;. abce3e~{ @, 6bT b HEAT- PEELABLE PRESSURE- SENSI TI VE ADHESI VE SHEET FOR
ELECTRONI C PART, METHOD OF PROCESSI NG ELECTRONI C PART, AND ELECTRONI C PART
FI ELD OF TH The present invention relates to a hﬁm ‘H\ﬂwmmﬂﬂm
pressure- E&“W Wesive sheet for electronic parts whic

treat rrent asi'ly peeled fromthe electronic parts while cagsing
little contant@®®3 on. The invention further relates to a nethod of
processing an el ectronic part using the heat-peel able pressure-sensitive
adhesi ve BEAGFPEBLABIEEt r BRESSYRE-SENMTIVEan ADVBESIYR| ¢ SHHRT prBOikced by
t he procEBLEQTROGNIGIPARBISCHEIHOR OF TMRORESATNG AUECERONIEE IPARTE,

pr essur e-ANPELECTRONESiIPAREheet s conprising a substrate and forned
thereon a pressure-sensitive adhesive |ayer containing a foam ng agent or
expandi ng agent, e.g., heat-expandabl e m croSpheres, have been known (see,

for exanpl e, Japanese Pateﬂ?g_ﬁﬂ?gbﬁalt}%@'iﬁg}m -13878 and 51-24534 and

Japanese Pat ent Lai d- Qpen NOs: , and 60-252681 ). These
e B! ool e, P eAREAE DL AP P BRBAR, SRRl S AR SRR o0

peel abl lity after ressur ens gheet i s

char act erdeqChof bidiahict {16t AURER kE: 1999 Sl LR %o LANSRUAR! |V

f oam ng or expanding t oam ng or expandi ng agent an as a resu

adhesi ve §Qe@hicChtsPRhifAsddsihgNRAL @onthm@ibhe BRBNERtbn farten rebitds ©00 Waf er-
Due to such characteristics, these pressure-sensitive adhesive sheets are

used, formenadTifeprokessige AP leynii At gl thet heat-peclable tyresdurtsediged roni ¢
parts. However, use of such a heat-peel able pressure-sensitive adhesive
sheet accmlmds'iwgshefat fdrelecabaicqartannd foan élbetrahic parg prdudeaichy the geocgssimgi ng of
a sem conductor wafer (e.g., silicon wafer) poses the follow ng problem
When t he mpethedur e- sensitive adhesi ve sheet applied is heat-treated and
peeled off, the surface of the sem conductor wafer has nmany residual

contami nants (in partl c DESCRIZTION OFCBHERERATED AR ch are 1 too fine
to be visually r e Thi s contam nati.on obl em has becone serious
because there ar o IEAIPER AR SFESWRACETENR FBRTNE PIEREOMRIS g AGRER. A7

unsui t abl g fo t %r?é:ﬁ 'eC?reﬁ%lfre-senﬁﬁﬁ%naed?%%l??g?yetr &Rl 1%2 foamxn%la(gg 33/

di scl oses I'8rng a su aru ry of ga 85tic
layer, c'ﬂ t cat-e¥hahifiabl YdspherEO ﬁ g hpdequ dygj ng the
or gani ¢ cor%anmi?I at oﬁ 0 "tbrLe *: e Cause O% an’a estlaléve?el F‘é‘fy‘@? ?é;? (ijgfscrl bed

therein. éEJ%ﬁlpﬂH,OihbﬁlﬁEs@de@éxﬂaP\ithEt%TsaNbi]%O 03878t hdd 512983 N and NRPANESE-

Patent Laid-Open Nos. 56-61468, 56-61469, and 60-252681). These heat-peelable
pressure-sensitive adhesive sheets combine adhesiveness and peelability after use.
This kind of pressure-sensitive adhesive sheet is characterized in that the adhesive force
thereof is lowered by thermally foaming or expanding the foaming or expanding agent
and, as a result, the adhesive sheet can be easily peeled from the adherend, e.g., silicon
wafer. Due to such characteristics, these pressure-sensitive adhesive sheets are used,
for example, for temporary fixation in the production of electronic parts.

However, use of such a heat-peelable pressure-sensitive adhesive sheet
according to the related art for the dicing or back-side grinding of a semiconductor
wafer (e.g., silicon wafer) poses the following problem. When the pressure-sensitive
adhesive sheet applied is heat-treated and peeled off, the surface of the semiconductor

wafer has many residual contaminants (in particular, organic contaminants) which are



This probl em of organic contam nation is thought to be attributable to a
remar kabl e i ncrease in the anmount of contam nants due to the heat
treatment, as apparent froma conpari son between the contam nati on before
heating and that after heating. There is a case where when contam nant
particles on a 4-inch silicon wafer were conducted with a | aser surface
exam nati on apparatus, the nunber of particles increased fromless than
1,000 for sheet peeling without heating to nore than | 0,000 for sheet

peeling after heating.. Nanely, the_degree of contam natiqn increased.
T0-fol'd 610 s & DemARY Teestied | NUENFPERMIAIGR RIORIFY, Do RECOBE SEROBT t he
invention is t rovi de a heat -.peel abl e pressure-sensi,tive adhesi ye sheet
for el ecBFcc?erc T AE Wi r}}fﬁgﬁ gle%éodyc PF@%?W@mg‘é%dbaéeé§‘§inlt"§’?ep\écgl ed from
the el ec {a%cﬁ%gé S while causing little contam nation. Another object of

the invention is'to provide a nethod of processing an electronic part using

the ‘heat - peel abl g, jah &34kt 81D énvﬁo.aéiﬁé’@i3"79di§:ﬂ%§§ea E@ﬁcul?ﬂe%%@ﬁ%g aParts.

Still another object of the rnvention 1s to provi an electronic”part

pr oduced sisthR€ a RiDSRY Dt i BRARAaydtS afd b GRM-dxpRhddbl BYS V HdwWAES 92t | Ons

to acconplish those alms, it has beeh found that an el ectronic part capable
of bei ngtdelhiqhe for Auting! thel DRgdnd) cORamimafbe @4 tBe liké RbiedbyPhPGBBGIVRY USI Ng
a pressure-sensitive adhesive sheet which has been regul ated so that when
appl i ed tayefris edegériiednitergiar t Ths dprioblehe df obrigasit t @ntaniR&idn tstilatefiMs, t he
adhesi ve sheet causes reduced contam nation to the surface of the

el ect ronuosglesdt . The i nvention has been conpl eted based on this finding.
The invention provides a heat-peel abl e pressure-sensitive adhesi ve sheet
for el ectronic pdhisspighienh of organicseantamimatien éx frnghibioebd afjbutaletaiani ng
heat - expandabl e m crospheres and a non- heat - expandabl e pressure-sensitive
adhesi ve T¢¥Keble gngrsaseo i she ppgunt gh confamenapts due todhe heab Hsaawnk 2Sayer ,
wherein when th ressure:sensitive adhesi ve sheet, | lie n.the side
of ¢ he naRoHER Forl ortisop babidsh b SRER R gt efilk ai tf 88 £ ace
of a sili water and | e er a e fr er, then
the car blcljlgat%gé metrﬁlf regirgg"p%arif %@EFCR%&;D( %ﬁ%ﬁﬁ%ﬂﬁ éﬁg?l% §%§%\7\}an1pg gh}scggf‘%xg% as
determn t.af ] i I i r ionshi ps
(1) and ‘(%%rp)é%%@%??a%gﬁ +d %g@%uﬁa%%%&a@_ﬁagS%ﬁg?ar%ng?, %ellrl%lmr? 'R r epérsesent S
t he car befer@sedBiin 1BEsABAA 1 000 fdr%hed? PeeltdpOwihdut GONINGAS lorSthaha0®08%or
determ ned by XPS before the application; and Rsi; represents the silicon
el emrent phepeetlingraficttheatingt h&Nagiely, chndegécsf cudnsnsticsincdesedriionfet &y XPS
after the non-heat-expandabl e pressure-sensitive adhesive |ayer applied to
the sili @wewafer surface is heated and peeled therefrom The

heat - expandabl e | ayer preferably is a heat -%andabl e pressure-sensitive

adhesi ve | ayer which has MM Y@FT%QH 'l[lﬂl\i, and pressure-sensitive
dhesi ti d.h b f d. t l.east e Si f
Substrate The prSRRMENLrS BPISE! BONBSOEgPn (hds RRVRE TERGRERRAN o

- itive.ad i: i ' t of |
ol ecul aPrpanser AR RLE sTRoRE pBRT R e BRIl B O
100, 000 %ﬁsil%fed'frcbn}ﬁ%)e@é/ctﬂﬁﬁ' gL while EQWRT 1RAS 65htRinddn, PO! BT conponent s,

or may be a lation-curing pressure-sensitive adhesive which is |ess
contam native. ThgokiRe obfRMoRAhd @veNFordis to provide a method of processing an

electronic part using the heat-peelable pressure-sensitive adhesive sheet for electronic
parts.

Still another object of the invention is to provide an electronic part produced
by the processing method.

As a result of intensive investigations to accomplish those aims, it has been

found that an electronic part capable of being put to practical use can be produced



radi ati on-curing pressure-sensitive adhesive preferably is one which cures
so that the content of |ow nol ecul ar pol yner conponents having a wei ght
average nol ecul ar wei ght of 100,000 or lower in the cured adhesive is 15%
by wei ght or | ower based on all polyner conponents. The heat - peel abl e
pressure-sensitive adhesive sheet for electronic parts of the invention
preferably conprises the heat-expandabl e | ayer and non- heat - expandabl e
pressure-sensitive adhesive |layer formed in this order on one side of a
substrate,and, further conprises at |east ressure-sensi tive adhesjve
Cayer  forHRUERRSETTE HAPE &rieSwE- RIS aheut 8heckNOI R RepB e lAcher
provi des a t hod of .progcessi an el ectroni c .pat-t .whi ch ¢ rises.

bppl yi ng Tribanaen saalied fooap elegudiile Pat ikl Yoleoldlt et a Terk Bt R To e
el ectroni gy pald R0 éatlaé‘és r%ﬁ\?ceﬁ%?%@%?r{lﬁi%ﬁ Q@ﬂf&%tfﬁce{’éﬁﬁé gkﬁ&ﬁ@%bﬁ.' Vg adhesi ve
| ayer comes 1 nto contact wt e el ectronic part; an en processing the

el ect rOniiﬁv&ﬁi%h-hagﬁgeniéa}eﬂ@g@téd)&sfe&‘gﬁ hes ﬂ&gﬁg.pr ovi des an el ectronic part

produced t hrough a proc I ng conducte y- the net hod of processing an

el ectronic part. The iBRnEbn PRRSisRARNp&drablé Fre RPN vE la@hesivel shed feChemat i ¢

sectional viewillustrating part of one enbodi ment of the heat-peel able
pressur e-gdet®nid ytsefhieh| compsReeh hearexphedubleonlyer @mtdifingfhehiiéxpafidk®nd i on.
Fig. 2 is a schematic sectional viewillustrating part of another

enbodi menmicodsphéres bshi npe-btaiekpapiableguessuseseasitive/aihasine lyeefosined bn bor

el ectronic parts of the invention. Fig. 3 is a schematic sectional view
i |l ustratlessy qer sidef ofsthiel heareapiralablentaydi, nehereiof whire the giresserehsahditve
pressure-sensitive adhesive sheet for electronic parts of the invention.
Descri pt i asthegve shest Refappliade onNbeesidg of Hiedn@i-hept-expandable -pressizghiensitive
pressur e-%@nsi tive adhesive s ee,i, for él ectronic parts 11 heat -g?el abl e
pr essur e-XBREYE 1AVEN A RSYITRee Affoditicqrpaler apd itheiealicrheated and peeled from

the wafer, then the carbon element proportion Re; (%) on this silicon wafer surface as
determined by XPS satisfies at least either of the following relationships (1) and (2):

Rc1 €50 + Rep (M

Rcy <2.5Rs, )
wherein Rc; represents the carbon element proportion (%) on. the silicon wafer surface
as determined by XPS before the application; and Rg; represents the silicon element
proportion (%) on the silicon wafer surface as determined by XPS after the
non-heat-expandable pressure-sensitive adhesive layer applied to the silicon wafer
surface is heated and peeled therefrom.

The heat-expandable layer preferably is a  heat-expandable
pressure-sensitive adhesive layer which has both thermal expansibility and
pressure-sensitive adhesive properties and has been formed on at least one side of a
substrate. The pressure-sensitive adhesive of the non-heat-expandable
pressure-sensitive adhesive layer may be one in which the content of low molecular
polymer components having a weight average molecular weight of 100,000 or lower is
15% by weight or lower based on all polymer components, or may be a radiation-curing

pressure-sensitive adhesive which is less contaminative. The less contaminative



12 heat - peel abl e pressure-sensitive adhesive sheet for electronic parts 2
substrate 21 substrate 22 substrate 3 heat-expandable |ayer 31 a

heat - expandabl e | ayer 31b heat - expandabl e | ayer 32 heat-expandabl e | ayer 4
non- heat - expandabl e pressure-sensitive adhesive |ayer 41 a

non- heat - expandabl e pressure-sensitive adhesive |ayer 41b

non- heat - expandabl e pressure-sensitive adhesive | ayer 42

non- heat - expandabl e pressure-sensitive adhesive layer 5 liner 51 a liner 51
b liner 523 liner 52b |iner 6 rub ery organ el astic layer 7

pressur ei'éfgh%qrr?wgaﬂﬁ@rwnﬁ@y@ra Pestyg P_IE% @Egeppmrr hoptirggo (RGEMTI ON The
heat - peel abl e p ﬁssur nsi tive adhesive sheet for ectronic parts of the
i nvent i or?op@nk ﬁg %‘é’trﬁ?F A PAYPRECOMPARCHH dapng & dYeégergeq.}gratng@olg EMasi ve

dnesi ve gt oo e Foderd oRe s RS RN o BRI Br BERRAE BEnr o

and peel e then the carbon el enent proportlon RC1L (9% on
this sili g(?noﬁ%”%% ur%na?l%:e (that surface of the SI | i con wafer which has

been in contact m\q*r?teegq %pggsg%ﬁle g gé% ﬂ%bio‘ﬁe ?Olsgg?k;nl élg?l@sdgpy ve

| ayer) as deter Free a Ieas 'owm ng 5
the invention preferably comprises the heat-expandable layer and non-heat-expandable

pressure-sensitive adhesive layer formed in this order on one side of a substrate and
further comprises at least a pressure-sensitive adhesive layer formed on the other side of
the substrate.

The invention further provides a method of processing an electronic part
which comprises: applying the heat-peelable pressure-sensitive adhesive sheet to the
electronic part so that the non-heat-expandable pressure-sensitive adhesive layer comes
into contact with the electronic part; and then processing the electronic part. The
invention furthermore provides an electronic part produced through a processing
conducted by the method of processing an electronic part.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic sectional view illustrating part of one embodiment of
the heat-peelable pressure-sensitive adhesive sheet for electronic parts of the invention.

Fig. 2 is a schematic sectional view illustrating part of another embodiment
of the heat-peelable pressure-sensitive adhesive sheet for electronic parts of the
invention.

Fig. 3 is a schematic sectional view illustrating part of still another
embodiment of the heat-peelable pressure-sensitive adhesive sheet for electronic parts
of the invention.

Description of the Reference Numerals and Signs:
1 heat-peelable pressure-sensitive adhesive sheet for electronic parts

11 heat-peelable pressure-sensitive adhesive sheet for electronic parts



relationships ( 1) and (2): Rc~ <- SO+ R~z (1) Roy <_ 2.SRs, (2) wherein
RC2 represents the carbon el enent proportion (% on the silicon wafer
surface as determ ned by XPS before the application; and Rsl, represents
the silicon elenent proportion (% on the silicon wafer surface (that
surface of the silicon wafer which has been in contact with the

non- heat - expandabl e pressure-sensitive adhesive |ayer) as determ ned by XPS
after the non-heat-expandabl e pressure-sensitive adhesive |ayer applied to
the silicpn H@aft—?)EelﬁMg&?e%E’urE%e ﬁ%%ﬂh@s’i‘&ﬁ e 'fSPelkélen?{éaQ{é‘ The heat - peel abl e
pressure-sensitive adhesive sheet Tor electronic par of the invention has
at |east ei(het.f the followng two properties. One property is as

foll ows: when the pressure-sensitive adhesive sheet is applied to a surface
of a siligongwafrge SO as to bring the side of the non-heat-expandabl e
pressure-sensitive adhesive layer into contact with the silicon wafer
surface @ hsirier eafter heated and peeled off, then the difference

bet ween the carbon el enent proportion RCL (%9 on this silicon wafer surface
(t he surfacaedtreapandablzliagdne heat - peel abl e pressure-sensitive adhesi ve sheet
for electronic parts has been peeled) as determ ned by XPS and t he carbon
el enent p¥lapchdat-expaRdabl¢ dyeon t he silicon wafer surface before application
of the heat-peel abl e pressure-sensitive adhesive sheet for electronic parts
as det er i Ivechdsf-expadaticiayroz) (sonmetimes referred to as "~R~1_z") is 50 or
smaller. The other property is as follows: when the pressure-sensitive
adhesi ve ¥hebeatieypaslabledeyet o a surface of a silicon wafer so as to bring
the side of the non- h@g&f-ex andabl e .pressure-sensitive adhesive |layer into
contact i t RORREAtEXPRRARDle L %Presst‘ip?‘ﬁfé)"ea‘gﬁﬂv??y%er eafter heated and peel ed

off, then,the ratio of t carbon el enent. proportion Rcl (% on this

ot 11 con vilerngiiSelainle SR ITeSiR SRR B heat - pes able

pressure- SEt I ME, s I eI oM. c..parts has been peel ed) as
determ nefileolnoyh%é&ttgg ehtsﬂlglp?%%%ges%%{r%‘%{a%%%%gﬂa ?ron Rsl, (% on that
silicon wpf ehosHedtagBaddabR pRedshRCendifiRmdnaiichlavlie heat - peel abl e
pressure-sensitive 6 adhesi ve sheet for elecftronic parts applied so as to
bri ng thessilger of the non-heat - expandabl e pressure-sensitive adhesive |ayer
into contact with the silicon wafer surface has been peel ed after heating)
as deternlredlilyy XPS (R~~/Rs,) (sonetines referred to as "R-,s,") is 2.5 or
smal l er. The pressure-sensitive adhesive sheet preferably satisfies both of
the rel atﬁﬁhsﬁmp“s (1) and (2). Nanely, the pressure-sensitive adhesive
sheet pref eraFI has such properties that OR~~_Z is 50 or smaller and R~i s,
is 2.5 orS%%alP%r. ~Rcl Z is not particularly linmted as long as it is 50
or. smalle b Fﬂrerexarrpl e, it can be selected fromthe range of fromO to 50,
preferabl§/2up P9 30 (e.g., from0.1 to 30), nore preferably up to 20 (e.qg.,

fromO.5 o i RIA; y upto5 (e.g., froml to 5. ORo;_2 may be
a negati vg rﬁﬁ eg%ﬁ]lgniagig%? exceeds 50, there are cases where that

surface of %ﬁﬁ@@%ﬁﬁm&a&%ﬁ%méﬁh has been in contact with the
non- heat - expandabl e pressure-sensitive adhesive |ayer (the surface from

whi ch the heat - peel aDET ATLEIFDESCRIPITON/OFAMEINVENTHSN for el ectronic
parts has been peel ed) has hi gher contam nation and the el ectronic part

obt ai ned t hr ough Phoheagicelgblespressthetsensitive adicesive shseti foaleleetréuic pantsiofi cal
use. Rocs, is not particularly limted as long as it is 2.5 or snmaller. For
exanpl e, the inyentlyn isethacactetized dm thitewhemdlee pfessurenserGitive alhgsipprshdetriabl y up
to 2.2S (e.%;_., fromQ.05 to 2.25), nore preferably up to 1.5 (e.g., from
0.1 to 1.spliedpen thervdephieynogrhepbexpagdgble gressure-sensiiive adbesiveshayer, tthen R-i s;
exceeds 2.5, there are cases where that surface of  gn el ectronic part which
has been FHEEEE 2cHiqun Waieh @t here e-rés@ﬁf&ﬁaagméelsﬁi gy phe. Wl them e

schest ve LA okle, LGS RO i oSl p SR Gupreray el 1o
o RO el b

i.on Rel (9, i 7 (94,
(earbon LT BBRH oAl 3] <A Reig ERl, BERICHL 0 it




XPS (X-ray photoel ectron spectroscopy). For exanple, the determ nation of
carbon el enent proportion Roy (% or silicon elenent proportion Rs; (% by
XPS is conducted in the foll owi ng nanner. A heat - peel abl e
pressure-sensitive adhesive sheet for electronic parts is applied to a
surface of a silicon wafer so as to bring the non-heat-expandabl e
pressure-sensitive adhesive |layer into contact with the silicon wafer
surface. This silicon wafer bearing the pressure-sensitive adhesive sheet

i s heat ed,i ] tmair drying oven for 3 mnutes, and the
pressure?ggﬁgﬁwﬁéggz é%?ve sheet is then peeled fromthe silicon wafer.
Thereafter, that ggucfsgcergf the silicon wafgn fromwhich the
pressure-sensitive adhesi ve sheet has been péeled is exam ned by X-ray
phot oel ectron spggl kassYY using an X-ray piptoel ectron spectroneter (nodel
"5400" manufactured by ULVAC-PHI, Inc.) under the conditions of an X-ray
sour ce ofwhdika K3 réplededRGhd\tarban 2lea@@t piopbrtidh (48, ortthd sflitof vafdrnatfag ar ea
of 1x3.5 mm Thus, the carbon el enent proportion Ro 1 (%9 and silicon

el ement pEsajeterinied BRs XPSYDefomnthbeapgitaion] medl RsCreptdsentottiesilibamn dlendehe
determ nati on of carbon el enment proportion R-2 (%9 by XPS is, for exanple,
conduct edroportitie (Yop bh dve slgcamawater surface (thitasefacé ofithsisiliconrwafer. which hamf er to
whi ch the heat - peel abl e pressure-sensitive adhesive sheet for electronic
parts hasesptinastachppith dhe pen-beaireixpendable prepsye-pansttive| ashesivh lasisec 8% oscopy
usi ng the X-ray photoel ectron spectroneter. (nodel "5400" uf actured by
ULVAG- PHIdetgrpaned P @ﬁéf thsna Q‘ﬁ%ﬂwxaﬁﬂndahl%)@fﬁﬁsylfs%?@ﬁl@ée gﬁﬂ?\?g%a}aysr kV (300
W, a stage,.ti]Jt,of. .45 apd an exam natiqn ar of. 1 x3 .5 mm [using the
sanme appa?g’allféloathﬁ Silifiopk waten sur, %?ﬁé&& 'ﬁ“ﬁé’ﬁ@egg’q‘i’fr%e det ermi nation of
carbon el enent pr f] ST 9 k] . : | c (N].
Thus, the carbon’gﬁgﬁgkga%g%% %%%%ﬁggg§h%ﬂ§ﬁ@§§£§g5%3?£%§$%%%¥8éﬁ§§%inents
for carry : L td: i i W ¢ L
referencéh?gmﬁﬁéo%?gakggégé%ggﬁg?#%:?gone dﬁM{?&?Qﬁ%%béPgsgﬁﬁ%g*ggxzre

of ten desfofawteghdyinkifisivdrRhdtive adtietive thded iRafie 8l rfa@Cof LHBEkorYi EW
illustrating part of one enbodi nent of the heat-peel abl e pressure-sensitive
adhesi ve wifeeko fagrto dirimgtthenide @athe snonfheh@xpandabdd ipeessurt-Berfsitive adhesiverer al 1
denotes a heat-peel abl e pressure-sensitive 8 adhesi ve sheet for

el ect r oni leygrantosconmchwith the silicen wafen suréase -anst pathdrebfter heatedrand peeled off,

non- heat - expandabl e pressure-sensitive adhesive |ayer, and 5 a liner. The
heat - peel HB thepliffersneechetwers the garbam plegepiepropedion Rer (%) ek thivsilicomwates 1

h in Fig. h tituti i Si bstrate 2,
heat - expattilt Bhf Ayfee SRR el R heACPRIanE DR SrdaRniR adhesie g for
t ai ni - ] h . - t- I
or ascur o Serienls PARETHE Hebn (52T Spmlb o R0 RES SRR ety e 5,

and a |i “ﬁg@pﬁﬂ%&?‘éﬁ %g R0 siiB6n WaRs @ﬁﬁéde%@&@%?fh‘i&ﬁ% oF t?‘éa?‘-g&?éﬁlé ve

adhesi ve IS a schematic sectionat view Illustrating part of
anot her  eplaQelidTRMItVE alh@iedeePRE lRRIrENiRHARS WE AeBAmES lb}fexpsi L) sheet
for electronic parts of the invention. In"Fig. 2, nuneral 11 denotes a

heat - peel @bietipes sdfertet tv@aISARCVE) Biesd sgalleh e €Thd sthergpropdrtyoisiac flviss, 21 a
substrate, 31 a and 31 b a heat-expandabl e | ayer (these | ayers are

sonet i meswherf therpresstiue-sensitive adhekive abeet heappliest paadatfhee dfoa/siicorBwatey so41 a
and 41 b a non-heat - expandabl e pressure-sensitive adhesive |ayer (these

| ayers ar@ wobring Hessidepbthearpnthal-gxpandable pyﬁsa&rwmmwc%méy%mt@
pressure-sensitive_ adhesive layers 41 "). 51 a and 51 b a liner (these

liners areonsashevitnibe splicon wader susfars and,isi theregftersheated pod pegled off, thenthe 4
rubbery organi.c elastic |ayer. The heaj-peel abl.e pressure:sensitiye

adhesi ve BHARY thegarenl pperEcROEan, AR SHiqangvarer Supfaee Whe.BHEEF ¢ ut i on
conprising a rubbery, organic elastic |layer 6, .a heat-.expandable | gyer 31 a,
S hon: heaftoB it Ihy hediPedat e serdiladbonle SFRLIEIETRR Sru BT e
51 a which have en ;super ed s .t his.order,_on one si.de of rate 21
A L T S e B R D e R A W
pressure- | lhesi I b d L b_whi ch haye been
uper posel Tl (1ol SRS e st fly"wB g WAFecRbe i hERARG 30T,
schematic sectional view illustrating part of still another enbodi nent of

t he heat - peel abl e pressure-sensitive adhesive sheet for electronic parts of
the invention. In Fig. 3, nuneral 12 denotes a heat-peel abl e
pressure-sensitive adhesive sheet for €lectronic parts, 22 a substrate, 32
a heat - expandabl e | ayer, 42 a 9 non- heat - expandabl e pressure-sensitive
adhesive layer, 52a and 52b a liner (these liners are sonetines referred to
inclusively as "liners 52"), and 7 a pressure-sensitive adhesive |ayer. The

g o o o o " o o o o e A~



The heat - peel abl e pressure-sensitive adhesive sheets for electronic parts
shown in Figs. 1 to 3 have a constitution which includes at |east one

heat - expandabl e | ayer havi ng a non- heat - expandabl e pressure-sensitive
adhesive | ayer formed on one side thereof. In particular, the heat-peel able
pressure-sensitive adhesive sheet for electronic parts shown in Fig. 2 has
a constitution in which a heat-expandabl e | ayer and a non- heat - expandabl e
pressure-sensitive adhesive |ayer have been forned in this order on one

side of the substrate through a rubbery organic elastic |ayer .and. .at
| east . Rhesvesstpe. dehssleqiipaicadiedsi gepliedyép RastondBmer denesifico it Hie ot her

adhost ve MOAER RAFBIBLGR TS, ARESOF By oM HORBEh B hofegicon — -
Furth t he. heat - | abl -, iti dhesi hegt

e o Wl i PR P e SR B R S RS
heat - expggoqlgglrge%%%gegwgs wsgmﬁggf grﬁ%wdabl e pressure-sensitive adhesive

| ayer ha een forne order and at |east a pressure-sensitive

adhesive layer h ebgf%Qer?-EéIEﬂi\%”a Sivet Rkt %r%rabﬂh"sa&ﬂi%ﬁt&ﬁﬁ Cof dner.

rubbery or ganic elastic [ayer, and pressure-sensitive adhesive |l ayer each
may opti ge@libyshis (@) SRPSSJ. NARa ;@éﬁﬁéh@ﬁ’x@l BndiBVeEEdhediDE LA, 'W'H@' €

| ayers (3, élf gﬁé %2) g? !east%contain hé%?-expangéblg ni%?ospheres for

i mpar t i NGyt efopeHieS MRAAR-P 15i50)%r sBal@WnE R, &M Sor sthigRr.t he
pressure-sensitive adhesive sheet is applied to an electronic part and the
10  heat - expandaiR@g, | syt pastiigalye dindtedany I6iRs g édid iS0eort findleal t Bor t hen
t he heat - expandabl e m crospheres are foanmed and/ or expanded and the

heat - exparxdmples it cancre $edovteal froupathel sange adrfdim @l 4. SDpeefeblyhipstoedhénsi on of

t he heat-expandabl e | ayer, that surface of the non-heat-eépandable

pr essur e-fsem ikt 1030) ampresireisrably ep taf) @ke.i Som®. T Qcmostipr¢ferahly wpl tock r oni ¢
part cones tog haye unev surface, whereby the adhesi on area, between the
non- heat -@%pg%glt%gbr e 125 HBFRY RS e q’&?é\RCahEP‘CFFFE 0 BTG oni ¢
part is reduced and the adhesive force.of the.non-heat-.expandabl
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el ectroni lﬁapgfééﬁlg"gfegﬁl'@%sﬁ% RARRNd $etBr BIRRIMRC hAA NS bREH pecf@Pnhe made

easily peela mthe electronic part by heating the heat-expandabl e

| ayer at Highertcoffamiligivh-dnd pielaftkéhidvbat ob@fed esroudih frodeningax pABfaV e

m crospheres can be suitably sel ected from known heat - expandabl e

m cr os phepastsunsitiablé atpraxipandabl e mi crospheres that can be . advant ageously
used are a foam ng agent which has been m croencapsul at ed. Exanpl es of such
heat - expandabl e s s epdisulapy liitedras denscasp b 151 205 obynallene dForlgample,
encapsul ati ng, a substance which adi | asi fies and expands on heati ng,
such as (%68 ?Ctiﬁr&%‘aﬁée angﬁeﬁ?rawé),%&% rsteratly WRia -5 (36, ﬁtgrﬁﬁ%ses,
the shellgs made o hot - mat.er i 0 mat eri.al, ,whi ch_hreaks upon
her ol R DS RERTAREDD B8 -5 KeBe B 0 &F hiShahamh pisterahly Bhag fade2:

vinyl i de I cr nitril yRers,..pol yvinyl alc ol yvi nyl
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pol yner i zZgkisare-sehbigive alRestRNIBYd g{heprsﬂﬂﬁ@é Sfrefn N@Rith exRANKkaRp&Iable

m crospheres, e.g., MATSUMOTO PHERE (trade name; manufactured by

Mat sunot opr¥ssats-sebeitivakadhsite Jsheet Ifor dienik baddrhag bage peelef) bhs highenot been
m croencapsul ated is used in place of heat-expandabl e m crospheres, there
ar e casescontemiaatidre aink dte- gleattonid parp obmined ehmomph iprooessiagl ires idefectiveepdr when
applied to an electronic part and heated and peeled off thereafter, causes
enhanced wenitahie fatpranticalaisehe surface of the electronic part probably
because the non-heat - expandabl e pressure-sensitive adhesive |ayer undergoes
cohesive failure SNeh elemehie pfapartiong @eon. elp@ment| proporiion BeedWhr earbemsitive
adhesi ve sheet is |less effective in inhibiting contam nation enhancenent.
In this celementtpiepeition RoeEohisilisop element properiontBsy ok gitosAry detemuned by be
unable to satisfy the relationships ( 1 ) and/or (2). Fromthe standpoint
of efficiently and stably | owering the adhesive force of the

non- heat - expandabl e pressure-sensitive adhesive |ayer by a heat treatnent,
it is preferred to use heat-expandabl e7m crospheres having such a noderate
strength that they do not break until the vol ume expansion ratio thereof
reaches at least 5 tinmes, preferably at least 7 times, nore preferably at

| east 10 tines. The particle dianmeter (average particle dianmeter) of the

o



m crospheres in the invention can be suitably selected according to the

t hi ckness of the heat-expandabl e | ayer, etc. For exanple, the average
particle dianmeter of the heat-expandabl e m crospheres can be selected from
the range of up to 100 pm preferably up to 80 pm nore preferably from1l
to 50 pm nost preferably from1 to 30 Vim The particle dianmeter of the
heat - expandabl e m crospheres may be regul ated during the formation thereof.
Alternatively, it may be regul ated after mcrosphere formati on by a
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as the biRdeeaRéGaRdfde WYsshtesBRjtal thésﬂetllagerl RNEbniaeS Midh! hedgnERe, the
f oam ng and/ or exXxpansion of the heat-expandabl e m crospheres during

heati ng. vifensidigest FRBPEIIES wafert BRribpehéBlreBuRABAdiNd blbesBle §Het is

heat - expandabl e m crospheres, controllability of the pressure-sensitive
adhesi ve heatepé b i188°( kotepir draihigesien éorf Dimiratespind the pregsurbeaisitbrepdhesad e
pressure-sensitive adhesive layer in application to electronic parts, etc.,
a pressurshegtenghen peeled o e sidinoth evadiehy athergaftars that ysdakeasf theesibéander .
When used as the binder, a pressure-sensitive adhesive can not only

funct i on vferfrommiviieh higtpressurs-ssusifive adhiesive shaet hassheen peeled isogxamsnes by
pressure-sensifive adhesive. A pressure:-sensitive adhesive may be used the

purpose orTHEPBPIgCleRTY BRESHOISPBY JSing- Ak fsiay iRhetoslesan wrecHoglsist (model not as
bi nder ... The, t of .t t dab| e..ni cr osph i t ed
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desired gk?qagéﬁg@gﬁﬁgﬁ%uggﬁhQ94§dQS§5 & xdrfnGforPires bF 3.5 mm,  Thus,

non- heat -'eXpan essuré-sensifi've adhesive Tayer, etc¢ wever;, the
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pr ef er abl detdri@m8d25 Crotht Qihraiaha, e deRirGiratioR®F c4M0n RArhdnt PyopweiighR pf the
pol ymer ingredient constituting the heat-expandable |ayer (e.g., the base
pol ynmer aPoxtyeXPs é&s farrexamples cdndueted dthihgifvlboveing mabnerde ) surfacesfalisiic@ensi ti ve .
Adhesi ve: Exanpl es of the pressure-sensitive adhesive used (as a binder or
anot her iwafeeth which the hedtepeplable- mrrysuredsebsitive adhesive (sBeetJor elgetordQ patithcl ude
known pressure-sensitiyve adhesives _such as rubber-based pressure-sensitive
adhesi veshasg®t Pesrcanmiied syupemisdsint Kvay Rhefeslectean spgetrgpcory wyne theptyalpased

heslves. ol i hoarvas.
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adhesi ves having i nproved creep character tal ned by incorporating a
hot - mel t 4sefi thehaster@n@ionebt caBoP @letiend praptién KOO arldoviitor Rlethehhese
pressure-sensitive adhesives. Such pressure-sensitive adhesives can be used
al one or propeichiRyp©)Pn Thust thie carboneletnenbhpropoition Ree %) Earbederamlied. Japanese
Pat ent Lai d- Open Nos. 56-61468, 61-174857, 63-17981, and 56-13040) A

radi ati on-curi ng pmbedimesntssfensatryme adhbeiimention valebeygxplained lbelomg in
pressure-sensitive adhesive) can al so be used. The pressure-sensitive
adhesi ve dgil byrafeiencedpphogdraivings agendding ve sedde s Likesmerobgraer parts argpfien ent s
including the pressure-sensitive adhesive ingredient (base polyner)

accor di ngdesigneied byi Yilse pymemls. pFigs dus & sscheratiq sestiorfh oigw dlusirating parhAbl es of
the additives jnclude crosslinking agents (e.g., polyisocyanates and

mel ani ne eneksInbedimentsgf thealaqar-weé@kge pEesgure-sensitivesadhgsive, shged ferpplegfronic

sem solid, or ljquid at ordipary tenperajure, such as rosin derivative
resins, pmrystféjrtbéﬁyev%@}- ndn Figstly SRDEHR ﬂé@ﬂﬂ@? a det-Rseiab OMERSHEE-SSRUHYS
resins), plasticizers, fillers, and antioxidants. . Preferred exanpl es of
the pressure-sensitive adhesive generally include rubber-based
pressure-sensitive adhesives containing natural rubber or any of various
synthetic rubbers (e.g., a polyisopreng rubber, styrene/butadi ene rubber,
styrene/i soprene/ styrene bl ock copol ynmer rubber, styrene/butadi ene/styrene
bl ock copol yner rubber, reclainmed rubber, butyl rubber, and

pol yi sobutyl ene) as the base polynmer; and acrylic pressure-sensitive
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14 ester, undecyl ester, dodecyl ester, tridecyl ester, tetradecyl ester,
pent adecyl ester, hexadecyl ester, heptadecyl ester, octadecyl ester,
nonadecyl ester, and eicosyl ester of (meth)acrylic acid. C4_1g al kyl
(l'inear or branched al kyl) esters of (neth)acrylic acid are preferable. The
acrylic polynmer may contain units derived fromone or nore other nononers
copol yneri zable with those al kyl (neth)acrylates so as to i nprove cohesive
force, heat resistance, crosslinkability, or other properties according to
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(et h) acryl oyl oxynapht hal enesul foni ¢ aci d; phosphate gfoup-contai ni ng

nmonormer Ss@bﬁ{bs@@ oR? tHibhhereéipahastly breydurgbeasipina bétiesiviigebst | t ut ed) ani de
nmononers such as (neth)acrylam de, N, N-dinethyl (nmeth)acryl am de,

N-but yl (et h) acr ¥iga@iisle scidnmaeicsgttadngireiety)ilastsatiagipae of ansther embodiment

N- net hyl ol propane( net h) acryl am de; am noal kyl (rneth)acryl ate nononmers such
as ami noef Ith¢ Keatpéelatde \Hressure-danditivié radhesyveashend efonydleqtropich pads ydfathe, and

t - butyl am noet hyl (et h)acryl ate; alkoxiglkyl gneth)acrylape nmononer s such

as met hokpenton. (Irdiig) dcryméiele] hdenaieshs kgatieglablerpsessyreciepsitive adhesivei ni de
nmonomer s such as, N-cycl ohexyl mal.ei m d N- | r | mal ei m de,
N-1 auryl qﬁé?% ésstr%{%pw%?%@ﬁvbérréﬁens&%ﬁnci 318 3 Heht-ehpangabis e Ghes as

N-net hyl it aconi mide.. N-ethylitaconimde, N-butyli oni m de,,

N oot y1 | 1R Remetis Féiged I REMeRF s Meshiahepaie ByB ), 412 ana

N-cycl oh | Lt AL Vdolo & [ f.des Ci Rt n rs such
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N- (et h) agin¥iRys rdferfody REmanEhaY! ANesHMehPhttRblcANEssure-sensitive adhesive

N- (et h) acryl oyl - 8xyoct anet hyl énesucci ni m de; vinyl nononmers such as vinyl
acet at e, lasieryt1)y S &1das B a Nnet (thdse)inerd ard Gomctifies Faftrvédnol Mylusivelyi adone,

vi nyl pyri di ne, vinyl pi peridone, vinylpyrimdine, vinylpiperazine,

vi nyl pyr dlnere, 5UiNnylapd néola, rubbagy i ongaiz oletastivi tayenxazdhe, heatrpeklablephol i ne,
N-vi nyl car boxam des, styrene, a-nethylstyrene, and N-vinyl caprol actam
cyanoacr yresseerpensitieg adhasive skeehdpy | adesinonicl pargnd | nehovec iy | 18ai 2r hiea

acryl at 2@%ﬁh&ifo%{%#%”ﬁ@%ﬁ[ﬁﬁ%&ﬁvﬁaﬁﬁ%ﬁi %g'f%%gg;{‘d%ggg;y'eggfé, Homyi ene
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di (nmeth)acryl ate, (poly)ethylene glycol di(neth)acrylate, .

(pol y) pr ciyl £hifterdh M Mhichi havRt boeacsipbpbsed MEMRE B! ol 1116 Vthedli idbhiRCr Y| at e,
pentaerythritol di(nmeth)acrylate; trimethylol propane tri (nmeth)acryl ate;

pent aer ytshbsttatd 2L.ri (et h) acryl ate, di pentaerythritol hexa(neth)acryl ate,
epoxy acryl ates, polyester acrylates, urethane acryl ates, divinyl benzene,
butyl di (neth)acHg.aBeis ansthéreatyd sdétiomel vjexc rillisitadng opaef iofi stiinanether such as
i soprene, butadiene, and isobutylene; and vinyl ether nononers such as

vi nyl et reboditherd of W beatpseleble dressursesgnsitivmadhesive shegd i elegtramse partst wo or
more thereof. Fromthe standpoint of a bal ance between noderate adhesive

f or ce befaribe HavantiopealmEig armerdet? daneies @ heghpedlahde pogsewretshisdiigh heat
treatnment, a preferred pressure-sensitive adhesive is one which conprises
as the basbesivn yhast for lestanis Pamsi24ga Jubpmaenide drbepiicyBandablg) laxeri 6218 of
from 50,000 to 10,000,000 dyn/cne in the tenperature range of fromroom
tenperature to 150C. 16 The heat - expandabl e | ayer can be formed by, for
exanpl e, a conventional nethod which conprises m xing heat-expandabl e

m crospheres with a binder, e.g., a pressure-sensitive adhesive, and with
optional ingredients such as a solvent and other additives and foam ng the
m xture into a sheet-formlayer. Specifically, the heat-expandabl e |ayer
can be fornmed by, for exanple, a nmethod in which a m xture conprising
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need. Exanpples of such nononers inglude carboxyl - cont ai ni nononers such
Rs. acryl PICAUP SHeRofrAEPYITES R8T, 2 chrSBBSURR by o BEAFGHEATSaDIE dAG Jpant |
acryl ate i%la oni C}gﬁ@i d, malefic.acid, fumaric acid %nd crotoni ¢, acid;
aci d anh{¥Pe-<ABH s B phe




t hi ckness thereof is about 300 ~mor snaller, preferably 200 pmor smaller,
nore . , , preferably 150 pmor snaller.. In case where the thickness
thereof is too |arge, the non-heat-expandabl e pressure-sensitive adhesive
| ayer is apt to suffer cohesive failure when the pressure-sensitive
adhesive sheet is peeled off after a heat treatnent. As a result, the
pressure-sensitive adhesive partly remains on the electronic part to
contamnate it. On the other hand, in case where the thickness of the
heat - expandabl e | aver.,is. too small, the.heat-expan e Jl.ayer deforns
aut 11 o BRORGCeHRARRE BrhSRe SEPUke kP ATA err SRR P L Ll FOnE <.
cannot. be%ré g&ﬂét%%(s Je?e%'aqginci PP iRl 5§§Cgﬁrcf P2 A8k L RENGRSES. MY
necessitate useé of heat-expandable 'm crocapsules Rai ng "an excessively

smal | parlg'%&l eT‘i’ﬁieaﬁ@E-ﬁéelaﬁé 3#%515 Fs%n%ﬁ%qaﬁ’éswaesshegp%rt I@iegﬁggﬁéaraa fhe

heat - expandabl e Tayer “I's prefera ~m or rger, nore p ly 5 pm or
larger, nglmPiffEEall hadC WoRsRltibR &)ﬁ{prism%na Fﬁ@a&-‘eﬁﬁa‘?ﬂﬁﬂ@bla?er 32, a

]
Pressure-Sensitive Adhesive Layer: The non-heat - expandabl e

pr essur e-sipisdat-exandable prassurb avesitve( 4ihedde 10386424 Zand e 1inerd28 which have
pressure-sensitive adheSive |layers through which the pressure-sensitive
adhesi ve isfeaauperpoedapphisatidéroorebie tidonf @ pdstiae 2Taad duAka dompeikimghavi ng no
thermal expansibility. The non-heat - expandabl e pressure-sensitive adhesive

| ayer s f opmesdressmyicive hdiesavedaydr €, aridoa ey H2b vaddilebaverbeen sepeepdsed in thipart s
and prevent the electronic parts fromsuffering enhanced contam nation (in
part i cul aerderfanbe othst side nbile shbsimatak2 he pressure-sensitive adhesive sheets
are treated with heat for |owering the adhesive force. In the case of a

pr essur e- sensi t i vEheafeatgrslable nprgssurrasanpigive agdhesde. pleests &rpelpettamice parts
pressure-sensitive adhesive |ayers |ike that shown in Fig. 2, at |east

D Cher of TONE HhiEhaato 2 Hptk abrpiozsuiF Heukes ol s dnschsnterngttf can e
used for licatign ta a surf of an el ectronic .part. The

non- heat - Bugapitn & sedyPanlils HoWaGHEEN e B ey lvg op one
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adhesi veaﬁgée&ﬁ%r%%cg%?%ﬁc% hté}llét ﬁéﬁ S?]lfahlga {égeséﬁea%é@g%]%e%?gsggeu?g%z ef%*si tive
adhesi ve {igitnid farfOhoRanih Fibafak ¥ cohdfithtRfh iaRehi GPOhER-cRPirdableYayeehrt ed
according to the desired pressure-sensitive adhesive properties (e.qg.,
adhesi ve a non-hedtagpandabRppedsttdensitiv®adtesiot tayet Baviedbeks formeladn this exdanpl e,
pressure-sensitive adhesives which are known or in comon use can be used,
such as t b ope essdeupk thee pgistrateethemighsd vhbesn orgeniat dakticelagérnatdosteleast. £xanpl es
of the pressure-sensitive adhesive for the heat-expandable |ayer (e.g.,

r ubber - baBwssugs-eansitive adbesive: lnyes hagbeen {pamed ge ithe otherpyides Gulreat-exnesdable e

adhesi ves i al k et her-based pressure-sensitjve adhesiv

Vi nyl I v S, ..
sil'i cone- l?é(%reﬂydp? B%%'\é‘?aé'-eyéaﬁ‘éiﬁ F\Péesé‘g‘ﬁ'ég’i‘%‘ée,a Bﬁl%lfﬁ’%rrhadﬁ Sl forined in
pressure-sensitive adhesives,. pol yam de- bas ressur.e-sensitive .adhesives,
(i ot hane. 156 260y 8 P ot S1acPy  ¥iheEionE 08, REEPERATS P S ot
bressur e SAISHE! WReCARCILARRI Bhtd SARLLLT%, D) 96K £ RRGTRE. AASRN -
pressure-sensitive adhesives, pressure-sensitive adhesives having inproved
creep chapafle@pdndhibleIayef Bl 4 ﬁgﬁ—ﬁédtféﬂp&ﬂ%bl@%r&ﬁ&éééﬂsﬁi&%ﬁééibé’ﬁy&%@é' ves).
The pressure-sensitiveé adhesive used for constituting the
non- heat - Bednafoahnell 6n RhiR SGrérc arsE BS dabtv £ prekbasiswiithay dhekive NayRr Ead Meyn One
which restrains, in the | owest possible degree, the thermal deformation of
the 18 fremied eosp thied athee sidey e The Fsubstratd) diret, arvdipexy ndrgaiic sestis f yerg ahde
relationships ( 1) and/or (2), it is preferred to use a | ess contam native
pr essur e- pesire-sensitivd ladbésing lager chch paregionellysbadispdsed adhesi ve constituting
t he non- heat - expandabl e pressure-sensitive adhesive | ayer. Exanples of the
| ess cont HetZxnandalle baglir e- sensi ti ve adhesive include rubber-based or
acrylic pressure-sensitive adhesives in which the content of |ow ngl ecul ar
pol ymer conponent $hé AsatsypandaRle daers(Pe p hgidiz) ébl??%ﬁoﬁk?irbhﬁat'6¥P@é&§®00 or
| ower is 15% by wei ght ,or | ower, preferably. 10% by wei %?t or | ower, nore
pr ef er abl {105 r%e-ghtlma%mpsmg&epgﬂn§¥pa§§%f15¥-ab|é}%u% thes gibenyrthe ower |
based on all pol yner conponents. ampl e hereof further include
rad at | onDESHEHSEES FHBERUns TRy o adRBL o0 i CHORIIPE T Had ((he
content of | ow nol ecul ar pol ymer conponents having a wei ght average
nol ecul ar wei ght of 100,000 or lower in the cured adhesives is 15% by
wei ght or | ower, preferably 10% by weight or | ower, nore preferably 5% by
wei ght or lower, nost preferably 1 % by wei ght or | ower, based on all
pol ymer conponents. In the case where an acrylic pressure-sensitive
adhesive, for exanple, is



produced as such a pressure-sensitive adhesive having a | ow content of

| ow- nol ecul ar pol yner conponents, the foll ow ng nethods can be enpl oyed.
However, usable nethods are not limted thereto. (A) An acrylic polyner
obtained by, e.g., polynerization is introduced into a solvent in which

hi gh- nol ecul ar pol yner conponents do not dissolve, such as heptane
(aliphatic hydrocarbon). This mxture is stirred to thereby dissolve

| ow nol ecul ar pol yner conponents of the acrylic polynmer in the solvent and

i pi hi gh- nol | | f th [ i | . Thi
br eci pi t AtE-PPHURER 6t 1 bERGL ot &Y OGN PEeBryHisT, Wb e hea PRt ent
gi ves. an ERpREreR By R S g ey ana TS MR EAROSHE by T Ach EEBe ar
Do Tt oRRARARGN > Ddd 10 1P bl ol Yind B S RnaRNEITR S Bl S AkE R S, ' "
rration of | ow ' S aft M et ar,
e S0t et ek Adale IR BN etV JBRLHICTYAR R OGNl W9, 10 B
or ani oniGediShyBiri 5@1{1{550{61 he{vlvé mfal Elﬂfalgp,t@f)é}e thRCANEdiGh %%%gvgﬁemﬂé ng an

even | ower content of |ow nolecular polyner conponents. I'nary
radi cal nwnmaaf-e)(zj;%ame BtesQire REGRIVERIIREN Ay R Y TR el CQFRRNGRLE S rddhca
y

initial stage an i el ds | ow nol ecul ar pol ynmer conponents in a |later stage
of the pandmieisihtsion forcongealieeidhlheat-éxdpandidley pREsUrS séitRe sMubsied 1dybe

pol yneri zation systemat the tinme when the conversion is from85 to 97%
Thus, an decregéascacpaidingty. heva negubinthe pesssirewersitberddhediveoshekosunrtel casilyt ar

pol ymer conponents is obtained. In this nethod in which the pol yner being
yi el ded il@gﬁdkﬁmﬂt ¢lectranic paity nEonsequantly, shes heatpatlablhepressoe-sehsitive he
conversion is from85 to 97% | ow nol ecul ar pol yner conponents and the
monomer i 394PBYE ahret foreslegtionicgparts wikeh ped besarappbied narselseteaniapast eambs/ed, for

exanpl e, by, usi t he, sol vent, e.g.,. heptane, to repove the nononers or by
dryi ng tHBX‘}?o‘F%fﬂgrpeg]tabﬁi %W‘tté?rﬁgFg‘?rBF é’aﬁd’yrléﬁ?ﬁ% the, Reatsrpandakie dgyer at
vapor i zat&{n Rimd N the case of pressure-sensitive adhesives other than
acrylic pressure-sensitive adhesives, substantially the sane nethods as the
met hods  dgss ExbariAROVE6@ReRkSO be used to prepare polymers having a | ow
content of | ow nolecul ar %?)‘I ymer conponents. The pressure-sensitive
adhesi ve (in partiThel fdat-ek a8 tnfitiodptdrakecddl B Sty 81&didd YenPRiRM vVe)
used for constituting the non-heat-expandabl e pressure-sensitive adhesive
l.ayer pr dfear-etpandatdat midrespherss0s sTheKieagexgandible Ghiesssbhétks N@att ken ped yrer
ingredient as a pressure-sensitive adhesive ingredient with a crosslinking
agent gi adyantageauslyunsedearsi i feananih eageut Wiyler hasa\beay thicrddnespshiatedr
content of |ow nol ecul ar polyner conponents. This crosslinking agent is not
part i cul difampes of spef heai-expangdeplecmicromherss ingladey eiciosapsylen pbtainedoks| i nki ng
agents such as.tolylene diisqcyanate, trinmethyl ol propane triisocyanate, and
di phenyl rFé’F?PéHEat‘&Ei%B‘gifaﬁ‘?a? & léb&’;?ﬁiﬁx E3EEes ﬁ'ka/ FYPage APen digatinga such as
pol yet hyl. | yeol di gl ycidyl. ether iglycidyl ether, d
trimethyl'd S‘r‘%‘%ﬁ%’p & (glxi/(eg#aaélmgia}s‘tg? Shefls| AR 25, eﬁk@ﬁgﬂ%ﬁ’@ﬂ? &% ych as
el am ne i AkRAEFor {RhRka\hith BrARStI hiitha? 880N on TPk Al AEIhE

In S, peroxli S

crosslinking agents; am no Cross I ng "‘agen e Cro I nkKi'hg

agent s;  aJh@ll FoRinG Materi A SREh ARG it I nts.
The radi ation-cur |gng pr esé dg@g@gg@?%ﬁaﬁﬁ@gﬁy@nﬂé g‘ﬂ%})ggésig’rﬂe@ggﬁl Fti ve
adhesi ve aMyheh, nopolp?lixyylhasumaeﬁsuF@ly@ﬁétﬁ'ylti veetRBAat) © PoRRGYIohRSlDUt can
cure by the action of a radiation (or energy ray). Through this curing with
a radi at i pphy(vinydidpiee sislotide)s and ipolyeel farts e SThe hearxpadablead héehes ve
force. Nanely, in the radiation-curing pressure-sensitive adhesive, the

cr ossl i nkiengiradudedg biys aefdopwtntionali nmethod nswwhi ng tbeepativmnbn aintesfatial be
transferred to _electronic parts and in |owering the adhesive force

accor di ngpolyynerazagion. There are commercial products of heat-expandable microspheres, e.g.,

MATSUMOTO MICROSPHERE (trade name; manufactured by Matsumoto Yushi
Seiyaku K.K.).
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Exanpl es. of the radiation-curing pressure-sensitive adhesive include: a
radi ati on-curing pressure-sensitive adhesive which conprises a base
(pressure-sensitive adhesive) and a conpound havi ng crosslinking functional
groups, e. ¢g., a polyfunctional nononer, incorporated in the base and
optionally further contains a radiation polynerization initiator; and a
radi ati on-curing pressure-sensitive adhesive which conprises a
pressure-sensitive adhesive conprising a polyner ingredient formed by
copol ymeri zat i on Whenha JoARiNEUseAt WA MAs GoPBeér Hﬁér@_ﬂncfa?ﬁﬁatté@%ahs_eﬁriﬂup&
e.g., a polyfunctional nononer, as a nononer ingredient and optionally
further enitabNheat-expdhdibled MmiRflsyieRes, ZhticOard Rhdcs abvBere Meehedtalebiable
radi ati on-curing pressure-sensitive adhesive is a radiation-curing
pr essur epsngtisensitivd bdiekive shbdtcwhewapplicded an blesieor(ip Has nd eheaRdSdndi ve
adhesi ve) and a conpound havi ng crosslinking functional groups, e.g., a
pol yf uncipeeedbffithereafiar, causas@nparcad echtaminatien trathe safite op thembakrogicfpartt her
contains a radiation polynerization 21 initiator. Exanples of the base
i ncl ude prcd@blyrbecgeﬂ@stge inpe-haairexpandablelrressuressensitivey bhesive Uayer andergoesr al
rubber or a synthetic rubber; pressure-sensitive adhesives comprising a
si | i cone cphashier failyger qud o Hedosming agenki NajmelndhissProssTecsRpiye adlesivehom- or
copol ymer  of one or_nore of alkyl (meth)acrylates (e. g., C ~ ZO alkyl
esters ofhegtef npsc Ffeqtye gy i CRROPHEtAR (SAHPICERCRS: Tntthip ca8&t Eie, propyl
ester, isopro ester, butyl. ester. . isgbufyl esier, hexyl ester, .octyl
coter 2 HBRrRIbIE Prethirsenitiyt o pdesive; S1El gtk tuaberto SFRotECy
ester) or [.Si | ymer of one or nore of such alk

) acrgraRBb PR g Y >

(et h)acry nore ot her nononmers (e.g., carboxyl-containing

or acid anhydr! dg,qRARIEASIGAHE b eRICAEHY l2hd Féﬁiﬂo%?Q%T%hE&%§& of taconic

acid, malefic acid, fumaric acid, a I C an

hydr oxy| 15 RbAhRA&k pHRAHBIE bfes§ilté-Berdtive - AMesi oX Y8l Wy 4 Hehthirafmyhtatieis

sul f o- cont ai ni ng nononers such as styrenesul fonic acid; phosphate

gr oup- compreferredgo nive) heErexpandableamiczedpyieke hyeinp yduale aymoddrate vdepdtatthat am de
gr oup- cont ai ni ng nononers such as (neth)acrylam de; am no group-containing
mononer s theyc o awt dndakiosttihythe (Viobinie) expapsion egticathesof reashesaamieasy tinsser s such
as met hoxyet hyl (neth)acrylate; imde group-containing nononers such as

N cycl ohé)ts‘fpwgb’e%}tr#?aélb, tlmeﬁynoréﬂﬁergblmghaaslOxnmsﬁl acet ate; vinyl -containing
het erocyclic co as N-vi nyl ene rmnorE%LPe such as

ds . lid : .St
styrene and a- ne”ﬁﬁ‘lsj‘?r%z’ts"?ﬁ?lgc ?@E‘?‘éﬁﬁ’-" ﬁfﬁéﬁﬁ?ﬁm@%&%@fﬁﬁ% &‘E‘H‘%‘Qan
syt o 5 Soo SR80 0 FELS TR TAR ) B M e
|y t - - |t d i Pr ef: f th
Posoll e RaCRAREMENER, e >oR0! atfip@ NEe NEfe DAL BnEr W BR O 1 N0

one i ngr fthedipaRiabl@ iR spRFRP e Hef sdlevedd frofP tRe irfbecdf @pt . 10BqurOMPOUNd
havi ng crosslinking functional groups may be either a radiation-curing | ow

mol ecul arpreferagbbunslico80 amL Ambrapiefutatiy friongl teS0 am, AosBstefeidbbnfromri toBd ow
nol ecul ar conpound and a radiation-curing resin nay be used in conbination,
or only gimhefhofpattivks diameyerbef theehkat-Bguindsbleo mictasplmged maynted sxgulaged
conpounds or radiation-curing resins may be used alone or in combination of
two or during the formation thereol. Alternatively, it may be regulated after microsphere
formation by a technique such as classification.
The heat-expandable layer is not particularly limited as long as it is a layer
containing heat-expandable microspheres. For example, the layer may be constituted
of a mixture of a binder and heat-expandable microspheres.  Usually, the
heat-expandable microspheres in this mixture layer have been uniformly or almost

uniformly dispersed in the binder. The binder that can be used are, for example,
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22 nore thereof. The radiation-curing | ow nol ecul ar conpounds are not
particularly limted as long as they can cure by the action of energy rays
(radi ations) such as visible rays, ultraviolet, and el ectron beans.
However, ones which enable a three-dinensional network structure to be
efficiently formed in the non-heat-expandabl e pressure-sensitive adhesive
| ayer upon irradiation with energy rays are preferred. Exanples of the
radi ati on-curing | ow nol ecul ar conpounds i nclude trimethyl ol propane

{11 acry) SoBmasEnb B, i e dike e 2l ¢ bR erkpigrs © foam
it et e e A e S e R T

ol 1 gorer <R TP sRED aE 1G! RbBlE Gt hsEahiLg bl BB BROIES Cr o
ends, - sudhEG s E pReRRHR, By hehog CELT PR R dplP W n e

(met h) acre)k%)%s‘?ﬁlityﬁemetH@ (Bt B)Rsbatiat %ﬁcm@g&r@seryéoh&onmml of the

(meth)acrylates,,” thiol-ene addi'tion type resins having allyl groups at
ol ecul arpréRdie-sehifivé adiesie EGientsqall, aahdiRRERPef iRBIohZRA-Sfandable

ci nnanoyl - cont ai ni ng pol yners " such as pol yvi nyl “ci nnamate), diazotized
am nonov giressufeestnsisive aaghedbicy | 1aysrden papplivation kxasletesnié hparenf efcyr taer

i ncl ude polyners which react by the action of high-energy rays, such as
epoxi di zeguegsoteydeusitide edigesivenmatheraivantagrohsle stsed ss theddipdey! y@hady lused as

nmet hacryl ate), polyacrylam de, and pol yvinyl sil oxanes. In the case of using
a radi at itbe-binder.ng pressim;sendiévehadhesive qaptnot swmbshfunglion Bher bimdermnbutoglsa he
conpound havi ng, crosslinking functional groups o be incorporated. is, for
exanpl e, Herfopmalbointrinsie Jumbionpsra Prasyurepsenskive aihesize.qph pressuigrsepative 15 t o
300 partgggg.mei ht nong ﬁreferabl¥ franabout 20 to | 50 g&rts gy wei ght ,
per 100 "%"%3}‘9%%!‘&33 fhe Rurpgsss AT merely) ippnapting BresyRAensitiyg (adhesive
pressure-sgﬁahgg¥St£gﬂggﬁgg pol ymer may al so 23 be used as the

radi ati on2'¢ rIng pressure-sensitive adhesive. Exanples of the ultr

avi ol et -reactive ﬂ{eeﬁﬁl‘é{lnteb?ecﬂéiﬁeiaﬂgxﬁg{iﬁé éﬁﬁﬁg HETES iARFPAE] can be

phot osensitive acryli c pressure-sen ves conprising an acrylic
pol yner i dhitabllyh@etomdigsd! hecopdingth Ghe e SRIAPOLHAHsIER Hitdd, thé dedrddh@igpeepsi ti ve

functional group has been incorporated through a chem cal reaction with an
active fudwtdashaf tigr albpsisel €drcadf yediancydat-expandatile pydssurblstnsitivieaddhtsiveact i ve
pressure-sensitive adhesive polynmers can be used alone or as a m xture of

two or noager bier eboweksa thel meraspherhe aredu¢aporated pol wrample aini apraniavint pht or

i ncl ude acet ophenone type initiators such as 4-(2-hydroxyet hoxy) phenyl

2- throxygeZlﬁﬁf]lﬁpfyq’mk]ef% &) paﬂmgnmgm' ﬁprafelr%hlhétmh|1gé@tléﬁwéﬁ@m,welght,

1 1 , 2, 2-di t -2 ..
22 o ORGIREAGH YR YRy LR REetyal bspmer
Coen o or et iR | RE R bR Tie N TARE ORBD ke PARAES B The

ani soi n . o I unds such as
2-nethy|ﬁg%%yg?gﬁggﬁgsgg%ﬁ%%gﬁe?ﬂﬁ tal conpounds such as benzyl dinethyl |,
ketal ; arpedir&seatid R dnhesitori de conpounds . such as .
2- napht hal enesul fonyl chloride; optically active oxime conmpounds such as
1- phenone- 1, 1- pr opagsleP b the pressRitdIsenvitiae RARNKive G9eldn@s aland? hremotier -
conpounds such as benzophenone, benzoyl benzoic acid, and
3, 3' - di neingyddfentet ioxlibe heapdxpantable tlbyeaxa(@ hdle ewmdrpd2indaclade hkaswn
t hi oxant hone, 2-chl orot hi oxant hone, 2-methylthi oxant hone,
2, 4- di met pregbsuiné-senaitive adbesives opuclo py hitivenkasad Ipoeseyre Beusitifiecadhesiveshaeyhiat hone,
2, 4-di et hyl t hi oxant hone, and 2, 4-dii sopropyl thi oxant hone; and i
canphor qupressuee-sénaitivg e Achesivese vimyk salk ¥ c gthepbased hpressuraisensitisie dadhesives,
phosphonat es. Besides the ingredients described above, appropriatge
addi t i vessiliggnenased c arersprgtseasiting o adhesivesdi dolyspiecbaseg pressysaseasisidasi ti ve
adhesive sQ as to obtain appropriate viscoe|asticity before and after
curing wi #dhesings.at i Poiyamidarigseds oPressusersensiivei veadhepiveide Wethane-base
pol ymeri zation initiators, crosslinking agents, tackifiers, and 24
vul cani zi ng agents. A radiation polynerization accelerator nmay be used in
conmbination wth the radiation polynerization initiator.
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The radi ation-curing pressure-sensitive adhesive used in the invention
preferably is a radiation-curing acrylic pressure-sensitive adhesive
conprising an acrylic pressure-sensitive adhesive as the base. For formng
t he non- heat - expandabl e pressure-sensitive adhesive | ayer according to the
i nvention, a pressure-sensitive adhesive containing known or ordinary
additives such as, e.g., a plasticizes, filler, surfactant, antioxidant,
and tackifier nay be used. However, in the case where transfer of such

dd
adnesi ve RERPE G o SBGNS, COTFRpBhBE2eET PRuE BT BRIy maice
the pr esssﬁ(r@ne?%@ﬁ% ti %Ecﬁdhe&'pxgnle@ﬁ%edl €s regs?lpet Lot V%dh%sﬂ%]gor ] éi by an

non- heat pandabl e pressure-sensitive adhesive ayer can

ordi nary jredsliRtentifive CAHIRVE HevirbA TnRove! gﬁggg fadElI00 Gl Oy 2 ayer

liquid pressure-sensitive adhesiv€ i s app eat - expan

or by a Wﬁé&ﬁ@ramgﬁiﬂoﬁ%ﬁrrésﬁ?ﬁa\ﬁﬁ ARGk FH-0P8Bdut @90RNSABLE: into these
pressure-sensitive adhesive |ayer on. an appropriate |iner by that nethod

and tr ansfredsuteng@nbitibé bihddbles.t hSuchdhiesuneesehsiio adlesivee cditBé uSedPabaR bl ©
| ayer. The thickness of the non-heat-expandabl e pressure-sensitive adhesive

| ayer is in@bmbaiativs of avo bt fotetiereanNd (Sa¢) foeexiiplag bhpanse! Fegdnt LaricOpérdi ng to
the intended use of the pressure-sensitive adhesive sheet, desired degree
of reductNan i56-Glde8si 6-174850e 169-11681,I nopd eiée130@0pm t Ae wtmtidpounig of
preventing the non-heat - expandabl e pressure-sensitive adhesive |ayer from
suf f eri ngpressheessensitiveiatibastvedar Pargey Fer-aingduesshieesenshive adigsiveksaonling t he

adhesive | ayer. fromleaving a_larger, anount of contami nants on the surface
of an el % B¥#i c Thabrgssussenytivs, afesivg mie contain AppErsiatssadditives hesides ve

omt - expdIEBFE | agisriepisn dOing e mesiBt-Sebefife apisan € ninterdiit Bt roni
part to b}? Iglgrltj a%gorgglg t%Zth% ’kmdt Sf he )}Jggsshlté S%EH?§E? a&"[esf;ve etPonE)ézﬁ@]l andabl e

pressure-Se i've esl ve or example ~m or

TS ol s, 5, A R i P

to 50 ~.m |In case eat - expan

pressur e- &RAS), t avBfiddh @Sh Y GedidY Shhikls 4@ Osolid! g;@mlthHSoﬁqnﬁﬁ’d VR bwRby i S |ess
apt to conformto the irfegularity-formng thermal deformation of the

heat - ex patetpbtaturk asieh .asIrosifi alkvahier @siné epolyiepkme fSinef pdtfodeum resins, and

non- heat - expandabl e pressure-sensitive adhesive |ayer is too snall, this
adhesi.ve ¢ikyanbliephamil resinsheplesticizensf fillers.emd antidreddny= force or to suffer
cohesive failure durln the irregularity-formng thermal deformation of the
heat - expandabl e | Brgfrr @fg Ires pEgsBuprsensitpiegadhesive gnerally igelde r at e

1, 11, or, 12 an be used [
(L. bflae basec? pressure- senslltlve ad%eswes containing natural rubber or any of various

synthetic rubbers (e.g., a polyisoprene rubber, styrene/butadiene rubber, -
styrene/isoprene/styrene block copolymer rubber, styrene/butadiene/styrene block
copolymer rubber, reclaimed rubber, butyl rubber, and polyisobutylene) as the base
polymer; and acrylic pressure-sensitive adhesives containing as the base polymer an
acrylic polymer (homopolymer or copolymer) formed from one or more monomers
comprising one or more alkyl (meth)acrylates. Examples of the alkyl (meth)acrylates
for the acrylic pressure-sensitive adhesives include Cjg alkyl esters of (meth)acrylic
acid, such as the methyl 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-ethylhexyl ester, isooctyl ester, nonyl ester, isononyl ester, decyl ester, isodecyl
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i nvention according to need. Consequently, the pressure-sensitive adhesive
sheet need not always have a substrate. A substrate can be used as a
supporting base for the heat-expandable | ayer or other |layers. Use of a
substrate (as a supporting base) inproves the handleability of the
heat - peel abl e pressure-sensitive adhesi ve sheet because the heat-expandabl e
| ayer and hence the non-heat - expandabl e pressure-sensitive adhesive | ayer
are supported and reinforced by the base. As a result, application to an

el ectronic, part

operat | oS BalpdssERrE Ry <sih el e St s e o
Eie”ﬂ'silg' SRR 5o e il fBlee Bt Ao e e RED BT St Edfe’a”
hon- wover TADARLE S ko PR o b bS hob R B ERpBHEN P e

met al Sh%&gief Ligstic substrates such as plastic filns and sheets; rubber
substrates such as rubber sheets; foans such as foaned sheets; and

| am nates of thesﬁle(édﬂ?rlitabéliyﬁi& Hay bthinALRE ®frived FGAFlonE tURStel 8ther Wi th
anot her substrate and 1am nates of plastic filnms (or sheets)). Fromthe

st andpoi nhéndherh aost] @abrizableywih tifise ARg1 (eth)aetylates éd ad 16 ifpedv@rdoBekite® use a
hi ghly heat-resistant substrate which does not nelt at the tenperature at

whi ch t hefo, hdaeatesivtapes)datulssirkalyidity,i or t @thére fiesitidsr @ateding Ptef seeded
substrates include plastic substrates such as plastic filnms and sheets.
Exanpl es Ifampies nfiswohi mbsornérssinchdp karbbkyd-woating nemomer sibd @l &frylic r esi ns
formed fromone or nore nononers conprising an a-olefin, such as

pol yet hyl asih 1pptipcrybivlagids epsposythylpmrylais; wgrbexipentd merdate. dagmic aeids, and
et hyl ene/ vi nyl acetate copol ynmers (EVA); pol yester such as pol yet hyl ene

t er epht haPakip 2 ‘%é‘?’)‘@”ﬁé?@e%?@??@“n%%‘%it%&‘ firidemonomers Sudly A MRS | ene

(PrP ok e BRSO B B AR RS

. 1o |
et o soeBhaside) neBeaRNe (SRRINERISTC R BRI, Irtrdag, oo, ®
the Iike I?er@sﬁyhteﬁylr egihdhyaciylate, def RrdBtjoeR Pr qm%m)&&flaﬁych hdroRl@Rgat i on.

When a radiati‘on-curihg substance i's used’in the heat-expandable |ayer or

non- heat - GgrqiRyaciahite hydasglaney] (e )ddryiated aie &4-HadrbdtRéthyltfclblexph@ediT ed t o

enpl oy a substrate which does not inhibit the radiation from passing

t her et hr omgthacrylate; . sulfoecohtainikg eseoaferd lvechs ad styratesulfmic beids allylalifonisel ect ed

according to the desired strength and flexibility, intended use, etc. For

exanpl e, adk& thi ckness 2fmedhpdcrylemifonmethyprapangsulfond00 pm or smarider

(e.g., froml1l to 1,000 pm, preferably fromabout 1 to 500 p.m nore

pr ef er abl ﬁrtﬁlaﬁsyma?msp%s‘é 1&/i ma%Host E‘fq]gﬂpé‘?l’é’l‘)l y WW%&% 5 #8250 pm

However , Er&% )%ub?/(}rlate t}gfé)aﬁkneﬁl% i.S no(i, I'brri #etd thereto.. The surface of the

subst r at eI IoRYRaRhalencspIIQNG; 4719, PROFPPAIE o BHOPRAPIBININE JNYOMEES oy e

enhanced esl . - naal r

Beanpl os St her SO R ARl BhophRR I Frulo U afe IRt XEF w1
(meth)acrylamide, N,N-dimethyl(meth)acrylamide, N-butyl(meth)acrylamide,
N-methylol(meth)acrylamide, and N-methylolpropane(meth)acrylamide; aminoalkyl
(meth)acrylate monomers such as aminoethyl (meth)acrylate, N,N-dimethylaminoethyl
(meth)acrylate, and t-butylaminoethyl (meth)acrylate; alkoxyalkyl (meth)acrylate
monomers such as methoxyethyl (meth)acrylate and ethoxyethyl (meth)acrylate;
maleimide monomers such as N-cyclohexylmaleimide, N-isopropylmaleimide,
N-laurylmaleimide, and N-phenylmaleimide; itaconimide monomers such as

N-methylitaconimide, N-ethylitaconimide, N-butylitaconimide, N-octylitaconimide,
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treatments such as chromc acid treatnent, exposure to ozone, exposure to
fl ame, exposure to high-voltage shock, and treatnment with an ionizing

radi ati on. The substrate surface nay have undergone coating treatnment wth,
e.g., a prinmer. Furthernore, the substrate surface may have undergone
coating treatnent with, e.g., a release agent such as a silicone resin or
fluororesin so as to have peelability fromthe 27 heat - expandabl e | ayer
or other layers. The substrate can be a poorly bondabl e substrate or a

et uge’ MiEe B HRI T o SEPPphEneE s e oMo PI AT, ¢ g

gent.  EXSAiAR, P bR onafh Daaa r e ey ST it biuos oo rae
undor gond- R BRI PUEL FBRAEIRELE O0 ot ) LI i ca
met hods. é_}%%qexpgg?lkﬁestJQ&ﬁﬁﬂﬁh@, VitShéfers ﬁuéﬁsfsdvis leagff%%%ﬁvﬁx{kﬁ;pg?ﬁi%teé

substr at € pressure-sensitive adhesi ve

subst r at &1 aRdipyRelidceer %&H*l%in@ﬁnyi%ﬁd&ﬁ:‘?e CamyIpfri®as! | YviRgRiReidbigm each
other. This Substrate-peel abl e préssure-sensitive adhesive  Sheet can, for
exanpl e, vhglpigweiding, t RenyigibérayinBg RBIYSHazidd)e AnRFIpSHbIe; S amsylimidgohdhesi ve
sheet is applied to an electronic part a, and the substrate is then peeled
of f to | emwioxabeeheniylirmorphsitiah | N-vi¥arboaamidee, efysne) oRmnethpBtyrere, and
Thereafter, another electronic part b is adhered to this heat-expandabl e

| ayer. Na¥reinylcapiolactanyubsyammaerypte| albromeresssuch- sensi térylonidlzesianéd sheet
can be used as an adhesive for tenporary fixation. In this case, when the
adher ed eshasryleniyyde; epedy-contpiningnaraxlic mhavomers suekgraglieigyle(medllaerylate; heat ed,
whereby the electronic parts and_b can be easily separated from each

ot her . ogﬁtcra ool MORARErst %ﬁéﬁrmﬂﬁ%ﬂaﬁﬁéwﬁ%wla{ee PPYPIRIENSS a

substrate,for a subhstrate-fixed,pressure-sensitive adhesive sheet, .in which
The: subs 8k T CATBHIGE. bon GEIRREERHESS oy orvetler | JRADAHE Eare duch
substrat e- f4 - A i an
I o B st T g S oA
of Lhi's QBes! Yord MMtbednS ofl Ci{d aldind Cort Al Gike ! RBRUICRIMBGORANIS
heat ed, whereby it can be easily peeled or separated fromthe electronic
part. | n (inBth)dchyler! flastinatedn@Rth)gotpPRtE pdildasilicaye (medihcBeattn poBeurtiond] | east
one side (on one side or on each side) of the substrate as shown in Figs. 1
to 3. Then@®merpsiebss hexaediol ti(methyatindstey @okhetbylenaplybalvdi(reetbaciylate, ut i on
having a substrate enbedded in a heat-expandable |ayer. One or nore

i nt er | ayépelyipaepyienef oglyeel beliGwetinaertilate; ubraopentsl amdycehc Hitedbagylshdabl e

| ayer. Exanples of the interlayers include a rel ease ggent coating | ayer
for i nparPFPtl“}ﬁryﬁ'EE?l BRW& cEylaten tpmptnlolRiaRAYe NG g, Pﬁ‘&?‘ﬁﬂhﬁg‘ﬂ ‘

dhesi t at ed .. I f ot i nterl th h th
e e B T T Al . D BBl e L1
R S A M R e
f i i , i ] i t : f .l i ts,
o) T O BOSI B o B AT RER ) o) SERIOEAC 11, o

force, angny iy Morfoftfers §Heh Qi viy] RERK abThdsk ¥ndrogiBretLChd GGl fRr drsinaf t er
heati ng. Rubbery Organic El astic Layer:

combination of two or more thereof.

From the standpoint of a balance between moderate adhesive force before
heat treatment and a decrease in adhesive force through heat treatment, a preferred
pressure-sensitive adhesive is one which comprises as the base polymer a polymer
having a dynamic modulus of elasticity of from 50,000 to 10,000,000 dyn/cm? in the

temperature range of from room temperature to 150°C.
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From the standpoints of inparting deformability, inproving peelability
after heating, etc., a rubbery organic elastic |layer 6 can, for exanple, be
formed in the invention as an interlayer between the substrate and a

heat - expandabl e | ayer as shown in Fig. 2. The rubbery organic elastic |ayer
6 functions to enable the surface of the heat-peel able pressure-sensitive
adhesi ve sheet to satisfactorily conformto the surface shape of an

el ectronic part, when the pressure-sensitive adhesive sheet is bonded to

the electronic pafife.peafl ﬂaﬁdatb_*l’ae[aggy m%&tfﬁ&eh ! ?cﬁsé%élg@?é‘%séo%erﬁ{?ﬁ&l- _The

el astic layer 6 further tunction e pressure-sensitive adhesive

sheet i s Hapb@NAMcRRRIRY ik AR eBlaBALH10 BiCroBHetes Wih R BH{iég,e eg., a

satisfactorily (precisely) control the thernmal expansion of

heat - expajteaiitesschgi®d adidivehaidehith Dpaibhg ihfredRABtsuek BRAdBReAt Al Sthet O
evenly expand preferentially in the thickness direction. This rubbery
organi ¢ edddiives dralydbmiingSthe hdytare titoba kwetEsimadegrdi N§pedcificapgd theand t he
pressure-sensitive adhesive sheet need not always have this layer. A
rubbery dreghenpanddbds idyer kary be foamedbby,ffor erainples o nathad irmyhichod ndxtutdhan t he
interlayers to be disposed between the substrate and a heat - expandabl e

| ayer. Hovwenpsisingdgat-expandabdemidrosphetes, ®binder, ¢.gl,aymessure-shitive adhssiveper f or m
its functions, it is preferably superposed on a heat-expandabl e | ayer on
the side ¥WspEpead lmaseflmis et asaolverpansdaetheradditives israpphied-io) a subgiraieiplesi ve

| ayer. A rubbery organic el astic |ayer may be dj sposed on one_sjde or each
si de of thBboemsereatie elastie 1aygh g Ry &mgindcingyhish ithe maxtare is appliedk 9y 3bl y nade
of natural rubber. a synthetic rubber, or. a syntheijc resi i th rubber

ol asti 0! (SpPESHORE AT (6 bn i et Giracs heukRaniBhleday e ind bl ek w ¢ 1
ASTM D- 2 5 ower aply r. | ower. per mits
functi ongé%é&egﬁ%l gssh?%efll)t e asyn%)ﬁ%aat?% cgljr lf‘bg-g?b%(r))? %??Elﬁe?%(s:&?elé A ha?/?ér’]g
rubber el @e%%—bﬂahﬁaﬂl@%&éﬂ%a?ﬂﬁ{ef&%fiﬂ e-[d&@x%ﬂz%tu?é’&ﬂn@ﬁilé%f §thlcirg Ubbers,

di me- based rubbers, and acrylic rubbers; thernoplasti'c el astoners such as
pol yol efins and priey éiitlafess Nehes YivdthgbardabRs ldy8r Nawi By duitabIgr sa@taed icity
such as ethyl ene/vinyl acetate copol yners, polyurethanes, polybutadiene,
and f | exi ddcerdig wvthedesiaddl degrededf. redictioh du ladhdsévenfoteegetchaF oressampbds  therer s
which are intrinsically rigid, |ike polyvinyl chloride), can have rubber

- el asti ci tthickhess theredf imaboniiOfapmoor swnalteraprstorgdy rdfiOngmagre smaldarc moss a

. plasticizer or softener. Such conpositions also can be used as constituent
mat er i al sPefrabiyd S0 wsbeor pmstleganile caseawhete the yhicknesy, therof ipteo large, the :

pressure-sen rials_such as the presfsfure-sensit.'v

itiveatleswe mat e e

adhesi ve %%E%af-ﬁman goapﬁeéa‘er-e-éﬁ%maﬂhaswawﬂ L3Pt AP SBHFecobavxn failftdus| v
d .t t . i i Th

e Ebery oRRa i e ULl 0L Ralive diEctl BOGLY ol SRP aheil Bolibfent "V T

which a ¢ f Nehel T I i ls i rdagtl 1o SUCh as
nat ur al r%gl?:)l%r 9ﬂc?r pggr?su %%%S?i{éwa;& g?%%ﬁt@%#egeéﬁls h%r{ ?‘f:lénrﬂg%g}rﬁg& r?g é%/nt hetic

resi ns haydntgininbteRer G BRtdtkdrindnd,iifi caRPhheé tHedthicRBess WP e [RfateXfafadblang

nmet hod); a nethod in which a filmmade of the elastic |ayer-formng

mat eri al hyerais & HAL1Edthe | Hem-ppaddubie 1het deflime dnfuffiéiently nigroagh aylkeat of t he
elastic layer-formng material on one or nore heat-expandable |ayers is
bonded t otrtdumestuiyst, hanee, (tbe pdhesivenfardencanmet hedinoothly dowertdodni addithingh a
resin conposition containing a constituent material for the substrate is
coext r udespoli top smab thickeespes pwppessessitels wenohibedtraxpasdable microcapsules

el astic-layer-formng material (coextrusion nethod). The thickness of the
rubbery oP&aRg an gxeestiyely smipll pardcle dingpeigr) y Fram thesestangpaints. hgdhickpesie g. |

from1l to 0 Vim, preferably framabout 3 to 300 Vim re preferably
Fr om abouet B P btpBHDIS % i BistSrety ghitit ob fuieh @ pettotly et of a
pressure- pelis! thbsk $referably 10 pm or larger.

Non-Heat-Expandable Pressure-Sensitive Adhesive Layer:

The non-heat-expandable pressure-sensitive adhesive layers (4, 41, and 42)
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adhesive material conprising natural rubber, a synthetic rubber, or a
synthetic resin having rubber elasticity as the main conponent.
Alternatively, the elastic |layer may consist of a foamed filmor the |ike
constituted mainly of such rubbery ingredient. Foam ng can be conducted by
an ordinary technique such as foam ng by nechanical stirring, foamng with
a gas yielded by a reaction, foam ng by a foam ng agent, renoval of a

sol ubl e substance, spraying, formation of a syntactic foam or sintering.

composed B PRBTEronare. e e B aSeain B Bttt Santy FeNE Useq
[ he h - qd I . — -h - bl g
or essur o e PR PRI R A ABN s, - These AODRERS haTERS LRBrSowensiafis

Pher ot nr oungrior A S0t sk sobih bl JaPlt Rl sch TR REHE0,
adhesi ve (§Rghe Qi | UERLL A0 oY allPlR B HESRUBREGRRL oE aiss) Vo

| ayer 7 as shown iIn pressure-sensitiv | ayer 7

can opti oighlcéd RenhaRfiiRbn @ Hatibfal B WhenifR) WiE REheske-sshdle need
not al ways have this layer. This pressure-sensitive adhésive sheet having a

pressur e-agRexsvd théets agh aeatv® withRat for IGvaigané agieeive forde! Nt thakagk! el roni €
part adherent to the non-heat-expandabl e pressure-sensitive adhesive | ayer
42 can beréosmgesdnsitvanadhdseve shtbe hevidg (tenynadivat-exyghndihie peasssre abnditines
pressure-sensitive adhesive |layer 7. The pressure-sensitive adhesive used
for for madhesive lgyemsskke that shown iv Figudhesileast elyarof7the mondeatpenpandablear | y
limted, and can use pressure-sensitive adhesives which are known or in
conmon ugBessyigcensitve tadhesives dayers sambetused fadmpplicationeioupesurface @f an

her ei nabove as, 31 exanpl es of the pressure-sensitive adhesive for the
non- heat -4SGHRAAMI e E#!é@@ﬁﬁéatseéﬁgmab resiHEssepEtiysadhesive layer may basra pased
pressure-seqs'tive a&@es#veﬁ, acr¥%§c pressure-sensitive adhesives, vinyl
al kyl et HREIGYEsRcRe gf mulilaer sttt ghesi ves, sil i cone- based

pressure- sensiti vg,.ad %és‘ﬁ?es-s,en?l%w es%ﬁﬁe’smse%s@i ©S I e'%o%@ﬁﬂa&ihge ghihesi ves,
pol yam de- based pressure-sensitive adhesi ves, urethane-baseé

pr essur e-jeat-b¥RnasHIE PrakSsre - SEAGNORMYTE N2 REIE GoP hESivUaRY IRMAd! Ak

adhesi ves, styrene/di ené bl ock copol yner-based pressSure-sensitive

adhesi vescan[Yeasnittlil9 ssRbrR tacdstdiag 16 hevdsirbd picdgiré-S&isiive ddBésBRPproperties
characteristics, and radi ati on-curing pressure-sensitive adhesives). This
pr essur e-@a@nsi adhesivadifesey eil agpplicaded ot elketréms s pannt anifoat iexamplecause it
is not applied to elects onic parts. The pressure-sensitive adhesive used

f or f or m prgssuteesepsitive adesiven whichyare dahwaioy dn [cagpaon7usawgn devsed, sudnaswn or
ordinary additives such as a plasticizes, filler, surfactant, antioxidant,
" and t acki f ePresse-sensitiven cdbesiyest raupemtedy rhereingbore i o0& aemplesy of) der 7 may
be, for exanpl

e, 300 pm.or.s | er, (e. fr 1 to 300 Vi referably
from 5 « PROBeEipsOTR G st Elriat oled e xnabls , bpny e’ eaRerdhaSiEr raa by
t he same ds. as . fQqr fhe nop- t- I pr i e-s {ti
adhesi ve ﬂg%ggiﬁfgﬁg?:%$H%mﬁ?he%x9§? gﬁéggggggbﬁFhé@ﬁgaﬁ%begﬁ§£d5¥ﬁlthe
I nventl _0neth&-@a@ed);ﬁésﬁﬁ'@%eﬁs@ﬁﬁaﬁ&&ﬁgﬁ,rsil%onE-r?)‘ﬁséd' BRssufdlSenkitiRE adhSsitged as a
protective material for a non-heat-expandabl e pressure-sensitive adhesive
layer, angblicstpdabad prelsurhisdnsitive REREHIEE - Sdhide-baseddRedsuR-seheieive | S
applied to an electronic part. The pressure-sensitive adhesive sheet need
not al waysihesives, a lietlRihe-besednp lpesssure-seimitivel Nexdhésivdspdefhwudsllyraérelsasédvi ng a
rel ease layer, such as plastic filnms and papers whi ch have been
sur f ace- t pressuedsensitive eadhediess atyagerdiersublocla copolgmei-basee , préessng-sehstive al kyl |
or fluorochem cal release agent or nolybdenum sul fide; poorly bondabl e
subst r at eadhgsities, giressufe-sensitipo | adhesivesubdvieg ippropedt eredn gharagemsticanand
pol ychl orotri fluoroethyl ene, polyvinyl fluoride), poly(vinylidene
f 1 uor i de)tadigtigp-curing presryrgwensat oy pdhssivex aThei presprepsnsetive adhgsivgised or a
chlorofluggoethylene/vinyIidene fl uoride copoLéner' and_poorly gp ?able
subst r at efor sapRingmeshe sapbeairexpandabler pressure-ssasifve adhepive 13yes ispre .ragzx
pol yet hyl ene ot .pol ypropyl ene). The | jnper, can be used a substrate for
suppor t i ng"& Wg‘l%’é‘@t}{'g%fya g’ﬁl }gwegyﬁ?s?lb%néegr%eﬁ?‘eégm%;@’%ﬁo%)?féhﬁknovm or
ordinary method. The liner is not particularly limted in thickness, etc.
The heat - peel abl e pressure-sensitive adhesive sheet for electronic parts of
the invention may have a constitution conprising a heat-expandable | ayer
and a non-heat - expandabl e pressure-serig8i ti ve adhesi ve | ayer di sposed on one
or each side of the heat-expandable |ayer, or may have a constitution
conprising a heat-expandabl e | ayer and a non-heat - expandabl e
pressure-sensitive adhesive |ayer which have been forned in this order on

. o g,



33 pressure-sensitive adhesive |ayer and an outernost pressure-sensitive
adhesi ve | ayer) be protected with a liner provisionally adherent thereto so
as to prevent them until practical use, fromsuffering a decrease in
adhesive force, etc. caused by contam nation. The heat - peel abl e
pressure-sensitive adhesive sheet fur electronic parts of the invention can
be in the formof a sheet, tape, or the |like. Wen applied to an electronic
part, the heat-peel abl e pressure-sensitive adhesive sheet for electronic
parts can he boqﬂgp at a predeterm ned adhesive force due to the
pr essur eNs@XPaRdabledaYfisi ve of the non- heat - expandabl e pressure-sensitive
adhesi ve | ayer. en the adhered_state is_desired to ended,_ .t he, sheet
can be nade easi )é?pnaetbp émngpwpt é’ép’s&P%fbeﬂn@ iy rgiqglggﬁhlgsr Zﬁt o el 5 t he

es contai.ned in_the heat-exp

heat-expaq%abhg gicrospheﬁ gﬁgable | ayer. In the
case of FHERELt ‘bedPable ‘Hies UHAILANG { POSULGHASIVE EVhabs nghea

bb I .asti I d th bstrat nd th
oat - exparaaneaeRifal ‘el opBiefBO B 285 L4 Bopn Bk Bre Rt S tier "t s

pressur e'a?fr‘%}ﬁ&iet MRy 2d @?ﬁxinéﬁes SHEGe ilgsaa&mtérﬁgxa ive - sﬁegs?gsg?\ggr i‘é]dﬂéasﬁ\;e’ the

surface o pressure-sensitive. hesive sheet sa y conforns

to the sypfigderudbanssal oxf 428y 1R (RE4sURNeRsiRRE hdtEiSed A WikEh BleaDhtert b810%f the

rubbery organic elastic layer.” As a result, a |arge adhesion area and an

el evat ed rﬁdib&ﬂérv;ﬁwlyﬁhéﬁémﬁbnaﬁt@ habihaianwei ghtirfagethSleilasweipht 100,000V e
adhesi ve sheet is heated for peeling, the expansion (volunme change) of the
heat - expandabike it dfeéé byaweipht i clowsg| prefepatily dlobedyandighhics loaysrmesn be
evenly expanded preferentially in the thickness direction. As a result, the
sheet carpréferapbed%dyosdightordowers imogt preferabddi Yo ynweighieor lniveny based on all

heat - expandabl e m crospheres contai ned in_the heat-expandabl e | ayer have a
somewhat FORARE peqrapaiestsdi andxamples hethergel) e durther f aigelude t rrpdigtiebr@ingher et o

is buff d by th b [ | astic | : tly, th

heat - exp AREBFEeRaY Y SR VER g S0l 0 s rEeTs AT JOW SR EGHPAITEEe
roughness. The heat -.peel abl ressure-sensitiv g ive sheet, for

G oot  oncompaRels BviBhE RS AltER HREeTRE st BIRD0 R SeF R e o
exanpl e, re- S i 4 es) o ty] a hesjve force
can be. siRTERTY B ERRTOL Rl o JREET Bletably TRBE RSB bronRE e

.non- heat -gxRABAAN S yOL &SR AowEN Mokt e 3V WBAT or IbWer, based on all
pressure-sensitive adhesSive sheét can be easily peéeled off tlu~ough a heat
. treat mentgolyihét doipoh@ns. treatment for | owering adhesive force does not
result in a considerable increase in the anount of contam nants, in
particul ar, fine Inaht @asenwhere. anThaylie ptespaelsaisitevepadhesive,efos emainpley és
adhesi ve sheet can be used for pernanentlg remai ni ng el ectronic parts
bonded. Huaducsd as gueh @ prastipeeenstivgradhedee havieg i daw cpeiehta®li lew-molecular
pressure-sensitive adhesive sheet of the invention is sujitable for_ use in
appl i cat | RAREMETH CQIRPAIENH G fpioving SPehofo i B5aPTEIONHh; rdONEYBeUsaE o gi ven
peri od andihhég adqﬁreq ﬁFI is desired to be ended after acconpli shnent
of the pdpﬁ Qs gF 1 Haiﬁg,ﬁﬁ " also that surface of the electronic part
fromwhi ch the adhegsiuy t b ed s '

contam nated. | nct%_ir tﬁ&?&ﬁg ;{oﬁgﬁ re‘%ﬁ?ﬁ%ﬁﬁ&b?’é"pﬁog‘g‘g%rﬁzgﬂg%;{% il?rﬁlrdvdgégddhe_si ve
sheet T oring) £GLRER ih WAIEh hidiemORELIas Boil ARt EohBincHRCaARo AU GIRISLH by 11 XI NG
material (e.g., a tape for tenporary X|ngg I'n the processing o

el ect r oni gephet $aliphai IydR6AHRMY.I VETHIR Abitdde i sHHRAS tPtMBleby dissolve

t han. processing. .. , . . . The nethod for processing an el ectronic part
accor di ngdotwembleulanyd pikocongsuiprits 8£the apliy ipdlynidh én heablvesedndPrecipitate
pressure-sensitive adhesive sheet for electronic parts to the electronic
part so thigh-mdiecutanpohaadr-coxpaneabbethpraegdicrpmlgrersi Thisepracpieae vetakeary er
comes into contact with the electronic part and then processing the

el ect r oni eutpaiThus, Braapiyke nolyndrchaying: esloimey cofitenin ot lewimaeduwlarppolymenc| ude
vari ous processings éyph@agRthe.baég-side_ganding, g(ciqg, ggd_fine
processi nenpenerts s eamadt oReprating this ereratiog gvesranpacayleospoliger havirg an
heat - peel abl e pressure-sensitive adhesive sheet for electronic parts

f unct i olnse\lﬁnétlemr_cpfmgm @deth@e@ilafp}miéompmmsrhe el ectronic par ¢ : s not
particularly limted as long as it is known or in comopn use. anpl es

t hereof include sem conductor wafers (e.g., silicon wafers), nultilayered
substrates, |am nated ceram cs, and nol di ng packages. In the invention, a
sem conduct or wafer or |am nated ceranpc can be advantageously used as the
35



el ectronic part. The surface (adhesion side) of the electronic part may
have any shape, e.g., a flat or curved shape. The heat treatnent for
peel i ng the heat - peel abl e pressure-sensitive adhesive sheet fromthe

el ectronic part can be performed with an appropriate heating unit such as,
e.g., a hot plate, hot-air drying oven, or near-infrared |lanp. The heating
tenperature is not particularly limted as long as it is not |ower than the
tenperature at which the heat-expandabl e m crospheres in the

heat - expandabl e | gyer _begin t o expand. Conditions for the heat treatnent
can be suitably dgyer [BEY J@ ?HPH&“FHZﬂH§16%§h$éH @@gEE@NWWld@cW@hse in
adhesi on area, whi ch depends on the surface, state of the electronic part,
Kind of CRECHISR RSRARFABMBOREY Gndh 8 Vi Molselax PR KEHHOHIOR; ot ance

f th trate and el ectr.oni t.. method of heatj g h
capact ty CHSRHRY s boSEieEoglon, R, Bl & o Tashiy alksdlahi PRBHG 1 o

the heat j. LWnel . L rature.of from 10G tq.250C and heati ng
por i oa- o ABHIED byl 1 R AT BES Bl it PR Pyt e S P s e e o
the l|ike) 1@ f50 : ' Sar( bl [ ' =air
dryi ng. oumin O BolmeBVRE e bl e PR oL ERL e e e i ve
layer is f@flofentisual |y under such conditions to expand and/or foamthe
heat - expandabl e m crospheres contained therein. As a result, the
pressure-sensitiye)adiesinug hadicll pupmefizativnd giles Ohigh idldcORM polAEN
surface, and the non-heat-expandabl e pressure-sensitive adhesive | ayer al so
def or ns tc@niponents fre we nitairstape and yidddionginyleculepdpmet tempeieasiive liter ce i s
reduced or |lost. The heat treatnent can be conducted at a suitable stage
accor di ngstags ohiethenpelytedzatim, | Goswegeentiysabe polymerf riarteker] awmp of thot wat er
can be used as _a heat source. Consequently, the electronic part obtained

t | u~ough plypesziting spstemiad thy e ydienghereonvsesion istfemi8vie®on Has, auf f er ed

| ow surface contamn nati on. Frorin?t his st an&ooi nt, this electronic part is

not a defaEYliGROIEREF hayingan &ish lewergontenf ehiow malectlarpOlXRET sAMPODENLS 1S

- iti dhesi heet the i tion,.,aft heat .t eat nent,
Do ST Y RIS, BUSPn e PSRN SRl ks PECLshe™ ™"
contam niaéd)}ﬁ{aa?rifa%hgggs&@hﬁ et ke pdhesiene t}§41%hyef%§‘i9nhﬁv ofX e 11§Nb79

peel abi | ter Ing while retaining excellent adhesive properties

bef or e hegii-melectian PBRHER dompohBifts RBATthe e8RS iﬂ%&ﬁ&ﬁfsercﬁﬁﬂﬁhé iy ghdhesi ve
sheet is useful, e.gd., as a tenporarily fixing material in the processing

of el ect rulymerdaition systé arediivied, Toretdmie Wasiid thedolbedtosg), Reimater

detail by reference to Exanples, but the invention should not be construed
as bei ng femmoivt gble myorohese oEbadryiag . th&xAlyRidr at Ihgh pampiesatime tvedeglove ahe n- but yl
acrylate, 50 parts by weight of 2-ethylhexyl acrylate, 5 parts by weight of
acryl ic ampeomersbyyapariggiiomei ght of 2, 2' - azobi si sobutyronitrile, and 200
parts by weight of ethyl acetate were introduced jnto 500, mM three-necked
fl ask reactor equ{“pp wiidth Q?t Wé?sﬁﬂﬁﬁ’éﬁlt,‘vest?‘ﬁ?eéﬁvf’s nictebg At neF8litict i on

be, d fl nd [t i I f 200.g9. Th
syl ¢ | ngPSIREIITRE bRy P En uRY me thtigd i€ pEFRHRNe SR Pogen:
gas thereinfo LA AQCHENed ?oobl%ﬁgrcyb?}{xﬁérg Halink e 19w 36418t fo@v-ﬂﬂoiécglgﬁn-
I hsi de C and

Thereafter, the tenperature. e reactor was regulated to
the reacthQpmsy edmced@S Maintained in this state for about 4 hours-to
conduct pol ynerization. Thus, an acrylic copolyner (often referred to as

"acrylic copol ynmeTheA" prediifre-9disaivee hdhéNiveaC (i | fartifu@is Ulotv S eadhminagv@dhesi ve
prepared by incorporating 2 parts by
pressure-sensitive  adhesive) used for constituting the non-heat-expandable
pressure-sensitive adhesive layer preferably contains a crosslinking agent.
Crosslinking the polymer ingredient as a pressure-sensitive adhesive ingredient with a

crosslinking agent gives a pressure-sensitive adhesive layer having further lower content

of low-molecular polymer components. This crosslinking agent is not particularly

20



wei ght of an isocyanate crosslinking agent into an ethyl acetate solution
containing 100 parts by weight of the acrylic copolynmer A was mxed with 3~
parts by wei ght of heat-expandable m crospheres (trade nane "MATSUMOTO

M CROSPHERE F-50D', manufactured by Matsunoto Yushi Seiyaku K K.). This

m xture was applied to one side of a 50 pmthick polyethyl ene
terephthalate) film (PET film in a thickness of 40 ~mon a dry basis. The
coating was dried to form a heat-expandabl e | ayer. A non-heat - expandabl e
pressure-sensi tive adhesive.layer A (contam nati.on-preventjve

pressur e-lg%‘ﬁ’?rt;E\’f@mB ﬁetg?r\%ff )ls?mgﬁrﬁi@?ﬁmﬁén |%fmlsosé‘ﬁiécﬁsbt§’l5fl‘ﬁ’§ net hod
shown bel S ansferred.t.o this heat-expandahle |ayer. Thus, a
heat - peeIdglgﬁ)cg’zﬁ?t%ﬁrﬁrpét-rhg@ig?]? ‘i‘\?e‘r&a%cé@ﬁ’@% gﬂ%e P qny?rﬂ%{l%nglﬁ?%ﬁ? ft shown
in Fig. A - - : - [ sive
Layer ' TRERSoBRRRE SaellE iR polp AR B CHERRUF el Bl A etRes

et hyl acryhat y i C I cl 1o P A i ght of
2,2 - azot?iylsi sro ‘3@?@’%‘?‘?“?& ter},lg?}écﬁéc}%g%lelgah\éls 9%\%?%5#?]“3)1? gﬁ?ﬁj Sgé’gt%t e were
i ntroducegelhfin aBy? @Refd nlehHi 881 HOSdHRRin |a%§1lfts;rrﬁ§§1t&fela?é‘éib in a% t&
thernoneter, stirrer, nitrogen introduction tube, and reflux cCordenser so
as to resliho idlosslifl@h@|ageiPUpéroRide 228ssAnkinB ageMEU hhd REupTing! bloSslM@igst | 1 r ed
for about 1 hour while Introducing nitrogen gas thereinto to thereby

repl ace tdgentaiiichias siliee dodplidigagewist h ni trogen. The tenperature inside the
reactor was regulated to 57C and the reaction m xture was mai ntained in
this state for alhet rafidtionicsring messdeetensitvy radhésiat iiora pldsese-semsitaer yl i ¢
copol yrer gof_ten referred to as "acrylic copolyner B") was obtained. An
acryl i c dbesive whishmet pply hag prassiresensitidisaadhesivg piopeiep brtaganrayraby et s by
wei ght of agn epoxy c¢rosslinking agent .into_an.ethyl acetate sol uti.on

cont ai ni r?@tlﬁ@(?%p%rrﬁ‘g‘aw i ﬁlPﬁrgbfrgﬁ?)he Theoygh, thig Gpong et B fdietigpptheed to a
liner in a thickness of,.3.p, mon a dry, basis, and then drj.ed., Thus, a

non- heat RSB RV beifes CaBnbfel yRdih GRS LB ( MEBHY dfeli o
as "non- o a fe- iLive e |l ayer. A" ormed on
o 1o e R B RESSRNE RORSNET Y, BRSO T
in Exanpl gminivase ¢ rm@a:marﬁ@ﬁ]ﬁé tengdtn& t%%ctmnwg% & Tinf loWBlih@ tlehe sane
manner as 1 n Exanple 1. A non-heat-expandabl e pressure-sensitive acfheswe
| ayer B (qi@ediveforctdcosrdiigayasdd. ve, radiation-curing, pressure-sensitive
adhesi ve layer) (thickness, 2 Vinm) forned by the nethod shown bel ow was
transferred to t Hxanipkat efe xiea radiidyion-dusing r presEressensitine aklthesbed aalhalepraessur
e-sensitive adhesive sheet of the constitution shown in Fig. 1 was

obt ai ned.rafighon+euningaupsshittassnsitipe adhagive viuels tammises\d hoss (peessergeensBive3gs  An
acrylic prdgssure-sensi tive adhesive prepared, by incorporating, 100 parts by
vei ght ofadhesiyaiand gecompprynd payingcrogshinking fupgtionik 2reppss f-2j» &R EHRAGtonal

crosslinki ng agent, and ar by wei ght .of .a radi ati on.pol yner.i zati on

CIUET Bt ormPthinde Theqrintied B Ghe s e | Sepiotl TEfeh i PRt oot 1 he
acrylic ¢ el . Li,e . iner i thi ckmness ,pf .2 .Qn a dr
bas%/s ano‘g) Gﬁﬁlé%ﬁ%gl?gdlm%ﬁoug!%ng %o’%aﬁ{eilg{"g ek g%sg'llrg'sﬁrrlsé Evseu rag-ﬁessévne S F‘f i c\c/fle Y

adhesi ve édﬂﬁﬁfseé Qfeﬁrgé?,ufeegeﬁﬁfil%i aHﬁésié@) Sc{ﬂﬂgﬁgispgfﬁnggﬁgx?‘é??ﬁgﬂeﬁiem formed by

pressure-sensitive adhesive | ayer I ner. EXANVPLE 3
The sane dpstynfxRamada it bhaydhpdubdi Srosdlthihgmfuibiohdl Eoap)! €gl avas
fornmed on one side of a 50 ~, mthick PET filmin the sane manner as in
Exanpl e Ipolyfunittidnal’ eoRomipr, i &1 41 ghohOfep digh&liény andi gptionally &ntire reyhtainscopol yner
C prepared by the nethod shown bel ow and 3 parts by weight of an isocyanate
cr ossl i nkiadigtia polymeazatmpphitiedr.t o t he heat - expandabl e | ayer in a thickness
of 3 ~~mon a dry basis and then dried. Thus, a non-heat-expandabl e

pressur e- sensi t i \Rrefgribbssiadiatipaguring pfesame-sesfsiive adhesiveais a radiation-curing

"non- heat - expandabl e pressure-sensitive adhesive |ayer C') was forned.

Fur t her mopressure-seasipir adhesive (Whick romaprises 8(bass (respirechnsitiee dhepiverandtaed with
a rel ease agent was_ superposed agn the ~ non-heat-expandabl e

pr essur e-spaund havingn expsslinking, &mctignal neroupsy 8.1 @apayfugciaenad rmennmer; | m
faced the adhesive, | ayer. Thus, a heat-peel abl e pressure-senpsitjve adhesive
sheet of WRYPERE: in tahei esfwéwptmaﬁy durther,zontaips 8 rAAGHODOPMEEIZEINY, | yrer
C
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80 parts by weight of 2-ethyl hexyl acrylate, 20 parts by wei ght of

acryl oyl norpholine, 3 parts by weight of acrylic acid, 0.1 part by wei ght
of 2,2'-azobisisobutyronitrile, and 200 parts by weight of ethyl acetate
were introduced into a 500 m three-necked flask reactor equi pped with a

t hernoneter, stirrer, nitrogen introducing tube, and reflux condenser so as
to result in a total amount of 200 g. The resultant m xture was stirred for
about 1 hour while introducing nitrogen gas thereinto to thereby replace
the air in.: r i j.t. L nsd t.h

reactor (aihBE UPARLAEs o e b AR prefitfe WAERTE B BRAGHSBRE <t

for abouigyd Mtﬁ‘raf Hlb%%‘&“&tsyrﬂﬂét%?g[)%%?@ieg - éﬁ%itfv?saﬁfé%%%g cBﬁxﬁggi%lg igsm xture

(containing a copol yner) was” pour er o ane a

m Xt ure WARosd hibbee -aciie Pl 98! AHEpIAASE hoMias | eavi ng
the precipitate. Thus}jﬁl c?\?v %?rek%ﬂ?gfégdo}%hg%ents wér egélgwnlgvg{jsdp%x}ggegane step
for renpwf e lopwhdre | allyd (meRPNaRE Fe. BT, Ly AIKHE Est&rs v YRleBPadryH C foid,
Thereafter, ethyl acet atyz(vvas in}t;lr odﬁcgg tlébjadjpust thet{t o?gl 3(;ﬁm)unt to 200
g. Thus, sach ad thelmethglt atee, ahyludsiedpropyit estdd] BOprapylastey hiylcams) igomityl( of t en
referred to as "acrylic copolyner C') was obtai ned. EXAMPLE 4 The sane

heat - expasteghexyl aster, dctyli eskang2sthyliexyl rptegsisoaetyfxangp) &sodeoyhesttnramdd on one
side of a 50 pmthick PET filmin the sanme manner as in Exanple 1. A

non- heat desgryhdster) or pompssing asepelymey ef enthersnore dfayer albyl (meth)acrylates

(contam nation-preventive, radiation-curing, pressure-sensitive adhesive

| ayer) (tithciomeser mory efher gnonemery (EBe ¢asbOYrceniBining er cwidvepahydridest er r ed
to this heat-expandabl e | ayer. Thys, heat - peel abl e pressure-sensjtive
adhesi ve "AHOGCT F“‘S‘h‘és ¥aq peide moacnDgc] igpQpic fCife ¢ afiflc fumanc

Non- Heat - Ex bl.e. P - i ti Adhesi L D: 0 b

e gt - oPeR DR ey By aHAE RS e HrSmeRy b dre PR Griny o

t oget her, . L gk > 1S ik ke, 0 part
by et g flete; MToAAAL nfonbrich SR he BAERRIAC abih, ABLIERD PR L0
react o Qauigefhitingh oroRRHIOIRNC o SURYSlyettidctA8AN ﬂhBEﬁh‘afé‘,J;Bfn% t ube,

and refl ux condenser so as to result in a total anpunt "of 200 g. The

resul ti ngréupeédtainit@s nidnbofress suok adoliet)ati9lamivd)i laghihdt grodpieoginitigt r ogen
gas thereinto to thereby replace the air in the reactor with nitrogen.

Ther eaf t engndnfees tsechpes amimeethiyh (imteh)adrelatee atkoxy-contminigy mabadrst such84 and t he
reaction mxtiu~e was kept in this state for about 7 hours to conduct
pol-yner i 2egthewyethiyhus(meiinaeyiae: ageidgt egrwubwenieining ntraenvineys arsugler yasi c

copol yrmer (often referred tq as "acrylic copolymer D-1 ") was obtained. 1
part by %%ﬁﬂ?hw{mﬁelm@%t hagY ylf‘égﬂrﬁaxw@hwen*énylsoaeyta%t yingrgopaipingar t by
wei ght of, di butyltin dilaurate te.incorporated into 100 rts. by wei ght
of the- i el siPpingS Bhéh & MR B RaiGRRE Hhatns Rothracks b it ot *Soc

for 24 hoyps Wit Ewpé{e" t u&}iaﬂg-c%ttafn n 4 on‘f@rg h ijcp t9s Obefc?}ilgn'ﬁpe;et hyl
acetate solution CONTa) nf ng -"an acryli’c copol'ynmer (often ref_erred1 g as

“acrylic e?_@i?ﬁl:é(ﬂfﬁhi@' derylf¥ nﬁﬁxbfh’efscsxﬂhea%sélgr&dﬂe{ﬁét]‘a)a&%la?@,hﬁﬁl' YigylPEggar ed by
incorporating 3 parts by weight of an isocyanate crosSslinking agent, and 3

parts by ri®idiiérs @hictRad ditiyRkiher); Bfd YoButetiRine Dasddnpreksdt@Eensitive adhesives.

(phot opol yneri zation initiator) into an ethyl acetate sol ution containing
100 part Préferreeiegdrhples of the basy inkclude @orydit \pressureseasitivipgalhesidest o Thelbaseer in a
t hickness of 5 pmon a dry basis and then dried. Thus, a

non- heat -leapeomdiabdiconeingedicnt-a amyi tie compaskdafitwe of mpee ingueidients. ref erred to as
"non- heat - expandabl e pressure-sensitive adhesive |ayer D') was formed on
the |iner. COVPARAE| vempouniPhaving Argsslinking dhndsionalp gwoyps maays e sqithey &

adhesi ve sheet was obfained in the same manner as_in Exanple 1, except that
a pressurredisiorsryning loghemolesulany spmpindn 09T 12 FAMALIGR-UHEE h&SHD expAndabl e

| ayer.

" radiation-curing low molecular compound and a radiation-curing resin may be used in
combination, or only either of these may be used. Radiation-curing low molecular

compounds or radiation-curing resins may be used alone or in combination of two or
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COMPARATI VE EXAMPLE 2 70 parts by weight of n-butyl acrylate, 30 parts by
wei ght of ethyl acrylate, 5 parts by weight of acrylic acid, 0.1 part by
wei ght of 2,2'-azobisisobutyronitrile, and 200 parts by wei ght of tol uene
were introduced into a 500 m three-necked flask reactor equi pped with a

t hernoneter, stirrer, nitrogen introduction tube, and reflux condenser so
as to result in a total amount of 200 g. The resulting m xture was stirred
for about 1 hour while introducing nitrogen gas thereinto to thereby

repl ace WRge flefeokn the reactor with nitrogen. The tenperature inside the
reactor was regulated to 60C and the reaction m xture was mai ntained in
this state for alppeltradatitdbi®ing QowanslbGilarRImpFBAdZAE BN parfibilgrly BiREr yl i c
copolymer (often referred to as "acrylic copolyner E') was obtained. Two
parts by ayviinghds théy 8ah &0 byah@herichr ikt gykiang (radiefibnspRach3%s WaibleSray Wei ght
of heat-expandabl e m crospheres (trade nane "MATSUMOTO 41 M CROSPHERE
F-50D", nhrvicdel uné dldyrolvbbeaizpt BloVigsél, ohies wilich Kndbld awtiee-dineasipgal at ed
into a toluene solution containing 100 parts by weight of the acrylic

copol ynemnetvork kinscturexsd be effidentls fotnmegldn ttiee wonehent-depanfialde pfespurersdnsitivk PET
filmin a thickness of 40 pmon a dry basis. The coating was dried to form
a heat - exghastvgblager apen imvadiatiqn avithherskgie gaysodreqprefarred. Thiemples fathepeel abl e
pressure-sensitive adhesive sheet was obtai ned. COWARATI VE EXAMPLE 3 A

pr essur e Tadgfioncquiiaga ive smoleculpe compaundsh inglydsd trimethylalpsepsae ngaptatas i n

Exanpl e 1, except that a nmere pressure-sensi.tive adhesive | ayer was forned
fromt heteé@frfﬂ%hﬁ(’lﬁ}e Gir e:‘eéréﬂ%r?l@fe\’/e BEYRSTYYRIOA WITRHSALS n@ﬁ‘?%ﬂ?’ﬁ’f‘?‘?jg

heat - dabl ' h t int d th I e- idi

adhes ve TRgEy it 1 SikaesRuraly By bRl iRiat o, VRERASIRIA O ¢ ne
" _ UL Y “Adhesi B of th

Beanpl es Tanactunas, S RVE TORELP RehRe? HeticaRlad) SRR, Rd 11 The

havi ng a i, Eﬂi&%%sgféfgolzﬁi&rﬂh@.t rqg{%{ngﬁ:geof LM rhfiRion-dfling RS %Fweed by

Toray Industries, .). These sanples were exam ned for 180 peel adhesive
force (pealynigs roat Sligodtds MHakfgNpholddensitive apavkive arb@d. t Bpacifit & - st eel
pl ate (SUS 304BA plate) by the ?ol | om ng neasuring nethod (Method of
Measur i nghededfeniclnde Haretl®atylatl polyeBAhavily t(methdapeloy] gupx anphdscularand 3
and Conparative Exanples 1, 2, and 3, the tinmes of the neasurenment were:
bef or e h&ads. riych anesigt (methdaarylatgs.cuiband Ggeth)aceylaten Grhvy (meth)agrylatey oven.
Wth respect Exanples 2 and 4, the tines of_ the nmeasurenent before

i rradi at iRFRRG Gelbperyides iand acaticetesipolmbiarryatesy dypkeneopdds ot bk
air-cooling high-pressure nercury |a 46 m)/ m n) (the sanme applies
ner of nat BT o Rbr B1Y nEAtPhoR LEPSFUS - Pl arelr. ANGCRRrE SRR Rut e
neet] 9, AR DO DAy B R ST UBhiR) 1
diazotized aminonovolac resins, and acrylamide polymers. Examples thereof further
include polymers which react by the action of high-energy rays, such as epoxidized
polybutadiene, unsaturated polyesters, poly(glycidyl methacrylate), polyacrylamide, and
polyvinylsiloxanes. In the case of using a radiation-curing resin, the base is not
essential.
The amount of the compound having crosslinking functional groups to be
incorporated is, for example, from about 5 to 500 parts by weight, preferably from about
15 to 300 parts by weight, more preferably from about 20 to 150 parts by weight, per
100 parts by weight of the base.

An ultraviolet (UV)-reactive pressure-sensitive adhesive polymer may also
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heating. The results of the evaluation are shown in the colum "Adhesive
force (NN20 mm" in the Table bel ow. Method of Measurin~~ Adhesive Force to
SUS 304BA 180 Peel adhesive force (pressure-sensitive adhesive force) (N 20
mm) in application to an SUS 304BA plate was neasured in the foll ow ng)
manner. Each pressure-sensitive adhesive sheet (20 nm w de) was applied, on
t he non- heat - expandabl e pressure-sensitive adhesive | ayer side or

heat - expandabl e pressure-sensitive adhesive | ayer side (or on the
pressure-sensifive adhesive |ayer side), tq.,an SUS 304BA plate (whjch had
under gondeulshasnihe dp@aremeuring mBtsHERSEnRYVe adhesitry t Rampkestl digheet

on the. s HEHIOIPHEFaS L PERTIEE-SIRVE P AW TG o BB A PERI e f or ce
b essur o LERERehY by ROERVEL chBREShe o0 HETHERDIRR HS 455 BoBolE oSO M i n o
Cont am narotSpoBhd €y, dtbih ke nitb o Bulihs pryIndtihordito Broneh, o

heat - I : i bl 1 I
nor et (ol ol RaLIGPIWHTAR sbive Ribcsaili6iy Blch EORPRRY] UF bBRH) 22 ore
al | oved tousyRNAERkve f0ulre-deh8AIRENSMR SUGRES BRI 6e RSSI SKnofck Ata vari ous

times according to the "adhesive force nmeasuring test described above. The
si | i con whk@ire 9PrTReESottHEregfkposed by tile peeling were exam ned by XPS
(X-ray photoel ectron spectroscopy) using an X-ray photoel ectron
spectroneter to d&Maafplesnef theeradiatiémc polyalebiaatical mikatér pelde atetophenone (%) and
si mul t aneously determ ne the surface silicon elenment proportion Rs; (%.
Fur t her noyes initéatonsi giuplal asni #+(2hypoixyethexy)phanihcd-hyfiroxy£-pnopyl  dietdareon waf er
(the mrror-polished surface of a 4-inch silicon wafer to which a

pr essur e-%axdIoRywe adinedinacetopbenongad methoggasstopbenoned) wadvimgtaxydd by XPS

using the X-ra ot oel ectron spectroneter to determine the syrface carbon
el ement TR CTeRe. (5g-dicig Baweﬁle}l@ger)elc{ﬂyd?w@x&‘ﬁﬁzwi t@e@ﬂ&%o%ld_
nparatiyv a n e anal ¥si s was .conducted an. a silicon
wafer curd e Rl s n Bty Em BBl SoptaPBRan SRR BB B heat i ng
and on a Siii Loh e i n
R R e e S e e
0 EXanmpl &mpouft h L43€ 2aH&hy1S)-Ry 18 Bfe;ORetdl Tompbid @l apurtace
from whi ch trﬁ)(la1 adhegi ve sheetMhadybe).('E:}Flﬁgltlge{Engéél’l W't h%ut i 1rn'rpadi gti on gnd
heati ng, weadylondan&hili Ccketalal gomatie f atifohylomchibiiad tdampadhdsi ¥echshaet. had
been peeled after 10-second irradiation with an air-cooling high-pressure
ner cury |ZangphtdBenedilfiony) ahtbrideni npicllpeaciing ioninee 10@Gphwoids aisnckdr ws ng
oven. Fromthe values of Rcl, Rs;, and Ro2 thus obtained, the difference
bet ween Rophenegefolzploranediese-2-tacrthpxycprbanyl) t exdmea thepzaphenale - egmppesindg 0g

[ Rol /Rs; (=Rcis;)] re determned to eval uate contam natiye properties.
The resul %" of F%e %&F‘EP&FP%‘FF’ ar ePDReXiREnZRICTap 13610y | ADdne §&8 hylop-~ 7

and "R~is," under "Contam natjve operty". The |arger the value of ~R~1 z
or R-is, ,4' ﬁ“ﬂ‘? HePP %n&egrthlé’x%'ﬁﬁg%nt fﬁﬂ?&%‘? n. | & gt heng ye of
~R~1_2 or, R f ampl e af ' s conpaned. W r the
sanpl e be% cEjrﬂ 8%@3 {“Hg‘”?ef he rm?eﬁl%gﬁﬁg%n rnght nment a’é}n gl\r%‘f:h hif:og%ﬁtgén&hati on.

The X-ray; : Spes i IS Bthi S la]ath uf ured by
ULVAC- PHI 1,s &%}ﬁ%ﬁﬂ#’ e g?laaﬁfysie?s’ams crg{r}ll(ljdl%?glgﬂgndgr’w? ﬁéhy%ﬁ)gﬁ?ﬁhg&?%l o?ﬁ %n X-ray
source 0f2,Wﬁ@o£5p§ﬂiﬁi6£&ﬁm%; andt %%Fhérhhin_@ﬁeﬁ%al@g%ﬂat@ﬂl Reddheslat 4@M area
of 1 x3.5 mm term nation of Ml ecul ar Wi ght: Each of the

pr essur e-sieRphihbxides; dhd acyl phedpherisies( heat - peel abl e type) obtained in the
Exanples 1 arid 3 and Conparative Exanples 1 to 3 was heat-treated in a
130C hot - ai r dryiBepidesethef mgrediamtsn dessibed reboeq f smropridte additivec enayf beé he
pressure-sensitive adhesive |layer was rinsed with tetrahydrofuran (THF),
and the rissorporated THP thel radiationwaising xessnredsensitive sadgedivepsp nasatd cbtain
chromat ograph (GPC apparatus) to determ ne the nol ecul ar_ wei ght

(wei ght - aapprepysteryiseealasiicitywbefpne andafter curing with radiation. Examples of such

additives include heat polymerization initiators, crosslinking agents, tackifiers, and
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44 Furthernore, the pressure-sensitive adhesive sheets (radiation-curing
heat - peel abl e type) obtained in Exanples 2 and 4 were irradiated with an
air-cooling high-pressure nmercury lanp (46 md/mn) for 10 seconds and then
heat-treated in a 130C hot-air drying oven for 3 mnutes. Thereafter, the
surface of the pressure-sensitive adhesive |ayer in each adhesive sheet was
rinsed with THF and the determ nation of nol ecul ar wei ght (wei ght average
nol ecul ar wei ght; M) mﬁth t he GPC apparatus was conducted in the sane
manner as_shown above. tent (% of conmponents having a wejght
aver age  TalaRil 4 Heigr ¢RI, GO BB RO GREE O deserth A TPhe

ntent of conponents with Mwv of

I b d
588”053 %Pt H‘?@Pnar tﬁ%@%&ﬁpgo gfeSth%lgltcgoﬁar atus used for the analysis

loed was "ToK gol e R ERRATES uBTt BB HbEc S SR e ilract r e
by Tosoh fCae Ay TABE AR LA(Rnk RGER0 ARARLAN. BIRERRY EpAliN 0™ P

. 2R~, s, conp ore ea I ng
acrylic pressure-sensitive adhesive as the base.

For forming the non-heat-expandable pressure-sensitive adhesive layer
according to the invention, a pressure-sensitive adhesive containing known or ordinary
additives such as, e.g., a plasticizer, filler, surfactant, antioxidant, and tackifier may be
used. However, in the case where transfer of such additives to electronic parts poses a
problem, a pressure-sensitive adhesive containing no additives may be used in order to
effectively make the pressure-sensitive adhesive layer less contaminative.

The non-heat-expandable pressure-sensitive adhesive layer can be formed
by an ordinary method. For example, it can be formed by a method in which a liquid
pressure-sensitive adhesive is applied to the heat-expandable layer or by a method
which comprises forming a non-heat-expandable pressure-sensitive adhesive layer on.an
appropriate liner by that method and transferring (shifting) the adhesive layer to the
heat-expandable layer.

The thickness of the non-heat-expandable pressure-sensitive adhesive layer
is not particular limited, and can be suitably selected according to the intended use of
the pressure-sensitive adhesive sheet, desired degree of reduction in adhesive force by
heating, etc.  From the standpoints of preventing the non-heat-expandable
pressure-sensitive adhesive layer from suffering cohesive failure during thermal
deformation (and preventing the adhesive layer from leaving a larger amount of
contaminants on the surface of an electronic part) and of enabling the pressure-sensitive
adhesive layer to conform to the irregularity-forming deformation of the
heat-expandable layer (and causing the force of adhesion to the electronic part to be

reduced or lost), etc., the thickness of the non-heat-expandable pressure-sensitive
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heati ngBef ore heati ngAfter heatingBefore heati ngAfter heatingwth Mwv of
100, 000 or lower (%xamle 12.940.0215.025.00.682.2210Exanpl e 2Before W

i rradiationl. 470.8813. 01. 10After UV irradiation0.29012.01. 505Exam | e
34.4104. 219. 00. 341. 1 02Exanpl e 4Before UV irradiation5. 880.4910. 20. 91After
WV irradiation0. 7801. 20. 290. 5Com arative Examl e

13.43011. 890. 02. 505. 2025Com arative Examle 22.74014.072.01. 604. 8023Com
arative Exam |l e 33.044. 1230. 055. 00. 563. 0020 The Tabl e shows the foll ow ng.

The pressyre-sensitive adhesi ve sheet gbtained jn Exanpl.e 1 had undergone a
cons! der AN VEIRFE Y P, Takieesipke SeH! Hrﬁr"éé@ﬁh?rhﬁfe atly froenebash 0.l The

epr 1 ved ‘IS BORAFOEEEY BPPaE L ais] VBT OF coon R S B
irradiation., |t was us ascertained.that .the.pressure-sensitivye adhesive
hect obrRPASA- P ARoAR s EerRRE Rt v B T T B e B R | o
wth a h%s'saiafvt dfoyic%gfo%GQD the irregularity-forming thermal deformation of the
heat-expandable layer. In case where the thickness of the non-heat-expandable
pressure-sensitive adhesive layer is too small, this adhesive layer is apt to have
insufficient adhesive force or to suffer cohesive failure during the irregularity-forming
thermal deformation of the heat-expandable layer.
Substrate:
As shown in Figs. 1 and 2, a substrate (1, 11, or 12) can be used in the
invention according to need. Consequently, the pressure-sensitive adhesive sheet need
not always have a substrate. A substrate can be used as a supporting base for the
heat-expandable layer or other layers. Use of a substrate (as a supporting base)
improves the handleability of the heat-peelable pressure-sensitive adhesive sheet
because the heat-expandable layer and hence the non-heat-expandable
pressure-sensitive adhesive layer are supported and reinforced by the base. As a result,
application to an electronic part, peeling from the electronic part after heating, and other
operations can be efficiently conducted. The substrate may have a single-layer
structure or multilayer constitution.
The substrate that can be used is an appropriate thin sheet material.
Examples thereof include paper-based substrates such as papers; fibrous substrates such
as fabrics, non-woven fabrics, and nets; metallic substrates such as metal foils and metal
sheets; plastic substrates such as plastic films and sheets; rubber substrates such as
rubber sheets; foams such as foamed sheets; and laminates of these (in particular,
laminates of a plastic substrate with another substrate and laminates of plastic films (or

sheets)). From the standpoints of handleability after heating, etc., it is preferred to use

a highly heat-resistant substrate which does not melt at the temperature at which the
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In the pressure-sensitive adhesive sheets obtained in Exanples 1 to 4, the
val ues of OR~~_2 and R~,s; for the silicon wafer surfaces from which the
adhesi ve sheets had been peeled after heating were not significantly |arger
than the values of OR~~ 2 and R~~s; for the silicon wafer surfaces from

whi ch the adhesive sheets had been peeled wi thout heating. In particular,
in the pressure-sensitive adhesive sheets of Exanples 2 and 4, the forner
values were smaller than the latter. In contrast, in the case of the
pressur e-sensi.ti i ye ets. pneg. | Y I 1to 3
Pho val udbir i IOTRRE! Ko o AthAl R B RS BSSY o R BisR ot o

the adhesSrR0a8LE LBtk HimP 8R4 Shkefl { BealBRE WP I RERHERTSHA Al | ar ger

t han t he va 0 ~Z an Cl'S, for Sil1con wafer sur es from

whi ch t heygdhes ¥eIuabestmm ?@s%sbﬁ)glﬁﬁe@%n?%nw&hﬁ&te. B@ﬁ&ﬂ)&g:coﬁftp%@}nghﬁl results

of determ nation of the content conponents having a weig aver age

mol ecul arg pRifaht sieh 130, APRIAedeOWPE), | foljtopflORUIIPP) ! hakyiEhenbpabsy the
content of | ow nol ecul ar pol ynmer conponent's }I)*law ng a wei ght average

ol ecul arcopelygfets, 0hnd 08hPleRe/Oinyl ONeRtatd NedpBBmidi€S ﬁxsEa@kétérvesua&i hgsi ve

| ayer in contact with a silicon wafer surface, the higher the degree of
cont am nataly(ethgient hetemsphibalas)r f @E)af pely(dikgeneng naghthalattHATPENS),CLAIIVED | S:
1. A heat-peel abl e pressure-sensitive adhesive sheet for electronic parts
whi ch comly(butyleae hteaephthadate) BB )] apodv(vinght chileridey (FRIET); e ppla(phaiylene

m crospheres_and a non-heat - expandabl e pressure-sensitive adhesive |ayer
fornmed orfulfide) e@PB)i0nmidy desing suple dsepelyamisien d@loas) apér whollieraspmatithen t he
pressure-sensitive adhesive sheet is applied. on the side of the

non- heat -ROyHdeaEamide): and rowetherethepketonss ERFER). | dpdhe case whezg g plstie of a
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to 500 um, more preferably from about 3 to 300 pm, most preferably from about 5 to

250 pm. However, the substrate thickness is not limited thereto.

The surface of the substrate may have undergone an ordinary surface
treatment so as to have enhanced adhesiveness to the heat-expandable layer or other
layers. Examples of the surface treatment include chemical or physical oxidation
treatments such as chromic acid treatment, exposure to ozone, exposure to flame,
exposure to high-voltage shock, and treatment with an ionizing radiation. The
substrate surface may have undergone coating treatment with, e.g., a primer.
Furthermore, the substrate surface may have undergone coating treatment with, e.g., a

release agent such as a silicone resin or fluororesin so as to have peelability from the
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the adhesive sheet is heated, whereby it can be easily peeled or separated from the
electronic part.

In the invention, a heat-expandable layer can be formed on at least one side

(on one side or on each side) of the substrate as shown in Figs. 1 to 3. The
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pressure-sensitive adhesive sheet can have a constitution having a substrate embedded
in a heat-expandable layer.

One or more interlayers can be formed between the substrate and each
heat-expandable layer. Examples of the interlayers include a release agent coating
layer for imparting peelability and a primer coating layer for improving adhesiveness, as
stated above. Examples of the interlayers other than the release agent coating layer
and primer coating layer include a layer for imparting satisfactory deformability, a layer
for increasing the area of adhesion to electronic parts, a layer for improving adhesive
force, a layer for improving conformability to the surface shapes of electronic parts, a
layer for improving suitability for a heat treatment for lowering adhesive force, and a
layer for improving peelability from electronic parts after heating.

Rubbery Organic Elastic Layer:

From the standpoints of imparting deformability, improving peelability after
heating, etc., a rubbery organic elastic layer 6 can, for example, be formed in the
invention as an interlayer between the substrate and a heat-expandable layer as shown in
Fig. 2. The rubbery organic elastic layer 6 functions to enable the surface of the
heat-peelable pressure-sensitive adhesive sheet to satisfactorily conform to the surface
shape of an electronic part, when the pressure-sensitive adhesive sheet is bonded to the
electronic part, and to thereby have an increased adhesion area. The elastic layer 6
further functions, when the pressure-sensitive adhesive sheet is heated and peeled from
the electronic part, to highly satisfactorily (precisely) control the thermal expansion of
the heat-expandable layer and thereby enable the heat-expandable layer to evenly
expand preferentially in the thickness direction. This rubbery organic elastic layer 6 is
a layer to be formed according to need, and the pressure-sensitive adhesive sheet need
not always have this layer.

A rubbery organic elastic layer can be formed also as a layer other than the

interlayers to be disposed between the substrate and a heat-expandable layer. However,
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in order for the elastic layer to effectively perform its functions, it is preferably
superposed on a heat-expandable layer on the side opposite to the non-heat-expandable
pressure-sensitive adhesive layer. A rubbery organic elastic layer may be disposed on
one side or each side of the substrate.

The rubbery organic elastic layer is preferably made of natural rubber, a
synthetic rubber, or a synthetic resin with rubber elasticity each having a Shore D
hardness, as measured in accordance with ASTM D-2240, of 50 or lower, preferably 40
or lower, so as to perform its functions.

Examples of the synthetic rubber or synthetic resin having rubber elasticity
include synthetic rubbers such as nitrile rubbers, diene-based rubbers, and acrylic
rubbers; thermoplastic elastomers such as polyolefins and polyesters; and synthetic
resins having rubber elasticity such as ethylene/vinyl acetate copolymers, polyurethanes,
polybutadiene, and flexible poly(vinyl chloride). It should be noted that even
polymers which are intrinsically rigid, like poly(vinyl chloride), can have rubber
elasticity when used in combination with a compounding agent such as a plasticizer or
softener. Such compositions also can be used as constituent materials for the rubbery
organic elastic layer. Furthermore, pressure-sensitive adhesive materials such as the
pressure-sensitive adhesive constituting a heat-expandable layer can also be
advantageously used as constituent materials for the rubbery organic elastic layer.

The rubbery organic elastic layer can be formed, for example, by a method
in which a coating fluid containing an elastic layer-forming material, such as natural
rubber or any of the aforementioned synthetic rubbers and synthetic resins having
rubber elasticity, is applied to the substrate (coating method); a method in which a film
made of the elastic layer-forming material or a laminated film produced beforehand by
forming a layer of the elastic layer-forming material on one or more heat-expandable
layers is bonded to the substrate (dry laminating method); or a method in which a resin

composition containing a constituent material for the substrate is coextruded with a
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resin composition containing the elastic-layer-forming material (coextrusion method).

The thickness of the rubbery organic elastic layer is generally about 500 pm
or smaller (e.g., from 1 to 500 um), preferably from about 3 to 300 um, more preferably
from about 5 to 150 um.

The rubbery organic elastic layer may be made of a pressure-sensitive
adhesive material comprising natural rubber, a synthetic rubber, or a synthetic resin
having rubber elasticity as the main component. Alternatively, the elastic layer may
consist of a foamed film or the like constituted mainly of such rubbery ingredient.
Foaming can be conducted by an ordinary technique such as foaming by mechanical
stirring, foaming with a gas yielded by a reaction, foaming by a foaming agent, removal
of a soluble substance, spraying, formation of a syntactic foam, or sintering. The
rubbery organic elastic layer may consist of a single layer or may be composed of two
or more layers.

When a radiation-curing substance is used in the heat-expandable layer or
non-heat-expandable pressure-sensitive adhesive layer, the rubbery organic elastic layer
preferably is one which does not inhibit the radiation from passing therethrough.
Pressure-Sensitive Adhesive Layer:

The pressure-sensitive adhesive sheet of the invention may have a
pressure-sensitive adhesive layer 7 as shown in Fig. 3. Namely, the pressure-sensitive
adhesive layer 7 can optionally be formed, and the pressure-sensitive adhesive sheet
need not always have this layer. This pressure-sensitive adhesive sheet having a
pressure-sensitive adhesive layer 7 is advantageous in that an electronic part adherent to
the non-heat-expandable pressure-sensitive adhesive layer 42 can be bonded to another
adherend (any adherend) by means of the pressure-sensitive adhesive layer 7. The
pressure-sensitive adhesive used for forming the pressure-sensitive adhesive layer 7 is
not particularly limited, and can use pressure-sensitive adhesives which are known or in

common use, such as the pressure-sensitive adhesives enumerated hereinabove as
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examples of the pressure-sensitive adhesive for the non-heat-expandable
pressure-sensitive adhesive layer (e.g., rubber-based pressure-sensitive adhesives,
acrylic pressure-sensitive adhesives, vinyl alkyl ether-based pressure-sensitive
adhesives, silicone-based pressure-sensitive adhesives, polyester-based
pressure-sensitive  adhesives, polyamide-based  pressure-sensitive  adhesives,
urethane-based pressure-sensitive adhesives, fluoropolymer-based pressure-sensitive
adhesives, styrene/diene block copolymer-based pressure-sensitive adhesives,
pressure-sensitive adhesives having improved creep characteristics, and radiation-curing
pressure-sensitive adhesives). This pressure-sensitive adhesive layer need not be less
contaminative because it is not applied to electronic parts. The pressure-sensitive
adhesive used for forming the pressure-sensitive adhesive layer 7 may contain known or
ordinary additives such as a plasticizer, filler, surfactant, antioxidant, and tackifier.
The thickness of the pressure-sensitive adhesive layer 7 may be, for
example, 300 um or smaller (e.g., from 1 to 300 pm, preferably from 5 to 100 pm).
The pressure-sensitive adhesive layer 7 can be formed by the same methods as for the -
non-heat-expandable pressure-sensitive adhesive layer.
Liner:
The liner (5, 51, or 52) that can be used in the invention is an ordinary
release paper or the like. The liner is used as a protective material for a
non-heat-expandable pressure-sensitive adhesive layer, and is peeled off when the
pressure-sensitive adhesive sheet is applied to an electronic part. The
pressure-sensitive adhesive sheet need not always have a liner.
Examples of the liner include substrates having a release layer, such as
plastic films and papers which have been surface-treated with a release agent such as a
silicone, long-chain alkyl, or fluorochemical release agent or molybdenum sulfide;

poorly bondable substrates made of a fluoropolymer such as polytetrafluoroethylene,

polychlorotrifluoroethylene, poly(vinyl fluoride), poly(vinylidene fluoride), a
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tetrafluoroethylene/hexafluoropropylene copolymer, or a

chlorofluoroethylene/vinylidene fluoride copolymer; and poorly bondable substrates
made of a nonpolar polymer such as an olefin resin (e.g., polyethylene or
polypropylene).  The liner can be used as a substrate for supporting the
heat-expandable layer.

The liner can be formed by a known or ordinary method. The liner is not
particularly limited in thickness, etc.

The heat-peclable pressure-sensitive adhesive sheet for electronic parts of
the invention may have a constitution comprising a heat-expandable layer and a
non-heat-expandable pressure-sensitive adhesive layer disposed on one or each side of
the heat-expandable layer, or may have a constitution comprising a heat-expandable
layer and a non-heat-expandable pressure-sensitive adhesive layer which have been
formed in this order on one side of a substrate and further comprising at least an
ordinary pressure-sensitive adhesive layer containing no heat-expandable microspheres
(e.g., the non-heat-expandable . pressure-sensitive adhesive layer 41b or .
pressure-sensitive adhesive layer 7) formed on the other side of the substrate.
Furthermore, the heat-peelable pressure-sensitive adhesive sheet having a substrate as a
support can be produced as a separable type in which the substrate can be easily peeled
from the rubbery organic elastic layer or heat-expandable layer or as a fixed type in
which the substrate is tenaciously bonded to the rubbery organic elastic layer or
heat-expandable layer. The heat-peelable pressure-sensitive adhesive sheet of the
separable type can be produced with, e.g., a liner or a poorly bondable substrate, while
the heat-peelable pressure-sensitive adhesive sheet of the fixed type can be produced
with, e.g., a strongly bondable substrate or a substrate which has undergone a surface
oxidation treatment or the like. It is preferred that the pressure-sensitive adhesive
layers such as the non-heat-expandable pressure-sensitive adhesive layer 4 and

pressure-sensitive adhesive layer 7 (e.g., an outermost non-heat-expandable
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pressure-sensitive adhesive layer and an outermost pressure-sensitive adhesive layer) be

protected with a liner provisionally adherent thereto so as to prevent them, until

practical use, from suffering a decrease in adhesive force, etc. caused by contamination.

The heat-peelable pressure-sensitive adhesive sheet for electronic parts of
the invention can be in the form of a sheet, tape, or the like. When applied to an
electronic part, the heat-peelable pressure-sensitive adhesive sheet for electronic parts
can be bonded at a predetermined adhesive force due to the pressure-sensitive adhesive
of the non-heat-expandable pressure-sensitive adhesive layer. When the adhered state
is desired to be ended, the sheet can be made easily peelable or separable by a heat
treatment due to the heat-expandable microspheres contained in the heat-expandable
layer.

In the case of the heat-peelable pressure-sensitive adhesive sheet having a
rubbery organic elastic layer interposed between the substrate and the heat-expandable
layer, the following effects are brought about. When this pressure-sensitive adhesive
sheet is applied to.an electronic part, the surface of the pressure-sensitive.adhesive sheet
satisfactorily conforms to the surface shape of the electronic part due to the elasticity of
the rubbery organic elastic layer. As a result, a large adhesion area and an elevated
adhesive strength are obtained. When this pressure-sensitive adhesive sheet is heated
for peeling, the expansion (volume change) of the heat-expandable layer can be
precisely controlled and this layer can be evenly expanded preferentially in the
thickness direction. As a result, the sheet can be peeled off more easily. In addition,
even when the heat-expandable microspheres contained in the heat-expandable layer
have a somewhat large particle diameter, the uneven surface attributable thereto is
buffered by the rubbery organic elastic layer. Consequently, the heat-expandable layer
can be regulated so as to have reduced surface roughness.

The heat-peelable pressure-sensitive adhesive sheet for electronic parts of

the invention has the advantages described above. For example, pressure-sensitive
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pressure-sensitive adhesive sheet can be easily peeled off through a heat treatment; and
the heat treatment for lowering adhesive force does not result in a considerable increase
in the amount of contaminants, in particular, fine contaminants. The heat-peelable
pressure-sensitive adhesive sheet can be used for permanently remaining electronic
parts bonded. However, due to those advantages, the heat-peelable pressure-sensitive
adhesive sheet of the invention is suitable for use in applications in which not only an
electronic part remains bonded in a given period and this adhered state is desired to be
ended after accomplishment of the purpose of bonding, but also that surface of the
electronic part from which the adhesive sheet has been peeled is desired to be less
contaminated. In particular, the heat-peelable pressure-sensitive adhesive sheet for
electronic parts is most suitable for use as a temporarily fixing material (e.g., a tape for
temporary fixing) in the processing of electronic parts or as a protective material in

steps other than processing. .

The method for processing an electronic part according to the invention
comprises applying the heat-peelable pressure-sensitive adhesive sheet for electronic
parts to the electronic part so that the non-heat-expandable pressure-sensitive adhesive
layer comes into contact with the electronic part and then processing the electronic part.
Examples of the processing of an electronic part include various processings such as the
back-side grinding, dicing, and fine processings of semiconductor wafers. During
such processings, the heat-peelable pressure-sensitive adhesive sheet for electronic parts
functions also to protect the electronic part.

The electronic part is not particularly limited as long as it is known or in
common use. Examples thereof include semiconductor wafers (e.g., silicon wafers),
multilayered substrates, laminated ceramics, and molding packages. In the invention,

a semiconductor wafer or laminated ceramic can be advantageously used as the
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electronic part. The surface (adhesion side) of the electronic part may have any shape,
e.g., a flat or curved shape.

The heat treatment for peeling the heat-peelable pressure-sensitive adhesive
sheet from the electronic part can be performed with an appropriate heating unit such as,
e.g., a hot plate, hot-air drying oven, or near-infrared lamp. The heating temperature is
not particularly limited as long as it is not lower than the temperature at which the
heat-expandable microspheres in the heat-expandable layer begin to expand.
Conditions for the heat treatment can be suitably determined according to the desired
degree of decrease in adhesion area, which depends on the surface state of the electronic
part, kind of the heat-expandable microspheres, etc., and to the heat resistance of the
substrate and electronic part, method of heating (e.g., heat capacity, heating unit, etc.),
and other factors. General conditions for the heat treatment include a temperature of
from 100 to 250°C and a heating period of from 5 to 90 seconds (in the case of heating
with a hot plate or the like) or from 5 to 15 minutes (in the case of heating in a hot-air
drying oven or the like). The heat-expandable pressure-sensitive adhesive layer is
heated usually under such conditions to expand and/or foam the heat-expandable
microspheres contained therein. As a result, the pressure-sensitive adhesive layer
expands and deforms to form uneven surface, and the non-heat-expandable
pressure-sensitive adhesive layer also deforms to form uneven surface accordingly,
whereby the adhesive force is reduced or lost. The heat treatment can be conducted at
a suitable stage according to the intended use. In some cases, an infrared lamp or hot
water can be used as a heat source.

Consequently, the electronic part obtained through processing by the
processing method of the invention has suffered low surface contamination. From this
standpoint, this electronic part is not a defective and can be put to practical use.

The heat-peelable pressure-sensitive adhesive sheet of the invention, after a

heat treatment, can be easily peeled from electronic parts while causing little
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contamination. Furthermore, the adhesive sheet can have excellent peelability after
heating while retaining excellent adhesive properties before heating. Consequently,
the heat-peelable pressure-sensitive adhesive sheet is useful, e.g., as a temporarily fixing
material in the processing of electronic parts.

The invention will be described below in greater detail by reference to
Examples, but the invention should not be construed as being limited by these
Examples.

EXAMPLE 1

50 parts by weight of n-butyl acrylate, 50 parts by weight of 2-ethylhexyl
acrylate, 5 parts by weight of acrylic acid, 0.1 part by weight of
2,2'-azobisisobutyronitrile, and 200 parts by weight of ethyl acetate were introduced
into a 500 ml three-necked flask reactor equipped with a thermometer, stirrer, nitrogen
introduction tube, and reflux condenser so as to result in a total amount of 200 g. The
resulting mixture was stirred for about 1 hour while introducing nitrogen gas thereinto
to thereby replace the air in the reactor with nitrogen. Thereafter, the temperature.
inside the reactor was regulated to 58°C and the reaction mixture was maintained in this
state for about 4 hours-to conduct polymerization. Thus, an acrylic copolymer (often
referred to as "acrylic copolymer A") was obtained.

An acrylic pressure-sensitive adhesive prepared by incorporating 2 parts by
weight of an isocyanate crosslinking agent into an ethyl acetate solution containing 100
parts by weight of the acrylic copolymer A was mixed with 35 parts by weight of
heat-expandable microspheres (trade name "MATSUMOTO MICROSPHERE F-50D",
manufactured by Matsumoto Yushi Seiyaku K.K.). This mixture was applied to one
side of a 50 um-thick poly(ethylene terephthalate) film (PET film) in a thickness of 40
um on a dry basis. The coating was dried to form a heat-expandable layer. A
non-heat-expandable pressure-sensitive adhesive layer A (contamination-preventive

pressure-sensitive adhesive layer) (thickness, 3 um) formed by the method shown below
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was transferred to this heat-expandable layer. Thus, a heat-peelable pressure-sensitive
adhesive sheet of the constitution shown in Fig. 1 was obtained.
Non-Heat-Expandable Pressure-Sensitive Adhesive Layer A:

50 parts by weight of n-butyl acrylate, 50 parts by weight of ethyl acrylate,
5 parts by weight of acrylic acid, 0.1 part by weight of 2,2'-azobisisobutyronitrile, and
200 parts by weight of ethyl acetate were introduced into a 500 ml three-necked flask
reactor equipped with a thermometer, stirrer, nitrogen introduction tube, and reflux
condenser so as to result in a total amount of 200 g. The resulting mixture was stirred
for about 1 hour while introducing nitrogen gas thereinto to thereby replace the air in
the reactor with nitrogen. The temperature inside the reactor was regulated to 57°C
and the reaction mixture was maintained in this state for about 5 hours to conduct
polymerization. Thus, an acrylic copolymer (often referred to as "acrylic copolymer
B") was obtained. An acrylic pressure-sensitive adhesive prepared by incorporating 3
parts by weight of an epoxy crosslinking agent into an ethyl acetate solution containing
100 parts by weight of the acrylic copolymer B was applied to a liner in a thickness of 3
pm on a dry basis and then dried. Thus, a non-heat-expandable pressure-sensitive
adhesive layer (often referred to as "non-heat-expandable pressure-sensitive adhesive
layer A") was formed on the liner.

EXAMPLE 2

The same heat-expandable layer (thickness, 40 um) as in Example 1 was
formed on one side of a 50 pm-thick PET film in the same manner as in Example 1. A
non-heat-expandable pressure-sensitive adhesive layer B (contamination-preventive,
radiation-curing, pressure-sensitive adhesive layer) (thickness, 2 pm) formed by the
method shown below was transferred to this heat-expandable layer. Thus, a
heat-peelable pressure-sensitive adhesive sheet of the constitution shown in Fig. 1 was
obtained.

Non-Heat-Expandable Pressure-Sensitive Adhesive Layer B:
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An acrylic pressure-sensitive adhesive prepared by incorporating 100 parts
by weight of a urethane acrylate, 3 parts by weight of an isocyanate crosslinking agent,
and 3 parts by weight of a radiation polymerization initiator (photopolymerization
initiator) into 100 parts by weight of the acrylic copolymer B was applied to a liner in a
thickness of 2 pm on a dry basis and then dried. Thus, a non-heat-expandable
pressure-sensitive adhesive layer (often referred to as '"non-heat-expandable
pressure-sensitive adhesive layer B") was formed on the liner.

EXAMPLE 3

The same heat-expandable layer (thickness, 40 um) as in Example 1 was
formed on one side of a 50 pm-thick PET film in the same manner as in Example 1. A
mixture comprising 100 parts by weight of an acrylic copolymer C prepared by the
method shown below and 3 parts by weight of an isocyanate crosslinking agent was
applied to the heat-expandable layer in a thickness of 3 pm on a dry basis and then dried.
Thus, a non-heat-expandable pressure-sensitive adhesive layer (often referred to as
"non-heat-expandable pressure-sensitive adhesive layer C") was formed. Furthermore,. .
a PET film (thickness, 50 pm) which had been treated with a release agent was
superposed on the' non-heat-expandable pressure-sensitive adhesive layer so that the
treated side of the film faced the adhesive layer.  Thus, a heat-peelable
pressure-sensitive adhesive sheet of the constitution shown in Fig. 1 was obtained.
Acrylic Copolymer C:

80 parts by weight of 2-ethylhexyl acrylate, 20 parts by weight of
acryloylmorpholine, 3 parts by weight of acrylic acid, 0.1 part by weight of
2,2'-azobisisobutyronitrile, and 200 parts by weight of ethyl acetate were introduced
into a 500 ml three-necked flask reactor equipped with a thermometer, stirrer, nitrogen
introducing tube, and reflux condenser so as to result in a total amount of 200 g. The

resultant mixture was stirred for about 1 hour while introducing nitrogen gas thereinto

to thereby replace the air in the reactor with nitrogen. The temperature inside the
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reactor was regulated to 58°C and this mixture was maintained in this state for about 7
hours to conduct polymerization. The resulting reaction mixture (containing a
copolymer) was poured into 1 liter of heptane and this mixture was stirred. The
solvent phase (heptane phase) was removed, leaving the precipitate. Thus, low
molecular components were removed. The same step for removing low molecular
components was further conducted twice. Thereafter, ethyl acetate was introduced to
adjust the total amount to 200 g. Thus, an ethyl acetate solution containing an acrylic
copolymer (often referred to as "acrylic copolymer C") was obtained.
EXAMPLE 4

The same heat-expandable layer (thickness, 40 pm) as in Example 1 was
formed on one side of a 50 pm-thick PET film in the same manner as in Example 1. A
non-heat-expandable pressure-sensitive adhesive layer D (contamination-preventive,
radiation-curing, pressure-sensitive adhesive layer) (thickness, 5 pm) formed by the
method shown below was transferred to this heat-expandable layer. Thus, a
heat-peelable pressure-sensitive adhesive sheet of the constitution shown in Fig. 1 was
obtained.

Non-Heat-Expandable Pressure-Sensitive Adhesive Layer D: -

100 parts by weight of butyl acrylate, 2 parts by weight of 2-hydroxyethyl
acrylate together, 0.1 part by weight of 2,2'-azobisisobutyronitrile, and 200 parts by
weight of ethyl acetate were introduced into a 500 ml three-necked flask reactor
equipped with a thermometer, stirrer, nitrogen introduction tube, and reflux condenser
so as to result in a total amount of 200 g.  The resulting mixture was stirred for about 1
hour while introducing nitrogen gas thereinto to thereby replace the air in the reactor
with nitrogen. Thereafter, the temperature inside the reactor was regulated to 58°C
and the reaction mixture was kept in this state for about 7 hours to conduct

polymerization. Thus, an ethyl acetate solution containing an acrylic copolymer (often

referred to as "acrylic copolymer D-1") was obtained. 1 part by weight of
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methacryloyloxyethylene isocyanate and 0.1 part by weight of dibutyltin dilaurate were
incorporated into 100 parts by weight of the acrylic copolymer D1, and the resulting
mixture was stirred at 50°C for 24 hours while substituting nitrogen gas with air to
obtain an ethyl acetate solution containing an acrylic copolymer (often referred to as
"acrylic copolymer D"). An acrylic pressure-sensitive adhesive prepared by
incorporating 3 parts by weight of an isocyanate crosslinking agent, and 3 parts by
weight of a radiation polymerization initiator (photopolymerization initiator) into an
ethyl acetate solution containing 100 parts by weight of the acrylic copolymer D was
applied to a liner in a thickness of 5 um on a dry basis and then dried. Thus, a
non-heat-expandable pressure-sensitive adhesive layer (often referred to as
"non-heat-expandable pressure-sensitive adhesive layer D") was formed on the liner.
COMPARATIVE EXAMPLE 1

A heat-peelable pressure-sensitive adhesive sheet was obtained in the same
manner as in Example 1, except that a pressure-sensitive adhesive layer was not formed
on the heat-expandable layer.

COMPARATIVE EXAMPLE 2

70 parts by weight of n-butyl acrylate, 30 parts by weight of ethyl acrylate,
5 parts by weight of acrylic acid, 0.1 part by weight of 2,2'-azobisisobutyronitrile, and
200 parts by weight of toluene were introduced into a 500 ml three-necked flask reactor
equipped with a thermometer, stirrer, nitrogen introduction tube, and reflux condenser
so as to result in a total amount of 200 g. The resulting mixture was stirred for about 1
hour while introducing nitrogen gas thereinto to thereby replace the air in the reactor
with nitrogen. The temperature inside the reactor was regulated to 60°C and the
reaction mixture was maintained in this state for about 6 hours to conduct
polymerization. Thus, an acrylic copolymer (often referred to as "acrylic copolymer
E") was obtained. Two parts by weight of an isocyanate crosslinking agent and 35

parts by weight of heat-expandable microspheres (trade name "MATSUMOTO
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MICROSPHERE F-50D", manufactured by Matsumoto Yushi Seiyaku K.K.) were
incorporated into a toluene solution containing 100 parts by weight of the acrylic
copolymer E. This mixture was applied to one side of a 50 um-thick PET film in a
thickness of 40 um on a dry basis. The coating was dried to form a heat-expandable
layer having a thickness of 40 um. Thus, a heat-peelable pressure-sensitive adhesive
sheet was obtained.
COMPARATIVE EXAMPLE 3

A pressure-sensitive adhesive sheet was obtained in the same manner as in
Example 1, except that a mere pressure-sensitive adhesive layer was formed from the
acrylic pressure-sensitive adhesive A without incorporating heat-expandable
microspheres thereinto and that no pressure-sensitive adhesive layer was formed
thereon.

Evaluation of Adhesiveness:

Each of the pressure-sensitive adhesive sheets having a width of 20 mm
obtained in the Examples and Comparative Examples was adhered to a polyester film
having a thickness of 25 um (trade name "LUMILAR S-10", manufactured by Toray
Industries, Inc.). These samples were examined for 180° peel adhesive force (peeling
rate, 300 mm/min; 23°C) in application to a stainless-steel plate (SUS 304BA plate) by
the following measuring method (Method of Measuring Adhesive Force to SUS
304BA).

With respect to Examples 1 and 3 and Comparative Examples 1, 2, and 3,
the times of the measurement were: before heating; and after 3-minute heating in a
130°C hot-air drying oven. With respect Examples 2 and 4, the times of the
measurement were: before irradiation and before heating; after 10-second irradiation
with an air-cooling high-pressure mercury lamp (46 ml/min) (the same applies

hereinafter) and before heating; before irradiation and after 3-minute heating in a 100°C

hot-air drying oven (the same applies hereinafter); and after the irradiation and after the
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heating. The results of the evaluation are shown in the column "Adhesive force (N/20
mm)" in the Table below.

Method of Measuring Adhesive Force to SUS 304BA

180° Peel adhesive force (pressure-sensitive adhesive force) (N/20 mm) in
application to an SUS 304BA plate was measured in the following manner. Each
pressure-sensitive adhesive sheet (20 mm wide) was applied, on the
non-heat-expandable pressure-sensitive adhesive layer side or heat-expandable
pressure-sensitive adhesive layer side (or on the pressure-sensitive adhesive layer side),
to an SUS 304BA plate (which had undergone ultrasonic cleaning in toluene) by
pressing the adhesive sheet against the SUS plate by rolling a 2 kg roller forward and
backward once on the sheet. The resulting sample was examined for 180° peel
adhesive force (pressure-sensitive adhesive force) (N/20 mm) before and after heating
(the pressure-sensitive adhesive sheet was peeled off at a rate of 300 mm/min at a
temperature of 23+2°C and a humidity of 65+5% RH).

Evaluation of Contaminative Property:

Each of the pressure-sensitive adhesive sheets (heat-peelable type) obtained
in the Examples and Comparative Examples was adhered to a mirror-polished 4-inch
silicon wafer. After these samples were allowed to stand for 1 hour, the adhesive
sheets were peeled off at various times according to the adhesive force measuring test
described above. The silicon wafer surfaces thus exposed by the peeling were
examined by XPS (X-ray photoelectron spectroscopy) using an X-ray photoelectron
spectrometer to determine the surface carbon element proportion Rcy (%) and
simultaneously determine the surface silicon element proportion Rg; (%). Furthermore,
the original mirror-polished surface of a 4-inch silicon wafer (the mirror-polished
surface of a 4-inch silicon wafer to which a pressure-sensitive adhesive sheet had not
been applied) was examined by XPS using the X-ray photoelectron spectrometer to

determine the surface carbon element proportion Re; (%).
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With respect to Examples 1 and 3 and Comparative Examples 1, 2, and 3,
the analysis was conducted on a silicon wafer surface from which the adhesive sheet
had been peeled without heating and on a silicon wafer surface from which the adhesive
sheet had been peeled after 3-minute heating in a 130°C hot-air drying oven. With
respect to Examples 2 and 4, the analysis was conducted on a silicon wafer surface from
which the adhesive sheet had been peeled without irradiation and heating, and on a
silicon wafer surface from which the adhesive sheet had been peeled after 10-second
irradiation with an air-cooling high-pressure mercury lamp (46 mJ/min) and 3-minute
heating in a 100°C hot-air drying oven.

From the values of Rc¢;, Rs;, and Re; thus obtained, the difference between
Rci and Rez [Rei-Rez (FARc1.2)] and the ratio of Re) to Rsi (%) [Rei/Rsi (FRessi)] were
deterrpined to evaluate contaminative properties. The results of the evaluation are
shown in Table 1 in the columns "ARc;.;" and "R¢ys," under "Contaminative property".
The larger the value of ARc.; or Rgys,, the higher the degree of contamination. The
larger the value of ARcj.; or Reys, for a sample after heating as compared with that for
the sample before heating, the more the heat treatment enhanced contamination.

The X-ray photoelectron spectrometer used was Model "5400",
manufactured by ULVAC-PHI, Inc. The analysis was conducted under the conditions
of an X-ray source of MgK, 15 kV (300 W), a stage tilt of 45°, and an examination area

of 1x3.5 mm.
Determination of Molecular Weight:

Each of the pressure-sensitive adhesive sheets (heat-peelable type) obtained
in the Examples 1 and 3 and Comparative Examples 1 to 3 was heat-treated in a 130°C
hot-air drying oven for 3 minutes. Thereafter, the surface of the pressure-sensitive
adhesive layer was rinsed with tetrahydrofuran (THF), and the resultant THF solution
was examined with a gel permeation chromatograph (GPC apparatus) to determine the

molecular weight (weight-average molecular weight; Mw).
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high-pressure mercury lamp (46 mJ/min) for 10 seconds and then heat-treated in a
130°C hot-air drying oven for 3 minutes.  Thereafter, the surface of the
pressure-sensitive adhesive layer in each adhesive sheet was rinsed with THF and the
determination of molecular weight (weight average molecular weight; Mw) with the
GPC apparatus was conducted in the same manner as shown above.

The content (%) of components having a weight average molecular weight
(Mw) of 100,000 or lower was determined. The results obtained are shown in the
column "Content of components with Mw of 100,000 or lower" in the Table below.

The apparatus used for the analysis was "HLC-8120 GPC" (trade name),
manufactured by TOHO Co., and the column used was "TSK gel Super
HM-H/H4000/H3000/H2000" (trade name), manufactured by Tosoh Corp.

TABLE
Adhesive force Contaminative property Content of
(N/20mm) ARy Ress, components
Before | After | Before | After | Before | After | with Mw of
heating | heating | heating | heating | heating | heating | 100,000 or
lower (%)
Example 1 2.94 0.02 15.0 25.0 0.68 2.22 10
Example 2 | Before UV 1.47 0.88 13.0 1.10
irradiation
After UV 0.29 0 12.0 1.50 5
irradiation
Example 3 4.41 0 4.2 19.0 0.34 1.10 2
Example 4 | Before UV 5.88 0.49 10.2 0.91
irradiation
After UV 0.78 0 1.2 0.29 0.5
irradiation
Comparative Example 1 3.43 0 11.8 90.0 2.50 5.20 25
Comparative Example 2 2.74 0 14.0 72.0 1.60 4.80 23
Comparative Example 3 3.04 4.12 30.0 55.0 0.56 3.00 20

The Table shows the following. The pressure-sensitive adhesive sheet
obtained in Example 1 had undergone a considerable decrease in adhesive force through

the heat treatment. The pressure-sensitive adhesive sheets of Examples 2 and 4 were
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for the silicon wafer surfaces from which the adhesive sheets had been peeled without
heating. From the results of determination of the content of components having a
weight average molecular weight of 100,000 or lower, it is.thought that the higher the
content of low molecular polymer components having a weight average molecular
weight of 100,000 or lower in the pressure-sensitive adhesive layer in contact with a
silicon wafer surface, the higher the degree of contamination of the wafer surface after

heating.
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carbon element proportion Rc; (%) on this silicon wafer surface as determined by XPS
satisfies at least either of the following relationships (1) and (2):
Rc1 £50 +Rez (1)
Rer £2.5Rg, )
wherein Re; represents the carbon element proportion (%) on the silicon wafer surface
as determined by XPS before the application; and Rg, represents the silicon element
proportion (%) on the silicon. wafer surface as determined by XPS after the

non-heat-expandable pressure-sensitive adhesive layer applied to the silicon wafer

surface is heated and peeled therefrom.

2. The heat-peelable pressure-sensitive adhesive sheet for electronic parts
as claimed in claim 1, wherein the heat-expandable layer is a heat-expandable
pressure-sensitive  adhesive layer having both thermal expansibility and
pressure-sensitive adhesive properties and has been formed on at least one side of a

substrate.
3. The heat-peelable pressure-sensitive adhesive sheet for electronic parts

as claimed in claim 1 or 2, wherein the non-heat-expandable pressure-sensitive adhesive

layer comprises a pressure-sensitive adhesive in which the content of low-molecular
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polymer components having a weight-average molecular weight of 100,000 or lower is

15% by weight or lower based on all polymer components.

4. The heat-peelable pressure-sensitive adhesive sheet for electronic parts
as claimed in claim 1 or 2, wherein the non-heat-expandable pressure-sensitive adhesive
layer comprises a pressure-sensitive adhesive which is a less contaminative

radiation-curing pressure-sensitive adhesive.

5. The heat-peelable pressure-sensitive adhesive sheet for electronic parts
as claimed in claim 4, wherein the less contaminative radiation-curing
pressure-sensitive adhesive cures so that the content of low molecular polymer
components having a weight average molecular weight of 100,000 or lower in the cured

adhesive is 15% by weight or lower based on all polymer components.

6. The heat-peelable pressure-sensitive adhesive sheet for electronic parts
as claimed in claim 1 or 2, which comprises the heat-expandable layer and
non-heat-expandable pressure-sensitive adhesive layer formed in this order on one side
of a substrate and further comprises at least a pressure-sensitive adhesive layer formed

on the other side of the substrate.

7. A method of processing an electronic part which comprises: applying
the heat-peelable pressure-sensitive adhesive sheet as claimed in claim 1 to the
electronic part so that the non-heat-expandable pressure-sensitive adhesive layer comes

into contact with the electronic part; and then processing the electronic part.

8. An electronic part produced through a processing conducted by the

method of processing as claimed in claim 7.
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