;e3erkffgli:iBj6kTrku~5 15 APR 2003 RADI ATl ON- CURABLE HEAT-PEELABHEéEgz
PRESSURE- SEQMW“M%WHVVE SHEET AND PROCESS FOR PRODUCI NG CUT P WTH
THE SAME FI ENTI ON The present invention relates to a

radi at i on- cur abl«eob@at - peel abl e pressure-sensitive adhesive sheet from

whi ch cut pieces of an adherend can be easily separated and recovered

t hr ough iRREABIPENCYRARLE HBATaPEBRABHE BRE\%%?RET%%RI%HVE THRHESTEhRt i on
further rE{BEEsAND BREEBEESEOROPRBPEALEF NGUE P 1 EFER &I TH t FHE heAMElhesi ve
sheet. DESCRI PTI ON OF THE RELATED ART A heat - peel abl e pressure-sensitive
adhesi ve sheet conprising a high nodulus filmor sheet substrate nade of a

plastic or the |like and forn%ﬁmensi tive adhesive | ayer
containing a blowi ng agent h sure-sensitive adhesive
o i PEle | f GU L A o LRI §U£$dfst1ao§egt§£@£’30t or

wafer or a nultilayer capacitor sheée nto piece Iven STze 1n such

a manner fhat_ ﬁasléﬂts%%eesaﬂeelsére@amé sahteelwehwtkftaq%r etd&?gnd the

cut pieces , , are easily separat ed and recovered erefrom

(see, fo(r}::.eé@«QPle df- §a§Qré§§7éaﬁ_tee £85M y BB rafed Sl hpL8be FEANS an
"exam ned Japanese patent publication") , JP-B-51-29539, JP-A-56-61968 (the

term " JP-{hr88gHSaG NBIA MHorTRaRE RABaddaeianl Ned apidd ¢ $hed thapanesenpat ent
application") JP- A-56- 61969, and JP- A-60-252681). This heat-peel abl e
pressure- smmtwﬂ Aafhgsdveectheet ts al pit eddes floar Bt ddbdi hyidu t peeadbesi ve
hol di ng power whi ch enabl es the adhesive sheet to w thstand adherend
cutting anmdth htheasghespaeatheatand recovery 15 APR 2003 of resultant
cut pieces therefrom Narrely, this pressuresensrtrve adhesi ve sheet has the
foll owi ng feature. ] : LBARESs when in cont act

wi th an adherend. However at the time when cut ieces are to be recovered,
t he foanabl e pres%u#’@aéie‘metlr%eadﬁégﬁ’%‘ér?a?@ﬁsk Yai foheshast - ekpahdabl e
m crospheres is foanmed, or expanded b to thereb cone to have a

heat
rougheneoceaereeengoaehta t Redr &L Fi%regas'c? s E *1bF FEA b dBeein w‘qieh t he
adhesi ve If]t% % is ad Ig pt Lo t e adheéegg ackiness is_reduced or
‘| ost and Toler e ?’ﬁe bt“éc%g chR*BE f‘\f e%a?ﬁ?%ﬁuf?oﬁ??ﬁje J<€t¥l‘ﬁesr ve
heet I hget
doscr i bed beuivhatvRe s %%?’5%@%%@3%'5%5 A er end

fixed the;sleéesuﬁeﬂgen&bel%egéuéeuseremééwradéwalsvesleéy% Eat8ohh &nd is
t hi ck because It contai ns heat-expandabl e m crospheres, an adhesive waste

is flung wprbyed e @t Badhl adea adwni bsndi€ssHnerrelnsirt hViRubghesiye | ayer
defornms to cause chipping. An effective nmeasure in overcom ng these

probl ens dspdeitetdusitedbpe it lgiesse0bft Aegpres sdlite sensuchve mahesrve

| ayer. However, if the heatpeel abl e pressure-sensitive adhesive sheet
descri bedtizboviehe adiresducedheett hat aphdipdets uits sonki (rdbeadhdsi ard| ayer
has a reduced thickness not |arger than the size of the heatexpandabl e

m cr osphefhs cuthehecne  tredl - efPardabr ee FRGRoYpTEPRE2 FrRd BRf preeyeEedfrom

t he surface of the pressure-sensitive adhesive I;a?y[(th?o i npai_r the surface

snmoot hness"@FE Hem &S uFer ¥R § e Uit Ard 84, Hi&rmp "I P-

used herein means an "examined Japanese patent publication'),

JP-B-51-24534, Jp-2-56-61468 (the term "JP-A" as used herein
means an "unexamined published Japanese patent application"),
JP-A-56-61469, and JP-A-60-252681). This heat-peelable
pressure-sensitive adhesive sheet is intended to attain both
the adhesive holding power which enables the adhesive sheet to

withstand adherend cutting and the easy separation and recovery
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1 ~ APR 2003 pressure-sensitive adhesive sheet cannot have tackinegg APR 2003
sufficient to hold an adherend thereon. Consequently, thickness reduction
in the pressure-sensitive adhesive layer is limted and there are cases
where those problens remain unsolved. On the other hand, a

radi ation-curabl e pressure sensitive adhesive sheet also is extensively
used in cuyttin work into.pieces.in such a nner that. the adhesi ve sheet
is appli eogft t%egﬁgt%f'kcﬁﬁdptlﬁézeéut }b‘?re%fjs?m'e. S.Fa,m ’ps{?h’a? ePEBPpEFated and
recovered. therefro The.radi gtian-curahl.e pressure-sensitive adhgsive
sheet gendrally ¥as %hSFé§5n€§%§EiﬁF§eqﬁ‘ e§?§£°Vé9gr fﬁﬁﬂﬁﬁﬁngﬁae

di ation- ! i j i.n that I t
b cces. ¢ BeAT (FARREnESE, A, A AR ASE VD AR, SRR LI F G

radiati on A e, Presaube: Seae! hhie adesiien SBEe! dis el adiated pith a
radi ation to cure the pressure-sensitive adhesive |ayer and thereby

consi der all yof&diig e ER%T%%%%AB¥E‘EP@EEQEe—EEnEBt§véa@dﬁé£ﬁh§ui§9éﬁ .
pressure-sensitive adhesive sheet, the thickness of the pressure-Sensitive
adhesi ve dsmeli ey PRJtedigRthddfidni esbeBhkYeanfs tAbsnd S c2d¥apLAadequs in
preventing the adhesive frombeing flung up or defornmed. However, use of
the convest imeadidpAitiHEr&iF dddnfe e e =S esighierr B dheFave .shpak has
the follow ng problem Since the pressure-sensitive adhesive | ayer, even

af t er hawichghbesss it By cirenadi iat icthe ardahia whaditathemdigayiaral hyebas

resi dual tackiness, the recovery of cut pieces necessitates a pickup
oper ati ons mdisrsEnta tohybecathstends the novdsiveass fioy redlucetb o&APRo2603 a .
g . , pushing up the cut pieces . | t has been pointed out that this pickup
recovery adysbr 18nfe N YEFUBIPERERK TR b@te@$bﬁbssah@natﬁ@ Epnemptbees are
exceedingly thin |like sem conductor wafers and the |like, whose thickness is
decr easi RS 1Sheeh- JP-B-63-17981 is disclosed a pressure-sensitive
adhesi ve sheet f use in cutting a senicogggftor wafer into ggeces. Thi s

pressur e- sensi t i VIEHREI ve Eheet RYADTPSR QubsPFEPEUESaFBUS W Kea
pressure-sgnsitive.adhesive_ | r_,.co i_Si ressure-sensitive, adhesive,
‘a radi at iaéj‘r?f’p?oﬁlyvrr%rs Pzeé% éeégﬁﬁ%é%&b‘%‘%ﬁﬁ" Shgg iE‘fec%placffﬁlalbgf & r@%%ﬁnHPePn t he
patent doguuient; €1 Ledahgveahs Alnadigcl:ased a-eLled. vhi e aapiges
adhering a sem conductor wafer to the surface of the pressure-sensitive
adhesi ve daydu - 4 416s DF 856 WBre38RA t hyeradhesirveanhesd thdicki Bechigevaf er,
subsequently conducting irradiation wwth a radiation and a thernal

expansi on i eeataRil BeéAUtéapendshbYe nl desifeetdie, haCkdnestve aG ddhen

pi cking up the cut pieces . This method, however, has the follow ng

dr awback £lSiqicept by | thadicattitomgwbbtade r addatihen mands$heenaéneipanei on
treatnment for reducing tackiness are sinmultaneously conducted after the
cutting (Edihdsigje sevpr def euhesfoveayne chbippingungprneifint tive ndhsvkee | ayer
defornms during the work-cutting operation. As a result, the precision of
cutting il PRI IOMNIREPEER, PEPREETE He frredsHreesEmR i thivknaafesfvEnpayer
has hi gh residual tackiness af%er.the irradiation with a_radiatjon and
ther mal SESHRITH 196 hefE , 2RPeFSVEi AAYEH t t/PYeR¥8Ter 2Ex Wi R§RY thin
cut pieces, OF_THE | NVENTI ON 15 APR 2003 One.object of.the

S RY i e
nvent | oR S e T BRSSP AN SR BPES YoreAre pad oo cpovd it

pressur o aanalddy G AdhEN 6o Pt Wi ias iaek hss caabling adierends to

wi t hstand transportation an her steps, t ch cutti can

conduct ed-gMydut thi bRAERS Wo@n1adBesi WhWastReO's CAUSLHRY ¢l PRLAY- and

fromwhich the cut pieces can be eaSily separated and recovered.
expandable microspheres, then the heat-expandable
microspheres partly protrude from the surface of the

pressure-sensitive adhesive layer to impair the surface

smoothness of the pressure~sensitive adhesive layer. This



Anot her object of the invention is to provide a process for producing SRR 2003
pi eces with the pressure-sensitive adhesive sheet. As a result of intensive
studies to acconplish those objects, it has been found the followi ng. A
pressure-sensitive adhesive sheet conprising a substrate and fornmed on a
surface thereof a pressure-sensitive adhesive |ayer having both radiation
curabi | ity and er exnansi_bi.lity can,be used to cut a work and
efficient %by andi%méﬂﬁlﬁ&ggeparaéihee%ﬁ'f r 806¢Er ERBURht PRVRestadleingsom

wi t hout arQusding; ull es, h .processi.ng steps, when the thernal

expansi bi Ity llr}%l%rrrr%a?:toedh\!?\nﬂfih %gatafée%(%%%’bcgbl SHEO os phr TS emeR ey /

wor k-cutti i ed._a r th uring of, the essure-sensitive
adhesi ve Iﬂa}zgliecrﬁ‘t y éi rs:rea | at F%’nqvx\]n %hgap%gglsgf?(_)ﬁg’&ﬁﬁtb‘é?oz? FEVE ¥R

f oam ng of; - epsLilV d Lye r.,.Ihe inventi on has been
conpl et ed gaggﬁtﬁﬁlgéf?ﬁ%%%gsr%hgg?%eﬁ %%(ral 6}‘8&%&’70‘; i fFBH-"tur abl e
heat peel aking Jaressur e- sensi ti ve adhesi ve sheet which conprises a substrate
and, fornmed on at |east one side thereof, a 5 15 APR 2003

pressure-sensi ti venadtesi W Heay ehas@Nt &l Nkagi Bedbn expandal! %x;es%fﬂseo-her es
and a radi ation-curable conmpound. The invention further provides a process
for produciengitiitvepiceihes iwei Gheé@nﬁlE&eSspéﬁﬁéﬁ@i@ey?rLksé@ 1 Gl iqfy the
surface of the pressure-sensitive adhesive | ayer of the radiationcurable
heat - peel abWerpr éstonsiamsiin vachdhasimes:sigeit GRECAHRES: 3EWKeet is
irradiating the pressure-sensitive adhesive layer with a radiation to cure
t he adhesPPligferto ctibei wgrkheanwbr khentotpisecess subsggueshlpst hesmal |y
foam ng the pressure-sensitive adhesive |layer, and then separating and
recover i n§ePREEGE At esefpurrete thitrafinam shethe BRIER tRESCRURENIN OF THE
DRAWNGS Fig. 1 is a di,agrammatic sectional view show ng one enbodi nent of
the radi af’ir%ﬁ-s(‘,‘lﬁleéﬁﬁé’sﬁégf"-epé‘éilhéﬁllyeplsé@ﬁ‘}r 86863piilye haghesipresshast- of t he
i nvention, Fi is ghdia ranpatic sectjonal view show ng anot her

enbodi rrentseoFgEtﬁeer adFarroRScur 29Fe e Eping| @ prasigtesansuapid e
adhesi ve t i nventiqn Fig._3.is di agrammatj c Vi showi n
o Egﬁgglﬁ%gdi %g’rcljlt rl\olsf r%d]aceﬁpﬁ%lc%szsedo:‘l? a%h%%g‘é}ﬁ?? OH’? o\éhg\rlvé’dﬁﬁvgﬁggcut

steps of one

pi eces. [ BesalitRhiOnsebmt NenBef epenggNugRLal §and Signsl 1o Substrate 2:
Radiation-curablebheat-gxpandable pregsure%engftigg a ﬁgsyﬁgegaye&%fa:

Pressur e- sadshttva-adpesive pnssusd-derhatiow edidifrauah iradiatisgn with

radi ati on 6
irradiated with a radiation to cure the Pressure-sensitive
adhesive layer and thereby considerably reduce the tackiness
thereof. In this radiation-curable pressure-sensitive
adhesive sheet, the thickness of the pressure-sensitive
adhesive layer can be reduced infinitesimally and this is
advantageous in preventing the adhesive from being flung up or
deformed. However, use of the conventional radiation-curable
pressure-sensitive adhesive sheet has the following problem.
Since the pressure-sensitive adhesive layer, even after having
been cured by irradiation with a radiation, generally has

residual tackiness, the recovery of cut pieces necessitates a

pickup operation in which a physical stress is necessary for,



15 APR 2003 2b: Pressure-sensitive adhesive | ayer which has been th?&@ﬁbﬁﬁ
expanded after irradiation with radiation 3. Separator 9:
Pressure-sensitive adhesive |ayer 5. Adherend (work to be cut) 6: Radiation
7: Cutting line 8: Cut piece DETAILED DESCRI PTI ON OF THE | NVENTI ON Mbdes
for carrying out the invention will be explained belowin detail by

reference to the drawi ngs according to need. Fig 1 is a diagrammtic
Secti onal SyBew SHOM MG h s EnBOHITARTOD! - tifs PRACPRET dreEa SH ¢ That

heat - peel gle ressure-sensitive adhesive sheet of the jnvention. In this
erbodl menti s Faar IR SRS PESRE Xt SRR AUt & pPESStr BIS Lt BREHdhesi ve

| ayer 2 has _he far .0n_one_si de of substrate,l.and a.separator 3 has
boon f ur t ROP o Gher SBLeH: PhefesRe TReoproadive bihetige s EERtREe,

accor d ”%&%EQ%%&"@NQ 'r‘?]é;agdhh%vee SHCHN ngrgi ?%%r%?%ﬁﬁgf%%&%ﬁqe{;mm

ordi nary or Kknown onés such as, €.g., S n pé € substrate

1, which serves ag,a;pupPgsl;hgk1t Be REASSWESENSHEYE,IANeENNS dijyer 2,
degree of heht

etc. , is nmade of a material having a resi stance such that

the subst sahgsidenoheb DAL atkd N eahairipla ShBUGAINE S Hefier igRLTENt Of

the pressure-sensitive adhesive |ayer 2 npl es of the substrate 1

include fpiageand sheetsroésprasidesi 6468 a8hOOL ¥ESLEBEEL ebfbird sk@Sians
and poly (vinyl chloride) . However,
substrate coated with a pressure-sensitive adhesive layer
comprising a pressure-sensitive adhesive, a radiation-
polymerizable compound, and a heat-expandable compound. 1In
the patent document cited above is also disclosed a method which
comprises adhering a semiconductor wafer to the surface of the
pressure-sensitive adhesive layer of the pressure-sensitive
adhesive sheet, dicing the wafer, subsequently conducting
irradiation with a radiation and a thermal expansion treatment
simultaneously to reduce the tackiness, and then picking up the
cut pieces. This method, however, has the following drawback.
Since the irradiation with a radiation and thermal expansion
treatment for reducing tackiness are simultaneously conducted
after the cutting (dicing) step, an adhesive waste is flung up
and the adhesive layer deforms during the work-cutting
operation. As a result, the precision of cutting is low. 1In
addition, since the pressure-sensitive adhesive layer has high
residual tackiness after the irradiation with a radiation and
thermal expansion treatment, it is difficult to recover

exceedingly thin cut pieces.

SUMMARY OQF THE INVENTION



7 15 APR 2003 the substrate 1 should not be construed as being Ii '&ggmgo
these exanples . The substrate 1 is preferably cuttable by a cuttiAg1 ,
such as a cutter, used for cutting an adherend. Use of a substrate having
heat resistance and stretchability, such as, e.g. , a flexible polyolefin
filmor sheet, as the substrate 1 is advantageous in cut-piece recovery
techni ques in mhiég cut gie es §ho$§d be nadg.agart from each other

because such a suB2fra?RI®Eh b2%st FREChABVEPEAP t hé ScutPi n§X5V 80Pk, In

t he case whet | travi ' sed as.the radiation for. curing.the

bressur o- SERsFELvE- BikaETb by ePos Ipha  BiRS PP RPS SE OHIArE BEPESIYE: t ut ed
of a mater] C e t 1LLLN tray] t a [ Lyen
anount. T iéé%lﬁbgﬁl??the sna‘g/gﬁgg}ééggsi%ﬁé:b el-l ?’?y(e)%&oerlaénﬁl?ei ?éygrq tzits %h\ég ure.

The thi ckagssepbrthe: SHDSEAAk:0a0c 6= SULL NI YiGhPobedeifly SUEh Bl ange

as not to i1npalr operating efficiency and working efficiency in the steps

of applicabhQicteqaniadbekerd i ngitld N UYn tH@nadheE epds aepar ahu@ingnd

recovery of cut pieces, etc. However, the thickness thereof is generally
500 (err)anmoppsiyl, | £id fRLAf € 26h trDeult $idélesd3Rn(BEId4Bi NPLepRkakerabl y
about 5 to 258 (err)m The surface of the substrate 1 nay have undergone an
ordi nary sHdaf geeotreeatinent, e.g., a chem cal or physical treatnent such as
treatment with chromi c acid, exposure to ozone, exposure to flane, exposure
to high-voltage eheothér cihjeelt ofrigded denenwich i oniazprgviddiapreoresetc., a
coating treatnment with a prinmer (e.g. , the pressure-sensitive adhesive
subst ancefahi phodnt¢inpaedepdrickedwi thethe prssihe1s&es fioirve hehpsipese of
enhanci ng adhesion to the adjacent |ayer, 8 15 APR 2003 hol di ng power,
etc. The #hEf&ti on-curabl e heat - expandabl e pressuresensitive adhesive |ayer
2 conprises a pressure-sensitive adhesive substance for inmpartin

tacki ness, a radi &8 dMRTYHeRL R e FPFHGS it FAGORPLE&H, é}gpéﬁ
curability, .and heat-ex dabl e m qr her for inparting thernal
expansibi¥?9§995$ f%egﬁggggﬁ?eggﬁﬂéi?ﬁge%88i8§F9€'substance can be used
conventional Iy kngwn pressure-sensitive %ghesives. Exampl es t.hereof _i ncl ude

—Sensifive a esive. shee COmpris a
r ubber - based pressu#%-sen5| i"ve "adhesi ves conpr|5|n§ atur FuBler For any

Of vari ouguSYREDELI nd HoBAIS: ofid GBERABRD- DLLSS &%gigqgi-tsg\egi%gbasi ves,

and acrylic pressure-sensitive adhesives conprising, a copolynmer of

an al kyl fagtB)vaciylatenatdngnBoeh FREEaUASAL BHaLEd 1ARYOHBHS thermal )
copol yneri zabl e therewith. Such a pressuresensitive adhesive nmay be one in

whi ch t heekpafnspbBliyiey 888, benukBa @Bl eqtl 8, weakbaRdcatkaeridatbleahands
under goi ng pol ynmeri zation by the action of a radiation. Especially

pr ef er r edsaoohylyhoses pries suderseoset i the adiesivess arleeraefindn @ithout
pressure-sensitive adhesives fromthe standpoint of conpatibility thereof
with the aaeiainen-trayhkes zabl eererdeing t ¢tsesi ncehpor dthel thesmehe
pressure-sensitive_adhesive |layer 2 and other standpoints. Exanples of the
acrylic pPER3DFebPithYtivelBaRE LYY ithcPBaE—prEIndrRlScRAFFPFREHRESI ves

cont ai nin s, .t he base l.ymer _an acryli ol r %h pol ymer q
copolyner?n%f%m%dgﬁiﬁ§i . eSBFpnb?éxﬂﬁﬁHﬁﬁ¥yg%§F dgggt%ug%ﬂ%éieﬁhﬁrom
al kyl 9 p%gségﬁeggggsitive adhesive layer by irradiation with a
radiation and before the thermal foaming of the pressure-
sensitive adhesive layer. The invention has been completed
based on this finding.
The invention provides a radiation-curable heat-

peelable pressure-sensitive adhesive sheet which comprises a

substrate and, formed on at least one side thereof, a



(meth)acrylates (such as the esters with O _2o0 alkyls, e.g. , the FﬁUWﬂWWJ
ester, ethyl ester, propyl ester, isopropyl ester, butyl ester, isobutyl
ester, s-butyl ester, t-butyl ester, pentyl ester, hexyl ester, heptyl
ester, octyl ester, 2-ethyl hexyl ester, isooctyl ester, isodecyl ester,
dodecyl ester, tridecyl ester, pentadecyl ester, hexadecyl ester,

et o o .
preéshre @éﬁngvarg%hgggve E%ﬁ fy%n be" {i %%ﬁe C%TéSEBéZ sensit?ve adhesi ve
containing as theg ?%%v%%' X T fé‘rE{\’%Q%e Olré)és 83§O?ﬁe§8rfeo ! t@8§:§n§| Kyl

(or cycloal kyl) (imre acry ates w nononers used for

modi fyi ng,, ﬁfcgﬁserlg D& Eb}ﬁ @gQ§§£1V£clﬂ{r§g$géﬂlce§ %r(?eZ:QE o Pﬁ% sQRERRRES.

Exanpl es © er nono onono Inc car box contal ni ng

mononer s gyc@hgsF&% shire-aehds +AREha gm%'a%eaqayefw%PO%xstQ&h1293$5ate

car boxypentyl acrylate, itaconic aci mal efic "acid, fumaric aci

crotonic éﬁkaléClﬂeéﬂgﬁgélQBlEDHQPE£§u§HCBeﬁ§18§b§f'SdﬁBQXQE'dgh%@Q
i taconi ¢ anhydri de; roxyl - contai ni ng nononers such as 2-hydroxyet hyl

(et h) acr Méabelbad%@éymmdla(m@m phrakeurand Srditdrax panbglive
(meth)acryl ate; sul focontai ning nononers such as styrenesul fonic acid,

al lyl sul f payeraeith a2réaehb) aartyd aurdo+Reeidyepiopalnesedt f anitctiarj dheand
(et h) acryl am dopr opanesul foni ¢ aci d; phosphat e-cont ai ni ng nononers such as
2- hydr oxyebhkl aartyl oplipkesphatsssbsEuehtlyl5 ARR®RA0By subsaéminged)ham de
nononers such as (neth)acrylam de, Nobutyl (neth)acrylam de,

N- met hyl op(:ﬁesh)facsynahtme adtesiEehykyep o @t (Heeh) aepyrah’n’tde and

al kyl am noal kyl th)acryl ate nmononers such as am noethyl (neth)acrylate
and N, N—dFﬁﬁPH?Faﬁgn ehgPt (REeasact yPat Eheaﬁﬁbﬁﬁa}fﬁyrsheﬁﬁt h)acryl ate
nononers such as net hox eth I neth acr¥late and ethox et hyl

(met h) acryl at e; ﬁB|EIﬂl-’ TOHOTE =' cPBRExyRal ei ni de and

N-i sopropyl mal ei de tacon|%1de nmono rs su N—nethgkltaconlnlde and

N- et hyl i taconi m det9succthi i G AbH0RRr3©sTEhH é%nﬁﬂ view
(et h)acr g8yl ﬁéﬂ?tgﬁ BRESHGELOLILACANdo1 & heat-peelable pressure-
oy e e:

N- (et h) acry - oxyhexanet hyl enesucci ni m vin nononers such as vinyl

acetate, MLAY¥:+PLOPLARALEve NaNEBY! BY T £RLIT ORBEntBLNY! Vi Nyl pyrrol i done,
styrene, and a.-nethyl styrene; cyanoacryl ate nononers such as acrylonitrile
and nmet hacryl oni trid ez £Pexyi£§PhmhALNE st dria 10N ewes 5o wiied) aas taleyci dyl
(meth) acrylate; acrylic glycol ester nononers such as pol yethyl ene gl ycol
(et h) acr ginBbeimedt pof yphepyhiéinetjbyeotrdhbehhaatybake abaer pries sasicer
nononmer s havi ng one or nore heterocycles, hal ogen atons, silicon atons, or
the |i ke, senghtavet adhahyde oshe¢trgf thet hpuwenypiane, fluoro(neth)acryl ates,
and silicone (neth) acrylates; polyfunctional nmononers such as hexanedi ol
di (met h) acryl at e, F{%ol%)éﬁh?léﬂéggPVEﬁﬁldiCﬁ%ﬁ*o%&9v4%§e5t€ﬁél9fpﬁﬁﬁylene
glycol dl (neth)acrylate, neopentyl glycol di(neth)acrylate, pentaer thrltol
di { met h) agFypPatEen r?fne*i’}s/mﬁ?ﬁ@osp%r?g‘ Y APMPPEEAN £9F, PRSSHIGENG
tri(nmeth)acrylate, dipentaerythritol 11 15 APR 2003 hexa(neth)acrylate,
epoxy acr§t&te8; polyester acrylates, and urethane acrylates; olefin
monomer s such as Lﬁé’&fﬁ;t?%l&%“%'@ﬂ‘ee REPL L 30BULY, 8921&9&' Vb?éks?t her
nononmers such as viny eSe nonomers can allone~or

conbi nation of twp. O%GEE’ aidaereof . Appropriate addltlves may be

i ncorporated into the radiation-curabl e heat-expandabl-e pressure-sensitive
adhesi ve |ayer 2 @eS'Ckﬁbé&é%i%ﬁ“&ﬁ&éﬁi@'théﬁtagﬁﬁﬁhﬁsblé pressure-
radi ati on-pol ynmeri zabl e conpound, and heat - expandabl e m croSpheres.
Exanpl es génsuehvadgitéyess nTayge crosslinking agents (e. g., isocyanate
crosslinking agents and epoxy crosslinking agents), tackifiers (e. g.,
rosin derivative 2£Si Fxespard-alepaiia inesadBe s pet rlad wwhe ghrisa s anded

oi | -sol ubl e phenolic resins), plasticizers, fillers, antioxidants, and

surf act antsrofght heradi2tien photlopokgihetieati on initiator is incorporated
when ultraviolet is used as a radi ati on. The heat - expandabl e m crospheres
may be m crospheres fornmed by surroundi ng a substance which readily becones
gaseous and expands upon heating, such as, e.g., isobutane, propane, or
pentane, in elastic shells. The shellsgare usually nade of a thernoplastic
substance, a heat-neltabl e substance, a substance which bursts due to
thermal expansion, or the |ike. Exanples of such substances constituting
the shells include vinylidene chloride/acrylonitrile copolyners, polyvinyl
al cohol ), polyvinyl butyral), poly(nmethyl methacrylate), polyacrylonitrile,
pol y(vi nyl i dene chloride) polysulfones and the |ike. The heat-expandabl e

A NI 7\




by an ordinary nmethod such as, e.g., the coacervation nethod or thq APR 2003
interfacial polynerization nmethod. As the heat expandabl e nicrospherés géﬂ
al so be used a comrercial product such as Matsunpbto M crosphere [trade
nane; manufactured by Matsunoto Yushi-Seiyaku Co., Ltd.]. The average
particle dianeter of the heat-expandabl e m crospheres is generally about 1
to 80 Eun, prefergbly gbout 1 to 50. dun om. he .st andpgi. nt s, of

s : By

f
dispersibility, sQPtabiTTTy sarSeRThet Ve ATEHAT dRYas &1t el BReRie, in
{acki ness CBPTHO LY EBATERR R AaRIEIST R ARGy &
pressure-sensitivg,aqggé%y tg?rough a heat treatnent, the m crospheres
preferably have such a erate strength that they do not burst until their

degree of volune gxpapsion.reachgs; pibl "BShOL;iHBN special ly exceeds 10

times (e.g., 12 times or nore). In case of using ﬁ%ﬁ%-expandable

mi crospheres whi CB;buigheAbnd kQWrHegseBe OfuexpPansi on or using a

heat - expandi ng agent which has not been m croencapsul ated, the area in

whi ch the pressure-sefsiiiveordhesive ayer 2 is adherent to an adherend
cannot be sufficiently reduced and satisfactory separability is difficult
to obtain. The ampuntceftike bhemé- expandabl e m crospheres to be used varies
dependi ng on the kind thereof . However, the anount thereof is generally 10
to 200 parts by wei:ghtutppeéeeably about 20 to 125 parts by weight, per 100
parts by weight of the base polynmer constituting the radiation-curable

heat - expandabl e pr essDESASEED DRGERIATEONY OF AWEr 1)
13 15 APR 2003 microspheres is smaller than 10 parts by weight, the

insufficient. On the other hand, if the anmount thereof exceeds 200 parts by
wei ght, t RelpresB fataddnbit Teeeremesitrethgydawings aocoraing famesshesi ve
failure or interfacial separation fron1th€ substrate 1. Into.the

radi at i onFeHr abl¥® Re3t 28XpIHALBFS BT BEUN b V&S FPPYE NFRRE I SFPILS Y | s

i ncorporated a radiation-polyneri.zabl e_conpound. whi ch has at | east. two
'radiation9goY@W%rF gﬁﬁgleifﬁ%ﬁ?%ﬁfboﬁeﬁgu%?%f%BHasHﬁ%ﬁﬁﬂfﬁﬁﬁ%ﬂﬁﬁ%&%ﬁm
cures by i.0 radiatio a three-di i twork. A
phot opol yiarraveotee f; S0, Bhe "L nddtR 2 T TR e e O
irradiationgks t4sedcasa®18eans QL+ CLLASaadE I adigtd Qns.Rol Jdrsizakl e
conpoundi spreferably one having a nol ecul ar wei ght "of about 10, 000 or

| ower. Mogahpgeher abl¥r £ heas ashar i prmel Wiebhzabk 8eCoRPaUishs Srofe whi ch
has a nol ecul ar wei ght of about 5,000 or | ower and contains fromtw or siXx
radi at i onapdl gneepazbiterc® ey ¢tadofudiddre aonadsoqpesd nohecede. saieat t he
pressure-sensitive adhesive |ayer can be efficiently made to have a

t hr ee- di nenesenzk-sen®dith viehrdbhgisiver aieati apcardhng tadihe iignenfyisrcal
exanmpl es of such a radiation-polynerizabl e conpound incl ude

tri net hyl 6PPriopERanty PREFPPALE te eDPRE N ISE BrdrdtIeah erdanpaNCcey Ikan
pentaerythritol triacrylate, pentaerythritol tetraacryl ate,

di pent aer §PRFi EYFPdRSenfalryt FEES e L30Fy Foras -

The substrate 1, which serves as a support for the
pressure-sensitive adhesive layer 2, etc., is made of amaterial
having a degree of heat resistance such that the substrate is
not impaired in mechanical strength by a heat treatment of the
pressure-sensitive adhesive layer 2. Examples of the
substrate 1 include films and sheets of plastics such as

polyesters, oclefin resins, and poly(vinyl chloride). However,



nonohydr oxypent aacryl ate, 1,9-butylene glycol 19 15 APR 2003 di acr ¥§ PR 2003
1, 6- hexanedi ol diacrylate, and pol yet hyl ene gl ycol diacrylate. Such

radi ati on- pol yrmeri zabl e conpounds can be used al one or in conbination of

two or nore thereof. The anount of the radiation-polynerizable conpound to
be incorporated is determned in such a range as not to inhibit the
heat - expandabl e mi crosphere rom expandj n r_ foam nqg .after, the

pressur e- ggﬁsﬁﬁﬁf&%‘iﬁw@ﬁ%ﬁ%?@?% Eﬁgsh’é‘g‘ﬁgaﬁgﬁlﬁ9q1%dail?&#‘%ec h a
radi ation. The.anou t hereqf i.,s sui tableyf det.ermn ngcog)di n?:t the kind
of the raBFaFPSR>pol ViR TR E S rpbtRt, Gt SuP¥ BN

heat - expandabl.e m.crosphere desire dhesi.qQn of _t he .cured
pressur e- Sensiti \S/Iécél 523 \?3§F§§éru %gatﬁora etﬁ:é‘r?& a@oﬁ‘aﬁ?f%ﬂg'foqs% %utting

operation % . iation-pal r I nd_is, added in
an amuntaoﬁlgse%era F%L%Bénfe%t?g%g&sggn%%ogpars’fcéggf%\ﬁ%ﬁgﬁt%g"p?%?]éraastﬂ y
about frp@.g.t,oa@l@ﬂgfe o MR U n BEMMBQ BRELE, bY V‘ﬁ’xcgr%luﬁgtxtar‘cee hase
pol ymer in t€hé pressure-sensitive adhesive | ayer 2. Wen the

pressur esenshi ¥Rt AgLESE Vil |anepieddhirebobas uegerlgszgeegrmcuﬁitaprbw th a
radi ati on has dynam c noduli of "elasticity OP{ 5x10" Pa or |ower and 1x106
Pa or hi ghgeceespashiideby ahdbhBpheRPei-ainue8cat othies!) bHaeaheat sedranrdabl e
m crospheres begin to expand and at the tenperature at which a cutting
oper ati onsubstoake canteckedetthea aftds thesahbkenyooftzt abhkbotin axeel | ent
wor kability in cutting and excellent thermal peelability. Exanples of the
phot opol yoesezebéeoa ultitaatadre i nel udedisophepybhdhaniennf et harning ahet vl
benzoi n et her, benzophenone, M chler's ketone, chl orothioxanthone,

dodecyl t hPoraauheneensgbtivesdigs D93 adiere? hythdisormttdadiee] siomilopienone
di ethyl ketal, benzyl dinmethyl ketal, a,-hydroxycyclohexyl phenyl ketone,
and 2hydr 6R)fEL BPIFBRPY 1 FGFard 2 lTRaBabpA b folanmed Yo mlitravistlets my
be used al one or .as. a mxture of two or nore thereof . The anpunt of the
phot opol y#Er iﬁﬁtslton“i‘ nPt i HYBh BOBRE: ncdMForHRYEF2EQehe™AY yPBYVEf & abl vy
fromO0.1 to 51g§its by wei gﬂ% er 100 ?ar s_by wei ght of the base polyner.
Amount s t RePEoF SR¥PFePTt HEATL03YE- p5F uS%“ﬁEi'ght are undesirable in that
the pressure-sensifvepgdhesiye ﬁy%ezvs@ﬂ:fl Og%fre 44 have. an fDQS%tJE't%IbG_‘Ln

t hr ee- di nensi onal network through ultra Irradi ation an hence, the
resul tant sdegrease; i sddie 22680886 UL bt B8 PESSH G SENSIH] \é%fﬁg.]l%ﬁc‘ﬂze sheet
to cut pieces is too small. Conversely, anpunts thereof exceeding S5 parts
by wei ght aage waiGasig ot £i diedBat i RO HRN| ¥t &pE | BY GHPIBSRONAEMNGL0 such a

| arge initiator anmobunt cannot be obtained, but also this

phot opol yaghézahdoncuttinatcl thar hijierendi nsepahgt 6h M4 the-dal, gifde of
cut pieces. An am ne conpound such as triethylam ne, tetraethyl pentam ne;

or di met hgbarpieetharmdic mayobevesedths thipbiohepsl tinerecatisogeaecelldyat or
according to need in conmbination with the photopol ymerization initiator.
The radi a?? v arapiel Wt Pegparatdeapres suke gy inerapresevetlayer 2
can be formed by an ordinary nethod. Fox exanple, the adhesive |ayer can be
f or ned byalao‘llrjét%oa"i A20nHBh" aTRBat P RERFE uPH ggﬁpFPgFﬁﬁaéeplleggNr &a¥énsitive

adhesi ve, _heat - expandabl e. mi crospheres,, and a radi ati on-pol. yneri zabl e
conpound ARTEOPET n%’l’ﬁnglo‘h?%Y i Hef 2CpHR qﬂ'f%i%’aﬁifoﬁp chemical” or

physical treatment such as treatment with chromic acid,
exposure to ozone, exposure to flame, exposure to high-voltage
electric shock, treatment with ionizing radiation, etc., a
coating treatment with a primer (e.g., the pressure-sensitive
adhesive substance which will be described later), or the like

for the purpose of enhancing adhesion to the adjacent laver,



16 15 APR 2003 initiator, additives, a solvent, etc. is applied t g 52APR 200
substrate 1. Alternatively, use may be nmade of a nethod in which the
coating fluid is applied to an appropriate separator (e. g., release paper)
to forma radi ati on-curabl e heat - expandabl e pressure-sensitive adhesive

| ayer 2 and this layer is transferred to a substrate 1. The thickness of
the radi ati on-curabl e heat - expandabl e pressure-sensitive adhesive |ayer 2
is, for eRQHPLBY BOUSL,~/t6r smaller (about 5 to 300 ~.un) , preferably
about 10 to 150 dun, from.the standpqints of preventing the adhesive |ayer
from | eavi ng on t h&<adf W"éﬂ’rfggg?% rBEp G%xPégﬂPg?‘ﬁg GRS ve
failure after.%he fogﬂ'ﬁ% or gxpansizon of the heat-exe%%ndabl e m'.ctg;)s her es,
and of thBSPEFti¥Fe™ ‘& of Y The “he BT tfabf e iSRS B E  As

t he separ acﬁgr ::L%vcans gqcrane&(ea Ioer, Prg s 9 a scubitirnate conpr.i s(j.ngcia rlo_l astic
film papef <8t "FheTiKE dhd RaVi ng & sur face coated i th & 381°edse agent

r epr esent .sLikco I long- | D= l_.acr LD,

fl uoror esﬁﬁ}%?g%%ék;[lgk%&n r(?%l“ggt?gt r %P%ﬂ%?g?%aﬁqtoégéﬁ%ggéf%gé aor*d a
nonpol ar pol_\: S po. rop .The s r 3 may
be used a@géxg%@?g?%ﬁg% su;r)!?)ig%agl n trée;gnsfe#érglpng txh\ggggél}zgtl Oﬁ;_@%&?ﬁa e
heat-expagggghgigfLﬁ%gr_e-sensi tive adhesive layer 2 or the like to the
substrate 1 as described above, or may be used as a protective material for
protecting the raskathenpedkablke-BeakiexRandablt iR SHWs@=9RIS iddnY e
adhesive layer 2 or the like until the adhesive sheet is subjected to
practi calugae. dbaveapabatdly3 Reethnnopres salrasenkd tivkd ARResIGEs.

di sposed. The radi ati on-curabl e heat - expandabl e pressuresensitive adhesive
| ayer 2 cBrabplésr nedenetfonlyclhrdenershkr-dfaddd gudestsatee- serimittiore each
side thereof . It is also possible to formthe radi ation-curable

heat - expaddhdF&ves i rhbeiiRg Nafuradhegbher logyany 2fHya pheus s tdfe i
substrate 1 and further form on_ the other side thereof, an ordinary
pressur e- SBRBPYPve HdHeWR PasRE PEFEAITN§ MSitHiere aadhesives, and

radi ation-pol yneri zabl e conpound_ npor heat - expandabl e m ¢rospheres.
Furt her noPEXYahSi rﬁ’é?rsf%l‘%“?‘%sb%l‘(%rr?éﬁ?e%ldgesex&f?ﬁpé',lsﬁé‘ﬁme%"ihe a

substrate 1 gild tgefragi a}:tkl qn-&ugg?!_ierhﬁg;:- ex Cfmdabl e _pressure-se siéi ve
adhesi ve F8Y8r¥2Tr{ig?" 21" a ‘Uragf anfae cesect PoRal” Uref SHawHg Hitot her
enbodi ne radiati,on- le - bl e sur.es j L

adhesi vemgﬁgértnégg t%gt’%%gﬁfg irg'r%[a% Nt %r%ggél}ﬁent , %zqi]%?]adiaat ?Jol‘%rf-s?l}lr abl e

heat - expaggdalbh e: PLesaHES1 $8NSLYI NE 8HBESH Vigh] A efha e RRAR (&Y TRk on one
side of a substrate 1 and a separator 3 has been superposed 't hereon.
Furthernoif, ther asSlEC€uBEeNSsi dd Meodberbyt |dyiasld Bhds SeRRIA@iny have
been superposed on the other side of the substrate 1. This

pr essur e-pebhgmériveaddbasibpe sheetaatiifdrer eff ronradiea pi essur Esyemrdiztlilge
adhesive sheet of Fig. 1 only in that the pressure-sensitive adhesive |ayer
9 and a sepafarved3ntavethese i sposee- oenshhi ve iaddh agfi viesea salestmydtiec 1
which is opposite to the side where the radi ation-curabl e heat-expandabl e
pressur e-BEASFEFGesqlfesive | a3dhe2ivas bdeiP™ or §B8. TherpiRRERF e- Shsiti ve

adhesive layer 9 conprises a 18 , L _
compatibility thereof with the radiation-polymerizable

compound to be incorporated into the pressure-sensitive
adhesive layer 2 and other standpoints.

Examples of the acrylic pressure-sensitive adhesives
include pressure-sensitive adhesives containing as the base
polymer an acrylic polymer (homopolymer or copolymer) produced

using one or more monomer ingredients selected from alkyl



15 APR 2003 pressure-sensitive adhesive substance. As this 15 APR 2003
pressuresensitive adhesive substance can be used the sane pressuresensitive
adhesi ve substances (pressure-sensitive adhesives) as in the

radi ati on-curabl e heat - expandabl e pressuresensitive adhesive |ayer 2

descri bed above. Appropriate additives may be incorporated into this
pressure-sensitive adhesiye |ayer accordin o.need anpl es of ., such
addi t i vesif"ﬁ(%,bﬁjagr¥?8§§lsi K??ﬁg%asggﬁ ST wq tlsjsgtiﬂa?l]a]fgfﬁr S8 inkPfg
agents and oxy_ crosshinkin en tackifiers (e. g. rosin

dor 1 vat Ve EBT e S B R PR bR b Cren e PRE PR Y 3P 51 PRSKR ubi o
phenol i c L0S) » hcizers, Lo , L.oxi.d nd _surfactants.
However , %%ékgé %ggéﬁikgrgégﬁ Ka%i%%§?§i§§3%%d gsgp%§1r§8?8 Voﬁngyacuring
the press -sengitive Si e it n Lrabbe add a
substanceaagfgﬁ @%%ngggggﬁy %ﬁﬁ%SFt%Sgﬁé'p8F§Xgr?§§%?énbiﬁ???gﬁgéﬁﬁ
reaction gfibbe phtoreRelier | DELLAEPT dd e HBAREPP ARt | RriBBcy1
pressure-sensitive adhesive |layer 2. The thickness of the

pressur e-&g88kt, i penadhasyyeekayel, ﬁeﬁaﬂebglsék@@k?dhbﬁtﬁaéhyﬁ eaeae, as not
to inmpair operating efficiency and the like in application to an adherend,
cutting obcthaeadbersytbr seponatieepl ard teacovatiyy efi codiy1piaxass) ehad | n
general, however, the thickness thereof is about 5 to 50 Vim The

pressur e- sgadobhilkel adhesthieadrylatds cdaubd far metlebyedthersawe thettog as for
t he radi ation-curabl e heat - expandabl e pressure-sensitive adhesive |ayer 2
descri bedcybbeeal ks searly sepheatyerl cperdry Ibes teed ndhey slartexyriceasethe
separator 3 disposed 19 15 APR 2003 on the radiation-curable

heat - expandabl e phesueerydist PressidreseEReitayeragdhesid ean also be
pressure-sensitive adhesive sheet can _be used in the state of being fixed
to the suPFSEeoPLeTBHRTISENHLING | PEPRTIYRe CpRER4NLBIs s Ehs ePaBResi ve

I 9. Fig. 3. di ti ' hQwi t mbodi t of
Lhe. pr ol e MR Ao PRGLRIF BT B SHUES 3 T PUBK. (FFECLRRLrYIdal ).
Fig. 3 il \ f ti | vi ' f_ st

comr i st nge P EeER ke RO MANE 23 oo Mhine( SMier SmiToB®Es i< UFPAce of

t he radi at %ﬁg%-ggg@gg?gk e- .t i yer 2
of the ra %g?f-ggﬁgtt}irlggb e eeat-pee a %é—ﬂggfe%s%y&rg?ggﬁgﬁgge@ggﬁ?&ggggheet
shown in Fhfpodesl r onthishet hessSepakat o5t PasdRAR AL MUEHbnokE LI ati ng
t he radi ati on-curabl e heat - expandabl e pressure-sensitive adhesive |ayer 2
with a rathali@8 BakBo&ilecbheapheaguiesesirs \wadhasi yeryByeradidgutting
t he adherend along cutting lines 7 into a given size to formcut pieces;
subsequentephaonglcti ngcadheatcantentyagdity it 0 aopalait®r foambbkepentyl

heat expandabl e m crospheres contained in the pressure-sensitive adhesive

| ayer; amFIvibateepdrt@dang andcidecoveriews t Reicut Pimarsc 8 afoigim t Ardsheet .
In Fig. 3, nuneral 1 denotes a substrate, 2a a pressure-sensitive adhesive
| ayer whi eFPHARE € FEd it RFHEFPTIYIAALTPRATGRE € 15 ush agimalissis 2ahydybdg

pressure-sensitive adhesive |ayer i ch has heen .thermally expanded after
Phe i1 adt i LRSI &M Son YRS BP O 2 dRBRENA®S 1 o
the radiajionscurabl.e heat-expandabl.e pressure-sensitjve 20 15 APR 2003
adhesive%%éyg?r33¥ﬁ{?%£ radiatﬁ%ﬁggﬂfﬁgpgiﬁﬁat-peelab%e§¥$5%§%P59§¥ sitive

adhesive gheet) an, be-accaipl | had-LOGLEKOID! Gre ui5l 0. AL ARPT OB kBt e

pressing means such as a ru nating ro or ‘pressing

appar at Used oI ©5%g t hen@hige 88d agatbnst L8e PLegsunsSeAShikVe acid, _
adhesivel ayer. Prior to this press-bonding, the pressure-sensitive adhesive

subst ancex 1Byl He1 gstivated i f degskig@g by heati ng-ahedhf £6PQIALWUAS-DN A
range where the heat-expandabl e m crospheres do not expand or by applying
wat er or naftloyQerbsanseosvendniaccordi ng to theatyge of the and
pressure-sensitive adhesive substance. As the radiation can be used
ul t ravi ol etetle)l actymmixdepsopaneshbfdnke. aHid ;i rphdspha ba-wbhhadniadgi ati on
can be conducted by an appropriate method. However, when the
pressur eTmENEerye subesiye | aykydrexyethvl atedryiohlphosahvabéet , (Khere are
cases where the heat-expandabl e m crospheres begin to expand due to the
heat of irradiation. It is therefore desirable in ultraviolet irradiation
to keep

10



the pressure-sensitive adhesive |ayer at a tenperature at which the15 APR 2003
heat - expandabl e m crospheres do not begin to expand. This can be
acconplished, for exanple, by mnimzing the irradiation tinme or by
air-cooling the radi ati on-curabl e heat-peel abl e pressure-sensitive adhesive
sheet to which an adherend has been bonded. The tackiness of the
pressure-sensitive adhesive |ayer 2a which has gur t Jdrradiation
with a r iR o b@méﬁﬁtﬂﬁ%P@%ﬁ%c E&H o QW%?$§E%§H% el 2k

insuc at t'he

_sensifive 21 15 APR 2 i ent ed bei
ons o T <Gt | BB LT Y
0.1 to 16‘%4??)1%%”&%?%%@%%%%%’8%51 02 N20 mm ?%Eygrég’ggﬁ%’é%%é% t he

sane. met hogh 5 1Sy 1 SWRRUAIAN e a St DR s Echedakat an - The

tacki ness can be'r y suitably selecting the kind and anmount of the
pressur e- 1Sk 32Em%¥ be in 5 I the radiaid ur abl e
heat-expﬁ’ggﬁleﬁ%ﬁssure-%%%ﬂi ve agﬁ@gﬂgﬁ:ﬁ%ﬁ&; Ki ndgg'r{l%&%ﬁgﬁgt of the
radi at | onROlyyRIADS foBwng. Sbal 20 hatRipe ohy1henatig abeyyaee| zati on
initiator, irradiation dose, etc. This tackiness can be further reduced or

| ost by expandtnecyEenyraimexpjadellatei;cmedpiaies hyoromea sucaatasnt
after cutting operation. The cutting of the adherend 5 can be conducted by
an or di natycydl dhdrgy IaNsi midg . and di €1 sigpr&ontind l eimsifler {bhacbeanideeat nent
can be suitably fixed according to the surface state and heat resistance of
t he adhemesrtbriefnrsuait aE SeeetByli thicediofidehendekt ethpihtapbpimide;

m crospheres, heat resistance of the pressure-sensitive adhesive sheet,

heat capavicsimimide adher erdorenerpi eces), ®¥eh However@Sgenera

conditions include a tenperature of 350C or | ower and a treatnent tine of
30 ni nut edneith stery eyl epgretpetenesycept iRl dB| FRFnUr (Beth) RERBLPELTre of
100 to 200C and a treatpent tinme of bQut,frfn11 second_to 15 m nutes .
Usabl e t RGN HERRFFCTHRITHES hoV2 YT TRBPTRES &BHFa?t WK a hot
plate, infrared heatin and the 1iKke. wever, y. |k i Lgue may
be used Zafgtﬁ%e APR ZDggn%iTt hout fpar Jiocn:jq;aer’ i m ?gt ?’gﬁgagggfé%gglégn
evenly f ed p -sensl ki veya ' .2a and
nei t her fou Hgﬁﬁggﬁgégéﬂ?ﬁgHédher%ﬁ%§%ﬁ§fn tﬁ%acas% &Egﬁgysﬁggéﬁ%étrate 1
of the presswe.sSenstdi vengdBrairye sheeh is & stretshabhersubstrabad a
stretching treatnent can be conducted, for exanple, by using a stretching
Means or Gidghd d ¥y Lsiede £ Ol e § Wb shypedsh bt 1 iyg Hdmilcht A radiestss such as

glycidyl (meth)acrylate; acrylic glycol ester monomers such as
polyethylene glycol (meth)acrylate and polypropylene glycol
(meth)acrylate; acrylic ester monomers having one or more
heterocycles, halogen atoms, silicon atoms, or the like, such
as tetrahydrofurfuryl (meth)acrylate, fluoro(meth)acrylates,
and silicone (meth)acrylates; polyfunctional monomers such as
hexanediol di (meth)acrylate, (poly)ethylene glycol

di (meth)acrylate, (poly)propylene glycol di(meth)acrylate,

neopentyl glycol di (meth)acrylate, pentaerythritol
di (meth)acrylate, trimethylolpropane tri (meth)acrylate,
pentaerythraitol tri (meth)acrylate, dipentaerythritol

11



Since the radiation-curabl e heat-peel abl e pressuresensitive adhesiquFQﬂpmu3
of the invention has the pressuresensitive adhesive |ayer 2 containing a
pressure-sensitive adhesive substance (pressure-sensitive adhesive), the
adherend 5 can be tenaciously held thereon by tackiness, so that the
adherend 5 does not separate fromthe pressure-sensitive adhesive sheet

even when, t he sh vi brates during transportation. Furthernore, since the
or easur o BERSIPRTE) RARELPTE | SRR 29y AR aP BN oS bPBE Ty 118K 2on wi t h
a radiation gﬁfore a qptting adhere can_be_cut iven

e eac £ ite E tohe c r %:mt\% § g‘

Size in {REEUPLRRL ST St PEChP BISOTI § RECHASOETre: €iis PPLFEL8HResi ve
| ayer from Qej f p ] utting blade and ile preventing the
pressure- Egas% ?ﬁg?/%{:gg%%éf vatewc’} H%ﬁ?ge%%}b%‘g %OQ%mecrasués é’vgg’h? p\ﬁ gied Jef%l.he%br eover,
since the S - i LLye I V. er. 2 i eat e ndabl e
nicrosphe?géggnggﬁggg?%e%hélbggggﬁgi%}+€%j§rgﬁg eaf?%§%é%b§§f§wo °r

m crosphepgs-aifcpee#pt |y foamed or expanded by a heat treatnment after the
cutting step and the pressure-sensitive adhesive |ayer thus changes in
volune to 23  155ABR-2P93tE0LEMA th hege nliyTensi PRAbrSEEMELET Sntbt Rya rough
surface. Consequently, the area in which the adhesive |ayer is adherent to

the resul +aak aglibnpicega®1@ decriasesegoisdsisTabl y, paedsthie -adhesitiee
strength henceis considerably reduced orlost. Thus, a considerabl e decrease
or elim natihesiok adhesi v& Beeeagkh a prddaireddlyotigh t hehesivag of the
pressure-sensitive adhesive layer by irradiation with a radiation and
t hrough t hedheatiohrpallymetrizAblea r esohppouhbe opendt i nheatHespandpbded
wor ki ng efficiency in the step of cutting the adherend 5 and in the step of
separ at i ngiangspbesesr i ngranel esicipseck adilidiyegraelyde gposedd nkamnd t he
production efficiency also can be greatly inproved. Al though the
radi at i on2€8P&BI e (Redt + pekFABY RN PFR s SEF S S 11T e atftids vanshe&POFY t he

i i cations .i.n which an adherend is permanently

i nvention may be used in appl ]

bonded, i FrPésgapﬁéBPe ‘T‘%‘?’E%)e' i PR AEES ofg - Fn/ Wi RH Tan I8 gRERERYS s
bonded for aiggven PeﬁiOdeQqu %ﬂ}er a§cogglishnent of_t e.gur%gsg of

bondi ng, FREHEAARATLERTRETE Tl T eH6F CdesM 2351735 b& ¥had ~SBeEPIEs
material s kX 1,CO r.: S il . i C ets,
exanpl es 8P8éﬁghéag%f§€§?Vo%?#%ﬁ%ﬁﬁﬁgégﬁrf%&f%%%ésgxﬁéﬁgﬁégégg; ?%an
mat eri al sg,PEaEkXhRY . MEEFLRLSNEPE; LpHotopbPPNEYE RY+Obn RO Ad . ¥ <f I Xi ng
parts in steps for assenbling various elec?rlcal apparatus, electronic
appar at usindbgpbausedantichhalkirkoiandtsusf agedpeet ack-hMeamabari al s, masking
materials, or the like used for preventing netal plates, plastic plates,

gl ass plates, or rhe héke-éxocandehhy rioetechbaraamgethe Theradpasiree sheet
is especially 24 15 APR 2003 suitable for use in electronic part

product i ofiopmedess sy riropngioduk sngssankk wrichirpagalyscesmtesgaseous

sem conductor chips and nultilayer capacitor chips. According to the

i nvent i on2n4| A¥EARAE PP’ shieatTNsiTYse ahéesidve RapbutagegoRrsePeited of a
conbi nation of specific conpgnents not_only the adhesive | ayer has

t acki nessCERBFFHLS adiibFeRFLICoSIPLASt anth? FRRLFS RARI BTHANY ase ot eps,
but al so cutting c be conduct,ed hi ghl reci se i t ho flingin an
adhest ve fasUEePSRIREFHE GHARSAS Sxnd™t HOST BTF AL e e han e

easily separated and.Lerayered. iramihe, adhesi ve sheel, Qanseaugnily, (he
operating efficiency and working efficrency in the Step’ of separatirng and

recoverinﬁxgmslegto@i§935 gégsbsneéeakhxs@gkgﬁﬁgge@2e3@3g§9¥_&h%é%EQ ci ency

of production of small or thin cut pieces suc ., sem conduct or

chi ps andyiu{tibhaner eapacitayacbi/Psncapibe gasgbhymbgenOVE§1yTb§nynventlOn
wi |l be explained belowin nore detail by reference to an anpl e, "but the
i nventi onasBenbd) notpdie; GAINSET UBM t@sabei NGdlivinsthyo hBenExagphec)n any
way. EXAMPLE 1 A hundred parts by weight of an acrylic copolymer (weight
aver age npbegHbaylwright 1500010001 n{0i dedef ERILEDBepAr bs1D¥UMELGRE ,Of

butyl acrylate and 5 parts by wei ght of 2-hydroxyethyl acrylate was m xed
wi th 30 pantissHiy lwkieght Tloé heedtegppandabkeeningursgsipies e saptbage odamred

"Mat sunmot o M crosphere F-50D', manufactured by Matsunoto Yushi- Sei yaku Co.,
Ltd.), 3 parts by weight of an isocyanate crosslinking 25

12



15 APR 2003 agent, 12 parts by wei ght of a hexafunctional 15. AP 1
phot opol yneri zabl e conpound, and 3 parts by wei ght of a photopol yneri zétpi @pl
initiator to prepare a liquid mxture. This liquid m xture was applied to
the corona-treated side of a polyester filmhaving a thickness of 100 ~.tm
and the coating was dried to forman acrylic pressure-sensitive adhesive
| ayer havi ng a thjckness of 45 dun. Thus, a ragi ation-curabl e heat - peel abl e

pr essur e- &M QR NRIRE SIS ShEMCWAS /0Bt Ji- ne G CCERPERAYRVECEXARBLRA1 The
oot ool yifer (<250 b ESFERURAL a P LTS gHAIAS yREETSR: | onAP nitties BFas: e

bt a1 ned. SETAHERT Tt BOAIE S TRE BLR8 BF oLasfl b Cater Al Bredecfas

S radt ot SHCb s b LSbEbEE, AT SRR el e ent A O R8T T

EVALUATI %%ﬁ;l’dnéga*ggﬂgg%{%éﬁh@gl ng, tri ckness of 25 ~.un (trade nane

"Lum | ar acture oray’ I'ndustries, Inc.) was press-bonded to

the pressure-sensifd \8,A0N8sipLe didfer gshdetef 8achnaf nthe- dabl
pressure-sensitive adhesive s?heetls (20 mMm wi ée) obt ai ned i ﬁx}txﬁg %xa‘rarpl e and

Conpar atiﬁ{fcﬁa%;sﬂ&ﬁés ihegend 5l1PIRERT Ve 8vafineprbeeriBiyPasbut
tackiness (N20 mm peel rate, 300 mimn; 230 .m“‘fhlgs t acki ngss

measur enenttonss B derbaf thie stthadboents, oAldiepdrsiadildtiyonswi thbalkagi ati on,
and after the 26 15 APR 2003 irradiation and a subsequent heat treatnent.
The irradiat ithimtfiilim Ffedhation, wase .coRduthedmioyaysiing cableai foeothed

hi ghpressure nercury lanp (46 mlJ/mn) to irradiate each test piece fromthe
pr essur e-lseastexpandathbsi vieishespharele Wwioh effiaventdy foediBesetbrds. The
heat treatnent was conducted in a 130C hot-air drying oven for 5 m nutes.
Furt her notackinrss 6ff the pressure-semsi tive adirsive layest sopbaaniad in the

Exanpl e and Conparati ve Exanples was applied to a sem conductor wafer
havi ng a 3 IRERFESEofend Liva afhethen thyaeviatadrfrtntaepiarat okhe

Sub tl t f i.ced with a di D651 f act db

D1 900) . AN OF TRAC A VR JE et T RIS 19 0RGo0R R SOVl
ined. ., T , 4 t t t__pi

er o i ol o S Shat b E R e I A S B e S e

by the pickids cthaddd adis@ldcqB 1Mt Bx8.£8d1 61 oflndDd(d he haat (Lpgat gent were

conduct ed under the sane conditions as in the above evaluation. The results

of the evaay| ong dfssOMuding h@eér@t&-ﬁai)&h%e'xﬂi@@@ggﬁérébewﬁléﬁm e and

Conpar ati ve Exanpl es, no adhesive residue was visually observed on the
pol yest erbi#4d tnaand chiysicppay alfedxbaagi bheopr assupeashasttexpandhagi ve
sheet after the heat treatnent.
agent which has not been microencapsulated, the area in which
the pressure-sensitive adhesive layer 2 is adherent to an
adherend cannot be sufficiently reduced and satisfactory
separability is difficult to obtain.

The amount of the heat-expandable microspheres to be
used varies depending on the kind thereof. However, the amount
thereof is generally 10 to 200 parts by weight, preferably about
20 to 125 parts by weight, per 100 parts by weight of the base

polymer constituting the radiation-curable heat-expandable

pressure-sensitive adhesive layer 2. If the amount of the

13



27 15 APR 2003 Tabl e Exanpl e 1Conparati veConparati veExam |l e lExanlthPRzma
2Tacki ness (N 20 mm Before treatnments2. 502. 602. 90Aft er

i rradi ati on0. 502. 200. 60After irradi ati onand heati n0. 000. 050. 70Adhesi ve

f 11 ngi ngNot Not occurredQCccurredoccurredChip

cracki ngNot Not occur redoccurredQccurred The Table shows the followi ng. In

the pressure sensitive adhesive sheet_ obtained in Exanple 1, the tackiness
of the pr’%’s%ﬁ?%p]%%ﬁﬁﬁﬁ/é"é‘aﬁé’sri \trEaPajy%rparFﬁtfegé(t Bry9hter iR & fG5n ot he
irradiation,with a radiation, whereby the pressure-sensitive adhesjve could
be preveri SH ¢ FES d"@lsﬁngt}tﬁf‘ﬁfhi?lgﬁteﬁg cUte3 M Eur FhéPors? Phe

Ki . b b heat . b h '
coul d be BIVERTRHHF ot HB RO P ERG e SeCRTBn P AR 2SR CoEhE

en m Cr acki rrn e Pl

e 5555407 AOELIR SRR 0 S QB L ARG, 1111

decrease n p adiatron a radration, t he
A LS LR e LUt S Heen
decrease {fe taGKLPLSBe 1.

Into the radiation-curable heat-expandable
pressure-sensitive adhesive layer 2 is incorporated a
radiation-polymerizable compound which has at least two
radiation-polymerizable carbon-carbon double bonds in the
molecule and cures by the action of a radiation to have a
three-dimensional network. A photopolymerization initiator
is further incorporated when ultravioclet irradiation is used
as a means for curing.

The radiation-polymerizable compound is preferably one
having a molecular weight of about 10,000 or lower. More
preferably, the radiation-polymerizable compound is one which
has a molecular weight of about 5,000 or lower and contains from
two or six radiation-polymerizable carbon-carbon double bonds
per molecule so that the pressure-sensitive adhesive layer can
be efficiently made to have a three-dimensional network through
irradiation with a radiation. Typical examples of such a
radiation-polymerizable compound include trimethylolpropane
triacrylate, tetramethylolmethane tetraacrylate,
pentaerythritol triacrylate, pentaerythritol tetraacrylate,

dipentaerythritol monohydroxypentaacrylate,

dipentaerythritol hexaacrylate, 1,4-butylene glycol

14



upon the irradiation with a radiation but underwent no further decreﬁﬁ PR@E3
t acki ness upon the subsequent heating, so that the chips cracked dur 3
chip pickup. 28 15 APR 2003 WHAT IS CLAIMED IS: 1. A process for

produci ng cut pieces which conprises placing a work to be cut on the
surface of the pressure-sensitive adhesive |ayer of a radiation-curable,

heat - peel abl e, ressure-gensitive,%ﬂheéive sheet which conErises a
subst r at Y IdHRed broFtexanrtiche SHaerYheFeor , 289 BELWPEPYELARBRL i ve

adhesi ve | ayer_ cqnt ai ni ng heat - expandabl e. m cr ospher es d a

Fadi at | orBDEFG Rl 3 EEY SR LB tHEN [T G PR beaiaT R . CEMEPYNGE
adhesi ve | a 3% with.a gadiation to ﬁgre %he ad egive | ayer, ggttin? t he

wor k inth?% 257583 eiRn?T v * heP Rt 15+ B8RP hg " YRe pr BE5Hr ENEERSF i ve
adhesi ve | ayer, d then separatin nd .recovering th ut_ pieces, fromthe
adhesi ve sh)éet . gfhel'r?é" Objrn gccggs%?%rlgap?fi oagzulco:enn_do Ogtﬁ‘fm e%lezc‘%’slc foﬁ]pﬁur?éjdtcfjn claim

L _wher iy, S3ib I SSSIPs 8 GSLLINE, 881 LRy 2 S8l ReLedh LE Y § gy gE puP

consi sti ng sed pressure-sensitiv Ives, Sillcone-based

pressure-sensiLive.20RE5LNES ARErBEbhEFEE RIS W Esaaisld | ¥8 adbgshyes. 3.

The process for producing cut pieces as clainmed in claiml, wherein said

heat - expaied} 6 He GRS e Bl A A PAH S © daaekeh ehragout 1
to 80 Vim 4. The process for producing cut piecés as clainmed in claim1,

wher ei n &} d rrabBigatiexpangdabl&diariesphemae Bicucohaireed i Nsantapoynt of

10 to 200 parts by weight per 100 parts by weight of a base pol yner

consti t utdegeiheneddicabirad ngutalbhe kirehtf the radiation-polymerizable
compound, expansion pressure of the heat-expandable
microspheres, desired adhesion of the cured pressure-sensitive
adhesive layer to an adherend, conditions for a cutting
operation, etc. However, the radiation-polymerizable
compound is added in an amount of generally about from 1 to 100
parts by weight, preferably about from 5 to 60 parts by weight,
per 100 parts by weight of the base polymer in the
pressure-sensitive adhesive layer 2. When the pressure-
sensitive adhesive layer 2 which has undergone irradiation with
a radiation has dynamicmoduli of elasticity of 5x10’ Pa or lower
and 1x10° Pa or higher respectively at the temperature at which
the heat-expandable microspheres begin to expand and at the
temperature at which a cutting operation is to be conducted,
then it is possible to attain both excellent workability in
cutting and excellent thermal peelability.

Examples of the photopolymerization initiator include

isopropyl benzoin ether, isobutyl benzoin ether, benzophenone,

Michler's ketone, chlorothioxanthone, dodecylthioxanthone,

15



expandabl e pressure-sensitive adhesive layer. 5. The process for pro?gﬁénﬂ
cut pieces as clained in claiml, wherein said radiation-polynerizaﬂl R 7003
conpound has a nol ecul ar wei ght of about 10,000 or |ower. 6. The process
for producing cut pieces as clained in claim11, wherein said

radi ati on-pol yneri zabl e conmpound is contained in an anount of 1 to 100

ts by ywei ght 100 parts by weight of a b | ituting th
Pad at i oo by EER 1 @2en BRRES ol 48 AR RS s G ¥kle. AHd: v o PRRTEE 20
. Al 9. AsFy Ae.ég Ag. A%I R Ae.A3e. AUYR AaYe. Asfe. MR Ale AYe A 2. AUR AAR AaY
R AUR A{ WAHR A5 ekrik A% AR eRE | BhSpYy- kqtone, “and
T |
oot o) SRSk ERL EBhER CALORAE) CTL P T rEbe’ CRbRRPPEABREESRA LAY ol o
| b N N
b)) ob o by ETtETED A SRR R E TS BB R R ERL o8 ictural el e

=t d( l)l%;é+§(+/\+j +z..& {vqgl gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c
a]J ca] c™a] ca caTcé] ca] ca] ca] ca] ca]ca]ca] ca]cal]c”a]lcalcalcalca! & (/?/Amaglll

[11111P0QD718111 1412222 33itAb #44¢H ﬁﬁ%it@féh%&%]ﬁ%%%ﬁai EE%EQ%EBJ:O&J gal ca] ca]
ajcajc

ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]calc ajcalca]calcalcalcalcal44-7/ 7777

====?CCCH h s KNOOPEEBARSS Thlavbhh wghgrdtbeabeg] eabmabca] eal sabaékgalaga] caj ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca! UUUUUW !\ -

\ ] S| a>bDbbbrgrb] ek hMod nbutt ¢ thiy} 227 gt Jors itk Hide tluainea] capsialaakca) cal ¢
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca!~
$bht | | Yzucher&of csmdlicfakbahe? a] palrd ey oagd gt} € akeahsdad takbaecallknakcal cal ¢
a] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

YDJIV2h9?KcHg [ prebxurersleesYltive] cedlved ted cabyefrcd capmadcajccdjaed cahcal cal ¢

a] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca! <OGIXM28DX<| wr mhc”Y] |
ca] ca] ca] ta$ehfta} enfcapegpcdirapeapaalcdletiay] cehfeegapésyediedptal cal ca
]calcalca]ca]calcalcalca fGM 10%m& () - 10%m& () - i _

T10%m8 ()1rrademkien-a@d 1 PeURR (YR ovAR (Jahfleerease in the adhesion

I - 10%&' ()-YE | 10%r& ()- | 0 () -1
ores: 100/§L él'ze g:re'slsou/rdfcre&s(gnsi'gi%gélg@h}egs(i(\)e sheet to cut pieces is too

small. Conversely, amounts thereof exceeding 5 parts by weight
are undesirable in that not only curing corresponding to such
a large initiator amount cannot be obtained, but also this
photopolymerization initiator partly remains adherent on the
back side of cut pieces. An amine compound such as
triethylamine, tetraethylpentamine; or dimethylaminoethanol
may be used as a photopolymerization accelerator according to
need in combination with the photopolymerization initiator.

The radiation-curable heat-expandable pressure-
sensitive adhesive layer 2 can be formed by an ordinary method.
For example, the adhesive layer can be formed by a method in
which a coating fluid comprising a pressure-sensitive adhesive,
heat-expandable microspheres, and a radiation-polymerizable

compound and optiocnally containing a photopolymerization

le
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1. Alternatively, use may be made of a method in which the
coating fluid is applied to an appropriate separator (e.g.,
release paper) to form a radiation-curable heat-expandable
pressure-sensitive adhesive layer 2 and this 1layer is
transferred to a substrate 1.

The thickness of the radiation-curable heat-expandable
pressure-sensitive adhesive layer 2 is, for example, 300 pum or
smaller (about 5 to 300 um), preferably about 10 to 150 um, from
the standpoints of preventing the adhesive layer from leaving
on the adherend an adhesive residue resulting from cchesive
failure after the foaming or expansion of the heat-expandable
microspheres, and of the particle diameter of the heat-
expandable microspheres, etc.

As the separator 3 can, for example, be used a substrate
comprising a plastic film, paper, or the like and having a
surface coated with a release agent represented by a silicone
resin, long-~chain-alkyl acrylate resin, fluororesin, or the
like or a substrate reduced in tackiness made of a nonpolar
polymer such as polyethylene or polypropylene. The separator
3 may be used as a provisional support i1in transferring the
radiation-curable heat-expandable pressure-sensitive
adhesive layer 2 or the like to the substrate 1 as described
above, or may be used as a protective material for protecting
the radiation-curable heat-expandable pressure-sensitive
adhesive layer 2 or the like until the adhesive sheet is

subjected to practical use. The separator 3 need not be always
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! 1Olnﬂ'o%éb()form the radiation-curable heat-expandable pressure-
sensitive adhesive layer 2 on one side of the substrate 1 and
further form, on the other side thereof, an ordinary
pressure-sensitive adhesive 1layer containing neither a
radiation-polymerizable compound nor heat-expandable
microspheres. Furthermore, an interlayer may be formed, for
example, between the substrate 1 and the radiation-curable
heat-expandable pressure-sensitive adhesive layer 2.

Fig. 2 is a diagrammatic sectional view showing another
embodiment of the radiation-curable heat-peelable pressure-
sensitive adhesive sheet of the invention. In this embodiment,
a radiation-curable heat-expandable pressure-sensitive
adhesive layer 2 has been formed on cne side of a substrate 1
and a separator 3 has been superposed thereon. Furthermore,
a pressure-sensitive adhesive layer 4 and a separator 3 have
been superposed on the other side of the substrate 1. This
pressure-sensitive adhesive sheet differs from the
pressure-sensitive adhesive sheet of Fig. 1 only in that the
pressure-sensitive adhesive layer 4 and a separator 3 have been
disposed on that side of the substrate 1 which is oppeosite to
the side where the radiation-curable heat-expandable
pressure-sensitive adhesive layer 2 has been formed.

The pressure-sensitive adhesive layer 4 comprises a

18



. oy L oy L o o (1 0 o () _ —
igizléoo/(z@}(())zif}:)ﬁgfy&' !(;EI.O;{%Z%O( ?I_o;l! 10% & ()-1&YZ10% & () _?CCCCCCDH(‘J:SAPR 2003
109 ()-s!10%& ()-!10%& ()-D+@ 11111 J{\=5! 1s!10%& ()-I "110%& ()- 10@
10@ 10@ 109%@&' ()-! Ys! 10%@a& () - 3(! Ys! 10%@a& () - 3( JKNOOOOOP} r g\ =5!
1(Ym0%& ()- 10z 10z 10z;

0% ()-8 109828, () @R 10%E ) @ SI100 ()1 BUOSGRSTazgL el
sensitive adhesive substance can be used the same pressure-
sensitive adhesive substances (pressure-sensitive adhesives)
as in the radiation-curable heat-expandable pressure-
sensitive adhesive layer 2 described above. Appropriate
additives may be incorporated into this pressure-sensitive
adhesive layer 4 according to need. Examples of such additives
include crosslinking agents (e.g., isocyanate crosslinking
agents and epoxy crosslinking agents), tackifiers (e.g., rosin
derivative resins, polyterpene resins, petroleum resins, and
oil-soluble phenolic resins), plasticizers, fillers,
antioxidants, and surfactants. However, in the case where
ultraviolet is wused as the radiation for curing the
pressure-sensitive adhesive layer 2, it is undesirable to use
or add a substance which considerably inhibits the
polymerization initiation reaction of the photoreaction
initiator tobe incorporated in the pressure-sensitive adhesive
layer 2,

The thickness of the pressure-sensitive adhesive layer
4 can be selected in such a range as not to impair operating
efficiency and the like in application to an adherend, cutting
of the adherend, separation and recovery of cut pieces, etc.
In general, however, the thickness thereof is about 5 to 50 pm.
The pressure-sensitive adhesive layer 4 can be formed by the
same method as for the radiation-curable heat-expandable

pressure-sensitive adhesive laver 2 described above. As each

separator 3 can be used the same one as the separator 3 disposed
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on the radiation-curable heat-expandable pressure-sensitive
adhesive layer 2. Such a pressure-sensitive adhesive sheet can
be used in the state of being fixed to the surface of a pedestal
by utilizing the pressure-sensitive adhesive layer 4.

Fig. 3 is a diagrammatic view showing steps of one
embodiment of the process of the invention for producing cut
pieces. More specifically, Fig. 3 illustrates, by means of
sectional views, a series of steps comprising: press-bonding
a work to be cut (adherend) 5 to the surface of the
radiation-curable heat-expandable pressure-sensitive
adhesive layer 2 of the radiation-curable heat-peelable
pressure~sensitive adhesive sheet shown in Fig. 1 (from which
the separator 3 has been removed); irradiating the
radiation-curable heat-expandable pressure-sensitive
adhesive layer 2 with a radiation 6 to cure the pressure-
sensitive adhesive layer 2; cutting the adherend along cutting
lines 7 into a given size to form cut pieces; subsequently
conducting a heat treatment to expand or foam the heat-
expandable microspheres contained in the pressure-sensitive
adhesive layer; and then separating and recovering the cut
pieces 8 from the sheet. In Fig. 3, numeral 1 denotes a
substrate, 2a a pressure-sensitive adhesive layer which has
cured through irradiation with a radiation, and 2b a
pressure-sensitive adhesive layer which has been thermally
expanded after the irradiation with a radiation.

The press-bonding of the adherend 5 to the

radiation-curable heat-expandable pressure-sensitive
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pressure-sensitive adhesive sheet can be accomplished, for
example, using an appropriate pressing means such as a rubber
roller, laminating roll, or pressing apparatus to press the
adherend against the pressure-sensitive adhesive layer. Prior
to this press-bonding, the pressure-sensitive adhesive
substance may be activated if desired by heating at a
temperature in a range where the heat-expandable microspheres
do not expand or by applying water or an organic solvent,
according to the type of the pressure-sensitive adhesive
substance.

As the radiation can be used ultraviolet, electron
beams, or the like. The irradiation with a radiation can be
conducted by an appropriate method. However, when the
pressure-sensitive adhesive layer is irradiated with
ultraviolet, there are cases where the heat-expandable
microspheres begin to expand due to the heat of irradiation.

It is therefore desirable in ultraviolet irradiation to keep
the pressure-sensitive adhesive layer at a temperature at which
the heat-expandable microspheres do not begin to expand. This
can be accomplished, for example, by minimizing the irradiation
time or by air-cooling the radiation-curable heat-peelable
pressure-sensitive adhesive sheet to which an adherend has been
bonded.

The tackiness of the pressure-sensitive adhesive layer
2a which has cured through irradiation with a radiation can be

suitably selected in such a range that the pressure-sensitive
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cutting operation and that the ability to fix the adherend 5
is not impaired. The tackiness thereof is generally about 0.1
to 10 N/20 mm, preferably about 0.3 to 2 N/20 mm (as measured
by the same method as in the evaluation test which will be
described later). The tackiness can be regulated by suitably
selecting the kind and amount of the pressure-sensitive
adhesive to be incorporated into the radiation-curable
heat-expandable pressure-sensitive adhesive layer 2, kind and
amount of the radiation-polymerizable compound, kind and amount
of the photopolymerization initiator, irradiation dose, etc.
This tackiness can be further reduced or lost by expanding the
heat-expandable microspheres by a heat treatment after cutting
operation.

The cutting of the adherend 5 can be conducted by an
ordinary cutting means, e.g., dicing. Conditions for the heat
treatment can be suitably fixed according to the surface state
and heat resistance of the adherend 5 (or cut pieces B), kind
of the heat-expandable microspheres, heat resistance of the
pressure-sensitive adhesive sheet, heat capacity of the
adherend (cut pieces), etc. However, general conditions
include a temperature of 350°C or lower and a treatment time
of 30 minutes or shorter, and especially preferably include a
temperature of 100 to 200°C and a treatment time of about from
1 second to 15 minutes. Usable techniques for heating include

hot-air heating, contact with a hot plate, infrared heating,

and the like. However, any heating technique may be used
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(10@©&T()&§Qgéﬁi? g?tfghlérlfgﬁ%gg£ions as long as it evenly foams or
expands the cured pressure-sensitive adhesive layer 2a and
neither fouls nor damages the adherend 5.

In the case where the substrate 1 of the pressure-
sensitive adhesive sheet is a stretchable substrate, a
stretching treatment can be conducted, for example, by using
a stretching means ordinarily used for two-dimensionally
stretching sheets.

Since the radiation-curable heat-peelable pressure-
sensitive adhesive sheet of the invention has the pressure-
sensitive adhesive layer 2 containing a pressure-sensitive
adhesive substance (pressure-sensitive adhesive), the
adherend 5 can be tenaciously held thereon by tackiness, so that
the adherend 5 does not separate from the pressure-sensitive
adhesive sheet even when the sheet wvibrates during
transportation. Furthermore, since the pressure-sensitive
adhesive layer 2 is moderately cured by irradiation with a
radiation before a cutting step, the adherend can be cut into
a given size in the cutting step while preventing the
pressure-sensitive adhesive layer from being flung up by the
cutting blade and while preventing the pressure-sensitive
adhesive from deforming to cause chipping etc. Moreover, since
the pressure-sensitive adhesive layer 2 contains heat-
expandable microspheres and has thermal expansibility, the
heat-expandable microspheres are promptly foamed or expanded

by a heat treatment after the cutting step and the

pressure-sensitive adhesive layer thus changes in volume to
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form a three-dimensional structure with a rough surface.
Consequently, the area in which the adhesive layer is adherent
to the resultant cut pieces B decreases considerably, and the
adhesive strength hence is considerably reduced or lost. Thus,
a considerable decrease or elimination of adhesive strength is
attained through the curing of the pressure-sensitive adhesive
layer by irradiation with a radiation and through the heat
treatment. As a result, the operating efficiency and working
efficiency in the step of cutting the adherend 5 and in the step
of separating and recovering the cut pieces B8 are greatly
improved, and the production efficiency also can be greatly
improved.

Although the radiation-curable heat-peelable
pressure-sensitive adhesive sheet of the invention may be used
in applications in which an adherend is permanently bonded, it
is suitable for use in applications in which an adherend is
bonded for a given period and, after accomplishment of the
purpose of bonding, the bonded state is required or desired to
be ended. Besides materials for fixing semiconductor wafers
or multilayered ceramic sheets, examples of such applications
include carrier tapes, temporarily fixing materials, or fixing
materials for, e.g., conveying or temporarily fixing parts in
steps for assembling various electrical apparatus, electronic
apparatus, displays, and the like and surface protective
materials, masking materials, or the like used for preventing
metal plates, plastic plates, glass plates, or the like from

being fouled or damaged. The adhesive sheet is especially
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suitable for use in electronic part production processes for
producing small or thin parts such as semiconductor chips and
multilayer capacitor chips.

According to the invention, since the pressure-
sensitive adhesive layer is constituted of a combination of
specific components, not only the adhesive layer has tackiness
enabling adherends to withstand transportation and other steps,
but also cutting can be conducted highly precisely without
flinging up an adhesive waste or causing chipping and the
resultant cut pieces can be easily separated and recovered from
the adhesive sheet. Consequently, the operating efficiency
and working efficiency in the step of separating and recovering
the cut pieces can be greatly heightened, whereby the efficiency
of production of small or thin cut pieces such as, e.g.,
semiconductor chips and multilayer capacitor chips can be
greatly improved.

The invention will be explained below in more detail
by reference to an Example, but the invention should not be
construed as being limited to the Example in any way.

EXAMPLE 1

A hundred parts by weight of an acrylic copolymer
(weight average molecular weight, 500,000) formed from 100
parts by weight of butyl acrylate and 5 parts by weight of
2-hydroxyethyl acrylate was mixed with 30 parts by weight of
heat-expandable microspheres (trade name "Matsumoto
Microsphere F-50D", manufactured by Matsumoto Yushi-Seiyaku

Co., Ltd.), 3 parts by weight of an isocyanate crosslinking
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agent, 12 parts by weight of a hexafunctional
photopolymerizable compound, and 3 parts by weight of a
photopolymerization initiator to prepare a liquid mixture.
This liquid mixture was applied to the corona-treated side of
a polyester film having a thickness of 100 pm, and the coating
was dried to form an acrylic pressure-sensitive adhesive layer
having a thickness of 45 pm. Thus, a radiation-curable
heat-peelable pressure-sensitive adhesive sheet was obtained.
COMPARATIVE EXAMPLE 1

The same procedure as in Example 1 was conducted, except
that the photopolymerizable compound and the
photopolymerization initiator were omitted. Thus, a heat-
peelable pressure-sensitive adhesive sheet was obtained.

COMPARATIVE EXAMPIE 2

The same procedure as in Example 1 was conducted, except
that the heat-expandable microspheres were omitted. Thus, a
radiation-curable pressure-sensitive adhesive sheet was
obtained.

EVALUATION TEST

A polyester film having a thickness of 25 uym (trade name
"Lumilar S$10", manufactured by Toray Industries, Inc.) was
press-bonded to the pressure-sensitive adhesive layer side of
each of the pressure-sensitive adhesive sheets (20 mm wide)
obtained in the Example and Comparative Examples. These test
pieces were examined for 180° peel tackiness (N/20mm; peel rate,
300 mm/min; 23°C). This tackiness measurement was made before

treatments, after irradiation with a radiation, and after the
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irradiation and a subsequent heat treatment. The irradiation
with a radiation was conducted by using an air-coocled high-
pressure mercury lamp (46 mJ/min) to irradiate each test piece
from the pressure-sensitive adhesive sheet side with
ultraviolet for 10 seconds. The heat treatment was conducted
in a 130°C hot-air drying oven for 5 minutes.

Furthermore, each of the pressure-sensitive adhesive
sheets obtained in the Example and Comparative Examples was
applied to a semiconductor wafer having a thickness of 50 um
and then irradiated with a radiation. Subsequently, the wafer
was diced with a dicer (DFD651, manufactured by DISCO), and
whether or not an adhesive waste was flung up was visually
examined. Thereafter, a heat treatment was conducted, and the
cut pieces were picked up and visually examined for the
occurrence of cracking caused by the pickup. The irradiation
with a radiation and the heat treatment were conducted under
the same conditions as in the above evaluation.

The results of the evaluations are shown in the Table
below. 1In each of the Example and Comparative Examples, no
adhesive residue was visually observed on the polyester film
and chips separated from the pressure-sensitive adhesive sheet

after the heat treatment.
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Table
Example 1 Comparative |Comparative
Example 1 Example 2
Tackiness (N/20 mm)
Before treatments 2.50 2.60 2.40
After irradiation 0.50 2.20 0.60
After irradiation
and heating 0.00 0.05 0.70
Adhesive flinging Not Not
occurred Occurred occurred
Chip cracking Not Not
occurred occurred Occurred
The Table shows the following. In the pressure-

sensitive adhesive sheet obtained in Example 1, the tackiness
of the pressure-sensitive adhesive layer moderately decreased
upon the irradiation with a radiation, whereby the
pressure-sensitive adhesive could be prevented from being flung
up during the cutting. Furthermore, the tackiness was lost by
the subsequent heat treatment, whereby the chips could be
prevented from cracking during the pickup. In contrast, the
pressure-sensitive adhesive sheet of Comparative Example 1
underwent little decrease in tackiness upon the irradiation
with a radiation, so that the pressure-sensitive adhesive was
flung up during the cutting. The pressure-sensitive adhesive
sheet of Comparative Example 2 underwent a decrease in tackiness
upon the irradiation with a radiation but underwent no further
decrease in tackiness upon the subsequent heating, so that the

chips cracked during the chip pickup.
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formed on at least one side thereof, a pressure-sensitive adhesive layer containing
heat-expandable microspheres and a radiation-polymerizable compound, irradiating the
pressure-sensitive adhesive layer with a radiation to cure the adhesive layer, cutting the
work into pieces, subsequently thermally foaming the pressure-sensitive adhesive layer,
and then separating and recovering the cut pieces from the adhesive sheet.

2. The process for producing cut pieces as claimed in claim 1, wherein said
pressure-sensitive adhesive is selected from the group consisting of rubber-based
pressure-sensitive adhesives, silicone-based pressure-sensitive adhesives and acrylic
pressure-sensitive adhesives.

3. The process for producing cut pieces as claimed in claim 1, wherein said
heat-expandable microspheres have an average particle diameter of about 1 to 80 um.

4, The process for producing cut pieces as claimed in claim 1, wherein said
heat-expandable microspheres are contained in an amount of 10 to 200 parts by weight
per 100 parts by weight of a base polymer constituting the radiation-curable, heat-
expandable pressure-sensitive adhesive layer.

5. The process for producing cut pieces as claimed in claim 1, wherein said
radiation-polymerizable compound has a molecular weight of about 10,000 or lower.

6. The process for producing cut pieces as claimed in claim 1, wherein said
radiation-polymerizable compound is contained in an amount of 1 to 100 parts by

weight per 100 parts by weight of a base polymer constituting the radiation-curable,

heat-expandable pressure-sensitive adhesive layer.
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