curable thermal-releasable
pressure-sensitive adhesive sheet of the present invention
has the thermo-expandable pressure-sensitive adhesive layer
3 containing a tacky substance (adhesive}, the adherend 7
can be bonded and maintained firmly thereto and it is not
released by vibration upon transport. Since the thermo-

expandable pressure-sensitive adhesive layer 3 can be

thinned and at the same time, the energy-beam-curable
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adhesi ve | ayer, conpared with the conventional therno- expandable
pressure-sensitive adhesive sheet. \Wen the thernp-expandabl e
pressure-sensitive adhesive |layer 3 containing therno-expandabl e

m crospheres and therefore having thermal expansion properties is_heated
after cutting, these therno-expandable m crospheres rapidly fdéﬂWRdﬁ
expand, causing a volunetric change of the therno- expandable
pressure-sensitive adhesive layer 3. By the resulting three-dinmensional
structure in the uneven form an adhesion area of the therno-expandable

pressure- _sensitii. Ve . I\ yer g th, t L eces: es
| ar gel vy, lszas& neglatsgtﬁ%quveeaﬂenrg éo?ly ocslsﬁéc,)}% %hﬁ%ﬁié??gﬁg?#ﬁ %ﬁg%@ ring of

t he energy-beam curabl e viscoel asti.c |ayer..2 by jrradiatipn w.th.energy
beams and P AT 166d Fodie i B 019 1'08s HoStday oF8EF ehgPhE By CHoatr -0
treatment bring, about, rked i nprovenments, in operation ease _or working

ef ficienc ANFIHTTHGS S ®rd %&ﬂﬁ;ﬂi%@h@gaha g IFEEtion of the
cut pieces 7a and also in production efficiency. The energy-beant curabl e

t her mal - r Pressayles Sensidure 24hes AR Lry %%@v@h@hfé@g%nghééﬁdef t he
invention is of course wusable for permanent adhesion of an adherend, but
it is subtredhfitipigge damagse hade bifedrion @ feddee fPHaFadResFORSLE1VEequest ed
or desired after a predetermned tinme of adhesion and attainment of the
adhesi on pudhpcssive Spawmir,i comramsicgith the conventional thermo-

expandable pressure-sensitive adhesive sheet. When the
thermo-expandable pressure-sensitive adhesive layer 3
containing thermo-expandable microspheres and therefore
having thermal expansion properties is heated after
cutting, these thermo-expandable microspheres rapidly foam
or expand, causing a volumetric change of the thermo-
expandable pressure-sensitive adhesive layer 3. By the
resulting three-dimensicnal structure in the uneven form,
an adhesion area of the thermo-expandable pressure-
sensitive adhesive layer 3 with the cut pieces 7a decreases
largely, leading to lowering or loss of adhesion strength.
The curing of the energy-beam-curable viscoelastic layer 2
by irradiation with energy beams and a marked reduction or
loss of adhesion strength by heat treatment bring about
marked improvements in operation ease or working efficiency
in cutting of the adherend 7 and peeling and collection of
the cut pieces 7a and also in production efficiency.

The energy-beam-curable thermal-releasable pressure-
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of such a using purpose include, as well as a fixing nmaterial to a

sem conduct or wafer or ceramc nmultilayer sheet, a carrier tape, tenporary
tacking material or fixing nmaterial used upon transport of parts or
tenporary tacking upon fabrication of various electrical apparatuses,

el ectron devices or displays, and a surface protecting or masKigraPRridber i al
for protecting a netal plate, plastic plate or glass plate from

contam nation or damage. Particularly in a manufacturing step of electron
parts, it is suitably used for production of small or thin-I|ayer

. q h | : : Thi % . .
baced on SeleitiE Anditld | BNedy COPathE Ol Bk PEon eSO ROk ther 18,
2000, the entir content of which is hergeb inggrgor ;eﬁugy.tr Eerence,

t he sane 5§%qi%s O% HgHrafen e =S KPR %fe%%n? PRYERYT oW M- Rérei naft er

be described  in urther detail by ex | es. |t shouyld however. be.borne in
mi nd t hat St‘-H-é%vff&ﬁ G i rddte |§ %@T%’Be o?eiﬁafﬁe EOmeRHRHPAEP 38 15 APR
2005 Exanple 1 A mixed solution 1 was prepared by incorporating 0.8 part
by wei ght I6RUESteshF Gasidishid HEhgem cTot papriredyting; ght a%hesmn
si x-functional ultraviolet-ray polymerizable conpound and 3 parts by
wei ght ofa@dﬂaﬂﬁgﬁnﬂaﬁtrqﬁ/the adhesion purpose. Specific examples
of such a using purpose include, as well as a fixing
material to a semiconductor wafer or ceramic muitilayer
sheet, a carrier tape, temporary tacking material or fixing
material used upon transport of parts or temporary tacking
upon fabrication of various electrical apparatuses,
electron devices or displays, and a surface protecting or
masking material for protecting a metal plate, plastic
plate or glass plate from contamination or damage.
Particularly in a manufacturing step of electron parts, it
is suitably used for production of small or thin-layer
semiconductor chips or multilayer capacitor chips.
This application is based on a Japenese patent
application JP 2000-318644, filed October 18, 2000, the
entire content of which i1s hereby incorporated by
reference, the same as if set forth at length.
The present invention will hereinafter be described in
further detail by examples. It should however be borne in

mind that the invention is not limited to or by these

examples.
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polymeri zation initiator 3 in 100 parts by weight of an acrylic copol yner
(wei ght - average nol ecul ar wei ght: 700000) conposed of 60 parts by wei ght
of ethyl acrylate, 40 parts by weight of butyl acrylate and 4 parts by

wei ght of acrylic acid. The resulting m xed solution was applied to a
corona treated surface of a polyester film(base mterial) of ?g $ﬁ1h@i0k’
foll owed by drying, whereby an acrylic ultraviolet-ray-curable PR

vi scoel astic layer of 45 pm thick was formed. A m xed solution 2 conposed
of 25 parts by meight of therno-expandabl e m crospheres (" Matsunoto

M crosphe%% ', trade nane; product of Matsunoto Yushi- Seiyaku Co.,
Ltd.) and part by melght of an epoxy crossllnklg agent based on 100
parts by wei ght of, the de crlbed acryli co oI dhesi v ) was
Dol ed 1o t e s PiHEghS Was brtra mlobo 5986?‘?%% i

(separator), followed b dr |ng, wher eby a therno- expandabl e
pressure- pandi ﬁYvé‘elél@ﬁ:eﬁfv@q SRV (HGTR Lt e h 28Rt pr d8sBRELSeRYi ti ve
adhesive layer) of 20 pmthick was forned. 26 15 APR 2005 The
t her no- expgighll € pedssdracidediali wd Havesi hat - 13y apo e bbRabdet o t he
acrylic ultraviolet-ray-curable viscoelastic |ayer by contact bonding,
wher eby acempeavidolead- Bapaginsalye weliairialofr & edstatd el ptebsueg- sensitive
adhesi ve sheet was obt ai ned.
polymerization initiator 3 in 100 parts by weight of an
acrylic copolymer (weight-average molecular weight: 700000)
composed of 60 parts by weight of ethyl acrylate, 40 parts
by weight of butyl acrylate and 4 parts by weight of
acrylic acid. The resulting mixed solution was applied to
a corona treated surface of a polyester film (base
material) of 50 pm thick, followed by drying, whereby an
acrylic ultraviolet-ray-curable viscoelastic layer of 45 um
thick was formed.

A mixed solution 2 composed of 25 parts by weight of
thermo-expandable microspheres (“Matsumoto Microspheres F-
50D”, trade name; product of Matsumoto Yushi-Seiyaku Co.,
Ltd.}) and 0.5 part by weight of an epoxy cresslinkig agent
based on 100 parts by weight of the above-described acrylic
copolymer {adhesive) was applied to the silicone-releasant-
treated surface of a polyester film (separator), followed
by drying, whereby a thermo-expandable pressure-sensitive

adhesive layer (thermal-releasable pressure-sensitive

acdhesive layer) of 20 um thick was formed.
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Conparative Exanple 1 In a simlar manner to Exanple 1 except that the

ul traviol et-ray-curable viscoelastic |ayer was fornmed to give a thickness
of 65 pm and the thernop-expandabl e pressure-sensitive adhesive |ayer was
not di sposed, an wultraviolet-ray-curable pressure-sensitive adhesive sheet
was obt ai ned. Conparative Exanple 2 A m xed solution 2 prepar Edliiﬁpﬂalﬂﬂﬁ
simlar manner to Exanple 1 was applied to the corona treated surface of
pol yester film (base material) of 50 pmthick, followed by drying, whereby
a thermal -rel easabl e pressure-sensitive adhesive sheet having an adhesive

| ayer of 65 prubll ekl cgbhAkaede BXamRle 2 A st cdlatdon.d wes

prepared by incorporating part i ght of an energy-beam

epared by [ ncor porati g - i ght of an _ g

T A B e
| | |

ety acr??ﬁ?@?iﬁﬁ%&ré?i? | t@ﬁﬁ%sﬁb%ﬁlnfgazyﬂ%%% a{)ﬁ?/][s byglweit ght of

ne net nacryl at e an S Wwel 0] - roxye acr at e,

met hgcr yl'® FB?%%P&?F‘F@&E?HHEEEW ﬁgéﬁméﬁgﬁﬁtleéﬁa@% prossure- o

sensitive adhesive sheet was obtained.
Comparative Example 1

In a similar manner to Example 1 except that the
ultraviolet-ray-curable viscoelastic layer was formed to
give a thickness of 65 pm and the thermo-expandable
pressure-sensitive adhesive layer was not disposed, an
ultraviolet-ray-curable pressure-sensitive adhesive sheet
was obtained.
Comparative Example 2

A mixed solution 2 prepared in a similar manner to
Example 1 was applied to the corona treated surface of a
polyester film {(base material) o¢f 50 pm thick, followed by
drying, whereby a thermal-releasable pressure-sensitive
adhesive sheet having an adhesive layer of 65 pm thick was
obtained.
Example 2

A mixed solution 3 was prepared by incorporating 3
parts by weight of an energy-beam polymerization initiator
in 100 parts by weight of an energy-beam reactive polymer

(weight-average molecular weight: 600000} obtained by
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equi valent (nolar ratio) of the 2-hydroxyethyl group. In a simlar manner
to Exanple 1 except for the use of this mxed solution, an

ener gy- beam curabl e viscoelastic layer of 40 pmthick was fornmed. In a
simlar manner to Exanple 1 except for the use of a m xed solut|o$ %
obtai ned by incorporating 30 parts by weight of therno- expanda heh R 2003

m crospheres ("Matsunoto M crospheres F-SOD', trade nane; product of

Mat sunmot o Yushi - Sei yaku Co., Ltd.) and 2.5 part by wei ght of an

I socyanat e crosslinking agent in 100 parts by weight of an acrylic

copol yner Qﬂﬂﬁﬂfe f_ 75 b | o] | ryka 0 rts by
wei ght ofi%uty agFgla a@%y%g?t%oégigﬂér %?$%P¥ed 9 ¥5 %%Fgéb nd 5 parts
by wei ght of, ef h | at a able sure-

sensi tive "t 'J%P } %Eﬁ§f$%? ?%kpﬁﬁ Sf Eggﬁ OFh ﬁg expandabl e
pressure-sensitive hesi ve | ayer was contact- bonded to

ener gy- be &Rt e \R%‘é%%l]%)ét‘?’%l?}é’ile‘?fb@e%l Y%n?ﬁﬁ?%?ryg\ﬁéﬁeﬁfﬁdar?o

ener gy- beam curable thernmal -rel easabl e pressure-sensitive adhesive 28 15
APR 2005 &R ks Wwhitdhthedf 2 Bwdiexyorhyksacaytatecont act bonding of a

polyester film ("Lumrror S10", trade nane; product of Toray Industries,
Inc.) on FﬁéhaﬂﬁﬂkﬁﬂiQﬁYQUhy%Nxﬁnﬂﬂaﬁ%@msim|@@ anibrest vef| 8y8r of each of

equivalent (molar ratio} of the 2-hydroxyethyl group. 1In a
similar manner to Example 1 except for the use of this
mixed solution, an energy-beam-curable viscoelastic layer
of 40 pm thick was formed.

In a similar manner to Example 1 except for the use of
a mixed solution 4 obtained by incorporating 30 parts by
weight of thermo-expandable microspheres (“Matsumoto
Microspheres F-50D", trade name; product of Matsumoto
Yushi-Seiyaku Co., Ltd.) and 2.5 part by weight of an
isocyanate crosslinking agent in 100 parts by weight of an
acrylic copolymer composed of 75 parts by weight of ethyl
acrylate, 20 parts by weight of butyl acrylate, 5 parts by
weight of methyl acrylate and 5 parts by weight of 2-
hydroxyethyl acrylate, a thermo-expandable pressure-
sensitive adhesive layer of 15 pm thick was formed.

The thermo-expandable pressure-sensitive adhesive
layer was contact-bonded to the energy-beam-curable
visceoelastic layer by a laminator, whereby an energy-beam-

curable thermal-releasable pressure-sensitive adhesive
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t he pressure-sensitive adhesive sheets (20 nm w de) obtained in Exanpl es
and Conparative Exanples, 180 peel adhesion (N20 mm peeling rate: 300
nmm mn, 23C) before treatnent, after irradiation with ultraviolet rays and
after heat treatnment following the irradiation were neasured. U traviolet
rays was irradiated fromthe side of the pressure-sensitive aqge Rvmﬂ§heet
for 10 seconds by wusing an air-cooling type high-pressure nerc r@jlanp (46
ml/mn) (only Exanple 1 and Conparative Exanple 1), while the heat
treatment was conducted in a hot air drier of 130C for 5 mnutes (only

Exanmple 1 Conpar I_\4 anple 2). Each of the pressure-sensitive
adhesi ve 5%%%?5 obf%%%égugﬁ Exanpl es and Conparati ve Exanpl es were bonded

to a sem ¢onductaqr mgier of 160 pmthick. After irradiation with
ul travi ol 8¥ AP0 &S7E (dicing speed: 80 mmimin, the rotation frequency

of a bl ade: 40000 rpm depth of cut of a polyester film 20 pm chip size:
5 mmx 5 m %@eéoﬁ&%@é& Y fikér Robét%%ﬁr,fb%%dlﬁcPuﬁﬁrBPSCO 29 15

APR 2005 Corporation). The presence or absence of wi nding up of the
adhesi ve %a8"vi §Gadey n@gwri Prsdudtn ofddianiash, IHdwst ebesr of nCt heonafhAat e,
as was, of Conparative Exanple 1 and fromthe |am nates, after heating, of
Exanpl e 1sundacenpar &biev@resamgles s2n 20 iote pihviet evei bkeer upfaeachndém The
chi ps | the pressure-sensitive adhesive sheets (20 mm wide)

obtained in Examples and Comparative Examples, 180° peel

adhesion (N/20 mm, peeling rate: 300 mm/min, 23°C) before

treatment, after irradiation with ultraviolet rays and

after heat treatment following the irradiation were

measured. Ultraviolet rays was irradiated from the side of

the pressure-sensitive adhesive sheet for 10 seconds by

using an air-cooling type high-pressure mercury lamp (46

mJ/min) (only Example 1 and Comparative Example 1), while

the heat treatment was conducted in a hot air drier of

130°C for 5 minutes {only Example 1 and Comparative Example

2).

Each of the pressure-sensitive adhesive sheets

obtained in Examples and Comparative Examples were bonded

to a semiconductor wafer of 160 pm thick. After

irradiation with ultraviolet rays, dicing (dicing speedg 80

mm/min, the rotation freguency of a blade: 40000 rpm, depth

of cut of a polyester film: 20 pm, chip size: 5 mm x 5 mm)

was conducted using a dicer (“DFD651”, product of DISCO
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cracked upon picking up were regarded as defectives. Mreover, chipping on
the side surface of the crack-free chips, that is, non-defectives was
observed by an optical mcroscope and those having chi pping of 40 pm or
greater in the depth direction were regarded as defectives. Irradiating
with ultraviolet rays and heating were conducted under simlar d6rMdR t206ns
to those described above. Evaluation results are shown in Table 1. In none
of Exanpl es and Conparative Exanples, adhesive transfer to a peeled

pol yester filmor chip was visually observed upon peeling by heating.

{r cat mont §100 30 005, 60 A AT IRH R B Wi h G T BN el D of the
okt i oaPRERE A Ao S VBT ARG A No AN HE & SERD TERE Ronber
et oot | veth 30 eRABEFEs 200/ 6£21500/( 095 ol VPR 'Z0US el | S BpPEPBAERSr om
Table 1, Hgmgggtgg?S%%E%ES%g%%ggé? of Example 1 and Comparative

Example 2, 20 chips were picked up at random. The chips

cracked upon picking up were regarded as defectives.

Moreover, chipping on the side surface of the crack-free

chips, that is, non-defectives was observed by an optical

microscope and those having chipping of 40 pm or greater in

the depth direction were regarded as defectives.

Irradiating with ultraviolet rays and heating were

conducted under similar conditions to those described

above.

Evaluation results are shown in Table 1. In none of
Examples and Comparative Examples, adhesive transfer to a

peeled polyester film or chip was visually observed upon

peeling by heating.

Table 1
Ex. 1 Comp. | Comp. | Ex. 2
Ex. 1 Ex.2
Adhesion (N/20 mm)
Before treatment 410 460 4.00 5.80
After irradiation with ultraviolet rays 2.30 0.50 - 2.00
After irradiation with ultraviolet rays and 0.00 - 0.00 0.00
heat treatment
Winding up of adhesive None None | Found | None
Cracks (the number of defectives/20 chips) 0/20 7120 0/20 0120
Chipping (the number of defectives/20 chips) 1/20 0720 12120 0120
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adhesi ve sheet of each of Exanples, curing of the wultraviolet ray curable
vi scoel astic layer by irradiation wth ultraviolet rays causes appropriate
lowering in the adhesion of the pressure-sensitive adhesive |ayer, and

wi ndi ng up of the adhesive and shear of a blade upon cutting Gﬁ?%?e
prevent ed because the pressure-sensitive adhesive |ayer can be n@y
thin. The adhesion di sappears by heat treatnent, whereby cracks of chips
upon picking up can be prevented. In the pressure-sensitive adhesive sheet
of Conparative Exanple 1, on the other hand, irradiation wth ultraviolet

rays also | oneps 3dhesiaR it G8loh ©aUs NG, ﬁbi&écﬁi%ﬁé%gg—éeﬂs%?vbo

resi dual adhesi on, cracks appeared upon picking up.

pressur &- ganskibye snadresisv e shedls o SONRAL aldye; FXalpl grg, No Cracks

occurred ut an yi el chippi ng-free prody non- defectives
1S L O% UREBLSE;LREPL BSOS s e v Y er, o, 2glL capg P ok
pressur o SefoliLyeedies ve hect accardng. Lo, (1 L verty o, e enouoh
ol case aHBPEREPRCPPORPE! PHPEGEE S Bar WO g etd o} oreE ThiBdakes 11
possi bl e &Ending up of the adhesive and shear of a blade upon

cutting can be prevented because the pressure-sensitive

adhesive layer can be formed thin. The adhesion disappears

by heat treatment, whereby cracks of chips upon picking up

can be prevented. In the pressure-sensitive adhesive sheet

of Comparative Example 1, on the other hand, irradiation

with ultraviolet rays also lowers adhesion largely, causing

chip scattering and due to residual adhesion, cracks

appeared upon picking up. In the pressure-sensitive

adhesive sheet of Comparative Example 2, no cracks occurred

but an yield of chipping-free products, that is, non-

defectives was low because the pressure-sensitive adhesive

layer was soft and thick.

Industrial Applicability

The energy-beam-curable thermal-releasable pressure-
sensitive adhesive sheet according to the invention has
enough azdhesion to withstand transport of an adherend, is

suppressed in winding up or chipping of the adhesive upon
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a

mar kedl y hei ghten operation ease and working efficiency in the peeling and
collecting step of the cut pieces and in turn, drastically inproving the
productivity of cut pieces such as small-size or thin-layer sem conductor
chips or nultilayer capacitor chips. 32 15 APR 2005 CLAI M5 1. Aq APR 2005
ener gy- beam curabl e thermal -rel easabl e pressure-sensitive adhesivé Ssheet
conprising: a base material, an energy-beam curable viscoelastic |ayer; and
a therno- expandabl e pressure-sensitive adhesive |ayer conprising

t her no- expandabl e m crospheres, in this order, wherein the

ener gy- beagreunhahl and $6eehatlited Blea LOMHA SES1 Pe £OIBRSHET fDeba¥i Ng an
organi ¢ viscoel astic body, an energy-beam curable conpound and an

ener gy- be pok i zat | snist i at Ofmy. 12 s Depnt bl e
therna|-rgpgaggﬁﬁghéégs?S%S?Eéﬁ?rti33”§hﬁ§§§¥§m§%3%% acc%?%?ng to claim1,
wherein t y rabl i;scoel ast i e 0 LSes. tacky
substance&ggﬁeﬁgg é%g§§§%§e§%523¥§b?%%%%%ﬁﬁ%}iﬁi:éggﬁ I%f%}éégﬁ?g-ﬁgnsitive
adhesi ve eet ccording tqg.claim 1, wherein,the energy-beam curable

U scoel astPe PasLiRRagnd eRIdEREDT 5HU CF 366 i Pidee ahd I

ener gy- beam cur gbl e t he | -rel easabl e pressuye-sensitive adhesjve sheet
accor di ngt¥bl¢l Fﬁ?E}CﬁéggeFﬁpFﬁ¥1§ﬁéF&§-EE Qb e R is bt R1%ceF ayer
after irradiating w.th energy beans _has a stqrage shear nodulus at 20C
falling wPERPn2g Fﬁﬁéé‘éﬂzﬁr8ﬁ1ﬁhl%‘iéﬁeFosfm%QHRQPQ¥9rEﬁhqﬁ% or

ener gy- beam cur abl e thernmal -rel easabl e pressure-sensitive adhesive sheet
accor di nghedtélaya¥r 1caRAEEEPE ERéPEher no- expandabl e pressure-sensitive
adhesi ve | ayer
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has a thickness not greater than the maxi num particle size of the

t her no- expandabl e m crospheres. 6. A nethod for producing cut pieces,

whi ch conprises: applying a nmaterial to be cut on the surface of the

t her no- expandabl e pressure-sensitive adhesive |ayer of the SAPRZE
ener gy- beam curabl e thermal rel easabl e pressure-sensitive adheélve sheet
according to claim1; 33 15 APR 2005 curing the energy-beam curable
viscoel aslic layer by irradiating with energy beans; cutting the materi al
into cut pieces; heating the thernD &ﬁ able pressure-sensitive adhesive
| ayer so as to foam and releasing and collecting the cut pieces fromthe
ener gy- beam curabl e thermal -rel easabl e pressure-sensitive adhesive sheet.
7. A nethod for producing cut pieces, which conprises: irradiating the
ener gy- beam curabl e thernal -rel easabl e pressure-sensitive adhesive sheet

accor di ng tﬁ%%bgm@ebe%tgj E ?ﬁérrP?@r’éﬁaas@Bt@?rés@uFé%@n&ﬁ@e adhesive sheet

ener gy- bea ayer, applying a material to be cut on
sur f agemirisife  &heisetmedrri dabere gy ¢esoT-eusahis visicoelastic Faysirvant aylbermo-
cutting the naterial into cut cesI heatlnﬁ F_]hq %r [ N0 eX ﬁ%B abl e
pr ess GXE258ABIE RIEES HENLRTINIES § ‘5}@5“{903?'?{ S RAY NS BFEARERG e ol | ecting
the cuti pid %%?eg IHIW'II%Qﬁd@lnwf‘%fE1HQBrmE‘ﬁﬁfg'%bb§aMWF@&IE’\Y!%@@@M Ryer
pressure-s nS|t|ve adhesi ve sheet

comprises a composition having an organic viscoelastic body, an energy-beam-curable

cempeund end en energy-beem nolymerization initiaier.

2. The energy-beam-curable thermal-releasable pressure-sensitive adhesive sheet
according 1o claim 1, wherein the energy-beam-curable viscoelastic layer comprises a

tacky substance.

3. The energy—beam-curable"fhermal—releasable pressure-sensitive adhesive sheet

according 1o claim 1, wherein the energy-beam-curable viscoelastic layer has & thickness

of 5 to 300 um.

4. The energy-beam-curable thermal-releasable pressure-sensitive adhesive sheet
according io claim 1, wherein the energy-beam-curable viscoelastic layer gfter irradialing

with energy beams has a storage shear modulus at 20°C falling within a range of from 5
x 10%10 1 x 10"° Pa.

5. The energy-beam-curable thermal-releasable pressure-sensitive adhesive sheet
according 1o claim 1, wherein the thermo-expandable pressure-sensilive adhesive layer

has a thickness not greater than the maximumn parlicle size of the thermo-expandable

microspheres.

6. A method Jor producing cut pieces, which comprises:
applying 2 material to be cut on the surface of the thermo-expandabie pressure-sensitive

adhesive layer of the energy-beam-curable ihermal releasable pressure-sensitive

adhesive sheet eccording to claim 1
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15 APR 2005

curing the energy-beam-curable viscoelastic layer by irradiating with energy beams;
culting the material inlo cul pieces;
heating the thermo-expandable pressure-sensitive adhesive layer so as 1o foam; end

releasing and collecting the cut pieces from the energy-beam-curable thermal-releasable

pressure-sensilive aghesive sheet.

7. A method for producing cut pieces, which comprises:

irradiating the energy-beam-curzble thermal-releasable pressure-sensitive adhesive
sheet according to claim 1 with energy beams, so as o cure the energy-beam-curable
viscoelastic layer,

applying 2 material o be cut on suriace of the thermo-expandable pressure-sensitive
adhesive layer, '

cutting the material inlo cut pieces,

heating the thermo-expandable pressure-sensitive achesive layer 1o foam; and
releasing and coliecting the cut pieces from the energy-beam-curable thermal-releaseble

pressure-sensitive adhesive sheet.
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