1 8 APR 2005 DESCRI PTI ON ENERGY- BEAM CURABLE THERMAL- RELEASABLE PRESSURE-
SENSI TI VE ADHESI VE SHEET AND METHOD FOR PRODUCI NG CUT Pl ECES USI NG TTHEPBANE
Technical Field The present invention relates to an energy-beam curable
t hermal -rel easabl e pressure-sensitive adhesive sheet fromwhich cut
pi eces, which are adherends, can readily be rel eased and coll ected by
irradiating wwth energy beans and heat treatnent; and a nethod for
produci ng cut pieces by using this sheet. Background Art Upon cutting a
sem conductor wafer or nultilayer _capacitor sheet into pieces of a
predet ermi ned si ze, conventionalI95§£%%BT£9Na 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
t hermal -rel easabl e pressure-sensitive adhesive sheet having a
bl ow ng- agent - cCONEEGH-rBGAHr-rEV8EABEE JERFMALrREAHASABIE | BREESEREposed on a
high elastic filmor sheet base material such as plastic (JP-B-50-13876,
JP-B- 51-24534, JP- /556 PIYG3, AIMHE AN G6- H1d09, ANP- AE6ReR52681, 1 1 8 APR
2005 etc.). This thermal -rel easabl e pressure-sensitive adhesive

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 adherendé, can
readily be released and collected by irradiating with
energy beams and heat treatment; and a method for producing

cut pileces by using this sheet.

Background Art

Upon cutting a semiconductor wafer or multilayer
capacitor sheet intc pieces of a predetermined si:ze,
conventicnally known as a pressure-sensitive adhesive sheet
for causing it to adhere tc 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 cr

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

51-24534, JP-A-56-61468, JP-A~-b56-61469, JP-R-60-252681,




sheet is ained at both retention of adhesion enough for mﬁthstanding
cutting of the adherend and easy rel ease and collection of the cut ﬁ@ﬁﬁs
Descri bed specifically, this sheet is caused to adhere to the adheren

wi th high adhesion, but upon collection of the cut pieces, the cut pieces
can be rel eased easily, because the expandable pressure-sensitive adhesive
| ayer containing thernpo- expandabl e m crospheres foans or expands by
heating to have a roughened surface, leading to | owering or |oss of
adhesi on due to a decrease in the adhesion area with the adherend. Since
the adhesP¥&-llayelhdf therapdvecdessabsed Prensirg —seslssidskts eadhesive
pressure-sensitive adhesive sheet is soft and, due to therno-expandabl e

m cr osphesbsedontsaiciagd gl bhéhlayéﬁntﬂgnthﬁchdmmaﬂﬂnﬂﬂﬁqugﬂlEmrmnndlng up
of the adhesive by a cutting blade or chipping associated with vibration
of the presshséanensit icuetadhesitvéhkeayeheaeadr andp@asguind Ing: of 4
adherend. Thinning of the pressure- sensitive adhesive |ayer is effective

for overcesilngcthen afovhedeserphedepr.obbersribkd Reelcayrrcd s yade, tdi nner
than the dianmeter of the therno-expandable m crospheres, however, these

m crospheggpsepr 9kr eelesbrombt hansyef asetak akherkaweriand Hinpai r |ts
snoot hness, making it inpossible to exhibit adhesion enough to retain the
adher end. adhés80APRLER08pon 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 to have
a roughened surface, leading to lowering or loss of
adhesion due to a decrease in the adhesion area with the
adherend.

Since the adhesive layer of the above-described
thermal-releasable pressure-sensitive adhesive sheet is
soft and, due to thermo-expandable microspheres contained
in the layer, is thick, problems such as winding up of the
adhesive by a cutting blade or chipping asscciated with
vibration of the pressure-sensitive adhesive layer occur
upon cutting cf 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 thermco-expandable microspheres,

however, these microspheres protrude from the surface of

the layer and impair its smoothness, making it impossible

to exhibit adhesion enough to retain the adherend.




Accordingly, the thermal -rel easabl e pressure-sensitive adhesive |ayer
cannot be thinned without limtation and the above-described probl em
cannot al ways be overcone by thinning. In addition, the conventl &R 2005
thermal -rel easabl e pressure-sensitive adhesive sheet is sonetines unsuited
for applications requiring |ow contam nation such as sem conductor,
because m nute cohesion failure is induced by defornation of the

t her no- expandabl e mi crospheres at the interface of the pressure-sensitive
adhesi ve layer and the adherend happens to be contam nated by the adhesive
transf er rRACOREEBES Y DEBEl SHgrEads HeHE ASaRdift iF3ie SV o] TRRSBELYhe present
invention is therefore to provide an energy-beam curabl e

t her mal - r etibasabke lpyessoranosehsi ttihiangghesitheughdetmit thomagnddhlesi on
enough to wthstand a transporting step after bonding or cutting step of
an adher egidoveadsesriidetiherobiledi rgnup tofa 1wy sadtee siwer comog lehi ppi ng upon a
cutting step, facilitates release and collection of cut pieces and is
reduced ifphcgntagination on the adherend after released fromthe sheet;
and a nmethod for producing cut pieces by making use of this pressure-

sensitive adhesyveqgheebn,Athd EesWeht@bneXt engirvg li-esddgation with a
view 3 1 8 APR 2005
pressure-sensitive adhesive sheet is sometimes unsuited for
applications requiring low contamination such as
semiconductor, because minute cohesion failure is induced
by deformation of the thermo-expandable microspheres at the
interface of the pressure-sensitive adhesive layer and the

adherend happens to be contaminated by the adhesive

transferred thereto.

Disclosure of the Invention

An object of the present inventicn is therefore to
provide an energy-beam-curable thermal-releasable pressure-
sensitive adhesive sheet which has acdhesion enough to
withstand & transporting step after bonding or cutting step
of an adherend, causes neither winding up of the adhesive
nor c¢hipping upon a cutting step, facilitates release and
collection of cut pieces and is recuced in ccntamination on
the adherend after released from the sheet; and a method
for producing cut pieces by making use of 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 curabl e thernp-expandabl e viscoelastic

| ayer containing therno- expandabl e m crospheres and a pressure- sefapg pie
adhesive |layer are stacked in this order over at |east one side of a base
material, (i) tackiness is not |ost even after curing of the

ener gy- beam cur abl e t her no- expandabl e vi scoel astic |ayer by irradiating

wi th energy beans, whereby good retention of the adherend can be ensured,
(i1) inconveniences such as winding up of the adhesive or chipping due to
a cuttingtBragé easapalagoithed abpde -descirdedofoite tadidremr ¢ewause t he
pressure-sensitive adhesive |laver can be thinned and at the sane tine,
only the é&neepgyorbedaveurtabhe thetnwhexpandales gni-deaal-astiablayer is
cured, (iii) cut pieces can be released and collected readily w thout

damagi ng themmbeeapsadablehetigabenalsease 1 aprepeidritesniand (Havmd-he
pressure-sensitive adhesive |ayer on the surface relaxes interfacial

stress CO@ﬁpﬁhﬁabﬂ@nmihﬂdéﬁﬁér@é beaamkng rek s@xRarwnen tafvd RRihesive
t her no- expandabl e m crospheres, whereby m nute cohesion failure of the

adhesi ve dygct0asbre8ac%QRCEAL kALLOBGRR BEeRr av¥ented ang, %%dgaréf“%i on on
t he adherend can be | owered. Based on the above-descrlbef'fln I ngs, the

present iy 52”3;923?3%5?3%) eorRriabed: 15Nn8Re13ERECL Y e WAL LN,
of the energy-beam-curable thermo-expandable visccelastic
layer by irradiating with energy beams, whereby good
retention of the adherend can be ensured, (ii}
inconveniences such as winding up of the adhesive or
chipping due to a cutting kblade can be avoided upon cutting
of the adherend because the pressure-sensitive adhesive
layer can be thinned and at the same time, only the energy-
beam-curable thermo-expandable viscoelastic layer is cured,
(1ii) cut pleces can be released and collected readily
without damaging them because of thermal release
properties, and (iv) the pressure-sensitive adhesive layer
on the surface relaxes interfacial stress concentration
induced by foaming or expansion of the thermo-expandable
microspheres, whereby minute cohesion failure of the
adhesive due to stress concentration can be prevented and
contamination on the acdherend can be lowered. Based on the
above-described findings, the present invention has been

cenmpleted.

In one aspect of the invention, there is thus provided




1 8 APR 2005 an energy-beam curable thermal -rel easabl e pressure- sensitive
adhesi ve sheet having, over at |east one side of a base material, ﬁhﬁ ﬁﬁ?
an energy-beam curabl e thernp- expandabl e viscoelastic |ayer contaihi g

t her no- expandabl e m crospheres and a pressure-sensitive adhesive layer in
the order of mention. In another aspect of the invention, there is also
provi ded a nethod for producing cut pieces, which conprises applying a
material to be cut on the surface of the pressure-sensitive adhesive |ayer
of the above-described ener be n}curabl ther -rel easabl e

pressur e- 8Bn&§PEFPY P &&HE§WF@%§ﬁé %ﬁh&&ﬁﬁﬁ?ﬂé%éan}curable

t hernmo- expandabl e vi scoel astic Ia r mnth energy beans, thereb curing
the | ayer sepgitiiNg eR&eravEr |Sélleeitn¥@vﬁlnébesov%fa@sq nfagtheone side of

ener gy- beam cur abl e t her no- expandabl e vi scoel astic |ayer to foam by

heati ng, anbasel masiemgadnd s¢eldkest iamg etrteg gYcutegiiesasabl e Bhe¢xmeher aspect
of the invention, there is also provided a nethod for producing cut

pi eces, wbkphndabfiei yéscoelradiiat ilryetrhe calicierides crhidrgwb-expandable

ener gy- beam curabl e thermal-rel easabl e pressure-sensitive adhesive sheet
W th enepgyrbepRereshanheby @uesrtriche eendrgyrdeaihadiradlayer in the

t her no- expandabl e vi scoel astic |ayer, applying a material to be cut on the
surface ofyhbe pregsutgogensitive adhesive |ayer, cutting the material
into pieces, causing the

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

In a further aspect of the invention, there is aiso
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
thermo-expandable viscoelastic layer, applying a material
to be cut on the surface of the pressure-sensitive adhesive

layer, cutting the material into pieces, causing the




5 1 8 APR 2005 energy-beam curabl e thernp- expandabl e-vi scoel astic |ayer to
foam by heating, and releasing and collecting the cut pieces. Bri&f
Description of the Drawings FIG 1 is a schenmatic cross-sectional iA8,2005
illustrating one exanple of the energy-beamcurable thernal-releasable
pressure-sensitive-adhesive sheet of the invention. FIG 2 is a schematic

cross-sectional view illustrating another exanple of the

ener gy- beam curabl e thernal -rel easabl e pressure-sensitive-adhesive sheet
of the invention. FIG 3 is a schematic step viewillustrating one

exanpl e ofnat@Ey TR aCLrPAY bb@é@@seépaedﬁbgﬁe€é§66ﬁ1fﬂﬁ§lCi AR¥SE 68. Best

Mode for Carrying Qut the Invention The enbodi nents of the invention wll
her ei naf tferarbeby desztibed anddecdebswnghandf epéheettiogatbenpatyi ng drawi ngs
if necessary. FIG 1 is a schematic cross-sectional view illustrating one
exanpl e ofiddwes energy-beam curable thernal -rel easabl e pressure-sensitive
adhesi ve sheet of the invention. In this exanple, an energy-beam curable
thernmo 6

Brief Description of the Drawings

FIG. 1 is a schematic cross-secticnal 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
thermazl-releasable pressure-sensitive-adhesive sheet of the
inventicn.

FIG. 3 is a schematic step view illustrating one
example of the manufacturing process of cut pieces of the

invention.

RBest 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-secticnal view
illustrating one example of the energy-beam-curable
thermal-releasable pressure-sensitive adhesive sheet of the

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




1 8 APR 2005 expandabl e viscoelastic layer 2 is disposed on one side of a
base material 1 and stacked thereover are a pressure- sensitive qd@ﬁgémﬁ

| ayer 3 and a separator 4 in this order. The pressure-sensitive 'a FALIYS
sheet relating to the invention nmay be in any known or conventionally-used
form such as sheet or tape. The base material i serves as a supporting
base for the therno-expandabl e viscoelastic layer 2 and as it, a naterial
havi ng heat resistance enough to prevent its nechanical physi cal
properties from being inpaired by heat treatnent of the therno-expandable
pressur e-sepEidalvbe ndneseiestagetagerseipl 8y 6HOSELampl &8 cofsislewfa base
material 1 include, but not limted to, plastic filns or sheets nade of
pol yesterg de¢imatesial ot podlystagkedchheredeerTheebasprmmtserrieal 1 is
preferred to be cuttable by cutting nmeans such as a cutter used upon
cutting ofewditodbeséndsiVenapesodt apdl yobkepenatokmion nsheédts equigaped
with both heat resistance and stretchability is used as the base nateri al

1, the bagge netessatet HEHUTN YOI gdhascutt ERgetbladetisg rserted upon
cutting of a material to be cut can be stretched |later so that use of it

I S suited;{@din€ildn rﬁsgf:@é coh | 6% 1 REowHSheM¥hiENt NERHS 19PaGR I Gt | on
between cut pieces. Since energy beans are enployed for curing the

ener gy- be ]gqggbéﬁeépeépntgggandable vi scoel astic |layer 2, the base
material 1 (or pressure-sensitive adhesive |ayer 3

The base material 1 serves as a supporting base for
the thermo-expandable viscoelastic layer 2 and as it, a
material having heat resistance encugh to prevent its
mechanical physical properties from being impaired by heat
treatment of the thermo-expandable pressure-sensitive
adhesive layer 2 is employed. Examples of such & 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 scoft polyolefin film or sheet egquipped
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
cut pieces. Since energy beams are employed for curing the
energy~beam-curable thermo-expandable viscoelastic layer 2,

the base material 1 (or pressure-sensitive adhesive layer 3




7 1 8 APR 2005 or the like) nmust be conposed of a material permitting
transmission of at |east a predeternined anount of energy beans. 1B
material 1 nay be a single layer or nultilayer. Al though the thlckness of
the base material 1 can be selected as needed within an extent not
damagi ng the operation ease or working efficiency in each step such as
adhesi on of an adherend, cutting of the adherend, peeling and collection
of cut pieces and the like, it is usually 500 pmor |ess, preferably about
3 to 300 pm nore preferably about 5 to 250 pm In order to heighten
adhesi on wirt ihiehd 1&d)) averstt ey eompud gdktaihtd oretefr sk pexthestomg t he base
material 1 may be subjected to ordinarily enployed surface treatnent, for
exanpl e, tebesimdalsion plfysitcdleatsteat merddesiimiase & hamosaret ast dendéreat ment |
exposure to ozone, exposure to a flanme, exposure to a high-pressure

el ectric phagk .or Thenibziskg mzadiration, my raoal idihgid M Apepingher coati ng
agent (ex. a tacky substance which wll be descrlbed | ater). The

ener gy- begm ¢4nakleg .t her no- expandabl e vi scoel astic layer 2 contains
t her no- expandabl & m crospheres for inparting the Iayer with therm

chpendnh < FLORTSHEESaSNe IR M Ae AT L e

Curabllltgelected as needed within an extent not damaglng 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, 1t is usually
500 pym or less, preferazbly about 3 tc 300 um, more
preferably sbout 5 to 250 pm. In order to heighten
adhesion with the adjacent layer and retenticn 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, exXposure
to a high-pressure electric shock cor ionizing radiation, or
coating with an undercoating agent {ex. a tacky substance
which will be described later).

The energy-beam-curable thermo-expandable viscoelastic
layer 2 contains thermoc-expandable microspheres for
imparting the layer with thermal expandable properties and
an energy-beam-curable compound (or energy-beam-curable

resin) for imparting the layer with energy beam curability

and at the same time, has viscoelasticity enough to



and at the sane tinme, has viscoelasticity enough to 8 1 8 APR 2005 hei ghten
sticking properties or sticking ease. From such viewpoints, the

ener gy- beam cur abl e t her no- expandabl e viscoelastic layer 2 is dds§ g0
be conposed of a parent material having viscoelasticity and

t her no- expandabl e m crospheres and an ener gy-beam curabl e conpound (or
ener gy- beam curabl e resin) incorporated in the parent nmaterial. As the
parent material, materials having desired viscoelasticity are usable.
Exanpl es include natural rubbers, synthetic rubbers and rubber adhesives
usi ng t heheighkesoréickbber propegitassuces sdarditrioyeeasthesi vekrotheseot
acrylic resins made of a honopol yner or copol yner of an al kyl

(et h) acr yiawvpofifits, exhepkeeergyebkracopratde dhearnClex2hddikyé such as
met hyl, ethyl, propyl, isopropyl, butyl, isobutyl, hexyl, octyl,

2- et hyl hexykcokesaectyl laiyeedecyls desidededyd lbe Monrdbapdlyfes wirdhe
above-exenplified alkyl (neth)acrylate with another nononer [for exanple,

a MoNonerna€8rtalNhAgiAgCai ROV 28HAUR (§F A A%t rafmgid desuch as _
acrylic acid, nethacrylic acid, itaconi¢c acid, naleic acid, fumaric acid

or el ei canbydphder s aanMdLAXKheGAgLaANG, RN RIaAS| & hydr oxyet hyl

(met h) acryl at e, - aci al ni ng nononer such as styrenesul fonic

acid, a phosphobkonac,dzfeB! 260LNY TRIRIRLAUER 4% Fhe parent
material.

As the parent material, 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 homopeolymer or copolymer of an
alkyl (meth)acrylate [for example, (meth)acrylates of a C;-
z0 2lkyl such as methyl, ethyl, propyl, isopropyl, butyl,
isobutyl, hexyl, octyl, 2-ethylhexyl, isooctyl, isodecyl or
dodecyl], or a copolymer of the above-exemplified alkyl
(meth)acrylate with another monomer [for example, & monomer
containing a carboxyl group or an acid anhydride such as
acrylic acid, methacrylic acid, itaconic acid, maleic acid,
fumaric acid or maleic anhydride; a hydroxyl-containing
monomer such as 2-hydroxyethyl (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 moncmer such



hydr oxyet hyl acryl oyl phosphate, an am de-contai ni ng nononer such as

(met h) acryl am de, an am no-contai ni ng nononer such 9 1 8 APR 20@@#@%2%5
am noet hyl (neth)acryl ate, an al koxy-contai ni ng nononer such as

met hoxyet hyl (neth)acrylate, an imde-containing nononer such as

N-cycl ohexyl nmaleimde, a vinyl ester such as vinyl acetate, a

vi nyl - cont ai ni ng heterocyclic conpound such as N-vinylpyrrolidone, a
styrene nononer such as styrene and a-nethyl styrene, a cyano-containing
nononer such as acrylonitrile, an epoxy-containing acrylic nononer such
as glyci &8 MDYy Getrasi vt et ot FbHoRET CeBERINARIVIARPMEEher ] or
pressure-sensitive adhesives of the acrylic resin, polyurethane resins or
pressuresyahﬁaﬁ\mﬁthﬂﬂuﬁﬁhﬁﬁstmﬁﬁhkﬁqrxgﬁﬁQﬁk@@eh@ldﬁn9pn§@éﬂaﬂé
copolynmers. Use of, as the parent material, conponents simlar or

anal ogouscinntere sadtresi sy el-constoliek yhgnd helipr@éssuz evisghsestee adhbsi ve

| ayer 3 which will be described |ater nakes it possible to stack the

ener gy- beamwiunable: dtharayn-a exipayidaddrer ai ool last € cot ay i c 2camdot:héa
pressure-sensitive adhesive |ayer 3 with good adhesion. Preferred exanpl es

of the parentagmd-asirg)1doldideidackys stbst a0 efostedr asucRcay!l i ¢
pressure-sensitive adhesives. The parent material may be conposed of

elther Ong SUMONGN Phndt il AleySHBONEN Pandl LORLIN10g PREAbAYE AT

nposed on the
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 copclymers.
Use 0f, as the parent material, components similar or
analogous to the adhesive constituting the pressure-
sensitive adhesive layer 3 which will be described later
makes it possible to stack the energy-keam-curable thermo-
expandable visccocelastic layer 2 and the pressure-sensitive
adhesive layer 3 with good adhesion. 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
compenents.

Although no particular limitation is imposed on the
energy-beam-curable compound for energy beam curing of the

energy-beam-curable thermo-expandable viscoelastic layer 2

insofar as it is curzble by energy beams such as visible

10



ener gy- beam cur abl e conmpound for energy beam curing of the

ener gy- beam cur abl e t her no- expandabl e vi scoel astic | ayer 2 insofgr ai gt
is curable by energy beans such as visible 10 1 8 APR 2005 raysﬂ APR 200
ultraviolet rays or electron beans, that permtting efficient

t hree- di nensi onal network formation of the energy-beam curable

t her no- expandabl e vi scoel astic layer 2 after irradiation wth energy beans
is preferred. Energy- beam curabl e conpounds may be used either singly or
in conbination._ Specific exanples of the energy-beam curable conpound

i ncl ude t¥FanBt hylbFpropasé reYacPyl SLECtrost Loty dlatetifimel tting
tetraacryl ate, pentaerythritol triacrylate, pentaerythritol tetraacryl ate,
di pent aer gt hitient nbhohgddorgpearaadr peawer k dioperatdery tdff itho

hexaacryl ate, 1,4-butyl eneglycol diacrylate, 1,6-hexanediol diacrylate and
pol yet hyl energgtyeaik-diuasbykatberfs-thpaaneidy- beamorirsatil ie- conpeatin,
ener gy- beam curable resins nmay be enpl oyed. Exanpl es of the energy-

beam cur abfeer estrnadibet uda phohosassyli veareadts yeeeditfEd .COMHrad 1 g

pol ymers or oligonmers, for exanple, ester (neth)acrylate, urethane

(et h) acryéahecuedOX¥ coRBbhiaakyhalehe BeaAMene HerRtIALIYIAt 6 @nd acrylic
resin (meth)acrylate, each having a (neth)acryl oyl group at the
compblnation.

Specific examples of the energy-keam-curable compound
include trimethylolpropane triacrylate,
tetramethylolmethane tetraacrylate, pentaerythritol
triacrylate, pentaerythritol tetraacrylate,
dipentaerythritol monohydroxypentaacrylate,
dipentaerythritocl hexaacrylate, 1,4-butyleneglycol
diacrylate, 1, 6-hexanediol diacrylate and pclyethylene
glycol diacrylate.

As the energy-beam-curable compound, ernergy-beam-
curable resins may be employed. Examples of the energy-
beam-cureble resin include photosensitive-reactive-group-
containing peclymers or oligomers, for example, ester
(meth)acrylate, urethane (meth)acrylate, epoxy
(methacrylate), melamine (meth)acrylate and acrylic resin
{(meth)acrylate, each having a (meth)acrylovl group at the
end cf its molecule; thiol-ene addition type resins having,
at the molecular end thereof, an allyl group; photo-
cationic polymerizaticn type resins; cinnamoyl-containing

polymers such as polyvinyl cinnamate; diazotized amino-

11



end of its nolecule; thiol-ene addition type resins having, at the

nol ecul ar end thereof, an allyl group; photo- cationic polynerization tﬁﬁe
resins; cinnanoyl-containing polynmers such as pol yvinyl cinnarrataa;aAPR2

di azotized amno 11 1 8 APR 2005 novol ac resins; and acryl am de pol yners.
Exanpl es of the polyner reactive to high energy beans include epoxidated
pol ybut adi ene, unsaturated pol yester, polyglycidyl nethacrylate,

pol yacryl am de and pol yvi nyl siloxane. The above-described parent nmateri al
is not always necessary when such an energy-beamcurable resin is

enpl oyed. TPV l@&Fo RS 1gTs it He b et Igildieiath e -biiher Sonpovadrles d@ét &P/ ned
within an extent not inpeding expansion or foam ng of the

t her no- ex paigatsire maacrtdspheresiiafit emeangy neamd  ithel vdier aporidanddbl e

vi scoel astic layer by irradiating wth energy beans. Although it is

det er m negoaybreedddnalepanding aaed o kgt of, thel paeygydpeam cur abl e
conpound, expansion pressure of the therno-expandable m crospheres and

wor ki ng efbit @iy Afe ,C WiV r yllan i U Ipblqyidfad{lf@ilo%ﬁapl erhkn an
anount of about to 100 parts by weight, preferably about 5 to 60 parts

by wei ght ;B0 k04 RS DY WeI g1 ofs the: panents neteckakin the

t herno- expandabl e vi scoel'astic |ayer 2. Excellent cutting operation and

el ol SEERSAEH o, A Bt s St e e
The amount of the energy-beam-curable compound is

determined within an extent not impeding expansicn or
foaming of the thermo-expandable microspheres after curing
of the thermo-expandable viscoelastic layer by irradiating
with energy keams. Although it is determined as needed
depending con the kind of the energy-beam-curakle compcund,
expansion pressure of the thermo-expandable microspheres
and working efficiency of cutting, it is usually added, for
example, in an amcount of about 1 to 100 parts by weight,
preferably about 5 to 6C parts by weight, based on 100
rarts by weight cf the parent material in the thermo-
expandable visccelastic layer 2. Excellent cutting
operation and thermal releasability can be attained
simultaneously when the thermo-expandable viscoelastic
layer 2 after irradiating with energy beams has a dynamic
modulus of elasticity of 1 x 10° to 5 x 10’ Pa ({frequency:
1 Hz, sample: a film of 1.5 mm thick) in terms of storage

shear modulus at the expansion initiating temperature of

the thermo-expandable microspheres. This storage modulus
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| ayer 2 after irradiating with energy beans has a dynam c nodul us of
elasticity of 1 x 105 to 5 x 107 Pa (frequency: 1 Hz, sanple: a fill 5\pf 2005 5
mmthick) in terms of storage shear nodulus at the expansion initiating
tenperature of the therno-expandabl e m crospheres. This storage nodulus 12
1 8 APR 2005 can be adjusted by selecting the kind or anopunt of the

ener gy- beam cur abl e conpound or conditions of irradiation wth energy
beans as needed. In the therno-expandabl e viscoelastic |ayer 2, an energy
beam pol yneri zation initiator for curing the energy- beam curabl e conmpound,
and addi t ceesbkordimsded by istleictth ngs gittaMiadyiosc eelcastt gif ytief ore and
after curing by energy beans such as crosslinking agent, tackifier and

vul cani zi rgeragebkamayubebilrcanppbated ori woaddittiicors toff tive saditetorescri bed
conponents. As the energy beam pol ynerization initiator, known or

ordi naril yierpkayedypekyier bzahkededni tiators can be selected as needed
depending on the kind of the energy beans to be used. Such energy beam

pol yneri zationini Rl @h@ksoTeYpR8JHEEE @lilshek1%isRaly 1@fyd M o) nati on.
The energy beam polynerization initiator is added in an anount of about

0.1to 10e8@5:%;§r B%a%?gg&mt Eé%%‘i%ﬁ' Xn@'ﬁ@'éttor fb‘% RS the VB Gty based

on 100 parts By wei arent material. If necessary, an eﬁérgy

beam beam-curable compound, and additives for imparting it with

suitable viscoelasticity befcore and after curing by energy
beams such as crosslinking agent, tackifier and vulcanizing
agent may be incorporated, in addition to the above-
described components.

As the energy beam polymerization initiatocr, known or
ordinarily enmnployed polymerization initiators can be
selected as needed depending on the kind of the energy
beams toc be used. Such energy beam polymerization
initiztors may be used either sincly or in combination.

The energy beam polymerization initiator is added in an
amount of about 0.1 to 10 parts by weight, preferably abcut
1l to 5 parts by weight based on 100 parts by weight of the
parent materiel. If necessary, an energy beam
polymerization accelerator may be used in combination with
the above-described energy-beam polymerization initiator.

As the thermo-expandable microspheres, usable are
microspheres having z 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 ymeri zati on accel erator nmay be used in conmbination with the

above- descri bed energy-beam pol ynerization initiator. As the

t her no- expandabl e m crospheres, usable are m crospheres having al 8 APR 2005
substance, which is easily gasified and expands by heating, such as

i sobut ane, propane or pentane enclosed in an elastic shell. The shell is
usually 13 1 8 APR 2005 nmade of a thernoplastic substance, hot nelt
substance or a substance which is broken by thernmal expansion. Exanples
of the shell fornln substance include vinylidene chloride - acrylonitrile
copol ymemagp| §&i hythalrehor St pol §UPayEnceut FPal Repsl yREEAPRSFetiacéryl at e,
pol yacrylonitrile, polyvinylidene chloride and pol ysul fone.

Ther no- expirslzbiee whictlosihereskeanbpet pe epat et xbpng ieonvedeiagivdle smanner
such as coacervation or interfacial polynerization. A comercially

avai | abl e fprigeicdh s hf crsn v ssuntos Dandk ci nsphée evitiyadedenamehlprddiect of
Mat sunot o Yushi - Sei yaku Co., Ltd.] can also be used as the

t her nmo- expanshapl ¢n i th LT OSEes Bne Thepaver aggl pal tbbbe, spae yafinthe
t her no- expandabl e m crospheres is usually about 1 to 80 pm preferably

about 4 o Bl pMy cmﬁmﬂprﬁém&ﬁhQtépegs&pau:woan@rtlhleo film

formation. In order to roughen the surface of the pressure-sensitive

adhesi ve JAEFs & DYadicalcil 1AL BN na t P61y L HEE SRe eXPaRMaREE FenBRIRN €S

pr ef er abl’y I cl ent
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 abocut
4 to 50 pm in consideration of dispersibility and thin-film
formation. In order to roughen the surface of the
pressure-sensitive adhesive layer 3 by heat treatment, the
thermo-expandable microspheres preferably have a sufficient
strength not to be broken until the volumetric expansion
ratio becomes 5 times or greater, particularly 10 times or
greater. When the thermo-expandable microspheres broken at
a low expansion ratio or a thermo-expandable agent not
microencapsulated is employed, an adhesicn area between the
pressure-sensitive adhesive layer 3 and adherend is not

reduced sufficiently, leading to unfaveocrakle releasability.
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strength not to be broken until the volunetric expansion ratio becones 5
tinmes or greater, particularly 10 tinmes or greater. \Wen the

t her no- expandabl e ni crospheres broken at a |ow expansion ratio of 824PR 2005

t her no- expandabl e agent not mcroencapsul ated is enpl oyed, an adhesi on
area between the pressure-sensitive adhesive |layer 3 and adherend is not
reduced sufficiently, leading to unfavorable releasability. 14 1 8 APR 2005
Al though the ampunt of the therno-expandable mcrospheres depends on their
kind, it is, for exanple, to 200 parts by weight, preferably about 10 to
150 parts by eitgirughghe pﬁ@@tam{/) e ttdierw RIRaNEEPWRI ght, based on
100 parts by weight of the parent material constituting the

ener gy- bearhceursaliles eshetaperekpandaliiel wwiksicobl dst i oS4 aler :ampheunds | ess
than 5 parts by weight lead to insufficient reduction in adhesion after

heati ng, whi 26 Gantidss byexeeiarttng pXHE qraiitlsy ponei ght te@enib ¢ cocentseby

cohesive failure of the energy-beam curabl e thereto-expandabl e

Vi scoel asteG ¢haty, e ok Ofpridieardiact als fraatoy eawtd Bhevdiager, meissdabnl or
pressure-sensitive adhesive |ayer 3. The energy-beam curabl e

t her mo- eX@@@d%@&swbacwﬁgﬂﬂ Qf @LHaA FAN 1R HOrIBddilk @ CenMedt { poal
manner, for éexanple,” by app ying a coatl ng sol ution containing an

ener gy- beam e Al SSitafle & RANIABRIIAle AL B : O er 2.

pol yreri zabl onpound and an energy am
Amounts less than 5 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 energy-beam-curable thermo-expandable
viscoelastic layer 2 or interfacial fracture with the base
material 1 or pressure-sensitive adhesive layer 3.

The energy-beam-curable thermo-expandable viscoelastic
layer 2 can be formed in a conventional manner, for
example, by applying a ccating solution containing an
energy-beam-curable resin or a parent material, an energy
beam polymerizable compound and an energy beam
polymerization initiator and, 1f necessary, an additive and
a solvent onto a base material 1; or by applying the above-
described coating sclution onto a proper separator (release
paper, etc.) to form &n energy-beam-curable thermo-
expandable viscoelastic layer 2 and then transferring it to
the base material 1.

The thickness of the energy-beam-curable thermo-

expandable viscoelastic layer 2 may ke abcocut 5 to 300 um,
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pol ynerization initiator and, if necessary, an additive and a solvent onto
a base material 1; or by applying the above- described coating solqtgng2w5
onto a proper separator (release paper, etc.) to forman

ener gy- beam cur abl e t herno- expandabl e vi scoel astic |ayer 2 and then
transferring it to the base material 1. The thickness of the

ener gy- beam cur abl e t herno- expandabl e vi scoel astic |ayer 2 may be about 5
to 300 pm 15 1 8 APR 2005 preferably about 10 to 150 pm nore preferably
about 15 to 100 pmfromthe viewpoints of exhibition of surface

snoot hnesBEByeEePayi agotte 1indvednds s ndiced IR T ety abPhdabl &°

m crospheres contained in the therno-expandable viscoelastic |ayer 2 and
prevent i ohOBf b Bram dhedié emiyoa ntsordt iexd il iadeTupoh BwiaeR) of the
adherend. The pressure-sensitive adhesive |layer 3 has a function of

rel axi ng shoesbneencent ratliacn rigo thie unetvenfrecs dindumeed dhetterdneaused by
foam ng or expansion of the thernp- expandabl e m crospheres and contains a
tacky subsiprg@ab@e midpakiphegeist cointthihackiimeshd o et retdendaibee end. As
the tacky substance, conventionally known pressure-sensitive adhesives

are usabl g; sExampkescoflal/le pressureesengiidivef adhesitviod nbleden a
pressure-sensitive adhesives of a rubber type such as natural rubbers and

var| ous sypthethg HYRBEr SporSiciiteanY LEPe HY QesidRnReNnsi tive adhesives, and
acrylic

The pressure-sensitive adhesive layer 3 has a function
of relaxing stress concentration tc the interface of the
adherend caused by foaming or expansion of the thermo-
expandable microspheres and contains a tacky substance for
imparting it with tackiness to retain the adherend. As the
tacky substance, conventicnally known pressure-sensitive
adhesives are usable. Examples cf the pressure-sensitive
adhesive include pressure-sensitive adhesives of a rubber
type such as natural rubbers and various synthetic rubkers,
silicone type pressure-sensitive adhesives, and acrylic
pressure-sensitive adhesives such as copolymers cf an alkyl
(meth)acrylate and ancther unsaturated monomer
copolymerizable with this ester.

As the adhesive constituting the pressure-sensitive
adhesive layer 3, an energy-beam-curable pressure-sensitive
adhesive may alsc be used. As the energy-beam-curable
pressure-sensitive adhesive, that obtained by inccrporating

an energy-beam-curable compound (or energy-keam-curable

resin) in a tacky parent material is usable.
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pressure-sensitive adhesives such as copolyners of an alkyl (neth)acrylate
and anot her unsaturated nononer copolynerizable with this ester. ﬂf h?ﬁ
adhesive constituting the pressure-sensitive adhesive |ayer 3, aﬂ A 05
ener gy- beam cur abl e pressure-sensitive adhesive may al so be used. As the
ener gy- beam curabl e pressure-sensitive adhesive, that obtained by

i ncorporating an energy-beam curable conpound (or energy-beam curable
resin) in a tacky parent material is usable. 16 1 8 APR 2005 Alternatively,
an energy beamreactive pressure-sensitive adhesive polynmer obtained by
addi ti on 2kberneohivedva eackyerpyl haem, retchivenpowsdulr@viseg sat isreer gy beam
reactive functional group such as carbon-carbon double bond is wusable.
The pressadieesensi polgmadhebtuénkdyby 3ddayicantaiartionn addiat itecidy the
adhesive, additives such as a crosslinking agent (for exanple, isocyanate

crosslinkhdgyme@genb£oa epaxyuBaoEshinki B agent), blkaskirkiaer itfor exanple,
rosin derivative resin, polyterpene resin, petroleumresin or oil-soluble

phenol reﬁdr‘f&tl&h@?tg%éﬁrsuf:h'Ja§rcarEBELeé§:E!éHt aehg18ubbaet gt as needed.
The pressure-sensitive adhesive |ayer 3 can be forned by a proper nethod,

for exanpﬁ§é%f% applying a liquid adhesive to the energy-beam curable
t her no- expanda

The pressure-sensitive adhesive layer 3 may contain,
in addition to the adhesive, 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-scluble phenol resin), plasticizer, filler,
antioxidant and surfactant as needed.

The pressure-sensitive adhesive layer 3 can be formed
by a proper method, for example, by zapplying a liquid
adhesive tc the energy-beam-curable thermo-expandable
viscoelastic layer 2, or transferring the pressure-
sensitive adhesive layer 3, which has been formed on a
separator 4, ontc the thermo-expandable viscoelastic layer
2.

The thickness cf the 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. In general,
when the pressure-sensitive adhesive layer 3 is too thin,

shortage in adhesion or cohesion fraction upon roughening




vi scoel astic layer 2, or transferring the pressure- sensitive adhesive

| ayer 3, which has been forned on a separator 4, onto the 18 APR 2005

t her no- expandabl e vi scoel astic |ayer 2. The thickness of the
pressure-sensitive adhesive layer 3 can be determ ned as needed dependi ng
on the using purpose of the pressure-sensitive adhesive sheet or |owering
degree of the adhesion by heating. In general, when the pressure-sensitive
adhesive layer 3 is too thin, shortage in adhesion or cohesion fraction
upon roughening 17 1 8 APR 2005 of the thernop-expandabl e viscoel astic |ayer
2 by heat¢hgtheehbermo-espandaimhenvikeoplessucelsonsi 2 vy ddiagsing | ayer 3
is too thick, on the other hand, it becones difficult to conformto the
surface ofenhdie theoaouexpandabl ehevpsesshastisenlsayene? adheghered dyer
heating. The pressure- sensitive adhesive |ayer 3 has a thickness of 10 pm

or less f£fps exanpheckabedt tfelotBetOhpnl, prebetably @ik ftie 8 tunio
especially 1 to 5 pmfromthe viewoints of prevention of cohesion failure

upon t her &g réleh of FBLhenNsupkg¥ENbFoRKef thwrRdi-agpHUpdab 1w bration of the
adhesi ve upon cutting of the adherend and a reduction or |oss of the

adhesi on § o;the  adher ende A5 &8@aﬁgﬂéaab9r héatyRgl! erake hase materials

made of a plastic filmbor paper ose suiface has been coated with
sensitive adhesive layer 3 has a thickness of 10 nm cr less

{for example, about 0.1 to 10 pm), preferzbly 0.1 to 8 um,
especially 1 to 5 um from the viewpoints of prevention of
cohesion failure upon thermal deformaticn, preventicn of
winding up or vibration of the acdhesive upon cutting of the
adherend and a reduction or loss of the adhesion to the
adherend.

As the separator 4, usable are base materials made of
a plastic film or paper whose surface has been coated with
a release agent typified by a silicone resin, long-chain
alkyl acrylate resin or fluorine resin and base materials
which have less tackiness and are made of a non-pclar
polymex such as polvethylene or polypropylene.

As described above, the separator 4 serves as a
temporary support upon transfer of the pressure-sensitive
adhesive layer 3 onto the energy-beam-curable thermo-
expandable viscoelastic layver Z or as a protector of the
pressure-sensitive adhesive layer 3 until practical use.

The energy-beam-curable thermo-expandable viscoelastic

layer 2 and the pressure-sensitive adhesive layer 3
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a release agent typified by a silicone resin, long-chain alkyl acrylate
resin or fluorine resin and base materials which have |ess tackinp@gppmﬂg
are made of a non-polar polynmer such as pol yet hyl ene or pol ypropyl ene.
descri bed above, the separator 4 serves as a tenporary support upon
transfer of the pressure-sensitive adhesive |layer 3 onto the

ener gy- beam cur abl e t herno- expandabl e vi scoel astic layer 2 or as a
protector of the pressure-sensitive adhesive layer 3 until practical use.
The energy- beam cur abl e t her no- expandabl e vi scoel astic |ayer 2 and the
pressur e- séigFasse Hutesinvedmyes Boaged BRPRDYOGN dpeposedet hateon can be
formed not only on one side but both sides of the base material 1. It is
al so possioitédr t=oidest ack tthee ey gys bemia L ul abl Bt t herabsexpaadable to

vi scoel astic layer 2 and the pressure-sensitive adhesive layer 3 in this

order on enecyk ddheoferdreybasenraderdlal e 1thaneh +ax sk spgseea conventi onal
pressure-sensitive adhesive |layer on the opposite side. FIG 2 is a

schemat i ¢ vGsee¥isRAticoNalyas ewarid |tisd rptd S8 Phod et 1 exaaphenekithe
ener gy- beam curable thernmal-rel easable pressure-sensitive adhesive sheet

of the pneseRt I NYERHIAN .o ddet his A& &N @nengysbeamcriabl ¢
t her no- expandabl e vi scoel astic | ayer 2, pressure-sensitive adhesive |ayer

3 and sepanat Qi %fyﬁ%égE%”SH%JJ%EJB&%f”é%gssure-sensitive adhesive

layer on the opposite side.

FIG. 2 is a schematic cross-sectional view
illustrating another example ¢f the energy-beam-curable
thermael-releasable pressure-sensitive adhesive sheet of the
present invention. In this example, an energy-beam-curable
thermo-expandable viscoelastic layer 2, pressure-sensitive
adhesive layer 3 and separator 4 zre stacked in this order
over one side ¢f a base material 1, while a pressure-
sensitive adhesive layer 5 and a separator 6 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 thermo-
expandable visccelastic layer 2 and the pressure-sensitive
adhesive layer 3 formed thereon.

The pressure-sensitive adhesive layer 5 contains a
tacky substance. As this substance, those exemplified as

the tacky substance in the pressure-sensitive adhesive




over one side of a base material 1, while a pressure- sensitive adhesive

| ayer 5 and a separator 6 are stacked over the opposite side of 1hapbape
material 1. This pressure-sensitive adhesive sheet differs fromthat 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
t he ener gy-beam curabl e therno- expandabl e viscoelastic |ayer 2 and the
pressure-sensitive adhesive |ayer 3 forned thereon. The pressure-sensitive
adhesive layer 5 contains a tacky substance. As this substance, those
exenpl i filevers 3 tdvee teekyl subst AneeceasthE, prBs3dAédEfsisiicle addhesi ve 19 1
8 APR 2005 |l ayer 3 are usable. If necessary, an additive such as

crossl i nkimys agentifd agexanpfer exainsbeyasnt esceysskbitpkicngssdgertirgr epoxy
crosslinking agent), tackifier (for exanple, a rosin derivative resin,

pol yt er pengeitesén, efety ol e 1 1€l mg okgenty sotabkefphendlforesixample,
pl asticizer, filler, antioxidant or surfactant may be added. It is not

preferred; tya, 45¢ b Bk By S UBSE BRCEpHRYKedhbyndi 8B RI, Ngetthe 1 ctmansni ssi on
of energy beans for curing the energy-beam curable therno-expandabl e

vi scoel a%{é'&rk ayero 2 - A TLROUIN R be. 1 hickngss plakhecpressurggensitive

adhesi ve 1ayer 5 can be determ ned as needed within an extent not

i mpai ring, aper.af i on. €ase; uppn- ot gl boRdingeqf 1t is not
preferred to use or add a substance markedly disturbing the
transmission of energy beams for curing the energy-beam-
curable thermo-expandable 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 pressure-sensitive adhesive layer 3 to an adherend,
cutting of the adherend, release and collection of cut
pieces, 1t is usually sbout 1 to 50 um, preferably 3 to 20
am.

The pressure-sensitive adhesive layer 5 can be formed
in accordance with that emplcyed for the pressure-sensitive
adhesive layer 3. As the separator 6, that similar to the
separator 4 disposed on the 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 5.

FIG. 3 is a schematic step view illustrating one

example of the manufacturing process of cut pieces of the
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the pressure-sensitive adhesive |ayer 3 to an adherend, cutting of the
adherend, release and collection of cut pieces, it is usually abdud ARR £00h
50 um preferably 3 to 30 pm The pressure-sensitive adhesive |aver 5 can
be formed in accordance with that enployed for the pressure-sensitive
adhesive layer 3. As the separator 6, that simlar to the separator 4

di sposed on the pressure-sensitive adhesive layer 3 is usable. Such a
pressure-sensitive adhesive sheet can be fixed to the surface of a seat by
maki ng use of its adhesive layer 5. FIG 3 is a schematic step view

i 11 ustratinggsite 1raseiplan of Movwe neprt bEical hy, pibtessratedutinpFébes of the
20 1 8 APR 2005 present invention. Mire specifically, illustrated in FIG

3 are crosssectiarmisadtewsnaf alses ies afssteps of shapsngf aztatagial to
be cut (adherend) 7 to adhere onto the surface of the pressure-sensitive

adhesi ve a ayaterld f dchée ener gyadiean iy abl €t hereak- peteasnbl e
pressure-sensitive adhesive sheet of FIG 1 (fromwhich the separator 4

has beerurelasest the GaEaair LoNdi N i ¢aIrddPe bt e €NSH QY- Begpr tgur abl e
t her no- expandabl e vi scoel astic layer 2 by irradiating wth energy beans 8,

cutting theauhesend alang o aiidng dide 4,1 910, oL eces of 2, pf det er i ned

size, expanding and foam ng therno-expandabl'e nicrospheres in the
adhesive sheet of FIG. 1 (from which the separator 4 has
been released) by contact bonding, curing the energy-beam-
curable thermo-expandable viscoelastic layer 2 by
irradiating 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 2 by
heating and then peeling and collecting the cut pieces 7a.
Alternatively, after curing the energy-beam-curable thermo-
expandable viscoelastic layer 2 by irradiating with energy
beams 8, the material to be cut (adherend) 7 is caused to
adhere onto the surface of the pressure-sensitive adhesive
layer 3 by contact bonding, followed by cutting along the
cutting line 9.

In FIG. 3, indicated at numeral 1 is & base material,
2a an energy-beam-curable thermo-expandable viscoelastic
layer cured by irradiating with energy beams, Z2b a thermo-
expandable pressure-sensitive adhesive layer after the

thermo-expandable microspheres are expanded by heating

after irradiating with energy beams.
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t her no- expandabl e pressure-sensitive adhesive layer 2 by heating and then
peeling and collecting the cut pieces 7a. Alternatively, after CFEHﬂ@ZEﬁe
ener gy- beam cur abl e t herno- expandabl e vi scoel astic layer 2 by irradiating
with energy beans 8, the material to be cut (adherend) 7 is caused to
adhere onto the surface of the pressure-sensitive adhesive |ayer 3 by
contact bonding, followed by cutting along the cutting line 9. In FIG 3,
indicated at nunmeral 1 is a base material, 2a an energy-beam curable

t her no- expandabl e vi scoel astic layer cured by irradiating with energy
beans, 2b a th@&hepcogFaridadising iprde sfurtdies @ivsd 39 Wee askiesi Veve agéheatver t he
t her no- expandabl e m crospheres are expanded by heating after irradiating
Wi th ener gpyeeads of2The &n&RPR2EEmnH® redriteadth dzomal]l fige béz s el e
pressure-sensitive adhesive |ayer 3 of the energy-beamcurable

t her mal - r glreasaklee seprca3sfce zeBRSiiMev @ nadhesiveh streetadnéhetde7 adhgrend 7
can be carried out, for exanple, by contact bonding using proper pressing

nmeans sucBeagakwhler ok@l,| €or lBminpald, NGy IRt Lt BOs$iAg wBchine. Upon
contact bonding, heating at a tenperature within a range not permtting

expansi O”ngpe'rh ,rteE%_rigi%' SEReRdable WCrogpher s, re@,“ié’rf'f‘iﬁé’ﬁ%x‘?% a tacky

subst ance” by applicati of water or an organic solvent may arried out

as neededrg§@egqiQge%QiE%enﬁx%ﬁn%t t%%oka%%%tact bonding, heating at

a temperature within a range not permitting expansion of
the thermc-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
enerqgy beams 8 may be carried cut by a suitable method, but
to prevent starting of expansion of the thermo-expandzble
microspheres due to heat upon irradiation with the energy
beams 8, it is desired to suppress an irradiation time as
short as possible or tc air cool the radiation-curakle
thermal-releasable pressure-sensitive adhesive sheet to
keep the temperature not to initiate expansion of the
thermo-expandable microspheres.

The adherend 7 can be cut by conventicnal cutting
means such as dicing. Heating conditions can be set as
needed depending on the surface conditions or heat

resistance of the adherend 7 (or cut pieces 7a}l), kind of
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substance. As the energy beans 8, visible rays, ultraviolet rays and

el ectron beans may be used. Irradiation with the energy beans 8 @dWHﬁ%5
carried out by a suitable nmethod, but to prevent starting of expansion of
t he therno-expandabl e m crospheres due to heat upon irradiation with the
energy beans 8, it is desired to suppress an irradiation tinme as short as
possible or to air cool the radiation-curable thernal-releasable
pressure-sensitive adhesive sheet to keep the tenperature not to initiate
expansi on of the therno-expandabl e m crospheres. The adherend 7 can be cut
by conventhenahegmorieapanasdis JUdy P s Ty et Tagl tondrei 8hste&n be
set as needed depending on the surface conditions or heat resistance of

t he adher poéds?ufer seuts idi lestesdra)divekiahteaf @R Hedt AR 2005yt hé the

t her no- expandabl e m crospheres, heat resistance of the pressure-sensitive
adhesi ve sheetredid hemit ecapdcitcy hef dute . adhexrendy (Mateswal l1yo be cut).
Heating is usually conducted under conditions at 350C or |ess for 30

mnutes BpnlESS eVl cGONMHdiaNemd B0 390 20U fssd secopdl wodndbesm nut es
being particularly preferred. Hot air heating, hot plate contacting or

infrared Béylg‘%@t' wt@ﬁr&o@ﬁﬁmn%v% afn @ hegdingrdethotecbid t6 nOt

limted particularly. Wen the base nmaterial 1 of the pressure-sensitive
minutes being particularly preferred. Hot air heating, hot

plate contacting or infrared ray heating can be employed as
a 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-curazble thermal-releasable
pressure-sensitive adhesive sheet of the present invention
has the pressure-sensitive adhesive layer 3 containing &
tacky substance (adhesive), the adherend 7 can be bonded
and maintained firmly thereto and it is not released by
vibration upon transperi. Since the pressure-sensitive
adhesive layer 3 can be thinned and at the same time, the
energy-beam-curable thermo-expandable visccelastic layer 2
is cured by irradiating with energy beams prior to cutting,
the acherend can be cut into a predetermined size while
reducing winding up of the pressure-sensitive adhesive
layer caused by a cutting blade or chipping caused by

vibration of the pressure-sensitive adhesive layer,
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adhesi ve sheet has stretchability, stretching can be conducted using
conventional stretching neans enployed for secondary stretching of a
sheet. Since the energy-beanm curable thermal-rel easabl e pressuﬁé;&%hgﬁtlve
adhesi ve sheet of the present invention has the pressure-sensitive
adhesive layer 3 containing a tacky substance (adhesive), the adherend 7
can be bonded and nmaintained firmy thereto and it is not rel eased by

vi bration upon transport. Since the pressure-sensitive adhesive |ayer 3
can be thinned and at the sane tine, the energy-beam curable

t her no- exgificEbt@ Wikkoehasterveryepnal [BeEupedXBRnPEPAGi RLISFFWISH ener gy
beans prior to cutting, the adherend can be cut into a predeterm ned size
whi | e r exhics gl vwe nalilmgs Lpe ofhede. prEékgueresgpsberrecadhbdievé hdranper caused
by a cutting bl ade or chipping caused by vibration of the

pressur e-gahendalvee adhesbybatayerladdr 12 8cAPRa 2005t heppared pairidaiilke
conventional therno-expandabl e pressure- sensitive adhesive sheet. The

ener gy- bagig €ak 5id e 4 hek Aot hexppneabhevyi seeehast kgpha¥ebn2 contains
t her no- expandabl e mi crospheres and therefore have thermal expansion

properti ?;d u S0 £ had s by, heglt F&QySH@§€ﬂH§”EuBQe§Hé£t”BO thethapl dliy foanms or

expands ndergoes a volunetric change to form an uneven

three-di ng | £ 54 dﬁc<5i-"\r/§xpgll;'cﬁ§ ahQUIHERS5BE SUGEaGRePkitNehange

pressure-s S ve a

to form an uneven three-dimensional structure. This
roughens the surface of the pressure-sensitive adhesive
layer 3, leading to a drastic reduction or loss of adhesion
area and, in turn, acdhesion strength with the cut pieces
Ta. The formation of the pressure-sensitive zdhesive
layer 3, curing of the energy-beam-curable thermo-
expandable viscoelastic layer 2 by irradiating 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 colilection of the cut pieces 7a
and zlso in precduction efficiency. In addition, owing to
the pressure-sensitive adhesive layer 3 disposed outside
the thermo-expandable viscecelastic layer 2 containing
thermo-expandable microspheres, minute cohesion failure due
to a change in the thermo-expandable microspheres dces not
occur at the adhesion interface with the adherend, making
it possible to prevent the contamination transfer of the

adherend.
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| ayer 3, leading to a drastic reduction or |oss of adhesion area and, in
turn, adhesion strength with the cut pieces 7a. The fornmation of the
pressure-sensitive adhesive layer 3, curing of the energy-beahicAfifalilbe

t her nb- expandabl e viscoelastic layer 2 by irradiating with energy beans
and a marked reduction or |oss of adhesion strength by heat treatnent
bring about marked inprovenents 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, In addiiion omﬁng to the

pressur e- sensi Th el a@heti O Fay@PL8 BREPBILTr BUESF ARt RE CEREFTo- expandabl e
vi scoel astic layer 2 containing therno-expandable m crospheres, mnute
cohesi on Fexid it eveluedhepive chamge ¢hH the theeRblieRpafdabl €OMrECospher es
does not occur at the adhesion interface with the adherend, nmaking it
possi bl e yselprevent péensomtanadatsonntoingheadbérehd, hilteddnds 24 1 8 APR
2005 The radi ation-curabl e thernal -rel easabl e pressure- sensitive adhesive

sheet of diherddvent i9seisn ofheotsse whsabl eefoasperfmanentihadliesi ds of an
adherend, but it is suited for use in the case where rel ease from adhesi on

is request@e Ofchlesi ress afé@rapr pf edeppsdtnedni hew ef madbeEsizeihe sare

attai nnent of the adhesion purpose. Specific exanples of such a using

purpose ifgh udes 5 ASmdet | o RSt e ThXh89:i8h Burpose. Specific examples
of such a using purpose include, as well as a fixing cf a
material to a semiconductor wafer or ceramic multilayer
sheet, @ 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 Japanese patent
application JP 2000-318645, filed Octoker 18, 2000, the
entire content of which is 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 by these examples.

Example 1
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material to a sem conductor wafer or ceramc nultilayer sheet, a carrier
tape, tenporary tacking material or fixing material used upon Erans&ort of
parts or tenporary tacking wupon fabrication of various el ectrl 84IPR 2005
apparatuses, electron devices or displays, and a surface protecting or
masking material for protecting a netal plate, plastic plate or glass

pl ate from contam nati on or damage. Particularly in a manufacturing step
of electron parts, it 1is suitably used for production of small or
thin-layer sem conductor chips or nultilayer capacitor chips. This
appl i cation i sBb#s88doRcAuIapanéseasabarPargppbivcaticer R 200w 318645,
filed October 18, 2000, the entire content of which is hereby incorporated
by refereack, byvheesght af Bh spboxfyorctiysatl indgngoh adEd préds gretr imvent i on
will hereinafter be described in further detail by exanples. It should
however beebghteofnsigtfidnthabntheuilnvrenticGrti-sagopdliymead dhyid hese
exanples. Exanple | 25 1 8 APR 2005 A m xed solution 1 was prepared by

i ncor por atbmgo@nd, Barbabysweiyghtiehtas repexymeresplindieine agent, 40 parts
by weight of six-functional ultraviolet-ray polynerizable conpound, 35

parts by weigbtpRErtherma expandable o aisprespleres o Mt ¢ MLr ospher es
F-50D', trade nane; product of Matsunoto Yushi-Seiyaku Co., Ltd.) and 2.5

parts product of Matsumcto Yushi-Seiyaku Co., Ltd.) and 2.5 parts

by weight of an ultravioclet ray polymerization initiator in
100 parts by weight of an acrylic copolymer (weight-average
molecular weight: 700000) compeosed of B0 parts by weight of
ethyl acrylate, 20 parts by weight of Z2-ethylhexyl acrylate
and 3 parts by weight of acrylic acid. The resulting mixed
solution was applied to the corona treated surface of a
polyester film (base material) of 50 pm thick, followed by
drying, whereby an acrylic ultraviolet-ray-curable thermo-
expandable viscoeiastic layer of 45 ym thick was formed.

A mixed solution 2 composed of 100 parts by weight cf
the above-described acrylic copclymer (adhesive) and 1 part
by weight of an epoxy crosslinking agent was applied to the
silicone-releasant-treated surface of a polyester film
{separator), followed by drying, whereby a pressure-
sensitive adhesive layer cf 5 um thick was formed.

The pressure-sensitive adhesive layer was bonded onto
the acrylic ultraviclet-ray-curable thermo-expandable
viscoelastic layer by contact bonding through a laminator,

whereby a ultraviolet-ray-curable thermal-releasable




by weight of an ultraviolet ray polynerization initiator in 10? par&aﬁby
wei ght of an acrylic copol yner (weight-average nolecular weigh 8 AR 0)
conposed of 80 parts by weight of ethyl acrylate, 20 parts by wei ght of
2-ethyl hexyl acrylate and 3 parts by weight of acrylic acid. The resulting
m xed solution was applied to the corona treated surface of a polyester
film(base material) of 50 pmthick, followed by drying, whereby an
acrylic ultraviolet-ray-curable thernpo- expandabl e viscoelastic |ayer of 45
pmthick was forned. A m xed solution 2 conposed of 100 parts by wei ght of
t he aboveR¥RETRTBedcREiyiVe &8P6Fyifer shs8hebEvePbdid "Bdart by wei ght of
an epoxy crosslinking agent was applied to the silicone-releasant-treated
surface ofompporyesecExsinbhe (separator), followed by drying, whereby a
pressure- sensitive adhesive laver of 5 pmthick was fornmed. The
pressure-sensiInve aithistvembayer wasikemdéd antexcetphe tacrtyldhe

ul traviol et-ray-curabl e therno-expandabl e viscoelastic |ayer by contact

bondi ng tihrorghi &1 éaAtaatenrabMetebymaluktnakisalbat akceoalye
thermal -rel easable 26 1 8 APR 2005 pressure-sensitive adhesi ve sheet was

obt ai ned. ] 5 oD At FyenEXanBl gite! B BnSERKhEbak BRNAR O Bxnple 1 except
that the LﬁtraV|oIet-ray-curabIe thermal -rel easabl e viscoelastic |ayer

was formed 40 gl ¥yesénthickpessnotivl payand,the ot disposed, an

ultraviolet-ray-curable thermal-~releasable pressure-
sensitive adhesive sheet was obtained.
Comparative Example 2

In a similar manner to Example 1 except for omission
of the ultravioclet-ray polymerizable compound and
ultraviolet-ray polymerization initiatox, whereby a
thermal-releasable pressure-sensitive adhesive sheet was
obtained.
Comparative Example 3

In a similar manner to Example 1 except for omission
of thermo-expandable microspheres, an ultraviolet-ray
curable pressure-sensitive adhesive sheet was obtained.
Example 2

A mixed solution 3 was prepared by incorporating 3
parts by weight of an energy-beam polymerization initiator
and 30 parts by weight of thermo-expandable microspheres
("Matsumoto Microspheres F-30D”, trade name; product of
Matsumoto Yushi-Seivaku Ce., Ltd.) in 100 parts by weight

of an energy-beam reactive polymer (weight-average
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pressure-sensitive adhesive |ayer was not disposed, an

ul traviol et-ray-curable thernal -rel easabl e pressure- sensitive adhesive
sheet was obtained. Conparative Exanple 2 In a sinmlar manner to {Exapphms 1
except for omssion of the ultraviolet-ray polynerizable conpound and
ultraviolet-ray polynerization initiator, whereby a thernal-releasable
pressure-sensitive adhesive sheet was obtained. Conparative Exanple 3 In a
simlar manner to Exanple 1 except for om ssion of therno-expandabl e

m crospheres, an ultraviolet-ray curable pressure-sensitive adhesive sheet
was obt aitRégculExa s iat A frﬁ@@a%”s@lhhalldwg a2 R e e b3 i mebY pbFating 3
parts by weight of an energy-beam polynerization initiator and 30 parts by
wei ght ofophérmerexquandedsd ai cilogpheredy (Wavkstunot et £t osphet @se F- SOD',
trade nane; product of Matsunoto Yushi-Seiyaku Co., Ltd.) in 100 parts by

wei ght  ab asresebgywWesiamy eafctiuey JpagtnEra (avedrght s average? wdi hAPR 2005
nol ecul ar wei ght: 600000) obtai ned by adding, to an acrylic copolyner

conposedqef 2Zay@&b&§ebﬁhw&eiﬁﬁy1@fteet e t HaGr ) 1ad Bl o x R0 DAY t Ssdyy aeh ghit  of

butyl acrylate and parts by weight of 2-hydroxyethyl acryl ate,

met hacr yk gyLex kgt EQQQMQFQ&ﬁdvalent {molar ratio)} of the 2-
hydroxyethyl group. In a similar manner to Example 1
except for the use of this mixed scliution, an energy-beam-
curable thermo-expandable viscoelastic layer was formed.

In a similar manner to Example 1 except for the use of
a mixed solution 4 obtained by incorporating 3 parts by
weight of an energy beam polymerization initiator in 100
parts by weight of the above-described energy beam reactive
polymer, an energy-beam-curable pressure-sensitive adhesive
layer of 3 um thick was formed.

The energy-beam-curable pressure-sensitive adhesive
laver was contact-bonded onto the energy-beam-~curable
thermo-expandable viscoelastic layer by a laminator,
whereby an energy-beam-curable thermal-releasable pressure-
sensitive adhesive sheet was obtained.

Evaluation test

After contact bonding of a polyester film (“Lumirror
$107, trade name; product cof Toray Industries, Inc.) of 25
pm thick on the surface cf the pressure-sensitive adhesive

layer of each of the pressure-sensitive adhesive sheets (Z0

mm wide) obtained in Exemples and Comparative Examples,
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in an anount of 0.6 equivalent (nolar ratio) of the 2- hydroxyethyl group.
In a simlar manner to Exanple 1 except for the use of this nixep

sol ution, an energy-beam curabl e thernp-expandabl e viscoel astic |%§B$2W%s
formed. In a simlar manner to Exanple 1 except for the use of a m xed
solution 4 obtained by incorporating 3 parts by weight of an energy beam
polyneri zation initiator in 100 parts by weight of the above-descri bed
energy beamreactive polynmer, an energy-beam curabl e pressure-sensitive
adhesive _|ayer of 3 pmthick s fornmed. The energy-beam curable
pressur e- $8fsi Prge aGRESIPE (Ndvdr Milas REt e - Tordled dht B { Ren/

ener gy- beam curabl e thernp-expandabl e vi scoel astic |ayer by a | am nator,
wher eby aR3éReér eibsamtesedbies tyharffEr ridl Tediabt T presurel seagiel ot
adhesi ve sheet was obtained. Evaluation test After contact bonding of a
pol yest er reysmefdLamterohea$l @'y e attmasche amiel; ovprrogluttte of r fad aytiodustri es,
Inc.) of 25 pmthick on the surface of the pressure-sensitive adhesive

| ayer of gach of ttrheipressuzessersic mee adtwsi vaistheetiso 20 ranswivded
obtai ned i n Exanpl es and Conparative Exanples, 28 1 8 APR 2005 180 peel

adhesi on § N-20igfedpeebinng healse de3QF MHdTighes A3 halorei v& eagnestveaf ter
irradiating wwth ultraviolet rays and after heat treatnent follow ng the
irradi ati @QAeet for 10 seconds by using an air-cooling type high-
pressure mercury lamp (46 mJ/min), while the heat treatment
was conducted in a hot zir drier of 130°C for 5 minutes.
Each of the pressure-sensitive adhesive sheets obtained in
Examples and Comparative Examples was bonded to a
semiconductor wafer of 50 pm thick. After irrediating with
ultraviolet rays, dicing was conducted using a dicer
(“DFD651”, product of DISCO Corporaticn). The presence or
absence cf winding up o0f the zdhesive was visually
confirmed. In addition, after heating, 20¢ chips were
picked up at random. Presence or azbsence of cracks of
these chips was cbserved and moreover, chipping on the side
surface cof the chips after cutting was observed by an
optical microscope. Irradiating with ultraviolet rays and
heating were conducted under similar conditions to those
described above.
Each of the pressure-sensitive adhesive sheets
obtained in Examples and Comparative Examples was contact-

bonded onto a 4-inch mirror-pclished silicon wafer. After

it was allowed to stand for 1 hour, the number cf particles



with ultraviolet rays were neasured. Utraviolet rays were irradiated from
the side of the pressure-sensitive adhesive sheet for 10 seconds by using
an air-cooling type high- pressure mercury lanp (46 mJ/ mn), whil§tApR 2i0eat
treatment was conducted in a hot air drier of 130C for 5 mnutes. Each of
t he pressure-sensitive adhesive sheets obtained in Exanples and
Conpar ati ve Exanpl es was bonded to a sem conductor wafer of 50 pmthick
After irradiating with wultraviolet rays, dicing was conducted using a
dicer ("DFD651", product_of DI SCO Corporation). The presence or absence
of wi ndi n@nubh%fwfﬁ%raEﬁﬁéﬁéebWaérwgaarcwg géifi biddaviie laddinaysn, after
heating, 20 chips were picked up at random Presence or absence of cracks
of thesea%ﬁl%@aﬁaégobgéﬁVEﬁnénHaﬁDmééﬁéredchhgpthg oprlee sifdéhesur f ace of
the chips after cutting was observed by an optical mcroscope. Irradiating
with ultrewibietesaygvand ahpattingleesezeondudt 8dumnder osieritlear waendi ti ons
to those described above. Each of the pressure-sensitive adhesive sheets
obt ai ned ¢ouikxedpl es and Conparative Exanpl es was contact- bonded onto a
4-inch mrror-polished silicon wafer. After it was allowed to stand for 1

hour, the nunbevapfapashicbes129 dr8 ARRR00R enptbeivaflep pegled by
irradiating with ultraviolet rays and heating treatnent was neasured and

the number; Dfp1de and Comparative Examples, adhesive transfer to a

peeled polyester film or chip was visually cbserved upon

peeling by heating.
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particles having a particle size of 0.3 pmor greater was counted.

Eval uation results are shown in Table 1. In none of Exanples an mA }3200%
Conpar ati ve Exanpl es, adhesive transfer to a peeled polyester fil

was visually observed upon peeling by heating. 30 1 8 APR 2005 Table 1
Ex. 1Conp. Conp. Conp. Ex 2 Ex. 1Ex.2Ex. 3. Adhesion (N 20 mm) Before
treatment 3. 102. 602. 803. 006. 30 After irradiation with ultraviol et

raysl. 800. 302. 701. 300. 50 After irradiation with ultraviolet rays

and0. 000. 000, 001. 500. 00 heat treatnent W nding up of

adhesi veNb#eNdn&FoundNoneNone Cracks (the number of defectives/20

hi 0/ 200/2661 202601200120~ —ps)—Chrpprno—{t+he—ttr A f "'gf GC i -ES+2
r CPEpedabe

chi ps) 14204/ 202012011200120 The nuibgx, pf g'pp eg I egstoAt
| east 120320

Adhesion (N/20 mm)
Before treatment 3.10 2.60 2.80 3.00 6.30
After imadiation with ultraviolet rays 1.80 0.30 2.70 1.30 0.50
After iradiation with ultraviolet rays and |  0.00 0.0 0.00 1.50 0.00
heat treatment
Winding up of adhesive None None Found None None

Cracks (the number of defectives/20 0/20 0120 0120 20/20 0120

chips)
S:E;ps;’))mg {the number of defectives/20 1/20 4720 20120 1120 0120
The number of the particles 450 Atleast | At least 120 320

10000 | 10000

As is apparent from Table 1, in the pressure-sensitive
adhesive sheet of each of Examples, curing by irradiating
with ultraviolet rays causes appropriate lowering in the
adhesion of the pressure-sensitive adhesive layer, and
winding up of the adhesive upon cutting can be prevented.
The adhesion force disappears by heat treatment, whereby
cracks of chips upon picking up can be prevented and at the
same time, contamination on the adherend can be decreased.
The pressure-sensitive adhesive sheets of Comparative
Example 1, Comparative Example 2 and Comparative Example 3,
on the other hand, are inferior in particle contamination,
particle contamination and chipping resistance and cracking

resistance, respectively, to that of Exemple 1.

Industrial Applicability




1000010000 As is apparent from Table 1, in the pressure-sensitive adhesive
sheet of each of Exanples, curing by irradiating wth uItravioIgt r@%s
causes appropriate lowering in the adhesion of the pressure-sen iQﬁ 2005
adhesive layer, and w nding up of the adhesive upon cutting can be
prevented. The adhesion force di sappears by heat treatnent, whereby

cracks of chips upon picking up can be prevented and at the sane tine,
contam nation on the adherend can be decreased. The pressure-sensitive
adhesi ve sheets of Conparative Exanple 1, Conparative Exanple 2 and

Conpar ati ve Exdhi§l €ner o adie Gitahl qadierea b ralersoblenppassicke

contam nation, particle contam nation and chi pping resistance and cracking
resi st anceensadianst iagdlesive et ofcddmahpie o theushvenatidpphasability 31
1 8 APR 2005 The energy- beam curabl e thermal -rel easabl e pressure- sensitive
adhesi ve sheetghacedrediing: tm twhiesHstvwent i torehgso r enefighn aghiesenadt oiwi t hst and
transport of an adherend, is suppressed in winding up of the adhesive or
chi ppi ng upepresdted ng, wand ifracidy tot esnd %&%@i@@%ﬁ%hﬁlﬁsiﬁ& @%oﬁ’i eces
cut with high precision. This nmakes it possible to markedly hei ghten

oper ati on c@asenaNd awer kiaRd 18ftfHiEd LN ddke thes p@@ug@%m &P'uﬂ:?&&wg step
of the cut pieces and in turn, drastically inprove the productivity of cut

pi eces cut with high precision. This makes it possible to
markedly heighten operation ease and working efficiency in
the peeling and collecting step of the cut pieces and in

turn, drastically improve the productivity of cut pieces

such as smail-size or thin-layer semiconductor chips or

multilayer capacitor chips.




such as small-size or thin-layer sem conductor chips or nultilayer _
capacitor chips. 32 1 8 APR 2005 CLAIMS 1. An energy-beamcurable R 2005
t her mal -rel easabl e pressure-sensitive adhesive sheet, which corrpr‘ @35 -
base material; - an energy-beam curabl e t herno-expandabl e vi scoel astic

| ayer conprising therno-expandabl e m crospheres, an energy-beam curabl e
conpound and an energy beam polynerization initiator; and - a
pressure-sensitive adhesive layer, in this order. 2. An energy-beanm curabl e
t hermal -rel easabl e pressure-sensitive adhesive sheet according to claim1,
wherein the pressure-sensitive adhesi®eIMver has a thickness of 0.1 to 10
m 3. An energy-beamcurable thernal -rel easable pressure-sensitive

adhesi ve sheetl.aédooeniirgybeenctaictrelthermabratéasablepmsessusensipnrsidhiattve sheet,

adhesi ve | ayer coppri ressure-sensitive adhesive. 4. An
ener gy- beam cur ag‘{ﬁgﬂt %@rﬁﬁ@?e_s?el easabl e pressure-sensitive adhesive sheet

according to claim-1, z deermeterizhe pressure-sensitive adhesive | ayer

conprises an energy-beamcurable pre 'su%e-sensi tive adhesive. 5. An
ener gy- beam curabl € t ﬁ@r%rg¥-gp@g§§5péle thermo-expandable viscoelastic layer comprising

thermo-expandable microspheres, an energy-beam-curable compound
and an energy beam polymerization initiator: and

- & pressure-sensitive adhesive layer,

in this order.
2. BAn energy-beam-curable thermal-releasable
pressure~-sensitive adhesive sheset according to claim 1,
wherein the pressure-sensitive adhesive laver has a

thickness ¢f 0.1 to 10 um.

3. An energy-beam-curable thermal-releasable
pressure-sensitive adhesive sheet according to claim 1,
wherein the pressure-sensitive adhesive laver comprises a

pressure-sensitive acdhesive.

4. An energy-beam-curable thermal-releaszable
pressure-sensitive adhesive sheet according to claim 1,
wherein the pressure-sensitive adhesive layer comprises an

energy-beam-curable pressure-sensitive adhesive.

5. BAn energy-beam-curable thermal-releasable

pressure-sensitive adhesive sheet accerding to claim 1,
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pressure-sensitive adhesive sheet according to claiml1, 33 1 8 APR 2005
wherein the energy-beam curabl e therno-expandabl e viscoel astic |ay&f APR 2005
conprises a tacky substance. 6. An energy-beam curabl e thermal -rel easabl e
pressure-sensitive adhesive sheet according to claim1l, wherein the

ener gy- beam cur abl e t her no- expandabl e viscoel astic |layer after irradiating
with energy beans has a storage shear nodulus falling within a range of
froml x 105 to 5 x 107 Pa at the expansion starting tenperature of the

t her no- expandabl e m crospheres. 7. A nethod for producing cut pieces, which
conpri ses¥REBELYI fdCa SRR -dle My B aulte drh e Heo sewpandabl et he
pressure-sensitive adhesive | ayer of the energy-beam curable

t her mal - r ¥Legaoablas tprressures- semgirtiises adhesike ssheetnascording to claim 1;
curing the energy-beam curabl e therno-expandabl e viscoelastic |ayer by
irradiating with energy beans; cutting the material into cut pieces,
heating the energy-beam curabl e thernp-expandable viscoelastic |ayer so as

to foam and r el eashngnangyetldactturgdite i eces dsomibe
ener gy- beam curabl e thermal -rel easabl e pressure-sensitive adhesive sheet.
pressure~sensitive adhesive sheet according to claim 1,
wherein the energy-beam-curable thermo-expandable
viscoelastic layer after irradiating with energy beams has
a storage shear modulus falling within a range of from 1 x

10 to 5 x 10" Pa at the expansion starting temperature of

the thermo-expandzblie microspheres.

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

applying a material to be cut on the surface of the
pressure-sensitive acdhesive layer of the energy-beam-
curable thermal-releasable pressure-sensitive adhesive
sheet according to claim 1:

curing the energy-beam-curable thermo-expandable
viscoelastic layer by irradiating with energy beams;

cutting the material into cut pieces,

heating the energy-beam-curable thermo-expandable
viscoelastic layer so as to foam; and

releasing and collecting the cut pieces from the

energy-beam-curable thermal-releasable pressure-sensitive

adhesive sheet.




39 18 APR 2005 8. A nmethod for producing cut pieces, which conprises:
irradiating the energy-beamcurable thernal -rel easabl e pressure-sdﬂsgm%m%
adhesi ve sheet according to claiml with energy beans, so as to cure the
ener gy- beam cur abl e t herno- expandabl e vi scoel astic | ayer; applying a
material to be cut on surface of the pressure-sensitive adhesive |ayer;
cutting the material into cut pieces, heating the energy-beam curable

t her no- expandabl e viscoelastic |ayer to foam and rel easing and collecting
the cut pieces fromthe energy-beamcurable thermal-releasable
pressure-sensitive® BeHeF vEPSheeedugbng cut pieces, which

comprises:

irradiating the energy-beam-curable thermal-releasable
pressure-sensitive adhesive sheet according to claim 1 with
energy beams, so as to cure the energy-beam-curable thermo-
expandable viscecelastic layer;

applying a material to be cut on surface of the
pressure-sensitive adhesive layer;

cutting the material into cut pieces,

heating the energy-beam-curable thermo-expandable
visceoelastic layer to foam; and

releasing and collecting the cut pieces from the

energy-beam-curable thermal-releasable pressure-sensitive

adhesive sheet.




