re3e" A<<=?] ?@@" A" g- 13 MAY 2003 REMOVABLE PRESSURE- SENSI TI VE AF@EBLXE
SHEET FI ELD OF THE I NVENTI ON The present invention relates to a 13
pressure sensitive adhesive sheet reduced in fouling which is suitable for
use in the production of finely processed parts such as various industri al
menbers, e.g., sem conductors, circuits, various printed wiring boards,
vari ous masks, and | ead frames. DESCRI PTI ON OF THE RELATED ART A

seni conduct or i nireeFed FCIPREWISURES sENGaITIVED POBESEFED Y HEENCI N a _
hi gh-purity silicon single crystal or the like to obtain a wafer, formng
given circuit patterns such as integrated circuits on a surface of the
waf er by etching, subsequently grinding the back side of this wafer with a
grinder to reduce the thickhEsED opF t Tiet watfterNToombout 100 to 600 um and
finally dicing the wafer to formchips . In conducting the grinding, a
pr essur e- sensiThiev pradleadi vaventeon sedptlisedot a treaciviabie prdssofret-he waf er
so as to prevent wafer breakage or facilitate the grinding. In conducting
t he di ci mgnsd tdvessdhessvassheve athasmd/ensfiest ing wlppth eics tswitdedlligack si de
of the wafer to dice the wafer adhesively fixed to the sheet. After the
di ci ng, €& sisepsd o dheepracdchdone@iuf inielly paegiess et mntise stidhmasubst rat e
si de, subsequently picked_up, and then fixed to die pads. _ ,
Pr essur e V@EASIS &@é&ﬁé&?&e”@ﬁ@@t@ 'f & Juge SEHH AOREVE tRFEpoSeE A Srequi r ed
to have such a degre 8f.tacki ess as not.to peel off guriqgf%rinding or
di ci ng Yﬁé&@uﬁggéﬁgﬁ wiring boards, various masks, and lea ames.
DESCRIPTION QF THE REIATED ART
A semiconductor integrated circuit is usually produced by
slicing a high-purity silicon single crystal or the like to
obtain a wafer, forming given circuit patterns such as
integrated circuits on a surface of the wafer by etching,
subsequently grinding the back side of this wafer with a grinder
to reduce the thickness of the wafer to about 100 to 600 um,
and finally dicing the wafer to form chips. In conducting the
grinding, a pressure-sensitive adhesive sheet is applied to the
front side of the wafer so as to prevent wafer breakage or
facilitate the grinding. In conductaing the dicing, a
pressure-sensitive adhesive sheet 1s applied to the back side
of the wafer to dice the wafer adhesively fixed to the sheet.
After the dicing, the chips formed are pushed up with needles
from the film substrate side, subsequently picked up, and then
fixed to die pads.
Pressure-sensitive adhesive sheets for use for these

purposes are requlred to have such a degree of tackiness as not

to peel off during grindaing or dicing. These pressure-
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13 MAY 2003 sensitive adhesive sheets are sinultaneously required f@ Maﬁ@
such a | ow degree of tackiness as to be capable of being easily pee H f %1
t he sem conductor wafers w thout breaking themwhen the wafers are picked
up after the grinding or dicing. In addition, the pressure-sensitive
adhesive sheets are desired to | eave no adhesive residue on the front or
bdck side of the wafers so as not to foul the surfaces of the wafers.

Recently,sdhef €118 RHdARE LAMRED JFaNBLAlN I RASR, fi@é;f&i@ﬂ%slsaogduct i on
in sem conductor wafers, and the step of etching tHe wafer back side with

an aci d isu€QH Newl GedbeadH thoRahb¥scondurhad-ap et dheseng ££40BYances,
it has beconme difficult for those pressure-sensitive adhesivé sheets to
retain a padBaE € rafDiige GahiedsdREeperid 8sré RatbdiuRdo¥eh Bl ng aiest ANes during
processing, the property of not causing wafer breakage during processing or
upon sheeth&endfats aeédphiekbdt apcafdwr rnhaadshretialy ngr desbdnNgbi | Thy, and
nonfoul i ng properties. Furthernore, in view of the recent situation in

whi ch senadditliset prtheaghages: raf- sehe i1t es tihetsive ahdetenaeandasi ned
packages having a structure in which the area of the die pad is smaller

t han t he thileawre rcordhgstivebeeshdrneasn nghy fised;, dun baak bécdenefnbhe

i nportant for the pressure-sensitive adhesive sheets to be reduced in wafer
back si dewdbers ngeids et dieifrpbtdye sviateert ¢b thparafehe. adhesi on of

t he back side of the sem conductor wafer to the package, because in those
packages the bRRRKERFHE ofPRIR Ichidp trenph tawpaet désheser hrERepAg 2nd

| at ] ' different fr. ti onal kages. _. 13 MY 2003
{ The pr eSaUPEISER ST FTVE Hiihdd] ETSREBEL TG 184S s Eh o GHAUEESP Baf er

processin jch attracting at tion recently ar
bt essur e Sariatio, B8 aTzE e 40 hEh S ATERI Y Brdns e bee.

Pressur e sgReLLLE1 AINEshuG-BDACt SuAAMEY ARG .M auhalaAt e anaa

radi ati on-cura ssure-sensitive adhesive |ayer on one side

thereof . 5haGRe tdi &N @L rPERSSUSRNRId eh AdNRA] Uenehedle LRekbtS
ordinary state has high tackiness, "application thereof to the back or front

side of atryef&tadh eHANGhd aakngess ribuehpergblesckhenplaasHyewseasi tive
adhesi ve sheet to withstand the water pressure used for grinding or dicing.
Sat i sf act peyiactatice esirdtnanceoad soi c@an the pxpeet ed off not exargilrey wabhen t he
pressure-sensitive adhesive has a suitably selected conposition. After the
processi ngredhaypr eipume sproceissengdhesi wesheethdes | readivatled actd a
radiation, e,g. , light, to cure the pressure-sensitive adhesive |ayer,
wher eby thesStabkPARsIIBING st edshiadsefsmrivpbladitysi #adl agefouling
significantly decreases. As a result, satisfactory renpvability and the
property BFCRBFttatisi FP Midrd M Wiceakdyd 1&7e OdbthrPnE8CeThi S1EYpELER 10
pressure-sensjtive adhesive sheet further has. an vant age that the curing
i s ef f ect TWeCAI sTTHEYBLAT i hg RISl fg;at RS ai‘ggr ysgggﬁhﬁeco%gr ni ng

waf er nonf | I rties. ver. the radiation-cu e

b essur o- Sank PPrEE0EEE ko d R BE hng' A S A A TaHF B Srhs 2782 PFong
odor upon rd i i Latd i éggg he
wor ker ungf%?;%%ﬁ%a% %lblyé%gg%rg?r%n%@{s?f%%éecfromt?ﬁ%e gm’l‘?g%ﬁ ! 003

st andpoi nts8f, healHy aBdohyah8Rs. inpdaugh Ay shpr gsaysgsensihiyeiadhesi ve
sheet is far superior to other pressuresensitive adhesive sheetsin

waf er - nonad@nks ge Rt d iteshd iduipyal vatdera st sh Heaf @uTasgs nvieee t he
pressure-sensitive adhesive sheet | eaves an adhesive residue on the order
of m crondbeisgbstep o asnnoaseowepai £ otthé Ngihiess o tdie thac baskde1de a

waf er whi ch has undergone dicing, it is causative of undesirable separation
bet ween th€ thepsbackosiidetandwafieentapstaphaljagesi henhvncaisetrheosrduct or

package is subjected to reflow solderin
packages the back side of the chip 1s in direct contact waith

the encapsulating resin as different from conventional

packages.
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Nanely, there has been a problemthat the long-termreliability of

sem conductor integrated circuits is inpaired. SUMVARY OF THE | NVENBIMAK BFe
i nvention has been achieved in view of these circunstances. Accordingly, an
object of the invention is to provide a renovabl e pressure-sensitive
adhesi ve sheet which, when used for fixing adherends thereto in work
processing or the |like, has such a degree of tackiness as not to peel off

the adher endsyggd mgghr@ié&asib&wéﬂd}pégf@ isingg}%%est%ﬂ i kg Cap be

easily renoved Tromthe adherends w thout fou m In particular, the

obj ect | sehPcBhAYLESra WAV aRLE-REESAY SrsiS] hirke Rddbheshyeraheehgwhi ch,
when used as , a. g, , a radiation-curable pressure-sensitive adﬁe5|ve
sheet foat8eAtcONIHEESH t YT £Fe Pratas s g elidiSt N dracki e sheditlsl BE
processing such as grinding or dicing to facilitate the processing and,
af t er t hehereedisstingh-@armtie: tgge easel y prramiaid-esed dirtigh aguesageby
irradiation with a radi ation, w thout causing wafer breakage, 4 13 MNAY
2003 et cshéatshepmprésinhi & [fdss e serstid | aed adhesidie tsheetumebibher emts
a strong odor upon curing nor |eaves a fouling adhesive residue on the
order ofpnessovneosesabliiveordhesiparksyan dormeders ¢se rmideosbiebebifty t hat
the chip back side/ encapsul ating resin separation attributable to such
waf er baBkneegdehisuking Afghressvue-spasativeupthefivat ehepfelin 1ts
i nvestigations to achieve the object, it has been found that_ when a
pr essur eP58hBRFY et aBR RS & ighe R ChANERShadPR! bFREsaP et RFRTE itFe thGhesi ve
| ayer conprjsing a base polynmer having a. low content of |ow nolecul ar
ol yrrer | EACh b REANE S A5 8 SRieae BT Ap SR E SO L166 SO0t G SPORAFS, s used,
then the_pressure-sensitive adhesive.|ayer does nat _.cause, organi ¢ _fouling
of articrhe PREREITS TP RAS Deen POTAIC(RATST T hr SO SERCares
adhesi ve wh S f - i.conductiar,.waf er i i 1ghl y

B e I A A
attributabbestQnsdchyprganise foul idigbedhas ) NNt | @RaHBSDegm&GPMRIe! ed
based on this finding. The invention provides a renovable

pressur epgeBshitbveepdhesivee sh@edsivie Ch He@NPrhSessid HISssUr ex3entl ve
adhesive | ayer conprising a polyner in which the content of | ow nol ecul ar

conponentsmpa¥iigos . noh€eerarcheei whd cod s 0P, oehboweesistir&dsechyiweight or
| ower. The polynmer constituting the pressure-sensitive adhesive nmay be an
acryli c pdhgrevecbteeéned byrpdipired wi by omeddrmtione evgonerisghitn ltioqui d or
supercritical carbon dioxide. The polyner constituting the
pr essur ec8efsi the e RIHFSIINAe af\F 1dliste 5adhegivRY DBYST be HieraiTY | itbepol yner
obt ai ned by pol yneri zing one or nore nononers in an agueous di spersion
system b6RCkKu)eBE an®hcryFi® pABARTIRHISE W1 solat IS 5ol ye¥eFi ng one
or nore nopnoners i@ an organi c sol vent such as, e O tolggn%. Ihe
removabl 8 BPEESGRBELENSIITRE R fiTesi ve Sfieet® caheBBl fised Sad1gTactory
pressure; sensLil Yo gdesive SPESL L9t SREL QNS QL. valer, PIiocessi,ng.
obtained. This type of pressure-sensitive adhesive sheet
further has an advantage that the curing is effective also in
obtaining relatively satisfactory results concerning wafer-
nonfouling properties.
However, the radiation-curable pressure-sensitive
adhesive sheet has a drawback that 1t emits a strong odor upon
curing by light irradiation and this odor not only makes the

worker unpleasant but 1s by no means desirable from the

LJ



DETAI LED DESCRI PTI ON OF THE | NVENTI ON The pressure-sensitive adhESig$M®PZW3
can be used for constituting the pressure-sensitive adhesive |ayer
renovabl e pressure-sensitive adhesive sheet of the invention can be any
conventional pressure-sensitive adhesives for use in pressure-sensitive
adhesi ve sheets. O those, acrylic pressure-sensitive adhesives conprising
ah acrylic polyner as the base pol yner (basic conponent of the

pressur e-seNfhdd Mot agherbieihanfdPheiglcakl.e. AD@@RLES ofi MR s-dised as
raw materials for the acrylic polynmer include al kyll (neth) acrylates such
as Cl_18 sdkyitesd elchdi wddHSErVd | oG be ik , tdTRitHdr asFyd Alws- et hyl
acrylate, propyl acrylate, butyl acrylate, 2-ethylhexyl acrylate, octyl
acryl at e, sdnd ytivetlnesyatshedt £t Ryhdbxyd ndref hsicrmy pirepegiflcecifier

nmet hacryl ate. These al kyl (nmeth)acrylates can be used alone or in

conbi nat i emadal worlofrarostel I heswofcadds dehant s otlpn 3ofdd ®1 - dtses idnievedr nor e
of these alkyl (nmeth)acrylates as the main nononer in conbination wth one
or nore cidicesiromeirers ooty Apradiads eve Mesédireen Thpi walerrdmplaonf t he
copol yneri zabl e nononers incl ude 13 MAY 2003 car boxyl - cont ai ni ng

et hyl eni caf | Subwiszaair-at €8 ApAsnehere Uk bsng e IPrachyl Peckcsdide cpBHtani ¢
acid, itaconic acid, malefic acid, and fumaric acid. An especially

pr ef er r ed"¥oRB B CRARTUPABEEORS HGIY o1 Eélsdca‘S%%W%%Pgd%(We%?o?ﬂ%%l ng

et hyl eni cal | y unsat ur at ed NONEr sar e necessar redlents for enabling
t he pol yn%fFP Ba‘Fﬁa‘?i?egéFéi??P' ChAP?lf‘ ﬁé % Ff‘&’ﬁl‘%aﬁﬁﬁﬁnﬁ%l? hat can

further used are a g vari Qus nmononer s di f nonomers for
hervite e lhniidnotot il R T te qﬁa%a.%y@%f%mrs
Lnciude ViidoRS! eher 2t Bse Wl BEEhaLE: Sy %ﬁg_ttggﬁ AOIRL S Apch as

styrene, cyano-contal nin s such as acry onltrl

acryl ani d&fa@@lnfa&ha&c@ar W&é@ec@%if@iiﬁ’s@%é heheofred e amount of these
copol yneri zabl e nononers is preferably up to 50% by wei ght based on the
total anmount of all nononeg gdpentrgipl Aekuairrgnt he nmai n nononer, from

t he standpoint of adhesive performance. A polynerization reaction can be
conducted w t hriide iavérafican haist | Béeh Wilthew@Loposesetvo geneftadsca free
radical. Any of the initiations for use in radical polynerization can be
used. Especrabthytamcdéde case where polynerization is conducted at a
tenperature of from40 to 100C, various organi c peroxides and azo conpounds
can be used asAeeerdingdy ataor @bject of the invention 1s to provide a

removable pressure-sensitive adhesive sheet which, when used
for fixing adherends thereto in work processing or the like,
has such a degree of tackiness as not to peel off the adherends
and which, after the work processing or the like, can be easily
removed from the adherends without fouling them. Inparticular,
the object is to provide a removable pressure-sensitive
adhesive sheet which, when used as, e.g., a radiation-curable
pressure-sensitive adhesive sheet for semiconductor wafer
processing, has high tackiness during processing such as
grinding or dicing to facilitate the processing and, after the
processing, can be made easily removable, through curing by

irradiation with a radiation, without causing wafer breakage,



Exanpl es thereof Include organic peroxides such as di benzoyl per OX{dﬁ@ﬂY 3
di-tert-butyl peroxide, cunene hydroperoxide, and |auryl peroxide ag@
conmpounds such as 2,2' azobislsobutyronltrile and azobi si soval eronitrile.
In the 7 13 MAY 2003 case where polynerization is conducted at a
tenperature of from20 to 40C, a binary initiator (redox initiator) may be
used. Exanpl es thereof include a binary system conposed of dibenzoyl
per oxi de caid di iRt ydARbleNe.thike pRbd st Or sORYi PEvaSadhRida ALY
ordinarily used in the polynerization of the acrylic nononmers shown above.
For exanpleg tHdie etiiént khebael ousrgapenakbliyingonbr01e06stH ZRWatd s by
wei ght, preferably about 0.1 to 5 parts by weight, per 100 parts by wei ght
of the nedMeEerise Aresimpost ant theatduderofof haichgaNbirosueEiddes i n Irhat a
polymer In which the content of |ow nol ecul ar conponents having a nol ecul ar
wei ght ofpak@(,cul@d or thewer is 1 bypswebght. tgr tloaer dhse usktlpasddie base
pol ymer constituting the pressure-sensitive adhesive. Such a polynmer can be
obt ai ned,s ifder/ eexcaupsiud a tiynpoky ierdepanp tiomoatis ibp thbdei b suchupeferi ti cal
carbon dioxide as a diluent. The content of the |ow nol ecular conponents in
a pol ymekas#n sided fcariinedrigh tgetcptt meat i on chr omat ography (GPC) . The
carbon di oxide as a diluent may be used in an anount of , for exanple, 5 to
2 , 000 parts#sy awdisgtlt Rfef et St ¥hott Vet B N Hakt S PSS gHte per
| 00 parts by weight of all nongner .ingredients. The polynerization is
conduct e®3I®<Ear bbh giaéxi “regﬁ}lﬁfie F adhel RavRr %‘Xlé%ﬁﬁ%sb‘?“{ea . g .
, about 5 73.10 40 a, .a tenperature of, e.qg., about 20 to 100C for
usual |y 5'6%&511’(? ﬁgl?resl\{?wji:ﬁggjprgggsﬁr%rgﬁaufgﬁﬁg?ifgf’gef%&h?%:'ev%o]t%?i zation
may be st i : i . d, T f =car bc i QX4 as a
i uent o A R BRI 0™ B T s T R EER 25 5.
vi scosi t y, I RUGRO WL kRS Y BRI RS HORoARe LIy ,Evé,ighltuéfﬂﬂo@f@@@,tof 0
i nprove the“efficiency of stirring, but also inhibifs radical chain
transfer.; Breausaifdda | Rinen anbBighe d®hLELL SR s PRI YERIGHSS iR ahped akdgh has a
| ower content of | ow nol ecul ar conponents than conventional polyners
synt hesi zed WaddsOrgayd Sataenisg Eonseguendsy, NpmalSy Noi 1SUeds abdoh yner as
an adhesi ve base

found that this pressure-sensitive adhesive sheet, when used

for semiconductor wafer processing, 1s highly effective 1in
inhibiting the chip/encapsulating resin separation
attributable to such organic fouling. The invention has been
completed based on this finding.

The invention provides a removable pressure-sensitive
adhesive sheet which comprises a pressure-sensitive adhesive
layer comprising a polymer in which the content of low-molecular
components having a molecular weight of 10° or lower 1s 10% by
weight or lower.

The polymer constituting the pressure-sensitive adhesive
may be an acrylic polymer obtained by polymerizing one or more
monomers 1n ligquid or supercritical carbon dioxide. The

polymer constituting the pressure-sensitive adhesive may also



pol ymer, a pressure-sensitive adhesive can be obtained which is excellent
in both cohesive force and adhesive strength and is reduced |In the fpMAY 7063
of adherends. Although carbon dioxide alone is usually sufficient as a
diluent, it may contain a small anount of an organic solvent for the
purpose of mscibility inprovenent, etc. according to need. The polymer in
whi ch the content of | ow nol ecul ar conponents having a nol ecul ar wei ght of
100, 000 @k loWeicrysl kD pdiyymet Wbt HIndOVISYy F8IyvREr 01 A Nefeabsombiteough t he
sol ution polynerization of one or nore nononers in an organi c sol vent,

e.g., tohdenmeds ehhyn arpricAisediapedsibhuens tahiprort haypes Hre biczgilien

condi tions including the kind and anount of an initiator, polynerization

t enper at piod ymardolpth yed itkRasbontpeni-pdlgnhersuihgline selmetethoaemerd ng to
the kinds of the nononers . This solution polynerization can be carried
out, for iexampbegahncaspézehtr sequi ppedewyt h tolwmudensdhe metmoogdi ef eed

pi pe, thernoneter, stirrer, etc. The organic solvent is used in an anount
of, for exsssige-5enciZzive00 gsrasivyy weheght, pref edwsbl yasddutag0 o 900
parts by wei ght, per 100 parts by J 13 MAY 2003 wei ght of all nononer

i ngr edi eMreSSTHESENFHdE vien adhesi YheshBRterfionf SEBUCABFRELPES "éd®Fonent s
havi ng a nol ecul ar wei ght of 100, 000 or lower is 10~ by weight or |ower
can be oFF&CGFEFL&Fso by enuIS|on polyner|2|ng one or nore nMononers in an
aqueous di spersion h f at i on are not

particularly limted FoEny et red emu st on-poryneri=2at i on t echni que can
be enpl oyed acr%ordl g g uo Snltteln_\g(:_.eda e 5 tg)é%rrplaﬂ ge net hgd FIBY be
used in whicha HOMET re1’s enu inowater and tArs enuIS|on is

charged IQfQ .8 %tgortk?é‘ ngESEQeQQEXE‘EH%S L JIARRITEY d,éyer A ke que is

also used in mhlc t'he aqueous nononer enulsion is fed dropw se. t hough

e”“'Slfy&%ﬂmﬁ&@ﬂkﬁpr%%s%%%—%@n%ﬂk%vénuhﬁégBvBOéH@@E'5§1ﬂﬂg1fﬂﬁéﬂﬁﬂbn
particularly limted, it is preferred to use nonionic surfactants and/or

ani oni ¢ i aet aﬂyscoﬁoahu&Mamgpﬁgegﬁsefs@@nmtm@ob@m@g fidx e@Ei nation
of two or nore thereof. Exanples of the nonionic surfactants include

pol yoxyetihy | enes eih kyt s @t dret sye patijiexyethdhenre sal kydphehypkeet herrs;lic

pol yoxyet hyl ene/ pol yoxypr opyl ene bl ock copol yners, sorbitan/fatty acid
esters, anckspoineesisyliereAflabsyvasi dorestessng a@nathylotherl yreend asexanpl es
of the anionlc: surfactants include al kylsulfuric acrd esters,

al kyl benZéwefdsfeomicd vasind s qempdnaltf efuddieninr SsE U ssans i tive

pol yoxyet hyl ene alkylsulfurlc acid salts, and pol yoxyet hyl ene

al kyl pho WelciF e S&EerablRe ampunt of an errul sifying agent to be used

can be suitabl sehg&}eg acggnghpg tg tgeade5|% gir%|%~ghgkgggggni etc.

However, for 5%3W§1e, Ph RHE e "Riere® 4 2H0MT onRf ¢ P Y
polymer include alkyl {(meth)acrylates such as C,_,, alkyl esters
of (meth)acrylic acid, e.g., methyl acrylate, ethyl acrylate,
propyl acrylate, butyl acrylate, 2-ethylhexyl acrylate, octyl
acrylate, butyl methacrylate, 2-ethylhexyl methacrylate, and
octyl methacrylate. These alkyl (meth)acrylates can be used
alone or 1n combination of two or more thereof. It 1s also
possible to use one or more of these alkyl (meth)acrylates as
the main monomer 1in combination with one or more other monomers
copolymerizable therewith.

Typical examples of the copolymerizable monomers include

o



13 MAY Z003 surfactant or anionic surfactant is used alone, the anqg&hanm
thereof is generally about 0.3 to 30 parts by weight per 100 parts

wei ght of all nononmer ingredients . In the case where a nonionic surfactant
and an anionic surfactant are used in conbination, the amounts of the
former and the latter are about 0.2 to 20 parts by weight and about 0.1 to
10 parts by weight, respectively, per 100 parts by weight of all nononer

i ngr edi endzsrbBREL RV n SRt basy Z&eh dyl 1y eun®l besa a8 chbhere BHoyecran be
used as it is as the base polynmer of a pressure-sensitive adhesive.

However, s CristsH ) adatyigi @0edid ) ScrStahly a8CAf potatedi ¢ ndeid hempokyaer for
t he purpose of inproving the cohesive force of the pressure-sensitive
adhesi ve.adA &y assl fukediacyid ¢ pheaspeei sbbhgiptafe mche siovemeanamengbt ai ned
by addi ng a pol yfunctional (nmeth) acrylate or the like as an internal

crossl i nkimmgsagerdctiriagctide s§athesirdboody laccadrapningetypkenodeabyyaddi ng
a pol yfunctional epoxy conpound or isocyanate conpound or the |ike as an
ext er nal wrostirateagoagaet s tenerhe ssyntiteiedisin tth facrayiakd ipw ¢her .

Besi des these techni ques, a crosslinking treatment with irradiation with a
radi at i orPeveyMere tRrtRie eeroFFeiREfed of these techniques for formng a
crosslinked structure is to incorporate a polyfunctional e oxghco ound or

pol yf unct i onal® SR cylEhfat eorohFbeRtZ AR @ meXPBE Rl tRPbsSPRnkPhENeHeRE. The
term "pol yfunctional " used herein neans "to have tm? or nore functional
gr oups”. & B (e oI EONGHE" e fOR De 8FpBARA Y ARP LR YIS 513 MaY

2003 varipus conmpounds _havi ng two _or .nmore epoxy grou | n_.the nplecul e.
Typi cal SXEnprE5TE her BEF PREFaaE Sor T Co P TIT AT Yol dyf=iRist OF the
tr'”EthYH8%€§f§§%§’ g iﬁ%gﬁé&éY%P 1 esters such as.%iﬁyl athat

tetraglyci I'sam none xane, tetraglyci m Xyl enedi’ani ne,
and triglyc) s P RBNORBABRALrsEX8HRh e OF Sielie @) YT UpehboRahtheAsugnat e
conmpound I ncl ude vari ous conpounds having twd or nore isocyanate groups in
t he nol egidComedy BLGAI 2 £Xa0RN 851 tRenegfand¢hudn ) dicpheat Aetdianeyclic

di i socyanate, tolylene diisocyanate, and hexanet hyl ene diisocyanate. These
crossl i nkbhgnagent b1 € adlebevasedeal oheresfin conbi nati on of two or nore

t hereof . The crosslinking agents may be used in an anount suitably sel ected
accordi ng to tThee eowpogi ¢oFf ¢hesrd-omwd Bouday zatel ghonofmetrisel aprgfetabdpol yner
etc. Acrosslinking catalyst for ordinary use in pressure-sensitive

adhesi vesyp ste P& ki bigyght dpased are thear e lagaegnitogét Rél WPRRMET
crosslinking agent in order to accelerate the reaction. Conventi onal

addi t i ves* MRS Be drsoritia® itheon? he Mansdss e semste ¢ v aadineginfe of
accordi ng %o need. Thg conststution of the renovabl e pressure-sensitive
adhesi ve SPeRF1 6T PRE PHURACFON is not particularly linmited as long as it
conpri ses a pressure- iL] d j V. C j

o ossur o sens AL St bl 4R SRR S L B PRSP g, tpe =
pressur e- Sengh i ANIES e, SRRl GHBYLSIN0 Rriisld 8l ¢-200-Lhgcal
pressure-sensitive adhesive layer forned on at |east one side thereof or a
pressure- sansidd (@ Adhesi ve isheekoeonst sth NG dfcdih@ PrAETULAtSASichinve
adhesi ve | ayer al one and having no substrate. For the purpose of protecting
the be used. Especially 1n the case where polymerization is

conducted at a temperature of from 40 to 100°C, various organic
peroxides and azo compounds can be used as such inatiators.
Examples thereof include organic peroxides such as dibenzoyl
peroxide, di-tert-butyl peroxide, cumene hydroperoxide, and
lauryl peroxide and azo compounds such as 2,2'-

azobisisobutyronitrile and azobisisovaleronitrile. In the



13 MAY 2003 pressure-sensitive adhesive layer, it is preferred tOfppmﬁrﬂmbe
pressure-sensitive adhesive layer with a release filmuntil use. The form
of the pressure-sensitive adhesive sheet of the invention is not
particularly limted and nay be an appropriate one such as a sheet or tape
form The pressure-sensitive adhesive |ayer can have a thickness suitably
sél ected according to use, etc. For exanple, the thickness thereof is 5to

100 um pref&s abby cahotmd Pi £ 9+ 90n N8 JheuSHES AL & diBe R 0N FOF r Gf di Nary

use in pressuresensitive adhesive sheets. Exanples thereof include filns
(or sheet®m) @f 4@east hosisaed B PO Yo} efidiide ATl aRBkyeRbYrbEESEAS, Vi nyl
chloride resins, vinyl acetate resins, and polyi mde resins; foam sheets;
met al f oid&mplossvrteirdaabi hesidand tiapet,. sybese clsidart 6§ diyeeoysed

al one or in conbination of two or nore thereof. A substrate which has

under goneexrstirdacend r@ahaeingl suchims. corona treatnment on one or both sides
may al so be used. The substrate can have a thickness suitably selected so
as not to inpdite handliedn? nby be wtdibinpaopendures orddowenidry, ushd imi ckness
thereof is generally about 50 to 300 Nm preferably about 70 to 200 Nm A
pr essur e-Yenwalweenidirtior daytdre mmre o somemerisoshexwanpbeyepy For

di scharging the pressurized pol yner containing carbon dioxide into the air
t hrough t$eeRi¢i d@cormaunt &hgir ecfel 5 igeders NPyt LoPdt Bre 19P5HEF into a
thin film Alternatively, a technique nmay be used in which the

pol ymer | 22 "6t Hst @ﬁ%%%]ﬁ? ﬁ?@”t%ooaﬁn%%pﬁéﬁrctsppé(s%’8F€h§mdp?ﬁe1?>%l ymer
is taken out, redissolved Ln_an organic sol vent such 1 13 MAY 2003 as

tol uene JPETRYPY alBtARE, CAnt e HER$BThed Into a thin filmby a
conventional cpating fechni uaet&s% NG a0l eoater ar.thgsl ikey,Lp fhe case
or

where a pol yner i's "produce y solution polymerization enul sion
pol yneri 2344 i r & PHRSSHIHEREOShELYE AIDNEFLNE1 LAYEL %ﬂxp%%lefnctfsnﬁgvpa{g

appl yi ng ‘'t he t hus-obt al ned pol ynmer sol ution or aqueous pol yrmer di spersion
to a substratieR1dhaeibke &y 180,000 HANLWECHIi1G1LHy TS JH €STUT wseNsi i ve
adhesive layer thus forned on an adherend, substrate, release paper, or the
like is sibjueeldeds taeCHsde i lyndieedns t otat diyithg 5t ePsand- sessbsegaent
crosslinking treatnment with Irradiation with |ight, electron beans, etc.,
and t hen adtesks1de reuncivabl popymesurensersidhted nedhesiore stmwplof bhe
invention is suitable for use as a pressure-sensitive adhesive sheet for
wor k pr oceskimer 1 zleh mes anasess braud drei siperadhbseed asirden doexwdéer back
side grinding 1n sem conductor device production. However, uses of the
r enovabl e presddi@densThevecatnesi ok Wiredovarmelrel IBrnFPBROPENLRI 37
application, and it can be used in a wde_range of appljcations including
the pr odub BiBIVERE Fbces SIS B NRe F5ug ke PRETES oPPnERERPR P ar R kh &
pressure- sen jtive adhesi ve sheet 1s used in such a manner as to be peel ed
of f during r’after use. Exanples of the applications thereof further
i ncl ude renov f ' b ces ' [ t us,
surface proteg%?%ﬁc%fgﬁggggﬁéfig%% %agE?ﬁg%¥$ﬁ%9?%%g%%%g%%wgﬁlQﬁgéégplained
bel ow i n npr erdetaidnbie r ef ebencgob opd hes i) hewigng Exaapkesnihuinbhe
i nvention should 1 a_

20 to 900 parts by weight, per 100 parts by weight of all monomer

ingredients. The polymerization 1is conducted 1n carbon
dioxide regulated so as to have a pressure of, e.g., about 5.73
to 40 MPa, at a temperature of, e.g., about 20 to 100°C for
usually about 10 hours. The pressure and temperature for the
polymerization may be stepwise changed according to need.

The use of carbon dioxide as adiluent not only 1s effective



13 MAY 2003 not be construed as being linited to these Exanpl es. 13 MAY 2003
Hereinafter, all parts and percents are by wei ght unless otherw se

| ndi cat ed. REFERENCE EXAMPLE 1 Into a stainless-steel pressure vessel

having a capacity of 500 mM were introduced 100 parts of n-butyl acrylate,
5 parts of acrylic acid, and 0.1 part of 2,2'-azobisisobutyronitrile at 25C
in such respective anounts that the total anmount thereof reached 200 g.

Whi | e t he cortepiagWaire beysgent bir ed Wolh Stdddding, bkadesgnbBugh-pue ity
carbon di oxi de was gradually introduced into the vessel to hold the

i nternal gyisssariz=dich Mlaef @b sieveradi lsecngderfEies eedt emprobe catdon

di oxi de was di scharged through a discharge opening to replace the air

remai ni ngefifi dikehqyr essuretvesised, wotih cardon idihdkiides Ah#iecal hichaperati on,
hi gh-purity carbon di oxi de was Introduced in the same manner at 25C and the
i nternal tprasssigre. waddmelugeato7 MAa sf,ora a hilgh-solHmileesspblwasrt hiem heat ed
to elevate the internal tenperature to 60C. At the tine when the interna

t enper at Wwatdigwed whekbdn®9E, Lavgh-grntiant odr bow-me beidbanazoringndrets
introduced to adjust the internal pressure at 20 MPa. The vessel was held
in this sthiie CPaVeRBSGN212PROYIFRT $ G YEURRAZS5b Iy FBr PR bR . STHegd ter, the
internal pressure was returned to a nnspherlc:gressure to obtain a polyner

of Refer ?S&ﬁﬁﬁ%¥ﬂ.bﬂhF§15%I§H€ Rad U XRG YRS a?Br AGESTIIVE: J12FS wei ght
as determ ned perneatlon chronatggrag é QEOOO he cantent of
conponent® r%%ﬂﬁ%%} aﬁﬁﬁggﬁﬁafewﬁﬁéﬁyeo? 889 OC%? 8 ° | ower
|0 LS Dot IR A% 24 AV BEEERENGR RN &0k ﬁhes%.ﬂreegtne(:k%q dh@sk

reactor Having a capacCity equi ppe er nonet irrer,

ni trogen feed pinsy ﬁf‘%ﬂeeffd{ﬁ (r;;qﬂcg@‘n%e; heWR&d ntroduced 100 parts of

n-butyl acrylate, 5 parts of ac iC aC| , 0.1 part of

2, 2" azobi si sobput sy, Hrdalx%onaagm%ﬁ)aepﬂéﬁe ofs elshwh 13cetakechBngush o
respective anmounts that the total anount thereof reached 200 g. The

cont ent s dyEnearst i rirethawhidos thAhr adseaé DY Anbungeds gas dofambOuolkyaour to
replace the air present in the reactor with nitrogen. Thereafter, the

i nt er nal fieenmidreapurpovasoAdpiustidd tidy6A@pawdatrea tr,eattor agasriehd tm this
state for about 6 hours to conduct polynerization. Thus, a polynmer sol ution
of Ref er ereed Exanpl e 2 was obtained This pol ymer had a wei ght - aver age

mol ecul ar wei ght as determ ned by permeati on chromat ography of

| , 650, 000. Th&%nmﬁw ceﬁpdﬁerﬁ Ffé\ﬁ ngcatablecaf arl%wewl%o 000
or lower in this polynmer was 13. 1. REFERENCE EXAMPLE 3 Into

st ai nl es§‘§?%?e’b§%§§ﬁﬂé’gv%§?ele%r \jeth’ér%i%llf’)? 3P %D ]Tﬁ"’%'ellé 1%%r oduced

;;rggrg? g%réﬁ%%q%Lrg 1% G%p% %3r?gga gédz -azgg crg bu{nnn%$¥??}%ﬁat 25C
in such r %éflvzeael@wabtfs ohhat-the d qtal n@e@l% gneﬁfg%nxga%%ﬁ L.200 g.

While th tents were being stirred W th stirring parity

carbon diox4 de was@hadughl Yedifr odeeed tbnt oaghea vesSelentto NALH tPgRe
i nt ernal pressure at 2 MPa for ‘several seconds .

polymerization conditions including the kind and amount of an
initiator, polymerization temperature, and polymerization
period are suitably selected according to the kinds of the
monomers. This solution polymerization can be carried out, for
example, 1n a reactor equipped with a condenser, nitrogen feed
pipe, thermometer, stirrer, etc. The organic solvent 1s used

in an amount cf, for example, 5 to 2,000 parts by weight,

preferably about 20 to 900 parts by weight, per 100 parts by

w



16 13 MAY 2003 Thereafter, the carbon di oxi de was di scharged thrg ﬁ v\fhﬂ
di scharge opening to replace the air remaining in the pressure vesskliYigh
carbon dioxide. After this operation, high-purity carbon di oxide was
introduced in the sane manner at 25C and the internal pressure was held at
7 MPa for a while. The vessel was then heated to el evate the internal
tenperature to 60C. At the tine when the internal tenperature had reached
60C, hi ghriygH ¢ Yo £ DOmdHd e psedilrither introduced to adjust the
internal pressure at 20 MPa. The vessel was held in this state for about 12
hours to condumie pP@lyRRikirzal honwhildter aafe eeontBati Nber Nadw-prEIssHIE Mas
returned to atnospheric pressure to obtain a polynmer of Reference Exanple
3. Thi s penpBiertad havitigghimcd\eerage walghulal 10ei, g0 &8 1deicar hkrexk by gel
per neati on chromat ography of 1,240,000. The content of conmponents having a
nol ecul arbyweeghtafr 160er @G0 e odbdmagheidnal 4w By pahylneiromweso 9ma 1 REFFERENCE
EXAMPLE 4 Into a three-necked flask reactor having a capacity of 500 m

equi pped anid brambhermonetesrs ist anrayyegid dogeerseent pypeemandegiddx
condenser were introduced 77 parts of 2-ethyl hexyl acrylate, 20 parts of

N- acryl oylamrgdisl Préym8rpaptscnfaneridt eagdii¢ulard ypaimitefl, and any

2,2' -azobi sisobutyronitrile, and 200 parts of ethyl acetate In such

respect i VAeirmsttht §mphat op hé’otléfﬁ‘élrl&ﬁl’i&ﬁf’ t FRFEB YR atRR d P20 FRR L a¥RA
contents were stirred vvhslelnt ucing pitro as for about our to
epl ace AREGHT: 1 s T dehing P ok SRerBgen. 2 THere ey e

i nt ernal terEPeratg was adj steg L9, 501C rragltsgg ?actor was hg q,ll n 1i
13 MAY 20051 RSBt &P & FOPCEFEUT B RETrS FOUSSRAEE IR 258 i OHS Thus, a

ol yrter sglyt] o1, of R%Ia%rqﬁeacehq@gagpgggétwse bges @@gg%%mh@ad a

wei ght - aver age rml ecu ar erm né

chromat O?r( %QCQQPun he £pos %%%doin %ﬂ%ﬂ“&% S %k Rgy &, Jpl £cul ar
wei ght of 100, 00 or Tower rn this polyner was ﬁEFERENCE EXAMPLE 5

Into a thigerdesked ftasdedRacdor havheaga &ﬁ@@gif 1@5 2Ly reguigwed with
a thernmoneter, stirrer, nitrogen feed pipe, and reflux condenser were

i nt roducec l&l&aé’fnﬁl@ﬁoa sbhyhbexyhtash Wiat ectlPapaitalatlp-bithyteacryl ate,
15 parts of N, Ndi nmethylacrylam de, 5 parts of acrylic acid, 0.15 parts of
2,2' -azohitsi seobptgfenrédi ke aseanpoliypmerd zatrfertarits atrot/camngnlOi part s of
ethyl acetate in such respective anounts that the total anount thereof
reached 200rfpcTetsont EnussinEvéngt iagead-swhéde et ruskeEi agonet cager gas for
about 1 hour to replace the air present in the reactor with nitrogen.

Ther eaf t efomHea b reerefal tYerperetif etW@ee@ldj usted to 58C and the reactor

was held in this state for _about 4 hours to conduct I nerizati on Thus, a
pol yner sol ut | PR erehce BX&npl &B WkC obt S 23 po’r‘?ﬁ“nje‘rl $%ad a

wei ght - aver e%retf),lcec é%%omeq‘%qt aghdetergloned bgt%eleﬁeer naeﬂ%f%e'ﬁré\ém ar

CthﬂBtO ra e conten avil ng

melght(ﬁeg§é§990p85yE9§@Eh&@eBQV§OE9E¥gBEO$9§eZe5§ﬂock copolymers,
sorbitan/fatty acid esters, and polyoxyethylene/fatty acid
esters. On the other hand, examples of the anionic surfactants
include alkylsulfuric acid esters, alkylbenzenesulfonic acid
salts, alkylsulfosuccinic acid salts, polyoxyethylene
alkylsulfuric acid salts, and polyoxyethylene alkylphosphoric
acid esters. The amount of an emulsifying agent to be used can
be suitably selected according to the desiredparticle diameter,

etc. However, for example, 1n the case where a nonionic



REFERENCE EXAMPLE 6 Into a reactor equipped with a condenser, nitrogen feed
Zn 13 MAY 2003 pipe, thernoneter, and stirrer was introduced a rq)ﬁ]ﬂnmm

m xture consisting of 59 parts of butyl acrylate, 40 parts of butk/

nmet hacryl ate, and 1 part of acrylic acid. Into the reactor were further

i ntroduced 0.02 parts of 2,2'-azobl s(2am di nopropi onam di ne) di hydrochori de
as a polynerization initiator, 1.5 parts of pol yoxyethyl ene nonyl phenyl
ether as agugpukshhyi 88 a8eBhicaBdri@@tRALt § sOf MRl @N.ond t &ihd Nans@iit ent s
were enul sified, emul sion polynerization was conducted to obtain an agueous
di sper si ontRErB8f ef £ Nfendcap} aoutl .8 pel BUepatkssl by hadi gh wepahtteyer age
nol ecul ar wei ght as determ ned by gel perneation chromatography of

2, 100, 000. pdhes apntwveighaf of afipo idhbhmetavhfgedi Rt eCul B thei ghse afhdfd, 000
or lower in this polymer was 8.9%. EXAMPLE 1 In 80 g of ethyl acetate was
di ssol ved 20ngnbénibesypof yeesinbbind ned ami &ef erencea ExaimplLrd .usderiai o were
added 0.2 g of a polyisocyanate conpound and 0.4 g of a pol yfunctl| onal
epoxy conpoamdindhisn pittecuamounsssifi thedf enhét ainkd blee drat: taamagendmmst The
resulting solution was applied to a fil msubstrate consisting of a

pol yester 0iRnthA0 pgrast by ckemiemst @gnhdb@bNum 0 Thetw ddt pagteasy dreisgtht n a
drying oven at 70C and then at 130C for 3 m nutes each to form an adhesive
| ayer havi hgspechiv&hess RAr 35 Qfin PARESs abvenweabhs adfieside shmrermewas
produced. COVPARATI VE EXAMPLE 1 To 100 g of the polynmer solution obtained

| n Ref er enéBIYEREHPNES2 were added 0.33 g of a pol yi socyanate conpound and

| . ~ 13 MAY 2003 0. 66 of a pol yfunctional epoxy conpaound. This m xture
was stirred unt Fheiﬁoqé’@%nﬁymiﬁﬁﬁgﬁﬁaﬁy t%ﬁem?gléﬁ‘%(tdﬁﬁcrsl&eﬁt PBAVRESAppl i ed
toafilm ubst%\gte consi staisn% of  a gol er fiEI m havi ng a thi ckness of 50

St
um The coaPPESSRS T Bd S % Hey PRECoPERTEET 708 Arkr ST STo TR C 147 3

m nutes ea .fQrm an Lve Layer ing.a _thi SS hus, a
renovabl e %gﬂégll{;g'sheelfl&gmg‘zé%fodhce .r_og%ﬁ/_g%éﬂg Ir??%(%l&g 5‘? eﬁ%@"}gﬁal tate
was di ssol yado20o8aPid it PehynBs1-Ght aifgd hRa B?%Eé?é‘%% EprBleng tbereto
were added 0.4 g of a polyisocyanate conpound and 0.2 g of a pol yfuncti onal
epoxy conpedRdsivthi Sféitd Urer Washest ipeGuii-idensi theeanaqhageganeousa The
resulting solution was applied to a filmsubstrate consisting of a

pol yester &rbashawkag aathyrkoessrofsbiepsaonsiTtieveoaidings was dtdred e a
drying oven at 70C and then at 130C for 3 mnutes each to form an adhesive
| ayer havi agtaindddikneddios 8palinfimediocaade webb) acudhete v Sheelikms

pr oduced. . o
as an internal crosslinking agent during the synthesis of an

acrylic polymer or by adding a polyfunctional epoxy compound
or isocyanate compound or the like as an external crosslinking
agent after the synthesis of an acrylic polymer. Besides these
techniques, a crosslinking treatment with irradiation with a
radiation may be conducted. Preferred of these techniques for
forming a crosslinked structure 1i1s to incorporate a
polyfunctional epoxy compound or polyfunctional isocyanate
compound as an external crosslinking agent. The term
"polyfunctional" as used herein means "to have two or more
functional groups".

Examples of the polyfunctional epoxy compound include

11



COVPARATI VE EXAMPLE 2 To 100 g of the polyner sol ution obtained in13|yw mg%
Ref erence Exanple 4 were added 0.33 g of a pol yi socyanate conpound and O.
g.of a polyfunctional epoxy conpound. This mxture was stirred until it
becanme honbgeneous. The resulting solution was applied to a filmsubstrate
consisting of a polyester filmhaving a thickness of 50 dun. The coating
was dried in a drying oven at 70C and then at 130C for 3 m nutes each to
forman adhesive dawesultdyi Rgvanghitglness abrad v T§HSupd hanabl e
adhesi ve sheet was produced. ~~ 13 MAY 2003 EXAMPLE 3 To 100 g of the

pol ymer melldidude .obt aiTed d41 Redeimpres ExaRBkeos Wahe:ladded dbds wplof a

pol yi socyanate conpound and 0.66 g of a pol yfunctional epoxy conpound. This
m xt ure wesrsiglyrediyint iethietr ,becanendtomiganemsand heyInesidyli ngettadit i on was
applied to a filmsubstrate consisting of a polyester filmhaving a

t hi cknes $edfragl yarndifie lc Sattiimgmiaemdrtingd dyvlootdridmy, overnrzadl yi@iChand t hen
at 130C for 3 mnutes each to form an adhesive | ayer having a thickness of
35 u. m Thowleaeddmpvale eandhbsigbyshdrl -rasmpnophendl . EXBwanELds Tef 100 g
of the aqueous dispersion obtained in Reference Exanple 6 was added 3 g of
a wat er - $SleubPe lyfeesitiinRicdg dGORYdeiani agPindx aFvtlure gridipiourhi s

m xture was stirred until it becane honogeneous. The resulting sol ution was

appl i ed COMROMNER BYBLEP 4t L6 R ilﬁé’cé@“é‘tﬁoW@EPér“f iti‘ﬁf'l‘%ﬁﬁ‘?’rblea
t hi ckness of. 5Q umto, for

an adhesjve layer havi a thickness of 10 um
Thus, & TEROVRN S HUREST VEERE3 . DELUGR SHEDERY EGATORRA TN TSR
pressure-sen i tive,.adhesi ve . sheets qptainq%P%n t he,.Exanpl es .and Conparati ve

o) ene dilso nate, and hexame lene, diisocyatiate. .
Exanpl es were Sevaluat edror adhésiVe <Stien and organi’c wafer fouling by

the fol |l ow ng I‘%%ts*éOdérolgflﬁﬁ?cHélE Sa%&x’i@é ned ar geShownyi n, [l eod. (fdhesive

Strength) A tape piece cut out each of the pressure-sensitive adhesive
sheets pregdiaeddikd ke EBx@MBesoardtfrrRarat | ¥ee EXATPL S MBSy aRpihed to a

st ai nl ess-steel plate whose surface 21 13 MAY 2003 had been finished with
a #280 sanpgparefusddrint RirS aalHiCauidbbly selected according to the
composition and molecular weight of the acrylic copolymer, etc.
A crosslinking catalyst for ordinary use in pressure-sensitive
adhesives, such as dibutyltin laurate, may be added together
with a crosslinking agent in order to accelerate the reaction.
Conventional addatives may be 1incorporated intoc the
pressure-sensitive adhesive according to need.

The constitution of the removable pressure-sensitive
adhesive sheet of the invention 1s not particularly limited as
long as 1t comprises a pressure-sensitive adhesive layer
comprising the pressure-sensitive adhesive described above.
It may be er1ther a pressure-sensitive adhesive sheet comprising
a substrate and the pressure-sensitive adhesive layer formed
on at least one side thereof or a pressure-sensitive adhesive

sheet consisting of the pressure-sensitive adhesive layer alone

and having no substrate. For the purpose of protecting the



t he adhesive tape was pressed against the plate by rolling a 2-kg 1r%
forward and backward once on the tape. This sanple was allowed to 33t ?ﬂgaor
30 m nutes and then exam ned for ordinary adhesive strength (N 10 mm w dt h)
in 180 peeling fromthe stainless-steel plate. The peeling rate was 300
mimn. (Organic Wafer Fouling) A tape piece cut out of each of the
pressure-sensitive adhesive sheets produced in the Exanples and Conparative

Exanpl es phas sfpel-iseth <t @ i R8E s Lo Mt it \A%_prh@feﬂsﬁeéa tRd-ahapithem  Thi s
sanple was allowed to stand at 90C for 1 day. ereafter, the tape piece

was r endyee¢ sitd-RendTiiile dnddevOn ggairGr el hefe idanstermeshtia d&e. waf er
was neasured with an ESCA (Mdel 5900, nmanufactured by Al backfai).

Fur t her nomae a&omad esf WBheh piad sk -dedergane tdihd=aipe agipbécabrorheas al so
anal yzed in the sane manner. The anobunt of the organic matter transferred
(at om ¢ snwsasieral satcedpbaseédudariipel imctahsad may e anegitropiricardbon
atons detected. Table 1 Adhesive strength

one such as a sheet or tape form.

The pressure-sensitive adhesive layer can have a thickness
suitably selected according to use, etc. For example, the
thickness thereof 15 5 to 100 um, preferably about 10 to 40 um.

The substrate may be one for ordinary use in pressure-
sensitive adhesive sheets. Examples thereof include films (or
sheets) of plastics such as polyolefin resins, polyester resins,
vinyl chloride resins, vinyl acetate resins, and polyimide
resins; foam sheets; metal foils; nonwoven fabrics; and paper.

These substrates may be used alone or in combination of two
or more thereof. A substrate which has undergone a surface
treatment such as corona treatment on one or both sides may also
be used. The substrate can have a thickness suitably selected
so as not toimpair handleability or other properties. However,
the thickness thereof is generally about 50 to 300 pum,
preferably about 70 to 200 um.

A pressure-sensitive adhesive layer may be formed, for
example, by discharging the pressurized polymer containing
carbon dioxide into the air through the orifice of a die or the
like to thereby form the polymer into a thin falm.
Alternatively, a technigque may be used 1in which the

polymerization system 1s returned to atmospheric pressure and

the polymer 1s taken ocut, redissolved i1n an organic solvent such



(N10 mm) Organic wafer fouling (atomc ~)Examle 16.182.5Com arati ve Exam

| e 15.2018. 7TExam | e 21. 7719. 05Com ar ati ve Exam | e 20. 9829. 99Exam 114 MAY 2003
32.104. 80Exanpl e 41.2110.3 Table 1 shows that the pressure-sensitive
adhesi ve sheet obtained in each Exanple had a hi gher adhesive strength and
was 77 13 MAY 2003 considerably reduced in organic wafer fouling as
conpared with the pressure-sensitive adhesive sheet obtained in the
correspondi Rg1GRRRALAl &VRy EXAEPE Lre DI 108 i FIPRRDL G Bl §SEKI£-SEnsi ti ve
adhesi ve sheet of the invention conprises a pressure-sensitive adhesive

whi ch com?,r hS&Sn®en £ Nen RS0l v Rle ch il ek BgUL FoIPDlkERE ! dUgRd in the
content of | ow nol ecul ar conponents, the pressuresensitive adhesive | ayer

i s excel hame.i nIROttHINl ya $HMEISE¥E HOopoeyhel ddhesiosmcid engtdoldtiaddi tion,
t he renovabl e pressure-sensitive adhesi ve sheet, when used for fixing

adher endpdieteatizatti onor loxpr coeslss ingh orpdhgndr ke tims, such mraegres- of

noder ate tackiness as not to peel off the adherends . After the work
processi mgreai ttihve | allbestilres baessurarsebsi t foemedhdsi vepphgehgcarhde
easily renoved fromthe adherends wi thout fouling them In particular, the
r enovabl ehpreeshiiednsshsialiwe ragldsibiens beeaduenes pebdmas, diespersion

radi ati on-curabl e pressure-sensitive adhesive sheet for sem conductor wafer
processi i, hasuhsghatackirndde durkagbPr 88e Tt HEeehgraurli ngT®®  di ci ng
to facilitate the processing and, after the processing, can be nade easily
r emovabl @XYFFGRIIT U g D dhesadiat PERTWHRRS £ PR 0RAT 3R FRR causi ng

f b ,_.etc. Furth , thi e- it dhesi heet
hei ther GHEEE G 573 65 PABR” cOF| TRE o] 48, B0Pa°PSHI M SefieTde
residue qn, the.grdsr, Of M.QN oL, SUbTAY o LNSQUEN! 1 ¥x o LDPT G150
possibility ?ﬁ%@’the cﬁlp ac S|5e encapsul ating resin Separation

attri but 33l b, SU0h houLl gDl QAGH 1130, 18MYoR00S NEATLLS CLAI NED

IS 1. A renovabl e pressure-sensitive adhesi've sheet for use In
sem condugipreisaf Iy ocessi ng, which conprises a pressure-sensitive
adhesi ve | ayer constituted of a pressure-sensitive adhesive conprising a

pol ymer in whigle thensaentpfsdove b egit afe COAROHERS Sshayt ngt ati®l ecul ar
wei ght of 105 or tower is 10% by weight or lower. 2. The renovabl e

pr essur e-ispRsitidre iadbestypl s et vek stal présswireraienstihe vpohghes1ve

constituting the pressuresensitive adhesive is an acrylic polyner obtained

by pol ynetiestngfome werihomearsreiers | AUEhqAY er Bupesereétsensitavdon

dIOXIde-adhesive sheet for wafer back side grinding in semiconductor
device production. However, uses of the removable
pressure-sensitive adhesive sheet are not limited to this
application, and 1t can be used 1n a wide range of applications
including the production and processing of various articles or
members in which a pressure-sensitive adhesive sheet 1s used
in such a manner as to be peeled off during or after use.
Examples of the applications thereof further include removal
of foreign substances from wvarious production apparatus,
surface protection of members, and masking.

The invention will be explained below 1n more detail by

reference to the fecllowing Examples, but the invention should

14
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, 8 1109 ()-L6M 10%& ()-sY4 109% ()-210%& ()-.M 109 ()-_ uVK@ 10
The vessel was held in this state for about 12 hours to conduct
polymerization. Thereafter, the internal pressure was
returned to atmospheric pressure to obtain a polymer of
Reference Example 1.
This polymer had a weight-average molecular weight as

determined by gel permeation chromatography of 1,680,000. The

content of components having a molecular weight of 100,000 or
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REFERENCE EXAMPIE 2
Into a three-necked flask reactor having a capacity of 500
ml equipped with a thermometer, stirrer, nitrogen feed pipe,
and reflux condenser were introduced 100 parts of n-butyl
acrylate, 5 parts of acrylic acid, 0.1 part of 2,2'-
azobisisobutyronitrile, and 200 parts of ethyl acetate 1n such
respective amounts that the total amount thereof reached 200
g. The contents were stirred while introducing nitrogen gas
for about 1 hour to replace the air present in the reactor with
nitrogen. Thereafter, the internal temperature was adjusted
to 60°C and the reactor was held in this state for about 6 hours
to conduct polymerization. Thus, a polymer solution of
Reference Example 2 was obtained.
This polymer had a weight-average molecular weight as
determined by gel permeation chromatography of 1,650,000. The
content of components having a molecular weight of 100,000 or

lower in this polymer was 13.1%.

REFERENCE EXAMPLE 3

Into a stainless-steel pressure vessel having a capacity
of 500 ml were introduced 77 parts of 2-ethylhexyl acrylate,
20 parts of N-acryloylmorpholine, 3 parts of acrylic acid, and
0.2 parts of 2,2'-azobisisobutyronitrile at 25°C in such
respective amounts that the total amount thereof reached 200
g. While the contents were being stirred with stirring blades,
high-purity carbon dioxide was gradually introduced into the

vessel to hold the 1nternal pressure at 2 MPa for several seconds.
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discharge opening to replace the air remaining in the pressure
vessel with carbon dioxide. After this operation, high-purity
carbon dioxide was introduced in the same manner at 25°C and
the 1nternal pressure was held at 7 MPa for a while. The vessel
was then heated to elevate the internal temperature to 60°C.
At the time when the internal temperature had reached 60°C,
high-purity carbon dioxide was further introduced to adjust the
internal pressure at 20 MPa. The vessel was held in this state
for about 12 hours to conduct polymerization. Thereafter, the
internal pressure was returned to atmospheric pressure to
cbtain a polymer of Reference Example 3.

This polymer had a weight-average molecular weight as
determined by gel permeation chromatography of 1,240,000. The
content of components having a molecular weight of 100,000 or
lower i1n this polymer was 9.52%.

REFERENCE EXAMPLE 4

Into a three-necked flask reactor having a capacity of 500
ml equipped with a thermometer, stirrer, nitrogen feed pipe,
and reflux condenser were introduced 77 parts of 2-ethylhexyl
acrylate, 20 parts of N-acryloylmorpholine, 3 parts of acrylic
acid, 0.2 parts of 2,2'~azobisisobutyronitrile, and 200 parts
of ethyl acetate in such respective amounts that the total
amount thereof reached 200 g. The contents were stirred while
introducing nitrogen gas for about 1 hour to replace the air

present in the reactor with nitrogen. Thereafter, the internal

temperature was adjusted to 60°C and the reactor was held in



10T 10T01233333K3rS45 1F:110%& ()-  (Y10%é& ()- 10bb 10bb ]
10bb! * L1 10%b& ()- *L! 10%& ()- !, ! 10%g& () - K3p44%BN655dEr S45 13 MAY 2003
1F: 1 10M 10%& () -ss10%g& ()-L10%& ()- 1109%g& ()-:!10%& () - &M 10%g& ()-f 56
69699999dYNC5 1F:!1 10g 10g

10g<’ 10%g& () - y#s! 109%g& ()- !s10%& ()-10%& ()-:!10%g& () - 9" 9E9+;

<D?1 23272405 1

10gL<10%g&{J -d Al @UBISHE0 £ 165 Nb10%BEs (dorld UMl 8% e&kzb%éﬁWQ&rﬁms&Zlo‘Vg&'
() - J?K?L?2X???K@ KC5 1 10gLI!10% h& ()-!, &L0%h& {)-9 10% h& () -1 FI 10%

h& () - @Y% Wet ) soldObod OefaY St&EaEKGoxampl e 4 was obtained.

This polymer had a weight-average molecular weight as
determined by gel permeation chromatography of 1,120,000. The
content of components having a molecular weight of 100,000 or
lower in this polymer was 18.39%.

REFERENCE EXAMPIE 5

Into a three-necked flask reactor having a capacity of 500
ml equipped with a thermometer, stirrer, nitrogen feed pipe,
and reflux condenser were introduced 73 parts of 2-ethylhexyl
acrylate, 10 parts of n-butyl acrylate, 15 parts of N, N-
dimethylacrylamide, 5 parts of acrylic acid, 0.15 parts of
2,2'-azobisisobutyronitrile as a polymerization initiator,
and 100 parts of ethyl acetate 1in such respective amounts that
the total amount thereof reached 200 g. The contents were
stirred while introducing nitrogen gas for about 1 hour to
replace the air present in the reactor with nitrogen.
Thereafter, the internal temperature was adjusted to 58°C and
the reactor was held i1n this state for about 4 hours to conduct
polymerization. Thus, a polymer solution of Reference Example
5 was obtained.

This polymer had a weight-average molecular weight as
determined by gel permeation chromatography of 930,000. The
content of components having a molecular weight of 100,000 or
lower in this polymer was 7.5%.

REFERENCE EXAMPLE 6

Into a reactor equipped with a condenser, nitrogen feed
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pipe, thermometer, and stirrer was introduced a monomer mixture
consisting of 59 parts of butyl acrylate, 40 parts of butyl
methacrylate, and 1 part of acrylicacid. 1Into the reactor were
further introduced 0.02 parts of 2,2'-azobis (2-
amidinopropionamidine) dihydrochoride as a polymerization
initiator, 1.5 parts of polyoxyethylene nonylphenyl ether as
an emulsifying agent, and 100 parts of water. After the
contents were emulsified, emulsion polymerization was
conducted to obtain an aqueous dispersion of Reference Example
6.

This polymer (sol) had a weight-average molecular weight
as determined by gel permeation chromatography of 2,100,000,
The content of components having a molecular weight of 100,000
or lower in this polymer was 8.9%.

EXAMPIE 1

In 80 g of ethyl acetate was dissolved 20 g of the polymer
obtained i1n Reference Example 1. Thereto were added 0.2 g of
a polyisocyanate compound and 0.4 g of a polyfunctional epoxy
compound. Thismixturewas stirreduntil it became homogeneous.
The resulting solution was applied to a film substrate
consisting of a polyester film having a thickness of 50 um. The
coating was dried in a drying oven at 70°C and then at 130°C
for 3 minutes each to form an adhesive layer having a thickness
of 35 pm. Thus, a removable adhesive sheet was produced.

COMPARATIVE EXAMPLE 1

To 100 g of the polymer solution cobtained in Reference

Example 2 were added 0.33 g of a polyisocyanate compound and
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stirred until it became homogeneous. The resultant solution
was applied to a film substrate consisting of a polyester film
having a thickness of 50 ym. The coating was dried in a drying
oven at 70°C and then at 130°C for 3 minutes each to form an
adhesive layer having a thickness of 35 um. Thus, a removable
adhesive sheet was produced.
EXAMPIE 2
In 80 g of ethyl acetate was dissolved 20 g of the polymer
obtained in Reference Example 3. Thereto were added 0.4 g of
a polyisocyanate compound and 0.2 g of a polyfunctional epoxy
compound. Thismixture was stirreduntil it became homogeneous.
The resulting solution was applied to a film substrate
consisting of a polyester filmhaving a thickness of 50 um. The
coating was dried in a drying oven at 70°C and then at 130°C
for 3 minutes each to form an adhesive layer having a thickness

of 35 pym. Thus, a removable adhesive sheet was produced.

COMPARATIVE EXAMPIE 2

To 100 g of the polymer solution obtained in Reference
Example 4 were added 0.33 g of a polyisocyanate compound and
0.66 g of a polyfunctional epoxy compound. This mixture was
stirred until it became homogeneous. The resulting solution
was applied to a film substrate consisting of a polyester film
having a thickness of 50 um. The coating was dried in a drying
oven at 70°C and then at 130°C for 3 minutes each to form an
adhesive layer having a thickness of 35 um. Thus, a removable

adhesive sheet was produced.
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EXAMPIE 3

To 100 g of the polymer solution obtained in Reference
Example 5 were added 0.33 g of a polyisocyanate compound and
0.66 g of a polyfunctional epoxy compound. This mixture was
stirred until 1t became homogeneous. The resulting solution
was applied to a film substrate consisting of a polyester £ilm
having a thickness of 50 pm. The coating was dried in a drying
oven at 70°C and then at 130°C for 3 minutes each to form an
adhesive layer having a thickness of 35 pum. Thus, a removable
adhesive sheet was produced.

EXAMPLE 4

To 100 g of the aqueous dispersion obtained in Reference
Example 6 was added 3 g of a water-soluble crosslinking agent
contalning an oxazoline group. This mixture was stirred until
1t became homogeneous. The resulting solution was applied to
a film substrate consisting of a polyester film having a
thickness of 50 um to form an adhesive layer having a thickness
of 10 pum. Thus, a removable adhesive sheet was produced.

EVATLUATION TESTS

The pressure-sensitive adhesive sheets obtained in the
Examples and Comparative Examples were evaluated for adhesive
strength and organic wafer fouling by the following methods.
The results obtained are shown in Table 1.

(Adhesive Strength)

A tape piece cut out of each of the pressure-sensitive

adhesive sheets produced i1n the Examples and Comparative

Examples was applied to a stainless-steel plate whose surface
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had been finished with a #280 sandpaper. For this application,

the adhesive tape was pressed against the plate by rolling a

2-kg roller forward and backward once on the tape. This sample

was allowed to stand for 30 minutes and then examined for

ordinary adhesive strength (N/10 mm width) in 180° peeling from

the stainless-steel plate. The peeling rate was 300 mm/min.

({Organic Wafer Fouling)

A tape piece cut out of each of the pressure-sensitive

adhesive sheets produced in the Examples and Comparative

Examples was applied to a wafer coated with vapor-deposited

aluminum. This sample was allowed to stand at 40°C for 1 day.

Thereafter, the tape piece was removed and the amount of the

organic matter transferred to the wafer was measured with an

ESCA (Model 5400, manufactured by Albackfai). Furthermore, a

wafer which had not undergone the tape application was also

analyzed in the same manner. The amount of the organic matter

transferred (atomic %) was evaluated based on the i1ncrease 1n

the amount of carbon atoms detected.

Table 1
Adhesive strength Organic wafer
(N/10 mm) fouling
(atomic %)

Example 1 6.18 2.5
Comparative Example 1 5.20 18.7

Example 2 1.77 14.05
Comparative Example 2 0.98 24 .94
Example 3 2.10 4.80
Example 4 1.21 10.3

Table 1 shows that the pressure-sensitive adhesive sheet

obtained in each Example had a higher adhesive strength and was

8N}
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Since the removable pressure-sensitive adhesive sheet of
the invention comprises a pressure-sensitive adhesive which
comprises as the base polymer a high-molecular polymer reduced
in the content of low-molecular components, the pressure-
sensitive adhesive layer is excellent in not only cohesive force
but adhesive strength. In addition, the removable
pressure-sensitive adhesive sheet, when used for fixing
adherends thereto in work processing or the like, has such a
degree of moderate tackiness as not to peel off the adherends.
After the work processing or the like, this pressure-sensitive
adhesive sheet can be easily removed from the adherends without
fouling them. Inparticular, the removable pressure-sensitive
adhesive sheet, when used as, e.g., a radiation-curable
pressure-sensitive adhesive sheet for semiconductor wafer
processing, has high tackiness during processing such as
grinding or dicing to facilitate the processing and, after the
processing, can be made easily removable, through curing by
1rradiation with a radiation, without causing wafer breakage,
etc. Furthermore, this pressure-sensitive adhesive sheet
nelther emits a strong odor upon curing nor leaves a fouling
adhesive residue on the order of micron or submicron.
Consequently, there is no possibility that the chip back
side/encapsulating resin separation attributable to such

fouling might occur.
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use in semiconductor wafer processing, which comprises a
pressure-sensitive adhesive layer constituted of a
pressure-sensitive adhesive comprising a polymer in which
the content of low-molecular components having a molecular

weight of 10° or lower is 10% by weight or lower.

2. The removable pressure-sensitive adhesive sheet of
claim 1, wherein the polymer constituting the pressure-
sensitive adhesive is an acrylic polymer obtained by
polymerizing one or more monomers in liquid or supercritical

carbon dioxide.,

3. The removable pressure-sensitive adhesive sheet

of claim 2, which 1is for wuse in semiconductor wafer

processing.



